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FOREWORD 

General 

1. The purpose of the Aircraft Accident Digest is to disseminate accident report information to Contracting 
States. Publication of the Digest began in 1951. Over the years States have reiterated their interest in the Digest not 
only as a valuable source of information for accident prevention, but also as a training aid for investigators and 
educational material for technical schools. 

Selection of accidents 

2. The Digest contains accident reports selected by the Secretariat from those sent by States. Reports were 
selected on the basis of: 

a) their contribution to accident prevention; or 

b) the successful employment of useful or effective investigative techniques; and 

c) compliance with Annex 13 provisions including the format of the Final Report. 

The Digest should not be seen as being statistically representative of the world distribution of accidents. 

Editorial practices 

3. The Final Reports are usually published as received. Accordingly, some deviations from standard ICAO 
editorial practices may occur. Lengthy reports may be abbreviated by omitting redundant information, appendices, 
attachments or diagrams. Minor changes in presentation and terminology may be introduced to ensure compliance 
with Annex 13 provisions. 

States' cooperation 

4. States are encouraged to send to ICAO those Final Reports which meet the criteria of 6.7 in Annex 13. 
The reports are normally submitted in one of the working languages of ICAO and should be in the format presented 
in the Appendix to Annex 13. 

Digest publication 

5. The Digest is produced once each year and includes accidents and incidents which occurred during a 
one-year period. 
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AVANT-PROPOS 

Generalites 

1. Le recueil d'accidents d'aviation a pour but de communiquer a tous les  tats contractants certains 
renseignements sur les rapports d'accidents. La publication du recueil a commence en 1951. Au cours des annees, 
les   tats ont manifeste a plusieurs reprises leur interet pour le recueil, parce qu'il constitue non seulement une 
source precieuse d'information pour la prevention des accidents, mais aussi une aide de formation pour les 
enqueteurs et un manuel educatif pour les ecoles techniques. 

Selection des accidents 

2. Le recueil contient des rapports d'accidents choisis par le Secretariat parmi ceux communiques par les 
~ ta ts .  Ce choix repose sur les criteres suivants: 

a) interet du rapport pour la prevention des accidents; 

b) utilisation fructueuse de techniques d'enquete utiles ou efficaces; 

c) conformite aux specifications de I'Annexe 13, y compris celles concernant la presentation du rapport 
final. 

Le present recueil ne saurait etre considere comme representatif, du point de vue statistique, de la 
repartition des accidents dans le monde. 

Normes de redaction 

3. Les rapports finals sont generalement publies tels qu'ils sont reps.  Par consequent, ils peuvent 
presenter certaines differences par rapport aux normes OACl de redaction. Certains rapports particulierement longs 
sont abreges par I'omission de renseignements redondants, d'appendices, de pieces jointes ou de schemas. De 
legeres modifications sont parfois apportees a la presentation, ainsi qu'a la terminologie, afin d'assurer la conformite 
avec les dispositions de I'Annexe 13. 

Cooperation des   tats 

4. Les  tats sont invites a envoyer a I'OACI des rapports finals conformes aux criteres de 6.7 de 
I'Annexe 13. Les rapports sont normalement rediges dans I'une des langues de travail de I'OACI et doivent etre 
presentes comme il est indique dans I'Appendice a I'Annexe 13. 

Publication des recueils d'accidents 

5. Le recueil est publie une fois par an et comprend des comptes rendus d'accidents et d'incidents 
survenus au cours d'une annee. 

(ii) 
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Consideraciones de caracter general 

1. El objeto de la Recopilacion de accidentes de aviacion es transmitir informacion sobre accidentes a 10s 
Estados contratantes. La publicacion de esta serie se inicio en 1951. Con el transcurso de 10s afios, 10s Estados 
han reiterado su interes por la Recopilacion, puesto que esta constituye no solo una valiosa fuente de datos para 
la prevencion de accidentes, sino tambien una ayuda para la formacion de investigadores, y sirve asimismo de 
material didactic0 para las escuelas tecnicas. 

Selection de acciden tes 

2. La Recopilacion contiene informes y accidentes elegidos por la Secretaria de entre 10s que envian 10s 
Estados. La seleccion se basa en 10s criterios siguientes: 

a) su aportacion a la prevencion de accidentes; o 

b) el empleo con exito de tecnicas de investigacion consideradas utiles o eficaces; y 

c) el cumplimiento del Anexo 13 y tambien la forma de presentacion del lnforme final. 

Desde el punto de vista estadistico, la Recopilacion no debe considerarse representativa de la 
distribucion mundial de 10s accidentes. 

Forrna habitual de presentacion 

3. Usualmente 10s informes finales se publican tal como se reciben. Por eso es posible que existan algunas 
discrepancias en relacion con la forma habitual de presentacion de la OACI. A veces, 10s informes extensos se 
abrevian eliminando informacion oficiosa, apendices, adjuntos o diagramas. Se pueden introducir pequeiios 
cambios en la presentacion y la terminologia con miras a dar cumplimiento a1 Anexo 13. 

Cooperacion de 10s Estados 

4. Se alienta a 10s Estados a que transmitan a la OACl unicamente 10s informes finales que satisfagan 10s 
criterios sefialados en el parrafo 6.7 del Anexo 13. Los informes se presentan normalmente en uno de 10s idiomas 
de trabajo de la OACI y deben tener el formato indicado en el Apendice del Anexo 13. 

Publication de /as recopilaciones 

5. Las recopilaciones de accidentes se publican anualmente y contienen accidentes e incidentes ocurridos 
en el transcurso del aiio a que se refieren. 

(iii) 
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No. 1 

Airbus Industries A320, F-GGED, accident near Strasbourg, France, 
on 20 January 1992. Report released by the Ministere de ~'~quipement, 

des Transports et du Tourisme, France. 

Date de llaccident Aeronef : 

Lundi 20 janvier 1992 
a 18h20 UTC(*) 

AIRBUS A320 
Immatriculation F-GGED 

Lieu de l'accident Pro~rietaire: 

Lieu-dit "La Bloss" DIA A. I. France LTD 
Commune de Barr (Bas-Rhin) 7-2, YAESU 2-CHOME, CHUO-KU 
(pres du Mont Sainte-Odile) TOKYO 104 JAPON 

Nature du vol Emloitant 

Vol regulier Compagnie AIR INTER 
Transport public de passagers 

Personnes a bord 

2 PNT 
4 PNC 

90 passagers 

Resume 

Lors d'une approche VORTAC effectuee de nuit et en 
conditions IMC vers la piste 05 a Strasbourg-Entzheim, ltavion 
percute le mont "La Blossw au cours de sa descente vers la 
piste, a environ 800 metres d'altitude et 10,s milles nautiques 
du seuil de piste. 
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Cons6quences 

(*I Les htures f igurant dens ce rapport sont expr ides  en t a p s  universe1 coordonne (UTC), il convient d 6 y  ajouter une heure 
pour obtenir l 'heure en v igwur  en France Le jour de laaccident .  

Equipage 

Passagers 

Blessures Materiel 

Detruit 
a 100 % 

Mortelles 

5 

82 

Chargement 

Detruit 
a 100 % 

Graves 

1 

4 

Tiers 

environ 
1 ha de 
forkt 
detruit 

Legeres 

4 
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CHAPITRE 1.1 - DEROULEHENT DU VOL 

Le 20 janvier 1992, llAirbus A320 immatricule 
F-GGED, exploit@ par la compagnie Air Inter effectue de 
nuit la liaison reguliere entre Lyon-Satolas et Strasbourg- 
Entzheim sous indicatif radio ITF 148 DA. Le decollaqe de 
Lyon a lieu vers 17h20mn avec 90 passagers, 2 membres 
dlequipage technique et 4 membres dlequipage commercial. 

Le vol sleffectue sans qulaucun probleme ne soit 
signal9 par llequipage. La piste en service a Strasbourg- 
Entzheim est la 05. Apres avoir ecoute les informations de 
llATIS, llequipage prevoit dleffectuer une procedure 
dlapproche ILS pour la piste 23, suivie dlevolutions a vue 
pour un atterrissage en piste 05. 

Avant de transferer llavion a llorganisme de contrble 
dlapproche de Strasbourg, le Centre Regional de la Naviga- 
tion Aerienne (CRNA) Est de Reims llautorise a descendre au 
niveau de vol 70 vers le point ANDLO (voir annexe 6). 

A 18h09mn, le contact est etabli avec le contrble 
dlapproche de Strasbourg. L1avion a croise le niveau de vol 
150 en descente et sa distance au VOR STR est dlenviron 22 
milles nautiques. Le contr6le de Strasbourg llautorise a 
poursuivre sa descente vers llaltitude de 5000 pieds QNH, 
puis, apres qulil ait annonce son passage dlANDLO, 
llautorise a une approche VOR-DME pour la piste 05. 

Cependant, compte tenu de llaltitude et de la vitesse 
de llavion, la procedure dlapproche directe nlest plus 
realisable, et llequipage signale au contr6le son intention 
dleffectuer une procedure ILS 23 suivie dlevolutions a vue 
pour la piste 05. Le contrble llavertit que ce choix lui 
imposera une attente, car trois avions sont en instance de 
decollage, de la piste 05, sous plan de vol IFR. L1equipaqe 
adapte alors sa strategie, et avise le contr6le qutil 
effectuera une procedure complete VOR-DME pour la piste 05. 

Le contr6le propose alors un guidage radar pour le 
ramener vers ANDLO en ecourtant la procedure dlapproche. 
L1avion est a quelques secondes du VOR STR. L1equipage 
accepte et effectue les evolutions que lui indique le 
contrbleur: virage a gauche vers le cap 230 pour un 
eloignement parallele a llaxe de percee, puis virage de 
retour vers le point ANDLO. 

A 18h19mn le contr6leur informe l'equipage que 
llavion se trouve au travers du point ANDLO et llautorise 
a llapproche finale. L1avion debute alors sa descente, 
sensiblement a la distance prevue par la procedure 
dlapproche, soit 11 milles nautiques du VOR STR. Trente 
secondes plus tard le contrbleur demande a llequipage de 
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rappeler a la verticale de STR. L4equipage accuse 
reception. C'est le dernier contact avec llavion. 

Ltepave est retrouvee, a 22h35mn, sur un versant du 
mont "La Bloss" a une altitude topographique voisine de 800 
metres (2620 pieds), a environ 0,8 mille nautique (1500 m) 
a gauche de l'axe d'approche et a 10,5 milles nautiques 
(19,5 km) du seuil de piste. 

CHAPITRE 1.2 - TUES ET BLESSES 

L'aeronef est entierement detruit. 

Blessures 

Mortelles 

Graves 

Legeres 

La cargaison est entierement detruite. Environ un 
hectare de forOt est detruit. 

ICAO Note.- Chapters 1.5 to 1.20 were not reproduced. 

Equipage 

5 

1 

Passagers 

82 

4 

4 
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CHAPITRE 2.1 - ANALYSE DU 6 C E M R I O  DE L'ACCIDENT 

Avertissement: 

Loanalyse qui  s u i t  d o i t  e t r e  lue en tenant conpte des t im i tes  dans lesquel les s ' i n s c r i t  
La conduite normale d8une +te technique sur un accident. En p a r t i c u l i e r  : 

- les  c i r c u i t s  organisis du r e t w r  d'exptirienceconstituent l a  seule basedisponiblepour 
Cvaluer 180rdre de grandeur de l a  f r i q w n c e  d o m e  anamalie. Cette reference est  peu f i a b l e  car 
entachbe de b i a i s  sys tha t iques  t o u j w r s  or ient& vers l a  sous-estimation des frtiquences 
d'occurrence; 

- pour &s raisons iv identes de Limi tat ion de l a  duree de loenquete, l a  p r i s e  en compte 
des anoml ies w inc idents connus a CtC arretCe pcur c e t t e  analyse a l a  date du 1' decenbre 1992. 

21.11 - Presentation de la methode senerale 
21.111 - On appelle dans la suite de ce rapport 

"scenario de lfaccidentIt la sequence factuelle (non 
interpretee) des evenements significatifs qui ont abouti a 
ltaccident. Les elements dfinformation disponibles ou 
recueillis par ltenquOte ntont pas permis dtetablir 
directement ce scenario. La commission a donc ete amenee a 
utiliser des methodes indirectes. Pour cela, elle a cherche 
a determiner de faqon aussi exhaustive que possible quels 
etaient les. scenarios envisageables, pour selectionner 
ensuite le(s) plus pertinent (s) pour sa reflexion sur de 
possibles recommandations de securite. 

Pour maintenir neanmoins cette exploration dans des 
dimensions acceptables, elle a remarque que tous les 
evenements composant un scenario ntavaient pas le meme 
poids. Elle a en particulier identifie pour le cas du 
F-GGED un ivenement determinant, dont la comprehension 
pouvait orienter de fagon decisive celle de l'accibent. 
Cet evenement est : 

1 amarition et la non correction d un taux moven 
de descente de 3300 Dieds Dar minute en amroche au 
lieu d'un taux d'environ 800 Dieds Dar minute aui 
aurait Dermis de rester sur un ~ l a n  d'auproche de 
3.3' a la vitesse nominale dlatmroche. 

Cet evenement est denomme pour la suite "pivotN des 
scenarios, et la commission a concentre son exploration 
systematique sur cet evenement pivot. Cependant la 
comprehension des mecanismes directs de ltaccident ne se 
reduit pas a ltexplication de cet evenement, quel que soit 
son caractere critique. La realisation de llaccident 
implique dtautres evenements, dfautres conditions, d'autres 
circonstances, qui constituent globalement le scenario de 
ltaccident. 
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21.112 - Dans un premier temps ( 5  21.2), la 
commission s'est donc attachee a expliquer cet evenement 
pivot par une sequence ou des coincidences dgevenements 
primaires, de type panne ou erreur, lies a lui par des 
relations directes de cause h effet. Dans la suite de ce 
rapport, on appellera une telle sequence un "generateur" 
de l'accident. 

Pour tenter de determiner le generateur de cet acci- 
dent, on a construit dgabord sous la fsrme d'un arbre 
l'ensemble des generateurs potentiels. On a procede en 
utilisant le principe de dichotomie: en partant de 
l'evenement pivot, on a divise lgespace de ses origines 
possibles en deux branches complementaires que lgon a 
subdivise a nouveau en deux branches complementaires, et 
ainsi de suite jusquga trouver un sous-ensemble, soit 
indivisible, soit dont on pouvait connaitre lgetat de 
verite ou estimer la probabilite globale. 

On a procede ensuite a vllgelagagew de llarbre a 
partir des elements recueillis par lgenqu4te: donnees de 
vol enregistrees, renseignements fournis par lgexamen ou 
les expertises de l'epave, analyse des defaillances 
connues, temoignages, etc. 

21.113 - Pour chaque branche, la conclusion de 
l'analyse a ete choisie parmi llune des trois suivantes: 

- qenerateur refute: lghypothese (panne ou erreur) 
impliquee ne peut pas sgetre produite, et/ou elle nga 
pas pu contribuer a l'evenement pivot; 

- qenerateur possible: l'hypothese peut sl&tre 
produite et sa contribution potentielle au pivot 
serait alors directe et essentielle. 

- facteur contributif possible: l'hypothese peut 
s'etre produite, mais sa contribution potentielle au 
pivot serait alors indirecte et secondaire. Elle 
participerait seulement a un contexte favorisant 
l'evenement pivot, ou a un autre evenement du 
scenario. 

21.114 - Dans un deuxieme temps ( 5  21.3), la commis- 
sion siest attachee a completer de faqon detaillee le ou 
les scenarios de lgaccident juges possibles apres elagage 
de lgarbre des generateurs. Elle a alors cherche a mettre 
en evidence les autres evenements contributifs, et a 
etablir la coherence de lghypothese retenue avec la 
totalite des informations disponibles. 



ICAO Circular 296-AN11 70 7 

21.12 - methode de selection des qenerateurs 
possibles 

21.121 - Llarbre des gendrateurs 
Lgannexe 14 presente lgarborescence schematique des 

hypotheses qui ont ete explorees comme explication poten- 
tielle de 1 Ievenement pivot (apparition et maintien d 'un 
taux de descente de 3300 pieds par minute en approche pour 
une valeur de reference de 800 pieds par minute environ). 

Note : Cette  recherche concerne dans cer ta ins cas beaucoup plus Le tn6canisme de La mise 
en descente que ce lu i  de son maintien. Ce que 180n cherche a lors  en toute r igueur,  ce sont les 
m6canismes susceptibles de declencher une t e l l e  descente, e t  conpatibles avec une detection 
d i f f i c i l e  c k  L~anunnl ie .  

La presentation de cette arborescence obeit aux 
principes suivants: 

- chaque branche represente un ensemble dlhypotheses, 
et deux branches issues dlun m&me parent sont 
complementaires; 

- le rang (Rl, R2, etc) dgune branche mesure le 
nombre de dichotomies effectuees depuis llevenement 
pivot pour atteindre cette branche; 

- le numero de la branche de rang n est obtenu en 
ajoutant, a la fin du numero du parent de rang 
(n-1), le chiffre ggOgg si on passe du rang n au rang 
(n-1) en parcourant la branche de gauche et le 
chiffre gglN si on emprunte la branche de droite 
(directions definies face a la figure). 

La construction de llarborescence a dtabord conduit 
a definir deux branches principales: 

- la branche "0" regroupe llensemble des hypotheses 
dans lesquelles le taux de descente eleve resulte de 
la reaction normale de llavion aux actions de 
lgequipage sur les commandes; 

- la branche g81g1 regroupe llensemble des hypotheses 
dans lesquelles le taux de descente ne resulte pas de 
la reaction normale de llavion aux actions de 
lgequipage sur les commandes. 

21.122 - Contenu de la branche 0 

21.122.1 - Dans ce premier ensemble, qugon intitulera 
par la suite Igtaux de descente effectivement commande par 
llequipagew, et qui regroupe tous les cas ou 1 Iavion a 
repondu normalement aux actions de llequipage sur les 
commandes, on a dgabord distingue llensemble des commandes 
volontaires (branche OO), et Itensemble des commandes 
effectuees involontairement (branche 01) , c g  est a dire sans 
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que l'equipage ait une conscience correcte de ce qu'il 
demande reellement a ltavion par ltintermediaire des 
commandes de vol (manuelles ou automatiques). 

21.122.2 - En developpant la branche 00, on a examine 
separement: 

- (branche 000) : l'ensemble des hypotheses pour 
lesquelles la commande volontaire doun taux de 
descente tres eleve resulterait d'une erreur de 
positionnement, induite par une anomalie dans les 
donnees de navigation presentees a l'equipage par 
l'instrumentation de bord, et provoquee par une 
anomalie concernant soit les stations au sol (branche 
OOOO), soit l'installation de bord (branche 0001). 

- (branche 001) : l'ensemble des hypotheses pour 
lesquelles la commande volontaire ne resulte pas 
d'anomalies d'information presentees a l'equipage. 

21.122.3 - En developpant la branche 01, on a 
distingue: 

- les cas oh l'equipage disposait d'une conscience 
correcte du mode vertical active sur le pilote 
automatique (branche 011). La commande involontaire 
d'un taux de descente anormal supposait alors une 
conscience incorrecte de la valeur commandee elle- 
meme, et on svest attache a en identifier les sources 
possibles, qui apparaissent dans les branches de rang 
superieur. 

- les cas au contraire ou sa conscience du mode 
vertical actif n'etait pas conforme a la realite 
(branche 010).n Dans ce cadre, on a identifie et 
analyse separement deux mecanismes dgerreur: une 
absence dvaction de changement de mode (branche 
0100), et une erreur dans l'execution du changement 
de mode (branche 0101). 

21.123 - contenu de l a  branche 1: 

21.123.1 - Dans ce deuxieme ensemble, qui regroupe 
toutes les hypotheses ou le taux de descente eleve ne 
resulte pas de la reaction normale de lvavion aux actions 
de l'equipage sur les commandes, on a isole les cas 
(branche 10) ou l'embardee verticale resulterait d'une 
defaillance de l'un des moyens de pilotage et de contr6le 
de la tra jectoire longitudinale (chaine de profondeur et 
moteurs) . 

En explorant cette branche 10, on a d'abord distingue 
les cas de perte de la poussee (branche 100) des autres 
hypotheses. Celles-ci, regroupees dans la branche 101, 
concernent les defaillances de la chaine de commande de 
profondeur, depuis le panneau de commande des modes de 
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pilotage automatique jusqulaux servocommandes elles memes. 
Ces defaillances ont ete explorees systematiquement en 
utilisant la nomenclature ATA, et en examinant dlune part 
(branche 1010) les composantes fonctionnelles de la chaine 
situees en amont de la prise en compte de la consigne (VS 
ou FPA) par le FMGC, et dtautre part (branche 1011) les 
composantes fonctionnelles situees en aval, chargees du 
traitement et de llapplication de la consigne. 

21.123.2 - La branche complementaire (11) regroupe 
alors toutes les autres causes possibles dlembardee 
verticale: perte de contr6le aerodynamique dlune part 
(branche 110), et dtautre part tous les autres cas (qui 
comprennent essentiellement les ruptures structurales en 
vol) (branche 111). 

21.13 - R a ~ ~ e l  des informations techniaues 
essentielles 

L1ensemble des documents et enregistrements disponi- 
bles, ainsi que les etudes, essais et recherches effectues 
et rapportes au chapitre 117 du present rapport, permettent 
dtetablir les elements suivants concernant la phase de 
regulation radar et l'approche finale: 

- les enregistrements QAR et CVR montrent que le 
commandant de bord etait aux commandes (PF) et que le 
pilote automatique no 1 etait engage j usqu a 
llaccident. Ltauto-poussee est restee engagee en mode 
SPEED ; 

- le mode de pilotage automatique etait un mode 
selecte (par opposition au mode Itmanagelt) . En ef fet, 
la vitesse dtevolution de l'avion ne correspond pas 
a la vitesse cible en mode manage avant la sortie des 
hypersustentateurs pour ltaltitude de 5000 ft et le 
cost index 55  presque certainement prise en compte 
par le FMS (valeur inscrite dans la COROUTE) . On 
remarque qufelle est coherente avec la vitesse 
managee pour la croisiere vers Strasbourg). 

- les etudes rapportees au 117.5 montrent qul il nly 
a pas eu de changement de mode de pilotage 
automatique pendant le dernier virage et la mise en 
descente (a  llexception du degagement du mode ALT 
pour commander la mise en descente), et que le mode 
actif pendant cette phase du vol etait presque 
certainement la reference HDG-VS; 

- les conversations de llequipage qui ont ete 
comprises a ltecoute de llenregistrement CVR ne 
comportent aucune mention explicite dlanomalie 
concernant le fonctionnement de llavion, des moyens 
de navigation, ou des instruments de bord (voir la 
transcription du CVR en annexe); 
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- ltenregistrement QAR montre qutaucun des deux FMGC 
ntetait declare en panne; 

- la trajectoire du F-GGED a pu etre reconstituee 
avec une bonne precision en utilisant notamment 
ltenregistrement du radio-altimetre (voir !j 117.8). 
La trajectoire enregistree FMGCl presente avec cette 
trajectoire de reference un ecart lateral maximum 
dtenviron 0,15NM. Compte tenu de la precision du 
calcul de position FMGC en mode DME/DME, ceci est une 
indication de fonctionnement correct du FMGCl pour la 
navigation horizontale (voir 5 117.342). 

- la database utilisee par le F-GGED declarait le VOR 
et le TACAN non co-implantes. Dans ces conditions les 
FMGC du FGGED ntont jamais exploite le VOR STR pour 
le calcul de position en approche finale. 

- l'enregistrement QAR indique que les deux 
recepteurs VOR etaient accordes sur STR pendant le 
virage de procedure, que le commandant de bord a 
select8 le mode ROSE VOR sur son ecran de navigation 
au debut du virage de procedure, et qutil a conserve 
ce mode jusquta llaccident a ltexception dtune 
periode dtune dizaine de secondes, ou il est repasse 
sur le mode ARC NAV, alors qutil venait de recevoir 
du contrble 1 information It. . .vous etes a quatre 
nautiques dtANDLO ... travers gauche dtANDLO." 

21.2 - saalyss de Xa brancbe a t  hypoth&ae dtuam trajectoire 
effeativement conmandie par l*equipags 

21.21 - Branche 00 : traiectoire commandee volontai- 
rement 

21.211 - branche 000  : commande volontaire suite a 
une erreur de positionnement induite par 18s donnees 
presentees a l'equipage 

21.211.1 - Branche 000 0: origine de lterreur dans 
les systemes de radionavigation au sol 

21.211.11- Le fonctionnement de la station au sol 
TACAN a fait l'objet dtune verification en vol dans les 
j ours suivant '1 'accident (voir 5 117.4) , et cette 
verification n t a  mis en evidence aucune anomalie. Par 
ailleurs, un majorant des erreurs attribuables a la station 
sol (erreur de retard systematique, erreur dues aux 
multitrajets) peut etre evalue a 0,25NM. 

Une erreur de cet ordre de grandeur sur la distance 
ne peut pas avoir contribue a ltaccident. Ceci permet de 
refuter les hypotheses contenues dans la branche 000 01 de 
ltarbre des generateurs. 
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21.211.12- Le fonctionnement de la station au sol VOR 
a egalement fait l'objet d'un contrble en vol dans les 
jours suivant . 1 'accident (voir 5 117.4) , et cette 
verification a montre que cette station presentait des 
caracteristiques comprises dans les tolerances fixees par 
1'OACI. Cependant lgexamen des courbes de taux de 
modulation et d'erreur releves lors des vols de verifica- 
tion depuis lONM jusqutau VOR fait apparaitre les elements 
suivants : 

- l'erreur moyenne sur le radial 231" emis par le VOR 
est d'environ 1' : le radial 231' emis se situe en realite 
sur le radial 232', soit 1' a gauche de l'axe d'approche 
publie dans le sens de l'approche; 

- sur l'axe d'approche, le signal est perturbe, tres 
probablement par la composition du signal direct et de 
signaux reflechis par les obstacles, entre 9 NM et 8 NM de 
la station. Cette perturbation est a caractere sinusoldal, 
de basse frequence et son amplitude maximale est de 3' a 
4'. Elle peut provoquer une oscillation des indications 
VOR a bord, dont lvimportance depend des caracteristiques 
de filtrage de la chaine de traitement du signal. Une 
simulation a montre (voir 5 117.421 ) qu'une telle 
perturbation du signal dfentree est reproduite en sortie 
dlun recepteur VOR Collins-700 legerement attenuee et 
dephasee. 

I1 faut ajouter que dans les toutes dernieres 
secondes du vol, l'avion etait tres proche de l'horizon 
d'emission de la station, voire au-dessous, a cause du 
masque represente par le Mont La Bloss. Ceci a pu provoquer 
une alteration de l'indication a bord. 

On releve de fait une incoherence entre la position 
de l'avion telle qulelle ressort de la trajectoire de 
synthese presentee au 5 1.17.8 et la lecture des 
indications VOR de bord faite par le copilote a l'instant 
QAR 3049: "sur l'axeff, puis 3054: "on arrive sur l'axe ... 
un demi-point de l'axeM. 

A cet instant, d'apres la trajectoire de synthese, 
lfavion est sur le radial 236', soit a 4' du radial moyen 
de reference tel que releve par l'avion laboratoire lors de 
la verification en vol. Or l'indication Nun demi-point de 
lfaxeN signifie que la barre d'ecart sur le ND indique au 
copilote un ecart brut angulaire de 2,5* par rapport a 
l'axe d'approche finale selecte. I1 y a donc une 
incoherence de 4' avec 1' annonce "sur 1 'axe1' et de 1,5' 
avec: 1 annonce 'Iun demi-point de 1 axeu. On peut cons iderer 
ces annonces comme des lectures instantanees exactes des 
indicatioris fournies par le ND (ecran de navigation). Dans 
ce cas lfindication etait affectee d'une fluctuation d'un 
demi point au moins en quelques secondes. On peut egalement 
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considerer ltannonce I1sur ltaxel1 comme une anticipation de 
resultat, reprise ensuite sous la formule @'on arrive 
sur.. .". 

A ce meme instant, llavion est situe a 8,7 NM du VOR 
STR, soit dans la zone de distorsion du signal requ, dont 
on a vu qu'elle ktait susceptible dlentrainer des ecarts 
allant jusqula 4 ' ,  ces variations pouvant s1apparenter a 
des oscillations dlaiguille. 

En consequence, les caracteristiques du signal requ 
peuvent expliquer a elles seules llincoherence relevee 
entre la position effective de llavion a cet instant et 
llindication VOR a bord du F-GGED. 

Note : on t r a i t e r a  plus Loin & llhypoth&se s u p p l ~ t e i r e  d'ur battement des indications 
VOR dir aux caractCristiques de l l i n s t a l t a t i o n  de bord. 

Cette alteration probable des indications VOR reques 
par llavion ne peut cependant pas avoir contribue 
directement a une mise en descente a taux eleve, ou au 
maintien de cette anomalie. On a vu que le VOR STR nlavait 
pas ete utilise par les FMGC, et dans une telle procedure 
llequipage nlutilise pas le VOR pour le positionnement 
longitudinal du point de debut de descente. Ceci permet de 
rejeter la branche 000 00 en tant que generateur possible 
de llaccident. 

La commission slest par ailleurs interrogee sur la 
contribution possible de ces alterations VOR sur la charge 
de travail. Deux aspects sont a considerer ici. Tout 
dlabord, le decalage moyen du radial 231' en radial 232, 
qui n l a  qulun effet minime sur la geometrie de llaligne- 
ment, joue plutdt dans un sens favorable a la capture, car 
la trajectoire est trop interieure. 

En revanche, la distorsion qui se fait sentir entre 
9 et 8 NM, alors que llequipage est preoccupe par la 
rejointe de 1 'axe, peut avoir complique sa tlche a son insu 
par une indication instable. 

Les elements precedents permettent a la commission 
dlexclure des generateurs possibles toute erreur de 
positionnement significative ayant pour origine les 
systemes au sol, et par consequent de refuter la branche 
000 0 de llarbre des generateurs. En revanche la commission 
n'exclut pas que l'instabilite du signal VOR requ entre 9 
et 8 NM ait pu constituer un facteur contributif a la non 
detection de l'anomalie de taux de descente par l'bquipage, 
en augmentant sa charge de travail durant cette phase de la 
capture de l'axe. 
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21.211.2- Branche 000 1: origine dans les systemes de 
bord 

21.211.*21: I1 reste par consequent a examiner les 
hypotheses pennettant dtexpliquer une mise en descente 
volontaire, effectuee par suite dtinformations de position 
erronees, avec une erreur ayant son origine dans les 
systemes de bord. 

On sait que le commandant avait selectionne le mode 
dtaffichage ROSE VOR sur son ecran de navigation pour 
toute la duree du virage de procedure et de ltapproche 
finale, sauf au temps QAR 2959 ou il a selectionne le mode 
ARC NAV/2ONM pendant une douzaine de secondes. A 
ltexception de ce court instant, il a donc utilise dtune 
part les informations VOR de relevement et dtecart par 
rapport a ltaxe, dtautre part de distance DME par rapport 
a STR, pour effectuer ltalignement sur ltaxe et la mise en 
descente finale. On a donc analyse (branche 000 11) les 
anomalies susceptibles dtaffecter ces donnees brutes ("raw 
datatt) et leur contribution possible au pivot de 
ltaccident. Parce quton ne connait pas le mode dlaffichage 
utilise par le copilote, on a egalement examine (branche 
000 10) la contribution possible des anomalies susceptibles 
dtaffecter les cartes presentees par les ecrans de 
navigation sur les modes ROSE NAV et ARC. 

En ce qui concerne les anomalies susceptibles 
dtaffecter les donnees brutes (raw data), on a examine 
separement les informations VOR et les informations DME. 

21.211.22 - Informations VOR (branche 000 110) : 
Le F-GGED etait equip8 de deux recepteurs VOR 

Collins-700. Les enregistrements du QAR montrent que ces 
deux recepteurs etaient accordes sur la frequence du VOR 
STR et qutaucun defaut ntetait detecte par leur dispositif 
dtauto-surveillance. 

On examine ici les anomalies non surveillees 
susceptibles dtavoir affecte les indications fournies a 
1 'equipage, en plus des anomalies dues au signal reCu et 
examinees plus haut. Les anomalies de ce type, susceptibles 
dtaffecter cet equipement, sont rappelees au 9 117.32. 

On peut exclure tout dtabord lthypothese dtune 
indication de relevement stable mais fausse, telle que 
visee par la branche 0001101 de ltarbre des generateurs. En 
effet ce defaut nta ete constate que sur des rdcepteurs 
fabriques par un autre equipementier que Collins. Le 
constructeur attribue la difference de traitement des 
signaux VOR regus, aux caracteristiques differentes des 
filtres utilises par ltun et ltautre equipementier. 
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En revanche des battements de llaiguille des releve- 
ments et de la barre dlecart, dus a une trop forte 
metallisation du carenage de llantenne, sont bien 
susceptibles plaffecter les equipements Collins-700-200. 
Cette anomalie fait llobjet de la branche 0001100 de 
llarbre des generateurs. 

I1 est impossible de demontrer sur un plan technique 
qutune telle anomalie slest effectivement produite, ou ne 
stest pas produite, pendant la phase dlapproche. La 
transcription du CVR ne comporte aucun sigi~e que llequipage 
aurait detecte un tel phenomene. La frequence des 
battements peut etre assez faible pour que le deplacement 
intempestif des indications ne soit pas decele lors dlune 
consultation rapide de llinstrument, mais la transcription 
du CVR montre que llequipage exploite attentivement les 
informations brutes du VOR pendant la phase dqinterception 
et d'alignement. Plusieurs commentaires sont exprimes, qui 
sont tous coherents avec la trajectoire de synthese, sauf 
aux temps QAR 3049 et 3054 deja examines ci-dessus au titre 
de la qualite dlemission de la station sol VOR. 

En particulier, au temps QAR 2983, le copilote dit "... il aurait fallu que tu ouvres au zero sept zeroM (en 
dqautres termes, le copilote fait remarquer au commandant 
qulil aurait dQ desserrer le virage en prenant le cap 
070'). Au temps 2985, le commandant repond nouais ouaisu. 
Au temps 2987 le copilote ajoute "au moinsw. Ces 
commentaires sont parfaitement coherents avec la position 
de llavion qui est effectivement trop a llinterieur de la 
trajectoire ideale. Enfin, au temps QAR 3054, alors que 
llavion revient vers llaxe, le copilote dit, en faisant 
probablement reference aux ecarts passes: la, voila, il 
a ete au soixante, c'est bon tu vois icin. Or on peut 
interpreter cette phrase du copilote comme une allusion au 
debut de la descente, qui a ete effectivement commencee sur 
le relevement 060' de STR. 

En consequence, slil y a eu des battements d1indica- 
tions VOR, leur frequence etait suffisamment faible pour ne 
pas etre detectee ou du moins ne pas susciter de remarque 
de la part dlun equipage attentif, et leur amplitude etait 
suffisamment faible pour ne pas empecher une perception 
correcte de la dynamique dlinterception de llaxe. 

Enfin, dans la gestion verticale dlune telle 
procedure, llequipage nlutilise pas le VOR pour le 
positionnement longitudinal du point de debut de descente. 
Dans le plan lateral, les difficultes initiales 
dlalignement rencontrees par le commandant resultent 
directement du positionnement du point de .virage en fin 
dleloignement, et des selections de cap qulil a effectuees, 
et qui ne permettaient pas une interception de llaxe au 
point prevu. Le fait que le copilote lqait assez rapidement 
remarque et exprime, et que le commandant llait approuve, 
indique que les indications VOR dont disposait llequipage 
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nletaient affectees dlaucune anomalie suffisante pour 
alterer significativement sa perception de la position 
relative de llavion. 

La commission considere donc l'hypothese de 
battements VOR dlis a llinstallation de bord, presentee dans 
la branche 000 1100, conme tres improbable. De plus, dans 
le cas ou de tels battements se seraient produits, ils 
nlauraient pu contribuer directement a llevenement pivot, 
et cette hypothese ne peut donc pas constituer un 
generateur de l'accident. Si neanmoins ils se sont 
produits, et bien que non detectes, ils ont pu constituer 
un facteur contributif, en augmentant un peu la charge de 
travail de l'equipage dans la phase de capture de l'axe 
d'approche anterieure et immediatement posterieure a la 
mise en descente. 

21.211.23 - Informations DME (branche 000 111): 
Rappel: a Strasbourg la station sol de mesure de 

distance est une balise TACAN militaire. Les informations 
fournies par ce type de balise sont exploitables par l e s  
equipements DME embarques. 

Une erreur dans la distance au TACAN STR indiquee a 
l'equipage, qui se serait traduite par une sous-estimation 
importante de la distance reelle, aurait pu conduire 
l'equipage a se croire plus proche de STR qu'il nletait en 
realite et donc, compte tenu de son altitude, a se croire 
au-dessus du plan de descente publie pour cette approche. 
Dans cette hypothese, le pilote aurait alors pu chercher a 
rejoindre le plan de 3,3' en accentuant sa descente. 
L'erreur de distance aurait egalement pu, lors dlun 
contr6le de hauteur de passage, donner a llequipage une 
idee fausse de sa position par rapport au plan de 
reference. On a donc examine les possibilites de 
defaillance technique de l'installation de bord DME. 

Le F-GGED etait equipe de deux equipements Collins- 
700-020. Une analyse des anomalies connues susceptibles 
dlaffecterles informations brutes de distance fournies par 
ces equipements fait lvobjet du 5 117.31. 

La lecture et l'exploitation du contenu de la memoire 
non volatile du BITE des deux equipements recuperes sur le 
site a permis de faire la demonstration qulils nlavaient 
pas pu etre affectes par le defaut denomme 'Isleeping mode". 

En ce qui concerne les defauts "deaf modeN et 
"jumping mode", llhypothese de leur occurrence a ete 
techniquement refutee (voir le 5 117.325.2 et 117.325.3). 

Les deux paragraphes precedents permettent en conse- 
quence de refuter la branche repertoriee 000 111 0 de 
llarbre des generateurs. 
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En revanche, un autre defaut conduisant a des indica- 
tions de distance DME erronees a t e  identifie 
posterieurement a lgaccident (voir 5 117.325.4). 
Lghypcthese de l'occurrence de ce defaut ne peut pas etre 
ecartee dans lgetat des connaissances prevalant a la date 
de redaction du rapport. Plus generalement, la 
demonstration technique absolue du fonctionnement correct 
des recepteurs DME du F-GGED ne peut pas etre apportee de 
faqon formelle. 

Cependantplusieurs elements contredisent lghypothese 
dgune telle defaillance, ou du moins celle qugelle ait pu 
contribuer a la mise en descente a un taux excessif. 

Au temps QAR 2382, le copilote annonce, sur demande 
du contr6le, une distance DME de 22 NM par rapport a STR 
qui correspond effectivement a la position de lgavion. Par 
la suite l'equipage ne fait aucune allusion a un retard de 
mise en descente, ou a un quelconque besoin de modifier le 
taux de descente prevu lors du briefing; il ne conteste pas 
la position Ittravers droit Andlow (le mot ludroitu etant par 
ailleurs inadapte en la circonstance) que lui indique le 
contriileur au temps QAR 2991; il commande la mise en 
descente a 11,2 NM de STR, c'est-a-dire a la distance 
nominale prevue par la procedure, quinze secondes apres 
l'autorisation dtapproche finale donnee par le contrele. Or 
il est hautement improbable que le commandant ait commande 
cette mise en descente finale d'une approche VOR DME sans 
prendre en compte 1 'indication DME, ou que l'ayant fait, il 
ngait pas detecte une incoherence d'indication. 

En consequence, la contribution possible d'une 
defaillance de l'installation de bord DME a l'accident se 
limite a la non detection du taux excessif de descente : 
une anomalie survenue au moment d'un contrele de hauteur 
(par ailleurs non annonce) sur l'instrument du pilote 
effectuant ce contr6le, aurait alors empkche ce pilote de 
prendre conscience de la hauteur anormalement faible de la 
tra j ectoire. 

La commission considere donc l'hypothese presentee 
dans la branche 000 111 1 comme extr6mement improbable. De 
plus, dans le cas ou une anomalie de fonctionnement de 
l'installation de bord se serait neanmoins produite, elle 
n'aurait pas pu contribuer directement a l'evenement pivot, 
et cette hypothese ne peut donc pas constituer un 
generateur de l'accident. Une telle anomalie aurait pu 
cependant constituer un facteur contributif, en invalidant 
un eventuel contr6le hauteur/distance. 

21.211.24 - Anomalies de carte affichee sur le ND 
(branche 000 10) 

La commission a analyse dans le detail les anomalies 
de carte connues a l'epoque de l'accident. Cette analyse 
(cf 5 117.34) permet d'exclure de faqon formelle toutes les 
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anomalies connues a llexception de deux. La premiere 
concerne uniheinent la presentation en echelle 10 NM et 
conduit a un positionnement incorrect de la symbologie 
figurant la trajectoire. La seconde conduit a une 
symbologie figee sur le ND. 

Note: comne indique au paragraphe 117.221, on a note, sur l e  s i t e  de Liaccident, que les  
seLecteurs d 'echel le  eta ient  positionnes sur I ' indexe 10 NH. Mais , Lors de Llexpertise du FCU, 
l e  selecteur cot6 Comnendant de bord e t a i t  positionne sur 20 MM. I1 n 4 e s t  donc pas possible de 
connaitre , de facon f i a b l e  Les posit ions au moment de l 'accident .  

De plus, on p u t  rcmarquer que 1 l u t i l i s a t i o n  de laCchel  l e  10 NM est f o r t  irrprobabte pour 
ce t te  approche, car n i  STR,  n i  l a  p i s t e  n'apparaissent a lors  sur La car te  au debut de descente 

Quoi qulil en soit, on sait que le commandant 
utilisait le mode ROSE VOR, depourvu de carte, pour la 
phase dlalignement et de mise en descente, sauf pendant une 
dizaine de secondes environ quarante secondes avant la mise 
en descente. 

La seule contribution possible dlune eventuelle 
anomalie de carte concerne donc le cas 0 ,  le copilote 
ayant affiche un mode carte, le commandant aurait utilise 
cette carte en tournant la tgte, ou bien aurait pris en 
compte des indications qui lui auraient ete transmises 
silencieusement (le CVR n1en porte pas trace) par le 
copilote sur la base de cette meme carte. 

Mais au cours du dernier virage et pendant la phase 
dlinterception de llaxe de percee, llequipage commente a 
voix haute le cap de llavion et les indications VOR. Toutes 
les interventions du copilote concernant la navigation 
laterale font reference aux informations dlBcart brut et de 
relevement, et sont parfaitement coherentes avec la 
position reelle de ltavion. Les deux pilotes expriment leur 
accord quant a llanalyse de ces informations et montrent 
qulils ont clairement conscience que le virage est trop 
serre. 11s ntevoquent jamais la carte qui a ete affichee 
pendant une dizaine de secondes sur le ND1, et en particu- 
lier, ne font pas etat dlincoherence entre une carte et les 
informations brutes de radionavigation. 

L1hypothese dtune mise en descente volontaire a un 
taux quadruple du taux nominal sur la base dlun scenario du 
type evoque plus haut, les indications de distance DME 
etant par ailleurs correctes, ne peut Otre raisonnablement 
retenue. 

Ltensemble de ces elements a conduit la commission a 
ne pas retenir une anomalie de carte ( branche 000 lo) 
come generateur possible ou facteur contributif de 
l'accident. 
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21.212 - branche 001: commande volontaire, pour une 
autre raison qu8une erreur de positionnement induite par 
les donnees presentees a llequipage. 

21.212.1 - En cherchant toutes les raisons, autres 
que celles liees a une erreur de positionnement, 
susceptibles de conduire un equipage a decider une descente 
finale a un taux de 3300 ft/mn, on a dlabord etudie celles 
(branche 001 1) qui pouvaient etre liees a une mauvaise 
comprehension ou a une mauvaise execution de la procedure 
elle-mkme. 

La branche 001 10 evoque lthypothese dtune volonte de 
descente rapide a la MDH, par exemple pour retrouver le 
plus rapidement la vue du sol et pour eviter le risque 
daune acquisition trop tardive de cette hauteur, 
compromettant laatterrissage. Cette hypothese implique 
dtabord une confusion dans llesprit de laequipage entre le 
point daapproche intermediaire (IF) ANDLO situe a llNM de 
STR et le point daapproche finale (FAF) situe a 7NM de STR. 
Compte tenu des particularites de cette procedure (descente 
sous un angle constant des ANDLO), une telle confusion 
ntest pas impossible. Mais. cette hypothese implique 
neanmoins soit un oubli, soit une violation deliberee par 
les deux pilotes de la regle de descente modulee par des 
couples distance/altitude minimum, et en particulier ici le 
couple 7NM STR/ 3660 ft. 

Cette hypothese est cependant hautement improbable 
pour les raisons suivantes: 

- le CVR ne comporte pas la moindre allusion a cette 
demarche, tres eloignee de celle prevue au briefing, 
et qui aurait appele soit un avertissement de la part 
du commandant, soit une question de la part du 
copilote ; 

- le taux de descente adopte est tout a fait exces- 
sif: presque letriple des valeurs usuelles employees 
pour une telle demarche. Or laequipage a parfaitement 
conscience qu a il n est pas encore sur 1 axe (cf CVR) , 
et il connalt bien le site et ltexistence dlun relief 
important au dessous de sa trajectoire. 

En consequence, la commission a considere lahypothese 
daune descente volontaire a 3300 ft/mn jusquta la MDH comme 
hautement improbable. 

21.212.2 - La branche 001 110 de ltarbre des 
generateurs evoque lahypethese daune erreur de calcul sur 
le taux de descente a adopter (en mode VS), compte tenu de 
la pente de descente de 5,5% indiquee sur la fiche de 
procedure. 
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La commission a considere cette hypothese hautement 
improbable car la valeur de consigne est beaucoup trop 
eloignee des valeurs normales de vitesse verticale en 
approche finale pour qulune telle erreur de calcul echappe 
aux pilotes. 

La branche 001 110 de llarbre des generateurs evoque 
entre autres possibilites, llhypothese dgune confusion par 
le pilote aux commandes entre la distance DME STR et la 
distance au seuil de piste. On peut remarquer que la fiche 
de procedure utilisee par llequipage comporte une echelle 
de distance au seuil de piste. Dans le cas dtune telle 
confusion, llequipage aurait eu ltimpression dletre en 
retard pour sa descente. 

La commission a considere cette hypothese hautement 
improbable. En effet, llerreur commise sur la distance 
sous cette hypothese serait dlune valeur relative (2,5 NM 
sur 11 NM) qui ne permet en aucun cas dlexpliquer une mise 
en descente a un taux aussi eleve. De plus, la mise en 
descente sgest effectuee a la distance nominale. 

Enfin on a envisage llhypothese dlune illusion 
visuelle conduisant le pilote aux commandes a augmenter 
considerablement la pente de la trajectoire apres 
acquisition dgun (mauvais) repere visuel. Cette hypothese, 
representee par la branche 0010 de lgarbre des generateurs 
est refutee sur la base des informations meteorologiques 
disponibles et des autres elements du dossier (phares 
sortis non allumes ...), qui montrent que la mise en 
descente et la descente finale se sont effectuees hors de 
la vue du sol. 

L1ensemble de ces elements a conduit la commission a 
ne retenir aucune des hypotheses contenues dans la branche 
001 cornme generateur possible ou facteur contributif de 
1 I accident. 

21.22 - Branche 01: traiectoire cornmandie involon- 
tairement 

21.221- Branche 010: commande involontaire par 
inconscience du mode vertical 

Cetensemble regroupe toutes les hypotheses associees 
a une perte de conscience de la reference verticale de 
pilote automatique, en lloccurrence le mode VS (voir 5 
1.17.5) par 1 equipage, et en particulier par le commandant 
de bord. La mise en descente de llavion a un taux excessif 
r@sulte alors de llaffichage au FCU dlune valeur de 
consigne en angle de descente (FPA) de 3 * 3 ,  que le pilote 
automatique interprete, conformement a la reference 
selectee, cornme une consigne en vitesse verticale (VS). 
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Les caracteristiques de llaffichage conduisent dans 
ze cas le pilote automatique a prendre en compte une valeur 
de consigne de 3300 ft/mn. 

La commission a identifie deux mecanismes dterreur 
susceptibles de conduire a cette situation: 

- un oubli de changement de reference (branche 0100) : 
apres avoir pilote son virage en utilisant le mode 
HDG, le pilote affiche la valeur de consigne 3'3 FPA 
et llactive sans avoir chanqe de refer:nce, soit par 
oubli pur et simple de cette action intermediaire, 
soit par confusion sur les correlations HDG-VS et 

- une erreur dans llexecution du changement de 
reference (branche 0101), et en particulier une 
confusion de bouton poussoir: au lieu dlune action 
sur le bouton-poussoir de commutation de mode HDG- 
VS et TRK-FPA, le pilote effectue une action sur le 
bouton-poussoir dlinversion dlaltitude metres/pieds, 
qui est identique et situe plus a droite sur le 
bandeau FCU. 

Les hypotheses regroupees dans la branche 010 
reposent sur des mecanismes dlerreur classiques. La 
frequence constatee en instruction pour des erreurs de ce 
type est assez elevee. Leur frequence residuelle en 
exploitation nlest pas connue, et elles sont en general 
rapidement detectees et corrigees. Les incidents rapportes 
(voir 5 1.17.6) laissent cependant penser que la frequence 
de telles erreurs restant longuement indetectees par 
18equipage est de llordre de lo-' par heure de vol. 

Ceci a conduit la commission a considerer,18ensemble 
dlhypotheses contenu dans la branche 010 comme un 
generateur possible, et assez probable, de ltaccident. 

21.222 - branche 011: commande involontaire avec 
conscience correcte du mode vertical actif 

La commande involontaire dlun taux de descente 
anormal par un equipage conscient du mode de pilotage 
automatique vertical actif suppose une mauvaise conscience 
de la valeur commandee elle-meme. La commission a identifie 
deux mecanismes susceptibles de conduire a la commande 
dlune vitesse verticale aberrante a llinsu du commandant: 

21.222.1 - le premier mecanisme (branche 011 0) 
repose sur une pratique parfois utilisee pour debuter une 
descente dans une phase ou la charge de travail est elevee: 
le pilote effectue rapidement, dlun seul geste circulaire 
sur le rotacteur, un affichage tres grossier de la valeur 
de consigne, qulil revient affiner ensuite. La valeur 
affichee a la suite de ce premier geste peut etre excessive 
soit du fait de la precipitation, soit volontairement dans 
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l'idee (par ailleurs illusoire) dlaccelerer la mise en 
descente et de contrer ainsi lleffet ascensionnel dQ a la 
sortie des hypersustentateurs, soit enfin a cause de 
l'effet d'une turbulence sur le geste. 

Dans ce cas lgoubli de contrble ulterieur conduit a 
une trajectoire commandee anormale. L1affichage dfune 
valeur de consigne de 3300 ft/mn d'un seul geste demande un 
tout petit peu plus d'un tour de rotacteur en mode VS (un 
tour comporte 32 crans correspondant a un increment d'affi- 
chage de 3200 ft/mn), et plus de trois tours de rotacteur 
en mode FPA (ou il faut afficher 9.9' au moins). 

Des essais ont montre qulil s1agit dans le second cas 
d'un geste difficile a realiser, et en tout cas tres peu 
naturel, qui le rend fort peu probable. Le mode FPA lui- 
mkme etant tres peu probable (cf § 1.17.5) , cette hypothese 
peut &re abandonnee. Dans le cas du mode VS, en revanche, 
(considere ici comme volo~taire), le geste est possible. 
Cependant: 

- on suppose que le mode VS resulte dfun choix 
conscient (sinon on est dans l'erreur de mode), donc 
dlun changement de strategie par rapport au briefing, 
changement qui n'a ete ni annonce ni commente; 

- la faible experience du commandant sur l'avion et 
sa personnalite ne plaident pas du tout en faveur 
dtun tel gestuel; 

- la valeur affichee "par hasard" est precisement 
celle qui correspond, numeriquement, a llaffichage 
nominal. I1 faut donc prendre en compte la 
probabilite conditionnelle de tomber sur 3'3; 

- une procedure de type " affichage tres grassier/ 
retour pour affinerw comporte un bon pouvoir de 
rappel a court terme concernant la seconde - etape. 
Lfhypothese I'le commandant a oublie totalement de 
revenir sur son affichage" est donc moins probable 
que lthypothese etant revenu sur son affichage, il 
a ete satisfait de constater une valeur de 3"3, ou 
une valeur voisine qugil a legerement ajusteel'. On 
retrouve alors a ce stade, sous une forme un peu 
differente la mauvaise conscience d'une incoherence 
unite dlaffichage/ mode vertical actif. 

Ceci a conduit la commission a retenir cette 
hypothese cornme un generateur possible mais tres peu 
probable. 

21.222.2 - le second mecanisme (branche 011 10) met 
en scene un mecanisme dlerreur plus complexe: lfapplication 
dans ltaction presente dgun element de projet dlaction 
passe non reactualise. Dans ce scenario, le commandant est 
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parfaitement conscient du mode de pilotage vertical (VS), 
mais il effectue l'affichage de la valeur de consigne par 
un geste machinal, en tirant de sa memoire la valeur 
calculee pre~ed~emrnent et annoncee lors du briefing (voir 
temps QAR 2741), soit 3'3. En d'autres ternes, il affiche 
un nombre sans dimension, sans effectuer alors de contrble 
mettant en oeuvre la signification de ce nombre. 

Ce type de fonctionnement, tres econome en ressources 
mentales, permet d'affecter le maximum d'attention au 
traitement d'un probleme pergu comme prioritaire. Ce type 
d'erreur est en consequence plausible dans le contexte de 
focalisation de l'attention sur la navigation laterale et 
la mise en configuration de l'avion, qui prevaut dans le 
cockpit a ce moment du vol. 

Ceci a conduit la commission a considerer cette 
hypothese, contenue dans la branche 011 10, comme un 
generateur possible et assez probable de l'accident. 

21.3 - Analyae de la brancbe 1: hypothese drune trajectoire 
non commandee par llequipage 

21.31 - Branche 11 
21.311 - L'examen de l'epave (voir 3 113.2) a permis 

de determiner que l'avion n'avait subi aucune rupture ni 
aucune perte de surface aerodynamique mobile anterieures a 
l'impact avec les arbres et le sol. 

Ceci permet a la commission de refuter les hypotheses 
contenues dans la branche 111 de l'arbre des generateurs. 

21.312- L'examen de 1 'epave, l'analyse de la reparti- 
tion des debris, la reconstitution de la trajectoire 
d'entree dans les arbres, l'analyse des parametres du QAR 
representatifs de la trajectoire verticale et la 
comparaison de celle-ci avec le modele aerodynamique de 
l'avion, montrent que l'avion n'a subi aucune perte de 
contrble aerodynamique avant l'impact. 

Ceci permet a la commission de refuter les hypotheses 
contenues dans la branche 110 de l'arbre des generateurs. 

21.32 - Branche 10: defaillance d'un maven de 
commande de la traiectoire verticale 

21.321 - Perte de la poussee 
L'examen et l'expertise des moteurs, ainsi que l'ana- 

lyse des parametres enregistres par le QAR les concernant, 
demontrent que les moteurs fonctionnaient avant l'impact a 
un regime compatible avec un ralenti vol, et que ce regime 
correspondant aux ordres de poussee normalement envoyes 
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pour la configuration de ltavion et sa trajectoire par le 
dispositif de commande automatique de la poussee ( A / T H R ) .  
Ceci permet de refuter les hypotheses contenues dans la 
branche 100 de 1,'arbre des generateurs. 

21.322 - Defaillance de la chaine de commande de 
profondeur 

21.322.1 - Les elements dtanalyse presentes dans ce 
paragraphe permettent en consequence de refuter globalement 
l'hypothese dtune trajectoire non commandee par llequipage, 
a l'exception des cas representes par la branche 101, qui 
regroupe tous les cas possibles de defaillance de la chaine 
de commande de profondeur. 

Cette chaine comprend des elements repertories sous 
la rubrique ATA 22 ( ~utopilot, Flight Director, 
Autothrust, Flight Augmentation Computer, Flight Management 
and Guidance System, Autoflight System Bite) et des 
elements repertories sous la rubrique ATA 27 (THS, 
Spoilers, ELAC, SEC,..). Ltensemble des defaillances 
possibles dans la chaine fonctionnelle a ete divise en 
deux, de part et d'autre de la prise en compte de la 
consigne par le FMGC. 

21.322.2- Defaillance en amont de la prise de 
consigne 

L'examen des defaillances eventuelles situees en 
amont de la prise en compte de la consigne par le FMGC, 
regroupees dans la branche 1010 de l'arbre des generateurs, 
a fait ltobjet du 5 117.22. 

Ces possibilites de defaillance technique envisagees 
concernent soit le mode de pilotage vertical, soit la prise 
en compte de la valeur de consigne selectee par 1 'equipage. 

. Concernant le mode vertical, on a envisage les 
possibilites de defaillance suivantes: 

- mauvais fonctionnement du bouton poussoir de 
selection de la reference: malgre une action de 
ltequipage sur ce bouton, le changement de reference 
de HDG-VS en TRK-FPA ne s8effectue pas (branche 101 
000 1). Comme ltindiquent les recherches rapportees 
au 117.63, il existe des cas connus dlune telle 
defaillance, et rien ne permet d'exclure formellement 
qu'elle se soit produite. 

Ceci a conduit la commission a retenir l'hypothese 
representee par la branche 101 000 1 comme generateur 
possible de ltaccident. 

- changement intempestif de mode (branche 101 000 0) : 
apres le changement de mode de HDG-VS en TRK-FPA, il 
y a reversion intempestive vers le mode initial. 
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La demonstration quoil noy a pas eu de changement de 
reference (voir 5 117.5) permet de refuter cette hypothese, 
contenue dans la branche 101 000 0. 

- activation intempestive de mode: lors de la 
selection de la valeur de consigne par rotation du 
selecteur, le mode de descente s o  engage 
intempestivement sans quoil y ait eu action a tirer 
sur le rotacteur (branche 101 001). I1 existe des cas 
connus doune telle defaillance. Rien ne permet 
doexclure cette hypothese, mais la contribution a 
loaccident d8un tel evenement serait nulle ou 
marginale. En effet la mise en descente soest 
effectuee a la distance specifiee (11,2NM) et suit 
doenviron 15 secondes ltautorisation dtapproche 
finale. Tout indique par consequent quoelle a ete 
commandee par loequipage. 

Ceci a conduit la commission a refuter la branche 101 
001 comme un generateur possible de loaccident. 

. Concernant les valeurs de consiane, on a envisage 
les possibilites de defaillance suivantes: 

- panne doun segment lumineux dtaf fichage, d'ou un 
affichage errone. On envisage ici que loequipage a 
selectionne le mode FPA, qu8il veut afficher l'angle 
de descente prevu durant le briefing (3'3) , quo il 
tourne le rotacteur rapidement et sans regarder dans 
un premier temps les valeurs affichees, depassant 
ainsi largement la valeur cible, et quoil affiche 
finalement 9'3 en lisant 3'3 par suite de la panne de 
la premiere barrette verticale. (On peut exclure 
comme trop improbable la double panne permettant 
doafficher 9'9 en lisant 3'3). 

Cette hypothese, contenue dans la branche 101 
010, est refutee par les trois raisons suivantes : 

. le mode selecte etait presque sQrement le mode 
VS; . la vitesse verticale qui aurait resulte dtun 
affichage de 9'3 en mode FPA est nettement 
inferieure celle enregistree par le QAR; 
. la manoeuvre du rotacteur necessaire pour 
afficher 9'3 est nettement plus ample que celle 
correspondant a loaffichage de 3'3; 

- corruption de la valeur de consigne transmise par 
le FCU vers le FMGCl (branche 101 011) : loequipage 
affiche correctement la valeur cible compatible avec 
le plan de descente nominal (environ 800 ft/mn en 
mode VS). Celle-ci apparait correctement dans la 
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fenetre d'affichage, mais la valeur transmise et 
prise en compte par le FMGCl est differente (et 
superieure) . 
I1 existe un cas connu de FCU presentant cette 

defaillance, ayant conduit huit mois apres l'accident a 
trois cas de reaction anormale du meme avion en vol. Les 
elements recueillis par lienqu&te n'ont pas permis 
diexclure formellement qu'une telle defaillance se soit 
produite, conduisant a une vitesse verticale stabilisee de 
3300 ft/mn pour une valeur affichee de l'ordre de 800 
ft/mn. Cependant la frequence connue d 'un tel evenement est 
tres faible : en effet, fin decembre 1992, les exploitants 
d1A320 avaient effectuees un million quatre cent mille 
heures de vol, au cours desquelles on denombre un defaut 
identifie, affectant un m&me FCU (evenements Air Inter en 
septembre 1992, voir 5 1.17.6.3). 

Cette hypothese suppose deja que le mode vertical 
active volontairement soit le mode VS, contrairement au 
briefing effectue, et sans que ce changement ait ete 
signale. De plus la coincidence diun taux de descente egal 
a 3300 ft/mn et de 1 'angle de descente de 3,3 ' envisage par 
l'equipage lors de son briefing amene a prendre en compte 
un facteur conditionnel supplementaire, a savoir la 
probabilite que la VS (corrompue) prenne une valeur 
particuliere parmi toutes les valeurs possibles. 

Compte tenu de ces elements, la commission a retenu 
cette hypothese, contenue dans la branche 101 011, comme 
un generateur possible mais tres peu probable. 

21.322.3- Defaillance en aval de la prise de consigne 

L'examen dleventuelles defaillances fonctionnelles 
situees en aval de la prise en compte de la consigne par 
le FMGC (branche 101 1 de lgarbre des generateurs) fait 
l'objet du 5 117.23. 

Lgensemble des examens effectues permet d'affirmer 
que le plan horizontal reglable et les gouvernes de 
profondeur etaient a tout instant dans des positions 
conformes aux ordres d'un pilote automatique qui fonctionne 
nominalement et pilote les parametres de la trajectoire 
effectivement suiviee par l'avion, avec en particulier une 
cible de vitesse verticale constante et egale a 3300 ft/mn. 

Par ailleurs la position des becs et des volets 
correspondaitaux configurations selectionnees etannoncees 
par l'equipage, les spoilers fonctionnaient normalement, 
et le calculateur ELAC2 qui gere la commande de profondeur 
n'a pas ete declare en panne. 

L'apparition et le maintien d'un taux de descente 
tres eleve ne peut donc pas avoir ete provoque par une 
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defaillance dlun element de la chaine de profondeur 
repertoriee dans la branche 1011 de 18arbre des 
generateurs. 

21.41- Princi~es de selection 

C o m e  18indiquent les analyses precedentes, cette 
enqu&te s8est averee difficile, et malgre les efforts 
investis, les elements disponibles n80nt pas permis de 
determiner avec certitude le scenario de cet accident. 

Meme en se concentrant sur 18explication du seul 
evenement pivot, la commission n 8 a  pas ete en mesure 
d8apporter la demonstration complete de la validite d8une 
seule hypothese, a l'exclusion de toutes les autres. 

Dans ces conditions, la commission a ete amenee a 
choisir, parmi les hypotheses non refutees, celles qui lui 
paraissaient justifier qu80n poursuive une reflexion de 
securite specifique. Elle a retenu pour cela, d8une part 
celles qui lui paraissaient les plus probables (sans que 
les probabilites affectees pretendent representer mieux 
que des ordres de grandeur tres generaux) , et d 8  autre part 
celles qui, meme depourvues de ce lien de probabilite 
elevee avec 18accident, lui paraissaient porteuses d8une 
interpellation forte vis a vis de principes de securite 
importants. 

21.42 - Hmotheses retenues 
Dans cet esprit, la commission a retenu les 

hypotheses suivantes pour ce qui concerne llexplication de 
llevenement pivot: 

2 1 . 4 2 1  - Hypothese NO1 : 
le taux de descente anormalement eleve a ete commande 

involontairement par 18equipage, par suite d'une mauvaise 
conscience du mode de pilotage automatique vertical. 

Apres avoir effectue un eloignement et un virage 
retour sous contr6le radar et en mode HDG, 18equipage a 
commande la descente finale en restant en reference HDG- 
VS, tout en affichant "33" dans la fenetre FCU: 

21.421.1 - variante 1A: pour descendre sous un angle 
(FPA) de 3'3, en se croyant en mode FPA, mais en ayant 
oublie de changer de reference, ou par oubli/erreur sur 
liassociation HDG-VS; 

21.421.2- variante 1B: pour descendre sous un angle 
(FPA) de 3'3, en se croyant en mode FPA, par erreur de 
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manipulation du bouton de changement de reference (action 
sur l'inverseur d'unite d'altitude). 

La commission considere cette hypothese NO1 assez 
probable. 

21.422 - Hypothese Nm2: 
Le taux de descente anormalement eleve a ete commande 

involontairement par l'equipage, par suite daur,e conscience 
erronee de la signification des chiffres affiches. 

Apres avoir effectue un eloignement et un virage 
retour sous contr6le radar et en mode HDG, 1 'equipage a 
commande la descente finale en decidant de rester en 
reference H E - V S ,  et en affichant " 3 3 "  dans la fenetre FCU 
parce que ctetait la valeur a afficher determinee lors du 
briefing. 

La commission considere cette hypothese NO2 assez 
probable. 

21.423 - Hypothese Nm3: 
Le taux de descente anormalement eleve resulte : 

21.423.1- variante 3A : dtune defaillance du FCU 
(mauvais fonctionnement du bouton poussoir de selection de 
reference) ; 

21.423.2- variante 3B : d'une defaillance de la 
chafne de transmission de la valeur de consigne au FMGC. 

La commission considere cette hypothese N O 3  tres peu 
probable. 

2L.S - Reconst%tution 413 scinario Xe plus probable 

Le paragraphe qui suit etablit la sequence des evene- 
ments significatifs qui aboutit a l'accident. Cette 
sequence comporte evidemment l'evenement pivot, avec les 
eclairages des differenteshypotheses explicatives retenues 
au paragraphe 21.4. Elle comporte egalement d'autres 
evenements relies a l'accident par des relations de 
causalite plus ou moins fortes et directes, concernant par 
exemple la trajectoire laterale, ou la charge de travail. 
Elle comporte enfin des elements de pur contexte: 
environnement, circonstances, coincidences, etc. 

Le vol de l'accident a ete precede d'un vol Orly- 
Lyon. Sa preparation a ete commencee a Orly et completee 
lors de l'escale de Lyon. Dans les deux cas, selon les 
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elements recueillis par lgenqu&te, les procedures qui ont 
ete suivies par lgequipage sont conformes a celles prevues 
par la compagnie. 

A Lyon un temoin a vu lgequipage manger. Les deux 
pilotes ont pris au moins partiellement leur repas. 

Le elements recueillis par ltenqu&te laissent 
supposer que lgequipage a introduit dans le FMS une COROUTE 
"LYSSXBMf une arrivee ILS 23. 

Le decollage de Lyon-Satolas est effectue a 
17h39mn50s en piste 36. Le commandant de bord est le pilote 
en fonction (PF). A 17h41mn01sf la frequence ILS bascule 
de 110.7 Mhz (frequence de lgILS de la piste 36 de Lyon- 
Satolas) a 110.1 Mhz (frequence de lgILS de la piste 23 de 
Strasbourg). Cela signifie que lgapproche ILS 23 avait ete 
programmee sur le FMS avant le decollage. La frequence ADF 
de la radiobalise SE de Strasbourg est affichee en 
atteignant le niveau de vol 180. La croisiere est effectuee 
a ce niveau de vol, pilote automatique NO1 (AP1) engage. 
La vitesse indiquee est de 327 Kt, ce qui correspond a la 
vitesse managee pour ce niveau de vol et un cost index de 
55 (valeur prevue par Air Inter). 

Le contact est etabli avec Reims Contr6le a 
17h53mn55s. Le contr6leur indique a ltequipage "procede2 
Luxeuil et arrivee standard pour Stra~bourg~~ et le copilote 
collationne. I1 existe en fait deux trajectoires dgarrivee 
susceptibles de cette appellation: la trajectoire LUL- 
ANDLO-STR et la trajectoire LUL-OBORN-SE. 

21.53 - La ~ r i ~ a r a t i o n  de ltarrivie: 
la stratiaie ILS  23 

A partir de 17h56mn38s1 le copilote ecoute lgATIS de 
Strasbourg sur la demande du commandant et lginforme a 
17h57mn13s de la piste effectivement en service : ggcgest 
la zero cinq en servicew. LgATIS indique ].a piste en 
service mais ne precise pas de procedure en vigueur. Le 
commandant questionne le copilote : "la zero cinq? Qugest- 
ce qug ils passent comme vent?" et ngobtient pas de reponse. 
11 reprend: "tu me passe notre meteo? Qugest-ce qugils 
passent comme plafond, la?". Le copilote lui repond sans 
certitude ( "  huit huitiemes a trois mille, il faudrait que 
je le reprennem). 11 est probable que le commandant lit 
alors les notes prises par le copilote lors de sa premiere 
ecoute de ltATIS. 

A 17h57mn57s (temps QAR 1705), la piste 05 est 
inseree au MCDU, comme en temoigne llenregistrement QAR 
(disparition de la frequence ILS 110.1 Mhz). Cette 
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insertion n8est pas annoncee. Compte tenu des dialogues, 
on peut penser que le copilote a insere une arrivee VOR 05 
sur la page F-PW (Flight Plan) du MCDU et a renseigne la 
page PERF APPR (performances en phase dtapproche). 

A 17h58mn48s1 le commandant commente la valeur du 
vent (du zero cinquante degres) que vient de lui confirmer 
le copilote : "dix huit noeuds.. .ah! pas de chance". I1 
demande alors au copilote de lui indiquer la valeur des 
minimums pour la piste 05. Celui-ci lui annonce les 
minimums correspondant a 1 'approche VOR/DME 05. Le 
commandant precise sa question: "Est-ce qulil y a une MVL 
des~us?~' (MVL : manoeuvre a vue libre). Le copilote lui 
annonce alors les minimums de llapproche indirecte : ItMVL 
de nuit (.  . . )  huit cent cinquante pieds et deux mille huit 
cents metres1@. 

Les conditions annoncees par 1'ATIS ( trois huitiemes 
a onze cents pieds, dix kilometres de visibilite) sont 
meilleures que ces minimums. A 18h56s, le commandant decide 
: Iton essaiera en fonction du trafic de faire une percee 
ILSw. I1 decrit la procedure d'approche indirecte en piste 
05 par ouverture a droite a ltissue de la percee I L S ,  et 
evoque les justifications de son choix : "si on fait la 
procedure zero cinq ... eh bien on ... (sifflet)It. I1 
demande ltinsertion des minimums de la procedure d'approche 
indirecte et corrige ltaction du copilote en precisant 
qu'il sfagit dtune MDH (Hauteur Minimum de Descente). 

A 18hOlmn45s, le commandant poursuit : tu vois, je 
vais mettre la vingt trois, sinon jgpourrai pas faire la 
percee ILS, moi! j Iremets la vingt trois hein?". Devant 
ltinterrogation du copilote - "tu mets la vingt trois?" il 
confirme : oui! ca y est... pour faire ltarrivee I L S m .  
Au meme instant, 1 'avion passe a la verticale du VOR de 
Luxeuil (LUL), et vire au cap 043' vers le point de report 
OBORN. Dix secondes plus tard, la frequence de llILS de 
Strasbourg reapparait sur l'enregistrement QAR : la piste 
23 a donc ete reinseree au MCDU en remplacement de la piste 
05. Le commandant effectue le briefing arrivee pour une 
arrivee ILS 23. La frequence du VOR 1 passe sur 115.6 MHz, 
frequence du VOR STR de Strasbourg. A 18h02mn33s et pour 
une minute environ, le ND1 passe du mode ARC NAV 80NM en 
mode PLAN : cela correspond tres certainement a la 
verification par le commandant de la programmation du plan 
de vol jusqu'a la remise de gaz, comme le prevoient les 
procedures dgAir Inter. 

Dans les secondes qui suivent, le copilote dit 
l@jtcomprends pas pourquoi tu ne tentes pas quand meme une 
zero cinq VOR DME". La question laisse supposer qulil se 
refere a une approche VOR DME 05 directe, mais cela nlest 
pas clairement exprime. Le commandant lui repond en se 
referant a la procedure VOR DME complete : "parce que la 
VOR DME, il faut arriver ici, partir.. . aller aux cent 
mille diables et revenir .... donc on aura aussi vite fait 
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de.. .". Puis il poursuit : "sinon il faut sleloigner a onze 
STR, qa fait onze vingt deux nautiques ... cfest parti pour 
dix minutes de vol en plus la hein ... cfest pour qa ... 
que ...". ~ e -  copilote approuve en apparence : "ouais, faut 
faire un...". 

A 18h04mn15s (temps QAR 2083) le VOR 2 est force sur 
la frequence 115.6 MHz de STR. I1 est probable que ce soit 
le commandant lui-mBme qui effectue cet affichage, car 54 
secondes plus tard il dit au copilote qui identifiait la 
balise dfarrivee SE : "je tfai mis llaxe retour sur STR 
hein. . . zero cinquanteIt . 

2 1 . 5 4  - La descente et  la traiectoire ANDLO 

A 18h05mn29s le commandant debute la procedure de 
mise en descente, qufil prevoit pour 18h08. Sur demande du 
copilote au contrble, lfavion est autorise a descendre au 
niveau 130. A 18h06mn27s, le contr6le demande a lfequipage 
de mettre le cap sur ANDLO. Ce point ne figure pas dans le 
plan de vol pour une arrivee standard ILS 23, et nfest donc 
pas presente sur lfecran de navigation. S1etant fait 
confirmer lfinstruction du contr6le par le copilote, le 
commandant dit : ANDLO, oh la ils me cassent les pieds 
avec leur truc la...". 

Lfavion vire a droite vers ANDLO (ou peut-Btre SE) 
avec le cap 053' que le contr6leur demande de maintenir 
jusqu a nouvel avis (pour les besoins d 'une separation avec 
un aeronef au depart). Le copilote commente negativement 
cette restriction. A 18h07mn24s, le contr6le delivre une 
nouvelle autorisation vers le niveau 70. Le copilote 
collationne en disant : on poursuit la descente vers le 
niveau 70" . En fait, lfavion n l a  pas encore quitte le 
niveau de croisiere: la descente debute deux secondes plus 
tard. 

Dfapres les coordonnees FMGS, llavion est a alors 
22,9 NM dfANDLO. Le copilote annonce llengagement du mode 
IDLE/OPEN DESCENT conformement aux procedures de la 
compagnie, mais le niveau select9 nfest pas annonce. La 
vitesse regresse jusqula 315 kt environ, ce qui semble Btre 
une valeur de vitesse managee, et ce qui montre que le mode 
EXPEDITE n f a  pas et& utilise. 

A 18h08mn56st la restriction de cap est levee et 
llavion est transfere sur la frequence de 1 fapproche de 
Strasbourg. 
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21.55 - Starrivee sous le controle de lta~proche de 
Btrasbourq 

Au premier contact, le contr6leur dtapproche de 
Strasbourg demande a l'avion de se diriger sur ANDLO, et 
sur llenonce de sa distance (22NM de STR), ltautorise a 
descendre a 5000ft au QNH. I1 ne precise pas la piste en 
service, n'evoque pas la procedure dtapproche qui sera 
executee, et ne delivre pas d'autorisation apres ANDLO. 
Ltequipage ne ltinterroge pas sur la route a suivre apres 
ce point. Par ailleurs, le strict respect de ltautorisation 
du contrele, demandant de passer ANDLO a 5000ft, 
necessitait dtaugmenter la pente de descente. Cette 
correction nla pas ete apportee, et rien ntindique que 
l'equipage se soit pose ce probleme. Cela semble indiquer 
qutil ne considere pas cette instruction comme remettant 
en cause la strategie dtapproche ILS 23. 

A 18h09mn52s (temps QAR 2420) ltavion passe le niveau 
115 en descente et sa vitesse indiquee atteint sa valeur 
maximum (322 Kt) pour regresser ensuite jusquta 254 Kt au 
niveau de vol 97, tres probablement suite a ltactivation 
automatique de la contrainte de vitesse a 250 Kt maximum 
au-dessous du niveau 100. L'equipage effectue la 
verification croisee des altimetres apres les avoir regles 
sur le QFE. Lors de cette verification le copilote detecte 
une erreur dgaffichage commise par le commandant (1008 
affiche au lieu de 1005 annonce) et l'erreur est corrigee. 
La check-list ttapproche initialen est lue par le copilote 
de sa propre initiative (la procedure Air Inter prevoit 
qutelle doit Stre demandee par le pilote en fonction, c'est 
a dire ici le commandant). 

A 18hllmn32s (temps QAR 2520), ltavion passe travers 
ANDLO a 9480ft QNH. La vitesse est de 257 Kt et va 
progressivement augmenter (jusqu'a 312 Kt), ainsi que le 
taux de descente. Le commandant de bord a probablement 
supprime la contrainte de vitesse (250 Kt/FL100) : il n'y 
avait pas, a ce sujet, de consigne Air Inter ni de 
contrainte reglementaire a Strasbourg a ltepoque de 
ltaccident. A 18hllmn42s le copilote annonce au contr6le 
: Iton passe ANDLO". Lt avion est a 9,6 NM sur le relevement 
054' de STR. Le contr6leur repond : ". . .vous ktes numero 
un pour la VOR DME zero cinq, rappelez le VOR en finale". 
Ctest la premiere fois que la procedure attendue - une 
approche VOR DME 05 - est evoquee par le contr6le. Cette 
evocation reste cependant interpretable de deux fa~ons par 
ltequipage : une approche directe, ou une procedure 
complete. Le fait de demander a l'avion de rappeler en 
passant le VOR en finale suggere quton ne s'attend pas a 
ce qutil decrive toute la procedure, mais ntinterdit pas 
qutil le fasse. L'avion est alors a 8,6 NM de STR, soit 11 
NM du seuil de piste, sa vitesse est de 292 Kt et son 
altitude de 7600ft : dans ces conditions la procedure 
dtapproche directe n8est plus realisable. 
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A 18h12mn05s (temps QAR 2553), le mode SPEED 
(acquisition et maintien de la vitesse cible par llauto- 
poussee) et le mode ALT STAR (capture de llaltitude cible) 
sont engages. -La .vitesse verticale est de -4800 ft/mn. Le 
N1 commande augmente progressivement, et la vitesse 
egalement. La vitesse cible devait etre de llordre de 310 
Kt, car la vitesse atteindra 312 Kt a 18h12mn26s pour 
regresser ensuite. 

A 18h12mnlls, le copilote propose: "on pourrait lui 
demander de conf inner le plafond maintenant, ( . . . ) 
nautiques?", suggerantpeut-ktre ainsi que l1on donne suite 
a llautorisation du contrble en effectuant une approche VOR 
DME directe. 

Soit qulil ait compris ainsi la reponse du copilote, 
soit qulil reponde directement a llautorisation du 
contrble, le commandant objecte : "dix nautiques . . . Ga 
passe pas, dis lui, on va faire un . . .@I. Cependant le 
copilote demande au contrble de lui confirmer le plafond, 
comme il 1 lavait lui-mlme suggere. A la reponse du contr6le 
(trois huitiemes a mille cent pieds et six huitiemes a deux 
mille six cent pieds), le commandant commente : "clest 
bon1I, ce qui signif ie vraisemblablement: ces conditions 
permettent dleffectuer une approche ILS 23 suivie dlune 
manoeuvre a vue pour la piste 05. Le copilote transmet la 
decision du commandant au contrble a 18h12mn29s : "ouais, 
on envisagerait de proceder SE de faire un ILS avec une 
indirecte pour la zero cinq ensuite". C1est la premiere 
fois que ltintention de l1equipage est clairement 
explicitee au contrdle. 

Pendant cet echange, les N1 commandes et reels ont 
decru vers IDLE (ralenti), ce qui correspond tres 
probablement a la selection dlune nouvelle vitesse cible 
(260 Kt) par le commandant. Cette selection nlest pas 
annoncee. 

A 18h12mn34s (temps QAR 2582), un gong (single stroke 
chime) retentit, la page PRESS est presentee a llECAM, et 
un message ACARS est enregistre : il s1agit de llalarme "LO 
DIFF PRESS1@, activee suite au taux de descente eleve. Le 
commandant demande lleffacement de llalarme : llavion etant 
sur le point de se stabiliser a 5000 ft, il nuexistait 
aucun risque que la cabine passe en depression. 

A 18h12mn45s, le commandant demande la temperature au 
copilote. La reponse est interrompue par un message du 
contrble qui indique a llequipage que compte tenu de la 
procedure qutil envisage, il risque de devoir effectuer une 
attente pour permettre trois decollages en piste 05. Aucun 
delai dlattente nlest indique. Le commandant decide alors 
de changer sa strategic?, abandonnant son pro j et d approche 
ILS 23 pour celui dlune approche VOR DME 05. Cette decision 
est notifiee au contrble qui llaccepte. 
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A 18h13mnlOs, le commandant dit : "on va pas s1amuser 
a descendre comme qa en india mike; s'ils avaient prevenu 
a llavance, mais la, on arrive plein pot1' (india mike : 
conditions meteorologiques de vol aux instruments). Ce 
commentaire s'adresse indirectement au contrele, et peut- 
6tre egalement au copilote. I1 justifie son refus anterieur 
d'effectuer la procedure VOR DME 05 directe autorisee par 
le contrdle, et qui aurait implique un taux de descente 
incompatible avec la conduite normale d'une procedure 
d'approche en IMC. 

A 18h13mn28st alors que l'avion approche de STR, le 
contrbleur propose a l'equipage un guidage radar pour le 
ramener sur ANDLO en lui evitant d'effectuer toute la 
procedure d'eloignement et de virage retour. Le commandant 
accepte la suggestion. L'avion passe au travers nord de 
STR, a 5025 ft QNH (temps QAR 2646). Sa vitesse est 
stabilisee a 260 Kt. Le contrdleur lui assigne un nouveau 
code transpondeur (le code 6100) af in de 1 identifier comme 
aeronef a lgarrivee, ainsi que le cap 230" par la gauche. 
L'equipage engage le virage a gauche probablement en 
selectant une nouvelle valeur de cap, et selecte une 
nouvelle vitesse cible (250 Kt) . Le mode ALT de maintien 
d'altitude stengage. Ni la nouvelle valeur de cap selectee, 
ni 1 engagement du mode ALT ne sont annonces, contrairement 
aux consignes de la compagnie. 

A 18h13mn52s1 le commandant dit : l1 j'te remets la 
zero cinql@, et treize secondes plus tard la frequence de 
1'ILS de la piste 23 est deselectee (temps QAR 2673). Cela 
signifie que l'equipage a tres probablement introduit une 
arrivee VOR 05 dans le FMGS. L'enquete (en particulier 
1 'etude au simulateur rapportee au !j 1.17.7) n'a pas permis 
de determiner le type d'arrivee insere (NO STAR, ou STAR 
LUL 05, ou VIA SE, ou NO VIA). Compte tenu de son annonce 
precedente, c'est probablement le commandant qui a effectue 
l'essentiel des procedures d'insertion. Compte tenu des 
resultats des simulations evoques au 5 1.17.7, l'insertion 
ds la piste 05 apres le passage de STR a tres probablement 
provoque l'affichage de l'axe de piste et de points de 
navigation, notamment STR07 (7NM STR) et peut-Gtre ANDLO. 

A 18h14mn12s (temps QAR 2680), une reduction du N 1  
commande indique qulune nouvelle vitesse cible (de llordre 
de 215/220 Kt) est selectee. Le commandant effectue ensuite 
le briefing correspondant a la nouvelle procedure 
dlapproche envisagee. I1 indique notamment le point de 
debut de descente a llNM de STR, qu'il semble percevoir 
comme different de ANDLO : "on repasse par ANDLO sur llaxe 
et on libere a 11 STR". I1 rappelle les hauteurs de passage 
a 9NM et 7NM sans mentionner explicitement qulil stagit de 
hauteurs minimales, et ne mentionne pas la hauteur de 
passage a STR. 
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A 18h15mn04s llACARS transmet un message indiquant 
que le HUD vient dtOtre mis sous tension. 

A 18hi5mn06s le contr6leur annonce a llequipage sa 
position: I1six nautiques radial deux cent quatre vingt- 
dix de StrasbourgI1. Cette position ne correspond pas avec 
la position de llavion telle qulelle a ete determinee par 
11enqu6te : a cet instant le F-GGED est a 4,5 NM sur le 
radial 340' de STR, et a 4,5 NM sur le radial 301' du radar 
de Strasbourg. Les recherches effectuees concernant la 
trajectoire et rapportees au 5 1.17.8, ainsi que la note 
technique concernant les trajectographies radar figurant 
en annexe, permettent dlexpliquer cette difference, qui 
nlexcede pas llimprecision de la chaine radar. 

Poursuivant son briefing pour llapproche VOR DME, le 
commandant rappelle llaxe de percee et convertit 
(correctement) la pente de descente portee sur la carte 
(5,5%) en angle de descente (3,3 ' ) . I1 n 1  a pas ete possible 
de determiner si la nouvelle MDH a ete inseree sur la page 
PERF APP. Elle n l a  pas ete rappelee dans cette phase de 
vol . 

A 18h15mn31s, llavion atteint le cap 230' et debute 
son eloignement. Sa vitesse est de 223 Kt. L1equipage met 
en service llanti-givrage des entrees dlair et le degivrage 
des ailes. 11 critique l1absence de detecteur de givrage 
et la conversation enregistree sur le CVR a ce propos 
laisse penser qulil verifie avec une lampe torche le temoin 
de givrage exterieur. Une augmentation du N1 commande 
suivie dlune augmentation de vitesse jusqula 230 Kt indique 
une tres probable augmentation de la vitesse selectee. 

A 18h16mn22s le commandant justifie a nouveau que la 
percee directe VOR DME 05 ne pouvait pas &re realisee dans 
les conditions d'arrivee a ANDLO : C1est la merde hein! 
quand t1es pas prkt le temps dtarriver a cinq mille pieds 
sur ANDLO plein pot ... euh . . . q  a passe pas hein ... En 
plus ... a...quoi...dix nautiques de la finalew. 

21.57 - Le viraae retour et la mise en descente 
A 18h17mn49s le contrble donne une instruction de 

virage a gauche vers le cap 090'. Le virage debute quatre 
secondes plus tard. L e s  recherches effectuees sur le mode 
de pilotage vertical et rapportees au 5 117.5 montrent que 
le pilote automatique etait presque siirement en reference 
HDG-VS, et qulil sera conserve jusqula l1accident. La 
procedure Air Inter dlapproche classique (synoptique 
129.15.01 du manuel dlexploitation Air Inter) demande 
qulavant le virage de procedure, le mode TRK-FPA soit 
selecte. I1 estpossible que pour respecter plus facilement 
les instructions de contr6le en cap, le commandant ait 
decide de differer le changement de HDG-VS en TRK-FPA. 



ICAO Circular 296-AN11 70 35 

Deux secondes apres le debut de virage, le ND1 passe 
de ARC NAV/20 NM en ROSE VOR (temps QAR 2903) . Une nouvelle 
valeur de vitesse selectee se traduit par une diminution 
du N1 commande et une stabilisation de la vitesse a 180 Kt. 
Vingt-quatre secondes apres le debut du virage, le 
commandant demande la sortie des volets en configuration 
1, et quinze secondes plus tard le copilote annonce la 
configuration 1 etablie. 

A 18h18mn37s1 alors que 1 'avion est au cap 143 " , soit 
sensiblement au cap perpendiculaire a ltaxe dtapproche 
finale, le contr6le lui donne llinstruction de poursuivre 
le virage a gauche pour sletablir sur le relevement 051' 
de STR et lui indique sa position actuelle : Itquatre 
nautiques dlANDLO . . . travers gauche d'ANDLOtt. La position 
de llavion relevee a cet instant sur la trajectoire de 
synthese le situe a 3,8 NM dtANDLO, ce qui est tout a fait 
conforme avec cette information. Le copilote accuse 
reception. Les recherches effectuees sur le mode de 
pilotage vertical et rapportees au 4 1.17.5 montrent que 
le cap selecte alors etait probablement le 051". 

A 18h18mn51s (temps QAR 2959), le commandant selecte 
le mode ARC NAV (echelle 20 NM) pendant environ dix 
secondes, probablement pour mieux visualiser la geometrie 
dtinterception de llaxe dtapproche finale. 

Le VOR STR est vu a cet instant sous le relevement 
060' et le cap est deja au 110". Le virage est trop serre 
et la trajectoire suivie ne peut pas amener ltavion sur 
ltaxe dtapproche finale a ANDLO. A 18h19mnOls, le copilote 
1 'annonce : "On va . . . (ttes interieur) la hein! It. Deux 
secondes plus tard, le commandant revient a une 
representation ROSE VOR sur son ND (temps QAR 2971) . Les 
procedures Air Inter recommandent cette presentation sur 
le ND du pilote aux commandes si la navigation du FMGS est 
declaree en LOW ACCURACY ou lorsque les informations brutes 
ne correspondent pas a la geometrie presentee sur le ND. 
Ce choix, qui offre une presentation tres proche de celle 
des instruments conventionnels, pouvait egalement resulter 
dlune preference conjoncturelle du commandant. 

A 18h19mn15s le copilote renouvelle son annonce : "... tfes (interieur) la hein! il aurait fallu qttu ouvres 
au zero sept zerou. Le commandant repond "ouais ouaistt et 
selecte le nouveau cap 066' (voir 5 117.5) . Le copilote 
ajoute immediatement Itau moinstl. Lt avion arrive au cap 052 ' 
et repart immediatement en virage a droite vers le cap 
066'. 

A 18h19mn23s le contr6le autorise ltavion a 
l'approche finale et indique qulil passe le travers droit 
dtANDLO. Cette ambigulte - vu de ltavion, il stagit du 
travers gauche - ntest pas relevee par ltequipage. 
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A 18h19mn30s (temps QAR 2998), le commandant demande 
la sortie des volets vers la position 2 et pendant que le 
copilote ltexecute, il modifie (a 18h19mn32s) le cap 
selecte et affiche 071'. Le QAR enregistre le debut de la 
sortie des volets vers la position 2 a 18h19mn33s. 

21.58 - La descente 
Ltavion poursuit son virage vers le cap 071'. 

A 18h19mn38s (temps QAR 3006), a 11,2 NM de STR et 
sur le relevement 060' de STR, le mode ALT est degage. 
Ltauto-poussee reste en mode SPEED, ce qui signifie que le 
mode de descente est soit VS, soit FPA. Les recherches 
effectuees (voir 5 1.17.5) montrent que le mode de descente 
etait presque sQrement VS. 

Ltanalyse resumee au 5 21.4 ci-dessus nlayant pas 
permis d af f irmer un seul scenario generateur de cette mise 
en descente, il faut rappeler ici les hypotheses 
conservees: 

1 - le commandant affiche "3.3" comme valeur de 
consigne dans la fenetre FCU en ayant oublie de changer la 
reference HDG-VS en reference TRK-FPA (ou en oubliant que 
les modes HDG et VS sont i s )  , ou il veut changer de 
reference, mais il appuie par erreur sur le bouton poussoir 
identique destine au changement dtunite dlaltitude, et 
croit avoir change de reference; 

2 - le commandant entend conserver le mode VS, mais 
il affiche machinalement tt3.3n dans la fenktre FCU, ctest 
a dire la valeur qutil avait determinee lors de son 
briefing dlapproche; 

3 - le commandant effectue correctement llaction de 
changement de reference, mais celle ci nlest pas prise en 
compte par le FCU suite a une defaillance du bouton 
poussoir, ou la valeur selectee, correctement affichee, est 
corrompue avant sa prise en compte par le FMGC. (La 
commission considere tres peu probable cette derniere 
hypothese). 

A ltinstant de cette mise en descente, llavion est 
sur le relevement 060' de STR (relevement mesure sur la 
trajectoire dite ride synthesew). I1 se situe donc sur une 
trajectoire decalee dlenviron 9' par rapport a ltaxe 
dtapproche nominal, et ceci est donc 1 lordre de grandeur 
de llecart indique a cet instant par une instrumentation 
de bord fonctionnant correctement. 

Dans tous les cas, les changements de mode affiches 
au FMA (dkgagement du mode ALT) ne sont pas annonces. La 
mise en descente slest effectuee avec un facteur de charge 
moyen de 0,86 a 0,88g (soit une variation de facteur de 
charge de -0,12 a -0,14g), qui correspond a une autorite 
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augmentee du pilote automatique, declenchee par le fait que 
la vitesse verticale a depasse + 500 ft/mn suite a la 
sortie des volets alors que la descente avait ete 
commandee. 

A 18h19mn42s (temps QAR 3010), le commandant demande 
la sortie du train et le copilote execute la manoeuvre. 
Deux secondes plus tard le cap 070' est atteint. A 
18h19mn48s, soit dix secondes apres le degagement du mode 
ALT, la vitesse verticale devient negative. Le contr6leur 
demande de rappeler en passant le VOR en finale. 

A 18h19mn53s, soit quinze secondes apres le 
degagement du mode ALT, le variometre indique une vitesse 
verticale de -1000 ft/mn en augmentation. A 18h19mn56s le 
train dlatterrissage est verrouille bas sans annonce "GEAR 
DOWN LOCKEDM de la part du copilote, qui vient de terminer 
un message radio au contrele, et consulte probablement la 
fiche de percee. La page WHEEL est presentee a llECAM. Sur 
le PFD llindication analogique du variometre arrive en 
butee (-2000 ft/mn) et devient ambre, ainsi que 
llindication numerique de vitesse verticale, et le 
resteront jusqu'a llaccident. La vitesse verticale se 
stabilise a environ -3300 ft/mn vers 18h20mn. 

La vitesse indiquee commence a croitre, par suite de 
la forte vitesse verticale, bien que le mode SPEED soit 
engage. En effet les moteurs sont deja au regime de ralenti 
vol correspondant a la configuration de 1 Iavion, et les 
seuils dtaction de la protection (par reversion vers le 
mode OPEN DESCENT ou OPEN CLIMB selon llaltitude selectee 
au FCU) de la vitesse limite dans la configuration volets 
2 ne sont pas depasses (VFE = 200 kt; reversion pour une 
vitesse superieure ou egale a VFE + 4 Kt). 

L1avion passe sous le plan nominal de descente (3"3) 
a 18h20mn05s. A cet instant l'assiette longitudinale est 
de 7 '  a piquer, llavion accelere et la fleche de tendance 
de vitesse penetre dans le bandeau VFE correspondant a la 
configuration volets en position 2. A 18h2Omn09sI le 
commandant prend conscience de la forte valeur de la 
vitesse indiquee (192 Kt) et sort progressivement les 
aerofreins pour contrer llacceleration de llavion et 
reduire la vitesse pour pouvoir poursuivre la sortie des 
hypersustentateurs. Rien nfindique que liequipage ait perGu 
cette augmentation de la vitesse comme une anomalie 
veritable. 

A 18h20mnslOs le copilote indique la hauteur de 
passage de STR : " nous devons (llpasser) huit cent piedsI1. 
Cette annonce est prevue par les procedures de la compagnie 
pour la surveillance du plan de descente. Par contre la 
hauteur minimale a 9 NM STR et la hauteur minimale a 7 NM 
STR ne sont pas rappelees. L1avion se trouve a cet instznt 
a 9,4 NM de STR et a environ 150 ft au-dessous du profil 
de descente. 
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A 18h20mn19s (temps QAR 3047), llavion est a 9 NM de 
STR et a environ 550 ft au-dessous de llaltitude minimum 
definie pour cette distance. Rien nlindique que llequipage 
ait, a cet instant, effectue le contrble altitude/distance. 

A 18h20mn21s le commandant dit : "faut faire 
attention qulil ne descende past1. Si ce commentaire 
concerne llavion, cela indique qulil se preoccupe alors de 
la situation dans le plan vertical. L1ecart est de llordre 
de 500 ft. Le commandant ne prend pas conscience du taux 
de descente, car il serait alors inexplicable qulil ne 
reagisse pas immediatement. L'interruption du copilote qui 
annonce I1sur llaxew ramene probablement sa preoccupation 
prioritaire sur le plan lateral. 

A 18h20mn22s le commandant commence a rentrer 
progressivement les aerofreins. Le copilote poursuit son 
observation relative a llinterception de llaxe : "On arrive 
sur llaxe! ... un demi point de llaxe. La, voila il a ete 
au soixante clest bon tu vois icil*. L1avion est a 8,7 NM 
de STR sur le relevement 056'. I1 debute un virage a gauche 
pour intercepter le relevement 051' de STR. Cette annonce 
du copilote et cette selection d'un nouveau cap par le 
commandant attestent dlun suivi attentif de la navigation 
horizontale par les deux pilotes. 

A 18h20mn36s la radiosonde annonce IITWO HUNDREDu. 

Une seconde plus tard, incline a gauche de 12' pour 
interception de llaxe dlapproche finale, llavion percute 
le mont La Bloss a la vitesse de 190 Kt, sur une 
trajectoire de descente dlenviron 11". I1 est en 
configuration 2 (becs 22' et volets 1 5 " ) ,  train sorti, 
spoilers rentres. Les manettes de poussee sont restees dans 
le cran CLIMB. Sur les parties du QAR qui ont pu &re 
exploitees, il apparait que les manches pilote et copilote 
sont restes au neutre. Enfin le pilote automatique est 
reste engage au moins jusqula la seconde precedant 
llimpact, comme en temoigne lfabsence dtalarme de 
declenchement sur le CVR. 

11 nly a donc eu ni tentative de remise de gaz, ni 
tentative de reprise en main par llequipage. 
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CHAPITRE 2 .2  - ANALYGE DE8 MECANISME6 DIRECTS 

L1objectif principal de ce chapitre est dtanalyser, 
dlune part dans le fonctionnement des systemes techniques, 
et dlautre part dans les comportements des acteurs qui sont 
directement intervenus sur le vol du F-GGED (c'est a dire 
les pilotes et le contreleur), les composantes qui ont pu 
affecter la securite du vol. Le but de cette analyse est 
de tenter dlen comprendre les mecanismes sous-jacents. 

Note : pour ce qui concerne les conportements des opirateurs hunains, ce t t e  analyse f a i t  
a w l  A des connaissances ou A des modeles de cmprbhensim appartenant a u  d i  f ferents domaines 
de La psychologic. Ont p lus part icul ihrcment serv i  de reference Les travaux des auteurs suivants: 

Re& Amalberti, CERHA, Bretigny, France; 
Lisane Bainbridge, Univers i ty  College London, Angleterre; 
Robert Helmreich, NASA/UT, Austin Univers i ty  , Texas , USA; 
Er ik  H o l l ~ g e l ,  Conputer Resources International,  Danemark; 
Veronique de Kaiser, Un i ve r s i t i  de Liege, Belgique; 
Jacques Leplat, Ecole Pratique des Hautes Etudes, France; 
Jens Rawussen, RISO National Laboratory, Danemark; 
James Reason, Univers i te  de Hanchester, Angleterre; 
David Uoads, Uestinghouse Research 8 Developamt Center, USA; 

22.1 - D d f a i l l m c e s  techniques 

L1enqubte a montre (voir chapitre 2.1) que les 
seules defaillances techniques qui ont pu se produire et 
qui auraient pu conduire ou contribuer a llaccident 
concernent le systeme de pilotage automatique et le systeme 
de radionavigation VOR. 

22.11 - Analvse d'un dvsfonctionnement du svsteme de 
pilotaue automatime 

Les points suivants ont ete etablis : 

- La mise en descente et les parametres de cette 
descente ont ete commandes au calculateur FMGCl (pilote 
automatique) par action de l'equipage sur des boutons du 
bandeau FCU. 

- L1hypothese dlune corruption dlun parametre de 
fonctionnement du pilote automatique localisee dans la 
chaine des commandes de vol (systemes ATA 27) a et&r6fut& 
(voir 5 117.23). 

- L1hypothese dlune corruption d,u parametre de 
descente lors de son transfert depuis le FCU vers le FMGCl 
n l a  pas pu Btre refutee. Pendant la duree de llenqu&te, 
trois occurrences d'une telle corruption ont ete 
formellement constatees sur un meme avion et un meme 
equipement. L'investigation de cet evenement a permis de 
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mettre en evidence son mecanisme : un defaut dtune memoire 
RAM du FCU, qui se traduit par une corruption du parametre 
de descente selecte par le pilote. 

Ltexperience connue en service indique gar consequent 
une frequence dtoccurrence de ltordre de 10- par heure de 
vol pour ce cas de dysfonctionnement du FCU, identifie 
comme une corruption de la valeur de consigne de descente 
selectee au FCU, non detectee par le systeme, et provoquant 
une stabilisation de la vitesse verticale a une valeur 
differente de celle voulue par le pilote: 

Bien que cette frequence soit faible et que la 
commission ait par ailleurs considere comme tres peu 
probable qu8un tel evenement soit a ltorigine de ltaccident 
du F-GGED, la commission a estime justifie dten faire le 
point de depart dlune reflexion sur la certification des 
pilotes automatiques (cf 5 23.31). 

En effet, les trois hypotheses de scenario retenues 
par la commission comportent un element commun important: 
ltequipage nta pas detecte 18anomalie majeure de 
trajectoire survenue dans le plan vertical apres la mise 
en descente. De ces trois hypotheses, celle dans laquelle 
llequipage aurait selectionne une reference de trajectoire 
et une valeur cible convenables, mais aurait ete confronte 
a une reponse anormale de ltavion dans le plan vertical, 
est, selon la commission, celle oh la difficulte de 
detection de ltanomalie aurait ete la plus grande. 

22.12 - Hypothese dmune anomalie des indications VOR 
22.121 Anomalie ayant pour origin0 les systemes 

embarques 

La commission a examine 18hypothese qutun 
dysfonctionnement des systemes VOR embarques soit intervenu 
pendant la phase dtinterception de ltaxe d8approche. 

La memoire non volatile du BITE de ltun des deux 
equipements VOR a pu etre lue et exploitee par 
18equipementier Collins. Une anomalie a ete enregistree par 
le BITE au cours du dernier vol, mais il a ete demontre au 
paragraphe 117.3 que cette anomalie ne pouvait pas avoir 
produit des informations VOR erronees. 

Cependant, compte tenu des circonstances dans 
lesquelles s8est deroule ltalignement de ltavion sur ltaxe 
dtapproche VOR, le phenomene de Itbattements dtindications 
VORI8 signale sur A320 depuis sa mise en service a ete pris 
en consideration. 

La revision temporaire (TR N.124) du manuel de vol, 
datee de juillet 1991, preconisait d ef fectuer les 
procedures VOR en mode NAV sur 18ecran de navigation, la 
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selection des informations primaires de navigation VOR 
n'etant alors effectuee que dans un but de surveillance. 
Toujours selon les termes de cette revision, si llapproche 
VOR etait i ~ p o ~ s i b l e  en utilisant le mode NAV des Ccrans 
de navigation, il serait alors possible de lteffectuer en 
exploitant les indications VOR uniquement, $ condition que 
les eventuelles oscillations dtindications ne soient pas 
superieures a +/- un demi point (soit 2 , s '  ) . Dans le cas 
oQ des oscillations dtamplitude supdrieure seraient consta- 
tdas en conditions de uol aux instruments, la proc&dure 
demandait qutune remise de gaz soit effectuee. 

A l'epoque de liaccident, le manuel d'exploitation 
des A320 dlAir Inter comportait dans la rubrique 
"procedures normales, approche classiqueie lfindication 
suivante : Mlorsquiune approche VOR ou VOR/DME est 
effectuee en mode selecte, les informations raw data ne 
doivent pas &re considerees comme exploitables si des 
oscillations superieures a 1/2 point sont constatees. Une 
procedure de remise de gaz doit &re effectuee si les 
references visuelles sont insuffisantes." 

22.122 - Anomalies ayant pour origine les systemes 
sol 

Pour ce qui est du vol de l'accident, les problemes 
dtinterception resultent notamment des selections de caps 
effectuees dans le debut du processus de capture (cap 051 
selectionne au FCU alors que l'avion est au cap 143). La 
commission s'est demande si cette selection avait pu etre 
provoquee par une information VOR incorrecte. 

La commission a note (voir 5 21.211.1): 

- que le CVR ne donne aucune indication que des 
battements aient ete remarques par ltequipage; 

- que les informations VOR disponibles etaient de 
qualit6 suffisante pour que le copilote detecte 
convenablement le probleme de capture de l'axe et indique 
les corrections adaptees; 

- qu'en revanche dans les trente dernieres secondes 
de descente environ, les annonces d'ecart par rapport a 
laaxe VOR effectuees par le copilote, rapportees a la 
trajectoire r e e l e  suggerent une perturbation des 
informations VOR. 

22.123 - Conclusion 
En ce qui concerne la contribution a l'accident de 

possibles anomalies dgindication VOR, la commission a 
finalement considere comme tres improbable qutil se soit 
produit des battements dQs a l'installation de bord, et 
comme assez probable qu'il se soit produit des oscilla- 
tions dues a la perturbation du signal sol entre 9NM et 8NM 
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de STR, d'autant que l'avion se trouvait sur une 
trajectoire anormalement basse. De plus, quelle que soit 
lforigine de ces oscillations ou battements eventuels, la 
commission a considere qulils n'auraient pas pu contribuer 
directement a l'tanomalie du taux de descente. Elle a conclu 
que de tels phenomenes auraient pu constituer un facteur 
contributif, en augmentant la charge de travail de 
1 'equipage dans la phase de capture de ltaxe d'approche. 
Elle a pris note de la correction technique apportee au 
probleme d'origine bord, et n'a pas estime necessaire de 
poursuivre sa reflexion sur ce sujet. 

22.21 - Commandant de bord 

A l'examen de son dossier de progression, le 
commandant de bord possedait des aptitudes au pilotage de 
niveau plut6t moyen. Elles lui ont globalement permis 
d'apprendre le metier de pilote de ligne au prix d'une 
duree d'instruction plus importante que la moyenne. Les 
conditions d'exercice de son debut de carriere de pilote 
ne lui ont pas facilite l'acquisition dlune bonne structure 
de travail. I1 a eprouve quelques difficultes dans la phase 
initiale de son stage de pilote de ligne. Par la suite, il 
a fait des progres et les resultats des derniers stages de 
formation effectues indiquent qu'il avait acquis une 
structure de travail et une maturite professionnelle de bon 
niveau. A ltissue de son stage commandant de bord, il a 
atteint le niveau de performance correspondant au standard 
commandant de bord dans la compagnie Air Inter. 

Son experience globale de 8800  heures en faisait un 
pilote experimente, ancien dans la compagnie, et 
connaissant parfaitement le reseau. Son experience recente 
etait de 112  heures dans les trois derniers mois, 38 heures 
au cours du dernier mois, 3 heures 3 0  minutes dans les 24 
dernieres heures. 

I1 avait subi en 1 9 9 0  et 1 9 9 1  les entrainements et 
contrbles periodiques requis par la reglementation. Ces 
contrBles avaient donne lieu a des appreciations de niveau 
professionnel favorables. 

Son stage de qualification de type sur A320 et son 
adaptation en ligne se sont effectues conformement aux 
programmes approuves ou deposes et ntont donne lieu a 
aucune mention de probleme particulier. 

22.221 - L1examen de son dossier professionnel ne 
fait pas apparattre de probleme d'aptitude chez le 
copilote. La seule mention negative concerne une certaine 
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lenteur dlexecution notee pendant son stage de pilote 
professionnel de premiere classe (PP1). Elle disparait vers 
lliige de trente ans, apres que le suivi dtun stage long de 
formation structuree et llacquisition progressive dlune 
experience pratique de copilote sur avion de ligne, aient 
corrige les carences de sa formation initiale. Son niveau 
de performance a alors atteint dans llensemble un niveau 
professionnel qualifie de standard. 

Son experience globale de 3600 heures en faisait un 
pilote moyennement experimente. Son experience recente 
etait de 61 heures dans les trois derniers mois, 40 heures 
le dernier mois, 1 heure dans les 24 dernieres heures. 

I1 avait subi en 1990 et 1991 les entrainements et 
contr6les periodiques requis par la reglementation. Ces 
contrsles ont donne lieu a des appreciations de niveau 
professionnel favorables. 

Son stage de qualification de type sur A320 et son 
adaptation en ,ligne se sont effectues conformement au 
programmes approuves/deposes. 11s ont donne lieu a quelques 
critiques relatives a son comportement en equipage, et a 
sa rigueur vis a vis des procedures. 

22.222 - Effets d'une eventuelle alcoolemie 

Le taux mesure par llanalyse toxicologique post- 
mortem indique une concentration dtalcool dans le sang du 
copilote comprise entre 0 et 0,30 gramme par litre (soit 
entre 0 et 0,03%) au moment de llaccident. 

La commission suest referee aux connaissances 
disponibles sur les effets de llalcool sur les 
comportements et les performances cognitives, et en 
particulier aux articles suivants, publies par Aviation, 
Space and Environmental Medecine en 1991 et 1992: 

, 11 Pilot Performance with Blood Alcohol 
Concentrations Below 0.04%" par Ross, Yeaze & Chau; 

-"Effects of Alcohol on Pilot Performance in 
Simulated FlightN par Billings, Demosthene, White & 
OIHara; 

- "Effects of Acute Aspartame and Acute Alcohol 
Ingestion upon the Cognitive Performance of Pilots" 
par Stokes, Belger, Banich & Taylor. 

Ces connaissances ont incite la commission a 
considerer que, m4me dans l'hypothese haute (0,30 g/l au 
moment de llaccident), une telle alcoolemie nlavait pas eu 
dleffet significatif sur les performances cognitives du 
copilote, compte tenu notamment de sa consommation 
probablement habituelle dlalcool. 
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Cette conclusion est egalement soutenue par les 
elements disponibles concernant le vol lui-mgme: toutes les 
interventions du copilote sont justes ou justifiees sur le 
fond : il propose une approche VOR/DME pertinente, il 
corrige une erreur du commandantsur le calage altimetrique 
QFE, il detecte le probleme dlalignement sur llaxe 
dtapproche finale et suggere les bonnes corrections. 

La commission a dtautre part etudie au 5 22.4 les 
effets dlune eventuelle alcoolemie du copilote au plan des 
relations internes a ltequipage. 

22.23 - Lg6uui~aue constitui 
22.231 - Ltequipage etait constitue de deux pilotes 

reglementairement qualifies et dlun niveau professionnel 
superieur ou egal au minimum requis par la reglementation 
et la compagnie pour llexercice de leurs fonctions. 

Cependant la commission a note la faible experience 
des deux pilotes sur A320. 

 experience du commandant de bord sur A320 etait 
dtenviron 160 heures de vol. Bien que sur un reseau du type 
de celui dlAir Inter ceci corresponde a environ 160 etapes, 
ceci constitue une experience faible, qui situe encore ce 
pilote dans une phase de maturation de son adaptation a cet 
avion. Ltexperience du copilote sur A320 etait encore plus 
faible: environ 60 heures de vol. 

22.232 - Pour ces deux pilotes, laA320 a constitue 
une triple nouveaute: 

- la nouveaute classiquement associee a chaque 
qualification de type supplementaire; 

- une nouveaute associee a la decouverte daune 
generation de cockpits et daautomatismes 
sophistiques: le commandant volait sur Caravelle 12, 
et le copilote sur Mercure, avions representatifs de 
la technologie des annees 60. Ni ltun ni llautre 
ntavait dlexperience prealable des systemes tels que 
les presentations instrumentales par ecran 
cathodique, ou les FMS. 

- la decouverte de ltavion le plus novateur de cette 
generation: commandes de vol electriques, minimanche, 
automanette fixe, mode FPA, digitalisation 
generalisee, ECAM. 

22.233 - Tout processus dlapprentissage se traduit 
par une regression des modes cognitifs utilises par les 
operateurs humains: des modes superieurs, les plus 
consommateurs en ressources cognitives, inevitables avant 
apprentissage, ils passent progressivement aux modes 
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inferieurs, les plus autmatises. L1apprentissage permet 
a travers ce processus de liberer des ressources, 
dlaugmenter la performance et la fiabilite des operateurs. 
Le temps necessaire pour la mise en place de modes 
cognitifs completement automatises est de l'ordre de 500 
heures pour les situations de conduite de processus 
complexes. 

Par ailleurs une etude recente (Amalberti 93) a 
evalue a une duree de l'ordre de 800 heures le temps 
necessaire pour que les pilotes se soient construit une 
representation precise de leur savoir-faire et de leurs 
limites sur un avion de nouvelle generation. Durant cette 
periode, un pilote Its1appropriet9 progressivement llavion, 
par compilation et structuration personnelle des 
connaissances acquises, et construction dlune connaissance 
sur son propre savoir, qui est un element determinant du 
reglage des strategies dlaction (gestion du temps, des 
priorites, des risques). 

Cette experience, qui correspond en moyenne a une 
annee et demie de pratique, est donc 190rdre de grandeur 
de la phase de maturation de l'adaptation d'un pilote a 
un avion nouveau. Avant le terme de cette periode, la 
'performance est plus vulnerable aux erreurs internes et aux 
perturbations externes, et cela quel que soit le type 
dlavion. Les informations de la banque de donnees ADREP de 
1 'OACI montrent que la courbe du nombre dtaccidents 
rapporte a ltexperience des pilotes sur le type differe 
notablement de la repartition de l'experience elle-meme, 
et comporte une bosse entre 100 et 700 heures de vol, avec 
un maximum important vers 250 heures. 

22.234 - Par les evolutions qulils induisent dans les 
modes operatoires des pilotes habitues aux avions 
classiques, les avions de nouvelle generation conduisent 
a une accentuation des problemes de maturation, et a une 
augmentation de la duree de la phase de maturation. Ceci 
tient en particulier aux elements suivants: 

- le temps necessaire pour se construire une 
representation operationnelle du systeme augmente 

avec la complexite du systeme ( extension des 
fonctionnalites, multiplication des interactions 
entre sous-systemes, logiques complexes); 

- le temps necessaire pour la mise en place de 
processus cognitifs de conduite et de controle 
automatises (routiniers) augmente avec le niveau 
d9automatisation du systeme, le nombre de ses 
fonctionnalites, et la diminution des retours 
sensoriels; 

Compte-tenu deleur experience professionnelle passee 
limitee a des avions classiques de conception ancienne, et 
de leur experience limitee sur A 3 2 0 ,  ces deux pilotes se 
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trouvaient donc tout au debut de cette phase de maturation. 
Leurs performances etaient plus vulnerables aux diverses 
perturbations externes (changements de procedure 
d 'approche, trajectoire de guidage radar ma1 adaptee) ou 
internes (rapports entre membres dlequipage). Ceci est 
dlautant plus vrai pour les procedures rarement utilisees, 
comme les approches ~classiquesu, et les manipulations 
associees (mode FPA) . 

22.31 - Introduction 
22.311 - Deux hypotheses sur les trois retenues par 

la commission (voir 5 21.4) concernent une conscience 
erronee de I 'equipage a 1 'egard du mode de descente active 
ou de la signification reelle de la valeur du parametre 
selectee. 

Surtout, les trois hypotheses retenues par la commis- 
sion se re joignent sur 1 absence de detection par 
1 'equipage dlune anomalie majeure de trajectoire dans le 
plan vertical. 

La commission a note qutun nombre eleve d'erreurs de 
ce type sont commises en phase dtinstruction sur A320, et 
que le nombre residue1 d'erreurs en ligne semble 
suffisamment eleve pour transparaitre malgre les 
imperfections du retour dlexperience dans ce domaine. 
Quelques cas signales ont conduit a des situations 
dangereuses (voir S 117.6) . 

La commission a considere en consequence qulune 
analyse des mecanismes des defaillances retenues dans les 
scenarios possibles de ltaccident qui serait limitee aux 
caracteristiques de cet equipage et aux circonstances 
particulieres de ce vol serait incomplete. Elle a recherche 
des elements d'explication de ces defaillances constatees 
dans la relation entre un equipage quelconque et l'A320, 
en examinant les aspects suivants: 

- rapport general de confiance ou de defiance des 
pilotes vis a vis de llavion; 

- ergonomie de la commande des modes verticaux; 
- ergonomie de la presentation des parametres de 
contr6le de la trajectoire verticale; 

- autres facteurs dlalerte; 
22.312 - Dans cette demarche, la commission ne 

pretend en rien avoir demontre une relation de cause a 
effet, directe et biunivoque, entre la conception 
ergonomique des composantes etudiees et llaccident. Elle 
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ne pretend pas disposer d'elements permettant dletablir que 
cette conception aurait provoque a elle seule une 
eventuelle erreur de cet equipage lors de ce vol, ou 
lgaurait empgche dlen prendre conscience. Elle ne pretend 
pas non plus etablir que le comportement suppose de cet 
equipage durant ce vol vis a vis des commandes et 
instruments concernes demontre a lui seul 1 'existence de 
defauts de conception. 

La commission sgest appuyee sur llexemple fourni par 
les differentes hypotheses de scenario de ltaccident, ainsi 
que sur les apports du retour dgexperience, pour analyser 
les interactions possibles entre certaines caracteristiques 
de conception de llavion, les comportements des equipages, 
et finalement la securite des vols, pour tenter d'en 
deduire des pistes d'amelioration de la securite, liees ou 
non a lgA320. 

22.313 - Dans cette demarche, la commission a adopte 
un point de vue general sur les rapports entre ergonomie 
du poste de pilotage et securite, qui comporte les 
postulats suivants: 

- il est utile a la securite de reduire la 
probabilite d'occurrence de certaines erreurs; 

- la conception ergonomique des commandes et de leur 
signalisation est ltun des parametres de cette 
probabilite; 

- la probabilite de detection dtune erreur au bout 
dgun temps donne depend aussi de 1 'ergonomic de la 
representation par les instruments des consequences 
de lgaction effectuee. 

Pour son analyse, la commission a notamment fait 
appel a quelques concepts etconnaissances simples, parfois 
recentes, apportees par la physiologie et la psychologie, 
et dont les references essentielles sont indiquees dans la 
note introductive au chapitre 2.2. Les criteres 
dtappreciation ergonomiques qui en resultent ne font pas 
necessairement lgobjet dlun consensus au sein de la 
communaute scientifique, et ils ne font pas llobjet dgune 
application systematique en aeronautique. Par ailleurs, 
leur application aux autres types dlavion que 11A320, 
notamment ceux equipes dginstruments a tubes cathodiques 
et systemes de pilotage numerique, nga pas ete 
systematiquement examinee de faqon comparative. 

22 .32  - R a ~ p o r t  ueneral de confiance emipase-avion 

22.321.1 - Nu1 ne peut piloter un systeme en temps 
reel sans un minimum de confiance dans ce systeme. Cette 
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confiance est par definition ce qui permet a un operateur 
de postuler qutentre deux points de verification qulil aura 
effectues, le comportement du systeme sera conforme aux 
modeles operationnels qulil sten est fait. En llabsence de 
confiance, la frequence dlechantillonnage du contr6le sur 
chaque processus dynamique devrait etre infinie, ce qui est 
evidemment impossible. 

22.321.2 - Cette confiance determine donc les 
strategies de delegation de tdches et le niveau de 
surveillance reelle que ltoperateur adoptera vis a vis du 
systeme, et en particulier des automatismes. Si cette 
confiance est elevee, il deleguera beaucoup et/ou 
surveillera peu. Dans ce cas il prend le risque de perdre 
une conscience correcte de la situation. Sicette confiance 
est faible, il deleguera peu et/ou surveillera beaucoup. 
Dans ce cas il prend le risque d'une saturation cognitive. 
Dans les deux cas, il y a baisse de performance, notamment 
en ce qui concerne la securite. 

22.321.3 - Un operateur humain gere en permanence un 
compromis entre ces deux risques. Le compromis adopte ntest 
ni universe1 (il depend de ltindividu, de sa personnalite, 
de son experience passee, de sa culture), ni global (il 
peut y avoir confiance forte pour certains systemes de 
1 'avion et conf iance faible pour d'autres) , ni constant 
(ltevolution des circonstances conduit a redefinir la 
repartition de la confiance en fonction des nouvelles 
priorites perpes). 

22.321.4 - Un determinant essentiel de la confiance 
que porte un operateur au systeme qutil doit piloter est 
la connaissance qutil possede sur son propre savoir sur ce 
systeme, sur son savoir faire et ses limites personnelles. 
Les erreurs qutil commet sont des elements structurants de 
cette perception des limites, et constituent donc, au 
contraire d'une quelconque pathologie cognitive, une 
composante retroactive fondamentale des processus 
dlapprentissage et plus generalement, de llintelligence 
humaine . 

22.322 - On a vu (cf 5 22.2) que compte tenu de la 
faible experience de chacun des pilotes sur llavion 
(respectivement 162h pour le commandant et 61h pour le 
copilote), cet equipage est encore en phase de maturation 
de son adaptation a cet avion. 

22.323 - On decele chez le commandant une attitude 
generale de reticence vis a vis de l'avion. I1 a repousse 
le plus longtemps possible son passage au secteur A320. Peu 
de temps avant llaccident, il a vecu un evenement qui lta 
marque et qui alimente probablement ses doutes sur sa 
maitrise de ltavion (voir 5 15.11). Apprenant la presence 
a bord dtun collegue commandant A320 dlAir Inter durant le 
vol Orly-Lyon, 61 l'invite au poste de pilotage pour lui 
faire part de sa preoccupation concernant cet evenement. 
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Pendant le vol de 1 'accident, on retrouve des indices 
de prudence vis a vis de son propre savoir faire, conformes 
a sa personnalite generale. I1 resiste le plus longtemps 
possible au changement que lui suggerent le copilote puis 
les instructions du contrble, et prefere manifestement 
effectuer une approche ILS, dont il a deja acquis une bonne 
habitude sur cet avion. I1 effectue son virage de retour 
sur ANDLO en utilisant le plus souvent le mode ROSE VOR sur 
son ecran de navigation. Cet affichage le replace dans les 
conditions qutil connaissait sur les avions precedents. 

Ces signes de prudence generale vis a vis de son 
propre savoir faire n'excluent cependant pas des attitudes 
locales de confiance totale vis a vis de certains 
automatismes de l'avion, en particulier les fonctions 
nlclassiquesn du pilote automatique (modes selectes par 
opposition aux modes programmes) pour lesquelles il peut 
transposer plus facilement son experience des autres 
avions . 

22.324 - Pour ce qui est du copilote on trouve 
globalement les signes dlune plus grande confiance en lui 
et en ltavion. I1 nlhesite pas a proposer des adaptations 
de strategies pertinentes. I1 intervient sur la facon dont 
le commandant utilise llavion: "laisse lui prendre ses 
trois cent quarante noeuds apres toutu. I1 n'effectue pas 
les annonces prevues par la compagnie dans la majorite des 
cas concernant la surveillance des automatismes 
(changements d'indications FMA). 

22.325 - L'examen des enregistrements CVR et QAR 
conduit au constat que llequipage a abandonne presque 
totalement la surveillance du profil vertical du vol apres 
que la mise en descente ait ete commandee. 

Ce constat decoule principalement de laabsence dlan- 
nonce concernant les changements de modes de pilotage de 
la trajectoire verticale, et de 1 'absence de toute allusion 
au taux ou a la pente de descente, les communications entre 
pilotes etant concentrees sur la navigation laterale et la 
mise en configuration de llavion. 

11 est renforce par le fait que 28 secondes avant 
llaccident, le commandant utilise les aerofreins. Ceci 
signifie en effet que lui au moins a pris conscience de ce 
que la vitesse tend a devenir excessive (fleche de tendance 
dans le bandeau VFE), mais qu'il corrige le symptbme sans 
stinterroger sur ses causes. Or une telle augmentation de 
vitesse constitue en soit une anomalie suffisante dans 
cette phase du vol pour amener cette interrogation. Le fait 
qulil ne se pose pas la question (puisqu'il regarde le 
bandeau de vitesse au PFD sans lire les anomalies voisines: 
variometre, assiette) indique peut-6tre une certaine 
saturation, et beaucoup plus probablement une confiance a 
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peu pres totale dans le fait que le pilote automatique fera 
ce quail lui a demande - ou qutil croit lui avoir demande- 
de faire. 

22.33 - Eraonomie de la commande des modes verticaux 

LtA320 est le premier avion a disposer daun mode (et 
par consequent d'un selecteur de mode) de pilotage 
automatique vertical en angle (FPA) : il n t y  a donc pas dans 
ce cas de transposition possible de savoir-faire 
anciennement acquis, et un apprentissage veritable est 
necessaire. Au bout dtune certaine pratique, une procedure 
mecanisee (et un gestuel associe) est acquise. 

11 est peu probable que ltexperience des pilotes du 
F-GGED ait ete suffisante pour qutils aient acquis des 
automatismes sur ce point. E n  effet cette commande de mode 
vertical n t  est pas dtun .emploi frequent: elle est utilisee 
essentiellementpour les procedures d'approche ttclassiquesa' 
(qui sont rarement effectuees sur le reseau dtAir Inter). 

Dans ces conditions la procedure apprise est encore 
fragile. Elle reste tres sensible aux perturbations 
exterieures: interruptions, focalisation de ltattention, 
pression du temps, stress. Elle reste egalement sensible 
aux deviations induites par d'eventuelles inadequations 
ergonomiques (ecart entre l'intention ou les presupposes 
du concepteur et le fonctionnement reel des operateurs). 

22.332 - Principes de conception 
La philosophie de conception de la commande des modes 

lateraux et verticaux decoule du principe de couplage 
lateral/vertical retenu par le constructeur. Ce couplage 
offre au pilote le choix entre deux references 'tcoherenteslt 
de pilotage de la trajectoire: le pilotage traditionnel 
cap/vitesse verticale, et le pilotage direct du vecteur 
trajectoire instantanee. Selon le constructeur, cette 
philosophie a suggere de localiser le selecteur/inverseur 
de reference de trajectoire au centre du FCU, symbolisant 
1 'intersection du plan vertical et du plan horizontal. Une 
legende a cristaux liquides, situee au dessus de cet 
inverseur, indique la reference selectionnee: HDG-VS ou 
TRK/FPA selon le cas. 

Les commandes de selection des valeurs selectees 
ainsi que les fengtres d'affichage correspondantes sont 
reparties de part et dlautre du selecteur de mode, les 
parametres lateraux a gauche et les parametres verticaux 
a droite (voir annexe 15). La commande et la fenetre 
dtaffichage des parametres de contrble du taux de descente 
s0nt communs aux deux modes (VS et FPA) et sent situds 
assez loin de ltinverseur de reference sur la droite du 
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FCU. Dans la fenGtre dlaffichage, une legende signale, au 
dessus de la valeur consideree, la nature du parametre 
selectionne (VS ou F P A ) .  La valeur selectee peut Otre par 
la suite modifiee par simple rotation de la commande 
dlaffichage. La selection de reference peut se faire bien 
avant le point de debut de descente. 

22.333 - Procedure d'utilisation 
La procedure de commande dlune mise en descente 

comprend normalement la selection de la reference voulue 
(action au centre du FCU) , puis llaffichage de la valeur 
selectee par rotation du llrotacteurw, et llactivation du 
mode par traction sur ce meme rotacteur (actions sur la 
droite du FCU) . Cette separation des lieux dlaction 
augmente la probabilite dlinterruption de la sequence 
dlactions qui sont normalement liees dans la procedure. Or 
la probabilite dtun oubli en amont ou en aval de 
llinterruption augmente avecla probabilite dlinterruption. 
De plus il existe un bouton poussoir identique au selecteur 
de mode (destine a llaffichage des altitudes en metres sur 
l'ecran EW/D) qui, lui, est situe a c6te du rotacteur 
dlaffichage des valeurs selectees de FPA ou de V S .  Ceci 
cree une possibilite de confusion entre les deux boutons 
poussoirs, dlautant plus que ces boutons poussoirs ne sont 
pas directement reperes par une indication explicite de 
leur fonction. 

22.334 - Fiabilite du processus de commande 
En cas de pression temporelle ou de stress, un opera- 

teur humain adapte automatiquement ses procedures 
operatoires en faisant lleconomie dlactions perques comme 
moins importantes, ou moins efficaces. I1 abandonne 
certains des contr6les au profit de llexecution, cherche 
a mettre en oeuvre des reponses toutes prktes (routines) 
au detriment de solutions raisonnees, et plus generalement 
abandonne la reflexion au profit de llaction. A  la limite 
il ne gardera que ce qulii perqoit c o m e  essentiel a son 
projet dlaction. I1 s1agit la dlun mecanisme de regulation 
de la charge de travail, qui constitue un determinisme 
interne incontournable pour tout dtre humain. 

Pour llequipage du F-GGED, llobjectif etait de faire 
descendre 1 'avion. Le noyau dur de la procedure qui conduit 
a ce resultat ne comprend que les actions finales, clest 
a dire llaffichage (mOme grossier) dlun taux de descente 
suivi de llactivation dlun mode de descente. Or, par 
opposition a la sequence selection du mode de descente / 
affichage de la valeur cible, ces deux actions sont 
fortement correlees sur le plan ergonomique: elles passent 
par un mdme rotacteur, et peuvent s Ienchalner dans un geste 
continu. La presentation des commandes renforce donc la 
tendance dlun operateur sous pression a oublier la phase 
preliminaire de la procedure: la selection du mode. 
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22.335 - Criticit6 du processus de commande 
La coherence entre le mode de descente selectionne et 

la valeur affichee est une condition critique de securite. 
En ef fet 1 laf fichage dtune valeur normale sur un mode (par 
exemple un angle de descente de 3.3 degres) peut conduire 
a une situation critique si elle est prise en compte par 
le pilote automatique comme une valeur cible sur laautre 
mode (3300 ft/mn dans laexemple choisi). 

Ce caractere critique resulte en fait de la 
conception de la commande et de la fenktre daaffichage de 
la valeur selectee. MBme si des legendes a cristaux 
liquides rappellent la reference et le mode selectionnes, 
le rotacteur de commande et la fenhtre dtaffichage 
numerique sont communs aux deux modes. Le format des 
valeurs numeriques selectees est par ailleurs beaucoup plus 
lisible (hauteur triple) que celle de laindication de mode. 
La sensibilite de la commande est plus de trois fois plus 
grande en mode VS qu a en mode FPA: un clic = 0,1° en FPA; 
un clic = 100 ft/mn en VS, soit plus de 0,3' a vitesse 
nonnale d'approche. Or les formats de codage sont 
extrkmement voisins. Le codage sur deux chiffres de la 
vitesse verticale supprime toute possibilite de 
discrimination fiable (par le format) entre les deux 
grandeurs alternatives. Au contraire, ce sur-codage sur 
deux chiffres (ex: 33) dlune grandeur par ailleurs toujours 
codee sur trois ou quatre chiffres pour son utilisation par 
un operateur humain (ex: 3300) augmente la probabilite de 
confusion entre une valeur de VS et une valeur de FPA. La 
probabilite de confusion entre 33 et 3.3 est elevee. Une 
fois commis, ce type d'erreur est pratiquement indetectable 
par la seule observation de llaffichage. ( U s  autres moyens 
de detection dont dispose laequipage sont discutes au 5 
22.34). 

22.336 - Conclusion 
En conclusion la conception du rotacteur et de la 

fengtre daaffichage du parametre de pilotage de la 
traj ectoire verticale confere un caractere critique a la 
coherence mode vertical/valeur selectee. Or la probabilite 
de confusion dans ce domaine apparait elevee, en 
particulier pour un equipage jeune sur laavion. La 
repartition spatiale des selecteurs de mode et de valeur 
selectee tend a accentuer la faiblesse naturelle du 
processus cognitif mis en oeuvre par un operateur humain. 

22.34 - Eraonomie de presentation des parametres de 
contr6le de la traiectoire verticale 

22.341 - Introduction 
11 decoule de ce qui precede que la detection a 

posteriori dlune anomalie de trajectoire engendree par une 
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erreur eventuelle de ltequipage devient un element critique 
de la securite. D'ailleurs le seul element commun a toutes 
les hypotheses de scenario conservees par la commission est 
ltabsence de-detection de ltanomalie pa= llequipage. 

La commission a en consequence examine les moyens 
dont disposait l'equipage pour detecter une mauvaise 
selection de mode puis 18anomalie de trajectoire. Ces 
moyens comprennent l'affichage des modes de pilotage 
automatique, l'affichage des valeurs cibles, la symbologie 
du Directeur de Vol (DV), le variometre, l'assiette 
longitudinale, ltaugmentation de vitesse, le defilement de 
l'altimetre et la non conformite des altitudes franchies 
avec les minimums altitudes/distance specifies dans la 
procedure VOR-DME. 

Dans son analyse, la commission a ete guidee par la 
comprehension suivante des processus de perception dlun 
operateur humain: ceux-ci stapparentent a une lecture 
filtree permanente des stimuli exterieurs, qui adapte a 
chaque instant .les seuils cognitifs de perception pour 
operer une tres forte selection. Ce filtrage est pilote par 
la representation mentale que l'operateur se fait de la 
realite, et de son action presente et a venir sur son 
environnement. Ce pilotage steffectue par llintermediaire 
de ltattentiont qui est 18interface active de cette 
representation mentale avec le monde reel. Elle est 
indissociable de l'action en cours et storiente a chaque 
instant vers un aspect different du reel. Lorsqu'un 
stimulus fait partie du champ d'attention et concorde avec 
la representation mentale, le seuil de perception 
correspondant est faible. Dans le cas contraire, il peut 
Btre tres eleve. 

Dans le vocabulaire employe par la commission dans la 
suite, le glpouvoir dlalertema d'une information est sa 
capacite a franchir les seuils cognitifs en dehors du champ 
d'attention et/ou malgre une inadequation de la 
representation mentale. Le fait que ces seuils puissent 
gtre tres eleves (et en particulier le fait que les 
representations mentales soient tres stables, et resistent 
parfois spectaculairement aux signaux discordants), ne 
signifie pas qu'ils soient infranchissables. La commission 
n'a pas considere non plus que toutes les presentations de 
1 information soient de ce point de vue equivalentes, bien 
au contraire. Ltintensite du signal physique (taille, 
sonorite, luminosite, colorimetrie, dynamique,..) rapportee 
a son environnement lui a semble un parametre evident du 
pouvoir dtalerte. La nature du codage, le degre d'analogie 
avec le phenomene reel represente, la nouveaute et le 
niveau d'abstraction de la symbologie, en determinant la 
complexite des processus cognitifs a activer pour le 
decodage, lui ont egalement paru jouer un r6le important 
a cet egard. 
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En application de cette comprehension et de ces 
criteres, la commission a porte un certain nombre de 
jugements sur la presentation instrumentale de differents 
parametres. Pqrce que les processus cognitifs evoluent 
fortement au cours de la phase doapprentissage et 
d'appropriation, elle a porte un regard different sur les 
figurations classiques et sur les figurations nouvelles. 

Comme cela a deja ete indique, la commission 
reconnait le caractere subjectif des conclusions qu'elle 
a tire de cette demarche. 

Enfin, tout en conduisant cette analyse critique sur 
certains aspects de la conception de lvergonomie des 
retours dvinformation du poste de pilotage, la commission 
est restee consciente de la complementarite de tout effort 
dans ce domaine avec lvapplication par l'equipage de 
techniques de gestion des ressources et de surveillance 
appropriees, telles qu'enseignees par exemple dans les 
formations de type CRM (Crew Ressource Management). 

22.342 - Affichage des modes de pilotage automatique 
Le FCU comporte un affichage des modes selectionnes. 

Ce renseignement apparait en deux endroits: sur la fen6tre 
d 'af f ichage de la reference de tra jectoire choisie (HDG- 
VS ou TRK-FPA), et dans la partie superieure de la fen6tre 
dvaffichage de la valeur selectee. La hauteur des lettres 
est nettement plus faible que celle des caracteres 
numeriques, et nlest lisible quaen vision centrale. Quoi 
qulil en soit, cette signalisation ne constitue pas la 
reference principale. En effet, la philosophie de base 
definie par le constructeur pour la detection des anomalies 
repose sur le principe suivant: le resultat de toute 
intervention sur le FCU doit Btre contr6le sur le FMA. En 
particulier les changements de mode sont mis en evidence 
par lvapparition, pendant dix secondes, dlun encadre (ou 
'vboxll) autour de 1 Iaf f ichage du mode qui vient de subir une 
modification. 

Dans le cas du F-GGED, le probleme se pose 
differemment selon l'hypothese de scenario consideree. 
Svagissant dlun oubli de changement de reference, il stagit 
de detecter que le mode active au degagement du mode ALT, 
et souligne par l'apparition dvun encadre blanc pendant dix 
secondes, est le mode attendu. Svagissant dvune erreur de 
manipulation ou dvun dysfonctionnement du bouton poussoir, 
le probleme est de detecter a travers lvaffichage llabsence 
du changement attendu. La fiabilite d8une telle detection 
"en negatif8l est liee a celle de la detection "en positif" 
des changements de mode. 

La lisibilite des changements de mode sur le FMA est 
suffisante lorsque le pilote svattend a une telle 
information et regarde le FMA, ou au voisinage du FMA pour 
y lire la confirmation du changement de mode attendu 
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(comportement equipage conforme a la procedure prevue et 
aux regles enseignees). En effet la taille angulaire de 
18encadre transitoire, vu d'une position moyenne de 180eil, 
est de 180rdre de 2'. Ceci correspond a la taille de la 
zone de vision centrale capable dlune lecture 
alphanumerique. Lorsqu'on s8ecarte de cette zone, l'acuite 
visuelle devient rapidement insuffisante pour permettre la 
lecture directe des modes, mais la vision reste sensible 
aux phenomenes transitoires. L'apparition, puis la 
disparition a dix secondes d'intervalle de l'encadre reste 
par exemple perceptible avec un minimum dtattention si le 
regard est axe sur le centre du PFD. Cependant la lecture 
du mode imposerait une saccade de l'axe de regard vers le 
FMA . 

Par contre l'efficacite de l'encadre n'est pas 
tou jours suf f isante pour "forceru une information aupres 
d'un pilote qui n'attend pas de changement de mode 
(detection d'un changement intempestif), ou qui ne consacre 
pas effectivement une part de son attention a la 
verification du mode active (comportement equipage non 
conforme a la procedure prevue et aux regles enseignees). 
I1 suffit par exemple que le regard soit axe sur le centre 
du ND et llattention consacree a un probleme de navigation 
pour que la signalisation d'un changement de mode ne soit 
pas perque. 

22.343- Affichage des valeurs cibles 

La philosophie enseignee et rappelee ci-dessus vaut 
egalement pour les valeurs cibles: toute action sur le FCU 
doit &re contrelee sur le PFD. Cependant le contrble au 
PFD des valeurs cibles de trajectoire verticale (VS ou 
FPA) effectivement prises en compte par le pilote 
automatique est impossible car ces valeurs ne sont pas 
presentees, a la difference des cibles de cap, route, 
altitude, vitesse ou mach. I1 y a donc sur ce point conflit 
entre la conception de llinterface, la philosophie generale 
presentee par llavionneur, et les principes enseignes pour 
son utilisation. 

En llabsence de figuration des valeurs cibles 
verticales, et puisque les modes verticaux VS et FPA sont 
toujours couples a des modes lateraux associes (HDG et 
TRK), le pouvoir de discrimination de la symbologie vis a 
vis du mode active repose sur la symbologie de figuration 
des cibles laterales, cap ou route. Or celle-ci est 
pratiquement identique dans les deux cas: alors que les 
index de cap et de route magnetique instantanes sont 
distincts (barre verticale jaune et losange vert) , la cible 
est figuree, sur l'echelle des caps du PFD et sur le ND, 
par le meme symbole (un triangle de couleur cyan) dans les 
deux modes (ou par la valeur numerique si elle se situe 
hors de llechelle). 
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Les seules differences de presentation entre les deux 
references du point de vue de la figuration des valeurs 
cibles concernent en fait d'une part la brillance et la 
longueur de lti-ndex jaune des caps, qui sont diminuees en 
reference TRK-FPA, et dlautre part ltapparition en mode TRK 
de la cible de route magnetique la ligne dthorizon du ND. 
Elle est cependant figuree alors par une barre verticale 
(de couleur cyan) analogue a celle qui represente partout 
ailleurs ltindex des caps. 

En resume, ltaffichage des valeurs cibles au PFD ne 
comporte pas les parametres de la trajectoire verticale. 
Ltequipage ne peut donc pas verifier la valeur du parametre 
vertical prise en compte comme cible par le FMGC. Dtautre 
part, la symbologie de figuration des cibles laterales ne 
permet pas une discrimination evidente de la reference de 
tra jectoire utilisee. 

22.344.1 - Un instrument essentiel pour la detection 
dtune anomalie de trajectoire verticale de ce type est le 
variometre. La presentation du variometre de ltA320 est 
analogue a celle de la plupart des avions recents equipes 
de tubes cathodiques. Rien ne prouve qutune presentation 
de deviation analogique lineaire soit intrinsequement moins 
ef f icace ou alertante que la presentation circulaire des 
instruments classiques. Elle est en revanche differente, 
et en consequence la mise en place de seuils dtalerte Four 
la perception immediate dlune situation anormale necessite 
ltaccumulation dlune experience nouvelle (etalonnage 
empirique de la perception) que ntavait probablement pas 
encore acquis ltequipage du FGGED (voir 5 22.233, r61e de 
ltexperience sur le type). I1 est mSme possible que ces 
pilotes ntaient jamais eu ltoccasiont y compris lors de 
leur instruction, de voir apparaitre la signalisation ambre 
de valeurs de vitesse verticale anormales en approche. 

22.344.2 - Si on compare la presentation du 
variometre de 11A320 a celles dlautres cockpits a ecrans 
cathodiques, on constate que dans le cas de 11A320, 
llamplitude de la deviation analogique est limitee a +/- 
2000 ft/mn. Les valeurs superieures sont indiquees par une 
aiguille en butee et par ltapparition en bout d'echelle 
dtun nombre a deux chiffres (vitesse verticale exprimee en 
centaines de pieds par minute). Laissee en ltetat, cette 
presentation serait insuffisamment alertante dans le cas 
oh la valeur de vitesse verticale representant une 
eventuelle anomalie depasserait 2000ft/mn. En effet, elle 
fait appel a une lecture a part entiere (decodage), clest 
a dire un processus cognitif de niveau superieur a celui 
mis en jeu pour la perception dlun signal analogique. 

Un tel processus, qui necessite une attention 
dirigee, est trop consommateur en ressources mentales pour 
btre maintenu actif en permanence chez un operateur. I1 
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doit donc & r e  active par un declenchement exterieur 
faisant appel a des signaux plus elementaires. Le 
constructeur a choisi pour obtenir ce resultat un codage 
en couleur ambr.e des gammes de taux de descente consideres 
comme anormaux : plus de 6000 ft/mn, ou plus de 2000 ft/mn 
au-dessous de 2500 ft HRA (hauteur radio-altimetre), ou 
plus de 1200 ft/mn au-dessous de 1000 ft HRA. 

22.344.3 - Dans le cas de llaccident ce pouvoir 
dlalerte a ete insuffisant pour faire prendre conscience 
de la gravite de la situation a lfequipage. La vitesse 
verticale a depasse 1000 ft/mn (qui peut etre consideree 
comme une valeur en limite de normalite en approche 
intermediaire/finale) a 18h19mn53sf soit 15 secondes apres 
llengagement du mode de descente cfest-a-dire 44 secondes 
avant lfaccident. D1apres la logique rappelee ci-dessus, 
lfindication de vitesse verticale a dQ devenir ambre 
lorsque les deux conditions, HRA inferieure a 2500 ft et 
vitesse verticale superieure a 2000 ft/mn, etaient reunies, 
environ 20 secondes apres llengagement de la descente soit 
40 secondes avant lfaccident. Cet affichage a dQ rester 
ambre jusqula lfimpact puisque les conditions sont restees 
remplies. 

A 18h20mn9sf soit 28 secondes avant 1 'accident, le 
commandant sort les aerofreins: ceci indique qulil a 
regarde le PFD et ete correctement alerte au sujet de la 
vitesse. Malgre cela, il n l a  ete alerte ni par la couleur 
ambre de lfechelle du variometre ni par la valeur de 
vitesse verticale affichees sur ce meme PFD. On peut 
interpreter cette difference de deux manieres. On peut 
considerer dlabord que le commandant avait une raison 
particuliere de rechercher lfinformation de vitesse 
puisqufil devait verifier la prochaine limite VFE pour la 
sortie des volets vers la position 3 (VFE next). On peut 
aussi considerer, en remarquant que la vitesse indiquee est 
a cet instant de 192 Kts et que la fleche de tendance 
penetre juste dans le bandeau VFE, que la fleche jaune 
representant les variations de vitesse est plus attractive 
et efficace que la barre oblique representant les 
variations dlaltitude. 

22.344.4 - Les seuils dlalerte qui etaient pertinents 
dans le cas de cet accident concernent des valeurs de 
vitesse verticale de lfordre de 1000 a 2000 ft/mn. De 
telles valeurs sont encore couvertes par le deplacement 
lineaire analogique de llaiguille indicatrice sur le 
variometre de 1 IA320. Au dela de ces valeurs, le codage par 
couleur dlune information de depassement de limite fait 
appel a un mecanisme dfinterpretation plus complexe que la 
"lectureI1 dlune position anormale dlaiguille sur un cadran 
circulaire. Cependant llassociation anomalie / couleur 
ambre fait partie de la culture de base de tout pilote. 
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La mise en defaut de ce principe dans le cas du 
F-GGED suggere qu'on se demande si la couleur ambre est 
bien coherence qvec l'urgence potentiellement associee au 
franchissement des seuils d'anomalie, tels que predefinis, 
durant ltapproche. En particulier ce choix pourrait etre 
rapproche de ltindication par bandeau rouge des vitesses 
limites telles que VFE, VLE, etc. I1 peut egalement etre 
rapproche de la syntaxe symbolique normalisee par le 
reglement de certification pour les voyants lumineux 
(JAR.1322) ou pour les marquages dfinstruments (ex: JAR 
1549 et ACJ correspondante). Les significations associees 
aux couleurs rouge et ambre y sont en effet les suivantes: 

- rouge: alarme; indication dlun danger qui peut 
exiger une action immediate; 

- ambre: avertissement; indication dwun besoin 
eventuel d'action future; 

Enfin la commission slest demande si la multiplicite 
des couleurs mises en oeuvre sur une faible surface dans 
la symbologie des ecrans cathodiques n t a  pas banalise les 
associations qui se veulent alertantes. 

22.344.5- La commission considere en resume que, pour 
ce qui concerne le variometre, lwabsence de perception des 
seuils dlalerte constatee a lloccasion de cet accident 
resulte moins des caracteristiques de la presentation du 
variornetre, que de sa nouveaute pour llequipage du F-GGED. 
En effet celui-ci ntavait probablement pas encore acquis 
ltexperience necessaire pour la perception immediate dtune 
situation anormale. La commission estime cependant que le 
temps dtacquisition de lwexperience correspondante pourrait 
dtre nettement reduit par un renforcement de la 
presentation de la vitesse verticale, et en particulier un 
renforcement du pouvoir dlalerte des valeurs anormales. 

L1altimetre constitue egalement un instrument 
essentiel pour la detection dwune anomalie de trajectoire 
verticale dans une approche VOR/DME. Associe au DME, il 
permet de comparer les altitudes de passage de 1 Iavion a 
des minimums specifies indiques sur la fiche de procedure, 
pour des distances specifiees. Or le CVR nlindique pas que 
le contr6le prevu a 9NM de STR ait ete effectue (ce point 
est trait@ plus completement aux paragraphes 22.523 et 
22.53). Seule une annonce au temps QAR 3049 ("faut faire 
attention qutil ne descende pasM) indique peut-dtre une 
preoccupation de ltequipage vis-a-vis de ltaltitude, sans 
quton puisse savoir ce qui a amene le commandant a formuler 
cette phrase -il stagit peut-etre d'autre chose que de 
lwavion- pas plus que la suite qui lui a ete donnee. 
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Dans ces conditions, le pouvoir dlalerte dlun altime- 
tre, quelle qulen soit la presentation, est a peu pres null 
car lloperation mentale (lecture de valeurs numeriques, 
comparaison alg-ebyique) qui pourrait conduire a la 
detection de llecart vertical suppose de l1attention 
dirigee, donc un contr6le conscient. Le seul element 
alertant potentiel reside dans le defilement anormalement 
rapide des indications dlaltitude, qui fonctionne alors 
comme un variometre. La commission slest interrogee, de ce 
point de vue, sur llefficacite de la presentation 
instrumentale de llaltitude. Elle a atteint des conclusions 
analogues a celles qui concernent llindication 
variometrique. L1element determinant est la nouveaute de 
l'instrument pour cet equipage, qui nlavait pas atteint une 
experience pratique suffisante pour la mise en place de 
seuils dlalerte adaptes a la perception immediate dlune 
situation anormale. 

2 2 . 3 4 6  - Presentation de llassiette longitudinale 
L1assiette est devenue negative, ce qui peut etre 

considere comme une anomalie pour une approche sous un 
angle de 3 " ,  environ 45 secondes avant llimpact. Elle a 
depasse -5" (anomalie manifeste) environ 40 secondes avant 
llimpact. L1absence de reaction du pilote aux commandes 
suscite une tres forte presomption qulil nla pas pris 
conscience de l1anomalie. La representation dlassiette sur 
A 3 2 0  est classique, et aucun phenomene dlapprentissage 
specifique nlest donc implique. 

On peut cependant noter qulil existe une interaction 
entre la representation de llassiette et la symbologie du 
Directeur de Vol (voir paragraphe 22.346), comme le 
montrent les confusions qui se produisent entre assiette 
et angle de montee en remise de gaz en mode FPA. Dans 
llhypothese dlune erreur sur le mode, on ne peut donc pas 
exclure que llattente dlun repere (celui du FPA) au dessous 
de llhorizon attenue la perception de llanomalie que 
constitue une assiette negative. 

On peut neanmoins deduire de cette absence de percep- 
tion dlune anomalie importante indiquee par une 
presentation classique que l'equipage a abandonne la 
surveillance de llassiette pendant cette periode, au 
profit, soit de la navigation laterale, soit de sources 
dlinformation de niveau de synthese plus eleve (ex: 
Directeur de Vol) 

2 2 . 3 4 7  - Le directeur de vol (DV) 
La commission slest intcrrogee sur le pouvoir 

dlalerte du directeur de vol dans les circonstances de 
llaccident, tant vis a vis dlune ezreur de mode que vis a 
vis de llanomalie de trajectoire. 
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En ce qui concerne llerreur de mode, la symbologie 
de presentation du directeur de vol sur le PFD est 
differente selon que l'on est en reference HDG-VS ou en 
reference TRK-FPA (voir annexe 15). En reference HDG-VS, 
la symbologie fait appel a des barres de tendance croisees 
traditionnelles. En reference TRK-FPA, elle affiche une 
maquette symbolique de llavion vu de l'arriere (Flight Path 
Vectoriel ou "bardw) pour representer le vecteur vitesse 
instantane, et une barre de reference specifique (Flight 
Path Director) pour le guidage. Ces deux symbologies sont 
donc intrinsequement tout a fait differentes. 

Cependant la correlation entre les symbologies et les 
modes est abstraite, et leur association automatique dans 
les representations mentales suppose donc une experience 
assez importante, que ne possedait pas llequipage. 

En ce qui concerne llanomalie de trajectoire, le 
pouvoir d'alerte du DV etait pratiquement nul: en effet, 
dans les circonstances, llinformation brute presentee aux 
pilotes du F-GGED par leurs DV en mode VS etait : 
waiguilles centrees", dont le decodage immediat est : 
"manoeuvre correctew. Dans un tel contexte, l'information 
presentee fonctionne donc plut6t comme une confirmation de 
normalite. 

22.348 - Equilibre .general des informations 
verticales et laterales 

I1 existe une tendance des operateurs a concentrer 
leur attention sur les sources d'information qui presentent 
le niveau de synthese le plus eleve, et par consequent la 
meilleure efficacite operationnelle. Ceci est vrai pour 
le Directeur de Vol dans une instrumentation classique. 
Pour les avions dotes dlecrans cathodiques et de FMS, 
llinformation de plus haut niveau de synthese (niveau 
strategique) en ce qui concerne la trajectoire de llavion 
est celle presentee sur le ND. Or celui-ci ne comprend que 
le profil lateral de la trajectoire. 

I1 y a donc de ce point de vue, une dissymetrie 
marquee dans llinterface avion/equipage entre les 
dimensions laterales et la dimension verticale. La nature 
differente des informations en plan et en profil vertical 
et leur synthese est une des difficultes de base de la 
formation d'un pilote IFR. La navigation laterale a en 
effet beneficie de progres plus rapides vers des 
representations analogiques que la dimension verticale. 
Cette dissymetrie, deja accentuee par ltapparition des 
plateaux de route, stest aggravee lors de 1 Iarrivee des 
EFIS presentant des cartes de navigation en plan tres 
completes, mais sans information de profil vertical, ni 
figuration topographique ou representation dlaltitude 
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minimal de securite. Bien que de nombreux types dlavion 
exploitent maintenant avec succes de tels dispositifs, il 
y a la une cause manifeste de desequilibre dans 
llaffectation de $'attention de l'equipage. 

22.349 - Conclusion 
Globalement, la non detection des anomalies de 

vitesse verticale, de defilement dlaltimetre et des 
altitudes atteintes, traduit un abandon majeur par 
llequipage de la surveillance du profil vertical au profit 
de la surveillance laterale et de la mise en configuration 
de l'avion. Elle ne met pas en evidence de deficience 
intrinseque importante dans la presentation des parametres 
de contrble de la trajectoire verticale. 

Cependant la commission considere que la presentation 
des informations de guidage et de pilotage dans le plan 
vertical, si elle est de nature a satisfaire aux besoins 
d'un equipage convenablement conscient de sa trajectoire, 
n'est pas propre a alerter ef ficacement un, equipage en 
situation d 'erreur de representation a cet egard, d 'autant 
que certaines sources traditionnelles de retours sensoriels 
ntexistent pas sur cet avion. 

22.35 - Autres facteurs d'alerte potentiels 
22.351 - Loi de prise dnassiette en pilotage 

automatique 

La loi de prise d'assiette au PA (limitation a 0,05g 
du differentiel de facteur de charge) n'a joue aucun rble 
dans le cas du F-GGED puisque, du fait d'une vitesse 
ascensionnelle de 600 ft/mn existant au moment de la 
commande de descente, ce differentiel a ete de 0,12g (car 
l'autorite du PA est augmentee dans ce cas). Malgre cela, 
l'equipage n'a pas ete alerte par la duree anormale de 
l'acceleration (une quarantaine de secondes au lieu d'une 
quinzaine pour une stabilisation a 800 ft/mn). Ceci est 
conforme a la reponse physiologique normale, qui detecte 
surtout les variations d'acceleration. 

22.352 - Viseur Tite Haute (BUD) 
Un descriptif de cet equipement figure en annexe 15 

Compte tenu de ce qui est dit au S 117.21, le HUD a 
pu btre mis sous tension alors que la glace ntetait pas 
deployee. Cette action du pilote (non conforme a la 
procedure decrite dans le manuel d'exploitation: "Tout 
mouvement de la glace est a faire rheostat de commande sur 
OFF") n'exclut pas que le commandant ait ensuite deploye 
la glace. Rien ngindique que le pilote ait regarde le HUD 
pour contrbler la trajectoire de 1 'avion. Au contraire, 
bien que rien ntinterdise a un pilote de llutiliser pour 
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le debut de la descente, la pratique la plus courante lors 
d'une approche classique est d'exploiter les informations 
du HUD a partir du moment ou la piste est en vue. De plus, 
en conditions IMC, la seule raiLon qui aurait pu amener le 
commandant de Eord a regarder dans le HUD est de tenter de 
positionner le plan suivi par llavion par rapport au plan 
selectionne. Mais dans ce cas, llabsence de reference de 
plan selectionne aurait ete evidente. 

Le plus probable est donc que le commandant n'ait pas 
utilise son HUD. 

22.353 - Ergonomic des manettes de puissance 
22.353.1- Par conception, les manettes de poussee de 

lVA320 sont wfixes" en mode autopoussee (A/THR) . Cela 
signifie qu'elles ne sont pas asservies en position aux 
ordres de poussee envoyes aux moteurs par le calculateur, 
mais restent normalement dans une position fixe 
materialisee par un cran mecanique. La position mecanique 
de la manette definit la poussee maximale que pourra 
commander ltautopoussee. Ainsi, a l'exception du decolla- 
ge, un vol s'effectue entierement, y compris une descente 
avec les moteurs au ralenti, avec les manettes dans le cran 
"CLIMBM. L' autopoussee peut alors en ef fet utiliser toutes 
les valeurs de poussee inferieures ou egales a la poussee 
"CLIMB". 

22.353.2 - Dans le cas de l'accident, compte tenu de 
la pente et de la configuration de llavion, les regimes 
moteurs (Nl) se sont stabilises a 35%. Pour une descente 
sur un plan de 3"3 apres stabilisation de la trajectoire 
et de la vitesse en configuration dlapproche finale, toutes 
choses egales par ailleurs, le N1 aurait ete d'environ 53%. 
Si les manettes de poussee avaient ete mobiles par 
conception, au lieu de rester dans le cran CLIMB, elles 
auraient pris une position dependant du N1. La difference 
entre les deux positions qulelles auraient prises dans les 
deux situations evoquees ci-dessus correspond a environ 1/5 
de la plage dtutilisation. 

22.253.3 - Les manettes de ltA320 sont de petite 
taille, et il est peu vraisemblable dans ces conditions que 
l'equipage aurait detecte une difference de ltordre de 
grandeur evoque ci-dessus, dtautant plus qutil est tr2s peu 
experiment4 sur ltavion. Dans le cas d'une geometrie plus 
classique, le pouvoir d'alerte serait intrinsequement plus 
eleve, notamment par ltintermediaire de la perception 
kinesthesique de la variation de position des membres, 
lorsque la main du pilote est posee sur les manettes. Cette 
sensibilite fournit en effet un canal complementaire de 
saisie d'infonnation, tres instinctif, et qui ne mobilise 
pas les fonctions cognitive5 superieures. La commission a 
cependant considere que, dans les circonstances de 
Itaccident, compte-tenu du mouvement des manettes dans le 
sens attendu et du faible ecart de leur position finale, 
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un tel canal nlaurait pu jouer neanmoins qulun r6le tres 
marginal dans la detection de l'anomalie de trajectoire. 

22.354 Absence dtautocall-out a 400 ft 

Sur A320, la fonction d'annonce sonore automatique 
(auto call-out) de la hauteur radio-altimetrique et de la 
hauteur de decision est assuree par les calculateurs FWC 
(Flight Warning Computer). En ce qui concerne les hauteurs 
radio-altimetriques, les auto call-out sontselectionnables 
independamment les uns des autres par programmation. A 
l'epoque de llaccident, les annonces qulil etait possible 
de programmer etaient les suivantes : 400 pieds (l'annonce 
de la voix synthetique est alors IIFOUR HUNDREDu) , 3 00, 200, 
100, 50, 40, 30, 20, 10, 5 pieds. 

Air Inter avait choisi d'activer les annonces de 
hauteur inferieures ou egale a 200 pieds. 

Compte tenu du profil de la trajectoire du F-GGED par 
rapport au relief, si l'annonce "four hundred" avait ete 
programmee sur cet avion, elle aurait ete declenchee entre 
4 et 3 secondes avant llimpact. Ce delai aurait ete 
manifestement trop court pour permettre l'evitement du mont 
La Bloss. 

Par ailleurs, il convient de noter que les 
eventuelles alarmes GPWS annoncees par la voix synthetique 
sont prioritaires sur les annonces radio-altimetriques. En 
consequence si llavion avait ete equipd dlun GPWS, llalarme 
declenchee par cet equipement (voir 5 117.9) aurait ete 
prioritaire sur l'annonce "FOUR HUNDRED". 

22.36 - Absence de GPWS 
22.361 - Une etude par simulation numerique de la 

chronologie des alarmes qui seraient apparues si le F- 
GGED avait ete equipe dtun GPWS figure au 5 117.9. Cette 
etude fait apparaitre la premiere alarme "utilew environ 
18 secondes avant l'impact. 

Par ailleurs ce mgme paragraphe fait etat dlune 
simulation du comportement de llavion dans les conditions 
de l'approche finale. Cette simulation montre que 7 
secondes sont necessaires pour annuler la vitesse verticale 
de llappareil, lorsque la remise de gaz est effectuee en 
mode automatique (le facteur de charge est d'environ 
1,25g) . Ce delai est reduit a environ 5 secondes si la 
remise de gaz est effectuee en mode manuel avec application 
immediate de la pleine deflexion du manche vers llarriere 
(le facteur de charge est alors limite a 2g). Dans les deux 
cas, une reaction a llalarme permet d'eviter le mont La 
Bloss. 
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Selon llequipementier, des etudes en vol auraient 
montre un temps moyen de reaction salvatrice des equipages 
de 5 a 6 secondes apres le declenchement d'une alarme, pour 
des equipements ,Mark I1 et I ,  et avec des pilotes 
entraines sur simulateur a llutilisation du GPWS. 

22.362 - Une simple operation arithmetique (6+7=13 
inferieur a 18) semble donc permettre d1 af f irmer qu 'un GPWS 
aurait sauve 1 'avian, m6me en prenant en compte une 
trajectoire de remise de gaz en mode automatique. De fait, 
une telle affirmation, qui se fonde sur une grandeur qui 
nla de sens que statistiquement (le temps moyen de 
reaction), serait tout a fait simpliste si elle etait 
appliquee a un cas particulier. En effet la reaction dlun 
equipage a une alarme, quelconque nlest pas un processus 
deterministe. 

Certains accidents de vol "pilote dans le relieft1 se 
sont produits avec des avions equipes dtun systeme GPWS qui 
avait emis une alarme suffisamment precoce, clest-a-dire 
permettant dleviter le relief apres une reaction imme- 
diate. Ltequipage nlen avait simplement pas tenu compte, 
convaincu qulil ne pouvait slagir que dlune alarme fausse 
ou injustifiee, tant elle etait incompatible avec la 
representation mentale qu'il se faisait de sa position. 
Ceci est particulierement le cas lorsque le systeme est 
decredibilise par un taux excessif dlalarmes injustifiees 
(problemes techniques, seuils de declenchement ou 
procedures de vol inadaptees). Doautres accidents de ce 
type ont egalement eu lieu, alors que le GPWS avait ete mis 
hors service, deliberement ou par defaut de maintenance. 

Selon une statistique tres recente concernant les 
vols effectues par une grande compagnie aerienne, dotee 
depuis plusieurs annees dlune politique tres volontaire vis 
a vis du GPWS, sur environ 300 cas dlalarme GPWS rapportes 
globalement, 60% nlont pas entralne de remise de gaz, et 
20% des alarmes justifiees nlont neanmoins pas conduit a 
une remise de gaz. De plus aucune des remises de gaz 
effectuees nta ete conduite come une manoeuvre d'evitement 
maximum : seules des mises en montee normales ont ete 
executees. 

Rappelons enfin, que lors de deux des evenements 
rapportes au 117.62, similaires a l'evenement pivot, clest 
le GPWS qui a permis a l'equipage de se rendre compte que 
le mode de descente actif n'etait pas celui qut il pensait. 

22.363 - Lorsqulon examine un cas particulier, il 
faut donc prendre en compte de nombreux facteurs, dont la 
plupart influent sur la reaction de 1 'equipage a une telle 
alarme. Leur analyse concerne un domaine subjectif, ou la 
sensibilite au contexte, a la fois conjoncturel et general 
(culture de compagnie) est importante, et ou le pouvoir de 
prediction des modeles de comprehension disponibles est 
tres faible a ltechelle du cas isole. 
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Dans le cas du F-GGED, llequipaqe est polarise sur la 
navigation laterale et le changement de configuration, avec 
une representation mentale de sa situation dans laquelle 
la dimension ~erticale, deleguee a llautomatisme, est 
perpe comme tout a fait nominale. Lthistoire des accidents 
montre que dans une telle situation, la representation 
mentale est spectaculairement resistante aux signaux 
exterieurs discordants, qui sont dtabord integres a priori 
comme coherents: I1c1est normal, parce que ...I1. 

Pour ce qui est du contexte general, il faut accompa- 
gner llhypothese Itle F-GGED etait equipe dlun GPWSII 
dthypotheses peripheriques sur la culture de la compaqnie, 
ses procedures et ses consignes vis a vis de ce systeme. 
I1 ne peut evidemment stagir ici que de pure speculation. 

Rappelons que lorsque la compagnie Air Inter a decide 
de ne pas equiper ses A320 en GPWS, le modele Mark V 
n'existait pas encore. Par ailleurs, a ltepoque de 
ltaccident, le Mark V existait mais ntetait pas certifie 
sur A320. Pour cette raison, dans la suite de cette etude, 
la commission ne considerera que le modele Mark 111, seul 
disponible a llepoque oh Air Inter a pris sa decision. 
Notons neanmoins que par rapport au Mark 111, le gain 
apporte par le Mark V concerne principalement le niveau des 
contraintes operationnelles a respecter pour ne pas obtenir 
des alarmes non justifiees. Par exemple, sur la trajec- 
toire suivie par le F-GGED a Strasbourg, le Mark I11 genere 
deux alarmes non justifiees a la vitesse a laquelle volait 
llavion, soit 230 noeuds, alors que le MARK V ne les genere 
pas. A une vitesse inferieure a 200 noeuds, le Mark I11 et 
le Mark V se comportent de maniere similaire et ne generent 
pas d'alarmes non justifiees. 

On peut a titre dlexemple examiner deux hypotheses 
parmi toute la gamme des possibles. 

2 2 . 3 6 4  - Premiere hypothese: 

L1avion est equipe du GPWS Mark 111. Les equipages 
dtAir Inter utilisent les cartes du Groupe Air France, qui 
font mention dlalarmes injustifiees potentielles sur la 
procedure VOR DME 05 de Strasbourg (helicoldes) . L1equipage 
"saitU quail ne doit pas tenir compte de ltalarme dans ce 
cas stil en a clairement identifie llorigine. I1 n l a  pas 
suivi dlentralnement specifique au simulateur, ni de 
campagne de sensibilisation particuliere insistant sur la 
necessite de reagir dans tous les cas a llalarme GPWS. 
Aucune procedure particuliere liee a llapproche consideree 
nla ete emise, et le F-GGED effectue la meme procedure que 
lors du vol de llaccident, avec les memes vitesses. 

En fin de branche dteloignement, alors que 
ltequipage se sait en palier a une altitude de securite, 
llalarme retentit. Apres verifications simples, il nten 
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tient pas compte . L1alarme est amenee a durer pendant deux 
minutes, ce qui est particulierement long et genant. En 
milieu de virage les conditions de declenchement dtune 
alarme injustifiee apparaissent de nouveau. Enfin, une 
derniere alarme, justifiee celle-ci, retentit environ 18 
secondes avant ltaccident, toujours dans une zone 
referencee a alarmes injustifiees possibles. 

Dans un tel contexte il parait fort peu probable que 
ltequipage aurait reagi positivement a la derniere alarme. 

22.365 - Deuxieme hypothese: 
Ltavion est equipe du GPWS MKIII, la compagnie et les 

services officiels, chacun dans leur domaine dtaction 
specifique, avaient developpe une politique particuliere 
autour du GPWS. Le concept dtalarme intempestive nlest 
accepte ni sur les cartes, ni dans les procedures. Les 
procedures dtapproche et de guidage au radar evitent les 
zones a alarmes injustifiees. Les vitesses dtevolutions en 
approche ont ete adaptees pour eliminer egalement les 
alarmes injustifiees. Les equipages sont regulierement 
entraines a avoir une reaction reflexe de remise de gaz 
avec trajectoire dlevitement en cas dtalarme GPWS au 
dessous de ltaltitude de securite. 

Dans ces conditions, le vol du F-GGED ne genere 
dtalarme GPWS que lors de la descente finale, environ 18 
secondes avant le point dtaboutissement a la surface 
terrestre. 

Dans ces conditions, il est tres probable que ltequi- 
page aurait reagi positivement a ltalarme. 

22.366 - Conclusion 
En fait, la seule appreciation vis a vis du GPWS doit 

&re statistique. De ce point de vue les resultats sont 
clairs: ltequipement des flottes et la mise en place de 
politiques dtutilisation coherentes diminuent 
significativement le nombre de vols pilotes contre le 
relief. 

22.4 - L e s  relations internes a l'iquipage 

Dans sa recherche systematique de tous les facteurs 
qui ont pu jouer un r61e dans cet accident, la commission 
a estime necessaire dlexaminer si des dysfonctionnements 
avaient pu apparaitre au niveau des relations internes a 
ltequipage. De tels dysfonctionnements auraient pu en effet 
avoir un impact sensible sur la performance globale de 
ltequipage. La commission a eu, ce faisant, tout a fait 
conscience que ses reflexions se situaientdans un domaine, 
celui des sciences humaines appliquees au metier de pilote 
de ligne, dans lequel beaucoup reste a decouvrir et ou les 
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verites ne sont que relatives. La commission a developpe 
cette reflexion sur trois plans successifs : un rappel sur 
les rapports de personnalite des deux pilotes, une analyse 
de leur comportement individuel au cours du vol de 
llaccident, une analyse de leur comportement en equipage. 

22.41 - R a ~ ~ o r t s  de Dersonnalite et affinites 

Le commandant de bord apparait comme un homme 
reserve, calme, prudent, qui hesite a s'engager sans avoir 
bien compris la situation, procede avec une certaine 
lenteur, privilegie l'anticipation et n'aime pas 
llimprovisation. Le copilote semble posseder une 
personnalite plus entreprenante, plut6t sQre dlelle-meme, 
un peu condescendante vis-a-vis de personnes qugil estime 
moins rapide que lui a comprendre. I1 est a l'aise et bien 
integre dans son nouveau milieu professionnel. Mises en 
presence l'un de l'autre au sein d'un equipage, ces 
personnalites pouvaient conduire a une certaine attenuation 
du rapport normal d'autorite entre un commandant de bord 
et son copilote. Or, on ne constate pas vraiment une telle 
attenuation, et encore moins une inversion de ce rapport 
dlautorite, dans les elements du vol reconstitues par 
l'enqudte. 

Les deux hommes n'avaient jamais vole ensemble avant 
le jour de l'accident et ne s'etaient jamais rencontres. 
I1 semble cependant que, lors de leur premier contact a 
Orly avant le premier vol de la journee, ils nlaient 
eprouve aucune affinite particuliere l'un vis a vis de 
llautre. Deux temoignages concordants font en effet mention 
d'une ambiance particuliere qualifiee de llcoinceel' entre 
les deux membres d'equipage. Un commandant de bord a en 
effet effectue en poste de pilotage le vol Paris-Lyon 
precedant llaccident et a trouve un equipage silencieux, 
reduisant ses communications aux seuls echanges 
obligatoires, chacun etant plonge dans son travail de son 
c6te. Un agent de trafic de l'aeroport de Lyon-Satolas a 
egalement remarque a l'escale de Lyon ce m6me "climat 
dlindifferencel' entre les deux hommes. 

La commission pense donc que cette premiere prise de 
contact entre les deux homrnes peut s'etre traduit par un 
constat reciproque de manque dtaffinite. Les differences 
physiques et psychiques qui existaient entre eux en sont 
peut-etre le seul facteur explicatif. 

La commission s'est toutefois demande si le climat 
particulier rapporte par ces temoins nlavait pas pu 
provenir d'un incident survenu entre les deux hommes a la 
prise de service, le commandant constatant une eventuelle 
alcoolemie chez le copilote. En effet, le taux mesure par 
l'analyse toxicologique apres l'accident indique une 
concentration d'alcool dans le sang du copilote comprise 
entre 0 et 0,30 grammes par litre a 18h30 .  Cependant les 



68 lCAO Circular 296-AN11 70 

lois de decroissance de llalcoolemie en fonction du temps 
ne permettent pas, a partir dlun tel intervalle, dlavancer 
dlhypothese sur u,n taux possible au moment de la prise de 
contact de llequipage a Orly. Par ailleurs, llenquete nla 
fait apparaitre aucun element qui indique que le copilote 
ait pu absorber de llalcool entre le depart dlOrly et 
llaccident. Dans ces conditions, la commission estime donc 
ne pas pouvoir retenir cet element pour expliquer la 
froideur de llambiance constatee dans le poste de pilotage. 

22.42 - Analvse du comportement individuel des 
pilotes au cours du vol de llaccident 

Le commandant de bord prepare une strategie dlarrivee 
a Strasbourg des le debut du vol et cherche a se tenir a 
ce qulil a planifie aussi longtemps que possible (percee 
ILS 23, puis percee ILS 23 suivie dlune approche indirecte 
05). I1 ne retient donc pas la suggestion du copilote pour 
une approche VOR/DME 05, probablementdirecte dans llesprit 
de celui-ci. Ensuite, pour eviter une attente a la 
verticale de SE, le commandant de bord accepte de realiser 
une procedure VOR/DME 05, assortie de la proposition de 
guidage radar du contr6leur de Strasbourg. Sortant de la 
strategie qulil avait preparee, il semble a partir de ce 
moment la se situer legerement en retard par rapport au 
deroulement du vol. 

Bien que le commandant de bord lui ait fait remarquer 
deux legers manquements (oubli de repondre a un appel du 
centre de Reims, et insertion de la MDH dans une case 
inapropriee du MCDU: QAR 1923), le copilote quant a lui 
parait s1adapter facilement a llevolution des circonstances 
et rester en avance sur le deroulement du vol, quitte a 
- rendre certaines initiatives sans prevenir le commandant 
ae bord (insertion dlune approche VOR 05 au FMGS apres 
ecoute de llATIS). De m6me, il releve et fait corriger une 
erreur du commandant de bord sur la valeur du QFE. Enfin, 
lors du virage de capture de llaxe dlapproche finale, il 
detecte que la trajectoire est trop interieure et suggere 
au commandant les corrections necessaires. I1 est possible 
que le copilote ait ressenti la necessite d'une 
surveillance accrue compte-tenu de la facon dont le 
commandant conduisait le vol vis a vis de la capture de 
l'axe dlapproche finale. Ceci pourrait expliquer en partie 
la focalisation de son attention sur la navigation laterale 
et llabandon de sa surveillance dans le plan vertical. 

La commission constate que le comportement individuel 
des membres de llequipage technique est coh.erent avec le 
profil de personnalite qui a pu &re etabli a partir du 
dossier professionnel de chacun d'entre-eux. 
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22.43 - Analvse du com~ortement en e s u i ~ a s e  

La commission a releve sur ce plan un important 
deficit de c~mmunication entre le commandant et le 
copilote, qui slest dtabord traduit par la conduite en 
parallele de deux strategies dtapproche differentes 
jusqu'au debut de descente puis par l'omission en phase 
finale du vol de la plus grande partie des annonces 
prevues . 

Ainsi, les strategies respectives du commandant etdu 
copilote vis a vis de llapproche sont tout dlabord 
differentes. Elles refletent d'ailleurs leur differences 
de personnalite et d'attitude generale vis a vis de 
I1avion. A 17h57mn, alors que le copilote vient de prendre 
llATIS de Strasbourg qui donne la piste 05 en service, il 
semble opter pour une approche VOR/DME directe. A 
llinverse, le commandant essaie de conserver globalement 
son projet initial en l'adaptant aux circonstances nouvel- 
les: il prevoit de poursuivre l'approche ILS 23 prevue par 
une approche indirecte en piste 05. 

Le maintien dlune cohesion de ltequipage dans ce 
contexte aurait suppose une communication suffisante et 
explicite entre le commandant et le copilote sur leurs 
objectifs et actions respectives, ainsi que sur les doutes 
exprimes et l'explication des decisions prises. Des 
exemples nombreux montrent qulil nten a pas ete ainsi. Le 
copilote modifie llarrivee inseree sur la page FLIGHT PLAN 
et remplace llILS 23 par une VOR 05 sans prevenir le 
commandant. Reciproquement, les interrogations du copilote 
sur les raisons de la decision du commandant dteffectuer 
malgre tout une approche I L S  (I1je ne comprend pas pourquoi 
tu ne tentes quand mgme pas une VOR DME 0511) ne sont pas 
comprises par le commandant comme une suggestion dtapproche 
VOR/DME directe. Sa reponse porte en effet sur la longueur 
d8une procedure VOR/DME complete. Le copilote nlinsiste pas 
et tout se passe dans cette phase du vol comme slil nly 
avait pas de genese dlun projet commun dlapproche mais 
elaboration parallele de deux projets dif f erents, ma1 
connus du coequipier. 

A partir du debut de descente et tout 
particulierement dans la phase finale du vol, la commission 
constate que de nombreuses actions ne font ni l'objet des 
annonces prevues par les procedures de la compagnie, ni 
d'une information reciproque substitutive. Ctest ainsi 
quJaucune annonce de changement de mode FMA nta ete faite 
par le copilote pendant cette phase du vol (sur les six 
annonces qui auraient dues Btre ef feztuees) . De meme, le 
contr8le de la trajectoire verticale de l'avion ne fait 
l'objet d'aucune annonce explicite permettant un reel 
contr6le croise de la ptirt du commandant ou du copilote. 
La reflexion du copilote "Nous devons l'passer huit cents 
piedstt juste apres la reponse au contreleur de Strasbourg 
"Rappelle le VOR en finale" montre que le copilote exprime 



70 ICAO Circular 296-AN11 70 

une preoccupation de contr6le vertical sur un point a 
venir, alors qu'aucun des controles verticaux precedents 
pertinents nta ete effectue. 

Cette annonce est suivie par un commentaire du 
commandant ItFaut faire attention qut il descende pastt qui 
concerne peut-6tre l'avion et exprime alors une 
preoccupation de contr6le vertical plus immediate (mais on 
comprend ma1 alors qutil ntait pas reagi alors que ltavion 
est en descente a 3300 ft/mn depuis 20 secondes). Mais ce 
commentaire prononce a mi-voix ntest apparemment pas perp 
par le copilote, tres probablement absorbe par le contr6le 
lateral de la trajectoire. Dans cette phase finale, la 
commission constate donc a nouveau un important deficit de 
communication au sein de cet equipage dont le seul element 
de coordination fort a ete le contrble lateral de la 
tra jectoire. 

Enfin, la focalisation des deux membres d8equipage 
sur le contrele lateral de la trajectoire qui, a 
ltevidence, a joue un r61e important dans cet accident, a 
ete analysee par la commission dtenquete au plan des 
relations internes a ltequipage. Le premier cap affiche par 
le commandant (tres probablement 051°), a la suite de 
ltinstruction du contrbleur de Strasbourg wPoursuivez le 
virage a gauche pour vous etablir sur le zero cinquante et 
un ...", est trop faible compte tenu de la position de 
l'avion. 

Le copilote sten aper~oit au bout d8une quinzaine de 
secondes et exprime a deux reprises au commandant son 
appreciation quant a la capture de ltaxe dvapproche finale, 
assortie la deuxieme fois dlune proposition de cap de 
correction. Le commandant ne reagit qula cette seconde 
intervention par deux selections de cap effectuees a 16 
secondes d'intervalle. A partir de cette phase de capture 
et compte-tenu probablement de la fagon dont elle est 
conduite par le commandant, le copilote va consacrer toute 
son attention, outre la mise en configuration de 18avion, 
au contrble lateral de la trajectoire (a 18exception de la 
breve annonce ItNous devons 18passer huit cents pieds) et 
ses interventions auront pour effet d'y verrouiller le 
commandant de bord, pratiquement sans interruption jusquta 
1 impact. 

La commission estime que cette double focalisation 
sur le contr6le lateral de la trajectoire trouve pour 
partie son explication dans les personnalites des deux 
pilotes et dans les relations internes a l'equipage. Dans 
la phase de capture de llaxe, le commandant a eprouve des 
difficultes a materialiser sa trajectoire et a adopter 
rapidement les corrections appropriees. Le copilote avait 
quant a lui une bonne materialisation laterale, il n'a 
toutefois pas annonce le cap de capture initial affiche par 
le commandant et nta prononce une appreciation sur ce cap 
que quand il en a vu les effets sur la trajectoire. Le 
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delai de reaction du commandant pour adopter la proposition 
du copilote peut s'expliquer, soit par le fait qu'il n'ait 
pas entendu la premiere remarque de celui-ci, soit par le 
temps qu'il lui a fallu pour en apprecier la pertinence, 
soit par une reaction de reserve a son egard. La fa~on dont 
la correction proposee est ensuite effectuee suggere la 
meme impression de reserve. Cette attitude du commandant 
peut provenir de leurs differences de personnalite, ou de 
leur eventuel manque d'affinite. Elle parait surtout 
traduire une fragilisation psychologique progressive du 
commandant de bord du fait de sa reticence devant la 
procedure VOR/DME, du fait qu8il soit finalement amene a 
effectuer cette procedure que son copilote lui avait 
initialement suggeree, du fait de la capture de l'axe ratee 
relevee par le copilote, et enfin du fait de la mise en 
descente a environ 10' de l'axe d'approche finale. 

Le copilote quant a lui s'est focalise sur la naviga- 
tion laterale, compte-tenu de la fa~on dont la capture de 
l'axe etait conduite par le commandant, peut-etre aussi 
pour conforter son avantage dans leurs rapports de 
personnalite, par un contr6le particulierement rigoureux 
du point faible apparu. 

22.44 - Conclusion sur les relations internes a 
1 1 ecrui~acre 

La commission estime que les deux membres d'equipage 
avaient des personnalites assez differentes.. Elle constate 
egalement que le comportement de cet equipage a ete 
qualifie de "reservem par plusieurs temoins. Elle note 
enfin un deficit important de communication et d'annonces 
entre les membres de cet equipage pendant le vol. En 
conclusion, on observe souvent au cours de ce vol deux 
demarches paralleles plut6t qu'un veritable travail en 
equipage, dont la derniere convergence n8a ete focalisee 
que sur le contrele lateral de la trajectoire. 

22.5 - Lee rapports 6quipage-procddures 

22.51- Le contr6le mutuel et les annonces 

22.511 - Un principe essentiel de securite des vols 
avec un equipage comprenant au moins deux pilotes est la 
mise en oeuvre d'un contr6le mutuel. Un contr6le mutuel 
efficace repose sur un compromis delicat entre 
l'independance des projets dtaction instantanes des deux 
pilotes (on ne peut contr6ler qu'en etant suffisamment 
exterieur), et leur intercomunication (on ne peut 
contr6ler que ce qu'on conriait et ce qu 'on comprend) . Deux 
principes sont classiquement mis en oeuvre pour satisfaire 
ces conditions: la repartition des tdches et les annonces. 
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22.512 - Une repartition des t6ches definie a 
lmavance par les procedures de la compagnie ne permet pas 
seulement de gagner du temps et de l'efficacite dans 
1 'action. En dtfferenciant les points de vue, les priorites 
et les contraintes respectives des deux pilotes, en 
desynchronisant leurs preoccupations, elle decouple les 
processus cognitifs, et diminue leur prcbabilite dterreur 
de mode commun. 

Les annonces a haute voix des evenements essentiels 
(valeurs critiques, points de decision, changements de 
configuration, de modes, dmobjectifs) constituent des 
vecteurs de communication entre les projets d 'action, et 
constituent egalement des points de resynchronisation et 
de mise a jour mutuelle des representations mentales. 
Cependant les exploitants ont des philosophies tres 
diverses en ce qui concerne les annonces de pilotage. 
Certains prevoient lmannonce systematique par chaque membre 
dmequipage, ou par lmun ou lmautre dmentre eux, de tout 
changement de mode ou de valeur de consigne de pilotage 
automatique. Dmautres me prevoient que ltannonce des 
anomalies. 

22.513 - Le partage des t6ches prevu par le Manuel 
dlExploitation dmAir Inter (Manuel dmutilisation, partie 
1) confie au pilote designe PF (Pilot Flying ou 1' pilote) 
lmaction sur les commandes de vol, le contr8le de la 
trajectoire et de la navigation. Lmautre pilote (Pilot Not 
Flying (PNF) ou 2' pilote) prend en charge les actions sur 
la configuration de 1 Iavion, la gestion des systemes et les 
communications radio. 

Le manuel prevoit que tous les changements de mode 
signales au FMA, ainsi que les changements de valeurs de 
cap et dmaltitudes ou de hauteurs cibles lues au PFD 
doivent dtre annonces. Ces annonces doivent etre effectuees 
par le pilote non en fonction. I1 nmest pas fait mention 
dans les annonces obligatoires des valeurs cibles de VS 
ou de FPA affichees au FCU. 

22.514 - C o m e  cela a deja ete note, de nombreuses 
annonces prevues par les procedures de la compagnie nmont 
pas ete effectuees dans la partie du vol enregistree sur 
le CVR. 

On peut noter en particulier lmabsence dmannonce 
correspondant aux evenements ou parametres suivants: 

- le niveau selecte (FL 70) lors de la mise en 
descente depuis le niveau de croisiere (le passage en 
mode mmIDLEM "OPEN DESCENTmm est annonce) ; 

- les valeurs successives de vitesse cible selectees 
(ex: 260 Kt a 18h12mn 27s; 
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- les changements de mode FMA associes au debut de la 
capture de 18altitude cible de 5000ft; 

- 18engagement du mode ALT a 18h13mn46s et le cap 
selecte pour virer a gauche; 

- le nouveau cap selecte a la fin de lteloignement, 
la nouvelle vitesse selectee de 180 Kt; 

- le degagement du mode ALT et ltengagement du mode 
VS a 18h 19mn 38s; 

- les nouveaux caps selectes pour la capture de 
ltaxe; 

- le verrouillage du train sur la position sorti 
(mais toutes les annonces concernant la configuration 
des volets ont ete effectuees) 

22.515 - Une bonne part des annonces prevues par les 
procedures de la compagnie nt a pas donc pas ete effectuee. 
On peut ajouter a cela que llannonce associee a la 
verification du couple hauteur-distance 9 NM STR / 4300 ft 
nta pas non plus ete effectuee. Le constat dtun tel ecart 
entre comportements postules (et enseignes) et 
comportements pratiques, sur un element cle des principes 
de securite, amene a stinterroger davantage sur les causes 
possibles du phenomene. Les paragraphes precedents ont 
permis de mettre en evidence les elements suivants: 

22.515.1 - Compte-tenu de leur experience faible, de 
leur passe professionnel, et, en ce qui concerne le 
commandant, de sa personnalite et de ses reticences vis a 
vis de ltavion , il est presque certain qu'aucun des deux 
pilotes ntavait atteint un niveau de confiance excessif 
dans ltA320. 

22.515.2 - I1 existe un deficit de communication 
entre les membres de cet equipage. Le dialogue est 
strictement limite aux aspects professionnels. Les echecs 
repetes du copilote a faire prendre en compte ses 
propositions suggerent peut-etre quail ntinspire pas 
confiance au commandant. Dans ses tentatives de 
cooperation, le respect des annonces prevues par la 
compagnie aurait sans doute ete un facteur positif. 

22.515.3 - La charge de travail, dans la mesure ou on 
peut ltapprecier, ne semble pas elevee, sauf dans la phase 
d8alignement et de descente finale. Dans cette phase, et 
surtout a partir de la mise en descente, la commission a 
note une brutale augmentation de la charge de travail (cf 
§ 22.524 ci-apres). Cette charge de travail, et notamment 
celle du copilote, peut expliquer une partie des absences 
dtannonces. En effet la philosophie en vigueur a Air Inter 
a 18epoque de ltaccident etait que le PNF annonce les 
changements qu8il constate. Ceci implique qutil soit assez 
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disponible pour observer. Ce ntest pas le cas par exemple 
lorsquta 18h 19mn 38s, le commandant engage la mise en 
descente. En effet, a cet instant, le copilote est occupe 
a executer et a contr6ler la sortie de volets vers la 
configuration 2, que le commandant vient de lui demander. 
Cependant les annonces sont deficientes meme pendant les 
phases oh la charge de travail est manifestement faible. 

22.516 - En consequence les elements specifiques a ce 
vol et cet equipage ne fournissent pas un cadre de 
comprehension satisfaisant du phenomene constate. Ceci a 
amene la commission a elargir sa reflexion a lteffet 
dtelements plus generaux, tels que la routine des vols 
court courrier a frequence elevee, ou la comprehension 
insuffisante des besoins et des mecanismes du contrBle 
mutuel. La commission a ete confortee dans cette idee par 
des indications selon lesquelles la restitution des appren- 
tissages dans ce domaine souffre egalement de faiblesses 
dans differentes compagnies. Quelle que soit la philosophie 
en vigueur (annonce par le PF, par le PNF, ou par les deux, 
annonce detous les changements significatifs ou des seules 
anomalies), il ne semble pas en effet qulil existe 
aujourdthui de solution depourvue dtinconvenients et de 
points de fragilite.. 

La commission a aussi note que le bruit ambiant en 
cockpit etait eleve (compris entre 82 et 83 dB), et a 
convenu que ceci etait susceptible de reduire le nombre des 
echanges vocaux, y compris ceux consacres aux contreles 
mutuels, au profit eventuel de substituts gestuels. Elle 
nla cependant pas considere que ceci pouvait constituer une 
explication suffisante. 

22.52 - La realisation de la ~rocbdure d'a~~roche 
VOR DME 

22.521 - Cadre general 
Les reticences manifestes du commandant de bord vis 

a vis d 'une approche VOR/DME peuvent s I interpreter, mais 
seulement partiellement car elles ne valent pas pour le 
copilote, comme le sentiment dtdtre nettement moins a 
ltaise dans ce type dtapproche que dans une approche ILS. 

Les approches wclassiqueslt sont des approches 
rarement effectuees sur le reseau dtAir Inter (de llordre 
de trois par pilote et par an), et llentrainement general 
des pilotes pour ces procedures est nettement moins grand 
que celui concernant les approches ILS. Pour ce qui 
concerne le type dtavion particulier, le programme de 
qualification de type prevoit que soient effectuees trois 
approches VOR et une approche NDB par equipage. Une 
approche VOR est demandee lors du contr6le final. Enfin le 
livret pedagogique dtadaptation en ligne dtAir Inter 
recommande aux instructeurs de faire pratiquer une approche 
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VOR/NDB ou ILS sans glide chaque fois que cela est 
compatible avec le trafic d'aerodrome. Une statistique 
portant sur environ vingt cinq stagiaires permet dlestimer 
a cinq ou six le nombre d'approches VOR ou NDB pratiquees 
par chaque stagiaire avant le ldcher en ligne. 

Le nombre dtheures de vol effectuees par les deux 
pilotes du F-GGED depuis leur 16cher en ligne ne permet pas 
de supposer qutils avaient augmente cette experience de 
facon significative. Une investigation a montre d'autre 
part qutaucun des deux ntavait deja effectue une approche 
VOR DME a Strasbourg en A320. 

22.522 - La procedure d e f i n i e  par l a  compagnie 
A i r  Inter 

La procedure definie par la compagnie Air Inter dans 
le Manuel dVUtilisation (tome 1, procedures normales - 
approche classique et synoptiques associes) pour 
ltexecution dtune approche VOR DME prevoit les elements 
suivants : 

- le moyen de radionavigation servant de base a la 
procedure doit ktre affiche manuellement du c6te du 
PNF ; 

- le selecteur de reference HDG-VS -- TRK-FPA doit 
Qtre place sur TRK-FPA avant dtaborder la branche 
d'eloignement depuis la balise de percee; 

- le statut "high accuracytt doit dtre verifie; 
- le PF doit selectionner le mode ROSE NAV ou ARC NAV 
sur son ecran de navigation, et le PNF doit 
selectionner les informations primaires (ROSE VOR); 

- la procedure a appliquer si des oscillations 
dtindications VOR superieures a un demi point sont 
constatees est mentionnee; 

- si le statut est "low accuracyw ou si les informa- 
tions primaires (aiguilles) ne concordent pas avec 
les indications de son ecran de navigation, le PF 
selectionne egalement ROSE VOR; 

- repere de vitesse #@green dott' : les hypersustenta- 
teurs doivent dtre places en position 1 avant la fin 
de lteloignement; 

- repere de vitesse S : pendant la seconde partie du 
virage de procedure, les hypersustentateurs doivent 
dtre places en position 2, et le train sorti; 

- repere de vitesse F : B 1 NM du point de descente 
finale, les hypersustentateurs doivent dtre places en 
position 3; 
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- a 0,5 NM du point de descente finale, les hypersus- 
tentateurs sont sortis sur la position FULL (la 
vitesse regressant vers Vapp) si la remise de gaz 
voletq 3-est garantie, et le plan de descente voulu 
est affiche au FCU; 

- Le schema synoptique montre une portion de trajec- 
toire rectiligne longue de 1NM avant le point de 
descente finale. 

Dtautre part, le programme de llinstruction 
concernant les approches VOR DME et dispensee dans le cadre 
de la qualification de type sur A320 rappelle l'importance 
dl&tre stabilise en vitesse, configuration et regime, sur 
llaxe, 1NM avant le point de descente (cependant, la mise 
en configuration volets FULL est prevue le cas echeant a 
0,5 NM du point de descente, et la stabilisation n'est 
alors guere possible avant la descente). 11 rappelle 
egalement les regles de base : estimation du vario en 
fonction du vent, recalage de la descente au moyen des 
distances DME, annonce des ecarts de vitesse, vario, 
hauteur, annonce de MDH + 200ft et MDH + 100ft. 

22.523 - La procedure realisee par llequipage 
22.523.1 - La procedure realisee par l'equipage du 

F-GGED dif fere, sur deux points, du schema general a partir 
duquel la compagnie a etabli ses consignes operationnelle: 
dtune part ltapproche intennediaire a ete effectuee en 
guidage radar sur une trajectoire initiale differente de 
la procedure publiee, et dtautre part certaines 
caracteristiques de cette approche intermediaire sont 
derogatoires par rapport aux regles de conception dtune 
procedure (voir 5 111.422). 

22.523.2 - La procedure VOR DME definie pour 
Strasbourg comporte un hippodrome base sur la balise SE, 
un eloignement depuis STR sur le radial 251' et un virage 
de procedure pour rejoindre ltaxe d'approche finale au 
051'. Ltequipage n'a pas realise cette procedure puisqutil 
a accepte la proposition de guidage radar faite par le 
contrbleur (voir 5 22.6). Ce guidage lla amene sur une 
trajectoire differente de la trajectoire publiee. 

Du point de vue de la gestion du vol, on peut 
assimiler lteloignement au cap 230' (sous guidage radar) 
a la branche dteloignement publiee. Cependant on ne peut 
plus considerer dans ce cas qu'il existe une consigne 
compagnie quant a ltutilisation du mode HDG ou TRK. Une 
instruction de cap donnee par le contrble peut gtre 
respectee dans les deux modes: soit par affichage direct 
en HDG, soit par affichage de la route correspondante en 
mode TRK (la pratique la plus COur~I'ment rencontree en 
exploitation est 1 'utilisation du mode HDG) . La consigne 
dtAir Inter ne valait donc dans ce CaS qu'a partir de 
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18h18mn37sJ instant auquel le FGGED a ete b e e  des 
consignes de cap du guidage radar. Dtautre part il faut 
noter que le guidage fourni par le contrdleur radar n'a pas 
amene llavion a AND'LO, contrairement au contrat propose par 
le contrble (voir 5 22.6). 

22.523.3 - A partir de cet instant on rencontre la 
particularite de conception de la procedure elle-meme. En 
effet elle ne cornporte pas de palier de deceleration en vue 
dtaborder le segment dtapproche finale. Cette particula- 
rite a pour consequence de regrouper trois tdches 
normalement separees : ltalignement sur l'axe dtapproche, 
la mise en configuration de llavion, et sa mise en 
descente. Ceci augmente la charge de travail de ltequipage. 
Si une difficulte apparait dans ltexecution de 18une des 
tgches, le contr6le sur les autres sera reldche. 

Cette mOme particularite peut conduire a une 
difficulte dtinterpretation de la procedure de la compagnie 
concernant la mise en configuration de ltavion. En effet 
celle-ci prevoit la configuration 3 au moins 1NM avant !!la 
descente finaleN et full a 0,s NM si la remise de gaz est 
possible en configuration 3 (ce qui etait le cas pour le 
vol de ltaccident). 

22.523.4 - Si on interprete "descente finale" au sens 
strict du vocabulaire des procedures dtapproche (segment 
dtapproche finale), le FAF etant situe a 7NM de STR, 
ltequipage pouvait attendre dletre a 8 NM de STR pour cette 
action, alors necessairement effectuee en descente. 

Si on interprete "descente finaleu au sens commun de 
derniere descente stabilisee, alors la mise en 
configuration FULL aurait dri se faire en virage (ce qui 
ntest pas ltusage) avant dqOtre a llNM de STR, a moins que 
ltequipage ntait menage lui-meme un segment rectiligne 
avant le point de descente. 

22.523.5 - On peut penser que lfequipage avait opte 
pour la premiere interpretation, puisqutil ntavaittoujours 
pas etabli la configuration 3 au moment de ltaccident, soit 
a environ 8,5 NM de STR. Le mode FPA permet dlailleurs de 
realiser facilement une deceleration a pente constante. 
Dans ce cas, le commandant aurait ete seulement preoccupe 
par le besoin de contenir ltaugmentation constatee de la 
vitesse, en utilisant les aerofreins, pour pouvoir etablir 
la configuration a temps. 

22.523.6 - Mais on peut egalement penser que 
l'equipage, ou du moins le commandant, avait opte pour la 
seconde interpretation. En effet dans son' briefing il 
traite de la mise en descente en disant "on libere a 11 
STRtt sans jamais evoquer le FAF, qui ntest dtailleurs pas 
indique come tel sur la carte dtapproche dont il dispose. 
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Avec cette perspective, le sentiment dfetre en 
retard, pour nlavoir pas etabli la configuration 3 avant 
la descente finals, a pu slajouter aux preoccupations du 
commandant concernqnt llinterception de lfaxe dfapproche. 

22.523.7 - On constate en effet que la mise en 
descente est commandee alors que ltavion est encore a 
environ 9" de ltaxe dtapproche. Cet ecart a llaxe nominal 
etait tres probablement convenablement indique par les 
indicateurs VOR de bord. On a vu en effet (cf 5 21.231.1) 
que rien ne signale une anomalie dlindication a ce moment 
du vol. Selon toute vraisemblance, le commandant etait donc 
conscient du fait qulil commandait la descente avec un 
ecart par rapport a 1 axe d approche nettement superieur 
a ce que tolerent les regles de ltart, qulil ait compris 
cette descente comme une descente intermediaire ou comme 
une descente finale. Ceci nta pu que renforcer son souci 
de rattraper au plus vite ltaxe dtapproche nominal. 

La commission note que les regles de llart de 
pilotage evoquees ci-dessus ne sont inscrites en tant que 
telles dans aucune reglementation operationnelle. Ce sont 
des regles de pilotage classiquement enseignees, et qui 
sont deduites des principes de construction et de 
protection des procedures d'approche. Ces principes sont 
definies en France dans ltinstruction NO20754 DNA, qui est 
conforme pour ltessentiel aux recommandations de ltOACI 
(Doc 8168-OPS). Les principes de base de protection sont 
expliques aux utilisateurs dans un ItMemento a lfusage des 
utilisateurs des procedures dtapproche et de depart aux 
instrumentst1. La commission note que ce memento est le seul 
document existant qui traite ce sujet et qutil nta pas 
valeur reglementaire. 

En ce qui concerne le document OACI 8168, il indique: 

ttLorsqu on dispose d Iun repere d approche finale, le 
segment dtapproche intermediaire commence au moment ou 
ltaeronef se trouve sur la trajectoire de rapprochement du 
virage conventionnel , . . ) I' et ( . ) Si une nouvelle 
descente est specifiee apres le virage en rapprochement, 
elle ne sera pas amorcee tant que llavion ne sera pas 
etabli sur la trajectoire de rapprochement (on considere 
que lfavion est ftetabli" sur la trajectoire lorsque, dans 
le cas dtun ILS ou dfun VOR, la deviation de l'aiguille est 
inferieure a la moitie de ltechelle ou lorsque, dans le cas 
dlun NDB, 1 Iavion est a +/- 10' au maximum du relevement 
voulu) . It 

En dlautres termes, la tolerance sur lfeicart indique 
par llindicateur VOR, prise en compte dans la protection 
de la procedure est dlenviron 5' Pour une mise en descente 
sur la trajectoire de rapprochement. Un @cart superieur ne 
permet pas en theorie de garantir le maintien de la 
trajectoire de ltavion a l'interieur des aires de 
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protection associees au tronCon de procedure, si toutes les 
autres tclerances sont ajoutees. Mais cela ne signif ie pas 
qu'en pratique, une trajectoire effective situee a 10' de 
llaxe ne soit -pas situee a l'interieur de la surface de 
protection. De fait, on verifie que le FGGED est reste a 
l'interieur de cette surface pendant toute sa descente. En 
dlautres termes, l'accident resulte d'une sortie verticale, 
et non pas laterale, du volume de protection. 

22.524 - charge de travail 
La commission a analyse la charge de travail a 

laquelle a ete confronte ltequipage lors de l'execution 
de cette procedure. Malgre le changement de strategie 
decide au voisinage de STR au profit d'une approche VOR 
DME, elle nla pas trouve dlindication que la charge de 
travail ait ete elevee dans la premiere partie de la 
procedure, effectuee sous guidage radar. Par contre, a 
partir du moment oh le contrele autorise llavion a 
l'approche finale (18h 19mn 23s), elle constate une 
augmentation brutale du rythme des actions effectuees par 
llequipage. Sept secondes apres avoir requ llautorisation 
dtapproche finale, qui correspond aussi a la reprise de la 
charge entiere de la navigation laterale (capture de 
l'axe), le commandant demande la sortie des volets vers la 
position 2. Pendant que le copilote execute cette 
manoeuvre, le commandant modifie le cap selecte pour 
afficher le 071. Six secondes apres cette action, il degage 
le mode ALT pour mettre llavion en descente, et quatre 
secondes plus tard, il demande la sortie du train, que le 
copilote execute. Deux secondes plus tard, le cap 070 est 
atteint. Quatre secondes plus tard, la vitesse verticale 
devient negative, le contr6leur demande de rappeler en 
passant le VOR en finale, et le copilote lui repond, et 
entreprend probablement de consulter la fiche de percee. 
Avant la fin du message du copilote, le train s'est 
verrouille en position basse. Treize secondes plus tard, 
le commandant prend conscience de la forte valeur de la 
vitesse indiquee et sort progressivement les aerofreins. 

En consequence, la commission constate une 
augmentation brutale de la charge de travail a partir de 
ltautorisation dfapproche finale. La commission analyse 
cette augmentation comme essentiellement conjoncturelle: 
elle resulte des particularites de la procedure evoquees 
precedemment, et qui amenent a effectuer simultanement la 
capture de l'axe et les actions de preparation de 
l'approche finale et la mise en descente, mais surtout de 
la facon dont llequipage a gere ces particularites. A cet 
egard, la commission note un manque manifeste 
d'anticipation, que plusieurs des aspects etudies au titre 
du chapitre 22 contribuent a expliquer: experience de 
lfequipage sur le type d'avion et le type dlapproche, 
relations a l1avion, relations internes a l'equipage, 
relations avec le contr6le et modalites du guidage radar. 
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22.53 - La documentation cartouraphime disvonible a 
bord 

22.531 - Introduction 
En ce qui concerne les documentations cartographiques 

disponibles a bord du F-GGED, et compte tenu des 
circonstances de l'accident, la commission a limite son 
investigation aux documents susceptibles d'etre utilises 
lors de l'arrivee et de l'approche. 

Les volets de procedure figurent en annexe et sont 
decrits au 5 111.43. 

Conformement au Manuel dtExploitation des A320 dlAir 
Inter, l'equipage du F-GGED disposait d'un seul exemplaire 
des cartes editees par la compagnie Air France. I1 est en 
effet possible pour un exploitant d'utiliser une 
documentation aeronautique autre que la documentation 
officielle editee par le Service de l1Information 
Aeronautique (SIA). I1 convient de noter que la compagnie 
Air France adapte ses publications cartographiques aux 
specificites de son exploitation, ce qui introduit de fait 
certaines differences par rapport aux publications 
officielles. 

22.532 - Differences relevees par rapport a la 
cartographie officielle 

Laexamen compare de la carte des arrivees standard a 
Strasbourg (STAR : Standard Arrival, en vigueur le 20 
janvier 1992) editee par le SIA, et de la carte "Entrees- 
Region de Strasbourg" (datee du 22 aoQt 1991, a la 
disposition de l1equipage du F-GGED), montre en particulier 
que la documentation Air France regroupe sur un meme 
feuillet les trajectoires d'arrivee pour les pistes 23 et 
05, et que ces trajectoires ne sont pas clairement 
differenciees. Compte tenu des circonstances connues de 
l'arrivee a Strasbourg, il n'est pas etabli que l'equipage 
ait exploite cette carte. Ainsi, par exemple, lorsque le 
commandant reqoit du CRNA Est l'instruction de passer par 
ANDLO, il ne revise pas sa strategic pour l'approche alors 
que l'examen de cette carte aurait pu l'y inciter. 

Laexamen compare de la carte dtapproche "L-VORTAC Rwy 
05" (datee du 3 mai 1990, en vigueur le 20 janvier 1992) 
editee par le SIA, et de la carte "VOR DME 05" (datee de 
janvier 1991) a la disposition de l'equipage, a mis 
egalement en evidence des differences. 

Seules sont evoquees ci-apres les differences qui se 
traduisent par l'absence dtinformations considerees par la 
commission comme significatives pour une bonne perception 
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de la procedure par llequipage (voir cartes jointes en 
annexe). Ainsi, sur la carte a disposition de ltequipage: 

- le virage de procedure ngest que partiellement 
represente. Cette carte ne presente donc que 
partiellement le relief survole en execution de la 
procedure; 

- le repere dlapproche intermediaire ( I F ,  situe sur 
l'axe d'approche a 11 NM du Tacan STR) , ainsi que le 
repere d'approche finale (FAF, situe sur ltaxe 
d'approche a 7 NM du Tacan STR) ne sont pas signales 
en tant que tels; 

- Italtitude de passage a STR peut ne pas Btre 
comprise comme etant une altitude minimale de 
passage ; 

- les arrivees ANDLO sur les axes 074' et 107'n1appa- 
raissent pas. 

22.533 - Rappel de faits relatifs a laexploitation 
par Inequipage de la carte daapproche. 

Pour evaluer si cette imprecision dans les 
informations fournies a pu avoir une influence sur le 
deroulement du vol, il convient de rappeler les points 
suivants : 

- au depart dfOrly, conformement aux pratiques Air 
Inter lors de la preparation de la rotation, llequipage du 
F-GGED avait r e p  un seul exemplaire des cartes de 
procedures d'approche de Strasbourg. Generalement ranges 
sur le rebord du tableau de bord, ces documents sont 
accessibles par les deux membres dgequipage. 

- apres avoir accepte la proposition du contr6le de 
se raccorder sous guidage radar a la procedure VOR DME 05, 
le commandant annonce au copilote Jgjtte remets la zero 
cinqw. I1 est donc probable qugil a effectue lui-m4me la 
selection de lgarrivee en piste 05. 

- ensuite le commandant a exploite la carte d'appro- 
che gvVOR DME 05" (voir transcription CVR, a partir du temps 
2708, pendant le virage d'eloignement) pour effectuer le 
nouveau briefing d'approche. 

- il ne fait aucune remarque en ce qui concerne la 
figuration incomplete du virage de procedure. 

- il precise qu'en fin de virage de procedure, "on 
repasse par ANDW sur l'axe et on libere a onze STRgg. I1 
indique les hauteurs de passage aux points 9STR et 7STR, 
mais ne mentionne pas la hauteur de passage a STR. 
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- la pente de la trajectoire finale a ete correcte- 
ment exploitee par le commandant qui a converti 
ltindication fournie en pourcentage (5,5%) en valeur 
dtangle sexagGsima1 (3,3") directement utilisable lors de 
la selection au FCU de ltangle de descente. 

- a aucun moment ltequipage ne mentionne le statut 
particulier des reperes ANDLO et 7STR. 

- la lecture de la carte dtapproche est terminee 
apparemment sans precipitation avant la fin du virage 
dteloignement, deux minutes et demie avant ltinstruction 
de virage de rapprochement. 

- lorsque le contr6leur demande au F-GGED de virer 
par la gauche au cap 090, ni le commandant ni le copilote 
ne mentionne que cette trajectoire ne permettra pas de 
survoler le point ANDLO aligne sur ltaxe dlapproche. 

- au temps QAR 3047 ltavion est a 9 NM de STR et 570 
ft au-dessous de ltaltitude minimale de survol publiee. 
Ltequipage ntannonce pas la hauteur de passage. 

- au temps CVR 3038, vingt-sept secondes avant 
l'accident, le copilote indique la hauteur de passage de 
STR (cette hauteur ntavait pas ete mentionnee par le 
commandant) . 

22.534 - L'absence de certaines informations sur la 
carte dlapproche a-t-elle pu influer sur la conduite du 
vol? 

La commission stest efforcee de determiner si les 
manques d'information constates sur la carte Air France 
avaient pu influer sur le pilotage lors du dernier virage 
et de ltapproche finale. 

On constate en particulier que le fait de debuter le 
virage de rapprochement au moment ou le contrble a donne 
son instruction de virage vers le cap 90, ne permet pas de 
survoler le repere d'approche intermediaire (ANDLO) en 
etant aligne sur ltaxe dlapproche. 

Ltabsence de tout commentaire de la part de 
1 'equipage indique qu'il est peu probable que le graphisme 
incomplet du virage de rapprochement ait incite le pilote 
a preferer ecourter la trajectoire plut6t que survoler un 
relief non represente sur cette carte. 

Par ailleurs, le fait qUe le statut des reperes ANDLO 
et 7STR ne soit pas mentionne sur la carte Air France 
ntetait pas de nature a inciter l'ewipage a ecourter la 
procedure, dtautant que le profil de la procedure montre 
que la descente debute a ANDLO. 



ICAO Circular 296-AN11 70 83 

En resume, il est peu probable que les differences 
constatees entre la cartographie mise a disposition de 
ltequipage et la cartographie officielle aient influe 
negativement sur la conduite du dernier virage et de la 
descente. 

22 .535  - Figuration Iten escalieru du profil des 
approches VOR DME 

La cartographie dont disposait ltequipage, reprenant 
en cela le principe retenu par la cartographie officielle, 
presente le profil vertical de la descente apres ANDLO et 
de la descente finale par un segment de droite, qui suggere 
un plan continu. 

Dtautres representations des procedures d'approche 
utilisent, dans les cas ou il ntexiste pas de reference 
radio-electrique de plan de descente (approche dite 
~classique), une figuration "en escalierN qui represente 
par des paliers les altitudes de securite successives. 

La commission stest interrogee sur l'effet possible 
de la representation verticale dont disposait ltequipage. 
Ce qui compte pour la conduite en securite d'une telle 
approche, clest la conscience qutil existe des altitudes 
de securite successives, associees a des distances, et une 
bonne connaissance des couples de verification 
altitude/distance. 

La figuration en escalier fait ressortir de fa~on 
plus intuitive ltexistence dtaltitudes minimales de 
descente successives, mais elle ne met pas a lgabri dtune 
erreur de lecture, conduisant par exemple a un decalage des 
paliers pris en compte, comme l'a montre un autre accident 
recent. En ce qui concerne le FGGED, le briefing effectue 
par le commandant vers 18h15mn mentionnait correctement les 
hauteurs associees aux distances 9NM et 7NM, sans 
mentionner explicitement qutil stagissait de valeurs 
minimales. Cependant, dans son analyse, la commission n'a 
pas retenu ltignorance eventuelle par ltequipage qutil 
stagissait de valeurs minimales comme une explication 
plausible de la mise en descente anormale. En consequen- 
ce, la commission ne considere pas que la figuration du 
profil vertical de ltapproche finale sur la documentation 
de bord ait pu jouer un r61e significatif. 

2 2 . 5 3 6  - La mise a disposition d'un seul exemplaire 
de carte d'approche a-t-elle pu influer sur la conduite du 
vol? 

Le fait qu'un seul exemplaire de la documentation 
cartographique necessaire soit fourni a ltequipage doit a 
priori forcer les pilotes a communiquer. Le pilote en 
fonction lit a voix haute et exploite les cartes; le pilote 
non en fonction assure un r61e de surveillance active. Par 
ailleurs dans le cas particulier du reseau Air Inter, 
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l'experience acquise par les equipages permet pratiquement 
de se passer du support cartographique apres le briefing. 

Un inconven'ient possible serait loimpossibilite pour 
le pilote non en fonction de lire les documents en meme 
temps que le pilote en fonction. Or la duree de la phase 
daeloignement (environ deux minutes et demie) semble avoir 
ete suffisante pour pennettre au copilote d'exploiter 
l'unique volet de procedure disponible s'il en avait 
ressenti le besoin. I1 en est de meme en ce qui concerne 
le volet des arrivees. De plus, bien que le commandant 
n'ait pas mentionne la hauteur publiee de sumo1 de STR le 
copilote en indique la valeur, ce qui montre qu'il a 
exploite la carte. 

En consequence, il n'est pas etabli que le fait que 
l'equipage du F-GGED ait dispose dtun seul exemplaire de 
la documentation cartographique ait influe sur les 
conditions dans lesquelles ont eu lieu ltarrivee et 
l'approche. 

22.537 - conclusion 
Les elements qui figurent sur le volet de procedure 

mis a la disposition de l'equipage suffisaient a 
lgexecution de l'approche. 

En consequence, la commission considere peu probable 
que les conditions dans lesquelles se sont deroules le 
virage de rapprochement, laalignement et la mise en 
descente soient imputables a l'une des imprecisions 
constatees sur le document. 

22.6 - Lea rapport8 iquipage - aontt6le 
Cette analyse porte sur la phase du vol comprise 

entre le moment ou laequipage a contacte le Centre de 
Contrale de la Navigation Adrienne de Reims (contr6le en- 
route, CRNA Est) et la derniere instruction donnee par le 
contr6le d'approche (APP) de Strasbourg. Elle s'appuie sur 
la transcription du CVR, la transcription des 
radiocommunications, la transcription des communications 
telephoniques entre le CRNA Est et llAPP, et la 
trajectographie du F-GGED. 

La description des moyens mis en oeuvre par 1'APP de 
Strasbourg figure aux chapitres 15, 19, 110 et 111. 

En ce qui concerne la phraseologie, les references 
reglementaires sont laarrZte du 7 septembre 1984 et la 
decision N020285/DNA/2/6 du 10 septembre 1984 
wPhraseologien, quatrieme edition, juin 1991. 
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22.62 - Phase du vol contro lee  par le CRNA Est 

A 17h53m47s; le F-GGED entre en contact radio avec le 
CRNA Est. Celui-ci l'autorise a "proceder Luxeuil et 
arrivee standard pour Strasbourgu. 

I1 n'y avait pas necessite pour le controleur du CRNA 
Est de preciser la piste en service a Strasbourg puisque 
cet aeroport possede un ATIS. On peut noter a ce sujet que 
lorsque l'equipage consulte cet ATIS, a 17h 56mn, il re~oit 
lfinformation Novembre, enregistree a 16h. Cette 
information a donc plus d'une heure, ce qui n'est pas 
conforme a la reglementation en vigueur. Cependant les 
informations reques sont globalement valides, et ce retard 
de mise a jour n'a pas eu dlinfluence sur le deroulement 
du vol. En ce qui concerne l'arrivee prevue par le 
contrele, le terme lfstandard'' n' est pas explicite (bien 
qutil soit couramment utilise par les pilotes et les 
contr6leurs). En provenance du VOR LUL, plusieurs trajets 
d'arrivee sont possibles. Quelle que soit la piste en 
service a Strasbourg, tout aeronef a l'arrivee et passant 
par le VOR LUL (Luxeuil) doit suivre la route magnetique 
(RM) 041 jusqu'au point OBORN si la piste 23 est en 
service, ou jusqu'au point situe a 21 NM de STR sur le 
radial 041 de LUL si la piste 05 est en service (ce qui 
etait le cas lors de l'arrivee du F-GGED) . Ensuite, pour 
effectuer l'approche VOR DME 05, l'alternative est la 
suivante : soit realiser l'integralite de la procedure via 
ANDLO puis SE, soit effectuer une approche directe via 
ANDLO. Ceci nous montre que dans le cas du F-GGED le terme 
ftstandardtt n'apporte en fait aucune information precise a 
l'equipage en ce qui concerne la route a suivre apres LUL. 
Le commandant a pu interpreter cette instruction comme 
etant significative de lfabsence de contrainte dans le 
choix de 1 'approche ( ILS  23 suivie d'une manoeuvre a vue 
libre pour atterrissage en piste 05, ou approche VOR DME 
05). 

I1 convient de noter qu'a 1 'epoque de 1 'accident, les 
trajectoires dl arrivee a Strasbourg n etaient pas 
denommees. Dans ces conditions, pour preciser la route que 
devait suivre le F-GGED, le contr6leur n'avait d'autre 
solution que d'enumerer les points a survoler, ce qui nla 
pas ete fait. L'equipage quant a lui, nta pas demande plus 
de precision : il a simplement collationne 18instruction 
"Luxeuil et standard pour StrasbourgN. 

A 18h06m13s, l'equipage informe le CRNA Est qu'il 
souhaiterait "descendre dans une minuteu1. Le CRNA Est 
autorise la descente vers le niveau de vol 130. 

Auparavant, a 18h01m34sI le CRNA Est avait appele 
1'APP de Strasbourg pour l'informer de l'arrivee du F- 
GGED. L'APP avait alors constate que la trajectoire du vol 
Air France 1870, au depart de Strasbourg, interferait avec 
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celle du F-GGED. En consequence, il avait ete convenu entre 
les deux organismes de contr6le que le CRNA Est assurerait 
le croisement des deux appareils et dirigerait le F-GGED 
vers ANDLO, en descente vers le niveau 70. 

Selon le temoignage du contr6leur dlapproche, cette 
solution avait ete choisie dans le but de reduire le temps 
de vol du F-GGED en lui permettant d'effectuer une approche 
VOR DME 05 directe. Cette coordination s'est faite en 
conformite avec les termes de la lettre d'accord existant 
entre les deux organismes de contr6le (ler juillet 1990) 
qui precise que I11'APP peut demander au CRNA Est de mettre 
les arrivees en provenance de LUL ou EPL directement sur 
ANDLO, en vue d'une approche vers la piste 0 5 " .  

Le CRNA Est assure le croisement des deux appareils 
puis transfere le F-GGED a 1'APP en descente vers le niveau 
70 sur ANDLO, sans avoir precise la route a suivre apres 
ANDLO. I1 convient de relever ici le commentaire du 
commandant : "ANDLO, oh la, ils me cassent les pieds avec 
leur truc la . . . l o  (voir CVR, temps 2223). Cette reaction 
s'explique probablement par le fait que le point ANDLO ne 
figure pas au plan de vol pour une approche ILS  23. ANDLO 
n etait donc pas af f iche sur 1 l ecran de navigation. 
L1instruction r e p e  a impose une action du commandant 
decrite dans le 5 117.723. Cette critique du commandant 
nlest pas suivie d'une remise en question de sa strategie 
d'approche, ni dlune interrogation adressee au controleur 
sur la route a suivre apres ANDLO. L1equipage n'a 
probablement pas etabli de relation entre cette instruction 
et le fait que le contrdleur de Strasbourg avait prevu 
qulil fasse une approche directe, et donc qulil passe par 
ANDLO. 

22.63 - Phase du vol contrelie par 1,APP de 
Strasbourq 

22.631 - L'arrivee sur ANDLO 

Le contact direct entre le F-GGED et 1'APP est etabli 
pour la premiere fois au cours de ce vol a 18h09mOls. 

On remarque que 1 'equipage n ' accuse pas reception de 
l'information (Oscar) diffusee par 1'ATIS de Strasbourg. 
Ceci n'est pas conforme a la phraseologie reglementaire. 
De mkme, la reponse de 1'APP n'est pas conforme a la 
phraseologie reglementaire. En effet le contr6leur aurait 
dQ s'assurer aupres de l'equipage qu'il etait bien en 
possession des informations de ltATIS ou mieux, donner 
directement a l'equipage tous les elements qugil etait 
sense recevoir sur ltATIS. 

~ e s  le premier contact 1'APP autorise 11A320 a 
proceder sur le point ANDLO en lui demandant sa distance 
: "... procedez ANDLO ; votre distance ?". L'instruction 
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de route est, l a  encore, incomplete. Elle aurait di en 
effet indiquer soit un point de report apres ANDLO, soit 
une proposition de procedure a engager a partir de ce point 
en vue de -ltatterrissage. Par ailleurs, le controleur 
demande une distance sans preciser par rapport a quel point 
ou moyen de radionavigation doit se positionner ltequipage. 
L'equipage repond : "on est a vingt deux nautiques DME 
STR". Le contr6leur a pose cette question pour stassurer 
que l'avion est a une distance proche de "21 NM STRu a 
partir de laquelle ltappareil peut voler a 5000 pieds QNH 
(voir sur la carte d'approche : l'altitude de securite est 
a 4800 pieds a partir de 21 NM STR dans un secteur defini 
qui contient la route du F-GGED) . Compte tenu de 
l'information dtaltitude pression affichee sur ltecran 
radar, le controleur anticipe et autorise la descente vers 
llaltitude de 5000 pieds "Requ, vous poursuivez la descente 
vers cinq mille pieds au QNH mille vingt-troiste. Le 
commandant verifie que le suivi de cette instruction est 
compatible avec llaltitude de securite (voir CVR, temps 
2398 et 2400). 

Le contr6leur ajoute : 'Irappelez ANDLO cinq mille 
piedsN . 

Cette instruction peut &re interpretee de 
differentes fagons. En tous cas, elle n'indique pas 
explicitement ce qui, dans ltesprit du contr6leur (et 
toujours selon son temoignage), correspondait a une 
autorisation donnee au F-GGED de se presenter a la 
verticale du point ANDLO stable a 5000 pieds, de facon a 
effectuer une approche directe VOR DME 05. 

A 18hllm51sf alors que le F-GGED vient de signaler 
son passage verticale ANDU), le contr6leur lui repond : ". . . vous gtes numero un pour la VOR DME zero cinq, 
rappelez passant le VOR en f inaletl. L t  equipage prend alors 
conscience de la strategie du contreleur. 

Entre cette instruction et l'acceptation par le 
commandant d'un guidage radar pour revenir sur ANDLO, il 
s'ecoule environ une minute et demie, duree pendant 
laquelle les evenements se precipitent : 

- compte tenu de la position de l'avion et de sa 
configuration, lfapproche directe n'est plus realisable 
(voir S 21.35). 

- pour la premiere fois l'equipage avise le 
contreleur de son intention de ( . . ) proceder Sierra Echo, 
faire un ILS avec une indirecte pour la zero cinq ensuite". 

- le contrble informe alors ltequipage que le choix 
dteffectuer la procedure I L S  23 imposera probablement une 
attente car trois decollages sont prevus en piste 05 (voir 
CVR, temps 2596). 
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- manifestement pour eviter que l'execution de 
l'approche soit retardee, le commandant decide alors 
d'effectuer une procedure VOR DME 05 complete (voir CVR, 
temps 2608). 11, fait ensuite remarquer au copilote que le 
contr6le aurai't 'dii le prevenir a llavance de ces 
contraintes de trafic puisqulelles influent sur le choix 
de la procedure la mieux adaptee aux circonstances. Cette 
remarque peut etre interpretee comme une critique vis a vis 
du contr6leur d'approche qui n'aurait pas pris en compte 
la necessite dlun preavis suffisant (notammentpour reduire 
la vitesse de loavion). 

- alors que le F-GGED arrive a la verticale de STR, 
le contrbleur propose un guidage radar pour rejoindre ANDLO 
(voir CVR, temps 2636). Ceci permet dfecourter la 
procedure. 

- cette solution satisfait le commandant. I1 
l'accepte immediatement. 

L'instruction de changement de code transpondeur suit 
immediatement, accompagnee de l'instruction de virage a 
gauche vers le cap dleloignement 230'. 

Le contr6leur commente la solution adoptee : ~~voila, 
Ca vous fera gagner. du temps1@, et le commandant exprime 
clairement son approbation (voir CVR, temps 2654). 

(Pendant le guidage radar et l'approche finale du F- 
GGED, le contrbleur dlAPP gere trois departs IFR). 

Au cours du virage, le contrbleur fournit, de sa 
propre initiative, une information de position : "... six 
nautiques radial deux cent quatre vingt dix de Strasbourgl@. 
Elle est donnee par rapport a la position de llantenne 
radar et ntest pas directement exploitable par lfequipage, 
puisque la position du radar n'est mentionnee ni sur la 
carte "Entreesn, ni sur la carte d'approche, ni sur l'ecran 
de navigation (voir 5 21.3) . La transcription du CVR montre 
qulimmediatement apres llaccuse de reception du copilote, 
le commandant qui etait en train de decrire a voix haute 
la procedure VOR DME, reprend immediatement ce travail et 
calcule le plan de descente. Ni lui, ni le copilote ne 
commente l'information de position fournie par le contrb- 
leur . 

L1eloignement au cap 230 dure environ deux minutes et 
demie, duree pendant laquelle ll@qUipage effectue certaines 
actions detaillees dans le § 21.3. AU cours de cet 
eloignement, le commandant evoque Une fois de plus la 
necessite dlune anticipation suffisante pour preparer une 
approche. I1 est probable qutil n'ait jamais envisage la 
possibilite dleffectuer une approche VOR DME 05 directe et 
qUe pour lui le choix etait limite a 1'ILS 23 et la VOR DME 
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avec survol de la balise SE, tout en donnant pour des 
raisons dlordre operationnel une nette preference a la 
procedure ILS . 

22.633 - Le virage de rapprochement 

Lorsque le contr6leur donne llinstruction de virage 
a gauche au cap 90, le commandant execute immediatement la 
mise en virage. I1 change le mode d'affichage de son &ran 
de navigation (il passe du mode ARC NAV au mode Rose VOR). 
L'equipage ne fait aucun commentaire sur la validite de 
llinstruction de route qui vient de lui etre donnee. Or 
l'examen de la trajectographie montre que le choix du cap 
90 ne permettait pas le survol dlANDLO. 

Rappelons qu'il est tres probable que la materialisa- 
tion de llaxe d'approche VOR DME 05 ainsi que celle des 
points ANDLO et/ou STR07 etait disponible sur les ecrans 
de navigation des selection au MCDU de la procedure VOR DME 
05 (voir enregistrement QAR et 5 117.7). La simulation 
decrite au 5 117.7 n'a pas permis de determiner si le point 
ANDLO etait ou non affiche sur l'ecran de navigation. Par 
contre il a ete montre que dans tous les cas possibles 
d'affichage, le point STR07 est presente sur l'ecran. 

Quarante secondes plus tard l'equipage re~oit du 
contr6leur une nouvelle instruction de route accompagnee 
cette fois dgune information de position par rapport au 
point ANDLO : ltAir Inter Delta Alpha poursuivez le virage 
a gauche pour vous etablir sur le zero cinquante et un, 
vous Qtes a quatre nautiques dlANDLO . . . travers gauche 
ANDLOtn. A cet instant, il est clair que le guidage radar 
ne permettra pas le survol dfANDLO. La trajectoire sol de 
l'avion (cf annexe 12) se resserre nettement, sous le 
double effet de la reduction de vitesse et de la rotation 
de la direction relative du vent, qui entrainent une 
diminution importante de la vitesse sol, alors que 
ltinclinaison est maintenue constante par le pilote 
automatique. 

11 se peut que 1' instruction du contr6leur (Inpour- 
suivez le virage a gauche pour vous etablir sur le 051.. .I1) 
ait ete interpretee par le pilote aux commandes comme: 
"maintenez vos elements, et ceci vous amenera sur le 05111. 
On note dlailleurs dans la suite de la procedure dlautres 
indices d'une tendance de ce pilote a se laisser conduire 
par le contr6le. 

La transcription du CVR montre en tout cas que cette 
instruction ne suscite aucun commentaire de la part de 
l'equipage, notamment en ce qui concerne l'impossibilite 
de survoler ANDLO. Le commandant a selectionne pendant 
quelques secondes ltaffichage du mode ARC en remplacement 
temporaire du mode Rose VOR. Si ANDLO etait presente sur 
l'ecran, il a pu stassurer que la position calculee par le 
R4S etait conforme a la position indiquee par le 
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contrbleur. On peut aussi interpreter ltabsence de reaction 
par le fait que ltaffichage de la carte lui aurait permis 
de constater que la trajectoire suivie permettrait 
ltinterception,de llaxe avant le point 7STR, et que ce 
constat lui ait Itsuf f ittv. 

Rien nlindique que le commandant ait exploite la 
carte dtapproche pendant cette phase du vol. 

Ltinstruction de route fournie dans le cadre du 
guidage radar nta pas permis au pilote dlaligner ltavion 
a ANDLO. De ce fait ltequipage nla pas dispose de la 
totalite du tron~on dfapproche intermediaire menage pour 
preparer ltapproche finale (reduction de vitesse et mise 
en configuration de 1 Iavion) . Cet inconvenient est venu 
slajouter au fait que ce tronqon dfapproche est en 
descente, ce qui constitue un aspect derogatoire examine 
au 5 111.42. Dans ces conditions, llequipage a ete 
contraint dleffectuer quasiment simultanement des actions 
que la procedure prevoit dveffectuer sequentiellement 
(sortie de virage et alignement, reduction de vitesse, 
preparation avion). 

Le reglement de la circulation aerienne en vigueur a 
lvepoque de ltaccident (RAC 3-10-07 date du 22 fevrier 
1965) ne comporte aucune precision relative a dleventuels 
criteres a respecter dans le cadre dfun guidage radar pour 
interception dtaxe dtapproche finale. 

Par contre le RCA 3-121 date du 16 mars 1992 et 
applicable a partir du 2 avril 1992 precise que : 

"Lorsque llaeronef doit executer ltapproche finale 
a llaide dtun moyen autre que le radar, le dernier cap 
fourni lors du guidage radar doit permettre a ltaeronef de 
rejoindre 1 'axe final sous un angle maximal de 45'. Le 
guidage fourni doit permettre aux aeronefs dteffectuer sur 
llaxe un palier dlau moins 30 secondes avant dfintercepter 
le plan de descente nominal. 

Un aeronef qui se propose dfutiliser une aide 
dlapproche finale dont les donnees sont interpretees par 
le pilote doit recevoir pour consigne de rappeler lorsqulil 
est bien etabli sur la trajectoire dfapproche finale. Le 
guidage prend fin a ce moment." 

La commission note dtune part que le guidage fourni 
au F-GGED ne permettait pas de menager un palier sur lvaxe 
dlapproche, dlau moins 30 secondes avant dfintercepter le 
plan de descente nominal, et dvautre part, que le guidage 
a pris fin avant que l'appareil soit etabli sur la 
trajectoire dlapproche finale. 

Tout en rappelant que ces points de reglement ntexis- 
taient pas a llepoque de llaccident, la commission constate 
que llapplication de ces consignes aurait probablement 
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evite toute precipitation lors de la preparation de l'avion 
et de la mise en descente. 

En ce qui concerne 1 'information de position "travers 
gauche ANDLOn, on remarque qu'elle n'est pas conforme a la 
phraseologie reglementaire. Elle est ambigue, car la notion 
de droite ou de gauche peut etre referencee soit a la 
trajectoire de l'avion (Itvous avez ANDLO par votre travers 
gauchegt, soit a ltorientation de la carte radar I' je vous 
vois au travers gauche dlANDLO sur mon ecranl'. Selon son 
temoignage, le contrbleur voulait indiquer a l'equipage : 
"vous avez le point ANDLO par votre travers gauche". Elle 
aurait dQ Btre formulee ainsi : "... position quatre 
nautiques nord-ouest ANDLO". 

L'avion est en rapprochement approximativement dans 
le 330' dtANDLO lorsque le contr6leur autorise l'equipage 
a effectuer ltapproche finale (voir CVR, temps QAR 2991). 
Cette autorisation signifie que le guidage radar est 
termine. Elle est assortie d8une information de position, 
qui utilise a nouveau 1 'expression "travers (droit) It. Cette 
information de position est donnee en application de la 
Reglementation de la Circulation Adrienne RAC-3-10-05 g 
3.3.3, concernant le guidage radar : ItLorsque l'aeronef a 
ltissue du guidage radar a rejoint (ou est sur le point de 
rejoindre) un cheminement radiobalise usuel , la position 
de l'aeronef sera precisee au pilotew. 

Dans la logique precedente, en donnant l'information 
de position "travers droit ANDLOW, le contr6leur voulait 
indiquer a ltequipage : "vous avez le point ANDLO par votre 
travers droitm. Comme cela a deja ete note, elle ntest 
pas conforme a la phraseologie reglementaire, et elle est 
ambigue. Ltequipage nta cependant fait aucun commentaire. 

22.634 - La mise en descente 
Sans qutil soit possible d'etablir formellement une 

relation directe de cause a effet, on remarque 
qulimmediatement apres l'accuse de reception de 
ltautorisation d'approche le commandant demande au copilote 
de mettre llavion en configuration 2 (Itflaps vers deuxm) 
puis debute la descente a 11 NM de STR. 
A cet instant, ltavion n'est pas aligne sur l'axe 
dtapproche. I1 est approximativernent sur le radial 060 soit 
encore a environ 10' de 18axe. 

On peut remarquer dtailleurs que les initiatives des 
deux changements de configuration effectues semblent 
sgappuyer plus sur les messages du contrble que sur une 
perception claire et anticipee des segments de la 
procedure. La configuration 1 devait etre etablie avant la 
fin de lteloignement : on constate que 1 'equipage a 
conserve un vitesse elevee (230 Kt) et que ce changement 
de configuration suit d'une vingtaine de secondes le debut 
du virage a gauche demande par le contr6le. On constate de 
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m&me que le passage en configuration 2 est commande 7 
secondes apres l1autorisation "Air Inter Delta Alpha, 
travers droit ANDLO, autorise a llapproche finale". 

I1 ressort de ce constat que le commandant s'est 
probablement entierement repose sur le contr6leur a partir 
de ltinstant ou celui-ci lui a propose un guidage radar 
pour revenir sur ANDLO. C'est le copilote qui attire son 
attention sur la necessite de desserrer le virage. En fin 
de virage de procedure, l1equipage focalise probablement 
son attention sur la navigation laterale. L'autorisation 
d8approche finale paralt etre l'evenement declenchant la 
decision de mise en configuration de 18avion et de mise en 
descente. Elle a pu faire 18effet dlune autorisation de 
descente, alors que la decision de mise en descente etait 
de la seule responsabilite de llequipage. 

Quelques secondes plus tard (voir CVR, temps 3019), 
le contr6leur demande a 18equipage de rappeler le VOR en 
finale. Le copilote en accuse reception. C'est le dernier 
echange entre le contrble et l'equipage. 

Bien que le guidage radar ait pris fin (voir 5 
111.32), la commission a tente d8evaluer si, compte tenu 
de la precision de la piste radar, la position du plot et 
ltindication dtaltitude pression du F-GGED auraient pu 
alerter le contrbleur. 

L'image visualisee sur 18ecran du contr6leur 
d8approche de Strasbourg n8est pas enregistree. Le 
temoignage du contr6leur (cf 5 120.5) indique quoil avait 
selectionne l'echelle 50NM. Des mesures realisees sur une 
image reglee a cette echelle montrent qulun avion situe a 
10 NM de l'aeroport de Strasbourg est represente par un 
plot d8 environ 3 mm de large, soit environ 1NM a 1 @echelle; 
a 20 NM le plot a une largeur d8environ 5 mm, soit environ 
1,5 NM a 18echelle (le diametre de l'ecran est dlenviron 
35 cm). Compte tenu des trajectographies obtenues a partir 
des pistes radars enregistrees, le centre du plot etait 
donc probablement legerement au nord de 1 'axe d'approche 
affiche sur llecran, sans que cela puisse &re considere 
par le contrbleur come significativement anormal. De plus, 
a cet instant, 18appareil etait encore approximativement 
sur le plan de descente nominal. L'information issue de 
18alticodeur et affichee sur 18ecran n8indiquait donc, a 
priori, aucune anomalie de trajectoire. Dtautant plus que 
pour un avion descendant a 3000 ft/mn, le niveau lu par le 
contrbleur est superieur dtenviron 500 ft au niveau reel 
de l'avion. En consequence ce n'est qu8au mieux dans les 
vingt dernieres secondes de vol qu'une situation anormale 
aurait probablement pu etre detectee. 
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2 2 . 6 4  - Conclusion 
Le contr6le dlapproche avait prevu que le F-GGED 

effectue une dpptoche VOR DME 05 directe. Pourtant, ni le 
trajet dtarrivee a Strasbourg ni le type dtapproche ntont 
ete clairement indiques a ltequipage. Le quiproquo 
concernant la procedure dtapproche aurait ete evite par une 
formulation precise de la route prevue par le contrele pour 
ce vol. 

Contrairement a ce qui avait ete propose par le 
contr6leur, le guidage radar nta pas permis 1 interception 
de ltaxe dtapproche a ANDLO. Dans ces conditions la phase 
dtapproche intermediaire a ete tronquee. 

A diverses reprises, la phraseologie utilisee nta pas 
ete conforme a la reglementation en vigueur. Cependant il 
ntest pas etabli que les ecarts constates aient influe sur 
le deroulement du vol. 

Le commandant ntavait pas envisage lteventualite 
dtune approche VOR DME 05 directe. Le guidage radar propose 
lui permettait dtecourter la procedure. I1 lla 
immediatement accepte et semble st6tre content@, en ce qui 
concerne le suivi de la navigation horizontale, dtexecuter 
les instructions donnees par le contr6leur jusquta la fin 
du guidage radar. 

22.7- rapports iquipage - environneslent 

22.71 - Introduction 
Les circonstances connues de cet accident ont amene 

les enqueteurs a examiner lteventuelle influence des 
conditions meteorologiques sur la conduite du vol. 

22.72 - Les conditions m6tiorolouiaues 
Ltenquete a etabli que la descente depuis le niveau 

de croisiere vers ltaltitude de 5000 pieds stest tout 
dtabord deroulee dans un ciel pratiquement degage de nuages 
(quelques bancs dtaltocumulus residuels ont pu ktre 
rencontres a une altitude voisine de 10000 pieds), puis 
stest poursuivie a partir de 6000 pieds environ dans une 
couche de strato-cumulus. 

I1 faisait nuit mais les conditions dteclairement 
etaient probablement telles que ltequipage a nettement 
perCu ltentree dans la couche de nuages puisqutelle stest 
traduite par la perte de visibilite exterieure. 

Ctest tres probablement ce constat qui a incite 
ltequipage a mettre en oeuvre les systemes dlanti-givrage 
des nacelles moteurs. 
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Les observations meteorologiques et les temoignages 
recueillis sont concordants et indiquent que le vol stest 
poursuivi dans la couche de nuages jusquta ltimpact avec 
le sol. L'equipage n'avait donc aucune reference visuelle 
exterieure. 

En ce qui concerne le givrage, il convient de noter 
que les temoignages recueillis aupres d'equipages ayant 
effectue l'approche peu avant ou peu apres le F-GGED font 
etat de conditions givrantes moderees confonnes a 
ltexploitation des parametres meteorologiques disponibles. 
Lfexamen des enregistrements de parametres moteurs et des 
moteurs eux-mgmes a pennis de refuter totalement 
l'hypothese dlune degradation de leurs performances. 

L1intensite du vent rencontre entre 5000 pieds et 
ltaltitude de ltaccident a ete evalue a une vingtaine de 
noeuds (soit 35 km/h environ) et aucun phenomene de 
turbulence significative n t a  ete rapporte. 

2 2 . 7 3  - Conclusion 
Les conditions meteorologiques rencontrees, sans &re 

ideales du faitde l'absence de visibilite, ne presentaient 
pas en elles-memes un caractere dangereux. 
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C W I T R E  2.3 - ANALY8E DES CONTEXTES REGLEMENTAIRE 
ORGANIBATIOHNEL. STRUCTUREL 

Apres avoir etabli dans la mesure de son possible le 
scenario factuel de llaccident (chapitre 21) , puis avoir 
analyse les mecanismes sous-jacents ayant directement ou 
indirectement contribue a produire, dans le temps de ce 
scenario, les anomalies constatees (chapitre 22), la 
commission a examine les elements de nature reglementaire, 
organisationnelle, socio-economique ou culturelle, 
participant au contexte de llexploitation du FGGED, et 
susceptibles d avoir induit, favorise ou permis 1 action 
des mecanismes en question. La commission a notamment fait 
porter sa reflexion sur la compagnie Air Inter, les 
services de la DGAC charges de sa tutelle technique, la 
certification de ltavion, le retour dlexperience. 

23.1 - te contarte 116 a la compagnie Air Inter 

23.11 - Les caractdristimes du reseau e t  de 
l l emlo i ta t ion  

23.111 - Les caracteristiques particulieres du reseau 
et de llexploitation dlAir Inter ont ete rappelees au 
chapitre 17. La commission a note en particulier la forte 
culture de respect des horaires et de contraction des temps 
de vol qui caracterise la compagnie, comme resultat 
notamment des attentes de la clientele et de la concurrence 
des transports de surface. La prise en compte de ces 
contraintes s'est traduite, aux niveaux de la maintenance 
et du traitement des vols a ltescale, par la mise en oeuvre 
operationnelle dlun dispositif particulierement efficace 
et adapte aux solutions rapides. Au niveau des procedures 
dlutilisation des avions, elle stest traduite par une 
pratique generale de descentes et dlapproches rapides. 

23.112 - La commission nta pas trouve dans son 
analyse du scenario et des mecanismes de ltaccident 
dtelements susceptibles dt&tre rapproches de fa~on 
pertinente de ce qui precede. Ltequipage du F-GGED ntetait 
pas en retard (il etait plutbt en avance sur son horaire 
dlune ou deux minutes) . Le CVR ne comporte pas d1 indica- 
tion que la preoccupation de gagner du temps ait pu jouer 
un rble important dans les choix strategiques effectues au 
cours du vol et dans les difficultes rencontrees. Les 
seules allusions au temps de vol sont les suivantes: 

- a 18h04mnI le commandant justifie aupres du 
copilote son refus dteffectuer une approche VOR DME 05 par 
la perte de dix minutes de vol par rapport a une approche 
I L S  23. En fait ceci ntaurait ete vrai que dans le cas ou 
la procedure complete aurait ete effectuee. Un souci 



96 ICAO Circular 296-AN11 70 

systematique de gain sur le temps de vol aurait au 
contraire incite le commandant a stinterroger sur les 
possibilites d'approche directe en piste 05. 

- a 18h13mn44sI le contr6leur commente sa proposition 
de guidage radar vers Andlo, qui vient dtktre acceptee par 
l'equipage, en disant: Mvoila, qa vous fera gagner du 
temps''. En fait, le guidage radar conduit normalement a un 
plus grand confort dans la conduite de l'approche. 

23.113 - En revanche la commission a rapproche les 
conclusions negatives qui ont ete tirees par Air Inter 
quand a la compatibilite du GPWS avec son exploitation 
quotidienne, et les particularites de cette exploitation 
evoquees plus haut. Elle a note que la decision negative 
avait ete prise au terme d'une experimentation pratique 
approfondie conduite par la compagnie dans les annees 1976 
et 1977 sur le GPWS, en particulier a cause d'un taux 
excessif dlalarmes ne correspondant pas a une anomalie 
dangereuse de trajectoire. La reduction de ce taux aurait 
probablement impose, en plus d'une evolution de la 
technique, une revision importante des procedures 
d'utilisation des avions en approche, et m0me de certaines 
procedures d'approche publiees. La commission considere en 
consequence que cette culture de compagnie est un element 
important de comprehension de la position negative prise 
par cette compagnie a l'egard du GPWS. 

23.114 - Parmi les autres caracteristiques de 
l'exploitation d8Air Inter susceptibles dlOtre soulignees 
come elements de contexte pertinents, la commission a 
retenu la haute frequence des vols, la repetitivite 
importante qui en resulte pour les actions de llequipage, 
ainsi que la proportion considerable dlapproches ILS par 
rapport aux approches de non precision. La repetitivite des 
vols induit inevitablement un fort effet de routine, 
particulierement nefaste a la perennite des annonces. La 
relative rarete des approches VOR/DME et autres approches 
Mclassiquesml a certainement incite le systeme de formation 
de la compagnie a mettre llaccent surtout sur les approches 
automatiques de precision. Elle contribue' peut-&re a 
expliquer la reticence constatee chez le commandantde bord 
vis a vis de la perspective d'effectuer un telle approche 
pour la piste 05. 

23.12 - Les effets indirects du climat social 

23.121 - La commission a note qu'a Air Inter, la mise 
en service de l'avion s'etait effectuee dans un climat 
social tendu, du fait du rejet par une partie des navigants 
techniques dlun avion congu pour un equipage a deux. Dans 
ce contexte, anterieur au developpement de l'A320, les 
positions se sont radicalisees a propos de cet avion. 
L'argument de la securite fortement invoque pour justifier 
l'equipage a trois, en resonance avec les nombreuses 
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difficultes rencontrees dans la mise au point technique de 
llavion dans la premiere annee dlexploitation, et 
l'accident survenu a Habsheim en juin 1988, ont induit une 
atmosphere de suspicion sur l'avion et sa securite. Des 
rumeurs se sont developpees sur des comportements 
fantasques des automatismes, qui ont amplifie certaines 
reticences individuelles vis-a-vis de llinnovation 
importante representee par ce type d'avion dans cette 
compagnie. 

23.122 - La commission a retenu dans sa reflexion que 
ce climat particulier avait pese ou pu peser dans les 
decisions, positions, ou attitudes suivantes prises par les 
responsables de la compagnie Air Inter: 

- la decision de traiter 11A320 comme un avion a 
part, en utilisant pleinement le principe, traditionnel 
dans la compagnie, dlune structure specifique pour sa prise 
en charge technique et operationnelle, et en mettant en 
place un systeme de formation des equipages de haut niveau 
(cf § 23.131 ci-apres) de fa~on a minimiser les risques 
d echec ; 

- le recours traditionnel au volontariat, possible 
jusqu'en janvier 1991, pour la designation des pilotes 
appeles a passer sur A320 a entraine un tri de fait des 
pilotes les plus motives, ou se sentant les plus capables, 
pour la premiere periode de formation. A partir de la mi- 
1991, llarrivee en formation des autres pilotes, 
principalement en provenance du secteur Caravelle 12 en 
extinction, a conduit a quelques difficultes, qui ont ete 
compensees par llallongement de l'adaptation en ligne, qui 
est passee de cinq a sept vols; 

- la decision de ne pas choisir 1 'option GPWS, malgre 
son faible coQt compte tenu du precablage de serie. Cette 
decision a ete argumentee par le souci de conserver 
llhomogeneite de la flotte. Compte tenu de la structure 
specifique mise en place pour cet avion, y compris s u r  le 
plan de la maintenance, il pourrait bien s'agir dlun souci 
plus psychologique que technique: ne pas traiter sur ce 
point 11A320 differemment des autres appareils de la flotte 
pour ne pas offrir de point d'appui a la polemique sur le 
niveau de securite de llappareil en equipage a deux; 

- une politique de diffusion restrictive de 
llinformation concernant les difficultes techniques et 
operationnelles rencontrees dans la mise en oeuvre et 
llexploitation de llavion, et une mise en avant des 
resultats techniques positifs obtenus en exploitation (en 
1989 et 1990, Air Inter a r e p  dlAirbus Industrie la 
recompense de la meilleure exploitation technique de 
11A320). 
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23.123 - D1autre part, ce climat a pu peser sur 
chaque navigant de la compagnie, en llobligeant souvent a 
prendre parti. Dans ce contexte, dleventuelles difficultes 
en cours de conversion sur A 3 2 0  etaient susceptibles dtetre 
interpretees comme une prise de position. 

23.13 - Elements concernant l a  formation 

23.131 - La commission a cherche a evaluer la qualite 
de la formation dispensee aux pilotes du F-GGED dans le 
cadre de leur qualification de type A320 a Air Inter. Son 
impression generale est que ce programme de formation 
semble globalement se situer au sommet de ce qui se fait 
dans ce domaine au plan international. 

23.132 - Ses points forts sont essentiellement 
llutilisation conjointe dlenseignement assiste par 
ordinateur (EAO) et de cours en salle par des instructeurs 
techniques pour la formation theorique, le nombre total 
dtheures de cours (55h pour l'etude des systemes) et de 
simulateur (44h de FBS et 32h de FFS), le module de 
complement technique apres un mois dlexperience en ligne. 
Ses points faibles sont resumes dans un certain desequili- 
bre des efforts investis dans la connaissance des systemes 
(ce qui reste evidemment un objectif normal de toute 
qualification de type) et des procedures d'urgence/secours 
et dtapproche de precision, au detriment de ltutilisation 
"normale" de 1 avion. Or en pratique les problemes graves, 
et en particulier les accidents, rencontres sur cette 
generation d'avion semblent resulter plus de mauvaises 
utilisations de systemes par ailleurs dans leur etat de 
fonctionnement normal que des consequences de defaillances 
techniques graves. 

23.133 - L1entrainement aux approches classiques est 
dimensionne a partir du postulat que le savoir faire deja 
possede par les pilotes dans ce domaine sera transfere sans 
probleme particulier sur A320. Un total de quatre approches 
estprevu au programme pour cette adaptation de competence. 
Or ltapproche VOR DME sur A320 presente deux specificites: 
il nlexiste pas de mode lateral de pilote automatique 
couple sur le VOR, et il existe par contre un mode de 
pilote automatique ou de directeur de vol couple sur un 
plan de descente selectable (FPA). 

L1utilisation de cette nouvelle fonction comporte, 
comme toute fonction, ses difficultes et ses risques 
dlerreur specifiques. Certaines compagnies en ont proscrit 
l'utilisation plut6t que d'en enseigner le mode dlemploi. 
De plus, les approches classiques sont des approches 
rarement effectuees en ligne, ce qui conduit a un sous- 
entrainement chronique des equipages dans ce domaine. La 
commission a donc estime qulil existait un besoin de 
renforcement de la formation aux approches classiques lors 
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des qualifications de type sur avion de nouvelle 
generation, par rapport au programme de la compagnie Air 
Inter. 

23.134 - La commission a note llexistence chez Air 
Inter dlun stage preparatoire a la qualification de type 
proprement dite (le stage STAN). Ce stage a ete concp 
globalement comme un module de formation technique 
academique sur llelectronique, llautomatique, les 
automatismes et ltavionique moderne. I1 est destine aux 
pilotes et aux techniciens de la compagnie et se veut un 
outil de demythification de llavion pour les pilotes qui 
decouvrent ces techniques de nouvelle generation. Cependant 
il nlest pas exclu que cet effort de demythification se 
soit revele en quelque sorte trop efficace pour certains 
pilotes. En particulier, on peut se demander si certains 
pilotes de la deuxieme periode, ceux qui avaient une 
approche moins motivee et peut-etre aussi moins rationnelle 
de llavion, ne sont pas passes a cette occasion de la 
mefiance systematique a une confiance systematique dans 
certains automatismes particulierement pratiques. 

La commission a en revanche hautement reconnu (cf en 
particulier S 22.23) llampleur de la transition representee 
par le passage sur un avion du type de 11A320 pour un 
pilote nlayant qulune experience dlavion classique de 
conception ancienne, et de pilotage en equipage a trois. 
Elle soutient en consequence le principe dlun module 
dladaptation pour les pilotes effectuant leur premiere 
transition sur un avion de nouvelle generation. Elle 
considere cependant que ses objectifs devraient etre 
differents de ceux poursuivis par le stage STAN, et 
devraient &re centres sur une presentation fonctionnelle 
de la conception et de la philosophie diutilisation des 
automatismes de haut niveau, ainsi que sur les 
modifications et les problemes qulils induisent dans le 
travail de liequipage: gestion des anomalies de 
fonctionnement, problemes de surveillance, de surconfiance, 
de conscience de la situation reelle et de communication 
entre pilotes, caractere critique du controle mutuel. 

23.2 - L*exaraicre be la tutelle be la DGAC aur Air Inter 
* 

23.21 - Le contr6le de la DGAC sur llexploitation de 
11A320 a Air Inter 

23.211 - La commission a mis en evidence dans 
differentes parties de son analyse un certain nombre 
d'anomalies dans la performance de llequipage. Elle a 
releve en particulier llabsence diannonces sup les valeurs 
de consigne, sur le changement de mode de pilotage 
automatique, et sur le contr6le vertical de la trajectoire 
dans la phase finale du vol. Elle a egalement releve dans 
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cette phase la mise en descente de llavion alors que celui- 
ci se trouvait encore a environ dix degres de 1 'axe 
dlapproche prevu par la procedure. 

La reglementation fran~aise et celle des grands pays 
aeronautiques prevoit que le niveau professionnel des 
equipages est determine et verifie par llexploitant lui- 
meme (a  llissue des phases de qualification de type et 
d'adaptation en ligne, et lors des contrbles annuels 
reglementaires). Par ailleurs, l'efficacite de ce controle 
est en principe surveillee par la DGAC bans le cadre de 
l'exercice de sa tutelle technique. 

23.212 - La commission a donc cherche a recueillir le 
jugement porte sur les pilotes du F-GGED par le systeme de 
formation, de maintien et de contr6le des competences de 
la compagnie elle-msme, puis elle a cherche des references 
externes d'evaluation de l'efficacite globale de ce 
systeme. 

La commission a en consequence examine les modalites 
de l'exercice du contrble exerce par la DGAC sur 
llexploitation de l'A320 a Air Inter. La description de ces 
modalites figure au paragraphe 17.3 du present rapport. 
Compte-tenu de la rarete des documents dtinspection ou de 
contr6le en vol existants pour ce qui concerne cette 
compagnie, la commission n'a pas ete en mesure de 
determiner si la contre-performance de cet equipage etait 
purement conjoncturelle, ou bien au contraire liee a une 
derive au sein de la compagnie. Plus generalement, elle a 
releve un certain nombre dlindices d'insuffisances ou de 
difficultes dans ltexercice de la tutelle de la DGAC sur 
la compagnie. 

23.213 - En ce qui concerne le r61e tenu par le 
SFACT, elle a note en particulier : 

- que l'agrement des instructeurs charges du contrble 
de competences prevu par la reglementation, etait vecu par 
les responsables concernes dvAir Inter comme une pure 
formalite administrative depourvue de fonction reelle de 
securite. Ceci a conduit au fait qutaucun instructeur n'a 
ete agree pour ces contr6les par le SFACT entre 1988 et 
fevrier 1992, alors,que dans le meme temps, aux termes de 
ltaccord dtentreprise, leur nomination etait prononcee au 
sein dtAir Inter a l'anciennete; 

- que les contr6les dlexploitation, effectues par des 
personnels ingenieurs et destines a verifier lvapplication 
et l'adequation des procedures prevues par la compagnie, 
etaient vecus par les personnels navigants techniques dtAir 
Inter (et d'autres compagnies fran~aises) comme des 
contr6les de leur propre competence, et refuses comme tels 
au nom de ltincompetence des personnels contr6leurs; 
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- que llinformation du SFACT par Air Inter concernant 
,les difficultes rencontrees dans l'exploitation de lfA320, 
en particulier dans le cadre du compte-rendu d'exploitation 
demande par la reglementation au terme de la premiere annee 
dlexploitation dlun avion de plus de quarante tonnes pilote 
a deux, etait restee minimale; 

23.214 - En ce qui concerne llOCV, dont la fonction 
centrale concerne le niveau professionnel des equipages, 
la commission n'a pas conscience de difficulte 
dlacceptation analogue a celles evoquees ci-dessus. Elle 
a note cependant deux facteurs susceptibles de limiter 
llefficacite de la surveillance et des contreles exerces 
par llOCV sur une compagnie comme Air Inter. 

Le premier concerne le statut meme des pilotes en 
fonction a ltOCV. Leur double appartenance - a lfOCV et a 
une compagnie aerienne - garantit leur competence mais rend 
plus delicat l'exercice dlune surveillance formalisee, 
forte et independante, vis a vis de leur propre compagnie. 

Le second facteur qui limite les possibilites de 
surveillance effective de llOCV concerne ses moyens, et en 
particulier ses effectifs, qui ne lui permettent pas de 
proceder a des sondages en vol sur le niveau professionnel 
des equipages de tous les exploitants a une frequence 
adaptee. 

Dans les faits, ltOCV nla pratique aucun contrble en 
ligne formel sur A 3 2 0  a Air Inter entre la fin de 1988 et 
1 'accident. Au terme de la phase de mise en ligne, la seule 
evaluation directe dont a dispose llOCV sur le niveau 
professionnel des equipages dlAir Inter volant sur A320 
venait de la pratique quotidienne de l'exploitation de 
11A320 par un pilote-inspecteur de llOCV par ailleurs 
commandant de bord A320 a Air Inter. 

La commission a le sentiment que ce systeme de 
contr6le nletait pas en mesure de detecter une eventuelle 
derive dans les pratiques de llexploitation quotidienne en 
ce qui concerne les annonces faites par les equipages. 

23.215 - Globalement la commission retire 
llimpression que les potentialites et la realit6 de la 
surveillance operationnelle exercee par la DGAC sur une 
compaqnie de la taille dtAir Inter sont tres limitees. 
Cette compagnie nt a jamais f ait 1 objet dt une inspection 
globale SFACT/OCV et la derniere inspection sectorielle 
ayant donne lieu a un rapport parait remonter a 1984. I1 
semble a cet egard que l'encadrement et les personnels 
navigants de cette compagnie per~oivent le r6le du SFACT 
comme limite a la gestion des textes reglementaires, et 
manifestent certaines reticences a llexercice par ce 
service de ses fonctions de contrele de llapplication de 
la reglementation. En outre, le contr6le en vol exerce par 
1'OCV semble dans la pratique principalement oriente vers 
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les pe'tites compagnies, et manquer de formalisme en ce qui 
concerne les grandes. Ainsi la commission dlenquGte nla pas 
eu connaissance de rapports ecrits recents lui permettant 
de connaitre lfappreciation portee par 1'OCV sur la 
performance en ligne des equipages d 'Air Inter 
eventuellement contrbles. 

23.216 - Bien qugelle ngait pas pu effectuer de 
comparaison avec dgautres pays, la commission a le 
sentiment que la faiblesse de llautorite exterieure de 
contrble est prejudiciable a la securite de fonctionnement 
dfun systeme aussi complexe qufune grande compagnie 
aerienne, quelle que soit par ailleurs la qualite de ses 
personnels et la rigueur de son organisation. 

La commission considere egalement qu une 
formalisation rigoureuse des contrbles effectues est 
indispensable pour permettre aux dirigeants de lfentreprise 
de sgassurer le cas echeant que des mesures correctrices 
ont ete prises. 

23.22 - La reqlementation concernant le GPWB 
23.221 - La commission sgest interrogee sur les 

raisons qui ont pu conduire la DGAC a ne pas traduire dans 
les regles operationnelles fran~aises la norme adoptee en 
1978 par lgOACI dans son Annexe 6 concernant lgobligation 
dtemport dfun dispositif avertisseur de proximite de sol 
(GPWS) pour certains types dgavions. Parmi les facteurs 
susceptibles dgavoir initialement influence cette decision, 
la commission a note : 

- les limites operationnelles du dispositif mises en 
evidence par les experimentations conduites par le CEV des 
1975 : taux eleve de fausses alarmes ou dgalarmes non 
justifiees par un risque reel, absence dfanticipation dans 
lgaxe de la trajectoire conduisant dans certains cas a des 
alarmes trop tardives, problemes de compatibilite des 
manoeuvres dfevitement suscitees par les alarmes avec le 
contrble de la circulation aerienne; 

- la position reservee exprimee par la communaute 
aeronautique franqaise consultee par le SFACT en 1976 sur 
un projet de reglementation, position confirmee par Air 
Inter a la suite dtessais pratiques approfondis effectues 
en 1976 et 1977 sur Mercure et sur A300 sur le reseau de 
la compagnie; 

- la reticence de principe de la DGAC a promouvoir 
une obligation d'emport pour un equipement protege par le 
depbt d'un brevet industriel; 
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23.222 - Le developpement d'une reglementation opera- 
tionnelle europeenne (JAR OPS) prevoyant llobligation 
dtemport du GPWS a crde, a partir de 1990, le contexte 
dfune revision de cette position nationale. Cependant la 
DGAC nla pas juge necessaire de proceder a un amendement 
specifique de la reglementation francaise sur ce point 
avant de proceder a la revision d'ensemble imposee par 
l'alignement sur le texte commun europeen. A la suite du 
traitement dfun incident et dfune intervention de llOCV, 
le SFACT a seulement fait part a Air Inter en decembre 1991 
de son etonnement devant le fait que, malgre les exigences 
prevues par les futures normes europeennes, sa flotte ne 
soit toujours pas equipee de GPWS. 

23.223 La commission releve que llinfluence 
excessive de la position exprimee par tel ou tel acteur 
dans le processus dtelaboration reglementaire pourrait 
conduire a une insuffisance reglementaire. En retour, pour 
les responsables de l'exploitation dans les compagnies, 
cette insuffisance pourrait se traduire par un manque 
d'elements formels de decision necessaires pour mettre en 
oeuvre une politique de securite compte tenu des 
contraintes existantes. 

23.3 - La certification de lravion 
23.31- Certification du svsteme be ~ilotaue 

automatime. 

Dans son exploration des scenarios possibles de 
l'accident, la commission n'a pas pu totalement exclure 
(voir 5 21.24, hypothese N'3) la possibilite dlune 
defaillance de la chaine de pilotage automatique, soit au 
niveau du bouton poussoir de selection de reference de 
trajectoire, soit au niveau de la transmission de la valeur 
de consigne au FMGC. Elle a considere cette hypothese comme 
tres peu probable, mais a cependant conduit, au dela du cas 
de l'accident, une reflexion plus generale sur la 
certification des pilotes automatiques, compte tenu de 
lfimportance du sujet. 

23.311 - Les principes de certification 
23.311.1 - Le document ACJ 25-1309 (Advisory Circular 

Joint) fournit les elements necessaires d'interpretation 
et indique un moyen acceptable de demonstration de 
conformite aux exigences exposees par ltarticle 
correspondant du JAR 25 du reglement de certification 
europeen des systemes de pilotage automatique des avions 
de transport. Le concept central de cette interpretation 
est l'association entre la consequence d'une panne et la 
probabilite dtoccurrence maximum acceptable. 
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Ainsi, ce document definit les notions de consequence 
catastrophique, critique, majeure, et mineure, et leur 
associe des fourchettes de probabilites dloccurrence, 
definies par des valeurs limites chiffrees et designees 
respectivement extremement: improbable, extremement rare, 
rare, et probable. Ainsi les pannes a consequence majeure 
doivent avoir une probabilite dloccurrence plus faible que 

par heures de vol, les pannes h consequence critique 
une probabilite plus faible que par heure de vol, et 
les pannes a consequence catastrophique par heure de 
vol. Les mots llcatastrophiquell Ncritiquew, laprobablell ou 
I1improbablen prennent donc ici un sens different et plus 
precis que dans le reste du rapport. 

23.311.2 - Dans leur conception actuelle, les 
systemes de pilotage automatique qui equipent les avions 
de transport ne detectent pas certains types de pannes 
telles qulune eventuelle corruption daune valeur de 
consigne selectee par le pilote. 

Le document de certification System Safety Assessment 
(SSA) du FMGS de laA320 envisage en particulier des @Ipannes 
non detectees par le systeme avec effet limiten. La notion 
dleffet limite concerne le facteur de charge resultant et 
llassiette laterale de laavion et se rapporte a la seule 
analyse des effets directs de la panne des systemes avion. 

En fait, les consequences a plus long terme de ces 
pannes dependent evidemment de la capacite de llequipage 
a detecter et a remedier en temps utile a leurs effets, 
capacite qui repose sur la surveillance exercee par 
laequipage. Laetude daacceptabilite de telles pannes par 
le certificateur prend donc en compte notamment la 
possibilite de correction de leurs effets par laequipage, 
en fonction en particulier de la phase de vol. Ceci est 
verifie lors des essais en vol dans le cadre daune 
evaluation globale du systeme avion/procedures/equipage qui 
considere: le fait que la panne soit decelable ou non, le 
temps de sa detection, le delai (forfaitaire) de reaction 
de laequipage, et les effets de la procedure corrective 
effectuee (correctement) par laequipage. 

Au terme de cet essai, la panne est jugee decelable, 
ou non decelable. Si elle est jugee decelable, on evalue 
ses consequences en tenant compte des possibilites dlaction 
de llequipage et des procedure prevues. Si elle jugee non 
decelable, on evalue ses consequences sans reaction de 
llequipage. 

23.311.3 - A titre daexemple, dans le cadre du 
processus de certification de laA320, les principes 
rappeles ci-dessus ont ete appliques pour laevaluation de 
la panne de FCU lacorruption de la valeur de consigne VS 
ou FPAga. Les effets daune telle panne sont limites, au sens 
defini precedemment. 
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Au stade de llevaluation en volt cette panne a ete 
j ugee : 

1) aisement decelable 
2) aisement rattrapable. 

On a donc suppose qu'il y avait reprise en main par 
lgequipage, et il a ete montre alors que ce type de panne 
pouvait etre classe comme ayant des consequences mineures 
jusqula une hauteur dtoccurrence de panne de 4 0 0  pieds, et 
qutelle devait etre classee comme ayant des consequences 
llmajeuresn au-dessous de 4 0 0  pieds. 

La probabilite previsionnelle de ces pannes, telle 
qulelle ressort de ltanalyse de fiabilite des systemes 
( l o e 5  par heure de vol) etait donc compatible avec 
ltobjectif de securite au-dessus de 4 0 0  pieds (classement 
"mineureM). Au-dessous de 4 0 0  pieds, cette probabilite 
n'est plus compatible avec la classification des 
consequences ("majeure"). Le certificateur prend alors en 
compte le fait que le temps dgexposition a la panne au 
dessous de 4 0 0  pieds (environ une minute en approche) 
reduit le risque reel dtun ordre de grandeur par rapport 
a celui qui correspond a la periode de reference normale 
(une heure) , ce qui rend la probabilite de panne acceptable 
dans le cas d'effets "maje~rs'~. 

23.312 - Analyse de l'experience en service 
En ce qui concerne les cas identifies de 

dysfonctionnement du FCU qui peuvent etre regroupes sous 
la denomination Itcorruption de la valeur de consigne de 
descente selectee au FCU, non detectee par le systeme et 
provoquant une stabilisation de la vitesse verticale a une 
valeur differente de celle voulue par le piloteM, 
ltexperience en service connue au terme de la presente 
enqugte conduit a une frequence de 1 'ordre de par 
heure de vol (un cas de FCU defectueux identifie avec 
certitude, ayant donne lieu a trois occurrences de 
corruption, pour environ un million quatre cent mille 
heures de vol) . 

Cette frequence constatee ne remet pas en cause la 
demonstration formelle de conformite. En effet celle-ci 
prend en compte une probabilite de defaillance non detectee 
du FCU (qui inclue moSns d'une dizaine d'autres modes de 
defaillances) de 10 '~  par heure de vol. 

23.313 - Analyse des principes de certification 
La commission s'est interrogee sur la validite du 

raisonnement sur le fond, clest a dire sur la justification 
de la classification des consequences de la panne d'un mode 
vertical du pilote automatique d'un avion quelconque dans 
certaines phases de vol, tout particulierement en phases 
intermediaire et finale dlune procedure d'approche dite 
classique. 
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On a vu que lgevaluation en vol conduisait a juger la 
panne detectable, ou non detectable. Cependant, en toute 
rigueur, la detection dlune panne par un equipage au bout 
d@un temps donne est une notion probabiliste au meme titre 
que lloccurrence de la panne elle-meme. La convertir en 
variable binaire (detectable/indetectable) revient a 
negliger, dans llevaluation des consequences, celles qui 
sont associees au choix complementaire de celui qui a ete 
retenu. Par exemple, decider la panne de FCU "aisement 
detectable1@ en approche finale revient a negliger, dans 
llestimation de ses consequences, toutes relles qui sont 
associees a sa non detection. De mkme, un5 fois la panne 
reconnue, sa correction convenable par llequipage est 
egalement une notion probabiliste. 

Or la consequence d8une panne qui reste non reconnue, 
ou qui est ma1 traitee, est la perte probable de ltavion. 
I1 conviendrait donc de slassurer, dans le cadre de la 
certification, que le risque global correspondant a 
l'occurrence de la panne non reconnue, ou reconnue et ma1 
traitee, est acceptable, au sens utilise aujourdlhui dans 
les principes de certification, eu egard aux consequences 
de ces evenements. 

La commission est consciente du fait qulau stade 
actuel des connaissances, il ne pourrait slagir dlune 
quantification veritable, analogue a celle qui permet 
(avec toutefois des approximations et de llempirisme) 
dlevaluer les probabilites de defaillance technique. 

La commission estime neanmoins necessaire de 
completer pour les avions futurs la procedure actuelle de 
certification des pilotes automatiques. Celle-ci est en 
effet reduite aujourd@hui a une evaluation en vol 
subjective, effectuee par des equipages dlessai, dans des 
conditions tres particulieres. La commission a note par 
exemple que si le principe prevoit que ces equipages ne 
soient pas prevenus de la panne, la pratique d@un programme 
de vol dtessai conduit a une realite notablement 
differente. 

La commission pense que cette procedure devrait 6tre 
completee par une reflexion plus analytique utilisant les 
connaissances disponibles (qulil est par ailleurs sQrement 
necessaire de developper) concernant les comportements des 
operateurs humains. Dans ce cadre, le certificateur serait 
amene a considerer les procedures de surveillance definies 
pour l@equipage, ainsi que la conception de llinterface 
avion/equipage en ce qui concerne les moyens de reconnais- 
sance de panne fournis a ltequipage. 

La commission remarque enfin que, s 'agissant par 
hypothese de pannes non auto-surveillees, donc non pourvues 
dlalarmes associees, les observations qu'elle formule au 
paragraphe 23.32 vis a vis de la certification de certains 
aspects ergonomiques des postes de pilotage, et concernant 
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le pouvoir d'alerte de certaines informations, sont 
egalement applicables a la certificatior,. des pilotes 
automatiques. En effet, les moyens dont dispose l'equipage 
pour reconnaitre une panne de pilote automatique depourvue 
d'alarme sont les memes que ceux dont il dispose pour 
reconnaitre ses propres erreurs de commande sur le systeme. 

23.32 - La certification de l'eruonomie du poste de 
pilotaae 

23.321- Enseignements de l'accident et de 
l~expirience en service 

23.321.1 - Lorsqu'elle a analyse le processus 
accidentel du point de vue de lfinterface entre l'equipage 
et llavion (voir en particulier 5 22.3) , la commission est 
parvenue aux conclusions suivantes : 

(1) la conception du dispositif de commande et de 
contr6le des modes et des parametres de pilotage 
automatique de la trajectoire dans le pian vertical est 
telle que : 

- d'une part la probabilite de confusion dans le mode 
selecte est plutbt elevee dans certaines situations; 

- dtautre part la coherence entre le mode selecte et 
l'unite dtaffichage de la valeur cible selectee est 
un element critique de securite; 

(2) la presentation des parametres de contr6le de la 
trajectoire dans le plan vertical convient a une 
information correcte dtun equipage convenablement conscient 
de sa trajectoire, mais ntoffre pas les meilleures chances 
d'alerte a un equipage en erreur de representation a cet 
egard. 

23.321.2 - Lorsqu'elle a examine les enseignements 
possibles du retour d'experience, la commission a trouve 
une coherence entre les conclusions precedentes et les 
elements suivants: 

- ltexistence d'un taux d'erreur eleve sur la 
selection deS modes verticaux du pilote automatique 
pendant la phase d'instruction initiale; 

- la forte presomption d'un taux d'erreur residue1 
significatif en ligne; 

- ltexistence de cas de confusion de mode en ligne 
restes indetectes par l'equipage jusqu'a alame GPWS 
ou acquisition de references visuelles exterieures. 
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23.321.3 -La commission a rapproche, en fonction de 
ce qui precede, les differents jugements qulelle a pu 
porter sur les composantes concernees de ltinterface entre 
l'avion et l'equipage, et les articles pertinents du 
reglement de certification (voir 5 118.12) . 

En particulier ces articles demandent: 

- que la presentation des commandes soit conpe de 
maniere a reduire au minimum les erreurs de ltequipage: il 
a semble a la commission, a la lumiere de son analyse et 
des enseignements de ltexperience operationnelle disponible 
auj ourd hui, que la conception de cette commande n etait 
pas completement conforme a ltesprit de ces articles; 

- que la presentation des informations de vol et de 
navigation soit claire et non ambigue, et que les moyens 
associes a la surveillance du pilote automatique soient 
conqus pour reduire au minimum les erreurs de ltequipage 
qui pourraient creer des dangers supplementaires: il a 
semble a la commission, que de ce point de vue, la 
presentation des parametres de contr6le de la trajectoire 
dans le plan vertical repondait bien a l'objectif de 
certification en situation normale, mais probablement pas 
dans le cas dtun equipage en situation d'erreur de 
representation. 

23.322- Les principes et la methode de 
certification 

23.322.1 - Le paragraphe 118.1 rappelle les principes 
de certification applicables a la conception dtun poste de 
pilotage, et plus particulierement aux commandes de 
pilotage automatique de la trajectoire et aux instruments 
de contr6le de cette trajectoire. Ce paragraphe rappelle 
en outre la maniere dont la conformite de ltA320 aux 
exigences du reglement a ete evaluee lors du processus de 
certification de llavion. 

23.322.2 - En examinant les extraits pertinents du 
reglement de certification, la commission a note qutil 
stagissait essentiellement dlun reglement par objectifs. 
En analysant les documents interpretatifs (ACJ), la 
commission a note gue seul un tres petit nombre dtaspects 
ergonomiques - tels que la forme des commandes du train 
dlatterrissage et des volets, ou le sens de deplacement des 
commandes, faisait ltobjet dlune standardisation. En 
examinant les moyens acceptables de demonstration de 
conformite, elle nla trouve aucune indication de methode 
dtevaluation particuliere. La methode de demonstration est 
donc traitee et acceptee dans le cadre de chaque 
certification. 
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23.322.3 - La commission a examine la maniere dont le 
processus de certification applique a 11A320 avait traduit 
en pratique les exigences reglementaires evoquees ci- 
dessus. 

Elle a note qu'un effort tout particulier a ete fait 
pour evaluer la qualite de lfinterface avion/equipage dans 
le cadre des vols consacres a la demonstration de 
l'equipage minimal. Un releve systematique des erreurs 
commises, et une analyse de ces erreurs a posteriori, ont 
notamment ete effectues dans ce cadre. 

Elle remarque cependant que llessentiel de cet 
effort, consacre a la justification de llequipage minimal 
a deux pilotes dans le contexte de climat social tendu deja 
evoque, porte sur l'evaluation des charges de travail et 
la gestion des situations anonnales. La commission 
considere donc que, malgre une mise en oeuvre de methodes 
dlevaluation largement surdimensionnee par rapport aux 
pratiques internationales en vigueur, le processus de 
certification de 11A320 noa pas permis de detecter des 
particularites de conception qui se sont revelees a l'usage 
discutables par rapport a certains objectifs reglementaires 
(comrne par exemple eviter la confusion). 

La commission note egalement qulau stade de la 
definition de lfergonomie de lfA320, et compte-tenu du 
caractere particulierement novateur de cet appareil dans 
ce domaine, des evaluations auraient pu Otre effectuees en 
associant, par l'intermediaire de protocoles experimentaux 
adaptes, des futurs utilisateurs de base, a lfoccasion par 
exemple des etudes prealables de definition conduites en 
simulation pilotee. Ces evaluations auraient alors ete 
disponibles avec un preavis suffisant, autorisant encore 
de veritables choix dans des conditions acceptables pour 
les calendriers industriels du programme, ce qui est 
beaucoup plus difficile au stade de la certification. 

Elle note enfin que les methodes employees au stade 
de la certification privilegient les evaluations de type 
subjectif par une population restreinte de pilotes du 
constructeur ou de pilotes investis de fonctions 
off icielles. 

23.322.4 - La commission s'est en consequence 
interrogee sur lfaptitude du reglement, des principes et 
des procedures de certification en vigueur a fournir les 
garanties necessaires dans ce dornaine, notamment dans le 
cas de conceptions particulierement novatrices. 

Dans le cadre de cette reflexion, la commission a 
releve certains aspects des principes et du processus de 
certification en vigueur, qui lui paraissent constituer a 
cet egard des points de faiblesse: 
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- la prise en compte des erreurs de l'equipage se 
fait a travers des objectifs tres generaux (cf articles du 
reglement deja cites) sans discrimination des erreurs en 
fonction de leurs probabilites d'occurrence et des 
consequences associees; les evaluations des moyens de 
surveillance associes, qui sont souvent les memes que ceux 
utilises pour surveiller le bon fonctionnement des 
automatismes de pilotage, sont faites sous des hypotheses 
de comportements standards et de strict respect des 
procedures definies. I1 a semble a la commission que ces 
hypotheses ne correspondent pas necessairement a la realite 
du travail en ligne; 

- Les evaluations de l'ergonomie conduites dans le 
cadre de la certification font un appel quasi exclusif au 
jugement brut de pilotes dtessai et de pilotes officiels. 
Or il semble a la commission que la nouvelle generation de 
cockpits diminue notablement le pouvoir predicteur de cette 
methode, mOme completee par ltavis de pilotes designes par 
les compagnies de lancement, particulierement dans le cas 
dtavions globalement tres novateurs. En effet ces 
interfaces nouvelles produisent des modes dlerreurs 
nouveaux et particulierement evolutifs au cours des phases 
d'apprentissage et d'appropriation par les pilotes. Or 
l'experience individuelle sur le nouveau type des pilotes 
sollicites ne depasse jamais ces phases initiales. De plus 
ils disposent de connaissances plus completes sur ltavion, 
ils travaillent dans le cadre d'une mission differente de 
celle des futurs utilisateurs quotidiens. Les modes 
cognitifs qu'ils mettent en oeuvre, et les types d'erreur 
qu'ils sont susceptibles de commettre, sont en consequence 
partiellement differents de ceux des pilotes de ligne en 
situation de routine. 

- L'acte administratif de certification prend place 
bien apres le processus de conception, a un moment ou des 
choix industriels tres lourds, et donc tres difficiles a 
remettre en cause par le certificateur, sont deja faits. 
Or meme si ltavis du certificateur est sollicite des le 
debut de la phase de conception, il ne dispose pas a ce 
stade de criteres de refus en matiere d'ergonomie. Les 
faiblesses notees plus haut concernant le pouvoir 
predicteur des methodes actuelles sont en effet aggravees 
dans ce cas car l'horizon de prediction est plus lointain, 
et on ne dispose @ue de maquettes ou de simulations 
partielles. Le caractere subjectif des jugements 
individuels bruts, quelle que soit leur competence 
reconnue, les rend donc encore plus fragiles en tant que 
criteres de rejet. 

En consequence la commission est parvenue a la 
conclusion qu'un effort devrait etre consenti pour 
readapter les moyens du processus de certification a ses 
objectifs dans le domaine de l'ergonomie, en redefinissant 
de facon plus precise les objectifs reglementaires et les 
protocoles dtevaluation associes. 
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23.33 - Homolouation du svsteme DME de bord 
23.331 - Analyse de laexperience en service et 

conclusions 

Apres avoir analyse l'impli~ati~n possible du systeme 
DME du F-GGED dans le mecanisme de llaccident, la 
commission a conclu qufun eventuel dysfonctionnement de ce 
systeme ne pouvait gtre invoque ni comme generateur 
possible, ni comme facteur contributif dans lfaccident. 

Cependant, a lfoccasion des investigations techniques 
conduites pour analyser les dysfonctionnements possibles 
du DME Collins-700, la commission a constate llexistence 
de multiples modes de defaillance sur cet equipement. 

A 1 'occasion des expertises qui lui ont ete demandees 
par la commission pour rechercher si un defaut "sleeping 
modeM avait pu affecter le DME du F-GGED, il a ete constate 
des incoherences et des desordres dans les donnees 
enregistrees dans la memoire non volatile par le logiciel 
BITE. Ces desordres entrainent des debordements de tableaux 
de valeurs, qui perturbent le fonctionnement du logiciel 
operationnel de lfequipement (voir 117.325). 

La commission stest en consequence interrogee sur la 
conformite du DME Collins-700 au reglement technique de 
reference, et sur le processus dlhomologation suivi par cet 
equipement. 

23.332 - Homologation du DME Collins-700 
23.332.1- Exigences techniques applicables 

Les points examines pour llhomologation dlun 
equipement radio tel que le DME concernent le respect des 
exigences en matiere de conditions techniques applicables 
(CA), dlenvironnement, et enfin de logiciel. En ce qui 
concerne le logiciel, ces exigences sont decrites dans le 
document RTCA DO 178 A (Radio Technical Commission for 
Aeronautics) et son homologue europeen le document EUROCAE 
ED 12 A. 

Ce reglement prevoit pour les logiciels des niveaux 
de qualite qui debendent du caractere plus ou moins 
critique de leur fonction. Le niveau le plus bas envisage 
est le niveau lfnon essentielw. La principale exigence qui 
est alors formulee est de ne pas perturber le 
fonctionnement des autres logiciels. 

Les constatationstechniques rapportees au paragraphe 
precedent indiquent que la condition de plus bas niveau 
(logiciel lvnon essentielo) du document RTCA DO 178A nletait 
pas satisiaite par le logiciel BITE du DME Collins-700. 



112 
- - 

ICAO Circular 296-AN11 70 

Ces normes nletaient pas formellement en vigueur au  
moment de lthomologation du DME Collins-700. Cependant, 
ctest precisement ce nouvel equipement et sa technique 
numerique qui avaient semi de base au developpement de la 
nouvelle norme. Celle-ci etait dans un stade suffisant de 
maturite pour etre prise en consideration pour 
ltelaboration et 18homologation des logiciels du DME 
Collins-700, et il ntexistait pas d8autre norme pour les 
logiciels. 

I1 est probable que les operations de verification 
des logiciels decrites dans le document RTCA DO 178A , et 
qui consistent notamment en llexecution de processus 
dtintegration et de validation, auraient permis de detecter 
avant la mise en service de llequipement 18anomalie qui est 
a 1 Iorigine du Itsleeping modet8. 

23.332.2- Processus d8homologation applique 

S8agissant d8un equipement construit aux Etats-Unis, 
18autorite primaire pour lthomologation etait la FAA. En 
France, le dossier d8homologation a ete instruit par le 
STNA (Service Technique de la Navigation Aerienne). 

Le STNA a effectue des verifications de conformite en 
ce qui concerne les CTA et lgenvironnement mais nla pas 
procede a une analyse de conformite a la norme de 
qualification des logiciels. Sur ce point, la DGAC a donc 
accorde 18homologation en 1982 sur la base du travail 
accompli par la FAA. 

Le DME Collins-700 a subi une modification avant son 
integration sur A320 et autres avions de mkme generation. 
I1 s8agissait essentiellementde lladjonction de protocoles 
d8interfaces avec le systeme CFDS de 18A320 et du 
remplacement du MF'M (Maintenance Fault Memory) par un BITE. 
Cette modification, repertoriee 20558, a ete classee 
89nineureN et a ete approuvee en 1988. 

S agissant d Iun equipement de j a  connu et homologue 
par un TSO (Technical Standard Order) au moment de son 
integration sur A320, le DME Collins 700 nta pas fait 
l'objet a cette occasion d8une analyse de securite 
spgcifique concernant son fonctionnement propre. Par 
contre, cet equipdment constituant 18un des capteurs 
peripheriques du FMGC, ses modes de panne, leurs 
probabilites dtoccurrence, et leurs moyens de detection ont 
ete pris en compte dans ltanalyse de securite du FMGC. 

23.41 - DU fait notamment de la difficulte a etablir 
le scenario de cet accident, des recherches a la fois 
extensives et intensives ont ete effectuees dans le cadre 
de cette enquete pour retrouver dteventuels incidents 
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survenus dans des circonstances comparables, et ayant 
conduit ou etant susceptibles de conduire a un taux de 
descente anormalement eleve a llinsu de llequipage. 
Ces recherches ont amene la commission a questionner les 
organismes dfenquetes ou de recueil dqincidents des 
principaux pays utilisateurs de lqA320, et a examiner le 
temoignage de nombreux pilotes frangais de cet avion. 

A lqoccasion de ces recherches, dont le resultat est 
expose pour lqessentiel au paragraphe 1.17.6, il est 
apparu : 

- qulau moins deux incidents tres proches de 1 'un des 
scenarios retenus pour lfaccident (confusion de mode VS 
FPA) sqetaient produits dans le passe, dans differents 
pays, sans que les autorites de certification, ni le 
constructeur, ni les autres exploitants en aient eu 
connaissance; 

- que ces evenements etaient souvent connus de tel ou 
tel systeme de collecte dqinformation, sans que leur 
gravite potentielle ait ete percue, et le plus souvent sans 
que la precision des informations disponibles soit 
suffisante pour fonder une analyse approfondie et des 
actions eventuelles; 

- que des evenements de nature analogue se produisent 
en ligne sur differents types dqavion sans que les 
equipages per~oivent la necessite dqen faire un compte- 
rendu a leur compagnie ou aux autorites de l1aviation 
civile; 

23 .42  - 11 apparait en consequence que parmi les 
utilisateurs d1A320 il existait des informations diffuses 
concernant la frequence des confusions dans la gestion des 
modes verticaux de pilotage autonatique, et les risques 
associes. Un exploitant au noins avait proscrit a titre 
preventif lqutilisation du mode FPA a ses equipages, car 
il ne souhaitait pas effectuer lqinvestissement de 
fornation supplementaire quqil jugeait necessaire. Mais 
jamais ces informations nqont dte formulees et centralisees 
a un echelon convenable, susceptible de faire la synthese 
des difficultes rencontrees et de declencher des mesures 
correctrices. 

23.43 - De toutes les sources d'informations 
sollicitees par la commission ( bases de donnees nationales 
ou internationales alimentees par les systemes de rapports 
obligatoires, systemes de recueil confidentiels de comptes- 
rendus volontaires, bases de donnees de constructeurs ou 
dtequipementiers), une seule sqest averee capable de 
fournir de fagon fiable des informations suffisamment 
detaillees, completes, et precises pour permettre une 
analyse approfondie des incidents de cette nature: il 
s'agit du systeme dqanalyse systematique des parametres de 
vol enregistres mis en oeuvre par une compagnie, systeme 



114 ICAO Circular 296-AN11 70 

dans le cadre duquel toute anomalie importante detectee par 
le systeme automatique conduit a une analyse operationnelle 
approfondie de llevenement, avec si necessaire la 
contribution de llequipage concerne. Cependant le souci de 
proteger le consensus eminemment delicat obtenu entre les 
partenaires sociaux au sein de cette compagnie a conduit 
a ne pas diffuser llinformation recueillie vers l'exterieur 
de la compagnie. Le potentiel de securite considerable de 
tels dispositifs est donc a ce jour tres incompletement 
exploite. 

2 3 . 4 4  - ~Iorganisation generale et les 
caracteristiques du systeme franqais de retour dlexperience 
(cf 1 118.6) constituent un handicap manifeste a un 
fonctionnement efficace. La commission a releve en 
particulier les aspects suivants: 

- le dispositif reglementaire est constitue de 
stratifications successives de textes de statuts tres 
inegaux nlayant subi aucune refonte globale depuis les 
annees cinquante, ce qui conduit a un ensemble heterogene, 
complexe et difficilement comprehensible par les parties 
concernees; 

- le dispositif reglementaire n1etablit aucune 
obligation explicite, ni pour le commandant de bord ni pour 
llexploitant, dlinformer le SFACT, qui est le service 
charge de la tutelle technique sur les exploitants, des 
incidents survenus en exploitation. I1 est prevu que toute 
notification dlincident soit adressee au Bureau Enqugtes 
Accidents, sans discrimination sur la nature et la gravite 
de llincident, et cela n'est pas adapte a la realite des 
moyens de traitement de llinformation disponibles; 

- la position des references concernant les incidents 
dans le decoupage general des textes suggere que leur 
objectif initial n'est pas dlorganiser le retour 
dlexperience a des fins dlanalyse de securite, mais 
dletablir des obligations de notification des evenements 
anormaux dans le but de permettre les fonctions de 
recherche et sauvetage d'une part, et les actions 
disciplinaires dlautre part. Cette confusion entre action 
disciplinaire et retour dlexperience est notamment apparu 
a la commission comme susceptible de constituer un frein 
considerable a toute'initiative de compte-rendu volontaire 
par les equipages dlevenements tels que des erreurs graves 
mais corrigees avant toute consequence perceptible de 
llexterieur; 

- a contrario, le dispositif ne comporte aucune 
pr:cedure de compte-rendu confidentiel garantissant a 
llauteur dlune initiative de compte-rendu volontaire dlun 
evenement par ailleurs transparent qulil ne sera pas 
sanctionne ou deconsidere par suite de son initiative; 
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2 3 . 4 5  - Les autorites franqaises ont voulu mettre 
l'accent ces dernieres annees sur la promotion de systemes 
de collecte organises, dlune part par llindustriel aupres 
de ces clients, dlautre part au sein de chaque compagnie 
utilisatrice. C1est ainsi que dans son annexe relative aux 
conditions associees a llautorisation dlexploiter un avion 
de plus de quarante tonnes en equipage sans mecanicien 
navigant, 11arr6te du 5 novembre 1987 (chapitre 12) etablit 
une obligation dlanalyse systematique des parametres de vol 
enregistres. Cependant cette obligation ne comporte pas 
celle de tenir la DGAC informee des incidents detectes, 
sauf au terme de la premiere annee d'exploitation, et de 
fa~on synthetique uniquement. Elle ne comporte pas non plus 
llobligationdlune investigationoperationnelleapprofondie 
des circonstances et des mecanismes des incidents les plus 
significatifs. 

23.46 - En resume, la commission d'enquete considere 
que l'adronautique est un des rares domaines dlactivite qui 
a su se doter dlun systeme de retour dlexperience. Celui- 
ci donne des resultats probants lorsqulil stagit de traiter 
des problemes techniques. Par contre, la commission slest 
rendu compte des limites evidentes de ce systeme dans le 
domaine de operationnel. Dans ce domaine, llinformation 
n'est que tres rarement disponible, et, meme quand elle 
llest, elle nlest que rarement analysee avec la 
participation de tous les acteurs concernes. De plus, les 
resultats de ces analyses ne sont, en general pas 
communiques au constructeur et a l'administration. 
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CHAPITRE 2.4 - SURVIE. BECBERCBE, ET SAWBTAGB 

24.11 - Dans cette partie, la commission dtenqu&te 
analyse les conditions de preparation de la cabine avant 
l'atterrissage, les causes de la mort des victimes de 
ltaccident et l'etat des sieges apres ltimpact. 

Les caracteristiques de cet accident, et en 
particulier l'energie d'impact, ne correspondent pas a une 
situation ou on s'attend normalement a des survivants. Plus 
precisement, les accelerations subies par la cellule de 
ltavion et son niveau de fragmentation sont tels que les 
facteurs de survie individuelle ne sont accessibles a 
aucune modelisation connue. Des lors, les leqons qu'on peut 
tirer d'un tel accident en matiere de securite passive sont 
assez limitees. La commission a cependant entrepris une 
reflexion sur le sujet, tout en restant fort consciente des 
limites de l'exercice. 

24.12 - Les consignes de preparation de la cabine 
avant l'atterrissage ont ete appliquees et tous les 
passagers etaient vraisemblablement attaches. Toutefois un 
membre du personnel navigant commercial n'etait pas assis 
et attache mais tres probablement encore debout en cabine 
au moment de l'impact. Le poste de securite de ce membre 
d'equipage etait situe a 1 'arriere de l'appareil dans la 
partie ou il y a eu des survivants. La commission a analyse 
la sequence des operations a effectuer par le personnel 
navigant commercial avant l'atterrissage vis a vis du 
moment oh ces operations devraient &re debutees afin que 
le PNC puisse en toutes circonstances dtre assis et attache 
dans la phase finale du vol. Les circonstances de cet 
accident ne permettent pas de tirer de conclusions sur ce 
point mais un reexamen de ces procedures pourrait &re 
utile de faqon a stassurer que la chronologie de ces 
operations est bien telle que cette condition puisse 6tre 
satisfaite. 

24.13 - La commission d'enqukte constate que, en 
depit de la violence du choc frontal auquel a ete soumis 
ltavion, neuf personnes ont sunrecu a cet accident. 
Ltexamen de quelques sieges nta pas permis d'evaluer 
precisement les facteurs de charge auxquels ils ont ete 
soumis et n'a pas fourni d'elements significatifs 
supplementaires pour expliquer le nombre et la repartition 
des survivants. 

Toutes les victimes ont subi des polytraumatismes, 
pour certains tres dtendus. Certains types de lesions 
presentent toutefois une frequence particulierement elevee 
et il a paru interessant de les relever pour ~ O U V O ~ ~  
discuter de leur rapport possible avec certaines caracte- 
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ristiques des sieges ou de leur disposition en cabine. Ce 
sont les lesions au niveau de la t&te, les lesions au 
niveau de la ceinture pelvienne et les lesions de llextre- 
mite des membres inferieurs. 

La frequence et la nature des lesions au niveau de la 
tete orientent la reflexion vers un r6le possible de la 
structure du dossier du siege place devant chaque passager. 
Les lesions pelviennes orientent la reflexion vers un role 
possible des ceintures de securite qui, pour autant que 
l1on puisse le savoir, ngont pas ete detruites. Enfin les 
lesions des membres inferieurs ont pu etre dues pour partie 
aux attaches des sieges a la structure de llavion. 

La frequence elevee de certaines lesions subies par 
les victimes a amene la commission d'enquete a examiner les 
essais et verifications effectues par le constructeur ou 
ltadministration pour slassurer de la conformite de cet 
avion, dans la configuration choisie par Air Inter, avec 
les exigences reglementaires en matiere de sieges et de 
ceinture de securite. 

Les exigences de certification concernant le sieges 
passagers et les ceintures sont fixees par les paragraphes 
JAR 25-785 (a) , JAR 25-785(c) et JAR 25-785 (i) du reglement 
conjoint de certification europeen. Dans le cadre de la 
certification de type, les sieges passagers et les 
ceintures correspondantes ne sont pas identifies de fa~on 
individuelle car ces equipements sont, d 'une fa~on 
generale, choisis par la compagnie utilisatrice. Cependant 
les exigences qui leur sont applicables sont contenues dans 
un document, approuve par les autorites de certification, 
intitule "sieges passagers; specification cadreu. Pour,ce 
qui est de la certification individuelle de chaque avion, 
l'avionneur presente pour approbation aux autorites 
competentes un dossier dans lequel la conformite aux 
exigences de la certification de type est demontree pour 
les equipements specifiques a cet avion. 

Le  dossier remis par Airbus Industrie pour 
approbation de la cabine passagers de l'avion F-GGED 
(dossier ref MBBTLQ 21/135/03/88 Edition 4) se refere pour 
les sieges passagers a la specification approuvee lors de 
la certification de type (Ref 00D2520004/COl). La 
conformite de lfavfon aux exigences de certification a ete 
conf irmee par les rapports d inspection TLQ 2 1-562/12/88 
et lOD021K459OS12. En ce qui concerne les ceintures de 
securite, elles ont ete reconnues conformes au TSO C22F 
delivre par la FAA. 

La commission dlenqu&te a constate que les exigences 
reglementaires avaient ete satisfaites, mais elle a releve 
que le reglement de certification applicable dans le cas 
de l'A320 (JAR 25 change 10) ne comportait que des essais 
statiques en ce qui concerne les sieges. Depuis lors, de 
nouvelles conditions techniques ont ete imposees en Europe 
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et aux Etats-Unis pour les sieges passagers, pour renforcer 
la protection des passagers dans les cas dlatterrissage 
dlurgence (JAR 25 change 13 publie le 05/1089). Les 
facteurs de charge statiques ont ete augmentes et une 
exigence d'essais dynamiques pour les sieges a ete 
introduite. 

Cependant, la commission a ete informee au cours de 
1 'enqukte que le type de siege qui equipait le F-GGED avait 
ete soumis aux test HIC (Head Injury Criteria) a une date 
posterieure a celle de lsaccident, et rvait passe ces 
essais avec succes. 

24.2 - ~rganiaation des reaherahee 
Note: La comnission dlenquete a t r a v a i l l e  sur ce point a p a r t i r  des corrptes rendus e tab l is  par 
l e  Centre d 8 q A r a t i o n s  de l a  Zone lord-Est (cwrpte rendu global dtop6ration SARI et par La 
prefecture du BAS-Rhin (compte rendu de r h i o n  du 14 fevr ier  1992). 

24.21 - La commission dsenquete a constate qulil 
avait fallu plus de quatre heures pour retrouver l'epave 
a partir du moment ou ltalerte avait ete declenchee. Ce 
constat remet en cause bien des idees communement admises 
sur la recherche dtun avion de transport lourd en metro- 
pole. I1 s'explique en partie par les caracteristiques du 
site de ltaccident (forkt montagneuses enneigee), par les 
conditions de son occurrence (nuit dshiver) et par les 
difficultes rencontrees pendant les operations de recherche 
(conditions climatiques et absence dlemission de la radio- 
balise de detresse) . 

24.22 - Compte tenu des conditions dsenvironnement 
(nuit, crgtes accrochees, givrage dans la couche, 
difficulte dtemploi des equipements de vision speciaux), 
il a fallu essentiellement compter sur les moyens humains 
pour localiser 1 'epave par le biais d operations de 
ratissage. La commission dtenqukte a donc analyse la faqon 
dont avaient ete conduites ces operations de recherche 
terrestres et les r6les respectifs quty avaient joue le 
Centre de coordination de sauvetage (RCC) de Drachenbronn 
et le dispositif SATER dirige par le Prefet du Bas-Rhin 
dans le cadre des dispositions reglementaires prevues (voir 
5 116.21). 

24.23 - Dans le cas des accidents aeriens, le RCC 
assure la conduite generale des recherches. I1 dispose pour 
ce faire de moyens adequats et de personnels qualifies 
capable dtexploiter les renseignements et les informations 
qui lui parviennent. Pour cet accident, les premiers 
renseignements ont ete transmis au RCC par le centre de 
contr6le dlapproche de Strasbourg a 18h31 avec le declen- 
chement de lsalerte. Le contr6leur dsapproche ayant indique 
que la perte de contact radar avait eu lieu entre 8 et 9 
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NM dans le radial 230' du terrain de Strasbourg, le RCC a 
immediatement (18H34) declenche aupres de la prefecture la 
mesure SATER 2 dans la region du Mont ~ainte-Odile. 

C1est a partir de ces premiers elements que le RCC a 
declenche a 19H09 la mesure SATER 3 en definissant un 
premier secteur de recherche entre le Mont Sainte-Odile et 
Andlau, qulil a ensuite etendu a 19h30 a un quadrilatere 
Mont Sainte-Odile/~arr/~ndlau/Le Hohwald. La commission 
dlenquete considere que la definition de cette premiere 
zone de recherche etait coherente avec les premiers 
elements connus du RCC (position de llavion au nord de 
llaxe dlapproche en fin de guidage, limites de precision 
du radar, trace au sol de llaxe de piste, reperes de la 
procedure). La commission note t~utefois qulelle presentait 
une surface importante (21 km) necessitant la mise en 
oeuvre dleffectifs importants sur le terrain. 

La commission constate par ailleurs qulil a fallu 
respectivement lh30 et 3h30 pour que les enregistrements 
radar en provenance de Drachenbronn et de Reims soient 
communiques au RCC et pour que celui-ci puisse resserrer 
la zone des recherches terrestres pour le PC fixe. Ce temps 
lui parait excessif compte tenu des moyens de traitement 
de llinformation existant dans ces centres (poursuite radar 
des vols, enregistrement des donnees sur les vols, 
programmes de revisualisation). Enfin, certains centres 
etrangers auraient egalement pu gtre sollicites a cette fin 
(Karhsruhe par exemple). 

La commission releve egalement que le premier secteur 
de recherche, dont la definition slest revelee appropriee, 
(entre le mont Sainte-Odile et Andlo), a ete tres vite 
etendu a une zone plus vaste avant dletre progressivement 
recentre sur cette premiere definition. Elle slest donc 
interrogee sur les causes de ce phenomene de dilution sans 
pouvoir pour autant y apporter de reponse precise. Le souci 
dfidentification de la zone de recherche par des reperes 
geographiques facilement identifiables par les moyens 
terrestres peut constituer un element de reponse a cette 
question. 

La commission note enfin que, malgre la mise en place 
par la base aerienne de Strasbourg dlun officier de l'armee 
de llair au PC fi<e de la prefecture, llechange des 
informations entre le RCC et le PC fixe prevu au paragraphe 
5.1.3 du protocole SATER Transports-Interieur- Defense du 
08 septembre 1987 parait n'avoir pas bien fonctionne, 
notamment dans le sens PC fixe vers RCC (le RCC nla en 
effet ete informe que de deux des temoignages qui avaient 
ete reps du terrain). Ceci peut provenir de difficultes 
rencontrees au PC fixe pour faire la synthese des 
informations recues. La commission a remarque a cette egard 
que ces difficultes de coordination et de remontee des 
renseignements, en provenance des unites engagees sur le 
terrain notamment vers les PC fixes et organismes SAR 
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etaient deja apparues frequemment dans les operations 
SATER . 

En fonction des informations dont il disposait,il 
semble que le r61e du RCC pour preciser le polygone des 
recherches terrestres se soit limite a quelques indications 
transmises au PC fixe: a 2OH15 confirmation du premier 
polygone et demande de ratissage dans la region du 
Buchenberg, a 21h25 demande dlenvoi de moyens terrestres 
entre le ch6teau de Landsberg et la cote 826 (La Bloss), 
a 22h04 communication de la derniere position connue par 
le centre de Reims et indication de la Bloss comme lieu 
possible de llaccident. 

24.24 - La conduite des operations de recherche 
terrestres a donc essentiellement ete assuree par les 
representants du Prefet du Bas-Rhin. Un PC fixe a ete 
active immediatement a la prefecture. Le PC operationnel 
a ete installe a Barr (20h45). Le rassemblement des mayens 
de secours pompiers SAMU slest opere a partir de 19h20 au 
centre de secours dlObernai designe comme le point de 
premiere destination. La direction des recherches y a ete 
assuree par le commandant du groupement de gendarmerie 
departementale rejoint par le sous-prefet de Selestat. La 
commission d1enqu6te nla pas analyse en detail la totalite 
des operations de recherche qui avaient ete menees et nlest 
donc pas en mesure de formuler a cet egard une apprecia- 
tion globale suffisamment fondee. Deux points lui 
paraissent toutefois devoir etre releves. 

Tout dlabord llampleur des recherches terrestres a 
lancer notamment du fait de llimportance de la premiere 
zone de recherche (21 KM2) et des limitations imposees aux 
moyens aeriens, a immediatement depasse tous les moyens de 
la gendarmerie departementale. Des renforts ont ete 
demandes a partir de 19h30 a la Gendarmerie ~obile et a 
llArmee de Terre. Compte tenu des delais de rappel et de 
route, ils ont ete disponibles sur zone, respectivement a 
21h30 et 22h. Ce ntest qula partir de llarrivee de ces 
renforts que les operations de ratissage intensif ont pu 
commencer. On peut donc se demander slil n'aurait pas ete 
preferable, dans les circonstances de cet accident, 
d8alerter et de mobiliser des effectifs importants des le 
declenchement de la mesure SATER/2, de faqon a permettre 
une mise en oeuvre plus rapide et plus complete de la 
mesure SATER/3 des son declenchement. 

D8autre part, si un grand nombre dloperations de 
recherche ont ete lancees au cours des deux premieres 
heures par les responsables operationnels, en fonction des 
elements disponibles ou dlinformations diverses, le 
dispositif de recherche dirige a partir du PC fixe de la 
prefecture parait nlavoir atteint sa pleine efficacite qula 
partir de llinstallation du PC operationnel a Barr vers 
2Oh45 et de son ralliement par les responsables des 
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differents services. I1 est donc possible que, dans un 
premiertemps, les decisions ntaientpas integre toutes les 
informations disponibles du moment. Ceci met en evidence 
ltimportance de la rapidite de la mise en place du PC 
operationnel et de son armement avec tous les responsables 
concernes, ltimportance aussi du choix de son implantation 
et des moyens de liaison dont il est dote pour communiquer 
avec les equipes sur le terrain et avec les autres organis- 
mes . 

2 4 . 2 5  - En resume, la commission dtenquete constate 
que les phases dturgence ont ete declenchees dans les 
delais prescrits et que les operations de recherche ont ete 
conduites conformement aux textes en vigueur. Elle a 
toutefois releve le delai important de restitution des 
trajectoires radar de l'avion, le delai de montee en 
puissance du disposeitif terrestre vis a vis de l'impor- 
tance de la zone de recherche, les difficultes rencontrees 
dans ltechange des informations entre RCC et prefecture, 
notamment dans le sens P C  fixe vers R C C . .  

24 .3  - Analyse du non-fonutionnement de la radio-balise de 
b h t r e s s e  (RBDA) 

24.31 - La radiobalise de detresse, detruite a 
ltimpact, nta pas fonctionne. Le type de balise installe 
dans le F-GGED repondait aux normes et recommandations de 
ltOACI et a la reglementation franqaise en vigueur le jour 
de ltaccident. Cependant, ltessai operationnel effectue le 
9 avril 1992 ne permet pas dtaffirmer que, si la balise 
avait fonctionne, l'epave aurait ete retrouvee beaucoup 
plus rapidement (voir 5 118.33). 

2 4 . 3 2  - La commission dtenqu&te constate toutefois 
que les reglementations franqaises et internationales en 
matiere de RBDA (decrites au 5 118.3) etaient 
essentiellement orientees vers la recherche des avions 
legers. Dans ces types d'accident, les organismes 
responsables constataient en effet que les recherches 
etaient extrkmement longues et co6teuses. A ltinverse, a 
ltexception des amerrissages ou de certains atterrissages 
en zone desertique, il etait communement admis quten cas 
dtaccident de gros avion de transport, son epave en etait 
decouverte tres rbpidement, compte tenu de la precision du 
suivi des trajectoires de ces avions par les services de 
contrele. Ce sont ces considerations qui expliquent 
pourquoi les normes dthomologation de ces equipements ont 
ete fortement influencees par un objectif dtaccessibilite 
de prix pour ltaviation generale. Ceci explique aussi 
pourquoi, dans le cadre dtune obligation dtemport generali- 
see, l'administration franqaise a estime possible de 
laisser aux transporteurs de grandes facilites sur les 
conditions dtinstallation et de fonctionnement des RBDA 
montees a bord de leurs avions. 
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24.33 - La duree des operations de recherches du F- 
GGED remet serieusement en question cette idee admise tant 
par les transporteurs que par llAdministration. C1est la 
raison pour laquelle la commission d'enquete a estime 
necessaire, des la remise de son rapport preliminaire, de 
recommander que soient revues les conditions reglementaires 
dlhomologation et d'installation a bord des aeronefs des 
radiobalises de detresse a declenchement automatique 
(RBDA), afin d'assurer une plus grande probabilite de ban 
fonctionnementapres accident. Cette recommandation retenue 
par le Ministre a conduit a une modification de llarrete 
du 5 novembre 1987 relatif aux conditions drutilisation des 
avions exploites par une entreprise de transport aerien 
(arrete du 12 janvier 1993). Cette modification institue 
des normes dlhomologation et des conditions d'installation 
propres a diminuer les risques d'endommagement et de non 
fonctionnement en cas dgaccident. La commission releve 
toutefois qulil conviendra egalement de fixer et de 
contrbler llapplication de normes sur le rayonnement de ces 
installations (puissance rayonnee notamment). 

2 4 . 4  - Organisation des eeooura 

2 4 . 4 1 -  Conformement aux pratiques internationales en 
matiere dVenqu&tes sur les accidents dlavions (annexe 13 
a la convention relative a l'aviation civile 
internationale), la commission n'a analyse les operations 
de secours que de fa~on succincte. Elle l'a fait a partir 
des rapports dfanalyse etablis localement sous llautorite 
du Prefet, du rapport de ltInstitut de medecine legale de 
Strasbourg et de divers temoignages. Elle a estime utile 
de proposer quelques reflexions sur ltorganisation des 
secours dlune part, sur la technique de traitement des 
polytraumatismes d'autre part. 

2 4 . 4 2  - Le choix dlObernai comme lieu d'installation 
du PC medical et d'une partie des equipes de secours en 
attente a repose sur des considerations essentiellement 
dictees par les conditions meteorologiques, les distances 
a franchir de la ville dlObernai aux divers points du 
massif ou se deroulaient les recherches etant en tout etat 
de cause limites. Pour les memes raisons, il a ete juge 
preferable de privilegier la coherence de la colonne de 
secours sans la mdrceler. Sur les routes sinueuses et 
verglacees menant au mont Sainte-Odile, il etait en effet 
tres difficile de faire demi-tour et le rappel immediat 
d'un Qventuel element avance aurait donc pu etre tres 
difficile. 

I1 a tout d'abord semble a la commission que ce choix 
pouvait avoir retarde ltheure d'arrivee sur le site de 
l'essentiel des moyens des secours, compte-tenu de la gene 
creee par l'encombrement des axes routiers et par l'etat 
des routes (neige et verglas) . De plus, dans les conditions 
du moment, la coordination entre les differents acteurs 
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(directeur des secours et gendarmerie installes a Barr et 
direction medicale stationnee a Obernai) en a peut-etre ete 
rendue plus difficile. 

D1autre part, en ce qui concerne ltoption de ne pas 
faire partir dlelement avance des que la zone des 
recherches a ete precisee, la commission a note que les 
equipes les mieux rodees aux interventions sur 
polytraumatismes graves sont arrivees trop tard pour 
pouvoir intervenir sur le site et sont restees sur la route 
departementale comme moyen d'accueil des blesses. Les 
interventions medicales sur le site paraissent ngavoir ete 
le fait que de deux medecins militaires du 153e regiment 
de Mutzig et dgun medecin militaire de la Base aerienne 124 
de Strasbourg-Entzheim, tous trois independants du 
dispositif medical et de secours. En outre, il semblerait 
que deux medecins civils au moinc, dont un non-identifie, 
soient egalement intervenus sur le site. Ce sont les 
medecins presents sur le site qui ont examine et autorise 
le transport dlune partie des blesses en fonction de leur 
etat, des moyens dont ils disposaient et des conditions 
climatiques. 

2 4 . 4 3  - La commission note enfin que deux victimes 
ulterieurement decedees etaient encore vivantes au moment 
de l'arrivee des secours. Selon le rapport de llInstitut 
medico-legal, elles sont mortes 1 'une dlun etat de choc 
aggrave par des troubles ventilatoires, llautre dgun 
polytraumatrsme crinio-facial, abdominal et de membres 
inferieurs. Les donnees autopsiques permettent difficile- 
ment de juger en toute rigueur des chances de survie dlune 
victime decedee et de faire la part des differents facteurs 
ayant conduit a l'issue fatale. Enfin lgun des blesses 
survivants a ete evacue dans des conditions qui auraient 
rendu ses chances de survie tres aleatoires en cas de 
lesion interne grave. 

La commission note cependant que les operations de 
secours et de sauvetage ontete effectuees conformement aux 
regles de ltart en matiere de secourisme, la reserve B 
effectuer etant que les donnees actuelles de llauxyologie 
(medecine d'urgence et de catastrophe) prescrivent la 
reanimation, le dechocage et le conditionnement sur place, 
quelles que soient les conditions dfenvironnement, comme 
la meilleure stratsgie de soins aux victimes d'accident. 

2 4 . 4 4  - La commission considere donc qu I il conviendra 
de prendre en compte ces donnees nouvelles de la science 
pour les inclure dans llinstruction des personnels appeles 
a intervenir sur ce type d'accident. Un soin particulier 
devra &re accorde a l'instruction de ces personnels car 
lgattente sur le site en presence dlun blesse grave est 
particulierement penible pour le secouriste, dont llatti- 
tude naturelle est llintervention et llevacuation des 
blesses hors de conditions d'ambiance jugees defavorables. 
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24.5 - Organisatioa de la o o ~ u n i o a t i o n  

De nombreuses personnes engagees dans les operations 
de recherche et de secours ont fait etat des difficultes 
de circulation auxquelles elles ont ete confrontes sur les 
routes donnant acces au Mont Sainte-Odile du fait de la 
presence de nombreux vehicules et des conditions 
climatiques. 

Ces mouvements de vehicules ont ete provoques par les 
annonces de la catastrophe par les medias, par les appels 
aux municipalites ou associations lances par les 
responsables des recherches, peut-&re aussi par ltecoute 
des communications echangees par les acteurs du dispositif 
de recherche et de secours. La commission dtenqu8te note 
qulil y a probablement une reflexion a conduire dans ce 
domaine ds la communication et de la mobilisation des 
citoyens, pour prevoir les procedures et moyens permettant 
dlutiliser les competences utiles et dlinformer le public, 
tout en contr6lant rigoureusement les voies dlacces au site 
de ltaccident. 
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egistreurs rbglru~antaires de bord (DFDR at 

25.11 - Resistance a ltaccident 
25.111 - Les enregistreurs reglementaires DFDR et CVR 

ont souffert du feu. La bande magnetique du CVR a pu etre 
exploitee. Par contre, celle du DFDR avait ete totalement 
detruite. 

Ces enregistreurs embarques sont les seuls dedies aux 
enquktes. 11s doivent resister a des conditions de feu 
definies dans le cadre de la certification. 

I1 est donc apparu necessaire de tenter de repondre 
aux questions suivantes : 

- le modele de DFDR qui equipait le F-GGED etait-il 
conforme aux normes de certification? 

- les contraintes de temperature auxquelles a ete 
soumis le DFDR etaient-elles superieures aux normes? 

- est-il souhaitable de reviser les normes de 
certification? 

25.112 - En ce qui concerne la premiere 
interrogation, le modele Fairchild F800 a ete 
officiellement certifie par de nombreux pays. Le NTSB 
indique qut il resiste a un feu plus important (il satisfait 
aux normes les plus recentes : ED 55) que celui defini par 
la norme TSO C51a applicable aux enregistreurs qui etaient 
susceptibles d'equiper le F-GGED (cette norme date de 
1966). 

Extrait du TSO C51a : 

Protection contre le feu. 
Le moyen dtenregistrement doit rester intact de sorte que 
les informations peuvent etre analysees apres que 
ltenregistreur ait ete expose a des flammes de 1100 'C 
enveloppant au moins 50% de la surface externe du boitier 
pendant les periodes de temps suivantes : Type I - 30 
minutes - Type I1 - 15 minutes - Type 111 - 1,5 minute." 
Extrait de 18ED 55 : 

It Feu: 

a. Ltenregistreur devra Otre soumis a un feu produisant un 
flux thermique minimum de 158 kw/m2. La totalite de la 



126 ICAO Circular 296-AN11 70 

surface exterieure de l'enregistreur sera exposee a ce feu 
pendant une periode continue d'au moins 30 minutes. Une 
constante d'absorption peut s'appliquer. ( . . ) .  Aucun ecran 
ne sera autorise. 

YOTA : Les fabricants di6quipement sont fortement encourages a donner une protection pratique 
maximaLe contre Le feu suwrieure 6 La p6riode de 30 minutes prevue dens ce t te  MOPS. 

b. La temperature de la flamme doit ktre de 1100 ' C  
(nominal), mesuree a une distance de 25 mm (1 pouce) de la 
surface de llenregistreur. La configuration du br6leur doit 
delivrer le flux thermique defini en a. 

c. Avant les essais au feu, llenregistreur aura ete 
preconditionne a une temperature interne stable 
correspondant a celle atteinte apres un fonctionnement a 
temperature ambiante de 25 ( 5  5) "C. Les composants 
electroniques exterieurs au module memoire protege contre 
le crash pourront Otre enleves. 

d. L1enregistreur devra se refroidir naturellement apres 
llessai au feu. 

e. La protection du support dlenregistrement peut dependre 
entierement ou en partie d'une barriere thermique qui n'est 
pas efficace au-dessous dtune temperature critique si l1on 
se rapporte a la temperature maximale de survie du support 
dlenregistrement. La survie de ce support devra alors etre 
demontree a une temperature minimale efficace de la 
barriere thermique pendant une certaine periode. Cette 
periode devra Otre dlau moins 30 minutes augmentee dlun 
facteur proportionnel au rapport entre la temperature 
minimale efficace de la barriere thermique et la 
temperature maximale de survie du support dlenregistrement. 

f. ~i llefficacite du materiau de protection anti-feu 
diminue lorsque llenregistreur fonctionne normalement et/ou 
est stocke, le materiau devra Btre porte a son niveau 
minimum acceptable de protection au moyen de cycles 
prolonges de mise en pression et temperature par exemple. 'I 

25.113 - En ce qui concerne la seconde interrogation, 
les travaux dlexpertise ont montre que le boitier du DFDR 
avait ete soumis pendant environ quinze minutes a un feu 
de haute intensit& (temperature superieure ou egale a 700 
'C), puis pendant cinq a six heures a un feu d'intensite 
moindre (temperature moyenne estimee a 260 'C) . ~joutons 
que les examens auxquels ont ete soumis des elements du 
systeme enregistreur ont montre que llinterieur du boitier 
a dQ etre soumis a une temperature de 430'C pendant 
quarante cinq minutes environ (voir 5 112.151). Ces valeurs 
associees de temperatures et de durees sont superieures aux 
valeurs prevues par la norme de certification. Les 
contraintes auxquelles a ete soumis cet enregistreur sont 
donc, de ce point de vue, extraordinaires. 
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25.114 - En ce qui concerne la troisieme 
interrogation, la commission observe que le cas rencontre 
ici nlest pas un cas isole. Les constats effectues apres 
dlautres accidents sur des enregistreurs qui satisfont 
pourtant aux normes les plus recentes montrent que ces 
dernieres devraient etre reconsiderees, en particulier 
pour ce qui concerne la resistance au feu de longue duree. 

Rappel : le QAR et les memoires non volatiles de 
certains calculateurs embarques sont des sources de donnees 
enregistrees qui ont ete exploitees dans le cadre de cette 
enqugte, mais qui, contrairement aux enregistreurs 
reglementaires (DFDR et CVR), ne sont soumises a aucune 
norme en matiere de protection aux contraintes subies en 
cas dtaccident. 

25.12 - Informations enrecfistrees 

25.121 - Parametres Be vol e n r e g i s t r e s  

Les parametres enregistres par le DFDR ltetaient 
aussi par le QAR (memes parametres et meme echantillonnage 
de llenregistrement). Cfest pourquoi les reflexions qui ont 
pu &re menees dans le cadre de cette enquete sur la 
quantite et la qualite des informations disponibles sur 
llenregistrementQAR, trouventdirectement leur application 
dans le choix de la trame de parametres a enregistrer. 

A ltepoque de llaccident, la norme qui sfappliquait 
aux appareils tels que ltA320 fixait a vingt-cinq 
parametres la trame minimale dlenregistrement. En fait les 
DFDR qui equipent les A320 enregistrent plus de deux cents 
parametres. 

Malgre cela, la reconstitution des circonstances de 
llaccident a ete compliquee par le fait que certains 
parametres relatifs principalement a la conduite du vol 
(commande du FCU) et a la surveillance du vol (affichages 
dtinformations de vol sur ecrans cathodiques) ne sont pas 
enregistres. Le recours a des methodes de simulation (par 
exemple, la comparaison des valeurs enregistrees de 
certains parametres du vol du F-GGED avec un comportement 
simule suivant differentes hypotheses de commande) et a 
lfexploitation du contenu de certaines memoires non 
volatiles a permis de pallier la plupart de ces manques, 
sans toutefois permettre de faire la lumiere sur toutes les 
informations importantes. A titre dtexemple il nla pas ete 
possible de determiner les affichages selectionnes par le 
copilote sur son ecran de navigation. 

On note que les nouvelles specifications en la 
matiere (ED 55) repondent a ces preoccupations (voir 5 
118.42). Neanmoins, les avions construits avant 
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ltintroduction de ces nones dans les reglementations 
nationales demeureront, si aucune action n8est menee, au 
standard anterieur. 

25.122 - Enregistrement des conversations et des 
alarmes sonores 

I1 a ete fait etat dans ce rapport des difficultes 
rencontrees pour comprendre les paroles des deux pilotes 
enregistrees sur le CVR (voir § 112.134). Ce probleme est 
souvent rencontre lors des enquktes. Actuellement, en 
ltabsence d8autres solutions techniques, une solution 
consiste en ltutilisation de microphones permanents (Ithot 
mikeu), et les travaux internationaux les plus recents (ED 
56) en reaffirment ltefficacite pour la comprehension des 
paroles des pilotes. 

25.123 - Enregistrement dBinformations visuelles dans 
le poste de pilotage 

Actuellement on ne dispose dtaucun moyen permettant 
de connaitre avec certitude les informations qui etaient 
affichees avant un accident sur le FCU et sur les ecrans 
de pilotage et de navigation. De meme les actions des 
pilotes et leurs eventuelles communications non verbales 
ne sont pas enregistrees. 

Compte tenu de ltimportance de telles informations 
dans la connaissance et la comprehension des circonstances 
d8un accident, il conviendrait dtetudier le concept 
d8enregistrement d'images sur support protege. 

25.2  - Bnregistreurs sol 
25.21 - Informations radar 
L'image radar fournie a llapproche de Strasbourg 

n8est pas enregistree. L8absence d8enregistrement du radar 
local de Strasbourg a empeche de disposer de 18image des 
pistes fournies par cette station au contrbleur d8approche. 

En France neuf centres de contr6le dlapproche sont 
dotes d8un systeme,d8enregistrement de leur radar local : 
B6le-Mulhouse, Bordeaux, Marseille, Nice, Orly, Pointe a 
Pitre, Roissy, Satolas et Toulouse. Le fait de disposer 
dtun tel systeme aurait probablement permis d8affiner la 
connaissance et 18analyse des conditions dans lesquelles 
a ete fourni le guidage radar. 

I1 conviendrait donc que 18ensemble des centres de 
contrble d8approche qui disposent dtun radar local soient 
equipes d8un systeme d8enregistrement de ce radar. 
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Les radiocommunications etablies entre les organismes 
de la circulation aerienne et les aeronefs qufils ont en 
charge sont enregistrees. Dans le cas du F-GGED, ces 
enregistrements ont ete exploites sans difficult@ 
technique. 

25.3 - Coordination des ~rocidures administrative et 
judiciaire 

Le dispositif de coordination des enquetes 
administrative et judiciaire a ete decrit au 5 118.5. La 
commission dfenqut5te constate que, bien que le souci de 
stricte formalisation dtun certain nombre dtactes ait ete 
tres present de la part des autorites judiciaires (vis a 
vis des enregistreurs notamment), les enqugteurs techniques 
ont put dans lfensemble, prendre les dispositions 
necessaires sur le terrain et que, vraisemblablement, 
aucune donnee sensible n'a ete perdue du fait de ces 
procedures. 

La commission dfenqu8te constate toutefois que ce 
resultat tient plus a la chance et a la qualite des 
contacts qui ont ete etablis et maintenus sur le terrain 
entre les autorites administrative et judiciaire qufa 
lfadequation du cadre de coordination institutionnel fixe 
par lfinstruction interministerielle du 3 janvier 1953 qui 
ne s t  impose pas au juge. Dans le cadre de sa procedure, 
celui-ci a en effet toujours tendance a privilegier la 
rigueur dans la saisie des indices. Or, celle-ci peut 
parfois dtre nefaste a leur preservation si certaines 
mesures de sauvegarde ne sont pas prises immediatement. 

I1 conviendrait donc de tirer tous les enseignements 
de 1 'experience vecue a 1 foccasion de cet accident par les 
responsables des enqustes administrative et judiciaire et 
de mettre au point un cadre juridique permettant 
ltintervention des enqugteurs techniques de faqon a pouvoir 
rechercher, preserver puis saisir les indices essentiels 
avec les meilleures garanties de prisenration, dans un 
cadre judiciaire neanmoins incontestable. 
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CHAPITRE 3.1 - FAITS ETABLIS PAR LIENQUETE 

Le F-GGED detenait un certificat de navigabilite 
individuel en etat de validite. 

I1 etait entretenu conformement a la reglementation 
en vigueur. 

I1 etait a llinterieur des limites de masse et de 
centrage pendant tout le vol de lfaccident. 

I1 etait en etat de navigabilite sans panne connue. 

Sur ce type dlavio- des anomalies relatives au 
traitement par les systemes de bord des informations VOR 
avaient ete notifiees. Elles faisaient llobjet dlune 
information aux equipages et d I une procedure 
operationnelle. L1enquOte n'a pas mis en evidence de 
dysfonctionnement de la chaine de. traitement des 
informations VOR, ni de signe que llequipage ait perqu des 
battements de llindication VOR resultant dlun tel 
dysfonctionnement, au cours de la phase dlalignement sur 
llaxe dlapproche avant la mise en descente vers la piste. 

Des anomalies susceptibles d Iaffecter le 
fonctionnement des systemes DME du type de ceux qui 
equipaient le F-GGED avaient ete identifiees. Elles 
faisaient llobjet dlune information aux equipages et dlune 
procedure operationnelle. Les modifications definies par 
llequipementier nlavaient pas encore ete appliquees sur les 
equipements DME du F-GGED. Cependant llenquete a permis de 
refuter, sur la base des elements techniques disponibles, 
18hypothese qulune defaillance de type "deaf mode1I, 
tlsleeping model1 ou "jumping modew se soit produite au 
voisinage du moment de la decision de mise en descente vers 
la piste. 

Des anomalies de fonctionnement de FCU sur A 3 2 0  ont 
ete notifiees quelques mois apres llaccident. L1enquete nla 
pas mis en evidence de dysfonctionnement du FCU qui 
equipait le F-GGED. I1 nla cependant pas ete possible 
dlecarter llhypothese dfune defaillance du bouton poussoir 
de changement de'mode, ou dlune corruption de la valeur 
cible affichee par le pilote sur le FCU avant sa prise en 
compte par le calculateur du pilote automatique. 

Le F-GGED nletait pas equipe dlun dispositif avertis- 
seur de proximite de sol (GPWS). 

La station sol VOR STR de Strasbourg etait en etat de 
fonctionnement. Le contr6le en vol a montre que les 
caracteristiques du signal emis etaient comprises dans les 
tolerances adoptees par ltOACI. Cependant des irregularites 
dues a la recomposition du signal direct et des signaux 
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reflechis par les reliefs ant ete constatees dans le 
secteur de la trajectoire d'approche, entre 9 et 8 NM de la 
station STR. Ces irregularites etaient de nature a 
provoquer une instabilite des indications a bord apres la 
mise en descente, sur le segment correspondant de la 
trajectoire, dvautant que , celle du F-GGED etait 
anormalement basse sur llhor:zon radioelectrique de la 
station sol. 

La procedure d'approche VOR-TAC 05 de Strasbourg est 
derogatoire sur trois points en raison des contraintes 
apportees par l'environnement de la circulation aerienne de 
Strasbourg et par le relief. En particulier le tronqon 
d'approche intermediaire ne comporte pas de palier. 

L'equipage detenait les brevets, licences et 
qualifications reglementaires necessaires a 
l~accomplissement du vol. Sur Airbus A320, l'experience du 
commandant de bord etait de 162 heures, et celle du 
copilote etait de 61 heures. 

Les analyses toxicologiques ont permis d'estimer que 
ltalcoolemie etait nulle pour le commandant de bord et 
inferieure a 0,30 g/l pour le copilote. 

Le commandant de bord etait le pilote aux commandes. 

L'equipage avait prevu d'effectuer une approche ILS 
23 suivie d'une manoeuvre a vue pour la piste 05 en 
service. Le contreleur s'attendait quant a lui a ce qu'il 
effectue une approche directe VOR-TAC 05. 

Lors de l'arrivee, apres que l'avion ait passe ANDLO 
et que l'equipage ait signale son intention d'effectuer une 
approche ILS 23 suivie dlune manoeuvre a vue pour la piste 
05, le contraleur a informe l'equipage que cela ne serait 
possible qutapres une attente due a trois departs IFR en 
piste 05. 

Jusqu'a cet instant, Itequipage et le contreleur 
nt6taient pas conscients de la difference de leurs projets 
respectifs. 

L'equipage a change sa strategie et a choici dveffec- 
tuer une procedure VOR-TAC 05 pour eviter i'attente 
annoncee . 

Pour ecourter la procedure VOR-TAC 05, le contreleur 
a propose a lvequipage un guidage radar pour l'amener 
jusqu'au point ANDLO. L'equipage a accepte cette 
proposition. 

Le guidage radar n'a pas permis a l'equipage 
d'aligner l'avion sur l'axe d'approche a ANDLO. 
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Autorise a lfapproche finale, llequipage a entrepris 
la descente alors que llavion etait encore a environ dix 
degres a gauche de llaxe dfapproche. 

La descente a debute a 11 NM du TACAN STR c'est a 
dire a la distance nominale publiee. 

La vitesse verticale de 1 avion slest stabilisee a 
3300 ft/mn, au lieu de la valeur de 800 ft/mn environ 
correspondant au plan de descente conforme a la procedure 
publiee a la vitesse nominale dtapproche. 

Le mode de pilotage, utilise pour le dernier virage 
et la mise en descente, etait un mode de pilotage 
automatique %electeW. La reference de trajectoire n'a pas 
ete modifiee entre le dernier virage et lfinstant de 
1 accident et il s 'agissait presque sGrement de la 
reference HDG-VS. 

L'auto-poussee etait en mode SPEED. 

Au moment de l'accident llavion etait en 
configuration 2, avec le train sorti. 

I1 faisait nuit et llavion etait en conditions de vol 
sans visibilite. 

Lgavion a percute le mont La Bloss qui culmine a 
826 m (2710 ft). Le point d'impact est situe a une altitude 
de 799 m (2623 ft), a environ 0,8 NM a gauche de ltaxe de 
piste, 10,5 NM du seuil de la piste 05, et 8,2 NM des 
stations sol VOR et TACAN STR. 

Les consignes de preparation de la cabine avant 
ltatterrissage avaient ete effectuees et tous les occupants 
de lgappareil etaient assis et attaches sauf un membre du 
personnel commercial. 

Neuf personnes ont survecu a loaccident. 

La balise de detresse a 6te detruite a l'impact. 

Les operations de recherche ont abouti a la 
decouverte de llavion un peu plus de quatre heures apres 
ltaccident. 
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CHAPITRE 3.2 - HECANI8MEB DE L'ACCIDENT 
En analysant les mecanismes de ltaccident, la 

commission est panrenue aux conclusions suivantes : 

32.1- Du fait des ambiguites de la communication en- 
tre l'equipage et le contrele, l'equipage a modifie tardi- 
vement sa strategie dtapproche. I1 stest ensuite laisse 
guider par le contr6leur en relichant son attention, 
notamment vis a vis de sa representation de la position de 
ltavion, et a insuffisamment anticipe la preparation de la 
configuration de l'avion pour l'atterrissage. 

32.2- Dans ce contexte, et du fait que le guidage 
radar ef fectue par le contr6leur nta pas amene 1 'avion dans 
une position permettant au pilote en fonction dtaligner 
l'avion sur ltaxe avant ANDM, l'equipage a ete confronte 
a une pointe instantanee de charge de travail pour proceder 
aux corrections laterales necessaires, preparer la 
configuration de l'avion et le mettre en descente. 

32.3 - L1evenement pivot de la sequence accidentelle 
a alors ete la mise en descente de ltavion a la distance 
prevue par la procedure, mais a un taux anormalement eleve 
de 3300 ft/mn au lieu d'environ 800 ft/mn, et l'absence de 
correction de ce taux anormal par l'equipage. 

32.4 - La raison de ltapparition de ce taux de 
descente anormalement eleve nta pas pu &re determinee par 
ltenqu&te avec certitude. Parmi toutes les hypotheses 
qu'elle a explorees, la commission a retenu, comme lui 
paraissant appeler plus particulierement une reflexion 
elargie et des actions de prevention: 

32.41 - les hypotheses, assez probables, d'une 
confusion de mode vertical (resultant soit d'un oubli de 
changement de reference de traj ectoire, soit d une mauvaise 
execution de la commande de changement) ou dtune erreur 
d af f ichage de la valeur de consigne (af f ichage machinal de 
la valeur numerique annoncee lors du briefing). 

32.42 - l'hypothese, tres peu probable, d'une defail- 
lance du FCU (defqillance du bouton poussoir de changement 
de mode ou corruption de la vaieur de consigne affichee par 
le pilote sur le FCU avant sa prise en compte par le 
calculateur du pilote automatique). 

32.5 - Dans toutes ces hypotheses retenues par la 
commission, ltaccident a ete rendu possible par ltabsence 
de perception par l'equipage de ltanomalie resultante de 
trajectoire verticale, manifestee notamment par une vitesse 
verticale environ quatre fois plus forte que la valeur de 
reference, une assierte anormale a piquer, et une 
augmentation de la vitesse sur trajectoire. 
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32.6 - La commission attribue cette absence de 
perception de l'equipage aux facteurs suivants, dont 
l'ordre de presentation ne pretend pas etablir une 
quelconque hierarchic: 

32.61 - un fonctionnement de l'equipage inferieur a 
la moyenne et caracterise par une pauvrete notable des 
contrdles mutuels et des contrales du resultat des actions 
deleguees aux automatismes. Cette pauvrete se manifeste en 
particulier par le non respect dfune bonne part des 
annonces prevues par le manuel d'exploitation et l'absence 
des contrdles de hauteur/distance prevus pour l'execution 
d'une approche VOR DME; 

33.62 - un climat interne a l'equipage caracterise 
par une communication minimum; 

32.63 - llergonomie de presentation des parametres de 
contr6le de la trajectoire verticale, adaptee aux 
situations normales, mais ne possedant pas un pouvoir 
d'alerte suffisant pour un equipage en situation d'erreur 
de representation; 

32.64 - une modification tardive de la strategie 
dlapproche, induite par les ambigultes de la communication 
entre llequipage et le contrble; 

32.65 - un relschement de l'attention de l'equipage 
pendant la phase de guidage radar, suivi d'une pointe 
instantanee de charge de travail qui l'a conduit a 
privilegier la navigation horizontale et lfetablissementde 
la configuration de llavion, et a deleguer totalement la 
navigation verticale aux automatismes de l'avion; 

32.66 - en phase dfalignement sur l'axe d'approche, 
une focalisation de llattention des deux membres d'equipage 
sur la navigation horizontale et leur absence de 
surveillance de la trajectoire verticale pilotee en mode 
automatique; 

32.67 - llabsence de GPWS et d'une doctrine d'emploi 
appropriee, qui a prive llequipage dlune derniere chance 
d'alerte sur l'anomalie grave de la situation. 

32.7 - Par ailleurs, et nonobstant llhypothese de 
defaillance du FCU, la commission considere que la 
conception ergonomique des commandes dlordre de pilotage 
automatique dans le plan vertical a pu participer a la 
genese de la situation accidentelle. Cette conception lui 
a semble en effet de nature, notamment dans les cas de 
charge de travail instantanee importante, a accroitre la 
probabilite de certaines erreurs d'utilisation. 
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CHAPITRE 3.3 - CONTEXTE DE L8EXPLOITATION 

En analysant le contexte de ltexploitation du 
F-GGED, la commission a note: 

33.1 - les lacunes du systeme de retour d'experience 
national et international, essentiellement dans le domaine 
de l'utilisation operationnelle de ltavion. Element 
essentiel pour la securite, ce systeme repose sur la 
collaboration active des pilotes, des compagnies, des 
constructeurs et de ltadministration. Or, le recueil de 
1 information et sa diffusion y sont manifestement 
insuffisants; 

33.2 - ltabsence de reglementation nationale rendant 
obligatoire ltemport dtun dispositif avertisseur de 
proximite de sol; 

33.3 - la faible experience des deux pilotes sur le 
type dtavion, et 1 'absence de reglement ou de 
recommandation nationale ou internationale sur ce sujet; 

33.4 - la faiblesse du contrble technique exerce sur 
Air Inter par ltadministration, peu en mesure de detecter 
d'eventuelles derives dans l'exploitation (par exemple en 
matiere d annonces) ; 

33.5 - des indices de faible stabilite dans le temps 
des pratiques dtannonces enseignees lors de la 
qualification de type; 

33.6 - le petit nombre dtapproches ttclassiquesw dans 
les programmes de qualification de type et d'adaptation en 
ligne, ainsi qu'une faible pratique de ces approches en 
exploitation normale; 

33.7 - ltinadaptation des interpretations actuelles 
du reglement de certification et des methodes acceptees de 
demonstration de conformite associees, vis a vis des 
problemes dtergonomie de lainterface avion-equipage 
souleves par la derniere generation de postes de pilotage. 
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CHAPITRE 3 . 4  - OPERATION6 DE RECHERCHE ET DE BECOURS 

En ce qui concerne les operations de recherche et de 
secours, la commission a note : 

3 4 . 1  - la survie de plusieurs personnes malgre 
llextr&me violence de ltimpact; 

3 4 . 2  - la destruction a llimpact de la radiobalise de 
detresse. Cet equipement nta donc pu jouer aucun r61e dans 
les operations de recherche; 

3 4 . 3  - les mauvaises conditions meteorologiques qui 
ont gene les operations de recherche; 

3 4 . 4  - la longueur et la difficulte des operations de 
recherche qui infirment des idees recues concernant la 
facilite de decouverte de llepave dlun gros avion de 
transport; 

3 4 . 5  - les difficultes de coordination des 
dispositifs de recherche et le temps necessaire a la montee 
en puissance du dispositif de recherches terrestres; 

3 4 . 6  - les difficultes rencontrees dans 
ltorganisation et la conduite des operations de secours, 
entrainant notamment la non intervention sur le site des 
equipes medicales specialisees dans le traitement des 
polytraumatismes graves; 

3 4 . 7  - la gene causee aux operations de secours par 
llencombrement des routes dtacces au Mont Sainte-Odile. 
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CHAPITRE 4 . 1  - R E C O ~ A T ~ O N S  RELATIVES A LIEQUIPAGE 

41.1 - Information des Bquipages relative a la conduite du 
vol loss de la miee en desaente. 

La commission a approuve le 20 fevrier 1992 "les 
premieres dispositions prises immediatement par la DGAC 
pour informer les exploitants du risque de confusion entre 
les modes Vertical Speed et Flight Path Angle, et leur 
demander de verifier la protection apportee par leurs 
procedures de travail en equipage, leur documentation, et 
la comprehension qulen ont les equipagesu. 

Pour expliquer la mise en descente a un taux 
anormalement eleve, la commission a retenu plusieurs 
hypotheses parmi lesquelles celle dlune commande 
involontaire par l'equipage, par suite d'une mauvaise 
conscience du mode de pilotage automatique vertical. Cette 
hypothese recouvre plusieurs variantes qui ont notamment 
trait au choix du mode de guidage vertical, a sa commande 
et a son contr6le par l'equipage. 

I1 apparait donc necessaire de slassurer que les 
procedures adequates de conduite du vol sont enseignees aux 
equipages. 

En consequence, la commission d'enquete confinne 
la recommandation preliminaire du 20 fevrier 1992 
citee ci-dessus. 

41.2  - Appariement dea equfpages 
L1enqu6te a mis en evidence la faible experience sur 

le type des deux pilotes du F-GGED (respectivement 162 
heures et 61 heures pour le commandant et le copilote) . Par 
ailleurs elle a etabli un lien probable entre cette faible 
experience et le fait que les pilotes n'aient pas pris 
conscience de llanomalie grave de la situation verticale. 
Plus generalement,~ les statistiques d'accident et les 
etudes ergonomiques convergent pour indiquer qulune 
experience sur le type representant environ un an 
dtactivite est necessaire avant que soit atteinte la pleine 
maturite des connaissances et des savoir-faire acquis sur 
les avions de nouvelle generation. La constitution d'un 
equipage avec deux pilotes faiblement experimentes 
constitue donc un facteur dtaugmentation de risque. 

Lors de la mise en iigne dlun nouveau type dtavion 
dans une compagnie, tous les pilotes sont faiblement 
experimentes. Mais ensuite il devient possible de faire en 
sorte que llexperience totale de llequipage depasse un 
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certain seuil. 3r la reglementation fran~aise actuelle ne 
comporte pas de disposition incitant ou obligeant les  
exploitants detenteurs d'une autorisation de transport 
public a tenir compte de llexperience des pilotes sur le 
type pour llappariement des equipages. 

En consequence, la commission recommande : 

- que les exploitants etudient et mettent en 
application des methodes de gestion des personnels 
navigants visant a prevenir, dans la mesure du 
possible, l'appariement de deux pilotes de faible 
experience sur le type d'avion; 

- que la DGAC, en liaison avec les autorites 
europeennes competentes et les instances 
internationales pertinentes, prenne les mesures 
incitatives appropriees et, le cas echeant, fasse 
evoluer la reglementation dans ce sens. 

Note 1 : 

La compegnie A i r  I n t e r  a mis en vigueur depuis a v r i l  1992 m e  regle dtappariement des 
equipages qui i n t e r d i  t de const i tuer des 6quipages const i tues de deux p i  lo tes "nouveauxl~ sur A320. 
Est considere comne 8inwveauM un p i l o t e  qui possede moins de 300 heures de vo l  sur A320, ce 
m i n i m  &ant por te a 500 heures s i  l e  p i l o t e  t o t a l i s a i t  moins de 1000 heures de vol en rant que 
c o p i l o t e  ou comndant  de bord avant d 8 a r r i v e r  au secteur A320. 

Note 2 : 

Suite notamnent h une recomnandat ion  du NTSB du 3 n o v d r e  1988, l a  FAA a pub1 i e  une NPRM 
(Notice of Proposed Rule Making) l e  23 mars 1993 concernant 1 'expir ience m i n i m  des p i  lo tes pour 
les  vo ls  effectues sous Le regime de La FAR 121. 

41.3 - Formation a= approahee dites flolassiqueo~ 

Ltenqu&te a fait apparaitre une certaine reticence 
de la part du commandant vis a vis duune approche VOR-DME, 
ainsi que des insuffisances manifestes dans ltexecution de 
cette approche par luequipage. Par ailleurs elle a fait 
apparaitre que la formation regue par les deux pilotes lors 
de leur qualification de type etait plus axee vers ltetude 
des approches automatiques et des pannes que vers les 
approches ttclassiquesM. Or dtune part la conduite de ces 
approches peut egalement cornporter des difficultes sur les 
avions de derniere generation, et duautre part leur faible 
frequence de realisation en ligne tend a engendrer ensuite 
un sous-entrainement. 
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Cependant les criteres actuels d'approbation des 
programmes de qualification de type ne comportent pas 
dlexigence particuliere en matiere d'approche uclassiquell. 

En consdquence, la commission recommande : 

- que la DGAC incite les organismes concernes a 
renforcer la formation aux approches dites 
gmclassiques" sur les plans quantitatif et qualitatif 
par la definition dlun minimum riglementaire au 
niveau de la qualification de type et du programme de 
maintien des competences et d'un minimum souhaitable 
dans le programme dladaptatio~ en ligne. 

4 1 . 4  - ~ntrainement au simulateur conaernant les anomalies 
lihes aux logiciels embarques et aux EFIS 

Les analyses conduites pour tenter dletablir le 
scenario de llaccident ont amene a envisager des 
dysfonctionnements lies aux logiciels embarques ou aux EFIS 
(anomalies concernant les informations VOR ou DME, la carte 
de navigation, le FCU, etc.) . Certains de ces 
dysfonctionnements sont acceptes par la certification avec 
des criteres associes au postulat que llequipage les 
reconnaitra et les traitera convenablement. Ceci suppose 
que les programmes de qualification de type et d'entrai- 
nement recurrent prennent convenablement en compte ces 
aspects. 

Or les catalogues de pannes disponibles aujourdlhui 
sur les simulateurs de vol ne permettent pas la simulation 
de certaines des anomalies evoquees ci-dessus. 

En consequence, la commission recommande : 

- que les programmes de formation et de contrdle 
soient revises pour inclure des scenarios dlanoma- 
lies de situation specifiques a lmutilisation des 
logiciels embarques et des EFIB, et tires du retour 
dtexperience; . - que les autorites concernees par llagrement des 
simulateurs procedent a une revision des catalogues 
de pannes proposees pour tenir compte des pannes 
specifiques associees aux logiciels embarques et aux 
EFIS . 
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41.5 - Transition entre avions classiquee et avions fl, 
nouvelle generation 

Les deux pilotes du F-GGED ne possedaient aucune 
experience sur avion de nouvelle generation avant dlaborder 
leur formation sur A320. De plus leur experience precedente 
concernait des avions pilotes avec un equipage a trois. La 
commission a estime que ceci constituait une situation de 
nouveaute tres importante, difficilement comparable a l a  
decouverte dlun nouveau type dtavion de meme generation. 
Elle a note a cet egard llexistence dans le programme de 
formation dlAir Inter d'un module (dit STAN) preparatoire 
a la qualification de type proprement dite. Elle en 
approuve le principe, mais a emis quelques reserves (cf 5 
23.134) sur sa conception tres orientee vers une 
presentation technique theorique. 

En consequence, la commission recommande : 

- que, lors de la mise en oeuvre par un 
exploitant dlun avion ou dlun equipement dont la 
conception entraine une modification substantielle 
des concepts operationnels, l'exploitant assure une 
formation preparatoire concernant au moins: 

1) les principes de conception, llarchitecture et 
la philosophie dlutilisation des systemes 
nouveaux ; 

2) les effets de cette novation sur les relations 
internes a l'equipage, la repartition des taches, 
les rapports de llequipage a llavion et aux 
equipes au sol; 

- que cette formation soit appuyee sur une 
presentationpratique etoperationnelle des fonctions 
nouvelles; 

- que les autorites competentes pour 
llapprobation des programmes de qualification de type 
et des methodes dlentrainement des equipages 
slassurent de la nise en oeuvre de ces principes. 

Note : 

La conpegnie Air Inter a kcid6 de modifier Le contenu de son stage d'adaptation auX 
avions nouveaux (STAN) pour L 'orienter a partir de septembre 1993 vers une presentat ion mains 
acadhiqw et plus op6rationnelle des avions de nouvelle generation. 

41.6 - Formation aux facteurs humains 

L'analyse du comportement de llequipage du F-GGED a 
mis en evidence des carences importantes dans les domaines 
de la communication, de la repartition des tbches, dU 
contrble mutuel et de la surveillance des automatismes. De 
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fait, la commission a considere que le fonctionnement de 
ltequipage avait constitue ltun des elements importants du 
mecanisme de ltaccident. 

La reglementation franqaise ne comporte aujourdlhui 
aucune disposition relative a la formation des equipages 
dans le domaine des facteurs humains, et plus precisement 
de la gestion des ressources disponibles dans le cockpit. 

En consequence, la commission d'enquete recommande : 

- que soit introduite dans les formations 
initiales des pilotes de transport une formation 
theorique et pratique aux facteurs humains, telle que 
apecifiee par llAnnexe 1 de 1tOACI; 

- que les exploitants titulaires d'une 
autorisation de transport public introduisent 
rapidement des progrttmmes de formation complementaire 
de type llCRM*8 (Cockpit Resource Management) pour tous 
leurs pilotes, si possible des le stade de la 
qualification de type; 

- que les autorites competentes prennent des 
dispositions incitatives ou reglementaires 
appropriees a cette fin; 

- que 18s controles de competence effectues par 
les exploitants et les controles en vol effectues par 
les autorites incluent la qualite du travail en 
equipage dans leurs criteres principaux 
dlappreciation. 

41.7 - RBflexion gen6rale sur lea annonces & bord 

Lgenqu&te a montre que des deviations importantes par 
rapport aux procedures dlannonces prevues par la compagnie 
sletaient produites au cours du vol de llaccident. 
Ltanalyse fait apparaitre que ces absences dtannonce ont 
pu contribuer affaiblir le contr6le mutuel et la 
conscience de chaque pilote vis a vis de la situation 
reelle. 

Plus generalement, il semble bien que dans la 
pratique quotidienne de la ligne, la restitution moyenne 
des annonces soit degradee par rapport aux annonces 
prevues, sans que llampleur et les raisons du phenomene 
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soient bien connues. Or le contr6le mutuel presente un 
caractere critique pour la securite, particulierement sur 
les avions de derniere generation. 

En consequence la commission recommande: 

- que soit entreprise une etude des pratiques 
quotidiennes en matiere dgannonces, une analyse des 
causes de delitement des apprentissages dans ce 
domaine, et une recherche de methodes et de 
procedures suffisamment stables dans le temps pour la 
surveillance des automatismes de haut niveau, ainsi 
que pour le contr6le mutuel au sein de llequipage. 
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CKAPITRE 4 . 2  - RECOMMANDATIONS RELATIVES AUX DISPOSITIFS 
D'ALARME DE PROXIMITB DE BOL 

4 2 . 1  - Point  sur la rdglementation relative A ltemport du 
GPWS 

La commission a recommande des le 20 fevrier 1992 
que: "la r€glementation fran~aise soit amendee dans les 
meilleurs delais pour rendre obligatoire pour des aeronefs 
de transport aerien lfemport dtun dispositif avertisseur 
de proximite du sol (GPWS)  dans les memes conditions 
techniques que celles specifiees par le paragraphe 6.15 de 
llAnnexe 6 a la Convention de Chicag~.~~ 

Compte tenu de la decision prise par le Ministre le 
24 fevrier 1992 A la suite de cette recommandation, la 
compagnie Air Inter a procede en 1992 a llequipement de 
toute sa flotte en GPWS; 

De plus, 11arr8te du 5 novembre 1987 relatif aux 
conditions dlutilisation des avions exploites par une 
entreprise de transport aerien a ete modifie par arrete du 
12 janvier 1993. Le paragraphe cite ci-dessous a ete 
insere : 

" Tout avion equipe de moteurs a tufbine, de trente 
et un passagers et plus, ou de masse maximale certifiee au 
decollage superieure a 15000 kg, doit Gtre dote dnun 
avertisseur de proximite du sol. Ce dispositif doit etre 
capable de generer des alarmes provenant dfun rapprochement 
excessif du sol, dfun taux de descente anormalement eleve, 
dgune perte dfaltitude apres decollage ou remise des gaz, 
et dgun ecart anormal sous un faisceau de radioalignement 
de descente lf. 

L1analyse faite au 5 22.36 ne conclut pas que la 
presence a bord dfun GPWS aurait permis dneviter cet 
accident. Elle demontre toutefois que statistiquement 
llemport de cet equipement est benefique et, qulavec des 
procedures adaptees, il est tres probable que lnequipage 
aurait reagi positivement a lfalarme. 

La commission d'enquete confime donc sa 
recommandation prelirninaire du 20 fevrier 1992 citee 
ci-dessus. 
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42.2 - Entrainement dee equipages; ~onaeption des procea, 
res de circulation ahrienne 

Les simulations realisees dans le cadre de llenquete 
sur l'accident du F-GGED ont montre que la vitesse 
dlevolution de llavion est un element determinant en ce qui 
concerne le risque de declenchement dlalsrmes intempestives 
susceptibles de reduire fortement la confiance de 
llequipage dans ce systeme. 

Certains vols contrbles dans le relief ont conduit 8 
des accidents alors meme qulun systeme GPWS etait 
operationnel a bord et avait emis une alarme suffisamment 
precoce. D1autres cas ont eu lieu pour lesquels le GPWS 
avait ete mis hors service, deliberement ou a cause dlun 
probleme de maintenance. Ceci peut resulter de causes 
distinctes : desinterkt a llegard du systeme, mefiance vis 
a vis des alarmes intempestives, ou non prise en compte 
immediate par llequipage dlune alarme qui contredit son 
processus de reflexion a un moment donne. 

L1emport de l'equipement doit donc etre accompagne 
dlune serie de mesures de nature a ameliorer la definition 
des consignes dtutilisation des avions, a assurer 
ltentrainement des equipages en ce qui concerne la conduite 
a tenir en cas de declenchement dtalarme, et a modifier les 
procedures de circulation aerienne de fa~on a eliminer les 
cas possibles dlalarmes intempestives. 

En consequence la commissio~ recommande : 

- que les compagnies aeriennes developpent des 
procedures d'utilisation de llavion et des pratiques 
d'entrainement adaptees aux systbmes avertisseurs de 
proximiti du sol; 

- que les organismes de la circulation airienne 
tiennent compte dans l'elaboration de leurs 
procedures des criteres de declenchement d'alarmes 
des systbmes embarques d'avertiasement de proximite 
du sol et que 1'Instruction Ng20754/DNA soit amendee 
en consequence. 

42.3 - System8 sol dealawe de xapproohement exaessif par 
rapport au xelief 

Un systeme au sol ne du concept MSAW (Minimum Safe 
~ltitude Warning), deja operationnel dans certains pays, 
est en cours dletude en France. L1objectif de ce systeme 
est de permettre a 1 'organisme de contrble dlinformer aussi 
tbt que possible llequipage dlun aeronef en cas de 
rapprochement dangereux par rapport au relief. 
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En a s s u r a n t  l a  p l u r a l i t e  d e s  moyens d e  d e t e c t i o n  d e s  
rapprochements  dange reux  p a r  r a p p o r t  au  r e l i e f ,  l a  m i s e  e n  
o e u v r e  d t u n  t e l  s y s t e m e ,  d e v r a i t  r e d u i r e  l e s  o c c u r r e n c e s  
d e  " v o l s  c o n t r 6 l e s  d a n s  l e  r e l i e f " .  

En consequence, la commission dlenquete recommande : 

- qu8un effort particulier soit fait pour mener 
a bien dans les meilleurs delais lletude et la mise 
en oeuvre par les services de la circulation aerienne 
dlun systeme sol de detection du rapprochement 
dangereux dlun aeronef par rapport au relief, la ou 
ce sera techniquement possible. 
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43.1 - Normes de reeistanoe des enregistreurs r e g l e ,  
mentalires 

L1exploitatior! de llenregistreur de parametres de vol  
DFDR qui equipait le F-GGED slest averee impossible du fait 
de la destruction par le feu du support dlenregistr$ment 
magnetique. 

Les examens realises ont permis d'etablir que le DFDR 
satisfaisait aux normes en vigueur et que ce sont en fait 
les criteres de resistance aux feux de moyenne ou basse 
intensite mais de longue duree pris en compte par les 
normes de protection (y compris les plus recentes : E D  55) 
qui se revelent insuffisants. De tels feux peuvent etre 
rencontres, notamment lorsque la localisation du lieu de 
llaccident et llacheminement des moyens de lutte contre 
llincendie necessitent plusieurs heures comme cela a ete 
le cas pour le F-GGED. 

Ce cas de destruction de la bande magnetique par un 
feu de basse intensite mais de longue duree nlest pas 
unique. I1 est dlailleurs fait mention de cas comparables 
dans les attendus de la recommandation emise a ce propos 
par le NTSB a destination de la FAA en mai 1992. 

En consequence, la commission recommande : 

- qulune etude soit entreprise par llautorite 
compdtente, en liaison avec les industriels et 18s 
organismes de reglementation internationaux, pour 
ameliorer la protection des enregistreurs 
reglementaires contre les feux de basse intensite et 
de longue durde. 

Certains parametres de vol ont manque a 1 lanalyse de 
llaccident pour en appuyer le scenario sur des elements 
directs. 

Les nouvelles normes (ED 55) prevoient leur 
enregistrement pour llessentiel, mais elles nlont ete 
rendues applicables par llarrete du 12 janvier 1993 
modifiant 11arr6te du 5 novembre 1987, qulaux avions 
effectuant leur premier vol apres le 31 decembre 1994. D e  
ce fait, si aucune action reglementaire complementaire 
nlest entreprise, un grand nombre dlavions dotes dlun DFDR 
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satisfaisant aux normes precedentes (TSO-C51) risquent de 
conserver cet equipement qui saavere Otre insuffisant. 

En consequence, la commission recommande : 

- que la DGAC etudie, en liaison avec les 
organismes de reglementation internationaux, des 
modalites dlextension de cette nouvelle 
reglementation aux aeronefs soumis a llobligation 
dlemport de cet equipement et ayant effectud leur 
premier vol avant 10 ler janvier 1995. 

43.3 - Nornres relatives a la qualite d'ecoute des CVR 

Laecoute du CVR du F-GGED a necessite de nombreuses 
etudes, du fait de la faible intelligibilite des 
conversations de laequipage, enregistrees par le microphone 
dfambiance generale. 

I 
L1utilisation des microphones permanents (hot mike) 

par les equipages, notamment dans les phases de depart et 
daarrivee, apporte une solution a ce probleme. 

La commission renouvelle donc des recommandations 
deja imises sur ce sujet par dcautres commissions 
dlenquete et par le Bureau Enquetes-Accidents et 
recommande: 

- que llutilisation de microphones permanents 
(hot mike), pour les avions qui en sont equipis, soit 
rendue obligatoire dans les phases de depart et 
dlarrivee du vol; 

- que soient poursuivies les etudes visant a 
llamelioration de llenregistrement de llambiance dans 
le poste de pilotage, de faqon notamment a assurer 
une meilleure intelligibilite des conversations des 
membres de laequipage de conduite. 

43.4 - Enregistremeat U~informations visuelles . 
Actuellement les informations visuelles telles que 

celles fournies sur les ecrans de pilotage, de navigation 
et de surveillance du fonctionnement de laavion, ainsi que 
les gestes et les communications non verbales entre les 
membres d'equipage, ne sont pas enregistres. Laabsence 
d'enregistrement des informations visuelles a fait defaut 
pour etablir avec certitude le scenario de l'accident du 
F-GGED. 
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Les aspects lies a l'analyse des information, 
visuelles fournies a llequipage de meme que ceux lies a 
llergonomie du poste de pilotage et au travail en equipage 
deviennent primordia~ix dans les enquetes. 

En consequence, la commission recommande : 

- que soit etudie ltenregistrement sur support 
protege d'images des planches de bord du poste d, 
pilotage, ces images etant synchronisees avec les 
autres enregistrements reglementaires. 

43.5 - ~nregistrement des informations radar dtapproche 
Les informations du radar d approche de Strasbourg 

nletaient pas enregistrees. L1absence dlenregistrement de 
ce radar a empeche de disposer de llimage des pistes 
fournies par cette station au contr6leur dlapproche de 
Strasbourg. 

En France, neuf centres de contr6le dlapproche dispo- 
sent dlun systeme dlenregistrement de leur radar local. Le 
fait de disposer dlun tel systeme permet dlaffiner la 
connaissance et l'analyse des conditions dans lesquelles 
sont rendus les differents services de la circulation 
aerienne et d'ameliorer les recherches en cas de besoin. 

En consequence, la commission recommande : 

- que tous les centres de controle d'approche 
utilisant un moyen radar local soient equipis d'un 
systltme d8enregistrement et de restitution rapide des 
informations fournies par ce radar. 

13.6 - Coordination des procedures administratfve et 
judiciaire 

Dans son analyse sur la coordination des procedures 
administrative et judiciaire, notamment vis a vis des 
enregistreurs, la'commission dlenquGte a note que, dans le 
cas de cet accident, les indices essentiels avaient ete 
retrouves et exploites. Mais elle a releve a cet egard 
l1inadequation du cadre institutionnel etabli par 
llinstructiOn intenninisterielle du 3 janvier 1953. 

I1 lui apparalt an effet que le cadre actuel et 
l'evolution des pratiques qui privilegient la rigueur de 
l'acte judiciaire peuvent avoir des effets nefastes sur la 
preservation de certains indices essentiels comme les 
enregistreurs. Or il ne serait dlaucune utilite, pour 
l'analyse des causes dtun accident, ni mBme pour la 
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recherche des responsabilites, de saisir dans la rigueur 
formelle des indices dont la preservation n'aurait par 
ailleurs pas ete assuree. 

En consequence, la commission dtenquite recommande : 

- que soient etudies le cadre juridique et les 
modalites dans lesquels devrait s'inscrire l'action 
de leenqueteur technique, be fagon a lui permettre de 
proceder a des actes de preservation immediate des 
indices au benefice des enquetes administrative et 
judiciaire. 
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CHAPITRE 4.4 - RgCOHMANDATIONS RELATIVES A L'ERGONOMIE-DB 
L'IBITERFACE AVION-EOUIPAGE 

et 

RECOKMANDATIONG RELATIVES A LA CERTIFICATION 
DES SYSTEMES DE PILOTAGE ZLUTOMATIQUE 

44.1 - ~odifiaation be llergonomie du poste de pilotage de 
1lA320 

L1enquete a montre que les scenarios les plus 
probables de laaccident impliquent une erreur dans l a  
commande de la descente effectuee par le pilote par 
llintermediaire du FCU. En particulier une confusion entre 
les modes VS et FPA est apparue comme probable a l a  
commission. Tous les scenarios impliquent par ailleurs une 
non reconnaissance par 1 'equipage de la tres forte anomalie 
de trajectoire verticale resultante. 

La commission a eu pleine conscience de la part prise 
dans la genese de cette situation par les carences qulelle 
a constatees dans la performance de llequipage, notamment 
dans les domaines du contr6le mutuel et de la surveillance 
des automatismes. Au terme de sa reflexion, la commission 
considere cependant quaon ne peut pas du tout exclure le 
renouvellement de contextes perturbateurs susceptibles de 
degrader de fa~on comparable la rigueur des contrbles 
mutuels au sein daun equipage, quel que soit le niveau de 
formation. 

Par ailleurs, la reflexion menee par la commission 
lfa conduite a considerer que la conception ergonomique de 
la commande concernee du pilote automatique a pu participer 
a la genese de la situation accidentelle: cette conception 
lui a semble de nature a favoriser certaines confusions 
susceptibles dfentrainer un resultat catastrophique si 
elles ne sont pas detectees, alors que la symbologie du PFD 
nloffre pas les meilleures chances dtune telle detection. 

La commission dlenqu&te confirme donc et precise sa 
recommandation preliminaire du 2 0  fevrier 1992 concernant 
la conception de' lfinterface avion-equipage relative aux 
modes verticaux du pilotage automatique sur A 3 2 0 .  

En consequence, la commission dlenquete recommande 
pour llA320 : 

- que la valeur eible de VB ou de FPA soit 
affichee sur le PFD pour mise en coherence avec 1s 
philosophie fondamentale d'utilisation enseignee 
(commande effectuee au FCU, controle de l'ordre et de  
son resultat sur le PFD); 
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- que ltaffichage de la fenetre FCU correspondant 
aux valeurs cibles de vitesse verticale ou daangle de 
trajectoire soit modifie au profit dtune expression 
non ambigue dans les unites courantes; 

Elle recommande egalement que, dans la mesure du 
possible: 

- soient renforces sur le PFD la difference des 
symbologies respectives associees aux references 
HDG-VB et TRK-FPA ainsi que la lisibiliti et le 
pouvoir dlalerte des informations de vitesse 
verticale. 

44.2- Reprisentation des modes de pilotage automatique des 
avions de nouvelle generation 

Dans le cadre de son analyse de cet accident, la 
commission a ete amenee a constater des insuffisances dans 
l'efficacite de la presentation a l'equipage des differents 
modes actifs, des references utilisees, des actions en 
cours et des cibles poursuivies, pour les dispositifs de 
pilotage automatique, notamment dans le plan vertical. Tout 
particulierement, la commission a estime que l'ensemble des 
informations presentees ne comportait pas un pouvoir 
dtalerte eleve pour un equipage qui a une representation 
mentale instantanee erronee concernant l'etat de ces 
automatismes. 

Or en pratique, bon nombre des observations faites 
par la commission valent a un degre ou un autre pour 
l'ensemble des avions de nouvelle generation, qui utilisent 
globalement, ne serait-ce que pour des raisons de 
standardisation, les msmes techniques dtaffichage de 
l'information, la mOme repartition de l'information, les 
mgmes principes ergonomiques (ex: signalisation des modes 
par un af fichage alphanumerique de petite taille, qui exige 
une lecture en vision centrale et un decodage cognitif de 
niveau eleve). La commission a finalement l'impression que 
des ensembles symbologiques faiblement discriminatoires 
sont associes a des fonctions dont les actions et 
interactions sont complexes. 

En consequence la commission recommande que pour 
llensemble des avions de nouvelle generation: 

- une reflexion soit engagee par les autorites et 
organismes competents en vue dlameliorer, de maniere 
standardisee au plan international, la presentation 
et la symbologie des affichages et des informations 
relatives aux differents modes de pilotage 
automatique actifs, notamment dans le plan vertical. 
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44.3 - Reequilibrage des infomatione horizontales et 
verticalas 

L'analyse a amene la commission dlenquete a constater 
une forte focalisation de l1equipage sur la navigation 
laterale durant la phase d'approche intermediaire, au 
detriment de la surveillance de la trajectoire verticale, 
La commission a analyse les facteurs conjoncturels suscep- 
tible~ dlavoir provoque cette focalisation. Elle a 
egalement retenu llidee que la presentation meme des 
informations de position sur les ecrans cathodiques etait 
de nature a favoriser ou a prolonger une telle focalisa- 
tion. 

La commission constate en effet que la richesse et le 
niveau de synthese des informations presentees dans le plan 
horizontal sur llecran de navigation (positionnement 
analogique direct par rapport a une carte du monde 
pertinent) nla pas son equivalent dans le plan vertical 
(pas de representation du profil planifie ni des 
contraintes de securite: altitudes de securite, obstacles 
determinants, reliefs). Ce phenomene semble propre a tous 
les avions dotes dlune instrumentation a ecrans cathodiques 
et notamment d'un FMS sans profil vertical. 

En consequence, la commission recommande : 

- que soient etudies les moyens permettant de 
retablir sur les avions de nouvelle generation un 
meilleur equilibre dans la presentation des 
informations de position horizontale et verticale en 
renfor~ant ces dernieres (ex: representation du 
profil vertical planifie, figuration topographique, 
figuration des altitudes de securite), et en develop- 
pant les moyens annexes permettant dcaccentuer la 
conscience de lliquipage via a vis de sa situation 
verticale (ex : annonces automatiques de hauteurs 
significatives franchies en descent8 avant la phase 
d1approche finale). 

44.4 - Certification be l@argonomia des postea do pilotage 
En etudiant le processus de certification de 11A320 

en ce qui concerne les aspects ergonomiques de 1 'interface 
avion-equipage, la commission a constate que les autorites 
de certification concernees avaient etabli des bases de 
certification comportant plusieurs conditions speciales et 
moyens acceptables de conformite supplementaires par 
rapport au reglement JAR 25 et ACJ 25. Elle a egalement 
constate qulun effort particulier avait ete consacre aux 
evaluations correspondantes lors des essais en vol ou en 
simulateur effectues pour le compte de la certification. 
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Malgre cela, la commission a et-e amenee a considerer 
dans le cadre de son analyse de llaccident du F-GGED que 
certains aspects de la conception de llergonomie du FCU et 
de llinstrumentation de llavion avaient constitue un 
facteur contributif au developpement du mecanisme de 
llaccident, et que ce mecanisme etait susceptible de se 
reproduire. 

En consequence, la commission d8enquete recommande : 

- qulil soit procede a l'etude des methodes par 
lesquelles les constructeurs pourraient, le plus en 
amont possible dans le processus industriel, obtenir 
les meilleures informations sur les comportements 
probables des utilisateurs face aux novations 
susceptibles d'entrainerdes consequences importantes 
au plan ergonomique; 

- que les autoritk de certification 
entreprennent une revision du reglement de 
certification des avions de transport pour preciser 
les objectifs et les criteres de certification 
concernant l'ergonomie des postes de pilotage (en 
particulier celle des interfaces entre laequipage et 
les automatismes de haut niveau) et son impact sur la 
securite du vol, en prenant en compte les 
probabilites dferreur humaine associees; 

- que les moyens acceptables de demonstration de 
conformite associes preconisent des protocoles 
experimentaux tenant compte des acquis les plus 
recents de llergonomie. 

44.5 - Recoa~andatfoas concernant lea systirmes de pilotage 
automatique 

En septembre 1992, un dysfonctionnement dlun FCU a 
ete identifie. I1 se caracterisait par la corruption, lors 
de son transfert au calculateur du pilote automatique 
(FMGC), dtune valeur de consigne affichee au FCU. Les 
autorites franqaises de certification ont informe les 
exploitants d1A320 fran~ais ainsi que les autorites de 
tutelle des exploitant> etrangers en leur demandant de 
mettre en garde leurs equipages contre le risque de tels 
dysfonctionnements, et de definir une procedure operation- 
nelle adaptee. Du point de vue technique, des mesures ont 
egalement ete prises, qui ont consiste a accroitre la 
severite des tests de reception des composants electroni- 
ques incrimines, et a definir une nouvelle version de FCU 
fabriquee avec des composants plus resistants. 

La commission a analyse ce cas de corruption de 
valeur cible affichee au FCU, et a considere qutun tel 
scenario etait tres peu probable dans le cas de l'accident. 



154 ICAO Circular 296-AN11 70 

Cependant, en rapprochant une telle hypothese des 
circonstances de lgaccident, et plus generalement du 
contexte d Iune approche glclassiquegg, la commission s 'est 
interrogee, dans le cadre des criteres de certification 
appliques, sur la probabilite de non detection par l'equi- 
page de pannes non auto-surveillees du pilote automatique 
en approche. 

En consequence, la commission dlenquete 
recommande pour les critere de certification des 
pilotes automatiques que, dans llenvironnement 
operationnel des approches dites wclassiquesll, 

- soient reevaluees 10s probabilites dloccurrence 
des pannes dlun mode vertical de pilotage 
automatique, non detectees par le systeme, ainsi que 
leurs probabilites et delais de detection et 
correction par lIequipage, notamment en situation 
dynamique ; 

- que soient reevaluees les repercussions de 
telles pannes non detectees ou non corrigees par 
llequipage en phase dlapproche finale, et que soit 
virifiee la coherence de leurs effets ainsi estimes 
avec le niveau de risque pris en compte dans le 
processus de certification. 

44.6 - Contr6le de qualite des logicibls du D m  Collins- 
700-020 

Dans le cadre de lgenquete relative a lgaccident du 
F-GGED, la commission a fait proceder a lgexamen des 
memoires non volatiles des deux equipements de mesure de 
distance (DME) Collins-700-020 de lgavion. Lghypothese 
dgoccurrence d'un des modes de dysfonctionnement connus a 
ce jour sur ces equipements a pu etre refutee a partir des 
elements techniques disponibles. 

Toutefois cet examen a mis en evidence des anomalies 
qui auraient pu etre evitees par application de procedures 
de verification et de test des logiciels telles que celles 
decrites par les normes RTCA DO 178 A et EUROCAE ED 12 A .  

A la suite des constats effectues sur le logiciel en 
cause, le Bureau Enquktes-Accidents a recommande que "les 
moyens juges necessaires soient mis en place pour eliminer 
les defauts du DME Collins-700-020". Les autorites de 
certification fran~aise et americaine ont engage une 
procedure de contr6le de qualite. Les premieres conclusions 
de ce contr6le ont confirme les insuffisances de ce 
logiciel et la necessite de les pallier. Elles ont etd 
communiquees a lgequipementier qui sgest engage a definir 
les corrections nkcessaires avant la fin de lgannee 1993- 
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Parallelement, l'autorite de certification franqaise 
a rendu obligatoire l'application a tous les appareils 
inscrits sur le registre fran~ais, des modifications 
preconisees par l'equipementier pour corriqer les defauts 
identifies de ces equipements. L'autorite de certification 
americaine a engage de son c6te un processus identique. 

La commission prend acte des mesures prises et ne 
formule pas de recommandation complementaire. 
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CHAPITRE 4 . 5  - RECOMMANDATIObtB RELATIVES A LA SURVIE 

4 5 . 1  - certification et utilisation des ceintures de 
securi td 

La commission a constate que les lesions subies par 
les victimes avaient ete causees dans un grand nombre de 
cas par le choc contre le dossier du siege place devant 
chaque passager ou par sa ceinture de securite. 

Les reglements de certification prevoient que dans 
des conditions de deceleration specifiees (celles dpun 
crash mineur), les sieges et les ceintures de securite 
doivent &re tels que leurs occupants ne souffrent dtaucune 
blessure grave. 

La commission est consciente que les contraintes 
subies lors de lvimpact ont ete largement superieures aux 
contraintes envisagees par le reglement de certification. 
Toutefois la presence de survivants suggere que des 
enseignements puissent &tre malgre tout tires de cet 
accident. En particulier, la nature des lesions subies par 
les victimes a amene la commission a s1interroger sur 
ltinter&t du harnais de securite. 

Elle a note que de nouvelles exigences reglementaires 
avaient ete introduites depuis la certification de lvA320, 
pour renforcer la protection des passagers en cas 
dlatterrissage dpurgence. Cependant elles ne prevoient pas 
dtobligation dtemploi de harnais de securite. 

En consequence, la commission recommande: 

- que 18s etudes d'amelioration des exigences 
reglementaires dans le domaine de la protection des 
passagers en cas d'atterrissage dlurgence soient 
poursuivies et que soit notamment etudie llinteret 
dRune obligation d'emploi de harnais de securiti. 

L1enqu&te a montre que la RBDA avait ete detruite a 
lvimpact et que cet equipement nfavait en consequence pu 
jouer aucun rble dans la recherche de ltepave qui stest 
revelee longue et difficile, contrairement aux idees 
communement admises vis-a-vis dvun accident de gros avion 
de transport. 

Lpenqu6te a egalement montre que les conditions 
d'homologation et dpinstallation de cet equipement en 
vigueur le jour de lvaccident ne correspondaient pas aux 
exigences habituelles en transport public et devaient etre 
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renforcees. C8est pourquoi la commission a presente au 
Ministre des le 20 fevrier 1992 une recommandation 
preliminaire sur ce point. 

La commission constate que cette recommandation a ete 
suivie dteffet et que les conditions d8homologation et 
d8installation de cet equipement ont ete modifiites par 
arrOte du 12 janvier 1993. Elle note toutefois que les 
methodes de verification de la conformite des installations 
a cette reglementation modifiee nlont pas encore ete mises 
a jour dans les documents SFACT et STNA pertinents et que, 
notamment, les conditions de verification de la puissance 
rayonnee ne sont pas precisees. 

En consequence, la commission recommande : 

- que les methodes de verification de la 
conformite des installations RBDA avec la nouvelle 
reglementation soientmises a jour dans les documents 
pertinents du SFACT et du 8TNA et qu'y soient 
notamment precisties les exigences et les conditions 
de mesure de la puissance rayonnee. 

Par ailleurs, le renforcement des performances de 
resistance et de rayonnement des balises de detresse nla 
de sens que si les organismes de recherche sont dotes des 
moyens necessaires a leur utilisation. I1 est important a 
cet egard que soit pleinement utilisee la complementarite 
des methodes de reperage disponibles: radiogoniometrie 
terrestre (radio-amateurs), reperage par satellite, mais 
egalement radiogoniometrie aerienne. 

En consequence la commission recommande: 

- qulil soit procede a un inventaire et a une 
reevaluation eventuelle des moyens aeriens 
utilisables par les RCC de fagon a ce que ces 
organismes puissent mettre en oeuvre, dans la demi- 
heure qui suit. le declenchement dlune phase DETRESFA, 
unmoyen aerien equip6 drun detecteur radioelectrique 
et capable dloperer de jour et de nuit. 
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45.3 - Organisation des reaherahem 
L'analyse a mis en lumiere un certain nombre d' imper- 

fections dans les dispositifs de recherches preetablis, 
auxquelles la commission pense qutil serait necessaire d, 
remedier . 

En consequence, la commission recommande : 

- que soit etudies et mis en oeuvre des systemes 
et des procedures de restitution rapide dea 
trajectoires radar et des radio-communications 
enregistrees dans lea organismes de contr6le civils 
et militaires, afin que ces elbents puissent etre 
communiques au RCC competent dans la demi-heure qui 
suit le declenchement dlune phase d'urgence; 

- que des directives soient etablies pour qu'il 
soit procede a un reexamen de tous les plans BATER en 
vigueur, compte-tenu des enseignements tires de cet 
accident et en particulier sur les points suivants : 

. modalites de mise en place et de montee en 
puissance du PC operationnel; 

. modalites dmengagement des effectifs sur le 
terrain; 

. remontee des informations du terrain vers le PC 
fixe et vers le RCC. 

45.4  - organisation des mecoura 

La commission constate que les equipes medicales 
specialisees dans le secours (SAMU) ne sont en fait pas 
intervenues sur le site. Les interventions medicalisees ont 
ete le fait, soit dtequipes militaires rodees a intervenir 
sur le terrain, soit de medecins civils, les unes et les 
autres en dehors de tout cadre organise. La commission 
stest egalement interrogee sur les conditions d'evacuation 
de certains blesses graves, notamment vis a vis de leur 
traitement primaire sur le site avant evacuation. La 
commission nta $as ete en mesure de conclure sur ce point, 
mais il lui a semble que certaines ameliorations du 
dispositif de secours devraient 6tre etudiees. 

En consequence, la commission recommande : 

- que les directives appropriees soient etablies 
pour qu'il soit procede a une revision des Plans 
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Rouge, compte tenu des enseignements tires de cet 
accident et en particulier sur les points suivants: 

. constitution immediate et envoi rapide dans le 
polygone de recherche puis sur les lieux de lmac- 
cident drun premier echelon medical specialise 
dans le secours et le traitement des polytrauma- 
tismes; 

. renforcement de la coordination entre la direc- 
tion des recherches, la direction des secours et 
la direction medicale des secours; 

- qulil soit procede a une verification, et 
eventuellement a une mise a jour, des programmes de 
formation et des consignes operationnelles donnees 
aux personnels dgintervention et de secours, en ce 
qui concerne les conditions de soins et dfevacuation 
a donner a des blesses graves sur le site dlun 
accident. 

45.5 - Organisation be la oommunication etoontrele d'aaces 
au site de l*accident 

La commission a releve que les difficultes de 
circulation sur les routes d'acces au Mont Saint-Odile, si 
elles ne paraissent pas avoir ralenti les operations de 
recherche, ont constitue une gdne certaine pour les 
operations de secours. Elle a note que ces difficultes 
pouvaient provenir des modalites de gestion de la 
communication sur ltaccident et des conditions de mise en 
place des mesures de contr6le d'acces au site. A contrario, 
la participation des organes de communication et du public 
peut Qtre parfois demandee pendant la phase de recherche. 
Ctest un sujet difficile pour lequel n'existe pas de 
dispositions particulieres dans les plans preetablis. 

En consequence, la commission recommande : 

- qu8une reflexion soit engagee avec le concours 
des professionnels de la communication sur les 
modalites de gestion de la communication en cas 
draccident; 

- que les principes de mise en place des mesures 
de contr6le dlacces au site d'un accident ou a la 
zone des recherches soient itudies par les services 
competents et soient, le cas echiant, inclus dans les 
plans appropries. 
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4 . 6  - RECOMMANDATIONS RELATfVES AUX PROCEDURES 
DE CIRCULATION AERIENNE 

gatoires 

La procedure VOR DME 05 en vigueur a Strasbourg a 
l'epoque de l1accident comporte trois caracteristiques 
derogatoires aux termes de llInstruction N020754/DNA du 12 
octobre 1982 relative a l'etablissement des procedures de 
depart, d'attente et d'approche aux instruments. 

L'examen des conditions dans lesquelles s'est 
deroulee l'approche a montre que ltappareil est sorti du 
virage de procedure en aval du repere d'approche 
intermediaire et qu'en consequence ce segment menage pour 
permettre la reduction de la vitesse de l'avion et sa mise 
en configuration pour l'approche finale a ete tronque. 

En toute rigueur donc, l'appareil n'ayant pas 
emprunte la totalite du segment d'approche intermediaire, 
les caracteristiques derogatoires de ce segment n'ont pas 
lieu d10tre reexamines. 

Pourtant, la rapidite avec laquelle ont ete realisees 
les actions necessaires a la preparation de l'avion en fin 
de virage de procedure, aurait probablement pu ktre 
temperee par l'execution d'un palier apres sortie du 
virage. 

Ceci suggere que 1 'existence d'un palier en approche 
intermediaire est, en termes de securite, un element 
important dans la definition d'une procedure dfapproche VOR 
DME . 

En consequence, la commission recommande: 

- que les services de la circulation aerienne 
reexaminent toutes les derogations accordies lors de 
l#etablissement des procedures dlapproche, notamment 
en cas dcabhence de palier sur le tronqon dlapproche 
intermediaire; 

- que, dans 1e cas oh aucune solution non 
derogatoire ntest possible, ces services veillent a 
informer les usagers de ltexistence d'une procedure 
derogatoire et des caracteristiques.de la derogation 
accordee ; 

- que les exploitants et les services de la 
circulation aerienne veillent, chacun en ce qui 18 
concerne, a informer de f a ~ o n  appropriee lets 
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equipages et les controleurs de la circulation 
aerienne de ltexistence et des caracteristiques de 
telles derogations. 

46.2 - Information des Bquipages relative a la conduite du 
vol lors de la mise en desaente en approche- 

Ltexamen des circonstances dans lesquelles a ete 
commandee la mise en descente montre que ltappareil se 
trouvait alors a environ 10" de ltaxe d'approche. La 
commission nta pas retenu ce fait comme pouvant dtre a 
llorigine de la collision du FGGED avec le relief, mais 
souhaite mettre ltaccent sur llimportance qu'il rev6t en 
termes de securite de la conduite du vol. 

En effet, du fait du principe de protection dgune 
approche VOR DME, le document 8168 de 1 'OACI preconise que 
la descente sur la trajectoire de rapprochement ne soit pas 
engagee tant que la deviation de l'aiguille de ltindicateur 
VOR est superieure a la moitie de l'echelle, ce qui 
correspond a une deviation de 5'. 

I1 nlexiste pas de reglementation stipulant explici- 
tement les consignes de pilotage applicables dans l'execu- 
tion dtune procedure dlapproche aux instruments. En France, 
les textes relatifs a ltetablissement et a ltutilisation 
des procedures dtapproche aux instruments sont ltInstruc- 
tion N020754/DNA et le "Memento a l'usage des utilisateurs 
des procedures dtapproche et de depart aux instrumentsIt. 
Ce second document a essentiellement pour but de presenter 
aux utilisateurs les principes de base et les hypotheses 
retenus pour la construction des procedures, de maniere a 
en degager certaines regles dlexecution des manoeuvres a 
effectuer. I1 en ressort notamment des tolerances de 
pilotage dont le respect garantit le maintien de la 
trajectoire de 1 Iavion dans le volume de protection de 
ltapproche. 

En consequence, la commission recommande : 

- que les organismes de formation et les 
exploitants slassurent que les methodes de pilotage 
adoptees soibnt compatibles avec les seuils de 
tolerances de pilotage pris en compte dans 
l8Instruction Na20754/DNA relative a l'etablissement 
des procedures de depart, d'attente et d'approche aux 
instruments. 
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16.3 - Formation au guidage radar et a la phras6010gia 
associee 

Le contr6le d'approche de Strasbourg a fourni un 
guidage radar a 1 'equipage du F-GGED sur une portion de son 
approche VOR DME. L'examen de ce guidage et de la 
phraseologie utilisee par le contr6leur a montre que d'une 
part ce guidage n'avait pas permis a liequipage de passer 
.a la verticale du repere d'approche intermediaire et que 
d'autre part, a plusieurs reprises, les informations de 
position n'etaient pas formulees conformement a la 
phraseologie reglementaire etpouvaient poser des problemes 
d'interpretation. 

L'analyse faite au 5 22.6 montre que les instructions 
de route fournies a l'equipage dans le cadre du guidage 
radar ont contribue a ecourter le segment d'approche 
intermediaire prevu dans la definition de la procedure 
d'approche pour la preparation de l'avion a l'approche 
finale. Elles ont egalement pu contribuer aux difficultes 
de capture de 1 'axe dtapproche qu' il a eprouvees. Ceci a 
pu influer sur le comportement de 1 'equipage et 1 inciter, 
au moins momentanement, a une precipitation dans 
l'execution des commandes necessaires a la preparation de 
l'avion et a la mise en descente. 

La commission note que l'evolution de la 
reglementation relative au guidage radar en approche traite 
cet aspect en garantissant a priori l'execution d8un palier 
avant la mise en descente pour l'approche finale. Le RCA 
3-121 date du 16 mars 1992 et applicable a partir du 2 
avril 1992 stipule entre autres criteres que "le guidage 
fourni doit permettre aux aeronefs d'effectuer sur l'axe 
un palier d'au moins 30 secondes avant d l  intercepter le 
plan de descente nominaln. 

En ce qui concerne la phraseologie employee pour 
informer les equipages de leur position radar, lgarrOte du 
7 septembre 1984 precise la formulation qui doit @tre 
employee. Bien que l'analyse faite au 5 22.6 n'ait pas mis 
en relief une interpretation erronee de la part de 
ltequipage, la commission estime qu'un effort particulier 
de rigueur dans la phraseologie utilisee est necessaire. 

En consequence, la commission recommande : 

- que les services de la circulation aerienne 
consacrent un effort particulier a la formation des 
personnels du contrble de la circulation aerienne et 
a leur entrainement aux procedures et a la 
phraseologie a utiliser lors de la fourniture dlun 
guidage radar; 
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- que ces senrices verifient que la phraseologie 
reglementaire associee au guidage radar dlun avion 
vers 11 axe dl approche finale est dt une part cohtirente 
avec les principes etablis par la nouvelle 
reglementation, et dtautre part exempte de toute 
ambigulte, notamment pour ltequipage; 

- que llutilisation de termes tels que Iutravers 
droit" ou "travers gauche11 pour indiquer a un 
equipage sa position par rapport a un repere soit 
iliminee de la pratique. 

46.4 - contenu et PLIse a jour des messages ATIS 

Pour preparer son arrivee a Strasbourg, 1 'equipage du 
F-GGED a utilise les informations diffusees par llATIS de 
Strasbourg (ATIS : Service automatique duinformation de 
region terminale) . 

A l"epoque de ltaccident, les consignes 
d'exploitation de ltATIS figuraient dans llInstruction 
Ne10140/DNA du 28 fevrier 1984. 

Luexamen du contenu des messages reGus par llequipage 
et des heures auxquelles ces messages ont ete diffuses 
montre dtune part que le message Novembre enregistre a 16h 
etait encore diffuse a 17h56, et d'autre part que la 
procedure duapproche a prevoir nuetait pas indiquee. 

En ce qui concerne le premier point, l t  instruction en 
vigueur a ltepoque de luaccident stipulait que "dans tous 
les cas, un renouvellement horaire minimum du message ATIS 
est imperatif afin de garantir la credibilite de 
ltinformation. En tout etat de cause, tout message datant 
de plus dtune heure devra Stre considere comme perime et 
ne devra plus dtre diffuseuu. Le renouvellement de llATIS 
n u a  donc pas ete effectue selon les dispositions de la 
reglementation en vigueur. 

En ce qui concerne le second point evoque, la 
reglementation applicable a ltepoque de luaccident ne 
prevoyait pas que soit indiquee la procedure dlapproche a 
prevoir. Or ltanalyse 9ffectuee au 5 22.62 montre que le 
faitdlinformer ltequipage de la procedure a prevoir aurait 
tres probablement clarifie la situation. La commission 
dlenqu&te note que ltevolution de la reglementation apporte 
une solution a ce probleme en integrant dans la liste des 
elements du message ATIS le type dtapproche a prevoir (voir 
luinstruction N o  10120/DNA, et le RCA 3.76 du 16 mars 
1992). 
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En consequence, la commission recommande : 

- qu1un effort particulier soit fait par les 
services de la circulation aerienne pour que 
ltexploitation de ~ ~ A T I B  soit assuree conformement 
la reglementation. 

46.5 - Identifioation des proaedures d'arrivee 
L1analyse faite au 5 22.62 montre qu'en l'absence d e  

precision concernant le tra jet d 'arrivee a suivre, 
plusieurs possibilites pouvaient &re envisagees par 
l'equipage du F-GGED. En effet, la formule "arrivee 
standard a StrasbourgIt utilisee par le contrbleur du centre 
regional de la navigation aerienne ntapportait pas 
l'information quiaurait probablement contribue a clarifier 
la situation. 

A 1 'epoque de 1 'accident le seul moyen d B  informer 
precisement ltequipage aurait consiste en l'enumeration des 
points du trajet a suivre. 

Ltexamen des cartes des procedures dtarrivee a Stras- 
bourg montre que depuis le 25 juin 1992 les trajets 
dtarrivee sont nommes. Ceci apporte une solution au 
probleme pose. 

En consequence, la commission recommande : 

- que les services de la circulation aerienne 
slassurent que tous les trajets de depart et 
d'arrivee en region terminale de controle sont 
designes et publies conformement aux recommandations 
de l'OACI et que ces designations sont utilisees lors 
de la delivrance des clairances. 
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CHAPITRE 4 . 7  - R E C O W D A T I O N  RELATIVE A L'EXERCICE 
PE LA TUTELLE DE L1ETAT 

Dans son analyse du contexte dtexploitation du 
F-GGED, la commission a ete amenee a constater la faiblesse 
du contrble effectue par les services concernes de la DGAC 
sur lfapplication de la reglementation operationnelle et 
le niveau professionnel des equipages en ce qui concerne 
Air Inter. Ce constat, qui peut probablement etre etendu 
aux autres grandes compagnies, tient tant a des raisons 
structurelles quta des problemes de moyens. I1 est 
preoccupantpuisque de ce fait les derives eventuelles sont 
ma1 mises en evidence. 

En consequence, la commission dgenquete recomrnande : 

- que soient definies et appliquees des modalitis 
et une periodicite pour l@inspection, le controle 
dlexploitation et le contr6le en vol des grandes 
compagnies aeriennes; 

- qufil soit procede a une reevaluation des 
moyens consacres par la DGAC a cette mission et a la 
mise en place de procedures dlutilisation de ces 
moyens, afin que tous les services competents soient 
enmesure dleffectuer les controles necessaires a une 
frequence adaptie. 
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CHAPITRE 4 . 8  - RECOMMANDATIONS RELATIVES AU RETOUR 
D'EXPERIENCE 

48.1- Reorganisation du diepositif reglementaire franqais 
be traitement des incidents 

Dans le cours de ses recherches concernant de 
possibles incidents analogues aux scenarios explores par 
11enqu8te, la commission slest rendu compte des limites 
evidentes du systeme actuel de retour dlexperience tant au 
plan international que national. En examinant en 
particulier le dispositif reglementaire franqais de 
traitement des incidents, elle a estime que son 
organisation et ses moyens actuels nlen permettaient pas 
un fonctionnement efficace. 

En consequence la commission recommande: 

- que le dispositif reglementaire fran~ais et les 
procedures de traitement des incidents soient 
refondus dans le but dlorganiser plus efficacement le 
retour dlexperience pour les besoins de la securite 
aerienne, notamment pour ce qui est des incidents de 
nature opdrationnelle. 

48.2 - Systemes dlanalvse svsthatiaue des ~arametres de 
vol enreuistris 

Dans le cours de ses recherches concernant de 
possibles incidents analogues aux scenarios explores par 
11enqu6te, la commission slest rendu compte que seuls les 
systemes dlanalyse systematique des parametres de vol 
enregistres etaient a la fois en mesure de detecter 
certaines anomalies de deroulement du vol non perques par 
ltequipage, et en mesure de fournir les elements d'une 
investigation suffisamment precise et approfondie pour 
pennettre la comprehension de llincident. La commission a 
cependant note que ce resultat nletait possible que sous 
la double condition que toute anomalie importante fasse 
ltobjet dlune analpse operationnelle, et que le systeme ne 
soit pas ferme vis a vis de llexterieur de la compagnie 
concernee. 

En consequence la commission recommande: 

- queau plan national et international les 
autorites de llaviation civile prennent, via a vis 
des exploitants de transport aerien public relevant 
de leur autorite, des dispositions visant a: 
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. etendre la pratique dtune analyse systimatique 
par ltexploitant des parametres de vol enregis- 
tris; 

. systematiserune analyse approfondie, notamment 
au plan operationnel, par un service specialise 
de ifexploitant, des anomalies importantes ainsi 
detecties; 

. organiser sous des formes appropriees, en res- 
pectant notamment 18s contraintes de confidentia- 
lite des informations et dfanonymat, la 
communication des resultats de ces analyses aux 
autorites de tutelle, au constructeur, et aux 
autres exploitants. 

ICAO Note.- Chapters 1.5 to 1.20 and the Appendices were not reproduced. 

ICAO Ref.: 0006192. 



No. 2 

Boeing 737-204, HP-1205CMP, accident at 
Cerca de Tucuti, Darien, Panama, on 6 June 1992. 

Report released by the Directorate of Civil Aviation, Panama. 

1. INf;ORMACION DE LOS HECHOS 

1.1. Historia del Vuelo 

El 6 de junio de 1992, alrededor de las 0200 UTC, el Vuelo de COPA 201, HP- 
1205 CMP, un Boeing 737-204 Avanzado, operando un vuelo de itinerm.0 de 
pasajeros sin escalas del Aeropuerto Internacional de Tocumen, Repiiblica de 
Panamti, a Cali, Republics de Colombia, experiment6 una per&& de control la 
cual result0 en falla estructural en welo, y se estrell6 en la selva del Darien a unas 
100 millas ~uticas(m.n) al sureste de la Ciudad & Panami A bordo de la 
aeronave se encontraban 2 pilotos, 5 sobrecargos, y 40 pasajeros, todos 10s 
ocupantes resultaron fatalmente heridos 

El vuelo 201 part16 de la pista 21L en el Aeropuerto Internacional de Tocumen a 
la 01:36 UTC. La primera parte & la ruta del welo fiae el radial de 149 grados 
desde el VOR de Taboga Posterior al despegue, la tripulacion de vuelo hizo 
contact0 inicial con Panami Cemo a las 0 137 UTC y solicit6 un mbo de 120" 
grados a fin de rodear un hrea extensa de mal tiempo situada en el Golfo de 
Panama 
Poco despub la tripulaci6n de vuelo solicit6 una desviacion a la izquierda a 090" 
grados y el controlador aproM la solicitud. 

El plan de vuelo indicaba una altitud solicitada de nivel de vuelo 270, sin 
embargo, el FL 270 no estaba disponible debicb a que otra aeronave con Nmbo 
sureste volaba a esa altitud El controlador infonno a la tripulacion que tanto FL 
250 como FL 290 se encontraban disponibles. La tripulacion eligio ascender a 
una altitud en nrta de FL 250. 

A las 01:45, 9 minutos despub del despegue, la tripulacidn de vuelo inform6 al 
controlador su deseo de interceptar la =via (A321) y el controlador aproM su 
solicitud. 

A las 01:46, la tripulacion le solicit6 a1 controlador informacion adicional sobre 
las condiciones climatol6gicas a lo largo de su ruta de vuelo. El controlador les 
inform6 que el mal tiempo se enconirah intenso de 30 a 50 millas de su posici6n 
de radar, y que & 50 a 60 millas & su antena & radar, aparecia disperse. 
Tarnbien les explico que no podia disponer de informacion climatol6gicas IX& 

allh de 60 millas, ya que, mh allh de dicha distancia, la antena de radar st510 podia 
mostrar blancos secundan'os (seaales & respondedor de mnaves) de radar. 
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A las 01:48, la tripulacidn de welo report6 e m  nivelado a FL 250; esta h e  la 
liltha transmisi6n conocida recibida por eI controlador del vuelo CMP 201. 

Oficiales de operaciones de COPA reportaran que la persona que hizo las 
transmisiones de radio en la kuencia  de la cornpailia era el capithn, lo cud, por 
p r h c a s  de la comma,  indica que el primer oficial piloteaba la aeronave. 

A !as 0157, el controlador transrnitio al CMP 201 que habk perdido contacto de 
radar, el controlador hizo varios intentos fallidos por contactar al vuelo, pero no 
recibio respuesta alguna El controlador tambien solicit0 a otro we10 (Arrow Air) 
que iutentara hacer contacto con el CMP 201. La tripulacion de welo de Arrow 
Air no two exito en contactar al CMP 20 1. El controlador tambien hizo contacto 
telefonico con el controlador en Colombia responsable por el espacio akreo norte 
de Colombia y le solicit6 que intentara hacer contacto con el vuelo. 
Ese e s h m  tampoco tuvo exito. Poco despuk se inici6 un esfiem de 
Bkqueda y Rescate para localizar la aeronave. Los restos de la aeronave heron 
localizados a la maiiana siguiente; no hubo supe~vientes. 

El accidente ocurrio durante 1as horas de oscuridad. Testigos cercanos a la escena 
obsenaron objetos flameantes cayendo del cielo alrededor de la hora del 
accidente. No escucharon sonidos asxiados a sus observaciones. Reportaron 
que el cielo estaba claro, sin seilales de lluvia o tormentas elMcas. Los restos 
principales, incluyendo la seccion de la cabina de mando y la de pasajeros, h o n  
localizados en una posicion de 7 grados 54 minutos 42 segundos Norte, 78 grados 
1 minuto 18 segundos Oeste. 

1 3  Leiones g Personas: 

13 Daam Satridas a & Aeronave. 

La Aeronave se cktruy0 totalmente. 

Total 
0 
0 

47 

Solarnente &boles y vegetacion fbe destruida por el choque y hego de la 
seccicin central. 
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1.5 Informaci6n sobre el Personal: 

El piloto d mando-de 55 aiIos de edad, era portador de una Licencia de 
Piloto de Transporte de Linea A h a  de avian, wn Habilitacion en M o m  
Multimotor Terrestre, DC-3IAVRO 748; CV240; 340; 440; B737; B727. Tenia su 
Certificado M&co vigente basta el 31 de &re de 1992, con limitaciones. El 
capithn recibio su habilitaci6n en Boeing 737 en agosto de 1980, su liltima 
proeficiencia en sirnulador fie el 29 de mano de 1992. C. la fecha del accidente 
habia acumulado 23,750 horas de vuelo, incluyenb aproximadamente 7,000 
horas en Boeing 737. 

En abril de 1990, se le suspendio 10s privilegios de su Licencia por haber 
padecido un infarto del miocardio, en maru, de 1991 se e fedo  un Junta Mddica 
en la cual se concede un Certificado Medico de Exencio~ con disposiciones de 
efectuarse evaluation cardiovascular cada 6 meses durante la renovation de su 
Certificado Mdico, con un miximo de 45 horas de welo a1 mes y con periodos 
de descanso de 48 a 72 horas por periodos. En Enero & 1992 se suspendieron las 
limitaciones de horas de w l o  y se ampli6 a 12 meses las pruebas de 
ecocardiograma y ergometria 

El copiloto de 25 aiIos de edad, era portador de una licencia de Piloto de 
Transporte de Linea A h  con Habilitacion en Mono-Multimotor Tenestre, 
Copiloto de Boeing 737-200. Su certificado m u w  vigente hasta octubre de 
1992 con la limitation: lentes correctores para la vision cercana y distante 
pemanente. Habia acurnulado 3,450 horas de vuelo de 10s cuales 
aproximadamente 1,600 horas eran en Boeing 737-1W200. 

En noviembre de 1985 fue sometido a tratamiento de ejercicios y parches 
especiales por sensibilidad a1 vdrtigo. Posterior a dicho tratamiento no existen 
evidencias ni registros en 10s archivos maces de que hubiera persistido la 
sensibilidad mencionada 

24 HRS. ANTES 7 DIAS ANTES 30 DIAS ANTES 
Vlo Noc Vlo Noc Vlo. Noc 
Hr. Hr Hr. 
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60 DIAS ANTES WDIASANTE!3 
Vlo. Noc Vlo. Noc. 
Hr. Hr. 

24 HRS. ANTES 7 DIAS ANTES 
Vlo Noc Vlo Noc 
Hr. Hr 

30 DIAS ANTES 
Vlo. Noc 
Hr. 

60 D M  ANTES 90 DIAS ANTES 
Vlo. Noc Vlo. Noc. 
Hr. Hr. 

1.6 Informacida sobre la Aeronave: 

La aeronave fabricada en 1980, eran un Boeing, modelo B-737-204 
advanced, niunero de serie 22059, matricula HP-1205 CMP. La aeronave habia 
acumulado 45,946:47 horas de w l o  y 17,845 ciclos hasta el &a 6 de junio de 
1992. 

En la ciudad de P U  el avi6n h e  abastecido con 10,000 kilos de 
combusti'ble de Jet A-I. No habia carga manifestada en el vuelo; no M i a  una 
desigaacion de asientos para 10s pasajeros, el exceso de equipaje fbe cargado en 
10s compartimientos de carga delantero, aunque esto no estaba plasmado en el 
manifiesto del vuelo. La masa y el centro & gravedad se estima que estaban en 
su Ihite en la salida y el momento del accidente y no fbe un fsctor del accidente. 

La observation meteorol6gica de supedicie conespondiente de la 0155 
UTC era la siguiente: viento 320" a 4 nudos, temperatura 28T, Punto de rocio 
28"C, lectura del altimetro 29.79 plg Hg., Techo estimado 8,000 pies. Habia 
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frecuentes descargas e l f i c a s  en las nubes, de nube a nube y de nube a tierra que 
se observaban con una nube cumulonimbus a 15 millas a sureste del aeropuerto. 
Los views en el nivel250 (FL250) fireron estimados en 10s 60" a 20 nudos. El 
controlador de trif~co &re0 trabajando el CMP 201 report6 que en la pantaila de 
su radar, la condition metereolbgica se movia a1 non>este. 

Residentes cercanos a1 hea del accidente reportaron haber observado una 
bols* de fuego que caia del cielo seguida de pequeiIas chispitas de fuego; durante 
la entrevista a dichos residentes, 10s rnismos informaron que ellos veian estrellas 
en el cielo que no estaba lloviendo, no recuerdan haber escuchado truenos, ni 
observado rayos. 

1.8 Avudas para la Naveeaci6a: 

El Centro de Panama estaba equipado con un radar ASR-5. El alcance del 
radar secundario es de 200 millas desde la ant- La antena del radar esth 
localizada en una pequeh isla cerca de la costa de la ciudad de Panama El radar 
no tenia ARTS y no era grabado. 

El controlador report6 que 61 decidio vectorem el vuelo CMP 201 
alrededor del lado norte del mal tiempo ya que otros aviones tambien estaban 
desvihdose hacia el norte. Cuando la tripulacion del vuelo del CMP 201 le 
preguntb a el si todavia estaban en el radar, el les dijo que si. Cuando el piloto 
solicit6 permiso para regresat a la A321, el controlador dijo que le parecia a 61 
que era un poco temprano ya que todavia parecia haber algo de mal tiempo en su 
pantalla de radar adelante del avi6n. f f i 6  que no es inusual perder contact0 
con el radar en el Area del liltimo retom de seh l  del vuelo. Ademiis a f h o  que 
espero aproximadamente 7 minutos despk de observar el liitimo retorno de la 
sea antes que transmitiera "contacto de radar perdido", a las 0157. 

No hay evidencia & haber codiontad0 problemas con 10s equips 
terrestres de ayuda a la Navegaci6n. 

No hubo dificultades con 10s sistemas de comunicaciones rnientras la 
aeronave se mantwo en 'buencia 

Durante la investigation no se pudo tmnsaibir totalmente la grabacion de 
las comunicaciones entre el Centro de Control A&eo y la aeronave, debido a que 
el sistema de grabacion trabajaba ma1 produciendo fuertes ruidos e interferencias. 

No aplica 
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1.11 RePistradores de Vuelo: 

1.11.1 Grabadora de Voz de Cabins: El avi6n estaba equipado 
con una grabadora de voz de cabina Sundstrand Nirmero de 
Parte 980-6005-050, N b e r o  & Serie 5390. La grabadora 
sufiio solo ddos ligeros por el impact0 en el accidente y no 
mostr6 evidencia de residuo de humo o dailos por calor. El 
examen de la grabadora encontro que la cinta estaba rota y 
que la tiltima grabaci6n era de un vuelo que habia tenido 
lugar 9 dias antes del accidente. 

Grabadora Didtal de Infomcidn de Vuelo: El avion 
estaba equipado con una grabadom de informaci6n de welo 
Sundstrand Nrimero de Paxte 98M100 EMXN. La 
gmbadora fire severamente dahda por henas de impact0 
per0 la cinta estaba intacta La grabacion contenia 1 1  
parhetros de datos. (Ver Aphdice A). No habia 
evidencia de residuo de humo o daiIos por calor. El 
exhen de la grabacion indid s61o infocmaci6n normal de 
vuelo hasta cerca de 95 seguudos antes de la pkrdida de 
informaci6n En ese momento el avi6n entr6 en una leve 
actitud de ala derecha abajo sin un compondiente cambio 
de rumbo. Alrededor del eje longitudinal (''roll" tonel) a 
una actitud de aproximadamente 35 grados de ala izquierda 
abajo, pero de nuevo sin un correspondiente cambio de 
rumbo. Unos 25 segundos antes de la pdrdida de 
informacion, "tonelea" a la derecha a 25" de ala derecha 
abajo. La actitud & inclination longitudinal cabeceo 
("pitch") habia disminuido a IS grados de nark abajo. 

A1 final de la grabacion, la informacion indica que el avion 
tenia una velocidad de 486 nudos, en el rumbo de 356 
grados, un pitch de 63 grados de ala derecha abajo. La 
altitud en el momento de la dtima idormacion grabada era 
aproxjmadamente 9,900 pies sobre el nivel del mar. 

1.12 Informacidn de 10s restos de la aeronave: 

Los restos fueron descubiertos por aeronaves de bthqueda en la maiiana 
del 7 de junio de 1992. LQS restos fberon encontrados en una selva 
densamente boscosa de terreno montaiioso y accidentado (ver aphdice 
B). El examen de 10s rcstos demostro que el avion se habia roto 
severamente antes del impacto con el terreno. Las porciones m8s grandes 
del avion fkron la cabina de pilotos (seccion 41), la secci6n central del 
ah con porciones del ala derecha e izquierdg 10s estabilizadores 
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honionta: y vertical y la parte trasera del fuselaje conteniendo la cocina 
trasera y el lavatorio. 

1.12.1 Scccidn Central del Ah. 

La Seccion Central del ala y las partes extenores de [as alas 
izquierda y derecha hasta poco m8s a116 de 10s pilones. fueron 
severamente daiIados por el impacto y el hego posterior al choque. 
La viga del tren de aterrizaje principal quierdo fbe localizada 
intacta, aunque dahda por fbego. 

El tren de ateninje principal derecho h e  localizado cerca de la 
seccion central y estaba fbertemente quemado. Los actuadores de 
ambos trenes de aterrizaje principales indicaban que el tren de 
aterrizaje estaba retraido en el impacto. 

No hubo evidencia de combadura de la estructwa de la caja de la 
seccibn central del ala Porciones de 10s intercambiadores de calor 
del sisterna del acondicionador de aire fueron localhubs a &a 
lado del sender0 de 10s restos de la seccion central. El panel 
inferior del ala derecha h e  encontrado desganado de las riostras y 
de las costillas de la viga N u m m s  remaches W o n  cizallados 
o halados a travk. 

Las unidades de control de Potencia ('PCU") del aler6n izquierdo 
e interior fUeron encontradas separadas del avion y errtle si per0 
cercanas una a la otra El mecanismo enter0 de compensacidn del 
aIeron fk encontrado intact0 pero sevenunente dailado por el 
fiego. 

La v6lvula del h o  a e w i c o  ("spoiler") de tierm fbe 
severamente dahda por hego. Un actuador de fieno 
ae-co fue localizado unido a una scccion del ala derecha a 
cierta distancia & la seccion central del ala El amador estaba en 
la posicihn rctraido. La vhlvula de control &l flap de borde de 
salida y 10s htemptores fberon 1ocali;Eados y estaban tambidn 
severamente quemados. Los actuadores de 10s bordes de salida 
indicaban que b s  estaban en la posicion de retraidos. 

1.12.2 Seccihn exterior de Iw alas izauierda y derecba. 

Las secciones extmiores de las alas k r o n  e m n W  
apximadamente a 300 pies a1 este de 10s rcstos principles. Las 
separaciones es&ban dobladas em diteccion hacia amb (desde la 
p t a  de la alas hash 10s pilares de 10s motores) y se enwntraron 
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70 pies aparte. Ninguno de 10s dispositivos de hipersustentacion 
del borde de ataque heron encontrados en esta 4rea 

La cabina de pilotos consistente en la Seccidn 41 entera, 
incluyendo graa park del cornpartimiento Electronico, fue 
localizada a mhs o menos 5.000 pies de la seccidn central. La 
cabina de pilotos yacia sobre su lado derecho en un rumbo de 
aproximadamente norte y habia sido aplastada airededor de la 
mitad de su ancho por las fkzas de impacto. 

El tren de aterrizaje de nariz estaba retraido con las Ilantas infladas. 
Faltaban las puertas del tren No se encontnj evidencia de fuego o 
hum0 en el kea bajo el piso de la cabina de pilotos. 

La manija de flaps h e  encontrada entre los retenes No. 1 y No.2. 
El acelerador n h e m  I estaba acerca de 718 de pulgada hacia 
adelante del retkn de marcha lenta ("idle") vuelo. El acelerador 
nirmero 2 estaba a 2 pdgadas adelante del acelerador No. 1. Los 
intermptores de fuego para 10s motores y Unidad de Potencia 
Auxiliar AP.U. ("Auxiliary Power Unit") estaban en la posicion 
normal. El indicador del cornpensador &I estabilizador estaba en 
15% de Cuerda Media A emhimica, MAC. (Me811 
Aerondynamc Chord) o 6 unidades de cornpeasacion y en la banda 
verde. El interruptor del Piloto automitico estaban en la posicion 
"off. La energia de baten'a de reserva ("stand by") he encontrada 
con la guarda arriba y el interruptor en la posici6n de bateria El 
intermptor del giroscopio vertical estaba en la posicion ambos en 
VG- I ("both on VG- In). El intemptor de la bnijula estaba en la 
posicidn ambos en bnijula I("both on Corn-I"). El altimetro de 
cabina leia una presidn diferencial & 2 PSI libras por pulgada 
cuadrada y una altitud de cabina de 25,000 pies. Los siguientes 
disyuntores ("circuit breaJce~~")on encoxxtrados 
disparados/saltados ("tripped"): Radar M ~ m l o g i c o  AC, DME- 1, 
VHF Nav-1, VOP/LOC, Computdora de Information & Aire 
("Air Data Computer"), No. 1 26 Voltios AC, Alerta de altitud AC, 
PDCA 1 1 5 Voltios AC, HF- 1 DC, Director de Vuelo - 1 AC, Luz de 
aterrizaje derecho exterior, luz & techo, cantidad de agua, 
cdefactor de agua del lavatorio delantem, calefactor de agua &I 
lavatorio trasero, Motor de desagiie trasero. Se tom6 nota sobre las 
lecturas de cabina de pilotos despuCs que la cabina h e  abierta 
corhdola y los restos de la tripdacion h n  removidos. Algunas 
de las lecturas fueron a n o w  despds que el panel 
superior/sobrecabeza ("overhead") deiantero y el panel de 
disyuntores fberon removidos del avion. Una bandeja de comida 
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de tripulacion fue encontrada en la cabina El examen de la cabina 
de pilotos encontr6 el aldmetro e l M c o  en 8,200 pies y 10s relojes 
parados a la 2 1 :00:09. La paIanca del fkno de velocidad ("speed 
brakeme encontrada en la posicion de guardada 

El tornillo de bola y la caja del engranaje del compensador del 
estabilizador heron encontrados con la tuerca de bola 4.5 pulgadas 
del tope superior. Esto es equivdente a 1.5 grados del 
estabihdor de borde de ataque hacia abajo o 4.5 unidades de 
compensation. 

La seccion central del estabilizador con el control &l elevador 
entero fbe encontrada intacta y en buena condicicin Faltaba 
pedm del estabilizador justo hacia afiera del mecanismo de 
bloqueo de aleta compensadora ("tab lock out*) en cada lado. 
Ambas Unidades de control de Potencialenergia) P.C.U. ("Power 
control Units*) de 10s elevadores estaban en buenas condiciones al 
igual que la unidad de centraje. El actuador del compensador de 
Mach h e  medido en 7.25 pulgadas @sicion extendida) y el 
mecanismo empujador de cabrilla estaba en neutral. La linea del 
centro del perno de salida del actuador del compensador de Mach 
fbe medida en 4.25 pulgadas detrb del rnamparo. Ambas PCU's 
podian ser accionadas hacia at&. Los pemos de sobrecarga del 
tub0 de torsih superior estaban intactos. No se encontro dailos por 
firego ni humo. El estabilizador derecho estaba roto como si 
hubiera sido separado en direction hacia abajo. El estabilizador 
kquierdo estaba roto en direccibn hacia amis. 

Arnbos motores habian sido liberados deI ala previo a1 impact0 y 
ken locdizados en el hrea de 10s restos. La informaci6n de la 
grabadora de vuelo indicaba que ambos motores estaban 
funcionado a imcha lenta de vuelo ("flight idle") previo a la 
pdrdida de information. No habia evidencia de fhego en ninguno 
de 10s motores ni en las cubiertas de 10s motores. 
El motor No. 1 fue localizado enterrado horizontalmente yaciendo 
en su lado derecho con la caja de entrada mirando hacia el oeste. 
Aproximadamente 15% de la caja de entrada y 65% & la caja de 
escape estaban expuestas. El lado izquierdo del motor, caja de 
engranajes y componentes yacian expuestos y el tanque de aceite 
sepracb por rotura del montante de la caja de engranajes fiontal. 
Muestras de ixeite y combustible fberon tomadas y suministradas a 
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la DAC para ansllisis. Las pruebas se encontraron nomales. No 
habia evidencia de penetracidn de la caja del motor o de fdh pre- 
impact0 de bguno  de 10s component= visible. El mecanism0 de 
empuje de reversa fue encontrado en la posicidn de guardado. 
Aproximadamente 15 pulgadas del lado delantero izquierdo del 
montante delantero del motor estaba visible y uaido a la caja 
intermedia El perno trascro del cono en la caja de escape se habia 
separado por retura en el punto de cizalladura en tension 

Una inspeccidn del interior expuesto de la caja de entrada mostraba 
todas 10s alabes del arbanico ("h dei motor*) intactas y no 
dobladas. Daos  por objetos foheos  fuem notados en el borde 
de ataque de varios alabes m& que nada entre la brida ("shroud") a 
mitad de la envergadura y la punta La peor condicidn fue ma 
mella o muesca de alrededor de 0.50 pulgadas de largo y 0.250 
pulgada de profundidad. No se not6 evidencia de frotamiento 
("rubbing") en al brida exterior. No habia evidencia de h h i d n  
de alabes en las cajas exteriores de compresor. Una inspeccidn del 
interior de la caja de escape encontrd 10s dabes de tmbina de 4ta 
etapa en buenas condiciones sin evidencia de dabs ni fiotamiento 
fuerte. 

El motor No.2 fue localizado W e d o r  de 50 yardas a1 sur del 
motor No. 1. El motor No.2 estaba completamente enterrado con 
aproximadamente 60% de la caja de escape trasera expuesta El 
Bngulo de entrada al terreno era de aproximadamente 20" de la 
vertical con la caja de engranajes mi y la en- mirando hacia 
el oeste. 

La caja de 10s engranajes fue empujada hacia hasta la caja de 
escape separando por rotura el alojamiento ("housing") y 
exponiendo 10s engranaje. Fue posible obtener muestras de aceite 
y combusti'ble del motor. Las pruebas se ezmntraron normales. 
Los dabes de turbina de 4ta etapa expuestas k o n  encontradas en 
b u m  condicion sin ninguna evidencia de 11'beracidn de dabes de 
turbina. La rev- de empuje del motor estaba en la posicion 
guard* 

El fuselaje estaba rot0 en muchos pedazos y esparcidos sobre la 
ladera del cem al sur de la quebrada Este. La seccidn 43 del 
fuselaje, estructura inferior, con la puerta de carp unida f?w 
encontrada cerca de un poco de estruciura izquierda de fom 
("skin") del avion incluyendo la luz de barrido del ala izquierda 
Ninguna de esta piezas mostraba s e h  de fbego o corrosion. El 
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panel de h l a j e  sobre el d a  del lado derecho desde la BS 616 a 
las 695 y riostra 7 a riostra 16, fue encontrado con residuo dt hum0 
en ambas superficies interior y exterior. 

La mayona de la par& de la seccibn 46 del fuselaje heron 
enwntradas. No se not& seihs de rcsiduo de humo o de corrosion. 
La puerta trasera de carga fire encontrada unida a) marco. La 
estrucbra trasera de barriga (seccibn 46) no mostro sebs de 
corrosidn. La parte trasera de la seccldn 46 desde la BS 907 a las 
BS 1016, incluyendo el msunparo de presibn y los dm marcos 
traseros, h e  encontrada en una pieza aptando en direction al 
Este. Yacia sobre su lado derecho. La puerta de entrads L2 estaba 
unida, pero faltaba la puerta de servicio R2. 

La cocina delantera N0.2 fix encontrada intacta except0 que la 
pared interior estaba quebrada a1 nivel del mostrador y faltaba La 
pared hacia &era del h a  para guardar el canito estaba quebrada 
pero todavia unida No M i a  evidencia de residuo de humo o daiIo 
por &ego. 

La mayoria de la estructura fb localizada Un examen de 10s 
restos no encontrd evidencia que indicara que algim t i p  de 
explosive o dispositivo incendiario estaba abordo del avion. Todas 
las superficies fhctmda exhibian fillas por sobrecarga y no hay 
evidencia de corrosi6n en las juntas de traslape ("lap joints") del 
fklaje. Varias partes que contienen evidencias de fbego, residuo 
de humo y marcas de transferencis de pintura/caucho h r o n  
enviadas a 10s Estados Unidos para su examen. Las partes incluian 
dos ventanas de pasajero, una seccion de tubo de ventilacion de 
fibra de vidrio, miernbro estructurales no identificados y una bolsa 
de mano de pasajero. 

Los hallazgm po& morten en el piloto y copdoto evidencian que no 
existi6 incapacitation slibita de la tripulacion. 
No existio infarto agudo ni lesion cardiaca de indole aguda en los 
pilotos. 

Las ltsiones en mano del piloto y copdoto aparentan heridas 
secundarias a p i o n  sobre 10s mandos de la aemnave durante la 
emergencia 
Los exhenes toxicol&g~cos completes efectuados por el grupo 
asesor de pat&logos del Institute de Patologia de las Fuerzas 
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Armadas de 10s Estados Unidos de Nortc A m ~ c a ,  piloto y 
copiloto fteron negativos por alcohol y Qogas. 

No hubo evidencia 8e inhalacidn de hum0 en la tr8quca practicada 
a los pilotos. 

El andisis toxicoldgico en 10s tejidos para el mom5xido de carbon0 
fUe negativo en el piloto y copiloto. 

No hubo evidencia de inhalacion de humo en tdquea practlcada a 
13 casos representatives. El d i s i s  toxicoldgicos en los tejidos 
para el mondxido de carbon0 fbe negativo en cinco casos elegidos 
al azar. 

No se constat6 evidencia de quemadura externa en los cadhveres, 
amque hay que tener en cuenta qw la totalidad de 10s cuerpos 
estaban en estado de dewompicion, moderada a a v d  

La causa de la muerte de 10s cuarenta y sieF ocupantes de la 
aeronave fue determinada por politraumatismo y exposicibn a altas 
velocidades al ser expdsados de la cabina 

No se encontr6 evidencia de hego autes del accidente. En inspeccidn de 
la "out flow" valve no se observo la presencia de hob 

El fuego observado por los testigos en el h del accidente fk el incendio 
que se prodyo a1 desintegmse 10s taaques de combusti'ble estando la 
aeronave pr6xima a chocar con el terreno. 

Las posibilidades, de sobrevivencia h r o n  nulas en este accidente. 

La examination de 10s restos de la aeronave fueron conducidas en el sitio del 
accidente; y se llevaron a cabo puebas adicionales a 10s componentes de la 
aeronave, en Boeing, Seattle, Washington, Honeywell en Phoenix, Arizona, 
Parker Bertta en Irvine, California, y Collins en Cedar Raplds, Iowa. 

Los siguientes componentes heron examinados y probados: 
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1. Indidores de bnijuia 
2. Indicadores de actitud de Direction 
3. IndicadaPes de Situacibn Horizontal 
4. Giros Direscionales 
5. Indidor  de Horizonte de Emergencia (Standby) 
6. Panel de control de pdoto autodtico 
7. Panel de transferencia de Equipo de Navegacibn (P5-24) 
8. Arnplificadores de lr~strumentos 
9. Paneles Anrmciadores &l Cornparador de Instrumentos 
10. Giros Verticaies y su alambrado 
I I. Relevos (relays) del Ledex 
12. Canal de control de tonel del piloto autodtico 
13. Relevos (relays) de transferencia del giro vertical 
14. mach trim coupler 
1 5. yaw damper coupler 
16. Unidad de control de potencia del timon principal 
17. Controlador de p i o n  de cabina 
18. Altimetro de Cabha 
19. Unidad de control de potencia de Emergencia (standby) del 

timon de direction 
20. Actuador del (mach trim) 

Se disebon pruebas especificas para 10s instrumentos de vuelo para examinar 10s 
efectos de las seWes intermitentes (discontinuando el voltaje de excitaci6n del 
sincronizador del indicador de actitud de dimxion). Se utilizaron tanto la 
microscopia 6ptica como la de escudrihniento (scanning) de electrones para 
examinar el cableado del sincronizador del tonel del giro vertical. Los items de 
inteds especial se incluyen como adjtmtos, como sigue: 

Afindice E: Notas de Honeywell Commercial Flight Systems Group sobre las 
exatlfinaciones del giroscopio, con fecha del28 de septiembre de 1992. 

Apdndice F: Notas del Boemg Commercial Airplane Group sobre la 
reexamination del sinmnizador de tonei del giroscopio vdcal, con fecha del22 
de septiembre de 1994. 

Aptindice G: Informe dekPiloto de COPA sobre Indicaciones Erroneas, fechado 
el 14 de Enero de 1994. 
Aphdice H: Esquema de Referencia de Actitud para R737,34-22-00,2 piginas. 

Apkndice I: Idorme de Ingenieria Analitica, Investigation del dgimen de Tonel 
VGl del Sincronizador de Rotor &I COPA B-737. 

LAM resultados de todas las -bas de componentes llevaron a1 descubrimiento dc 
una anomalia que pudo ser el -or causante del accidente. El Adjunto D 
contiene detalles de una dumpincia de fabrication en el cableado del 
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sincronizador de rotor de giroscopio vertical de tonel que resultb en un corto 
circuito. 

Se Ilevo a cabo una raisihn del historial de mantenimiento de la aeronave en 
COPA y con el operador previo en un intento por identificar cualquier actividad 
de mautenimiento que pudiera haber sido el factor causal &I accidente. No hubo 
indication en 10s registros de que la aeronave accidentada hubiera experimentado 
aromafia significativa afguna con ninguno de 10s sistemas, haciendo especial 
Cnfasis en el sistema referencia de actitud & 10s instnrmentos de vuelo, que no 
hubiera sido conegida antes del vuelo del accidente. 

Notese que aunque 10s datos del FDR no indicaron ninguna entrada a1 control de 
welo no comandada en ningh eje (axis), tanto la midad principal de control de 
potencia del timon de Direction como la unidad de Emergencia (standby) de 
control de potencia del timon de direccibn heron examinadas en eI laboratorio 
completamente. No se notaron discrepancias algunas. 

1.17 Informaci6n del Explotador 

El explotador habia adquirido una flota de aeronaves B737-200 que fberon 
entregados origmalmente a uaa variedad de aerolineas, incluyendo a Britania 
h y s ,  Aerolineas Alemanas Lufthansa, Air New Bland, Gulf Air, Malaysian 
Airlines y Thai Ahways. Los nlimeros de fuselajes y las fahas de m a n u f '  
van del NO. 223/1969 al N". 1010/1984. La wnfiguracion & instnunentos de 
vuelo varia segb las especificaciones individuales de las 7 aerolineas 
compradoras ori@es y la modernization & 10s sistemas de instnunentos de 
vuelo durante 10s 15 &os de produccibn. El expiotador posee 5 diferentes 
configuraciones de despfiegue de instrumentos en su flota de aviones. (Ver 
Apwice  C). 

@ERAcI~N DEL SlSTEMA DE REFERENCIA DE ACllTUD 

Los dos AD1 ( uno uno, Capitin y Copiloto) son independientemente . . 
stummtdos de infomacion de cabeceo y tonel por dos giroscopios verticales 
independientes (VGs). En el modo normal de operation, el VG-1 provee 
informaci6n ai ADI del capitizn. El VG-2 provee information a1 AD1 del copiloto. 
La diferencia entre la information del capitan y la &I copiloto son percibidas en 
un cornparador & instnnnentos. Si los dm sistemas de instrurnentos estan en 
desacuerdo, luces de advertencia son desp1ega&s arriba & ambos indicadores de 
actitud 
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Si existe un desacuerdo entre los dos indicadores, la tripulaci6n entonces puede 
cambiar la operaci6n de ambos ADIs a cuaiquiera de 10s dos giroscopios 
verticales. Una v a  esto se ha llevado a cabo, ambos AD1 debieran indicar lo 
mismo y el anunciador de advertencia del comparador debiera e x m g u k  (porque 
no se esta hacienda ninguaa comparaci6n). Dtnrante el exarnen de los WS, este 
intemptor de tmsferencia se encontro engranado en el momento del impacto. El 
examen del Panel de Tmderencia del Equipo de Navcgaci6n P5-24, indid que 
ambos AD1 estaban Qsplegando informaci6n del VG-1 poque el intemptor de 
transferencia estaba seleccionado en ambos en VG- 1 ("both on VG- 1 "). Tambib 
otro intemptor indicaba que la selection de bnjjula estaba seleccionada en ambos 
en bnijda-I("both on comp 1 "), lo que indicaba que ambos HSIs esbban siendo 
accionados por el Giroscopio Directional (DG-I). 

Exsimenes adicionales de los relevos de transferencia asociados con estas 
posiciones de intemptores contimaron que 10s intemptores estaban 
seleccionados en estas posiciones en el momento del impacto y que no fbemn 
movidos por el impacto o p r  la recuperation posterior al accidente. 

El exarnen del VG-I indid que el giroscopio estaba dando weltas en el impacto. 
Marcas adentro del Giroscopio indicaban que este se detwo abmptamente en el 
impacto. Ingenieros de la Honeywell indicaron que Ios engranajes del rotor del 
giroscopio h a b b  sido Iubricados con una grasa incorrecta No hub0 ninguna 
indication que la grasa incorrecta af'ectb a la operacidn &I giroscopio. 

Un examen del sincronizador de rotor de tonel del VG-1 Uevado a cabo en junio 
& 1994 encontro un cable enrollado del embobinado &I sincronizador, pinchado 
contra el centro de hierro, a la altura del polo nlimero 5. Durante la revision 
inicid, k t e  presentaba una anomalia que se podia leer como un corto eIktrico de 
9 a 10 ohmios del lead al centro. El corto desaparecio al ser removido el cable 
&I centro. 
El examen del VG-2 tambidn indid que el giroscopio estaba dando vueltas en el 
impacto. No habian dicaciones de fdla de giroscopio antes del impacto. 

El indicador de actitud de emergencia (stand by) h e  recuperado. Aunque rlaiialfn 
p r  fuexzas de impacto, las pruebas i nd imn  que el instmmento probablemente 
estaba operable en el momento del impacto. 

La OGlcina de Investigacidn de Accidentes Abreos de la CAA Autoridad de 
Aviacion Civil Ingiesa, revis6 10s reportes de defectos hechos por pilotos 
desde 1980 hasta 1992. Se condujo una revisih especifica de entradas 
bajo 10s encabezamientos de: Mas Estructurales y corrosion, HSI, 
puertas y compuertas, piloto autodtico y Giros Verticales. No se notaron 
defectos significativos bajo esos encabezatnientos aparte de una historia de 
defectos de piloto automiitico. De 134 problemas reportados por pilotos. 
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Diecidis de esos defectos habian descritos como "severos" o en thnhos 
sirnilares. La mayoria de estas entradas (anotaciones) ocurrieron antes de 
1985. Otros 82 reportes de desviaciones de cabecao (14 descritas como 
severas). Los registros indican quc se cambiaron 22 canales de cabeceo y 
14 canales de tonel. 

Tambien h e  contirmado por 10s registros de Brbmia que ni el DFDR ni 
el CVR habian sido modificados p. tener su energia suministrada por 
medios alternos. 

Los re-os tambien indicaron uua reparaci6n estructural el 8 de enem de 
1987 al forro inferior del fuselsje posterior en la Estaci6n 933 basta la 979, 
BLO. La reparation fue llevada a cabo de acuerdo a la direction y 
aprobaci6n de Boeing. 

El 13 de abril de 1992, Britannia le report6 a Boeing que habia encontrado 
corrosion entre las cabem de 10s sujetadores en la cam vertical exterior de 
la cuerda inferior de la viga de quilla LBL 6.5. La wrrosi6n era comim en 
la hilera inferior de sujetadores como sigue: estaci6n 557 a 570-0.004 
pulgada a 0.006 pulgadas de profundidad y m k h o  0.012 pulgada de 
probdidad en la Est. 563. La corrosion h e  reparada de acuerdo a la 
aprobaci6n de Boeing. 

2. ANALISIS: 

La casi total desintegracion de la aeronave, la Ealta completa de la grabadoni de 
voz de cabina (CVR) y tener un error en el pmhetro del tonel (roll) de la 
gfabadora Digital de datos de welo (DFDR), ha impedido que se establezca una 
causa probable que sea verdaderamente conEirmada por 10s hechos que se 
condcen del accidente. 

Sin embargo, varios escemrios han sido considerados: 

Terrorism0 
Despresurhci6d subita 
Ma1 tiempo 
Mal Funcionamiento del AD1 (indicador & actitud directional) 

2.1 General 

La Aeronave fk certificada de acuerdo con las regulaciones aplicables del 
estado de registdoperador, la Repliblica de Panam& y el estado del duefio 
(mdador), el Reino Unido. Se le dio ma&ahiento de acuerdo con las 
regulaciones aplicables, durante la investigaci6n se encontro que la 
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aeronave h e  operada por nueve dias anteriores a1 accidente con un CVR 
inoperativo(grabadora de voz de cabina). La Mta de evidencia de audio 
de la cabina h e  un"obst8culo & gran importancia para la sutentaci6n dc 
muchos hechos concernientes a la investigacih 

La Tripulaci6n & vuelo h e  entrcnada y calificada de acuerdo a 18s 
regulaciones aplicables y las normas y requerimientos de la compaaia La 
m.'isa y centro de gravedad de la aeronave se encontraba dentro & Ias 
limitaciones prescritas y no heron un factor en el accidente. 

El examen de los restos en el lugar del siniestro y los estudios redizados 
con la information del (DFDR) establecen que la aeronave empezo a 
perder su integridad estructural cuando venia descendiendo entre 10,000 y 
8,000 pies &bid0 a las sobre cargas aerodinamicas excesivas a que fue 
sometida en el descenso. 

A pesar de la destrucci6n casi total y de 10s daiIos de impact0 con el suelo 
y la dificultad en encontrar toda la e s t r u m  de la aeronave, no se 
encontraron evidencias de separation en vuelo de componentes del 
fuselaje. Todas las superticies fiacturadas, exhibian fhllas por 
sobrecargas, no habia indicio de corrosion en la juntas de traslape del 
k l a j e .  

En la inspeaion a la aeronave, su estructura, 10s sistemas de superficie de 
control, motores, sistema de comunicaciones y navegaci6~ no se encontro 
evidencia de ma1 fhcionarniento o imomalias previas al accidente que 
pudieran haber contribuido a1 accidente. 

La aeronave era mantenida de acuerdo a1 programa de mantenhiento 
aprobado, recomendaciones del fkbricank y regulaciones aeronhlicas 
vigentes. El peso y balance de la aeronave se encontraba por debajo y 
dentro de 10s lfmites maiximos permitidos para la aeronave. 

Con la ayuda de expertos de explosives en accidentes adreos de la Agencia 
Federal de ~ k a c i b n  de los E.U.A (FAA) se rewrri6 Wlo el lugar del 
siniestro y se enviaron al laboratorio del FBI en Washington D.C. U.S.A. 
una serie de componentes y articulos del avion y 10s pasajeros para su 
adisis, los cuales no mostraron n i q h  indicio de huellas de sustancias 
quirmcas o compucstos de expbsivos. 
No se encontraron evidencias de fkgo en la cabina de mando ni en las dos 
cocinas; en las dvulas de =out flow" no se encontr6 residuos de hob,  
por lo que demuestra que el sistema &I aire acondicionador no se 
contamin6 de humo. 
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Los exhenes toxicol6gicos a tripulantes y pasajenw no mostrarm 
evidencias de inhalacion de humo, ni hueIlas de mondxicb & carbono en 
10s tejidos. El fuego observado por los testigos en el drca del accidente, 
fbe el i n d o  que se podujo a1 desintegrarse 10s tanques de combustiile, 
estando la aeronave pr6xima a impactarse con el terreno. 

Un descenso tan a i d 0  como reah5 la aeronave, nos llev6 a pensar que la 
tripulacion habia realizado un desceaso de emergencia debido a una 
descompresion de cabina slibita Sin embargo, analizados 10s padmetros 
de la DFDR , la potencia de 10s motores no fue encontrada como lo 
establece la lista de veriiicaciones (Check List) ck la emergencia de 
despresurizacidn Esto fire comborado por el exarnen de laboratorio de 
10s componentes principales del sistema de presurizacion que no 
mostraron indicio de mi4 funcionamiento del sistema 
Se analiz6 la l e c m  enconbada en el altimetro de cabina y se llego a la 
conclusion quc &e se habia quedado trabado matcando la altura de 
25,000 pies. No hubo relacion entre &a indication y el accidente. 
Se reconio la trayectoria de vuelo para dar con indicio de partes de la 
aeronave o carga que demostrarsl que hub0 despmdimiento de 
componentes o partes del fuselaje presurizado, no se encontro evidencia de 
esta anormalidad 

A las 16:49 HL el despachador de la cornpailia (COPA) se present6 a 
retirar la carpeta de pron6stico correspondiente d vuelo CMP-20 1. 

En este documento se le incluyt5 el promktico del aerddromo de salida 
Tocumen y de destine Cali, carta de tiempo significativo en ruta (SIGWX) 
y cartas de vientos y temperaturas pronosticadas para el nivel de vuelo 
300. 

Los pronosticos de hrea vsllidos para la hora ck salida del welo CMP-201 
kcen notar la d v i d a d  de la Zona de Convergencia Intertropical (ZCIT) 
sobre todo del pais con un tiempo significativo con cumulunimbus 
aislados con bases a 2,000 pies y cirnas de 44,000 pies tormentas el&cas 
fuertes acornpalladas de turbulmia severa y engelamiento. 

La actividad de tormenta mhs severa bordeaba la costa pacifica en el drea 
del golf0 de P d  Expandibndose hacia el noroeste. Esta zona de 
tormenta estaba asociada a una baja presion de alrededor de 1,008 mbs, a1 
despegar el d o  CMP-201, el Centro de Control le idonno del ma1 
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tiempo y que si necesitaba desviaci6n estaba autorizada, tambib le 
notified que otras aeronaves se estaban desviando a1 norte. 

+a 

El melo CMP-201 solicit6 desviacion a la izquierda 900 lo cud fk 
aprobado. Posteriormente, la tripulacibn solicit6 desviacion a la derecha, 
la cual h e  autorizada a discrecibn. 

Con la ayuda del Centro Mmdial de archivos meteorol6gicos en la 
Universidad de Michigan, se consiguio la foto satelite del ma1 tiempo 
reinante en el i h a  del golfo de Pamumi y con 10s parbetros de la DFDR 
se proyectb la trayectoria de vuelo CMP 201 con respecto a la tormenta 
Del kea (ver anexo J). Esto tarnbien h e  comprobado con el pariunetro de 
aceleracion vertical del DFDR, el cual muem un recomdo de atmhfera 
en calma Es mhs, testigos en el hrai del accidente dijeron que no existian 
problemas climatol6gicos significativos en el lugar. Sin embargo, las 
condiciones climatol6gicas a1 nivel de crucero pueden haber impexid0 un 
horizonte natural visible. 

2.5 El Eseenario de ma1 funcionamiento del AD1 

2.5.1 Sistemas de Indicacibn de Actitud de Direccibn: 

Existen, como minimo, tres sistemas de indicacion de actitud separados e 
independientes en las aeronaves comerciales de Transporte A k .  
Consisten en dos sistemas primaries de giroscopios verticales (vertical 
giros (VG), uno para el Capith y otro para el Primer Oficial, 
respectivamente, localizados en sus respectivos Indidores de Actitud de 
Direction (ADI), y uno de emergencia (stand-by), mhs un indicador de 
actitud de emergencia (standby), nuis pequeilo, localizado en un Btea 
c o m b  del panel de instrumentos entre 10s dos miembros de la tripulacion 
de vuelo. Alguuos explotadores en operation y sus Estados reguladores de 
Certification requieren una fiiente adicional & actitud, en forma de un 
VG auxiliar, que puede ser conectado a uno o ambos ADI. 

Si la tripulacibn de vuelo sospecha que existe un error en el sistema de 
indicacion del, piloto, 10s procedimientos de operaciones indican a la 
tripulacion que debe comparar las indicaciones entre los tres sistemas, 
para confirmar que existe un error, e identificar la h t e  VG asociada con 
dicbo error, para entonces cambiar a una fuente VG que pueda suplir 
informacih de actitud confiable a arnbos AD1 por el remanente del vuelo. 

En el entrenamiento con sirnulador, la tripulacion de vuelo h e  expuesta a 
una aeronave con una configuration de indicacion de actitud con un VG 
auxiliar. Por tanto, el entrenamiento de la tripulacion para un error en la 
actitud incluia la selecci6n del VG auxiliar como parte del procedimiento. 
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La aeronave accidentada tambih estaba @pads con un sistana 
comparador para percibir las diferencias en indicacidn de actitud Una luz 
de precaucibn se i l M a  para demostrar indicaciones difemtes 

La aeronave accidentada no tenia un VG auxiliar, sin0 que tenfa sistcmas 
independientes para el Piloto y el Primer Oficial, en adicibn al Indicador 
de emergencia (stand-by). Para esta configuracidn de aeronave, el 
pmedhiento de operaciones requeria que la tripulacion identificara la 
fuente del error en indicacion comparando visuahente el indicador de 
emergencla(stad-by) con 10s indicadores principles, pan, luego 
seleccionar la fixate primaria appiada (corrects), ya fuera la del Capitan 
o la del Primer Ofkial, por medio de mover el &enuptor de transferencia 
del vertical giro a ambos en VG-1 o a arnbos en VG-2. 

En el sitio &l accidente, se encod  el interruptor de transferencia del 
giro vertical en h posicion de arnbos en VG-1. Prueb de laboratorio 
indicaron que el relevo (relay) de transferencia & actitud estaba en la 
posicion de "transferencia" ("transfer") o ambos en VG-1. El DFDR 
gdx5 10s parr5metros desplegados por el AD1 &I Capith Los datos de 
DFDR indicaron que la indicacih de actitlad de direction proveniente del 
VG-1 conten'a mores intermitentes. 

Poco despuh de restablecer su curso hacia Cali, Colombia, la muave 
estaba volando nivelada a 25,000 pies. El piloto automatico 
probablemente estaba acoplado. Se seleccion6 un rumbo & 16OOgrados en 
el piloto automhtico y el mismo hizo girar la aeronave sobre su eje 
longitudinal bacia la derecha, con una inclinaci6n & 23"graQs el 
cornienu, del tonel hasta 10s 23" grados; de hgulo de inclinaci6n lateral 
(''bauk") tom6 7.5 segundos. El dgimen de tonel habria sido & cerca de 
3" grados por segundo. Desp& de alcanzar las 23" gtados de inclinaci6n 
latemi, el avibn entonces toneid de regreso a la direccih de alas 
niveladas a1 mismo dgmen de tom1 de entrada El toneleo para salir de 
la inclinacibn lateral derecha de 23" se detwo a una inclinacih lateral de 
4" grados de ala derecha abajo por aproxjmadam- 15 segundos. En ese 
momento, una de dos cosas pudo haber sucedido: 

La primera habria sido un anuncio de una incompatibilidad de indicacion 
en 10s comparadores de 10s lndicadores Direccionales de Actitud ADI. La 
tripdacion en ese momento seleccion6 la posici6n de ambos en el 
Giroscopio Vertical l(%th on VG-I"), en el panel de intemptores de 
transferencia de Navegacion. A continuaci6n & esta selecci6n, las luces 
del comparador heron apagadas por esta accih El piloto que estaba 
volando entonces intent6 corregir la actitud de giro de la aeronave 
aplicando ale* para nivelar las alas. Mi- aplicaba el derbn, la 
aeronave respondid hacia la direction ordenada Sin embargo, el "ADI" 
no respondio y continuo indicando un Tonel de 37 grados a la izquierda, 
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sobre el eje longitudinal. El tripulante entonces respondid iiplicando aler6n 
derecho para corregir el giro. La aeronave respondid siguiendo la orden de 
giro a la derecba El giro de 370 & da izquierda abajo st mantwo por 30 
segundos. En ese momento el AD1 gu6 a 1170 a la k h a  sobn el eje 
longitudinal, coincidiendo con la actitud de giro de la aeronave. El control 
de la mnave  se perdi6 en ese momento mientras cafa la nariz debajo del 
horizonte y la velocidad wmenz6 a aumentar, La aeronave continuo su 
picada hacia la tierra a un d jmen  de descenso de 49,000 pies por minuto 
y perdio su integridad estmctural (se fhgment6) en el aire 
aproximadamente por debajo de 10,000 pies de altura sobre el nivel del 
mar y a una velocidad de miis de 486 n&. 

Aunque la aeronave es capaz de producir el nivel de tasa de tonel grabado 
en el DF'DR, la aceleracion de tone1 que la aeronave es capaz de producir 
es mucho menor que aquella grabada en el DFDR En mas palabras, la 
agudeza del inicio del tone1 no puede ser producida por 10s comandos 
introducidos por 10s controles de la aeronave. Adem& la pertuhci6n del 
factor de carp "G" mostrado en las posiciones de dedn y Timon de 
Direccidn mhximas, no eran evidentes en 10s trams del DFDR 

El segundo escenario difiere solamente en quc, si esta tripulaci6n u otra 
tripulacion anterior hubiera seleccionado ambos en el Giroswpio Vertical 
l("both on VG-I") previo a la discrepancia indicada anteriormente, el 
curso de 10s eve- solamente habria cambiado por la ausencia de 
advertencia &I anunciador del cornparador de tonel. 
El examen de 10s restos de la aeronave y de 10s componentes de la misma 
brind6 una sola indicacih positiva de Mla en a l e  sistema. La f d a  
consistia en un cable pinchado en el embobinado del sincronizador de 
tone1 VG-1, el cual a1 ser p r o w  inicialmente mostraba una wndici6n de 
corto. Un examen m4s exhaustive indicb que el alambre habia sido 
encapsulado en un material potector t i p  epoxy al ser m a n u f " .  
Esta condici6n pudo haber causado la Mla intermitente de la seM de 
saiida &I sincronizador de tone1 VG-1. Esto pudo h a k  brindado la 
intermpcion de la misma hacia el AD1 requerida para este anillisis. 

Hay evidencia aprerniante que apoya este escenario en la cornlacion de la 
informaci6n del DFDR (Digital Fligth Data Recorder) y la informacidn de 
las pruebas de AD1 en la Wca Collins. Las pruebas y 10s h e n e s  
posteriores al accidente de 10s VGs (Vertical Giro) y 10s ADIs (Indicadores 
Direcciodes de Actitud) no indicaron Was que hubieran proporcionado 
info~macidn & tonel como la grabada en el DFDR Las pruebas si 
indicaron que ma perdida de excitaci6n por voltaje en el eje longitidbl 
a1 AD1 explicaria las acciones del indicador. 

La radn para la pdrdida del voltaje & excitacidn de tone1 hacia el AD1 
puede ser explicada por el corto del embobinado del sincronizador de 
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tonel VG-1. Otra poslMidad puede ser la pdrdida intermitcente de potencia 
como resultado de un corto de cable a cable o de contact0 cable-tiena que 
no pudo ser detecPds pmteri'or a1 accidente. 

No hay ningim registm de mantertimiento o bitacora de tripulacih de 
vuelo de COPA o en Britannia que indique que alguna vez se i M c 6  
alguna falla que @era causar este problema No se habia llevado a & 
ninguna accidn de mantenimiento en esta aemnave relativo a este 
problema. Se trataba de una situation que se dio por primera vez en esta 
aeronave. 

La causa de la falla del Indicador Direcciod de Actitud fiie la falla de 10s 
datos de salida del sincronkado de tonel del Giro Vertical n h e m  1. La 
ausencia de M horizonte natural externo para referencia contriiuyo a Ia 
Mta de control de tonel, y la tripulacidn de vuelo no utiliz6 los otros 
instrumentos de cabina operativos ( indicador de actitud de emergencia 
"staud by") que indicaba que se babia presentado a la tripulacidn una 
informacion de tonel errada 

Las fallas intermitentes en las indicaciones de los instrumentos ADI's, ban 
podido ser descifhdos, con referencia ("crosscheck") con el indicador de 
d t u d  de emergencia ("stand by") La informacion correcta de actitud ha 
podido ser indicada en el AD1 del capitiin y copiloto, si el intenuptor del 
VG hubiera sido seleccionado a la posicih de ambos en VG-2 (Both en 
VG-2). 

A La tripulacidn de vuelo se encontraba actualizada y calificada para ]as 
hciones que ejercfao al mornento del accidente. 

B. Los tripulantes tenian sus certificados mkdicos aeroduticos vigente a la fecha 
del accidente. 

C. No se observ6 evidencia de incapacidad sirbita en la tripulacion de vlaelo. 

D. Las pruebas de laboratorio por evidencia de alcohol y drogas realidas a la 
tripulacidn de vuelo fueron negaovas. 

E. La tripuiacibn de vuelo habia sido li'berada & operaciones a h a s  las veinte 
cuatro bras procedentes al accidente. 

F. La tngnrlacih de vuelo no reportb al Centro de Control, ni a otra aeronave que 
wnfiontaba problema alguno. 
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G. La aeronave perdi6 su integridad estmctud antes & estrellarse contra el 
suelo debido al exceso de velocidad y tolerancias "G'sW& sus limitaciones de 
vuclos. 

H No se detectb la presencia de productos explosives o iaccndiarios abordo de la 
aeronave. 

I. No se encontro evidencia de incendio previo a la hpentacion de !a 
aeronave. 

J. No hubo mal funcionamiento de 10s sistemas de ayuda a la navegacibn 
tentstre y de control de trihito h. 

K La Aeronave era mantenida de acuerdo al pograma de mantenimiento 
aprobado, recomendaciones del fabricante y regulaciones aeroduticas 
vigentes. 

L. En la inspection de la aeronave, estructuras, sistemas de superficie de control, 
motores, sistemas de comunicacion y navegacion, no se detect6 evidencia de 
mal hcionamiento o anomalias previas al accidente. 

M. En la revision de 10s documentos (hstorial) de la m m v e  se observo que la 
misrna no tenia discrepancias continuadas por mantenhiento que pudleron 
haber contriiuido al accidente. 

N. No se o h 6  evidencia quc el sistema electrico que alimenta los 
iostnmlentos de vuelo hubiera presentado fallas debido a que el DFDR 
continuo operando hasta que la aeronave em@ a perder su integridad 
-9  

0. a peso y balance de la aeronave se eacontraba dentro de los limites 
permitidos. 

P. Existia una tormenta tropical lateral a la trayectoria &l vuelo realizado por la 
aeromve. La aeronave no entro en el h a  de tormenta durante el vuelo. 
Testigos indicaron que en el sitio del accidente no habia ma1 tiempo. Sin 
embargo durante el virelo no habia referencia natural. 

Q. La informaci6n de actitud de tonel (8ngulo de inclination) y la informaci6n de 
direccibn (heading information) del DFDR de la aeronave accidentada, el cual 
graba las seiIales de los instrumentos de vuelo del Capitsin, confirm6 la 
existencia de un mor intermitentc en la indication de actitud, ya que 10s 
controles de vuelo de la aeronave no pueden llevar a cabo el alto dgimen de 
cambio en las maniobras de tone1 indicadas por el DFDR A d d  siguiendo 
perioQs de informacion incorrecta de actitud, la information del DFDR 
indid que la tripulacidn @at6 de maniobrar la aeronave, a fin de comgir 10s 
errores de actitud que se indicaban. 
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R Un corto circuit0 intennitente fbc encontrado en el embobinado &I 
sincronizador de tonel del Giro Vertical, el cual era causado por un almbre 
pinchado contra la anxhura La prdlda dc voitaje bria el s h m m h b  de 
tonel causaria al respective lndicador Directional de Acth i  que se wngelara 
o se trabara en posicihn. 

S. El intenuptor del giro vertical se encontr6 en la escena del accidente en la 
posicion de ambos en VG- 1, (both on VG- 1). Se determino que el intenuptor 
del giro vertical h e  movido de la posicion NORMAL a la de ambos on VG-1 
(both on VG-I) ya sea antes del despegts o durante el vuelo, miis 
probablemente durante el welo, y que la tripulacion & vuelo detect6 un emor 
intermitente de actitud en sus instrumentos de vuelo. 

T. Posterior a la seleccibn de both on VG-1, la comparaci6n entre 10s 
instrumentos de welo del Capitan y 10s deI Primer Oficial fbe invslida (sin 
significado), ya que ambos indidores de actitud directional primaria estaban 
conectados a la misma h t c  VG-1, y la informacion de actitud 
proveniente de VG-2 ya no estaba disponiile. 

U. El Primer Oficial pudo haber sido el piloto volando al momento de iniciarse la 
indicacibn de error de actitud, debido a que le Capitan fiae encontrado en la 
aeronave accidentada sin indicios de tener el c in tdn  de seguridad puesto, y 
se encontr6 tambien una bandeja & wmda en la cabina de vuelo. 

V. Lo m h  probable es que el indidor de actitud & Emergencia (Stand-by) 
estaba dispnible a la tripulacion de vuelo durante la Ealla intennitente &I 
sistema primario del C a p w  ya que t i  daiio post-impado presentado por el 
indicador de emergencia (Stand-by) indicaba que estaba operando ai momento 
del impact0 con el suelo. 

W. I?l indicador de actitud de emergencia (stand-by) no hr utilizad~ 
exitosamente para identificar el error de actitud en 10s instrumentos primaries 
de vuelo y mantener el control del vuelo debido a que el procedimiento de 
entrenamiento y de simdador & la compadia era llevado a cabo en una 
configuration de cabina distinta a la de la aeronave accidentada, y este 
Wnamiento introdujo un elemento de confusion. 

X La estandarkacihn dk ias cabinas de la flota es un factor en este accidente, 
debido a que la tripulacidn de vuelo repitio acciones antenores aprendidas en 
el simulador para seleccioaar una fbente aiterna de guia que hubiera sido 
apropiada para algunas aeronaves de COPA con una fuente VG aw'liar, pero 
en la aefonave accident&, el movimiento del intemrptor de VG a la posicion 
de ambos en VG-1 (both on VG-1) result6 en la @rdida de referencia 
promhte de VG-2, y en mayor confusion. 

Y. La inforrnacion de la grabadora de voz de cabina (CVR) no estwo disponible 
durante la investigacidn ya que no se sigueron 10s yroceduruentos pafa 
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asegurar la operacih del CVR antes de cada vuclo. 

2. La falta de informacibd &I CVR impidid la investigacih debido a la £hha de 
detalles con respecto a d piloto operabg los amtrolcs, quC c o m . o n e ~  
ocunrieron en la cabina con nspecto a1 reconocimicdo &l error en h 
indicacibn & la actitud en 10s instrumentos dc wlo ,  las accionts C O ~ W  

discutidas e implementadas, el uso dcl piloto autodtico, 10s sonidos de 
advertencia que se escucharon, la actividad de la tripulac16n con relacion a la 
recuperacion de una actitud de vuelo no usual. 

Ak El simulador para ent redento  & tripulaciones utilizaQ por COPA era de 
us0 limitado para entrenar tripulaciones en configuraciones de cabina que 
difieren de la del simulador, ya que las respuestas apeadidas y refonadas 
pueden ser irnpropias o incomtas para algunos modelos de aeronaves con 
una configuracibn de cabina o de sistemas distintos. 

BB. Los errores intermitentes en las indicaciones de 10s instnnnentos de vuelos 
ban @do ser corregidos con las reiierencias &I indicador de actitud de 
emergencia (stand-by'). Information de actitlad CO- ha &do ser 
obtenida en 10s instrumentos de actitud directional (ADI) del Capitan y 
Copiloto, si el interruptor &I Giro Vertical hubiera sido movido a la posicibn 
de ambos en VG-2 (both on VG-2). 

3.1 CAUSAS 

Las causas ~robables de Qte accidente incluven: 

a) ptMda de control de la aeronave debido a que la tripulacih de welo siguib 
informacibn Msa proveniente de un indidor  de actmd que operaba de 
mpnera intermitente. 

b) la falta de horizonte visible a1 nivel de vuelo de crucero, debido a las 
condiciones noctumas y al ma1 tiempo pniximo. 

c) verificacibn cnuada insuficiente entre los sistemas primarios de indicaci6n de 
actitud y el indicador ,de, actitud de emergencia (stand-by) para identificar el 
error & actitud intennitente, y para seleccionar una fuente confiable 
(corrects) de information de actitud. 

d) configuraciones de cabina no estan- entre hs aeronaves de la flota de 
la cornpailia, lo cual requirib que la tripdacion determinara la manera de 
colocar 10s intemptores en base a la aeronave que estaba siendo operada en el 
momento. 

e) entrenamiento de tripulacion en tiena y en simulador incomplete, ya que no 
presentaba "diferencias entre aeronaves" y "manejo de recursos de 
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triplacidan en detafle dcientc para brindarie a la tiprlacibn conocimiento 
para supem 10s errom inttrmitentcs en la ibdicacih de actitud y para 
mantcaer el control dt k acronave. 

Para: OACl FAA (E.E.U.U.), y la Cornpailfa Boeing. 
Brindar infofmacion con respecto a este accidente a todas las autoridades de aer0nidc.a 
y 10s operadores. El beneficio sed incnmentar la concicncia (awareness) en cabina para 
llevar a cabo verificaciones cruzadas de instrum- de vuelo m;is ef&m, y y que 
las aerolineas se encarnine~i hacia la essandan.uaci6n & desp1iegut de instnrmentos y 
sistemas de las aeronaves. 

Para: DGAC Panama ' . 
Durante Iss aprobaciones de 10s Certificados de Operation de Tmqmrte A h  y de las 
Adiciones a la Flota, incluir una revisi6n de la flota de aeronaves para promover Ia 
estandarizaci6n de la flota en matcria & cfesptiegrsc de inscnrmcntos y sistemas de 
aeronaves, y supervisat el entrenarniento de "difmcias" cuando sea nccesario. 

Pam EIErcpl~r 
Incluir en el Manual de Operaciones & Tripdacion dc Vuelo Antes & la iisra de 
Vedicacih & Inicio, una prueba diaria de la Grabadom de Voz de Cabina (Cockpit 
Voice Recorder), (CVR). 

Incluiren lospmxdhuentos de despacho de laaerolinea, un sistema que asignc un 
nhem & asiento a cada pasajero, pasajero ~w~t..revenuc) y M r e g h  de cada 
hfbtcabdo. 

Establax qbjctivos de estandariracion de la ffota para operaciones de tmsporte akw 
qw inchyan k# despliegws de instnmentos de cabina y sistcmas & aeronaves y lograr 
tales objetivus r travds de la nvisibn & las cornpas de aeronaves, amndamientos, 0 

rndfi-m dinctas a Ias acronavcs. En los casos en qm se deban operar 
instnrmento y shunas & aeromves no iguaIes (non standards), sc debe brindar 
cntnmamiento en tierra y en sirnulador cqccifimmente sobre Ias 'diferencias", y 10s 
ManuaIcs & Opemaones de Tripulacioncs de Vutlo y Ias listas & verification d e h h  
ser #firadas p a  cubrir todas las'acronavcs de la flota 

Establaxr -ento inicial y rccurrcntc & rccrtrsos de la tripulacion ("CRM",) 
siguieDdo las @as & In OACl y 10s cjemplos opracionalcs & las mayores aerolineas 
dcl mrmdo. 

ICAO Ref.: 0350192, 



No. 3 

Airbus Industries A310-304, HS-TID, accident near 
Kathmandu, Nepal, on 31 July 1992. Report released by Nepal. 

SYNOPSIS 

The flight was conducting the Sierra (VOR/DME) approach to runway 02 at Tribhuvan International 
Airport, Kathmandu, in instrument weather conditions. A flap fault occurred while the flight was on 
the approach; this caused the crew to ask for a clearance back to Calcutta, a decision that was in keeping 
with both Company and performance requirements, which necessitate the use of full flaps for the steep 
final approach. Shortly (21 seconds) after making this request, at a distance of approximately 12 
nautical miles from the Kathmandu VOR, the flap fault was rectified by retracting and then reselecting 
the flaps. The crew determined that it was not possible to continue the straight-in approach, due to the 
steep descent angles required and the position of the aircraft. The crew stated to the Control Tower that 
they wished to start their approach again and requested a left turn back to the Romeo fix, which is 41 
nautical miles south south-west (202 radial) of the Kathmandu VOR. The Controller, in the non-radar 
environment, responded by clearing the flight to make the Sierra approach, which starts at the 202 radial 
and 16 nautical miles from the VOR. The crew response to the clearance was to repon that, at the 
moment, they could not land and to ask again for a left nun back to Romeo to start their approach again. 

After further dialogue with the Controller, which included requests for a left turn, the crew unilaterally 
Initiated a right turn from the aircraft's 025 degree heading and commenced a climb from an altitude 
of 10,500 feet to flight level 180, when the flight was about 7 nautical miles south of the Kathmandu 
VOR. The crew reponed to the Tower Controller that Lhe flight was climbing and the Controller replied 
by instructing the crew to report at 16 nautical miles for the Sierra approach. During the turn, there was 
more discussion between the Tower Controller and the flight, where it was established that the aircraft 
was to maintain an altitude of 1 1,500 feet and was to "proceed to Romeo" and contact the Area Control 
Centre (ACC) Controller. The flight, commencing a descent while in the turn, completed a 360-degree 
turn, momentarily rolling out on headings of 045 and 340 degrees, and again proceeded toward the north 
on a heading of 025 degrees magnetic. When the flight was about 5 nautical miles south-west of the 
Kathmandu VOR, the crew contacted the Area Control Centre and stated that the aircraft was "heading 
025" and they wished to proceed to Romeo to stan their approach again; adding they had "technical 
problems concerned with the flight". It was again established that the flight was to proceed to Romeo 
and the crew agreed to "report over Romeo". It was determined from the cockpit voice recorder that 
the crew was in the process of insening "Romeo" and other related navigational information in the f ight  
Management System, but were experiencing difficulties. 

The flight continued towards the north on a heading of 025 degrees and then, at about 16 nautical miles 
north, the heading was altered to the left to 005 degrees. Slightly over one minute later, the Ground 
Proximity Warning System (GPWS) sounded the warning "terrain" "terrain" followed by "whoop whoop 
pull-up"; the aural warning continued until impact approximately 16 seconds later. Engine thrust was 
increasing and "Level Change" had been announced in the cockpit, just before the impact occurred at 
the 11,500-foot level of a 16,000-foot peak; the accident site was located on the 015 radial (north-north 
east) at 23.3 nautical miles from the Kathmandu VOR. All on board, 99 passengers and 14 crew 
members, lost their lives, and the aircraft was destroyed. 
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1 .O FACTUAL INFORMATION 

History of the Flight 

Thai Aways International Flight 31 1 (TG311, flight planned as THA 31 I), an Airbus 
A3 10-304, departed Bangkok International Aupon, Thailand at 0349 hours UTC* on 3 1 
July 1992, for Tribhuvan International Auport at Kathmandu, Nepal. The flight was a 
normally operated and scheduled international flight between Bangkok and Kathmandu 
(KTM)**. Thcrc wcrc no reported difficulties with the preparation, departure, and 
enroute portions of the flight. TG311 contacted the Kathmandu Area Control Centre 
(ACC) at 0626 UTC reporting over the MONDA fix, level at flight level 350 (FL350) 
at 0625 UTC and estimated the ROMEO fu (KTM VOR 202 radiU4 1 DME) at 0643 
UTC and Kathmandu at 0654 UTC. The crew was then given the 0600 UTC weather 
observation for Kathmandu, which reported the visibility of greater than 10 kilometres 
(km)***, with scattered to overcast cloud layers from 2,500 to 10,000 feet agl and a 
surface wind from 100 degrees at five knots. 

TG3 11 requested descent at 0633 UTC, but did not initially receive a reply from ACC. 
After several calls, the ACC Controller replied and advised TG311 of Royal Nepal 
Airlines Flight 206 (RA206) inbound at FL 370 from Delhi to KTM with their estimate 
of 0657 UTC for Simara, a Non Directional Beacon (NDB) located 9 nautical miles 
(nm) northwest of the Romeo fix . The ACC Controller also reported that there was no 
traffic at or above FL 150 in their airspace and advised TG311 to repon over ROMEO 
as cleared by Calcutta Control at or above FL150; TG311 then reported that the flight 
was leaving FL 350. At 0638 UTC the ACC Controller advised TG311 that the tower 
observed wind was now from 150 to 180 degrees with speeds of 10 to 12 knots and the 
visibility to the south of runway 02 was "only" 1.5 krn and the other areas from the 
airport had visibilities of 3 to 4 km The ACC Controller also stated that the Sierra 
(VORDME) Approach to runway 20 (circling) was available. Following a cockpit 
discussion between the two pilo& regarding the wind at the airfield, TG311 requested 
runway 02 for the approach but were told by the ACC Controller that they would have 
to use runway 20 because of the poor visibility to the south due to heavy rain; the 
Controller then restated the wind speed and direction. The crew then calculated the fuel 
amount needed to fly back to Calcutta. 

The crew of TG311 reported over ROMEO at 0642 UTC and the ACC Controller 
cleared the flight to SERRA (KTM radial 202 radial/lO DME) at an altitude of 11,500 
feet and told TG311 to expect the Sierra Approach (see Appendix B1) and to report at 
25 DME at 11,500 feet. The crew then had a cockpit discussion about the approach and 
the missed approach. At 0645 TG311 requested the visibility at the airfield and was 

* All times are Coordinated Universal Time (UTC) (Nepalese local time minus 
5:45 hours) unless otherwise stated. 

** See Glossary for all abbreviations and acronyms. 
*** lrnits are consistent with official manuals. documents, reports, and instructions 

used by or issued to the crew. 
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advised that nmway 02 was "also availabk". X311 then requested tbt "surfaa 
codition" and was asked for the flight's distance from the KTM VOR TG3 1 1 nplicd 
that they were at 25 DME and again requested the visibility. TG311 was then dhcted 
to contact Kathmandu Tower. 

At 0646:02 UTC the m w  contacted the towa and reported the flight was at 23 DME; 
the aircraft slats/flaps were selected to the 15AP setting 5 seconds later. Thc towa 
cleared TG3 1 1 for the approach to runway 02 and provided a weather report which 
gave: wind calm; altimeter setting (QNH) 1010 millibars Oleaopascals); visibility of 
2500 meters to the south and rain overhead tbe field The tower then dhcted TG311 
to report at 10 DME leaving 9300 feet 

The slat/flaps wac selected to 15/19 at 0647$1 UTC approximately 25 sacmds lata 
a flap fault was recorded on tk flight data lrccorder (FDR) and a warning (ECAM) 
chime sounded and rtcorded on tht CVR TIE crew then exclaimed that thc flaps h d  
na extended and moved the flap lever in fctcmpts to extend the flap6 (chcking sad 
heard on CVR). The ECAM chirnt again about six seconds later. Thc crew 
then d i s d  thc requinmcnt to have tht proper configuration in orda to land rt 
K a h m d u  When the aircraft was at about 13 DME and descendiag b @ 1 0 , 8 U l  
feu for 10,500 feet W&, at tinr 0648:44. the crew made a radio call to thc Towa 
Controller, requesting '%a& to t o t # &  due to ... technical". Just as the Tows 
CoamIler acknowledged the request. tk fLps extended normally to the 
selected, after having been retracted back to tbc shlflap selcctim of 1510. 

At 0649:08 UTC about 24 seconds after tbt request to go to Calcutta, the crew told the 
tow things were "back to d" and mps&d a kft arm-out again to pin thc Sian 
approach again and stated "... Can we makc a kft turn ,to ROMEO' now?". Afta 
coafimring TG31 I 's request, the Tower Cmmdkr tranmhd "... c k  Siem appadb 
report cmc zero DME, leaving 9500". Tht crew replied "... we can't land at rhis tim, 
we haw to ... left ban back tbROMEO again and ... start our approach again". Tht 
Tower Controlkr asM for the flight's DME and was told the distance was 9 DME 
Tk aircaft turned kft slightly to a heading of 015 degrees. 

At 0 3  UTC, after discussing MOCA (miuhum obst?ck cltarancc ahihde) unoag 
tbemsehres, the crew asked "kft tum out W. 'Ibc Tower CaatfolIcr again asked fa 
the DME and was told 7 DME. The crew tben initiated a fight c b b h q  arm from a 
heading of 015 &gnes, retacted the sla!slhp and reported to tbc Tower Cailmlkx 
that they were climbing. The Towa CoatroIh responded by ask@ Xi31  1 to "rcpat 
one six DME leaving one ane tharsand five hundrtd feu for Sicm appmach nmway 
zero two". At about tbt'same time, the aiacraA nearly rolled out m n n e n t d y  
angk nduced to 2.5 degms) u r heading of 045 degnes. The crew thea -lied 
"..- onc zero ... DME, ... one one fivew, to which the Tower h a o U a  rcplibd 
"..~ltgatjve...rcport anc aero DME leaving nim thousand five hrmdred feet QNH are 
zero om z.cro, Sicm rpporch runway oao two...". The a@01 replied to the Towa 
CbroIkr by saying "Affirm, report... tea DME, nine thousand five humbed...". Ninc 
secands later, as the lircnft heading was passing through appmxirmtely 116 ckgner, 
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the Captain then called the Tower Controller saying "...we c m o t  make approach now. 
,Weright turn back to ROMEO and climb to one eight thousand fce~..&o stvt cnu 
appro;ich againWl The Tower Controller's reply was "Roger, ah ... standby, for the time 
being maintain one one thousand five hundred feet due traffic...". When the aimaft was 
climbing through 13.500 feet. the crew replied that they would maintain 13,000 feet 
which the Tower acknowledged with hger" ;  the crew inquired "if that okay?". 

The Tower Controller reiterated the requirement to maintain 1 1,500 feet because of other 
traffic (RA206). An altitude alert warning was then recorded on the CVR, and the 
aircrafi stopped climbing and began a descent from 13,900 feet, as the heading was 
passing about 245 degrees. At 065257 UTC TG311 inquired about the position of 
RA206 and was told the other aircraft was estimating Sirnara at 0657 and was "fight 
level 150 descending". 

TG311, in response to a query from the tower, affirmed they still wanted to go t the. 
ROMEO fu to make an approach. The Tower Controller replied by "Roger". 
When the aircraft bank angle was reducing from the steady turn value of about 25 
degrees right (the heading was rolling out to about 340 degrees), while the aircnft was 
crossing near the 202 radial of the KTM VOR, the crew asked if they could proceed to 
the ROMEO fix. 'The Tower Controller replied by "Roger, proceed to ROMEO now. 
and contact one two six decimal five". This was acknowledged by TG311 by "Proceed 
to Romeo and one two six fie...". As the bank angle reduced to about 3 degrees, the 
right turn continued. The copilot then said 'Romeo oh direct Romeo o h .  

After a delay of about 45 seconds from the acknowledgement of the radio frequency 
change, during which time the crew discussed MOCA and MORA (minimum off-route 
altitude) and their present position ("radial two two zero"), as the aircraft rolled out on 
a heading of 025 degrees, TG3 1 1 contacted the ACC Controller. At this time (065454). 
the aircraft was approximately 4 nautical miles south west of the Kathmandu VOR. The 
crew reported "we are heading zero two five, maintain one one thousand five hundred, 
we like to proceed to Romeo to start our approach again". The ACC asked the flight 
to confirm its altitude of 1 1,500 feet and again asked the intentions of TG3 1 1. The 
flight replied with "...we like to proceed to Romeo, we got some technical problerns ... 
concerned with the flight". The ACC Coml le r  then radioed "Thai three one om, 
proceed to Romeo, maintain one one thousand five hundred, break Royal Nepal 206 
......". This transmission was not acknowledged by TG311; the crew then commenced 
to discuss the input of data into the flight management system 

The aircraft continued on a steady heading of 025 degrees and passed within 2 nautical 
miles west of the VOR. At 0656:33 UTC the ACC Controller called TG311 and asked 
for the flight's DME from Kathmandu. When TG311 replied "...five DME fiom 
Kathmandu", the Controller said "confirm two five DME to which TG311 emphatically 
answered "Five.. zero five!". The ACC Conuoller acknowledged the radio uansrnission 
and replied "... maintain one one thousand h e  hundred, report wer  Romeo". TG311 
replied that they would "report over Romeo". At this time the position derived from the 
FDR showed the aircraft to be about 5 nm north of the Kathmandu VOR. 



198 ICAO Circular 296-AN11 70 

Figure 1. Right Reconstruction from FDR Data 

At0657:03 UTCtfieCapb asMtheCapiiato"..,findRamofam." Thecock@ 
coavewtim tbca cfiscusses "Romeo", "Romto 27 north", "Simaan and ushg "direct"; 
somttixnes tk words wen spellad art Ihe geographical ~tlarim of Simara and 
ROMEO wen discussed and at 065158 Un: tk C@ot states "...we get it, it works 
dinctn. ~tatarlytbc~amtimetheCapainsaid"Rom~radial.tw~~en,two,sixtecn 
DME w& I will follow the line". After rhc Copilat again iadicated a "dinct" inplt, 
the Captain questioned a aun-back to R o m o  and k asked tht Copilot to "...punch 
R o m  in again". 

After further discussion regarding "Romo" and Simurn, at about tie tim of the 
comm~ofaspeedreductioaEran2rU)knacs~riFspeed(IUAS)todart  
230KIAS,u~8:29UTCtbeCapam,ndioedIhdthrameaae,orrefanDME". 
The ACCCmaoUanepliedby telIingflighttomr;ntlin 1 1 $ 0 0 f e e t r a d t o ~ o v e r  
Rom60n. Tbt Captain -lied to tk ACC CamoUa "art one thousand five tnmdred 
report Roma,". Raber cackpit clismsim & rpprrnatly ngudins the flietr 
managemntsystem A t 0 6 5 8 S ~ w h i ) e r r m l R ~ t b d d i s t r w x d r b o u t 1 6  
n m E r a n t b e K u h m a n d u V O R , t h e r i n n f t ~ a U t ~ ~ r p p r o x i m r t e l y  
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025 degrees and rolled out on a heading of about 005 degrees. 

Commencing at 0659:02 UTC, there was a 36-second discussion between the ACC 
Controller and RA206, wherein RA206 was attempting to determine whether or not it 
was raining at the airport. At the end of this discussion, at 0659:42 UTC, the Captain 
of TG311 asked the ACC Controller "...what is the visibility"; the Controller asked 
TG311 to "s~andby for tower observation and visibility". 

Four seconds later, the Copilot in a questioning tone stated." ... we are going nonh..", to 
which the Captain replied "we wiil turn back soon". The Captain then radioed 
"...request right turn back to the airfield". Just as the ACC Controller replied with 
"...standby for visibility", at 0700:09, the Ground Proximity Warning System (GPWS) 
sounded a "Terrain" "Terrain" warning, followed by repeated "Whoop whoop pull up". 
Seven seconds after the onset of the GPWS warning, "level change" was called and 

engine speed increased. The Copilot strongly suggested that they "turn back': the 
Captain indicated "It's false". . Six seconds later, the aircraft struck the south side of a 
16,000-foot mountain peak at approximately 11,600 feet asl, at a speed of about 240 
KIAS. 

The accident site was located at N28"03'09" and E8527'03" at 23.3 nrn on the 015 
radial of the KTM VOR. The accident occurred during daylight hours; witnesses near 
the crash site reported hearing the crash, but did not see it because of the clouds 
covering the mountains and heavy rain in the area. All on board, 99 passengers and 
14 crew members, were killed and the aircraft was destroyed. 

Injuries to Persons 

Fatal 
Serious 
Minormone 
Total 

Damage to Aircraft 

Crew Passengers Others Total 

The aircraft was totally destroyed by the impact with the mountain terrain. 

Other Damage 

The crash site was located in the Langtang National Park, at a steep mountain rock face 
about I 1,500 feet as1 with dense vegetation in a valley below. The impact forces were 
sufficient to totally disintegrate the aircraft and cause environmental damage to the area. 
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15.l Cockpit C m  

Age 
PilaLicma 
Medical Ex* lhte 
Tarl Flying Time 
Tarl on Type 

(A310-20(Y30a, A30(M00) 
TarlLM90DIyS 
Tanl0al)lpe 

hst90D8ys 
HoumanDuty 
Ria to Occuma~ 

Harnof fDutyRia  
To Work Paiod 

41 
Airline Transport 
27 Nwemkr 1992 
13250 

52 
Airiine Transport 
8 January 1993 
1- 

ICAO Note.- Sections 1.5.1.1 to 1.6.1 1.4 were not reproduced. 
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1.7 Meteorological Information 

1.7.1 Area Weather 

The satellite p i a m  from the Bangkok Meterological Department showed an overcast 
cloud layer wer most of the enroute portion of the flight at 0833 UTC 31 July 1992, 
with broken cloud wer the Kathmandu area At the time of the accident, the significant 
weather chart prognosis valid to 1500 UTC, 3 1 July 1992 for FL 240 to FL 450 showed 
a centre of low pressure wer Delhi and another low pressure southeast of Kathmandu. 
Thc cloud layers were generaily composed of broken to We- saatocumulus (So and 
altocumulus (AC) clouds, with isolated cumulonimbus clouds (CB) up to FLAOO. 
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T b c c r e w n c e i v e d t h e ~ u c a f o r e c M ( T ~ f a ~ ~ t b t ? h a i  
A i m y s D b p a t d I ~  T b e A ~ P a e c r s o i s s u e d b y t h e ~ ~  
~ l o g i c a l ~ o a u 0 0 1 7 U n : 3 1  July1992wrsissuedtotbtaewinBPngLok 
befaetbc~dtpartedditinchrdedrfa#.astdtbtwcathaforKPhmandu,wirh 
a valid time of 30 July 1200 to 3 1 July OdOO (axling before the estimated time of &a1 
of tk fight). Tht farccrst in tbe later part of tbe TAF for Kathmandu between 0400 
tndOdOOvn:wasasfo~:  

VNKT 0624 #)OOdKT 8000 XU030 6AC100 GRADU 1214 00000 7000 4SCO2!5 
4AC100 TEMPO 06241 4000 80BUSW60VU 4S'IUlO 1CBO20 8AS090 

wind was fascast to be h m  210 dcgxca 'The u 10 knots with the 
v i s ib i f i cr10H~ormxe .  ' I b e ~ b u d s ~ ~ a S 3 / 8 c u m u h u ~ I a J d  
at 3000 feet agl. with S/8 Ilrruurmh, at 10,CK)O feet rgL Tbcxc was a 
tcnpauyvPriatiarwith~kMwindsd3000maavisibilititsin~ 
nintnd- T b c ~ c l ~ f ~ f o r t h i s p a i o d ~ 2 ( 8  
-u800faargl318spuocumuhuclaJQu2000feaaglwithVS 
~ ~ c h m d u U ) O O f e a a d t n d 8 / 8 ~ c ~ r t ~ f e a r g L )  

TlleAa#trantFoncastfarKPhmaadPissoedbythe~oir~ogicalDivisioa 
at 0355 U W  July 1992 (&a thc hd departed 6rom Bangkok), valid fot the 
p r i o d b a w e c n O d O O r r n d 2 A 0 0 ~ f ~ ~ f 0 l l u w i u g ~ a t K a t h m a r r d u .  

VNKT M24 20006KT 8000 3CU030 6AC100 GRADU 1214 00000 7000 4SCOu 
4AClOO TEMPO M24 4000 8 0 R A S m  4S1010 1CB020 SAS090. 

~ w i n d w a ~ f ~ f r a n # X ) d t C p c e s 1 ' N e u 6 l c n a t r w i t h & 0 0 0 m d a ~  
visibility. T I l c ~ ~ l o o d s ~ 3 1 8 a r m r h w U 3 0 0 0 f a t a g l , 6 r 8  
lhocumuhrsu10,000f#t~ T t o p o n r i y ~ w a s t o b e r r d w P e d ~  
o f 4 0 0 0 m t u s i n r t i a ~ r a d ~ n i n r r n d 4 / 8 ~ c l a r d a l O O O f e t t  
r& l ~ ~ ~ c l a d a t ~ f e a ~ l a D d 8 / 8 ~ c l o ~ d r 9 0 0 0  
f- ~ 1 )  

'Iht new fonecast would have boa! nailable to the crew via dispatch radio 

TbecrewofTG311 waegivmtheKathmrndu0600UTCacblalobsmation,whmthcy 
inkidly COrPICtCd tbe Kahmadu ACC rt 0626 UTC as follows: 

Tbewindwasrcpatedu 1 0 0 & p e e s r m r p n C t i e ~ S k n o r s w i t h l O k i l ~  
visibility. ~ckmddoodrmarnt~with~2/8cloudrr2500feerIgl 
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3/8stratocurmlwu400(1fca@and8/8w~chdrlOOOOfea~ ?b 
te- was 23 &grtes celsius rrd tbe QNH was 1010 Hempds .  

As per thc Nepal AIP Section 1 . 1  - Met, weather observations at Kathmandu urc to be 
made on thc hwr, half how with Sptdzl observations as required Although tbe weather 
at Kathmandu deterioratcd at aban 0638 UTC, no s p e d  repon was hued.  Thcrc was 
a tower obsavatian, reporting the wind from 150 to 180 dtgnts magnetic at 10 to 12 
knots, with nduced visibility to the south of 1500 meters and better then 3000 mten 
elsewhere, was rcpmcd and passed to E311  by the ACC. 
At 0634 U X  thc ACC Cmtrollcr advised the flight that nrnway 02 w a d d  n a  be 
available f a  landing, because of tbt rtduced visibility to the south of tbe rirfieid, in 
heavy rain. By 0646 UTC, however, the tower reported to TCi311 that the wind was 
calm and thc visibility to tbe south had imprwtd to 2500 meters. with rain over tbe 
airport (TG311 was then cleared fa tbe Sierra approach for runway 02). 

The weather office u Katbmdu did record an hourly weather observation at 0650 UTC 
with thc f011owing: 

Thc wind was from 140 degree magnetic at five hots md the visibiliry was 
nported as 5000 mam in rain showers. ?hc cloud was reported as 218 
cunwhuumfetta&withr4/8scratocumuhrsot3000feetaglabdabrolrcn 
ahostrahls layer at 10,000 feu agL Ibt altimctcr setting was 10 10 Meaopascals 
andthctempenhrrtwas21 degntsCelsius. TbtTmdFortcastwasgivcnu 
NOSIG. 

At 0659:42 UTC, TG311 nquested the visibility at the airfizld and at 07CX.k 17 UTC 
ACC CumxoIler rtparttd to the fli@ that the wibility, to the south, was 3300 rnctas 
based on another tower obscrvatia TG3 1 1 did not acknowledge this or any ocher radio 
call. 

Weatber at tbe Crash Site 

W i  m t   ear the accidea site, rtpmd that thc weathcr was cloudy and thcn 
was extensive rain in the area at t& timc of the accident. 

Aids to Navigation 

The Facilities Report for the Tribhwan airport indicated that the hthmmh VOR 
DME. Locator South CLS NDB) aod Fan Marker were serviceable at the time of the 
accidalt 

In rlltitim the flw m w  of Royrl Nepal A i r b s  flight 2%, -rating into the 
Kathmandu airpat, - time af tht et, nported that navigation aids 
wcrr: funaioning ~)rmauy and dwy eacarntabd no Ctifbhies. 
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The Kathmandu very high frequency omnirange (VOR), with distance measuring 
equipment @ME) operates on a frequency of 1 1  2.3 MHz. The VOWME is locattd 
at position N27'40'30 and E85"21'00", 0.6 nautical miles south of the threshold of 
nmway 02. The site coordinates werc verified using a GPS receiver. 

The company approach chart contains the following warning "Due VOR scalloping on 
R202 KTM between D9 and D6 use L LS for track guidance". 

1.83 Fan Marker 

A Fan Marker is installed on the VORDME approach course to runway 02 at 
Kathmandu. The Fan marker is located at N27532.45" and E85'18'00", on the 
Kathmandu VOR 202 radial at 8.3 DME The Fan Marker transmits a "dot" ''dash" 
Morse code aural identification. 

1.83 Locators (Nondi rectional Beacons) 

There are three nondirectional beacons O B )  located at. or near, the Kathmandu 
Tribhuvan airport, as follows: 

LS, frequency 230 kHz, on K T M  VOR 202 degree radial at 4 DME at ponnm 
N2796'47" and E85'1 9'25". (Referred to as Locator South). 

LE, frequency 252 kHz, on KTM Vor 106 degree radial at 6.5 DME at positim 
N27O38'48" and E85O28'04". (Referred to as Locator East). 

KAM, frequency 318 kHz, at the airpon, on east side of runway Om at the 
one-third point; position N27'4 1 '37" and E85"21'2lW 

According to a Technical Fault Report (Reference number 03848). the LS NDB failed 
a10718 UTC, about 17 minutes after the accident occurred; the fault was cleared at 0810 
LiTC. A NOTAM, regarding the out of service state of thc LS NDB, was issued Bt 0800 
LTTC and rescinded at 0850 UTC. 'Ihe failure caused an equipment alarm to sound. 
which was detected at the moment of failure by the technicians working in the - 
The failure was assessed as being due to an elecmcal power failure, when the 
commercial source was interrupted. 

The Simara NDB. transmitting on 246 k l -k  is located on Ainvay G336, on the 
Kathmandu VOR 214 degree radial at a DME distance of 39 nautical miles. The 
identification for Simara is SIM; the position of the NDB is N27"09'00 and E85'59'00". 
The Simara NDB is located approximately nine nautical miles north west of the 
ROMEO f i x .  
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1 9  Communications 

Tbe air aaff~c c o m l  c m c a t i o n  was reviewed from recorder tape from the ATC 
multichannel remrder. A transcript was ma& by the ream members of the ATC 
Investigation Group, comprising members born Thailand, France and Nepal. The A X  
recording infomation is attached at Appendix E. 

A review of the ATC transcrip indicated that, in some areas, there were a number of 
repeated communications between the ATC unit and the controlled aircraft. For 
example, during the period h m  06:59.01 to 06:59.39, ten transmissions were made 
between the ACC Controller and RA U)6 to confirm it was raining at the field. Anothcr 
example is seen in the TG31 I transmission at 06:51.57, whem the "right" of "right turn" 
was difficult to discern. Due to the lhai pronunciatim of thc word "right", it could 
have been heard as 'like" and as a result the context of tk uansmissim could be altered 
sigdkantly (ie. from a request to a stated turn of dimxion). Considerable discussion 
among the team members ensued as to whether the word was "right" or "like". To the 
Thai investigatllrs the word was clearly "right". 

There were som examples of communication difficuhies that appeared to originate from 
both TG3 1 1 and the Controllers. nKse di£liculties wert due to the use of non-standard 
phraseology, incomplete communication, misunderstanding, and at times it appeared that 
english pronunciation was also a problem Acoustics in both thc Tower and thc ACC 
are reportedly not very good which also increased comrramicarim difficuIties. 

RAU)6, inbound at marly the same time, noted that, at times, musk could be heard oa 
the VHF radios and reported this to ATC after landing. Tbe CVR tape frwn TG3 1 1 also 
ccmtained musk during some portions of the flight 

The W / D F  (VDF) d k a i c m  finding system and tfie communications equipment were 
indicafing saviccabk status in the moming Fadhks  Repon 

Initial C o m d d o o  with ACC 

TG3 1 1 initially con- Kathmandu ACC m 126.5 MHz at 0626: 10, when the aircraft 
was ap~roximatcly 11 9 nrn m t b  east of tbe ROMEO fix and mammm 

. . .  
g FU5Q a 

position =port far MONDA fix and estimates for th: ROMEO fix and Karhmanctu were 
then transmitted to the ACC Caneroller. Tht ACC Contlolkr then provided tbe 0600 
UTC wearha report and i n f ' T G 3 1 1  that thcn was no traffic at or above FLlSO 
in the IWbmdu FIR TG311 was thcn d k t d  to report wer ROMEO. Another 
flight, RAuM, called Kathmandu ACC with esthms for Simiaa and Kathmandu, about 
a rtlimuc after -31 1 checked in with thc CcmfroIler. 

TG3 11 aaemptd to contact the I W m a d u  ACC at 0633:33 with "Ihai thr# m e  one, 
request descent", but received no reply from tbe Cantroller. Tbe A X  recording 
registers thr# more unanswaed transmissicms firom TCi311 from 0633:45 to 0634:03. 
'I%hy seconds lan, TG31l called the ACC again aod tk tmmmhion was answered 
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TG3 1 1  quested descent and was told again that drvc was no traffic at or above FLISO 
in tk Am's  " ~ 0 1 1 " .  TG311 -lied by "... copy leaving 350 now". 

'Ibc ACC Conaolter tbca called TG311 and prwided the Towa obsemd wearbcr and 
infond the flight that thc S h  approach for runway 20 was available. TCi31l thcn 
requested nmway 02, but told it was not available "...due poar visMity and btavy rain 
towards 02 sick". At 0640:2& -31 1's Copilot acknowledged with "Roger, runway 20, 
Thai thr# me me. 

At 0642:33, just after -311 reported wer the ROMEO fix. the ACC Controller 
Pansmiatd "...clear Sicna m radial two zero inbound, descent to oat one thousand five 
hundred on QNH oac iao one zero, temperature two one, expect Siena approach no 
delay, r e p  two fin D m  om one thousand five hundred. Tbt Copilot read back the 
ckartd altitude and tht 25 DME reporting requirement IKi3ll 's Coqilot quested the 
visibility at 0645:13; t& ACC controller did not provide the visibility, but advised the 
flight "...is confirmed runway 02 also available, report 25 DME. 'Ihe Copilot responded 
with "Ah..", but five seconds later tht Captain trans- "...co&m runway 02 
available?". After this was afbned, TG3ll's Captain pansmirted again with a xequest 
fa tbc "surface umctitim", to which the ACC Controller asktd the flight's DME 'Ibe 
Capam transrnined "...two five DME now, q u e s t  ah, present visibility". The ACC 
Controller then told tk TG3 1 1  to contaa Kadmadu Tower on 118.1 Mhz f a  "tower 
abservatim". 

Coatrol was handed over to the Towa Cantrob, when the a b a f t  was a& about 25 
DME Erom the Kathmandu VOR, which is the normal point for transk of control 

193 Tower Communication 

TG3 1 1 called Kathmandu Tower cm 1 18.1 Mhz, when at a rep- distance of 23 DME 
The Tower Controller deared TG311 for approach on runway 02 and directed tbc flight 
to Fcport 10 DME, leaving 9300 feet 'Ihe copilot had difkuhy nading back the 
clearance, but the T m  cmtmUer did not query tbc incompkzc mid-back 

The next c m m m m a m  . . between TG311 and the Tower umtmller was initirtnl at 
0648:44 UTC by -311 (wbile at about 13 DME hm Kathnrandu) with the 
hammission 'Ihai three me one, request to maintain 10,500 and request..ah, back to .. 
ah, Calcuaa, due to.. ah, tecfinical". 

The Tower Cantroller replied with "Understand Thai three me, like to divert to ah. 
Cahtta, due technical". TG3 11 replied "AtTim" and then just four seconds later says 
"Ah.. we like to.. left turn out, left turn out again and back to, to join Sierra appmach 
again ah, back to nonnal now. Can we make a left tun to Romeo now?". l'he 
Coatroller replied by saying ''Understand operation normal and you would like to make 
an apgroach?". TG311 adhned this by saying e m j h n d y  "Affirm, affim-~" 

The Tower Controller tfien cleared the flight for an appmach by transmitting '"Ihai thra 
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om om, clear Siena approach, repart me zero DME, luvlng nine thousand five 
hundred." TG311 did ad read Back the clear- but stared that the fhght "can't land 
at this timt" and again asked for a left turn back to Romeo to "stan our apQroach again". 
Tht Tower Conmkr replied by requesting the flight's DME from Kathmandu. TG3 1 1 
said they were at 9 DME and also gave their altitude. When the controller ancmpted 
to confm the previous uansndssion by saying "undcmand nine DME, 10500 fut", the 
Captain directed the Coplla to reply to the Tower controller and the Copilot trans- 
"We will maintain 10.500 feet" 

The next radio communicalim was made at 0650: 14, by the Captain of TG3 1 1 saying 
"...left eum out now?" The Tower ConaoIIcr's nzspcmsc was another request for the 
flight's DME. The Cogila then Pansnriabd "..seven DME, request kft tum back". Four 
secands lar.cr, at 0650:25, the Tower Conm11er replied ''Roger tm DME copy sir, report 
one six DME leaving me oae thousand five h u n M  -31 1 did not reply to this 
instnrclicm. 

Tbt next radio transmissim from TG3 1 1, at 0650:57, was "..we're climbing"; no altitude 
was given. me Tower Contmlkr repeated the insauction to report at 10 DME at 1 1,500 
feet and added "fa Sierra approach runway 02". After a shon delay, the Copilot 
eaasnritted ".. xepo~t one zero ah DME ah, one me fiven. 'Ibc Tower Connoller 
replied whh "Negative sir ncgarivc, Thai three one m e  report oat zero DME, leaving 
ninc thousand five hundred h . . Q N H  cme zero om zero, Siem Approach runway 02 
... " ?he Copilot then read back tbc 10 DME, 9,500 reptbg requirement and the Tower 
Cantroller replied by "AfFirm. affirm". 

The Captain then immediately mmmccd transmitting, at 0651:55, 'Xathmandu, Thai 
three one om, we m o t  make approach now. We right turn back to Roaneo and climb 
to one eight tfiousand feet. to start our approach again". Tbe Tower Coatroller's reply 
to this was "Roger, ah .. standby, for tbt time being maintain me one thousand five 
hundred due trafEc, for the timc being maimah me one thousaad five hundred feet". 
'Ihc Captain tmslllined again with "Okay, we maintain are three thousand now". Thc 
Tower CcmmIlcr merely nplied "Roger". 

X311's Copilot then asked the Tower Controller "Is that okay?". Thc Tower 
C a r d e r  then nitenued the xequhrnent for TG3 1 1 to maintain 1 1,500 b e c a w  of other 
aaffic (RA206). 'Ihe Copilot tben Parrsminsd "Dtscend to ah ax me thousand five 
humid,  we arc now 8 D m .  

The Captain called the Towa and requested the position RAU)6; thc Tower Controller 
again pmvidtd TG311 with the altitu& and estimates infomation for RAU)6. The 
Captain then transmitted "Okay we an in descend to one m e  five zero, ah .. 9 DME 
from Kathmanclu". The Towa m l l m  replied with "Roger...", but thcn fix ~ecmds 
lam, at 0653:38, k tansmitted "Ihai three one onc, understand you like to proceed ah 
Romeo to make an approachy. llx Captain then replied ( A f h &  affirm), to which the 
Tower CcmmIler merely said "Roger". Sixteen scam& afta the TO- h t r o $ r 9 s  
"Rogef reply, at 0653:56 TG31l's Captain asked 'Xahmdu. Thai cmc one, 
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confirm we can proceed to Romeo now?" The Towa Coatroller reptied "Roger, 
proceed to Romeo" and TG311 was toId to contact the ACC Controlla cn 126.5 MHz. 

At 0654: 10 the Tower ConmIh i n f d  b e  ACC CamIlcr by t t l e m  that TG3 1 1 
was "unable to make approach" and the flight was pmceedmg to ROMEO again. The 
ACC Controller q u e s t i d  "again to Romeo". The Tower Controller inqinred as to tbe 
possibility of the fight climbing to flight level 180, but was told that RA206 was 
descending. It was establishtd that the flight would maintain 1 1,500 feet, but the ACC 
Area West Controller questioned why the Tower ComUer sent tbc flight to ROMEO 
to which thc Tower Controlla indicated that it was K.211'~ choice. About the same 
time that TG311 catacted the ACC Controller, the Tower and ACC Area West 
Comller discussed, via tercphone, the appropriate altitude for RA206. It was 
confirmed that RA2M would be permitted to descend to flight level 150. 

The Tower Controller called -311 again, about 55 seconds after the flight had- 
established contact with the ACC Controller (0655:49). Tkee mare unanswered radio 
calls wexe made by the T o w  Controller in six-second intcrvais until at 0656:36, tbe 
Tower Cmmller transmitted "Thai three one one, Kathmandu Tower, pkase c m c t  on 
126.5 ...". None of these five radio calls were recorded on TG3ll.s CVR. 

Area Contrd Centre Codcation 

'IT3311 did not contact the ACC until 46 seconds after acknowledging tbe fkquency 
change given by the Tower Controller. During this time period, RA206 transmitted a 
request for descent; ACC did not reply to this transmissim. RA206 thcn made another 
radio call to thc ACC c o t l ~ o k ,  stating that the fight was 12 miles h m  Simara and 
descending through FL175 for FL150; the flight was told to "standby" at 065450. This 
radiodialogue wasnotrecordedonthcTG3ll's CVR. 

TG311 contaaed Kathmadu ACC at 065454 and was told to "go abed". 'Ihe Captain 
trmmind "Ah we art heading zero two five, maintain clat onc thousand five hundred, 
we like to proceed to Romeo to start our approach again". TCi311 was asked to confirm 
that the flight was maintairring 11,500 feet, which the Captam a f h m i  Tbe ACC 
Conaoller then transmiaed "Maintain are oac thousand and go ahead your intention". 
Tbc Captain replied "Ah..we W e  to proceed to Romeo, we got soxne technical problem. 
concerned with the flight". The ACC Controller, at 0655:29 then immediately 
trans- "Ihai three one oot, proceed to Rormo, maintain one one thousand live 
hundred, break Royal Nepal .,." and cleared RA206 for descent to FLl SO and instructed 
RA2M to report over Simara". RA206 answered but TG311 did wt respond to the 
0655:29 radio tmmksion. 

About ax minute later, at 0656:33, the ACC Ccmtroller called TG311 a d  after being 
told to "go ahead" t x a n s ~  "Descend one one thousand five hundred and proceed to 
R o m .  Go ahead your DME for Kathmandu". TG3ll's Captain rrspoaded with "We 
arc fin DME from Kathmanduw to which the ACC Controller questid "Confirm two 
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five DME"; the Capin's reply, with emphasis, was "Five.. zao five" (065650). 7hc 
ACC Controller then acknowledged wirh "Five DME, roga, Thai thne cmc one, 
maintain me  one thousand fin hundred, report over RomoW. The Copila at 0656:59, 
replied ''Report wer Romo one one thawnd five hundnd". At this tine the aircraft 
was about 5 nm north of the VOR. 

When the FDR shows that the aircraft was about 14 nm north of the VOR, at 0658:29, 
TG3ll 's Captain transrniaed "'Thai three one one, me four DME. 'Ihe ACC C m U e r  
replied 'Thai three one me, maintain one one thousand five hundred report over 
Romeow to which the Captain stated "one one thousand five hundred, report Romo, 
Thai thne one cme". 

A few seconds lata RA206 called the ACC CmroIler as was told "... clear to S k m .  " 
at l2,!500 feet W, at 0659:02, tben acknowledged the holding clearance and 
inquired "is it raining wer the field?". After ten mon radio uansmissim, at 0659:38, 
RAZ06 acknowledged that it was "raining wer the kid". Tbe radio tansmissions from 
the ACC Controller were short and the initial part of his transmissions appeared to be 
chpped, having only "..tive raining". 

At the end of the discussion between FLU05  and tbt ACC Controller about the rain, the 
Captain of TG311 radioed "Request visibdity from Thai three one one". Before the 
ACC h a o k  replied, RA#)6 also asked "... what is the visibility?". ?hc ACC 
Coatroller replied for TG311 to "standby for tower observation and visibdky". About 
nine seconds later, TG311 a;msnrintd "Ah, Kathmandu, thai three one one, request right 
turn back to the airfield". The ACC Cmtroller replied with "...standby for visibility". 
About elght seunxis later the ACC Conaoller tmnmhd the airport visibility, but 
TG311 did nat reply; the ractio trans-cm was recardcd on the CVR. No f d m  radio 
aansarissions were made by lG311. 

An of tbc radio transmissiau with ACC Kathmaadu after TG311 recontacted the 
Coatroller at 065454, wen made by the Captain, with the exception of the 0656:59 
rrammkion by tbe Copilot a p i n g  u, "Report wer Romeo...". 

Perception of TG3119s Flight Path from Communicatim 

'Ibc Controllers were asked as to their inpression of the flight path followed by T6311, 
based on the radio commmicatim that took plact. Their general impression was thar 
lG311 was to the south, heading to ROMEO, and therefore was at a Safe altitude. 
Therr was also an impression that the flight had held to south fur a short time. 'Ihe 
ComaIln expected that TG311 wodd have emred the hold when f a d  with a 
p m b h  Thc ACC Controller thaught that when TG311 nported at 14 DME. tht flight 
was 14 nautical mila to the south. 

~ ~ m h  Terminal ~ n f h m  Service (ATIS), giving weather, M W ~ Y  and other 
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useful informatim for pilots, is also normally available on the VOR frequency (1 123 
MHz). Crews operating into Kathmandu nported that the ATlS has bnhd  usefulness 
because of its short range, the absence of current information and the weak radio signal 
relative to the VOR identification transmissicm. It could na be &termid if the ATIS 
was w-g propriy, in that it was not being recorded by the ATC recopder. No 
complaints were made regarding the absence of ATIS, nor were the flights askd to 
confirm that they had received ATIS upon radio contact. 

A Telerad very high hequency direction finding radio (VDF) is installtd in tbe 
Kathmandu Tribhuvan Control Tower, for use on frequency 118.1 MHz (Tower). Tbt 
VDF installation is shown below in figure 9. The VDF axwma is located on the east 
side of the runway near its mid-point. 

Figure 9. VDF Installation in Kathmandu Contrd Tower 

Thc VDF provides a bearing, from its antenna, to the aircraft or station aansmitting on 
the useable frequencies. Thc bearing i n f o d o n  is presented by a series of lights, 
situated at the edge of a circle at 15 degree intervals. A radio transmission causes the 
light to illuminate and gives the user an analog display of the bearing to the transmitting 
source. Only the Tower has a VDF console. Thc ACC is not equipped with the 
indicator, nor an ACC radio fnquencies dettctable or useabk by the VDF equipment. 

The C m l l e r s  xcpmted that there is a hesitation to use thc VDF because it was not 
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d i  and there are no published procedures for its use. Thc investigation team 
observed an aircratt approach and circle to land on runway 20. The bearing info ma ti(^^ 
pmvided by the VDF appeared to be comlated to the actual aircraft positia With tfic 
aircraft on short-final approach to runway 20, the VDF showed 015 to 030 degree 
segment. A flight &%ration check of the V D F  on 29 October 1992 reported a 
tolerance range of 10" to 11"; the VDF had not yet been officially commissioned. 

AU radio transmissions between TG3 1 I and the Tower Controller, on 1 18. I Mhz, were 
made when the aircraft was south of the VDF antenna. 

1.10 Aerodrome Information 

1.10.1 Airport 

7'he Kathmandu Tribhuvan Inkmatid Airport is situated in the Kathmandu Valley, 
at a field elevation of 4390 feet (1338 m) above sea level (asl). The mountains, 
surrounding the valley rise, to approximately %55 feet (2944 m) as1 within 12 nrn s a ~ t h  
east of the airport and up to 8365 feet (2550 m) as1 at 8 nm to the south west. 'The 
terrain is higher to the north with a spa beight of 1 1,529 feet (3514 m) as1 at h t  18 
nautical miles north of the airpelt (approximate bearing 020"). 'Ihe peak heights rise to 
nearly 20,000 feet (6000 m) at a distaact of 29 nm noxth of the airport. 

Runway 02/20 is a paved runway with a lengtfi of 3050 m (10,007 feet) and a width of 
46 meters (151 feet). Runway 02 has high intensity approach and nmway lightmg, as 
well as a T-VASIS that provides wabk glide path information within 2.5 nm of the 
runway threshold The threshold h e w  of nmway 02 is 4313 feet (1314 m) asL 

lJ0.2 Sierra Approach Procedure 

7%e Kathmandu Sierra approach is a noa-precision VOR/DME procedure, that aIlows 
straight-in landings on runway 02 or a circhg procedure (east of the airport) to nmway 
24). According to the SAS - STOOV - KT# - 500 - Y chart (Appendix Bl). used by 
Thai Airways International crews, the minimum descent altitude (MDA) for the straight- 
in runway 02 approach is 5,120 feet as1 (800 feet agl). The circling MDA is 5,570 feet 
as1 (1,100 feet agl). The visibility limit for both the straight-in and circling approaches 
is 3.0 km 

The Siem approach is defined by eight points using DME (16, 13, 10 = SIERRA, 8,6,  
5, 4, 2 and 1) from the Kathmandu VOR and the LS (Locater South) nondkuional 
beacon, which is at 4 DME. The mininun altitude from 16 DME to 13 DME is 10500 
feet, after which a descent can be cornmend to cross the 10 DME fix (SIERRA) at 
9500 fea. Once cleared for the Sierra appmach, flights are n-y ques ted  to report 
passing 10 DME at 9,500 feet. 

The steepest descent angle. 6.6 degrees, occurs between 8 DME and 6 DME; two other 
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DME segments require a descent angle greater than 6.0 degrees. The approach chart 
used by Thai Airways hternational contains the note "- LDG configuration latest Dl3 
KTM recommended" and also advises crew to use the LS for uack guidance because of 
VOR scalloping between 9 DME and 6 DME. 

The approach chart plan view provides spot heights of terrain features. The maximum 
spot height shown to the west (left when inbound) of the 202' radial is 8365 feet asl; 
the maximum height, to the east (right when inbound) of the final a-course, is 9655 
feet asl. 

The minimum sector altitude between the 065 and 236 radials of the VOR is 11.500 
feet; between the 230 and 320 radials the minimum sector alrimde is 10,500 feet. For 
the sector from the 320 degree radial to the 065 radial the minimum altitude is N l O  
t about 2 1,000 feet. depending on the deviation from standard meteorological conditions). 

1.103 Sierra Missed Approacb Procedure 

The standard missed approach published for the S i m  approach is a climb straight ahead 
to h e  VOR. a climb on the Kathmandu VOR 022 degree radial to 2 DME. At 2 DME 
a right turn is commenced onto the 4 DME arc, to be flown until intercepting the 106 
radial inbound, then averhead the VOR, proceeding outbound on the 291 degree radial 
to the WHISKEY fix, located at 10 DME, at or above 9.500 feet asl. m e  aircraft is to 
enter a published holding pattern at the WTUSKY. 

1.10.4 Holding Procedures 

The= are four published holding fixes for the Kathmandu Tribhuvan airport. These can 
be seen on the Jeppesen (WL) Area azart (Appendix B2). AX the SIERRA fix (10 
Dm). aircraft may hold on the 202" radial with an inbound track of 022". using left 
turns; the minimum altrmde for the SIERRA hold is 10.5OO feet asl. 

Holding is also conducted at the VOR, using an inbound track of 022" with right turns; 
the minimum ahitude for holding at the VOR is FLU0 (about 15,000 feet asl). 'Ihe 
hold at WHISKEY uses lefi turns, holding inbound on the VOR 291" radial (1 1 1" mck). 
with a minimum altitude of 9500 feet asl. A holding can be conducted at the ECHO 
fu, inbound cm the 106' radial of the VOR at 10 DME using right turns; the minimum 
altitude for the ECHO hold is also 9,500 feet asl. 

1.10.5 Airspace Description 

nK Kathmandu Terminal Control Area (TMA) is located within the Kathmandu Flight 
Infinmation Region (FIR), which includes all the airspace wer the Kingdom of Nepal. 
The TMA is comprised of all airspace within a 25 nautical mik circle of the Kathmandu 
VOR, except the airspace outside a line joining N 2757'48". E85"00' to N2T46'00. 
E8S048'30"; the line reduces the TMA size nonh of the VOR The Kathmandu TMA 
is depicted on the Thai Airways Route Facility Chart (RFC) as seen in figure 10 below. 
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The base of the TMA is 8500 feet as1 and upper Limit is up to and including FLUX). 

Figure 10. RFC Cbart Showing Kathmandu Area 

7'be Kathmandu Ccmtrol Zonc is a 10 NM circle based on the Kathmandu VOR which 
extends from tht ground level to 8500 feet asL 

IFR Arrival Procedures 

Thm is no air traffic control radar system installed at Kathmandu. Pn>cedural control 
is used, wherein the Conmllers must compute the protected airspace and altitude 
separatioo for traffic, based m the fix estimates and position reports prwidtd by the 
aircraft 

Arriving IFR aircraft are to obtain an ATC clearance, at least 10 minutes prior to 
entering Nepalese conmlled airspace. Normaily air traffic p r o d i n g  inl~ound on the 
R 581 air route from Calcutta via MONDA, IPLAS and ROMEO, after establishing 
contact with the Kathmandu ACC, is expected to reach the ROMEO fix mthmandu 
VOR radial 202 at 41 DME) at or above FL150. Thc &scent cl-a should be 
issued by Calcutta A X ,  who directs tmff~c inbound to Kathandu to ccmtact the ACC, 
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when the flight is w e r  the MONDA fu, which is still inside Calcutta airspace. From 
the ROMEO ftx. aircraft proceed inbound on the KTM 202" radial, to carry out the 
Sierra approach. 

Aircraft proceeding inbound from ROMEO, on the 202 radial, are normally cleared by 
the ACC Controller to proceed to the SIERRA fix and descend to 11,500 feet and to 
report at 25 DME. Normally, when there is no other traffic, at 25 DME the aircraft 
control is passed to the Tower Controller, who clears the flight for the approach. 

Letter of Agreement 

A Letter of Agreement, titled Kathmandu Control (East), KathmMdu Control (West), 
Kathmandu Tower - Lener of Agreement exists with the purpose to cover "control 
service for W c o n m l l e d  VFR flights at Kathmandu International Airport". The Letter 
of Agreement defines the Jurisdiction of each controlling agency. The jurisdiction for 
Kathmandu Tower is as follows: 

That airspace at and below 8,500 ft  within 10 nrn radius from VOR pius 8500 
ft to 11 500 ft  extending up to 25 nm radius. 

The Lener of Agreement also outlines arrival and departure coordination procedures 
between the Tower and the ACC's. Two of the arrival procedures are given below: 

Kathmandu Tower shall not clear arriving aircraft to deviate from the route 
assigned by the control until such aircraft are within airspace permanently 
delegated to Kathmandu Tower. and 

When holding is anticipated the Tower shall advise the Control prior to the 
aircraft reaching the holding fix. Holding shall be accomplished in control's 
airspace. 

Flight Recorders 

The Cockpit Voice Recorder (CVR) was found on 4 August 1992. The outer orange 
case was severely damaged but the inner tape case was intact The CVR was not fue 
damaged. 

The flight data recorder (FDR) survived the impact and was recovered from the accident 
site on 6 August 1 W2. The inner tape case was found without the orange avionics box. 
The tape case appeared to be relatively undamaged and did not appear to be burned 

The recorders were transported to the Transportation Safety Board of Canada (TSB) 
(TSB) Engineering Laboratory in Onawa for analysis. Accompanying the recorders 
were two representatives of the Nepal Commission for the Accident Investigation, two 
advisors to the Accredited Representative of France and an advisor to the Accredited 
Representative of Thailand. The recorders arrived in Canada late Saturday, 9 August 
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1 992; the anaiysis commenced on 10 August. 

Preliminary FDR information was sent to the  ion m 1 1 August. A plot of the 
last seconds of engine parameten was sent, as WU as data related to the ground track 
of the aircraft, on 13 and 15 August 1992. A final n p r t  (LP 1W2) was presented to 
the Commission. as well as tabulated data for the recorded parameters for the last 35 
minutes of the flight, and a video reconsauction with correlated CVR text for the same 
period 

l.ll.l Flight Data Recorder 

The Flight Data Recorder (FDR) was a Sundstrand UFDR Model (Universal Flight Data 
Recorder). Only the crash prottcted enclosure rermined of the recorder. The enclosure 
was found to be damaged, such that it was no longer sealed. When the recorder was 
disassembled, it was discovered that the tape had broken and was physically damaged 
with a few small holes present. ?hc damage was lmibuted to imp= the area of the 
tape that was exposed to the heads and tape guide rollers sustaintd the damage. 
M o i m  and dirt were found insidc the enclosure and various fasteners had been 
broken. Tht tape was spliced together and c lea td  prior to playback 

The origmal tape was played back and the accident recording was found on track one. 
The data were converted into engineering mils using the standard documentation 
supplied by Airbus Indusuie. Some documentatioa was on hand at the TSB from the 
aircraft's service with the Canadian carrier, W;ad?ir. A total of 156 parameters were 
rcwr&d- 

The FDR was synchronized to the CVR using VHF keying. In doing so it was noted 
that the= wen five seconds missing data at the end of the FDR tape; this secticm of the 
tape was impact damaged. Analysis of the raw waveform yielded partial recwery of 
the data wer the five second period. 

Data recovery problems also occurred from the tape for a three second period, at a time 
correspooding to about 15 seconds prior to the end of the tape, which were also 
amibuted to physical damage to the tape. Further analysis resulted in the recovery of 
all the data wer the three seccmd period. 'The remainder of the recorded data were 
recovered with excellent quality, with the exception of a few bad data points which wert 
identified and documented on file. 

Some of the listed parameters were not recorded properly. These included: Thronle 
Lever Angle for Engine 2 (TLA#2); Low Pressure Engine Compressor Speed for Engine 
2 (NllY2); and Centre of Gravity (intermittent function). 

Time (UTC) was recorded every four seconds to a resoluticm of six seconds. This 
format d t e d  in a repeating time pattern which was observed every 12 seconds. A 
shift in the time period was noted approximately 22 minutes prior to the time of the 
impaa This shift was considcnd to be due to &ring. timt bases between that of the 
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FDR Aa@sitia~ Unit and the Un: devict. TO deterarinc UTC the FDR frame counter 
and tk UTC mxdbgs were assessed prior to the discrepancy in recorded UTC. A 
uniquc time base was obtained wbkh matdrcd tk UTC up to the time of the shiff. This 
t imebascyie ldedat imof~of0700.26ZrrC ~t imbasc ,howcvcr ,was  
n a e d m d i f f ~ f r o m n c a r d e d ~ b y a ~ y p h u 2 ~ f a r t i m s f r a m t h c  
shift to tbt end of the ncarding. 

SeveralareasofimerwtwuestudiedusiagtheFDRpamnem. TheseincWthe 
Slat/map Paraxr~tcr Data including faults; Engine patameter Jam and navigaticm data. 
Tbe FDR data showed that the Autopilot Command number 1 was engaged far the entirt 
l a s t 3 5 ~ o f t h t ~ t o t h e i m p a c t t i m e ;  VHFnumba 1 was the oaly VHFradio 
uscdbythecnw~gthcsamperiod. 

The m)R confirmd that there was no catasmphic ar unusual dynamic event ibcurred 
bytbc~priormtheimpact. 

ICAO Note.- Sections 1 .I 1 .I .l, 1.1 1.1.2 and 1 .I 1 .I .3 were not reproduced. 
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1.112 Cockpit Voice Recorder 

The CVR was a Sundstrand AV557C, using four tracks which recorded cockpit area 
microphone, a track for each of the Captain's and Copilot's interphone and a founh 
track, that recorded the third cockpit (jump seat) interphone mixed with the public 
address system The CVR worked well and was reasonably intelligible. The cocQit 
area microphone (CAM) recorded the radio sounds, indicating that an overhead speaker 
was selected "on" It was determined that the CVR tape speed was approximately two 
percent slow. 

A prehminaq transcript was sent to the Commission on 12 August 1992. This transcript 
was prepared with the assistance of a translator, obtained through the Canadian 
government. The translation assistance was required because the adviser to the Thailand 
Accredited Representative had to leave Ottawa and the Thai language was generally 
spoken by the cockpit crew. 

On 14 August 1992, two other advisors to the Accredited Representative of Thailand 
arrived in Ottawa, to review and correct the initial CVR fsmcr@. A Emscript, 
including the revisions introduced by the review, was sent to Nepal on 15 August 1992. 
The review by the Thai aviation professional advisors improved the mscrip and 
explained some phrases. Further CVR work was bed out at the Recorder Playback 
facility at the Bureau EnquOtes-Accidents (BEA) in Paris, using a copy tape, when the 
investigation team representatives from Thailand and Nepal were in France for simulator 
tests, held at the Airbus Industrie facility in Toulouse. 

The Thai Accredited Representatives, with the assistance of lha i  Airways Intematiaud 
pilots, reviewed the CVR tape, along with the pllnscript produced to that point and 
introduced some wording changes and fad in some phrases that were previously 

c a d a c d  to be unintelligible. The phrases aniquc to the Thai review were again 
studied and a final was paoduced 

Ihe CVR transcript showed active coavmaticm by both pilots during the complete 
duration of the recording. The CVR transcrip is -bed at Appendix F. 

ICAO Note.- Sections 1.1 1.2.1 to 1 .I 1.2.5 were not reproduced. 
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1.12 Wreckage and Impact Information 

The aircraft wreckage was located in the Great Himalayan mountain range, nortb of 
Kathmandu, approximately 3.5 miles east of Gyangphedi in the Nuwakot Met of 
Nepal. The aircraft struck the south east ridge of a mountain at an elevation of I 1,500 
feet as1 at Latitude N27V3'09" and Longitude E085027'30n. The impact point was 
located 23.3 nm on a bearing (radial) of 01 5 degrees magnetic relative to the Kathmandu 
VOR (the VOR is located 0.6 m south of the extended runway centreline). 
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7 % ~  geography of the crash area caskled of steep, rugged, mountainous terrain with 
peaks reaching in excess of 16,000 feet in the immcdiatt ana. Thc aircraft heading at 
impact as rtc0rde.d by the FDR was between 004 to 005 degrees. The terrain continued 
to rise ahead of the aimaft path from 11,500 feet to wer 15,000 feet wer the next 2 
m 

The aircraft initially struck a 60 to 70 degree sloping rock face scattering wreckage 
below the point of impact for approximately 600 rn and, for some 800 m down the right 
side and 400 m down the left side from the point of impact. The scatter was consistent 
with a single, high velocity impact redling in the toral destruction of the aircraft ?he 
mountainous tenain and thick bamboo overgrowth made examination and documentation 
exrremtly difficuh and dangerous. 

Ibe initial impact area exhibited ch&g with small burned pieces of wreckage 
ccmsistent with an explosion and subsequent fireball. The evidence of fire damage to 
the terrain and wreckage, further down lhxn the poirP of impact, was sporad~c. 

Thc wreckage was examined and documented; som knit& amount of wreckage was 
catalogued No major airframe sections or major structural components were visible, 
except for the right elevator, along with a section of the aft fuselage bottom skin from 
the am of the tail bumper. Complett cataloguing of the wreckage and its disaibution 
was not attempted, due to the hazards involved m accessing the site. In addition, 
inf-cm provided by the FDR aad the CVR was cansidexed to be adequate for 
investigation purposes. Retum to the site, for specific compments a further 
examination was not deemed to be a requirement, or prudent The analysis of the FDR 
and the CVR did not reveal any evidence to indicatt any faults, or problems with the 
aircraft structure, up to the time of impaa. The aircraft was in cruise configuration, the 
s l a m  at 0/0 with the landing gear up, a& the timt of impact 

Power Rant 

The aircraft was equipped with two GE CF6-80- high by-pass turbo fan engines. 
On site examination of the engine components was limited due to the diflicubs of the 
accident site. Examination of the engine components located showed evidence of high 
rotational speed at the tirne of impact However, insuflicient engine hardware was 
located to confirm tbat both engines were rotating a& high speed The engine parameters 
provided by the FDR showed conchrsively that both engines were operational and 
producing power at the tinre of impaa There were no faults noted with either engine. 

Electrical System 

The few electronic circuit boards, retrieved from the site, were examined for possible 
non-volatile memory capability. Tbose boards examined had sustained heavy impact 
damage and were not considered to be of any use in retrieving non-volatile memory. 
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1.13 Medid Information 

Due to the trauma suffered during the impaa, autopsy and useful toxicological of the 
victims were not possible. Then was no evidence that incapacitation or physiological 
or psychological factors affected the crew's performance. 

1.14 Fire 

Approximately 19 t o m s  of fuel remained on boar& at the time of impact Thus the 
fireball would have been fuel fed as fuel escaped and was sprayed into the hmedhte 
area There was no evidence of any wide-spread post-crash fire, as pieces of wreckage 
examined remote from the impact site, as well as the vegetation, did not exhibit any 
charring or bum panem, indicating the fire was confined or localized to the initial 
impact zone. Witnesses reported hearing an explosion and stated that some of the 
wreckage apparently burned throughout the night following the accident 

There was no evidence of !Ire before the kurrenx. 

1.15 Survival Aspects 

The accident was n a  survivable because of the high impact f a x s  developed 

1.l5.1 Search and Rescue 

A search was commend for the aircraft, s h d y  after cormnunication was lost with 
TG311. Because the fight had last been cleared to the ROMEO fix, and Air Traffic 
Control had the impression that ttte aircraft was p a x d m g  to the south, and following 
a rapid review of the Air Traffic Control comnnmication, initial air and ground search 
efforts concentrated on areas south of the airport. During the aftmoon of the day of 
the accident, an apparent eyewitness sighting of smoke was reported to the southwest 
of the airport During this period, the weather conditions of low cloud made search 
efforts dficult; all the designated anas to the south of the airport could not be searched. 

The ncxI day, 1 August 1992, a second review of tk Air Traffic Control comrnunicatim 
record nvealed the comment by the TG311 crew "heading 025" at one point; search 
sectors to the north were then planned. Later in the day, eyewitness reparts were 
received indicafing the possibility of the accident having occuned north of the airpan 
Communications from the area are limited due to its isolation That evening, ground 
troops went dispatched to the r e p d  m the m k a g e  was located nearly 
simultaneously by the air and ground search p a .  early on Sunday morning, 2 August 
1992. It was quickly determid that no one had swived the accident and work 
-need immediately to xemove the victim's remains from site. 
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'Ihe accident site was extremely difficult and dangerous. The steep slope and high 
altitude made recovery efforts time consuming. Recovery efforts required the extensive 
use of the Nepalese Army Aloueae and Super Puma helicopters operating from 
Kathmandu Airport, a base camp at an elevation of approximately 8300 feet as1 and at 
a landing pad above the accident site, at an elevation of approximately 12,500 feet as1 

An investigation team member lost his life due to physiological problems, while 
proceeding from the accident site back to the base camp, a five hour trek. Those on the 
site, and at the base camp, were prone to suffer leech bites and other environmental 
problems. 

ICAO Note.- Sections 1.16, 1.17 and 1 .I 8 were not reproduced. 
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2.0 ANALYSIS 

Introduction 

The analysis of the TG311 accident, based on the factual evidence gathered during the 
investigaticm, will discuss several facets of the flight. The approach, from the flight's 
initial contact with Kathmandu Air Traffic Controller to the occurrence of the tlap 
problem, and the crew's reaction to it, will be addressed ?he analysis will then discuss 
the reason for TG3 1 1's travel toward the north followi~g the 36eQgree turn. Then the 
discussion will consider the reasons why the flight continued until the impact with 
terrain to the north and why the accident was not averted Dunng the discussion, the 
activity of the crew will be reviewed and various decisions wiU be analyzed. 

Before proceeding, it is wonhy to note that the investigator's impcssions arc, in pan, 
shaped by knowledge of the outcome (hindsight) of all the decisions made, an advantage 
not available to the crew or the air mffk conmlIen. As ~4 iuvestigaturs wen not 
time-limited to minutes or seconds in their analysis of the appatent evidence or 
problems. 

Initial Phase of tbe Approacb 

TG311 appeared to be operating normally upon establishing radio contact with 
Kathmandu ACC. InitialIy the crew must have considered this to be a normd flight into 
a familiar ahpoxt. Tht first dficulty the crew encountered was their inablluy to contaa 
the ACC Controller when the flight was seeking a descent. Thc Copilot made three 
unanswered calls, then the Captain attempted to contact the Controller and was 
successful on the third attempt. The ATS recording received all thc radio calls made 
by TG311. The reason that the Controller appaxtntly did not hear the transmissions is 
n a  known, but the delay in answering had no direct effect upon the flight's progress. 
The fact that the Captain took over the radio c o ~ c a t i o n  duties was a normal 
reaction when one crew member is unable to contact a station, possibly suspecting an 
on-bod radio transnrissim problem When the Capsun was also initially unable to 
ccmtact the ACC Controller, it lilcely caused him a certain amount of frustration. 
However, the Controller was contacted shortly afterward and 7731 1 commenced its 
descent to Kathmandu. 

Then is no indicaticm from the CVR that the m w  attempted to obtain ATIS information 
using the Kathmandu VOR frequency, nor is it certain that there was ATIS information 
on the VOR frequency. The crew may have elected to not use the ATIS because their 
attempts to use it on previous trips to Kathmandu likely were unsuccessful. The TG311 
crew o&ahd the 0600 UTC Kathmandu weather report from the ACC Cartroller prior 
to the request for descent. With 2,500 foot and 4,000 foot scattered cloud layers and 
10,000 foot overcast cloud, and a prevailing visibility of than 10 kilocrrtres, the 
weatha would not have appeared to be a problem. 
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22.l Deteriorating Weat her 

Tbc c n w  approach briefing cannenced as the aircraft was in descent to Kath- 
the Captain ccnducted the briefing. Imponant considmticms for the approach, such as 
the requirement for landing codiguration at 13 DME, wen discussed. 'Ihe briefing 
atmosphere was relaxed and was interspersed with other activity, such as the monitoring 
of the Cabin Crew announcements. 'Ihe crew was then infMmtd by the ACC Controller 
that the w a f k r  at Kathmandu had deteriorated; the visibility had reduced to only 1.5 
kilometres to the south of the W r t .  Also the wind speed from the s& had 
increased, causing a downwind landing situation for the favound runway 02 'Ihe 
Controller informed the flight that the approach had to now be made to runway 24). Ihe 
Capain's quick instruction to the Copilot to request nmway 02 from ACC shows that 
he was not content to use Nnway 20. This reluctana was understandable, considering 
that the circling appmach adds some difficulty in making the approach 

Tbc conversation regarding the wind speed was made to assess whether or not tk wind 
was within tht performance limits. A 10 knot downwind component is permissible; the 
wind at 150 to 180 with a speed of 10 knots. gusting to 12 knots produces a maximum 
downwind component of 8.8 knots. Ihe  allowable downwind component of 10 knots 
was not ex&, but the n w  did not discuss tbc implications of the tailwind 
component m landing distance. A slight element of confusion was injected because the 
Copilot had not understood the radio transmission h n  the ACC Controller and the 
Copilot indicated that he thought the maximum wind speed was 18 knots. Such r speed 
would have made the wind outside of limitations. Tbc Captain c o d y  interpnted the 
wind speed, which was within limits for a runway 02 landing. In any case, ni311's 
request to maLt the approach and landing to runway 02 was denied because of the "poor 
visibility and heavy rain" to the south of the airport. 

Faced with the approach visibility limits of 3000 meters and a requirement to circle, the 
Captain voiced '1 guess we can't make it" to which the Copilot replied "Got to go in 
fim"; the Captain wisely decided to calculate how much fuel he needed to fly to the 
alternate airport of Calcutta. He asked the copilot for the amount required, but the 
Copilot did not answer the Captain's question. Instead he replied that they had enough 
fuel to go to Bangkok (which was fUrther away than Calcutta); the inference being that 
therefore there had to be enough fuel to go to Calcuna The Captain's next questioa 
"Calcutta, how much" showed that he did not get the answer he was looking for. he 
likely was aying to calculate the time at which he would have to d i v a  which would 
be based on calculated fuel needed to divert safely. A sigh uttered by the Captain was 
recorded just after this the fuel discussion possibly showing frustration. Several factors 
could have caused the Captain to be frustrated, including: unexpected weather 
conditions; the requirement to make a circling approach to mnway 20, with observed 
weather on the approach below the circling minima; and his interaction with the copilot 
and the ATC Controller (not getting what was asked for). The flight continued toward 
the ROMEO fix in descent. 

The Captain nsumed his approach planning and briefed the Copilot on the circling 
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limits. The briefed mininnrm descent altitude (MDA) was not according to the Thai 
Airways approach chart The Captain gave the stmght-m limits of 5,120 feet asl, 
whereas the published MDA for a circling approach is 5,570 feet asl. The briefing was 
interrupted by a requirement to report as the flight passed the ROMEO fix, whereupon 
the flight was told to expea the Sierra approach and to call at 25 DME. nK Captain 
indicated that he would follow Sierra (10 DME) after questioning the 25 DME call; the 
flight continued to track the 202 radial inbound. At the same time the Copllot indicated 
that nothing couM be identified on the radar. This comment likely was the result of the 
large amount of red returns from the high terrain around the airport and the heavy rain 
which was present. The Captain's comment "...leave one VOR on for m" indicates that 
likely one Navigation Dsplay was either in the ROSE or ARC mode. The C a m  in 
continuing the approach briefing stated 'We can descend to ten tbousand five hundred 
if we are on radial 022". whereas the radial used for thc approach is amally 202. This 
statement may have bee31 a simple slip of the tongue or the reading of tbc only track 
number seen on the approach chart 

Reverting to Runway 02 

After compkting the approach briefing, including a &w of the missed approach 
instnrctions, the Capain wisely sought further infurnution regarding thc visibihty at 
Kathmandu airport. He insaucted thc Copdot to quest the weather, the reply from the 
ACC Caraoller was that runway 02 was "...also available" and a repeated requirement 
for TG311 to report at 25 DME. 'RIC Copilot replied by a p i n g  to report as requested, 
but dbf na take note of at faa that their desired runway was now available. Tbe 
Cam &nly realized that some important infomation had just been received and 
immdiatcly took wer the radio cormwhtion to confirm what he thmght he had 
heard. The Capain repeated his still unanswered question Ccncaning the visi'bility 
("surface cadition") at t b e l d .  The question was not answend; the ACC 
Controller asked for the flight's distance from Kathmndu. In replying with 25 DME, 
the Captain again hndiatcly included a request for the visibility. Tht Captain was 
told that the flight was to a t a c t  thc Tower ContmIlcr for the weather information. 
Meanwhik thc Capain slowed the aircraft below 240 KIAS and called for slat 
extension 

Upm check-in with the Tower C m l l e r ,  TG311 was cleared fa the Sierra approach 
to runway 02 and was provided with the latest visibility =port of 2.500 meters. After 
the Copilot was told to leave tbe radar "on" to prwick a nfatnce, the slatdflaps were 
selected to 15/15. 'Ihc Copilot was then instructed to crosscheck the altitudes on thc 
approach char?. The flight was close to thc approach track and was following the 
approach profile at an apprapriate speed as the flaps were extmding to 15/15; the DME 
was at about 18 nm from the Kathmandu VOR when the flap fault ~ ~ ~ u n t d .  
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Captain's Intentions and Perceptions 

Thtn is no doubt thar the Captain intended to carry out the Sicna approach and was in 
a rurscmable position on the approach Tbe visiiility was lcss than the 3,000 meters 
requind, but this fact was not causing dre approach to be discontinued The &cision 
to continue was in accordance with the company pmcdurts, which allowed the 
approach to continue to the ouur marka (considered to be the 10 DME fix - Sierra); 
this point had not yet been &ed when the flap fault had been encountered. 

To this point in the flight the Captain had to resolve some hrms himself, overriding the 
Copilot on a couple of occasions by t a h g  confro1 of the radios. It appared that the 
Captain wanted answers more quickly than the Copilot was able to provide or obtain. 
In several instances the Captain's reasanable areas of cmccm were deflected with 
inappropriate answers from both the Copilot and the ACC Controller. ?be Captain was 
persistMu and got the infurmation he sought, but oaly after paentially fnrstrating 
dialogue. 

Occurrence of the Flap Fault 

The flap fault occurred only five nautical miles before the point at which the landing 
d g u r a t i m  (Ianding gear down, sWflaps at 30M)  had to be obtained. The flap fault 
(both one and two), which rtsulttd in an ECAM chimt, was due to operation of the 
screwjack torque lirniter. The torque limiter stopped and beld the flap travel very close 
to the nonnal 15-degree position primarily as a result of increased system friction, and 
in small part to the advation of the right wing spoilers during minor rollcontrol inputs. 

Flap Fault Rectification 

The Thai Airways A310 Emergency Checklist did n a  provide very nnrch information 
to thc crew as to how to deal with the flap fauh Tbe Checklist only directed the crew 
to select the GPWS to FLAP OVRD (flap override), which would avoid spurious GPWS 
warnings. The Cbccklist gave advice to the cnw an the effects upon landing with less 
than full flaps, but did not provlde any instructions as to how to rectify the problem 
Information that was =levant to the flap fault problem faced by the crew of TG31 I is 
contained in the Thai Airways A310 AOM, but this document-is not normally used in 
such a situation This same information placed in the checklist would be helpful 

The Captain's comments regarding this flap problem showed elements of frustration. 
The Captain knew tbat he needed M slatMap to complete the approach At another 
airport the flap extension problem would merely be an event that would cause a higher 
appmach speed and haeased landing distance. The flap fauh meant that thc flight 
could not land at Kathmandu, with its steeper-than-average approach descent 
requirements. This was proven during simulator tests and landing performance 
calculations with less than full slat/flap configuration 
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The crew's efforts in m g  the flap problem were s u c e s N  after a failed ancmp 
to extend the flaps by selecting slats/flaps to 20120 and having achieved W15 setrings. 
The crtw then reaaded the slats/flaps to 1510 which released the screwjack tuque 
limiter. The slatsMaps were reseleaed to 15/15 and then to 20m. While the flaps 
were moving, the Captain quested a clearance to maintain 10,500 feet and then to 
r e m  to Calcutta, "due to technical". Just after the Captam conFirmed the Tower 
Controller's acknowledgement of the diversion request, he noticed that the flaps had 
extended past 15 ckgms to nearly the 20 degree position, indicating normal flap 
performance; this occurred at 0649:05 (about 11 minutes prior to the accident). The 
&ication of the flap fault was achieved within two mk.tltes of the flap fault ECAM 
warning, without the benefit of a checklist procedure, likely made possible by the crew's 
experience. The Captain made a decision to attempt the Sierra approach again, with tbe 
flight at a distance of about 12 DME from the Kathmandu VOR. 

Obtaining a C)earabce 

The Captain realised that the Sierra approach descent profile could be achieved because 
the f laps  could haw been extended, however the flight was now too high and too close 
to the airport to cany m with this straight-in approach The Captain, who continued to 
conduct the radio communication with the Controller, asked (0649:08 UTC) for a left 
turn to join the Sierra approach again and indicated that things were normal and a left 
nun to ROMEO was quested After c o w g  T133 1 1 's radio transmission that the 
flight was back to normal operation and that the flight wished to make an approach, the 
Controller rn- "... clear Sierm approach, report onc zero DME, leaving nine 
thousand five hundnd". At this point thc flight was about 1 1 DME south of the 
Kathmandu VOR. Ahhough the Tower comrramication was a valid approach clearance, 
from their response it is obvious that the TG311 crew understood this as a clearance to 
continue the original approach. 

Tlsc n d  action, which was expected by the Controller but apparently not understood 
by the -31 1 crew, would have betn to have the flight pmceed to the initial approach 
point of 16 DME and fly the 202 radial inbound as per the approach chart. Thc cnw 
could have carried out their own navigation to the 16 DME fix and assured themselves 
of terrain clearance. The c n w  merely had to choose their own direction of tum and 
proceed to the 16 DME fix, then complete a reverse track procedurt and proceed 
inbound. Alternatively, because the flight was very near to the Sierra ~IX (10 DME), it 
wauld have been simpler to turn kft into the published hold procedurt and re-imempt 
the on-course at 13 DME and fly it inbound. The flight would have been expected to 
inform ATC of the planned action. Neither of these actions Occurred. Instead the 
Cap;un informed the Tower Controller that the flight could not land "at this time" and 
they wished to makt a left tum back to ROMEO to start the approach again". The flight 
continued heading about 020 degrees. 
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233 Communication 

Thtle arc several aspaxs to the radio commrroication that rppearcQ to cause di f lhhy 
for both the crew of TG311 and the Tower Camller. It appcarcd that some of the 
communaon difficulry was due to the requirement for both the TG311 crew and the 
Controller to speak in other than their fim language. Undoubtedly the Tower Controller 
was confused by the rapid succession of requests, iirst to Calcuua and then for another 
Sierra approach via ROMEO. When the Tower Cantroller gave the flight a valid 
approach clearance, it was immediately rejected by the flight crcw who declared that 
they now could not land. This appeared to be abnormal to the Tower Comller and 
established an enviromem of confusion as to wkre the flight was going and what if 
could do. 

Neither the Tower Ccmtroller nor TG3 1 1 ever communicated to each other what exactly 
the "technical" problem was. ?he flight crew did not indicate that a flap problem had 
made it impossible to cornpktc the first approach nor did the Coatroller question the 
flight as to why the newly cleared approach could n a  have been carried out CkiQhg 
c o d c a t i o n  from eithtr the flight crew or the Controller could have alleviated the 
situation. However, following the Captain's radio nansrnission that the flight could not 
land, the Controller mrely asked for TG3ll's DME. The Captain =plied stating that 
the flight was at 9 DME at 10,500 feet. When the Controller responded, questioning the 
altitude, the Captain directed the Copilot to answer the radio communicatia 

The answer by the Copilot stating "we will maintain ten thousand, five hundred feet", 
which did not satisfy the Captain's desire to clanfy the situaticm regarding the left turn 
request, was likely made without an undemanding of the problem the Captain was 
attempting to resolve, perhaps due in part to the sudden requirement to recommence the 
radio communication. The next phrase spoken by the Copilot (0650:03 UTC), wherein 
he inquired about the flight's terrain clearance (".. cleared wer MOCA okay?') shows 
that he was also occupied with concerns about the high ground near Kathmandu. 

The Captain was apparently not satisfied with the radio communication and again asked 
for a left turn "now". Again the Controller asked for TG3 11's DME and the flight 
replied 7 DME "request left turn back. The Tower respome of "...m DME copy sir, 
report one six DME, leaving one one thousand five hundred" was neither a correct 
readback nor appropriate for the request for a left nun back. The flight had been given 
a valid approach clearance, but now it was apparent that the TG3 1 1 Pilots were not 
aware that they could have proceded to the 16 DME fix or from the hold and cmied 
out the Sierra approach The dialogue from -31 1 to the Controller and coordination 
and communication difi5culties between the pilots, in addition to adding confusion, could 
have easily degraded the mutual perception of each other's abilities. After four 
unsuccess!il requests for a left turn, the Captain decided to commence a climbing right 
turn after the last communication about a left arm 
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23.4 Why to ROMEO? 

The Captain, in his 0649:08 Un: radio transmisim nquest to join Siara approach, 
asked for a left turn to the ROMEO fix. In exploring the reasons f a  the Captain's 
stated request, two possl'bilities have been discussed. Ihe Capunn m y  have wanted 
more time to deal with the flap problem and it was thought that p m u x b g  41 nautical 
miles from Kathmandu would facilitate that requirement. Alternatively, it has been 
suggested that the Captain's selection of ROMEO may have been prompted by its 
depiction on the Thai Airways approach chan, which my have misled thc Captain as 
to the point at which the approach commences. 

The conclusion that TG311 was to travel back 41 nautical miles to ensmt that enough 
distance was available to exmd the flaps seem unlikely. The slardfhp were M y  
at 2WZO at the t i x  of the request which would have obviated the requirement for such 
a long inbound leg. Also, tbc Captam's statement (065759 UTC) 'Romo radial.. two 
tern two, sixteen DME ..." appears to support the conclusion that in nqutsting "Romeo", 
the Captain was indicating that he was requesting clearance to the first point of the 
approach The speed at which events were unfolding during the flap fault and its 
rectification, as well as its depiction on the approach chart plan view, makc it appear 
possibk that ROMEO had bcea selected as the start of tk approach 

Why Left Tben Right Turn 

The Captain in his requests to the Tower Controller asked for a kft aun on four 
different occasions, while the aircraft travelled hm approximately 1 1.5 to 7 DME on 
the 202 radial of the Kathmandu VOR Whcn the aimaft was at about 55 DME a right 
turn was starred 'The nasons for this apparent change of k flight's i m t  ad tk 
Conuoller's reaction require study. 

The first and second requests for the left turn were ma& at about 115  and 10 DME. 
As can be seen from the opaator's approach chart (Appendix B1) a bo-k 
pattern is depicted from 10 to 13 DME 'Ihc chart shows cornctly thu thc apgroafh 
could be commnced by following the p~blished paaan. ?bus it is masonable for 
TG3ll's crew to have intended to tum kft to conduct a second appnwcb afta tbt fim 
approach was interrupted by the flap f a d  Their intent for the first two left-tum 
requests is understandable. 

The third and fauth requests were ma& with a h a f t  inside the 10 DME patxcm point 
shown on the chart. At this point the crew discussed obstacle clearance (0650:03 P2 - 
"Are we cleared wer MOCA okay? We can set on our right hand side? How about 
our left?") and then the Capain ma& tk third request Thc chart displayed obsuclc 
heights, west of the 202 radial are lowa. 'Thus, having decided to trim back to tbc 
south, the crew's intentions f a  the third and fourth requests for kft turns art also 
undcmandable, patticularly if they intended to conform with the &picti011 of the 
approach 
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Following the communication d .  between TG311 and the Tower Cmtrokr, as 
~ o u s l y  discussed, the Captain decided to climb and tun right. The approach chart 
shows the cn i sd  apgrwtch track as r right turn and the FMS track also shows a right 
turn paaern for a missed approach. It is reasonable to expect that TG3ll's crew would 
have been uncomfomble with the continued travel toward the north. The lircnft had 
now procctded on a north-north east heading for more than the time that t k y  would 
assume acceptable. At this locatitm, a right turn would have been a msonabk choice. 

The Conuoller, in accordance with the procedural control standard prwcdu~s and 
without radar equipment, was unable to provide heading vectors or pmv& approval for 
turns in any particular directia Crews an expected to provide their own terrain 
clearance and comply with any clearances issued. However, the Controller was also 
aware that the approach could be conducted using the holding patterrutacetrack from 10 
to 13 DME and that this would have required a left tun In providing a clearance for 
the Sierra approach, following the flight's first request for a left turn, the Controller had 
implicitly approved the flight's request and complied with ~otrect procedures, krt he had 
not provided specific words giving a nrm direction. 'Then is evidence to show that the 
Controller had not heard TG3 1 1 's trammission regarding the right turn. However Tower 
the Controller was aware that the flight was heacting back to ROMEO and its altitude 
was 10,500 at the time that the flight initiated its turn back to ROMEO, the turn 
direction selected by the crew would have had no effect upon a f i c  separation. 

Pilots' and Contrdlers' Perceptioag 

The pilot's naming of ROMEO as the TG3ll's &sired clearance point w& paentially 
conhsing to the Cantrollers. The ROMEO fix is not part of Siena approach aml the 
distance is a long way from Kathmandu, going the wrong way on a one-way airway. 
The Controller's lack of response to TG3ll's request to proceed to ROMEO was likely 
equally umfusmg to the pilots, particularly if the cnw had been misled mto believing 
that the approach started at ROMEO, because of the depiction of ROMEO on the Thai 
W a y s  approach chart. 

?he elements in this poreion of tbe flight led to further fmtration for the Crew and the 
Controllers. The apparent lack of nqmmiveness of the Tower Conmller to tbc requests 
for the left turn undoubtedly promoted an impression f a  the Captain that the Controller 
was not helping or was having problems. The repeated requests for the left tums, which 
the Controller was unable to grant with a~~urance~ of terrain clearance, caused 
difficulties for the Controller. which were not resolved 

The Crew Initiated Climbing Turn 

The Captain decided to commence a right climbing ~LUIL likely intending to kvel off at 
FL180. The aimaft rolledout momentarily at approximate headings of 045 and 340 
degrees: the beginning of a roll-out was noted at a heading of about 130 degrees and 
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possibly near headings of 290 to 300 degrees 'The arm continued until the flight rolled 
out close to the heading at the start of the manoeuvre, approximately 025 degrees. Oace 
rolled out, TG311 continued on north-north east headings until the mountain impact 
OCC- 

2.4.1 Terrain Considerations 

It is apparent that tbe crew was awan of the importawe of terrain clearance. The 
0650:03 UTC discussion regarding being "over MOCA" is not totally clear as to whether 
the crew could see tht ground or were nfening to the spot elevatims that wen  clearly 
shown (m the Thai Airways approach chart, left and righ! of the inbound course. 
Nevertheless, the crew made an aacmpi to assess their h e w  above the terrain. 

At a certain point in the climbing turn, the crew decided to sclea an altitude of FL180. 
This altitude was the closest even thousand foot flight level above the MORA of 17,200 
for their positim. Coosidering their percepion that they had n a  yet nceived a valid 
clearance, the crew's sekaion of FL180 was appro9riate. 

Just as the flight was rolling out on a heading of 025 degrees, following the 36Mgree 
turn the crew again checked for MOCA and MOM. After verifying their position to 
the south west of the Kathmandu VOR, the crew appeared to be satisfied that tbeir flight 
would satisfy tenain clearance requirenrents, in that nothing to the contrary was 
discussed. If t h y  had not been satisfied it seem very likely tbat somthing would have 
been said. At the timc of the check for "MOCA" and ''MORA", the flight was about 
five nautical d e s  south west of the VOR where the s e a m  minimum altitu& was 
11,500 feet, which was their level-off altitude. In approximately onc minute the flight 
was about to cross the VOR at which tirne the minimum sector altitude would have been 
a 2 1 0  (about 21,000 feet). Then was no further crew ctiscussion regarding a safe 
altitude for terrain clearana. 

Clearances in the Turn 

Thc crew of TG3 1 1 initiated the right climbing turn to FL180 without informing thc 
Tower Conmller of the intended level-off a1tit.uk. The crew did communicate that the 
flight was climbing, to which the Towcr Controller reiterated tbc requirement for TG3 1 1 
to repm at 16 DMZ leaving me  one thousand five hu&d feet for the Siena 
approach The Captain's cockpit reaction to the communication was "it's cleared, it's 
ok now" and he insnuaed the Copilot to read back the Cantroller's radio transmission. 
The Copilot had difficulty in reading back the ATC insmcti<xls (065 1:25) and the A K  
Controller appearad to have difficulty in understanding the &@la's difficulty, in staling 
the nquinrnent to repolt at 10 DME kaving 9,500 feet 'The Copilot thcn repeated the 
apparent new irmnmions, which were confinned by the Tower Caraoller. 

At this point the Captain again took wer the radio communications from the Copilot and 
restated that they could not makc the approach now and the flight was turning right and 
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climbing to 18,000 feet, in order "to start our approach again". Ibe Tower C m s  
reply was unclear to -31 1. In stating "Roger, ah .. staadby, for t k  timt being; 
maintain me one thousand five hmdmi..." It appears that tbc crew accepted the 'Roger" 
as acapance of their declared action, in that they reported that tbey would maintain an 
ahitude differcnt than that given by the Controller. The application of the ICAO 
standard phraseology meaning of "standby" (wait and 1 will call you) was not clear. The 
Copila appeared to be justifiably uncomfortable with the flight's clearance and stated 
again that the flight was maintaining 13,000 k t  (the aimaft was actually closer to 
14,000 feet). The Controller's 'Roger" reply prompted another reasanable questicn from 
the Copilot as to whether that was "..okayn. 

Tbt Tower Controller then reiterated clearly that TG3 1 1 was to maintain 1 1,500 feet 
because of conflicting traffic (RA206) approaching Simara. The crew then stopped their 
climb and commenced a descent to 11,500 f a  The Copdot nported that TG311 was 
descending and reported the flight's DME At chis time if is clear that TG3 1 1's crew 
b w  that the flight had a valid clearance to maintain 11 500 fect At this moment, tbt 
pointtowhichtheaghtwascldwasndcertain.  

AAer the Tower Controller gave the position estimate of RA206 to 1Yi311, as a result 
of the TG311 Captain's request, the T o w  initiated discussion as to where the flight 
was to proceed "...understand you like to proceed to Romeo to make an approachw. This 
transmission was confirmed by the Captain, but the Tower Controller merely replied 
"Rogei'. To this point, TG311 did not have clearance to ROMEO but was being toid, 
according to standard ICAO phraseology, that the Controller had d v e d  all  of the last 
transmission. 'Ihe Captain again nansmitted (065356) "... ccmfixm we can proceed to 
Romeo now". Thc Tower replied "Roger proceed to Romeo and contact one two six 
decimal five." (ACC). This constituted a clearance to the ROMEO fix; the Controller 
authorized TG311 to proceed to ROMEO. This conforms to the ICAO definition 
descn'bing "cleared". The Captain's 0654:08 acceptance of the "...prowed to Romeo" 
by responding "Proceed to Romeo" and the subsequent crew referems to the navigation 
system are clear indications that the cxew perceived that they w m  at last cleared to 
ROMEO and were to maintain an altitude 11.500 feet A valid but unusual clearana 
existed at this time (0654:08 UTC). 

North-north East Rollsut Heading 

TG311 roiled-out on a heading of 025 at the end of the crew initiated right tum, after 
turning through approximately 360 degrees. At the time that TG311 had received a 
valid clearance to proceed to ROMEO, the aircraft was just commencing a right nun 
from about 340 degrees to the roll-out heding of 025 degrees. The M tumed to 
a direction opposite to the cleared point, the ROMEO fix. At this point, one of two 
events took place. Either the crew unintentionally turned toward the north-north east. 
having the impression that the flight was heading toward ROMEO, or they tuned to the 
ncnth-north east and were planning to carry out some type of manoeuvre that would 
eventually head them toward the ROMEO fix. 
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The two possibilities, that the flight toward the north was unintentional or that the roll- 
oui to the north-north east was intentional as the first step in an eventual plan to proceed 
to the south-south west, will be addnssed 

Workload and Communication During the Turn 

The 77331 1 crew was busy during the turn. One of the reasons for the increased crew 
workload was their previous misunderstanding in thinking that tbe fight did not have 
a valid clearance to carry out another approach. This misundemanding caused them to 
conduct cdderable unnecessary radio communication, which in turn was n a  carried 
out clearly by the Tower Controller. As was seen previously, here was a tiroc when 
TG3 1 1 's c h r a n a ,  or how the flight was to proceed, was not clcar, it is is that ate 
crew did not perceive that the flight had a valid approach clearance. This led to 
cmfusim which resultad in tbe climb followed by a reluctantly accepted descent The 
dialogue with the Contmkr lrtgarding the level-off altitudt of 13,000 feet was unclear 
and left the crew with some doubts as what they should do. From the Controller's 
perpabe ,  the crew had k e n  told to maintain 11500 feet, but were n a  complying. 
M a  positive control and less use of the word "Roger" would have been helpful in 
elimbuing confusion 

Thcrt was evi&nce that the crew was getting increasingly frustrated during tht turn. 
The Capun questioned the Controller as to the position of the other traffic (RA206) and 
hewastoldthattheMberflight wasatFL150,yet'IG311 wastoldtogo backto 11,500 
feet from 13,000 feet It appears from the Captain's reaction that be did not understand 
why he could not have stayed at (actually descended to) 13,000 feet. He expressed his 
feelings at 0654:29, indicating disappointment at the cleared altihdc. What the Capain 
did not h o w  was the airspace jurididon of the Tower Conh-ok, which was capped 
at 1 1,500 feet A clearance to a higher altim& was therefoze not possible without a 
change of control agency. Unfortunately, this likely led the Captain to inconectly 
perceive that the Cmtxoller was not providing effectim or helpful cantrot 

From the Controller's perspective, it was tikely difficult to undastand the ne!cd for a 
climb by TG311 to 13,000 fea; a climb to FL180 was clearly gomg to conflict with 
RAm. The Controller was told that TG311 was in a turn and tbe flight had been given 
a valid clearance to conduct the approach; he knew that adequate terrain clear;mce 
should have existed at 1 1,500 feet. TG3ll 's c c m ~ u e d  request to proced to ROMEO 
was confusing, in that the Coatroller knew that ROMEO was nd part of the approach 
and that it was a long way from Kathmandu. What the Controller did not 1- was 
that the approach chart in use by the pila showed ROMEO in dre format of the sating 
point of the Sierra approach The Controller's reference, the chart published by HMG 
of Nepai, does not depia ROMEO, which is n a  part of the 

T' Controllen perceived that -311 would proceed to ROMEO as the fhght had 
requtsted Howncva, undcr procedural cmtrol, the Canrrok's had to rely on TG3ll's 
fight jmgrcss reports in o tda  to know what the flight was doing. 
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'Zhe communication difficulties added to both the Pilots' and ConboUer's workload and 
likely causcd u a f o m ~ t e  perceptions far both that thc other was not perfoming 
satisfactorily. 

Rdl-out Headings 

T&E were three occasions where the aircraft commenced a roll-out of the right tum in 
mtamdiate headings, once on a heading of about 045 degrees, again as the heading was 
near 130 degrees (at 0651 53, bank angle reduced to about 20 degrees) and the other 
instance on a heading of about 340. This indicates that the crew made at least three 
deliberate selections of heading using the atsopilot heading select and certain events 
werc taking place in the cockpit that could provide some insight as to why the headings 
were selected. 'Ihere may have been more selections, but these could not be determined 
if they were made before the aircraft would have reached the point of rolling-out 

2.45.1 Heading of 045 Degrees 

Tht aircraft turned to the right from a heading of about 015 degrees at 0650:40 and 
commnced the roll-out at about 045 degrees at 0651:08. The qcw may have just 
tumbd the heading select to the right to start the turn. 'Ibere does not seem to be any 
apparent procedural reason for stopping the turn at this heading. A review of the 
Jeppesen Terminal Chan shows that, on such a heading, the terrain heights ahead are 
lower than when on the previous heading. It is possible that the crew was anempting 
to take positive action to provide more terrain clearance for themselves, when t k y  
perceived that they had not yet received a c l m c e .  The fact that the turn to the right, 
from nearly being rolled-out, resumed just after the 0651:02 insbuctioa from the 
Controller to "report one six DME leaving om one thousand five hundred f e z  for Siem 
approach runway zero six", to which the Captain stated in the cock pi^ seven seconds 
later '7t's cleared it's ok now", lends support to the possibility that the h m  continued 
from a pxeviously selected heading. It is also possible that the heading selector was 
turned to the right in order to start the tum and when the Captain rcalised that the 
aircraft was rolling out, he then moved the heading selector further to the right 

Heading of 130 Degrees 

Then is no obvious reason for a slight roll-out near the heading of 130 degrees, other 
than perhaps the Captain was still not certain as to where the flight was cleared or 
efforts were being made to continue the turn from a previously selected random heading. 
The turn resumed from this roll-out cornrnencemcnt just as the Captain had intervened 
in the Controller/Copilot communication and had toM the Tower Controller "...we right 
nun back to Romeo..". The reasons for a selection of a heading near 130 may not be 
apparent, but the aircraft recommenced turning toward ROMEO. 
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2.453 Heading ot 340 Degrees 

The right bank angle continued at about 25 degrees, until the aimaft commenced a roll- 
out to approximately 340 degrees. Then was a very slight hint of reduced bank angle 
between 290 degrees and 300 degrees (bank angle reduced to slightly less than 24 
degrees), but not enough to determine whether the slight change was caused by pila 
action or normal autopila feed-back action. 

Possible reasons for the heading of 340 degrees were sought; two possibilities were 
considered Om was that the Captain mtrtly selected a heading, to the right of the 
c m m  heading in the turn in orckr to kad the nun and to cause the right turn to 
continue; the aircraft them rolled out as the beading was achieved, a "set and forget" type 
of situation. The other possibility was that the Captain chose 340 degrees as an 
intercept heading. 

Tht beading of 340 degrees was an approximatc intenxpt kading for either a 022 VOR 
cotuse (intercept angle of 42 degrees) or for the missed approach track of 291 &gms 
(intercep angk of 49 &gees). The Captain's comment at 0654:16 UTC "... keep the 
line for reference", just after the arm from 340 degrees to 025 degrees com~nced. as 
the Copilot discussed "direct Romeo", may indicate that the Captain was using some sort 
of liDt for navigatim guidance. The only line available at that t i m  would have been 
the missed approach track of 291 degrees. Tbt appmach track wculd have disappeared 
after the waypoints had becn passed. 

Flight Toward the North 

TG311 rolled out m a heading of 025 degrees from the selected Lading of about 340 
degnxs. The right turn was caxried out just after the aircraft passed though the 202 
radial and the flight received a clearance to proceed to the ROMEO fix, which was 
locared in the direction oppaEitc to the roll-out heading. It is possible that the intercept 
heading of 340 degrees was selected because of a decisim to intercep the missed- 
approach line shown on the Navigation Display. Once chosen, the he*g was also a 
good intercep for the 022 came which one could nasotlably expect would have been 
selected on one Navigation Display in ROSE mode. Tbt Capain may have been 
switching to and from ROSE, ARC and NAV modes. The -tion of a valid 
clearance, ocarrring at about the sarm timc as the 202 radial was crossad may have 
providcd coincidental cues to which the crew responded by turning the shortest direction 
toward the on course. 

The preceding tea discussed plausible rcascms for why the crtw my have possibly 
rolled out to the north-north egst unintentionally. 
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Rollsut to the North-North East 

The aimai l  rolled out on a heading of 025 degrees and the Captain nported tk heacting 
and 20 seconds lam stated "we got somc technical probkm ccmcemed with tk flight". 
'Ibis is evidence that the C a m  may have been aware that the airnaft was heading 
toward the nonh-north east. At the time of the r e p a  tbt flight was still on the south 
side of the Kathmandu VOR and terrain clearance was not a problem at tk flight's 
altitude of 1 1,500 feet the crew had also reviewed the obstacle clearance height (MOCA 
and MORA) and had apparently been satisfied that the no problem existed. Had the 
crew commenced a turn toward the ROMEO !ix (or the 202/16 fix) within about thne 
minutes of the "025" heading report, the flight would have maintained adequate terrain 
clearance according to the Jeppesezl Area chaxt for Kathmandu, however, tbt flight 
would still have been well below tht minimurn published sector altitude of FL.210 on 
the Thai Airways International approach chart. 

It has been suggested that the crew may not have understood that they had a clearance 
to ROMEO when they were handed-off to the ACC Cotltrolkr, after they had 
acknowledged the Tower Controller's radio transmission with "proceed to Romeo and 
conta~t one two six decimal five". Ilbe m w  did not contact the ACC Controller until 
45 seconds later (the previous change of camroller frequency was completed by dx crew 
in less than 5 seconds). Review of the crew's verbalized activity in that relatively long 
time period, as recorded by the CVR, shows that their e f f a s  appeared to be related to 
navigation tasks and veritication of obstacle clearanw then was no &on, a concan 
expressed, about the requirement to obtain a cleaxance. The crew actions appear to 
show that the crew was aware thar flight had a valid clearance befmc contaEting the 
ACC Controller. Thc ACC Controller provided tbe sanre clearance ("proceed to 
ROMEO'? to the flight. This clearance was not read back by the flight because of 
"bnalr" communication used by the ACC Controller, but the crew did not re-initiate 
contact with the ACC Controller (the Controller initiated the next radio dialogue); their 
verbalized efforts werc related to the input of ROMEO and Simara into the FMS. 'Ihe 
crew's activity and appamt priorilks do not appear to support the suggestion that the 
turn to 025 was related to tbe need to obtain further clearance. 

It has also been suggested that the crew's cancern about the other flight operating into 
Kathmandu (RA206) may have prompted the crew to turn toward the north to provide 
its own separation from the other flight. Review of the CVR (ATC comxmnication 
received by the m w )  and TG3ll's FDR shows that when the turn to the north was in 
progress the two aircraft were separated by more than 40 nautical d e s  (M2M had not 
yet reached Simara). 7he flight had been informed at 0652:40 that RA2M was 
descending to flight level 150; the Copliot responded to that transmission. The Captain 
then cmtacted the Controller and inquired as to RA206's position. The same position 
information (RA206 estimating Sirnara at 57) was passed to the Captain at 0653:01, but 
RA206's altirude was given as "flight level one five zero descending" (RA206 was 
actually a! or above flight level 150). Following this transmission, the Captain replied 
that the flight would descend to 11.500 feet. There was no further discussion recorded 
on the CVR between the pilots about RAm. 
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After TG311 contacted the ACC and was given another clearance to "proceed to 
Romto" followed by "brezik'' the ACC Controller ci& RA2M to maintain flight level 
150 and instructed RA206 to report o v a  Simara. RA206 indicated that he was 
approaching Simara at flight level 150. At this point in TG3ll's trajectory (marly 
abeam the Kathmandu VOR), the Captain had received a radio uansmission indicating 
that 4,000 feet of altitude separation existed between his flight and RA206. Based on 
this information. it seem very unlikely that the Captain would have been reluctant to 
cum back toward the cleared point ROMEO because of traffic separation fears. 

Continued Flight to the North 

TG3 1 1 rolled out on the heading of 025 degrees at 0654:48, or about 5.6 minutes before 
impact. Considerabk time remained to correct tk situation of the flight toward the 
north, however several factors led to the coatinuation of the northward flight toward the 
very high terrain. These factors wilI be explored, as well as other items rhat werr 
ccnsidered and discomd as factors. 

Navigation Aids 

There arc several navigation aids, located near Kathmandu, that the crew n m d l y  
would have used or nferrcd to during the flinht 'Iherc is no indidon that any of thc 
navigation aids were unserviceable at the time of the accident. Their influence, or 
ability to provide cues to the crews, requires discussion 

25.1.1 Non-directional Beacons 

Thc -or South (LS NDB) was senri#able at the time of the accident This NDB 
failed after the impact and therefore the performance of the LS NDB was not a faaor 
in the accidtnt 

According to the Thai Airways approach chart, m w s  were to use the LS NDB for track 
guidance. Thc track guidance, until the crew-initiated right-climbing turn was 
commenced, appeared to be close to m course. 'Ihe roll-out to the 025 heading, 
following the turn, was established as tk a i d  was about one mile south of the IS 
NDB; the LS NDB was passed about 15 seconds later. Once the NDB was passed, one 
or both of the ADF needles displayed on the Navigation Display and the RMI 
instrunrents would have shown tht NDB behiad the aircraft The ADF display (relative 
bearings) of the LS NDB would have been thc sam whether the aircraft was heading 
north or south. 

It is na known if the m w  had aetected the KAM NDB, which is located at the airpoh 
for one of the ADF &vets. Had it been sekctcd, once the aircraft was by the airpon 
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its iadicating needle would han also been pointing behid the aircraft for flight eitbtr 
totkaarthartothesorrth. 

It is vay unlikely that the LE NDB would b e  been used by the crew whcn amdwiug 
tbe Skna approach. 

Thc VOR and DME systems were used in navigating TG311. "Zhe crcw ma& reports 
of aircraft's DME, some at thc request of Air Traffic Cmml and at odrcr times TG311 
imitiated the reports. The actual aircraft pasition derived from RS#l wben compad 
to tbc crew-reported DME values inciicate that the both the airborne DME receiver and 
g- facility were providing correct infomarion to tbe cnw. The fact that the aircraft 
tracked the on-course satisfactorily and tbe aircraft was close to a verbalized radial 
("...a coupled..") are evidence that the VOR was providing conect information. Tbc 
crew of dK other flight 0 6 )  operating imo Kathmandu at the same rime as TG311 
rqxnted that the VOR and DME were providing proper information 

Wbcn TG3 11 rolled out of the turn and headed 025 degrees, the aimaft was about fxve 
nautical miles @ME) from the VOR, near the 220 degrez radial. The aircraft passed 
abeam the VOR, to the west, about one minute after rolling out of the aim. ' h e  station 
passage would have consisted of the of the track bar and whem it 
reappeared its arrow would have moved h the top to the boaom of the bar. Tbc 
VOR needles on the RMI instruments would have also rotated through 180 degrees. 
Tbc displays would have been identical for a statian passage of the VOR when heading 
southward. The relative bearing presentations would have been the same for rhe VORs 
for either north or south headings away from the VOR Of course, the DME would 
increase for travel away from the VOR/DME in any directia 

Influence of Navigation Aids 

'Ibae is no evidence to indicate that tht navigation aids near Kathmandu wen n a  
providing correct information. It can been seen from the pv ious  sections that the ADF 
needles and the VOR infonnatim do na provide unique salient cues based on thc 
direction of fight. There would have been limited cues presented to thc crew from the 
ADF or VOR unless the information was related to the compass heading displayed cm 
the insmunent. 

Aircraft Systems 

Thc log entry on the day previous to the accident, regarding the loss the Coplot's EFIS 
insuurnents and other navigation systems, W to the requirement to explore whetha or 
n a  the aircraft systems were serviceable as the aircraft was proceeding toward the north. 
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Tbc failure of the 205XP bus causes a loss of power to: thc Copila's EFIS instruments, 
the Copdot's conprss, VOR112 and ADFU2. Tht EFIS instrumnts go complaely blank. 
The accident ainxaft had a history of U)SXP bus failures. 

From tlight tests and sirmrlator tests, as well as theoretical research, carried out by tbe 
manufacturer, it was shown that tk loss of the 205XP bus would have mlted in tbe 
absemx of an ECAM chime when tbe flap fads occurnd Also. if the bus itself had 
failed, two singlc-smke ECAM chimts would have been beard w k n  thc bus failed. 
The reports of thc crews Who encauucrcd the previous u)5XP problems with the 
accident aircraft did not indicate that then was an absence of ECAM warnings at the 
time a after thc bus had lost power (only befort). Because m ECAM chime was heard 
when the flapfauitocrwFed, itcan becarludad that thc 2O!XPwaspowduntilthe 
time of tht flap fin& In addifion, the absence of further ECAM ch- following the 
reaificatim of thc flap problem, is eviheacc that the NSXP was powend until the end 
of the flight This conclusion is further supported by the absence of any crew 
exclamaticms that would have been heard had this dramatic failure occuned 

There is no evidtace to indime that any of t& aircmfk i b v i p t b  systans were 
unpo~astheaircraftwasproceedingnorthward 

Compass Systems 

Eachpil~thas~compassiadicati~mhisinsaumentpaneldisplayingtheaircraft 
heading. In W a n ,  thcn is a standby compass, rmunted in the M e  of the cockpit 
which ctisplays tht magnetic heading. Then is no evidence to suggest that the compass 
systems wen not waking. Tht radio transmission by tbe Capcam, iadicating that the 
aircraft was heading 025 &grtes, occurred at thc satm tim as the linraft was heading 
025 degr#s. Tbt Capain likely looked at eithu t& Navigatim Display compass or the 
Fiight Cmtml Unit (FCU) heading seka (HDG SEL) window den Stating the compass 
hcading,tbt~possibil itybcinglessl i laly.  Atthetimoftfrcrqxntedkading, 
tbe aircraft had rtlcbed a steady heading of 025 &gnes. Thus it cm be coacludcd that 
the Capain's compass system was savictable. 

Thc fact that the copilot stated tbc aircnft's beading as north "...we an going north.." 
at 0559:56, 30 seconds bcfm the impact. whilc the airnaft was k a k g  abou! 005 
degrees, suppara thc ccmclusion ?bat the copilot's compass systtm was also likely 
working conectly. However, it is not possibk to dttcrnrine if tk Copilot derived the 
"northn infixmatkm from his coupass systems ca by using tk standby campass, which 
actually sbows thc cudiDal heading of "N". It seems unlikely that the sttndby compass 
would have been psed based on tbc appa~cnt narrml operational prsccice, bin the 
compass is stowed and is na visible. 



ICAO Circular 296-AN11 70 239 

It can be concludtd that tk Capam's compasses wen operating satisfactorily as the 
aircraft was heading toward tbe north; there is no reasan to suspect a faihrn of the 
coplla's compassts. 

25.23 Navigation Display CompasdVOR Indications 

It can be assumed that one Navigation Display was in tbe ROSE modc in accordance 
with normal Thai Airways pnocedurcs. With such a mode the insaument can be 
in- to assess the trac&d radial and thus when the akcdi is going. As was seen 
in figure 14, when the small perpendicular line an the course select line is at the top of 
the display, then the a i d  is flying in the sam geacral directioa as the selected radial. 
While the aircraft was heading northward, if 022 had been selected as a course thtn the 
small perpendicular line warld have been at the top of the course select linc of the 
display. With 202 selected, thc small perpendicular line would have been m the bottom 
of the course select line. 

Thc position of the small perpendicular line would therefore be a cue as to what 
direction the aircraft was travelling, relative to the selected radial It would be 
rtasonable to ca~cludc that 022 remained selected as the courst and thus the small 
perpendicular linc would have been at the top of the instnunuu cansc .select line. As 
can be seen in figun 7, the small perpendicular line becomes less of a visual cue to 
some pilots when the ADF information is superimposed oa the Navigation Display 
ROSE mode and thus thc ability to acquire Wad infomalion fhm the display 
selection is limited. 

ZJJA Cardinal Headings 

Unlilrc older flight director systems, the A310 EFIS Navigation Display gezlcrated 
compass system does n a  display the brier "N" for the north heading. Instead there is 
a " 0  displayed All tht RMI insaumnts also do not use leacrs for the cardinal 
headings. The= is no axtif~cation require- to have such cardinal hcadmgs 
repmemd by letters such as "W and "S". However, the aixuxe of "N" reremoved a 
visual cue that could have b detected more w i l y  by the pilas than numbers alane. 
'IhestandbycompasswhichWhavektttrrep~mtimofthecardinalhtadingsisnat 
as likly to be checked became of its locatim away from each pila's instrumnt panel 
and tht likelihood of it being stowed. 

FMS Navigation 

The m w  of TG311 spent considerable tin m the input of the ROMEO fix as a 
navigation wa- Thc process likely began near the tim 0654:12 UTC as the 
a k d t  was just turning right from the heading of about 340 degrees toward 025 
degnes, as the words "Rorrw> ah..direa Romeo" wen spoken Tbc crew was also heard 
in the process of inputting the Simara NDB. Yet it appeared that they were unsuccessful 
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or the information was na satisfactory to tkm; tht airuafk cauinued northward. What 
has to be dcutmintd is wkther or na the FMS was pmnding corrta navigatim 
information for the 6.2 mimu t i n  period from the apparent start of thc efforts to fly 
to the cleared point, the ROMEO fix, until the impact occurrtd. 

253.1 Navigation Data Base 

Despite the incomplete maintamce documentation of the blalhtim of the navigation 
data base for the time of the accident, tbcn is no evidcnce that the data base was in 
e m .  Othcr records of the ogeator indicate that the current data base was installed. 
The data for Kathmandu, Sia3ara and ROMEO had not changed in the period from the 
last airnaft log entry rtgarding the data base. Othtr operators use the sarrr data base 
lppitnntly without complaint. Tht sinwhim tests using the data base, said to have 
been inscalled on the accident aircraft. showed that tht infamation was coma. 

Navigation to Kathmandu 

Tbc flight apparently navigated without diffdcuhy to Kathmandu via the ROMEO fix. 
Review of the FDR jmsitiun data showed that the aircraft passed near to ROMEO and 
then ~ n e d  toward m. The -1 position was close to the actual airnaft 
paski011 at the impact location 'Ihat is m evidence that -2 had any dif6culty, nor 
is tberc any ~ c m  that either FMS failed am -311 was xnanauvring in the 
Kuhmandu alea. 

Ihta Presentation 

At one point (065552 UTC) following the arm to 025 degrees as tbe aircraft was just 
passing tht Kathmandu VOR, the Copilot stated "they arc all gar#, they have 
disrppwed We have to direa it again". It is important to study what bad d b p p a d .  
Tbe possibilities ae limited. 

han the subqucnt CVR cowersation it is evident that a least one FMS amtinued to 
providt navigation infamatian; it is likely that bod! war opaating. Two possibilities 
likely l r e r i  The Copilot carld have bear refaring to tht waypoint, which 
would have disappeared aftcr they wuc pawed daring tk d i s c m M  qp(y:h.  
A k m a k l y ,  he could hare been rtfening to tht fact that nothing could be seen when 
tbe Waypoinu (WPT) Nsvigaticm Display Map oQcim was selected. Such warld have 
been tk case f a  tbc aircaft's positiar; all the waypoints such as ROMEO, which 
warld have been shown had tbc aircraA bear heading saath, would na bave been 
di@aycd. Nowa~wawailabknorthofKuhmrnduwirhinNepaL Tbenoa- 
dispkywouldhPvebecnacamqwmzoftbenorthafy~g. 

Subsequerg cockpit cawemfh reveals that effom wert conthud to find the ROMEO 
wa- Tht wards (0656:B UTC) ".Barno axmiinam twenty seven or not?" is an 
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~ ~ n t h a t t h e c r e w b a d c o m m c n c e d t o i n p u t t h e D ~ T O ~ o n a n d h a d k n  
given a menu of "Romo" points. Rome 27N is tbt corns latitwlt presentation for 
the ROMEO fix ntar Kathmandu. This iodicatts that the cnw had idcntificd tbc correa 
R o m  and merely had to select tht Line Select Key adjacan to Roarco 27N and then 
push the DIR TO button to have dw FMS calculate and display the uack to ROMEO. 

The fact that the inputting process cantinued is an indication that the crew was not 
satisf%d with the rtsuh of the DIRECT TO action ?be Capam asked the cupilot to 
find ROMEO following the previous discussion regarding "Romeo two seven" and after 
he uaered "... want to be crazy.." (assessed by Thai team as meaning "why do we have 
this problem"). This waypoint input acticm likely had to continue either because the 
Copilot ma& an incorrect selectim, by some key stroke error, or because the 
inforxnation was not accepted by th crew. The "why do have this problem" remark may 
have also have been atnibutable to aher flight factors such as the flight's dealings with 
A X  or a combination of FMS or A X  dX~culties and other problems. 

Effms were then ma& to use S h a m ,  appre+ntly as a reference f a  ROMEO'S position. 
The kysuokcs we= verbally followed by the Copilot as S.I.M.N..B; that is tbe correct 
input for the S h a m  NDB. He also used th: words "direct Simara" which is clear 
evidencc that a DlRECT TO selection for Sirnara was in progress. It appears that the 
desired reference for ROMEO was not established "It doesn't show Romeo a 11l" and 
the copilot verbalized the keystrokes again for Sirniua and apparently got a D m  TO 
indication "Okay it shows the way direct" at 0657:58 UTC. Thc Captain was m b l e  to 
accept the direct information and appeartd to question a nquirtment to tum back to 
ROMEO. The Captain told the Copilot "can you punch Romeo in again". Another 
r e f e m  was made to Simara and then the Capain said "Romto again". About 19 
seconds later (0658:48 UTC) the CoQila said 'Ibis thing fails again", followed by more 
discusion about transferring fiw~ the Captain's side. Tbc last apparent oomment 
regarding FMS e f f m  to obtain a ntw waypoint ocaured at 0659:31 when tk Captain 
said "We had transferred it a but it is gone. S a m  as befm." 

In drt time period from c o r n m e w  the efforts to get DIRECT ROMEO lmtil the 
last comment the= were several DIRECT TO fbctions conducted, yet none were used 
to navigate to ROMEO. Whereas it c d d  be possible for incorrect keysaolrcs to be 
nxpmsibk f a  one unsuccessful e m p t  to obtain a new waypoint, seved incorrect 
efforts seems extremely unlikely, particularly for the TG3 1 1 pilots with their experience 
m programming the A310 and A300-600 FMS. It can be deduced that the information 
being provided by the FMS after tbt inplt of waypoint information and DIRECI' TO 
was not acceptable to the crew. The turn toward the north may have led to &sing 
information to be perceived by the crew. Also. if the clrcw had perceived that ROMEO 
was at 16 DME because of t t i  misleading approach chart depiction, the distances 
expected would not have matched those correctly pcsented by the FMS. This distance 
mismatch had the potential of being confusing. In addition, because of the location and 
heading of the ahraf t  while proceding away from Kathmandu. the directed nuns to 
ROMEO and Simara would have initially been opposite to each other (ROMEO to the 
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ngtx and Simara to the leA). Tbt indication that the FMS was sbowing that ROMEO 
or Simara were behind the aircraft is evidaKx that the FMS was operating normally. 

In considering that the Captain had W toward the north-north cast with the intention 
of manoeuvring toward ROMEO, it is not ckar why the Capain would have continued 
the anemps to turn the aircraft toward ROMEO (to the south-south west) by using 
DIRECT TO FMS inputs. Thcre were ocha instnrmcnts available to guide the flight 
wirh appropiate autopilot HDG selections. For example, the ROSE modt and VOR- 
RMI could have been used for navigation with relative ease. Sufficient navigation 
information would have been available to the crew of TG311 even if both FMS systerrts 
had failed 

R d o  Communication While Heading Nortb 

Afia 'IT331 1 rolled out on the 025 heading, thc flight contacted the ACC Controller as 
insaucted by the Tower Controller. The 6rst item spoken to the Controller was "..we 
arc heading zero two he.." followed by "&tain one one thousand five hundred we 
like to proceed to Romeo to start our appma3 again. 'Iht radio aaasmission has two 
inwresting ekmnts. Firstly, why was the htading reported and what was the effea of 
the report? Seconcny, what was the reason for the apparent request for clearance? 

Tbcre was also otha communication with tb ACC Controller and TG3 11 and also 
buweer~ ttte Controller and RA206 which requires study. 

25.4.1 Report of 025 Heading 

By the tim the Captain of -31 1 reported the flight's heading as 025, the crew had 
made efforts to navigate toward the ROMEO fix. As pnviously suggested, the flight 
to thc north following the approximate 360dtgne turn may have been unintentional, in 
that his pempticm of direction was 180 degrees opposite to the heading of the aircraft 
If so. then the "025" report may have been m d e  in an attempt to nassurt the Controller 
that the flight was procetding normally. This seem possible, in drat unlike the previous 
radio dialogue, the Captain s d  ccmrent with the heading. Tbtn was no request for 
a arm nor did the m w  inithe action as before. The Captain may not have equated the 
verbalized "025" with dangerous flight to the north All efforts wen being made to find 
ROMEO and Simm and there was apparau ~~luctance to tum the aircraft around, in 
the pnsence of possible DIRECT TO FMS indicatim to turn. The airrcraft was not 
Nmed 'IZlt nport of "025" may have been read from the Heading Select window of 
the FCU and the Captain may not have amlyzd the heading. 

Tbt ACC Cartroller also did n u  appear to analyze the heading, nor did he question the 
cammication in any way. It appears that the Cu~troller may n u  have heard or 
rrgistmd tbc cormncnt. He also may have transposed the heading numbas because of 
the compass segrmn in use for the fligh~ Tbt Controller m m i n g  the ACC 
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CmtmUcr was discussmg the coord.iaation of RA.206 as TG3 11 was checking in with 
the ACC Cantroller and gave thc hiding report Thus, it is undentandable that the 
suRlpervisa did m wte the 025 heading report From the CacmWs perspeaive k 
would na have been too coacaaed with kadbgs because he was unable to provide 
heading clcaraaces to aircraft in his control. From TG3 1 1 's puspoccive the Captam may 
have prwvxkd the heading because of a feeling k may have had that the Controller may 
have betn able to somhow follow tk flight's m s .  It is not difficult to accept the 
possibility that the conpass segment being used by the flight may haw led to codision 
in tbc correa beading track  lat tic la 

23.42 Radio Cbeck in Procedure 

The apparrtnt q u e s t  of ni311 to the ACC C3rmolln for a clcaranct to p m d  to 
ROMEO is comkmt with tk Thai Airways M a u l  FOM which indicates that 
mws arc t indime the previous clcmmce to tbt aew amrolling agency. The words 
chosen made it appear that thc flight might have been requesting sorncthing new, even 
tbougb 'Ki311 had a valid clearance u this point Tbe ACC Conwkr felt that be had 
to ask again with thc 065516 transnrissim "...go ahead your inttntion". TG311's reply 
that they wanted to proceed to Romeo with "..we got souk technical problem .. 
concerned with the flight" was not questioned by tfic ACC Controller as to what the 
problan was. 

Tbe ACC Controller &- TG3ll's cl- to the ROMEO fix "proceed to 
Romto, mrintain cme onc thousand five hundred" but hoke the unnmunication to talk 
with RA206. Tben was no m311 acknowledgement as a resuh There did not seem 
to be arfficient urgency or traffic volum to call far'& use of thc 'Wn in the 

The mian of thc TG311 crew. following this broken radio transmission to them, shows 
that tbcy pactived that they had a valid ckamwx; their allention was f d  cm 
obsaining ROMEO in tbc FMS. 'They did na W t e  radio cmnmhtim with a 
request for ahcmative action, such as a turn 

Report at 5 DME 

The ACC CimmIler initiated d o  CUIW witb X 3 1 1  at 0656:33, about a minute after 
the 'bmk" tmmnksim, and then aslred for the flight's distance fmm Kathmandu. At 
that tim TG311 was about 5 nautical miles aorth of the VOR. Tbe flight's bearing 
from tbc ahport was nu indicated m the VHFDF equipment at Kathmandu because the 
system docs not d a m  or use the ACC Connolltr's radio frcqucncics. The Captain 
reportai We are five DME from Kathmandu". The Controller understandably said 
"confirm two five DME" and the Captain replied emphatically "Five .. zero five". 
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The time From the last DME report (8 DME at 0652:48 UK) to tht Tower Cana~Ucr 
until the 5 DME dialogue (0656:50 UTC) with the ACC Coaaolltr was about fw 
minutes, which equates to a travel ctistance of about 20 n m i d  mile. The ACC 
Controller had the perception that the flight was south (ncva north) and p m e a h g  
toward ROMEO. Thus TG311 would have expected to have been at mon than 20 DME 
and it is understandable that 5 DME was not what the ACC Cm&oIkr expected to hear. 
Unfortunately the ACC Cartroller did nu question this apparent anomaly further or ask 
for TG3ll's radial from the VOR. Thc Controller may have been inhibited from 
questioning the TG3 11 further because of the firm tone of "five .. zao five" and a belief 
that the crew of the flight knew exactiy what they were doing. ?he mitigated style of 
the Controller's questioning may be indicative of undcmandabk uncertainty as to the 
flgh's situation or actions, combined with the Controller's low experience leveL 

The dialogue at 5 DME was a very crifical juncture in the accident £light. One can see 
that just a few mare questioning comments about the aimaft's positicm and progress 
from either the ACC Comrokr or tk crew of TG311 might have prevented the 
cmtinued fligh toward tbe north. 

25.45 Clearances Reiterated 

Following the 5 DME dialogue TG3 1 1 was instructed to "report wer Romeo". to which 
the fl&ht replied 'Report ova Romeo...". The crew continued efforts to obtain ROh4EO 
and Simra from the FMS. At 0658:29 the Captain of TG311 initiated radio cmtaa  
with the ACC C m l l e r  and reported that tbc flight was at 14 DME Again the flight 
was instructed to "...maintain otlt one thousand five hunctnd, nport over Romeo" and 
TG311 agmd to "...report Romeo"; the new continued thtir cockpit convexsation 
regarding the navigation of the flight. The ChuoUer had less ~tasoa to question the 14 
DME report since the aircraft was making progress away lrom thc VOR; the ControUer 
had not solicited the aircraft's radial nor had 'TG311 given any radial infoxmalion Tbe 
X 3 1 1  crew had never repaned that the flight was north of Kathmardu, consequently 
the Controller was n a  aware that the flight was north of Kathmandu. The absence of 
crew  porting is umhmdabk if the crew was not aware that they were proceeding 
tothenorth,butappearstobeanunusualomissian~. 

The acceptance by the TG311 crew to report at ROMEO and tbc absence of any 
expressed &sired, inside or outside of the cockpit, to reverse du: aircraft's beading, leads 
to the conclusion that the cxcw perceived that they had a clearance to a place called 
"Romeo" and were making efforts to get rhere. The subsequent cvcnts indicate that at 
least the Captain may have believed that the v c h  started at the ROMEO fix which 
was paceived to be at 16 DME from the Kathmandu VORJDME. 

TL rsdio commnicatim between the ACC Conuouer ~ ~ 2 0 6  u ~ d  in an atttnpt 
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by RA#)6 to determine if ir was raining at thc airfield, was distraaing. ?hc 
coaversation cam as the TG311 pllots mtinued tbcir efforts to establish r dhxx track 
to r waypoint. Thc difficuhy in tbe c o d c & o n  a p p d  to arise baasc d.le ACC 
Controller was using sentences that were too short and also because k was stating 
"affirmative" instead of "affirm" as called for by ICAO standard phraseology. The 
di!Xculties clearly point out how the wrong phrase can be mistaken for "negative". The 
effea that the communication !ud was to create background noise that likely would have 
been disturbing to a certain degree. 'Zhere is no doubt that the crew was aware of the 
"mining" communicatioa. Once RA206 had established that it was raining at the airporS 
the Captain of TG311 quickly requested the Kathmandu visibility. Unfmmatcly, this 
communicaticm came at a critical time for TG3 1 1 and likely diverted their anention from 
their navigation attempts. 

Thc aew had a higher than normal workload from the time of the flap fa& and during 
thc 360-degree turn and while pmceedmg to the north-~wrth east. 'The communication 
and technical had the potential of adding stress to the crew. After the ro1l-m the crew 
s e e d  to be very focused in their efforts to input data into the FMS; both crew 
rnernben were inpuning data and at t ims appeared to be not necessarily working in a 
coonhated manner, which would have added to their workload The secaxl simulation 
tess showed that in the situation the crew had encountered, it was possible to lase track 
of tim and the aircraft's trajectory. 'Ihe Captain did initiate a call to the ACC 
Coatroller to report the flight was at "14 DME", when the lircraft was at 14 DME north 
of tbc VOR, which does suggest a certain awareness of cfistance. H-* in the 
absence of a report to indicare that the flight was 14 nautical miles north, it carmot be 
determined with certainty what the Captain's percepticm of the aimaft's position was, 
at cbe tim of the unsolicited report. 

Ma~rmvring While Heading Northward 

At about tht same time as the 14 DME radio call, TG3ll's airspeed canmenced a 
reducticm to about 230 KIAS. As the flight was near 16 DME (from FDR at 0658:56 
U r n ,  tk aircraft commend a kft m from a heading of 024 degrees and mlled out 
on a hcading of 005 degnes. 

Thc two actions are consistent whh manoeuvring to prepare for an appmch. When the 
Captain had extended the Slats previously he had slowed the aircraft below 240 KIAS 
airspeed. The left turn of about 20 degrees, followed by a right nun back to a recipcal 
of the original heading, wauld have been consistent with efforts to revase course in 
accdana with the hst~ct ions contained in the Thai Airways Route Manual. From 
the CVR dialogue around the tim of the manoarm then were indications that the 
Captain was preparing for an approach and that the approach fix was at 16 DME. 
About a minute prior to the left reversal-type turn, the Captain said "Romto radial. two 
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zero two. 16 Dm.. wait, waif I will follow the line" A few secorrds prior to 
comnrtncing thc left reversal-type nrm, the Captlun said "Wait wait a minute I will.." 
According to Thai Airways, it would have been unusual for the Captam to umduct a 

new approach without anaining FMS information and without any funha briefing to thc 
Copilot 

It is apparent that the Captain was manoeuvring with reference to a liac The aircraft 
was slightly to the west of the 022 radial at the time that the left reversal-type tum was 
commend. Had the aircraft been manoeuvring to the south the kk then right. 
directions of turn would have beem appropriate to establish the flight aa the oacourse. 
If the Captain had the h p r e s h  that the fight was south-south west of Kathmandu. 
the decision to turn left was msmable. Review of the topography prrsented an the 
Jeppesen Terminal Chart shows that then would not have been a rational reason to turn 
left if it had been known that TI331 1 was north of Kathmandu. It appears that the 
Captain, in the absence of waypoint navigation that was acceptable to him either because 
of his imprtssions of the aircraft heading, the position of ROMEO or because of 
uncoordinated cnw data inprt, was guiding the flight using the VOR course on the 
Navigation Duplay. likely m tbe ROSE mode, and was preparing to turn right for an 
approach. 

The actims by the Captain a k  the aircraft passed 14 DME were cauistent with a 
conclusiar that he had somehow ga the impression that the flight was on the south side 
of the auporL 

Copilot's North Comment 

As the air& was proceeding on a reversal-type manoeuvre on a beadmg of 005 
degrees (0659:56), about 30 saxmds before impact, the Copilot said "Hey we art going, 
we an going north, (uh)?". 'Ibt Captain's reply was a calm statement "We win turn 
back soon" Tht questioning styk of communicaticm used is consistent with mitigated 
communication. Thc rtason for the use of mitigated communication was likely because 
the Copilot was uncertain of information; he may have just becomt awan of the 
direction of the flight. It is possible that the use of the word "north" by the RA2M 
crew's radio communication in tbc seconds preceding the Copilot's north comment, may 
have prompted the Copilot to verify his own compass. It is also possible that the 
communication events prior to 065956 had caused the Copdot to use tbis mitigated style 
of speaking. 

The Capram's response shows that intended communication did not happen. The 
Copilot was proding an inportant warning, that the aircraft was heading to the north. 
It is rtasonable to assum that both pilots had to be awan that proceeding nath of 
Kathmandu at 1 l,j00 feet was haratdaus. Based on the fact that the -a instigated 
the prcvious discussions regarding tcrrain clearance (MOCA and MORA), it would be 
reasonable to conclude that the pupose of the "north" commnt was to alert the other 
pilot. Thc apparently unconcerned response shows that the Captain may have taken the 
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r e d  by thc Copilot as a prunpt that it was t h e  to nun towaxd tbc north Thc 
captab appeared in tk pnxxss of flying the aixuaft on a nversal-type man- lad 
had th aircraft been flying south of Kdmandu, it weald have been time to ttlm toward 
the sc)ccted track With eithcr 022 or 202 selected as a course, and witb aimaft west 
of the 022 radial, the Navigation Display ROSE mode would have shown that the cwrse 
was to the right; a right tun would have been ltquntd to complete the track mrsal 
to start the approach Thc fact that the Captain then asked the Air Traffic Conm,llcr for 
a "right turn back to the airtield", rather than taking unilataai action whcn faced with 
p o t c d  terrain danger, as was d m  before the 3Wegrce  turn, supports the conclusiun 
that a reversal-type manoeuvre was under way. 

Thc Copilot's "north" m n t ,  which was l h l y  a s u m o n  to head toward the south, 
cam at a time when tbe Capain was lilcely planning his manoeuvre. Thc commat 
could have bm taken as having causal Werefla. In other words as the Capain may 
have been thinlcing of, or pl;mning a turn toward the tirpart, which he perceived to be 
north of thc aimaf t  the Copilot also appeared to have suggested that it was tim to head 
toward the airport. From the Capilot's perspective somthing had been done regarding 
his coacem; tbe Captain had mctd to the "north" commnt and said they wwld turn 
back soon. The Copilot did not assert his obvious cclocems ("tum back, turn back") 
until Ifta the GPWS had provided a waming, about eight seconds after the Captlin had 
re+ the right turn back to the airfield. 

It is na ctrtain that imnrxiiate recovery d o n  by the Capain, following tbc "north" 
commnt., would have mubed in avoidance of the ttigh terrain, but it is possibk that an 
immdhtc climbing turn might have saved tk aircraft The mifigated style of 
communication, at a critical t h ,  may have r e d d  the chances for avoiding the 
accident. 

Reaction to the GPWS Warning 

Tbt GPWS scunded a Terrain Tenaiu" wamiug f o M  by "whoop whoop @I up" 
commcacingat07~,about17secolldspriortotheimpam Fromthcwaming 
prwidcd it is apparent that tk GPWS was pmvidbg an "excessive tarain closure rate" 
&t (Modc 2A). ThE warning occurnd as the aircraft kight above terrain nduccd to 
less than 2450 fea. Tbc GPWS perfonnana was n d  

?be Captain axmounccd "level change", but also indhted that the warning was false, 
about six secoads before impact "It's false (warning), it's false". From figure 15, it can 
be seen that avoidance of the terrain was likely not possible once the GPWS had 
sounded its waming. This was primarily due to the vexy steep slope of the terraia which 
did not allow for mon lead tirnc for cnw rtspcmse. However, the crew respoose was 
slower than might be expected Several reasons could accamt for the observed reaction. 

The Captain, if perceiving that the airwaft was south of the airpa, would have believed 
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that 11,500 feet was at a safe altitude for terrain ckarancc. On the other hand. if the 
Capain believed that the fight was p a x d m g  to the nortb of Kathmandu, with his 
latent knowledge of the high terrain north of the airport. it scans unlikely that he would 
have been so quick to discount the warning as "false". If thc Captain had immediately 
checked the radio altimeter height he would have seen that the height was still above 
2000 feet (although reducing quickly). ?he Thai Airways FOM requires that an 
assessment be made if the radio altimeter height goes below 2500 feet, however there 
are terrain heights to the south of hthmandu that would resuh in radio altimeter heights 
of less than 2500 feet when flying at 11,500 feet. It is possible that he would have 
experienced GPWS warnings while manoeuwing n o d y  m previous occasions. thus 
reducing his concerns about the warnings. 

It is also possible that the Capain remembered that the flap fault rectification provided 
by the checklist was action of the GPWS switch to avoid spurious warnings.. He could 
have possibly related the GPWS warning as false as a consequence of thc flap problem. 

The 'lhai Airways Rocedrue for reacting to GPWS docs not prow& cnws with specific 
inmctions as to how to manoeuvre the airrrak The AOM does indicate that the crews 
should "immediattly initiate the action required", but does not &tail what the action 
should be. Thc manufacnucr's procedures for reacring to a GPWS warning do provide 
insnudons as to how to manoeuwe the aircraft It is n a  known if the czew from 
TG311 was aware of the manufactunr's GPWS procedures, but their naction to the 
GPWS warning was not rapid or effective in altering TG3ll's tlight path. 

The crew's reactim to the GPWS warning h l y  could not have saved TG311 from 
terrain impact. 

Summary of Analysis 

In the analysis of tbe accident, it has been shown that the aircraft systems welle likely 
working satisfactoPily up to the time of terrain impact. The autopilot (CMWII) was 
controlling the akcraft satisfactorily and the previous autopdot problems were not a 
faaor in the addem There is evidaxz to show that the aircraft ekhical  system was 
working satisfaaorily and specifically that the 205XP bus was powerad ?hen was no 
indication that rht navigaticm systems on board TG311 failed while the A310 was 
manoeuvring in the Kathmandu area. The possibility that at FMS stopped functioning, 
because of simu)taneous programming by both pilots, cannot be eliminated, although 
then is no direct evidence to support this. 

The flap fault occurred as the aircraft was near the point in the approach where flaps are 
needed. The fault was transient in nature, caused by a d o n  of a screwjack m e  
limiter, and was *ed by actions of the crew, despite tbe abwnce of clear checklist 
advice. However, the flap problem coupled with the descent requirements for 
Kathmandu intemrped the normal approach The fault led to the necessity f a  unusual 
crew act ia  
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Thc Captain a m s l y  assessed that dre suaight-in to Kahmdu could be 
cantinuad and asked for a cutain clearance bat g a  wm&hg else. The clearance he 
abrained was valid, but tht Capain did n a  realize Ehat k was cleaxcd for anotbcr 
approach Thc Capfain may have believed that the Cmmller was able to proMde 
vectors (left or right turn) even though the Controlla was only able to pmnde 
pmedural carrrol without the provision of any terrain cltarance. The communication 
bawcen TG311 and thc Conmller did n a  clanfy the shmiua Thc Captain took 
positive actim whtn be perceived that hc had no clearamx and was faced with 
proctedmg toward tht high terrain to tbe north of Kathmsmcfu. Given the Captain's 
percepcim, his decisim to climb to the M O W  without a clearance, was reasonable and 
was corrsistrnt with the Thai Airways FOM instructiars that the Captain is m k  
for terraia clearance in a non-radar c n w l  environment 

Tht right climbing turn was continued with a near roll-out at a heading of 045 depxs, 
the start of a roll-out at about 130 degrees, and the passibk start of a robout near a 
heading of 290 degrees. Thc flight then rolled out rmmentarily at about 340 degrees 
and then the turn continued to the right, with the air& rolling out at about 025 
degrees. 'Ibc nas<n why the aircraA ended up heding northward is nu  known. 
However, it could have been the resuh of the choice of an intercept heading fa the 

approach track cme of the most prominent cues available oa the Navigatim 
Display, followed by thc quick interception of the 202 radial and a turn in the shaest 
dircction to mahtain thc 022l202 radial Tht deed during the turn, particularly the 
radio c o ~ t i c m  regarding the cleared aEtihtde and c l e a d  point, may also have 
influenced thc crew's conqmhension of the aircraft's flight path. In addition, the 
p m d u m  the crew were forced to carry out, because of the intempted approach, were 
m a  pFactised before in simulator training sessions them an no standard procedures 
fur this situation This absence of training would have also caused an iacrease in task 
cWidty, also leading to increased workload Tht use of the autoflqbt systems to 
control the aimaft also meant that there would have been reduced instnunent cross- 
ckck, including the compasses, by the crew. 

The roll-out to the north-north east may have been seleabd, knowing that the flight was 
jmcdhg northward, but with an intention of Mning southward when the crew had 
been abk to use the FMS for navigaticm, The flight ccmtinued on its northerly heading, 
indicating that the pilots could have been unaware of thc closeness of tbe terrain above 
llJOOfeetnorthdtbcairport,orcouldhavebecn~CtCdfromthisawarentssby 
evalts and a loss of timc and distance amcepcicm. Tht FMS workload was high and 
it is possible that at some points of the final portiau of the flight the crew could have 
lost awarrness of tinre and the flight's trajectory. It is n u  known why the crew would 
have continued to use the FMS for tuning back southward, instead of relying on the 
other available aircraft navigation information. 

Even though thc reasons for TG3ll's flight toward tbt north cannot be deduced with 
certainty, in the opinion of the Commission, TG3111s flight toward the n a h  (or 
extended flight) was n u  intended Erom somt point in tbe uajcctory commencing at the 
latter poxtias of the 360-degree tun Otherwise, incclasisttncies with the previous 
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crew-initiated reasarable a a i m  to climb and turn to avoid the terrain north of 
Kathmandu would have to be accepted; and these would be contrary to the previously 
displayed good judgcmnt of the Captain. Even if it can be assumtd the Capiun 
initially decided to proceed to the nurth-norrfi east, the following evidence indicates that 
the flight toward tfie north was, at some point m the trapctory, not intended. Each pila 
was very familiar with the Kathmandu Airpa having flown there many times; 
undoubtedly they would have seen the high terrain north of the airpa In addition, the 
radar image of Katha3andu clearly shows the h.@ nrain returns north of the airport and 
the crew would have stcn this radar picturt on many occasions. The crew had reviewed 
the Kathmandu appoarh chart many times and appeared to carefully review the 
approach chart &ring tbe briefing for this approach attempt Thc crew checked the 
flight's terrain c l a m x e ,  twice befm rolling out of the aun and again just as the flight 
rolled-out on the north heading, referring to a radial; it would be difficult to believe that 
the crew was not using the sectur minimum altitude diagram, which clearly shows a 
minimum altitude of FL210 north of the airport. Thtn was no hesitation by the crew 
in taking positive d coma action to ensun ground c h a n c e  when previously the 
flight was htading toward tngb terrain, yet the Captain quickly assessed the GPWS 
warning as false. Tht language used by the crew to &scribe bow the flight would m e 1  
to ROMEO did n a  inch& any reference to "back to" which was used previously when 
a back was rtquired; only "procced to" was used. Tht al,jxucnl procedure turn 
commenced at tht same DME as the indial approach seerns to be more than mre 
cointAknce. Tben is no evidence to suggest that the a e w  was anything else but 
c<mscientious in their dcsirc to complete the approach e ~ o u s l y .  

The aavel toward tht north should not have led to tk impact Thert was enough time 
for the n w  to conta the fiight path and to head toward b e  south. Unfortunately, the 
Caparn did not lrcalise that the flight was pnmdmg toward the high tenain until it was 
too late to avoid thc impact. The Captiun, like all decision makers, f d  normal human 
limitatim in searching out cues or evidence that would have altered his impdon of 
where the aircraft was pmading. S o m  of these hfluencm (discussed below) ocamd 
long befm the day of the accident, others occurred shortly before 77531 1 commenced 
its northward f l igb~ 

The CVR shows thgt t& crew spent cmsidcrabk ti.nrt and effort in ~nputting the 
ROMEO fix and the Simara NDB into thc Flight Management Computer. The fact that 
the process continued leads to the umclusion that the information that multed may n u  
have been what the crew expected Had it been as expected, it is reasonable to wncbude 
that their efforts would have ceased and the computer direction would have been 
followed. Thc unexpected commanded-turn direction could have been used as a cue to 
indicate that the a i d  was heading in a different direaim than that perceived by the 
clew. 

Thc Captain sought rusms as to why the ROMEO and S i m  navigation information 
was not displayed as expected. It a p p n  that the Captain may have assumed that the 
problem was the Copilot's hbiliry to input the data correctly. The Captain's 
Perceptions an e d e n d  by instructions to repeat the praxss and his involvenrent in 



ICAO Circular 296-AN11 70 251 

determining if the informarion was c o r n  ("Romo 27..?"). Sveral t w w  in tk 
Capain's recent mmory would have supported such a perception c o w  the 
Copilot. During the approach, the Captain had taken wer the radio . . on 
when it was obvious that the Copila was exmutering problem. ?his would bve  
caused the Clparn to lack cmfidence in the copilot's pafomance. At other tines the 
Copilot had experienced difficulty in assessing the wind speed and had nu provided the 
answers that the Captain was looking for. Also, the Captain likely h x w  that the Copilot 
had been eliminafcd for cmsideration for upgrade to a captain because of his apitude. 
A pcwmqtiar could have possibly influenced his perccptim of the Copilot, even 
before the flight. By apparently solving the waypoint acquisition problem by attributing 
it to problem with the Copilot, the Captain would then have been prme not to search 
for other possible reasons for the problem; at som point in the flight cotlfirmatim bias 
may have been limiting the Captain's ability to conduct effective problem solving. 

The= is no evidence to show that the Copilot had been unable to make the conect 
keystrokes to obtain ROMEO or Simara. The CVR does show, on at least three 
occasicns that the correct keystrokes were verbalised. Then is also an indicatim h m  
the CVR that a selected waypoint was behind the airrraft, which would have been 
correct Comidcring the Copilot's A3101A300-600 experience, it is reasonable to 
conclu& that some, if not all, of the inputs were entered wrrectly and then displayed 
conectly. 

The Captain was navigating the flight His actions were positive and the changes of 
heading and airspeed at 16 DM' from Kathmandu were casktent with manoeuvring 
to po&ion the aimaft  to rctum to the airport for an approach In the absence of 
acceptable MAP modt navigatim information to proceed to ROMEO, he likely was 
using the VOR information for positioning the fli* As was seen, there are very few 
unique cues that would have indicated the directim of travel from the Kathmandu. Tbe 
VORs would show that the ahport was behind tbe a i .  for flight to the north or 
south; the ADFs would have had a similar ~ n t a t i o n  if the cornpasses were not 
refercaEed The location of the small perpendicular line on the course selector line 
could have jmvided infonnation of aircraft dkmion, nlative to the s e W  radial 
However, as was naed, for some pilots this line is not very obvious (not salient) when 
the ADF infomati011 is also displayed while in the ROSE mode. T k  DME also would 
have bmwed for flight either to the north or south, as the a k c d  travelled away from 
the airpolt The Navigaticm Display ROSE mode would have provided some reassuring 
salient cues that the flight was close to the seleaed radial and lined up with the seleaed 
came, whethcr north or south of the a i m  

The primary devices which could have provided directional cues to the crew were the 
compasses. However it is possible that the Captain held a cljreuional hypothesis that 
was not altered by the compass infmmatia even when he lead the aircraft compass 
heading to the Controller. This is possible to accept; several examples of saying one 
thing and m m h g  another, while discussing hcadings or radial in the 02W200 compass 
segment, have been encountered during the investigation; the Captain also aansposed 
the radial numbers when conducting the approach briefing. It is also possible that the 
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Captain merely rud the number and did not tquatc tbe mmbcr  wid^ to the north. 
Tbt p w a ~ x  of "N" on tbe compasses would have provided a mon positive cue, 
possibiy nhbg the dindoc1 to an m a  of known danger. Also, tbe activity of tbe 
crew, wficrtin, at tims, both pilots wen inputting data in thc FMS, reduced the 
instntmntmonitoringh 

Tbt aircraft's radar system normally would have shown the mxmabas bmah to the 
north, but m tbe day of the accidern much of tb normal grnuad returns would have 
b e t n ~ b y t k d r e t ~ ~ l ~ ~ ~ p r o d l l c t d b y t b e h e a v y r a i n ~ t b e ~  

'Ibc cues available in tb cock@ may not have i&ueDced a d irec t id  hn>othesls held 
by the Captain However, a k  cues sharld have been available to a,kcr tbe prognss 
of the fh& Thc radio W o n  with the ACC CcmfmIln, fol.lowing the 
Conmller's q u e s t  f a  TG3ll's DME had tbc potential of m d i f y b g  thc flight's 
progrtss. WbenthcflightreportedtfiatIrwasat5DMEdreCoaaokquestimcdtht 
Caprrinastowhethcrthccfistancewas25DME TbcCapain's~mdsubsequem 
action shows that the 5 DME dialogue did not a h  the flight's progrrss. The= an 
several possible explanlltim as to why tbc C u ~ ~ ~ ~ l k r ' s  ~~ did not affect the 
Captain's imprwsioa of the flight's prognss. 

'Ihc Capatn's awareness of tim would have been distorted by his wactload involving 
~flap~]cm,theinteraaianwithAirTrafficCaanolaaddrcfocusofaaentimm 
FMS data input; this pasM&y was shown by the simulatioas drmc during tbe 
invetigati(x1 Thc~fore, k likely would not have noticed that the ftight should have 
pIognsstdfurtha~25na~ticalrnilcsframKatfimandu~nthetimbetwtenhis9 
DME call and the 5 DME dialogue. 'Ihe fact that TG3111s DME had m y  lessened 
also did not appear to be naiced The ACC Controller qutstim did n u  cause the 
Captam to explore tht reasans for the questiou Had he done so, perhaps the trajectory 
migbt have been ahcred However, it is possible tfiat the Capain did perceive the 
reawn for the question, tmt m l y  categorized this radio exchange as not very 
successful, similar to previous exampla that day. 'Ibe Capain m y  have assesstd that 
t h e q u t s t i o a m u t l y n s u h e d ~ d t h e ~ o f t b e ~ ~ ~ u a d e r s u n d t h e  
radios. There had been tims oa the day of the accident w h  tbae was considerable 
flight-to-mller radio dialogue, but limited eff&e camnnrmcatlm 

. . 
The rcascxls 

fortbccommunicationproblcms varicd,butthcCaptainmay~~=shapdhisperceptim 
of the Controller on tht commmicatian d i f i h k y  d thefan may not have cmsidered 
thas then was more to the Cmtrollcr's question than an to un&xstand tbc 
wocds. 

Tbc Cupilot rralised no lata than 30 seconds before impact the flight was beading 
toward a dangerous area 'Ibc meaim of the wad "neath" in radio dialogue 
may have been the cue that caused him to refer to the btadins inf-m He 
commmicatcd this infcmmim in a mitigated style. 'Ibe ch@Q's m r n  was na 

p e r h a p s ~ s e t b c ~ m c a m a t a b a r t ~ ~ t i m c a s k w a s  
i f l P m p l f l c t o o u n b u L t o t h e l i r p o n a ~ a r h i e b d ~ * ~ n o n h w d  
~ m t b t ~ a p t a i n ' s ~ 0 n o f w b t r c t h c ~ w ; l s ~ r o c e t b i n g .  T h e w  
did not r ew  to this mitigated wvning with the waxy @ to possibly avoid the 
km 
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3.0 CONCLUSIONS 

3.1 Findings 

1. nK Siem VOR-DME approach to Katmandu airport requires steep 
descent angles. 

2. Company procedures and aerodynamic perfurmance considerations require that 
full slats and flaps cmfiguratim be achieved by the 13 DME point for the Sierra 
VOR-DME approach to Kathmandu Airpon 

3. The visibility at the airport was below the agerator's limit of U)OO meters as the 
approach was commenced; continuing tbc approach with such visibility, until 
reaching the outer marker, was permitted by the company FOM. 

4. The flight profile was proceeding narmally until a slatlflap selection of 15/15 
was attempted, at which time a flap fauk occuned 

5. Ibe flap fault prevented extension of the flaps beyond 15 degrees because of 
actuation of the screwjack torque iimitcr. 

6. The screwjack torque limiter actuation was likely caused by increased screwjack 
system friction, aggravated by the momentary extension of the right-wing 
qwikrs. 

7. Despite the absence of checklist guidance, the crew was able to recwer the 
normal operation of the flaps by retracting the slats/flaps to 15m, in accordance 
with the operator's AOM procedure 

8. Once the flap fault was nmifA, 11 minutes prior to impact, the crew decided 
that the flight could continue to Kathmandu, but the aimaft was too high and 
too close to the airport to achieve the requmd approach profile and the straight- 
in approach could not be continued 

9. -3 11 made an unusual request for a clearance to the ROMEO fix, specifying 
a direction of nun, to join the Sierra approach to carry out another approach. 

10. In the plan view of the operator's approach chart, ROMEO was misleadingly 
depicted as the start of the Siem approach 

11. The crew may have requested a clearance to ROMEO because of its depiction 
on the operator's approach chan 

1 2  Tbc Tower Conmlier issued a valid clearance to TG311 to carry out the Sierra 
approach, however the clearance did n a  include the ROMEO fix or a direction 
of tun. 
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Thc flight aew continued to ask for a clearance to ROMEO, specdying r leA- 
turn direction, but tbcy did not receive a ckaance satisfactory to them nor did 
they irritially nceive any other funher insauctioas. 

Thc crew of TCi311 did na perceive that the fltght had a valid chrance for a 
new Sierra approach, but understood that they were to continue their present 
approach 

AAer four requests f a  a left turn and a review of MOCA, the crew of -31 1 
initiated a climbing right turn from an a l b &  of 10300 fea, inmding to climb 
to an altitude of FL180 (above the MORA of 17,200 feet). 

The Tower Controller cleared the flight to &scad back to 1 1 JOO feet., which 
caused the crew to stop their ascent and commence a descent back to 11,500 
feet 

The Tower Cootroller did not initially indicate whether or not TG311 could 
proceed to the ROMEO fix. 

Wetheaidwasinthenght~n,whi leaear ingtbc202radia lof the  
Kathmandu VOR, the Tower Conmk cleared the flight to tbt ROMEO fix and 
instructed the fliglu to amtact the ACC Controller. 

Thc a e w  continued tbc right aun and travcIlcd toward tbc north-nonh east, 
which was opposite to the direction to the ROMEO fix. 

At some point in the flight from the latter portions of the 360dcgree turn to the 
right, the crew ixcam unaware of where the flight was proceeding. 

The ACC Comller issued another valid clearance to ROMEO; th: clearance 
was acknowledged by TG311. 

Neithcr the ACC Caamller nor the TG3 1 1 Captain succeeded in co-cating 
that the flight's progress was not in accordance with its clcaramx wbcn the 
aircraft was five miles north of the Kathrmndu VOR 

Because of mountainous tenain, the published safe altitude within 25 nautical 
miles north of Kathmandu airport is flight level 210, which was approximately 
9soO feet hi@a than thc altitude of the aircraft. 

Thc company avoutechanshowed oaly atrackof021 degrees magnetic forthe 
airway joining ROMEO and the Kathmandu VOR whenas tbc track to Romeo 
is202degrecsmagnctic. 

The VHF/DF which provides an indicatim of bearing of rn lircraft from near 
the centre of the airpat does not utilise tbe 'Area Cmaol Cmtn Radio 
fnquencics and has only one indicator, which is located in thc control tower. 
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When the a h a f t  was north of the airport, tk flight was . 
with 

~ ~ c a t l r o l ~ t n a n d t i m s i u b u r i n g ~ m t h c ~ ~ ~  
on the VHF/DF equipment. 

When requesting the airaaA's position, the Area Control Chm and T m  
Canaollers only asked for distance from the VOR, b\n not radial inf- 
thus the aircraft positim was not determined. 

Wben mmmhing the aircraft's position the cnw of Xi311 gave only distance 
from the VOR @ME), n a  the radial, and thus the flight's geographical location 
was never passed to drt ACC or Tower Controllers. 

A heading report by -311 of "025" was likely not heard by the ACC 
Conmller. 

It was not possible or appropriate for the Controllers to provide heading vectors 
to TG311 or any other aircraft 

At kast somt of the crew's efforts to input the ROMEO fix and the Simara 
NDB on the mat Management System appeared to be successful, but the crcw 
did not accept tht information for unknown reasons; tb airrraff was not turned 
to the south-soulb west toward the ROMEO fix. 

The Captain likely assessed that the Copilot was having &fEcuhy in inputting 
data mto tht Flight Management System 

The crew's interpretation of the Flight Management System navigatim data 
appeared to be a problem at certain times, commencing near the end of the 36@ 
deglechlmuntiltheimpan 

The crew's use of the Flight Management Systan for navigation was 
uncoordinated and may have led to confusing system outputs, thus nducing the 
crew's ability to conduct effective navigatim problem s o w .  

It is likely that the Copilot realised that the aircaR was m apomially 
dangerous flight sinration approximately 30 seconds befort the tenain impact 

'The Copila communicated his concern m a mitigated manner. 

'The intent of the communication may n a  have been understood by the Capain, 
perhaps because of the mitigated style of communicatim chosen by the Copilot 
or because the Capain misinterpreted the commnt, or possibly for both of these 
reasons. 

The GPWS provided an excessive terrain closun rate (Mode 2A) warning. 

The crew's rcspomc to the GPWS warning was not m accordance with thc 
rnanafactum's p m d w s .  
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Thc opaamr's procedwts fa responding to GPWS did not pmvide sufficient 
guidarwx to the crew. 

Thc Capam assessed tk GPWS warning as false. 

Because of the topogaphy near tk accident site and aircraft performamx 
limbtio~ls, impact with terrain lilccly could na have been avoided even if the 
cnw had reacted instady to the GPWS warning. 

Is was unlikely that any coclrpit navigation displays had failed, but the 
possibility that ~ I C  Flight Managemnt System ceased working, because of 
simuhamm p q m m h g ,  cannot be eliminated. 

The aimaft navigatioa systems were operating s u f k h t l y  to allow effective 
navigafim 

During the appmch, the clew's warklcmd wrs iwreasad because of 
commmhion difBculties between them and the air aaffic control agencies and 
with the other aimaft m appmch, due to the radio clarity, language dZia&s 
sad tk mc of noa-standard phmseology. 

From tk fim contact with thc ACC CmroUcr afta tfie 360-degne turn until 
the copila mentioned the north direction, the TG311 crew llcvu discussed the 
aiICmft's~pafb. 

The EFIS and RMI compass displays do not contain the l e m  "N", "S", "E" or 
"W" to show cardinal headings, which might have provided dhdional cues to 
promp tbc crcw. 

T h a e w r r n o i n d i c a t i o n t h a t t k c r c w h a d r # x i v e d ~ ~ g f ~ ~  
Kathnrands even though Kathmarwtu is identified by the apcrator as an airport 
w i t h s p a c i r l o p e n t i o l l a l ~ ~ ~ l ~ , ~ W m i n c r e a s e d ~ o r k l o a d f o r t h C  
c r tw~coa f rauedwi th thc~ t inuedappoadL  

Tbc following the accident, was hamQuled by the expectation that the 
a i r c r a f t ~ o 9 a a t i a g d o f t h e ~ b y d ~ a t t h e t i r r r c o f  
the search. and by an absence of bmdiaw wimess inf~rmatioc~. 

The air arffic cmtrollas Iweive mining to the standards nquired by ICAO; no 
individuJIicenasantingsareissuedbyNeplt 

Tbe A m  CoWf'Ok on duty, communicating with the flight was a mince with 
nint mrnths expcriara. 
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54. The Cartroller supervising the trainee b t r o l h  was also fulfilhg control 
duties. 

55. The aircraft was ~ e ~ e d ,  equipped, and mamtamd 
. . in accordance with existing 

regulations and approved procedures. 

56. ?here was no evidence of any airframe failure prior to or during the flight 

57. The mass and centre and gravity of the aircraft were within p#scribed limits. 

3.2 Cause 

The probable cause. of the accident we=: TG311 flight crew's management of the 
aimaft flight path wherein the flight proceeded in a nortberfy direction which was 
opposite to tbe cleared point ROMEO to the south; ineffective radio communication 
between the Area Control Centre Controller and the TG311 flight crew which allowed 
the flight to continue in the m g  direction, in that tk E 3 1 1  crew never p m W  the 
aircraft's VOR radial when stating DME and the Controller never s o l i ~  this 
information and thus the aircraft's position was not ~ansmittod at any time; and 
ineffective cockpit crew coordination by the TG311 crew in cmducting flight navigation 
duties. 

Contributing faaors wen: the misleading depictim of ROMEO on the ogerator's 
approach chart used by tht flight crew; a flap fault ahhough corrected required that the 
initial approach be discontinued; and radio communication difficulties between the 
TG3 11 crew and the Air TMct Controllers that stemmd from language difficulties and 
ineffective discussion of apparent unresolved problems. 
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4.0 SAFETY ACIlON 

4.1 Interim Recommendations of the Commission 

On 20 October 1992, the Commission issued Interim Recommtndatim in order to 
address some of the safety issues ~levtaled as a result of the investigation up to that time. 
b r s  were sent to the Dcpartmnt of Aviation @OA) Thailand the Dinctarr General 
& l*Avia&icm Civik (DGAO of Frana, the Admhbmm of the Fedcral Aviatim 
AdminisPaton (FAA) of the United States of Amcrica the C k d h t i c m  ~ O C  of the 
Europcan Joiar Ainvolthiness Adminkmion (JM) arui cbe Director M of Civil 
Aviation (DGCA) of Nepal 

Interim Rrcommcndatjons to DOA of Thailand 

The Commhirn -ded that Thailand: 

Review effons by Thai International in the iuca of COC- resourct m e m n t ;  

~tbatappropIiatcaainingorinformiui011&crsueusedtoemph?sizeto 
Thai lntunaional p i l a  thc impormx of dctarmmng . . 

and &ring to the 
minirmm altihldr! pruvisions of appr#lchts, pmicuhrly at airports with 
~ t c r r a i n d ~ ~ ~ l ~ ;  

Ensrul t~thcdepic t ianof infamat i~rc lPedtotheROMEOfixncar  
Kathmandu, on approach and enroute cham used by Thai lntaaatioclal m w s  be 
atr#ded; and 

Review tbt lraining q u k x n t s  for uew apaatiag into Kathmaadu and in 
p a r l b k  the provision of simulator exercises. 

Actions by M A  of Thailand 

Thai h a y s  International, with the c a n u m c c  of DOA, has taken the following 
actions toprment accidents of asimilatnanue, not mly  at Kathmmlu, but inits 
world wide opcmions: 

Cockpit Resource Management ccnuscs have been speeded up fa all pilots and 
reviewed by a Human Fsctors &pert to cnsurt that events kading up to the 
Kathmandu~anfullyanalyzedandincludedinthccoursts. 

Tht inportance of being aware of the limit&- of the Air Tram Control 
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services, at airports into which pilots operate. has been sassed. 

Its plmning and landing weather minima at Kathmradu vac increased 
a nview of Air Traffic Control Services. 

All pilots oQaating to Kathmandu have been given an extra supervisioa flight 
to the airport 

Sirmlator exercises are being developed and a visual programme phnned in tk 
simulator for Kathmandu. 

Interim Recommendations Regarding the Navigation Displays. 

The Commissicm recommended to the Frcnch DGAC the USA FAA and the 
EuroQeanJAAthat: 

A sndy be undertaken to assess the benefits and feasibility of adding letter 
abbreviaticms of compass cardinal kaciings for the navigation and primary flight 
displays of flight management systems. 

Actions to Date Regarding Navigation Displays 

The FAA ~ p o a d e d  on 1 1 February 1993 stating: 

'Ihe FAA has evhated this recommendation and has determined that the lack 
of a ngulatory requirement for using letter abbreviations for compass cardinal 
headings on FMS displays remains valid The FAA believes that s b  pilots 
and air traffic controllers use strictly numerical heading infomation, and given 
the casts of rctrotMng these aircraft, the feasibility to require such a retrofu 
would n u  be practical. 

Interim Recommendations to DCA of Nepal 

The Commissim recommended that the Department of Civil Aviation of Nepal: 

Ensure that, when requesting positions from aircraft approaching Kathmandu, 
controllers would ask for both distance (DME) and radial information, 
particularly if the nonnal approach is m M e d  for any reason. 

Utilise WIDF equipment for both the Tower and ACC radio frequencies for 
use by conlmlle~~, as a backup, to monitor the approximate direction of aircraft 
conducting approaches. 
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4.1.6 Actions by DCA of Nepal 

The following actions have been completed by the Dqmmmt of Civil Avirtion of 
Nepal: 

DCA issued a NOTAM on 31 December 1992; tbe coatent of the NOTAM will 
be incorporated into AIP Nepal as a -nt pmvisioa Thc NOTAM was as 
follows: 

Aizcntl making Sicm or Echo approach sh;rll xqwrt its level also while 
reporting position (RadWDME) as per cantrollers insatdon In casc the 
~reports in~yagains t thepnscr ibadprpceburc , tbeConcro l la  
ShallakairmfkIccordingly. 

The VDF is atrcady in operarim and being monitortd by Contr~llers on the 
Tower dnquary of 118.1 MHt A NOTAM, whit31 will be bmpomd into 
AP Nepal as a permanent pmvision, was issued oa 31 December 1992 as 
fo11ows: 

VDF on 1 18.1 Mhz available. 

'Tbe use of W / D F  by ACC CoatroIkn is wa.phUd by the fact that tbe 
transnriaermrarnaisnmaefromtheairport;therr#ofMIF/DFbyACCis 
unfkr study. 

Flight Calibmia! of all navigation aid facilities was uJc~)~Cted ia Octoba 1992; 
During the S h  approach phases, no abnonnal b d w h r  of VOWDME was 
nated and the existing ptocedurc was found satkfactay. 

A review of the existing Siena approach pmdur~ is Mda way in order to 
facilitltcsmmthaswellasefficitntapprozch. 

Commission Recommndrtions 

The Commission notes that positive safety actim bas been i d b d  following the 
issuing of the Inmim Safety R c c ~ o n s  m Oaobu 1992. 'h stcps taka by 
Thri Airways ~ o a a l  and the Department of Civil Aviafim of Nepal appear to 
be apQroQriate and oddr#s m y  of the &ty dcficicacies sated by tk Camnrission 
during its invdgation of this most unfortunate rccideat 

On completion of the investigaticm, tht Commission has &tmnbl that further 
sa fq  aaian can be tahcn to improve safety, not d y  for aircraft flying into 
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Kathmandu, but for aviation operaticas world wick. 'TIE safety action may wt be 
restricted to the cause of this accident, but includes those items, which if uncomatd, 
have the pomthl of causing safety probkms. The Commission notes that aviatio11 
activities arc inherently costly, however endorses fully the upgrading of faEilitits and 
opational capability of the Depammnt of Civil Aviation of NepaL 

Recommendations to tbe Department of Civil Aviation of Nepal 

The Commission has noted that radio communication between air& flying into 
Kathmandu and the Controllers requires impmernent. The C m c m  recognizes 
that some of the problems a global, in that both pilots and controllers are speahg 
in a second language; these problems are not limited to Thai Airways or Nepal 
Neverthekss, tbe Comrrrission believes that safety action, that wiU alleviate som of 
the problems noted during the investigation, as well as address some of the world- 
wide comnnmication difficulties at international airports, is possible. Accordingly, 
it is recommended to the Department of Civil Aviation of Nepal that: 

Coordination be carried out with all Operators into Kathmandu to emphasize the 
hptana of effective communication, including the use of standard 
phraseology and conplete position reporting, by its crews. 

Coodimtion be carried out with Operators into Kathmandu to encourage those 
airiines to provide feedback on any communication problems that might arise. 

Coordinatim be carried out with Optratozs to encourage their crews to visit tbe 
Air Traffic Control facil&y and review any continuing c o d c a t i o n  problems 
that may be present. 

Courdi~tion be carried out with Operators to devise methods wherein 
Controllers could be given familiarisation flights in order to acquaint them with 
the duties of the cockpit crew and enhance the controller's undemanding of the 
pilot's communicatia~ rtquirernents. 

Controller training includes high emphasis on the ability to commmhte in 
english 

Controller training includes methods of effective comrmurication to resolve 
potentially confusing sibations. 

Controller facilities and equipment be such that outsi& noise or working 
envinmmnt will not interfere with the Controller's radio communication tasks. 

Controller working ccmditions be reviewed to ensure a non-distracting 
envinmmnt conducive to the control tasks. 

Contrullers be licensed and rated as recommended by ICAO. 

Controller career incentives and motivation be improved. 
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4 2 2  Recommendations to DOA of Thaihd 

The Commission in its October 1992 Interim Recomm~ndatians, dtvcloped in 
cauuhaticm with ?hailaad, addnsstd operatiad m m s .  As pwiarsly noted, 
safety action specific to this accident, is under way. Safety ad011 related to 
operational problems, which wen identified during the invesrigation, is being 
addressed to all airlines operating into Kathmandu, not just Thai Airways 
Intcmatid througb the above Recommendations to the Dcparmrzn of Civil 
Aviation of Nepal. 

During the indgatioa,  the Commission naed that limited checktisr infomution was 
available to tbe crew in order for them to m l v e  the flap el&ensim problem 
Informatim that would have been helpful is contained m tbe Aircraft Operating 
Manual but it is n a  to be expected that this hrge doarment would be used. 'RE 
crewwasabletoresotvtthcflapproblcmin]esstbantwominutcs,butthismaybe 
ttstimony to tbeir expcritncc on thc airaaft 'The (bmmki0~1 is coacemed that a 
less experienced crtw may not have been able to solve the flap @lem in the 
abscna of checklist infmnation. Accordingly, the Cornmissim ncormnends that 
nai lad :  

Review, with the a h a f t  manufacmcr, the quircmnt for further infomatim 
on the A310 checkfist related to flap fauhs. 

The a i d ' s  Giound Roximity Warning System (GPWS) pPwided a warning of 
texxain, but too late to avoid impact The (3mmhion that tbc accident 
site was m the side of a very steep mormtain face and that tk GPWS provided 
warning in accmhcc with itr dtsign. Thc Internatid Civil Aviation -011 

(ICAO) and the GPWS manufactunrs an a m c d y  studying tk pse of tbe GPWS 
and tbe system itself. 'Lbe Commission was prwlded with ~ I t b n f ~ o n  
regarding the accident bacause of the performame of the fim bu l t conh (FDR) 
and cockpit voice mmckr (CVR). I n f o d o n  b m  accidcDt will be useful in 
seeking impavemnts to both GPWS equipnent and e m  related to its use, 
n a  just for the A310 lmt for all aircraft nquirins GPWS. 

During thc invdgatim of the accident, the Cbmbsi011 noted tbat at several tims 
during the flight the crew appeared to be working in an manncr when 
opcrating the Flight Managem System (FMS). As noted during tht iweaigation, 
the possibility exists that technical problems can be introduced a result of both 
pilwinPrttingdaulintotkFh4S. ~ltboughnodinct*wasfoundthat 
technical prublcms wm crtated by the crew's action, the pocentia) fa such probkm 
i s r d  T h e s e ~ 0 1 3 ~ a r c n o t u n i q u e t o t h e A 3 ~ O ~ b u t ~ ~ ~  
applicable to other FMS equipped aircraft It is mw CRW training 
empbsim the requirtrnent far crew comdimiar when uskg tfit FMS, but the 
events of this d e n t  reinforce the importvrce of this aspea of e g .  
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Accordingly, the Commirdm makes & following R6unmrad;rriom 
coordinated by the DGCA of Nepal): 

(to be 

GPWS d a c t m n  and ICAO be made aware of the ogerntiad rad 
inforrnatim related to GPWS pcrfcmmncc m this rccidcnt 

Manufacturers of FMS systems be made awan of the operational and tecfiaical 
z~pecuoffhislccidcne 

Thc opentors and trairring mtas be encouraged to continue to enpbize,  to 
openuon of aircraft aquipped with FMS, the impartancc of coordinated use of 
the FMS. 
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As I'he Accrcditeil Representative of Thailand I pmicipated in the find meeting 
of thc Commission examining the circums~ances that led to the inadvertent flight 
bv -1'G 31 1 in high terrain nodh of the Kathmandu Airport on July 31st 1992. 
I ionsider that the following comments are necessary in order to give a proper 
balance to thc report. 

. fi%ereas the Commission formed the  vie^. apparentlv at an early stage. 
that the most probable explanation of the accident w& that the pilots were 
not aware that they were flying towards the north instead of towards the 
south. few of the facts support such a hvpothesis, and inadequate 
consideration has been given to the facis suppoding the awareness of the 
crc- of their northerly heading, and the reasons for that heading. 

2. The Sepal Air Traffic Controi senicc at Kathmandu responsible for giving 
advice and instrucrions to the crew of the aircraft. receives inadequate 
attention in circumstances where the facts ~ndicate that the role of the air 
traffic wrvicc at Kathmandu was significant In the events Icadinn, up to thc 
accident. 

Relevan1 matters w hicb u e  significant in reeling to determine shy the 
final phase of the flight was conducted as 11 was are omitted both from the 
factual and the analysis sections of lhe report, particularly regarding how 
the qualifications of the air Wfk controllen involved influenced the 
events. and the possible consequences of the use of a trainee controller 
with onlv 9 moarhs experience to handle tbe flight during a critical phase 
of tbc n&. 

3. During tbe course of the investigation. the Uommission refused to accept 
thc cockpit voice recorder transcript hvhich had been approved by thc 
Aviation ;\uthorities of Thailand. Several significant differences in 
translation and interpretation of what w-as actuallv said b!- the Thai pilots 
during the final phases of the night have been ouc lo the 
Commission but disregarded. and arc nor included in cithcr thc factwal or 
analysis section of the report. 

4. Although it has been generallv agreed ha t  this was a human l'aclm 
accident. no human factors eipert was included in the investigation team to 
assist in the analvsis of the findings of fact. notwithstanding 
recommendatio& to that effect. 
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Inadequate consideration has been given to tbe repeated requests from tbe 
crew for a left turn out alter the discontinued approach, regarding the 
reasons for rhe controller refusal to grant or respond c m d y  to such a 
rey uest.. 13;s has been omitted from the report, no twi th~d ing  the fact 
that these events o c c m d  at the most critical pbase of tbe flight. 

S o  adequate consideration has been given to tbe reasons for the Captain's 
election to commence a climbing turn to the right, having failed to obtain 
clearance lor a left turn. 

Whilst a number of explanations for the crew's decision to turn onto a 
northerlv heading have becn canvassed. none have been given significant 
considekition in the repon 

The record of the interviews, subsequent to rbe accident, with tbe air Mic 
controllers involved is vague and incomplete, and gives little indication as 
to whv thev were not activclv concerned with the progress d the fight or 
its p&dicament. In particuls no explanation has been advanced. nor, it 
would seem. sought as to w hv the Tower C ontroller transferred the flight to 
the h a  Control Centre at a &tical stage. when tbis would not appear to 
have becn nccessm the flight being within 25 nautical miles of the airfield. 
and cleared br hirn-to maintain an altitude of 1 1 ,500 feet. This change 
played a substantial part in the events that followed. and has not been 
addressed. 

Tbe probable causes do not cover other issues of equal importance. 

Findings 10. and 1 1. are incorrect. ROMEO is the entry point and the 
position at wbicb Thai pilots commence their preparation for ibe approacb 
procedure to the Kathmandu Airport. This has been the standard and well 
established and trained procedure for a great manv years ensuring tbe best 
possible prepared approach to this difficult airpoi by Tbai pilots. 

Finding 20 is incorrect. The facts, as established. do no( provide any basis 
for assuming that the pilots were unaware of where the flight was 
proceeding, onlv that thev mav ha\-e become distracted and unaware of the 
proximity of th6 terrain ai the& ahitude nodb of tbe airfield. 

Finding 33. here is no evidence ro suppm such an assumption. 

Findino, 50 i5 misleading and incomplete in that it does nor include the fact 
tbat the conrroller bad nor reported that the flight bad advised him that it 
H a s  op a nogherlv heading. 

,\ccrcditcd Representative of 'Phailand 
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FINAL COMMENT 

OF FRANCE , STATE OF MANUFACTURE 

REGARDING THE FINAL REPORT ON THE ACCIDENT 

OF THE A 310-304 HS-TID ON 31st JULY 1992 

This report analyzes mainly one hypothesis saying 
that the crew thought they were flying to the south while 
the aircraft had a northern heading - " southern 
hypothesis" - It leads to valuable safety oriented 
recommendations. 

Nevertheless, this hypothesis, although possible, 
is not fully demonstrated by the facts established during 
this investigation. 

Moreover several facts and arguments produced in 
the report, or established during the investigation and 
laid before the commission, allow to support as well other 
hypotheses , in which the crew were conscious that they 
were heading north, at least during certain periods of time 
of the flight to the north, but may not have been conscious 
of, or have been distracted from, the proximity of the high 
terrain, or the time elapsed, or the distance covered, or 
a combination of these hypotheses, and/or of the "southern 
hypothesisn. 

These hypotheses ,which are as probable as the ones 
discussed in the report, have been discussed and argued 
during the Investigation Commission meetings. 

The French party would like to emphasize that the 
facts established during the investigation , allow to 
support all these hypotheses. 

As a consequence, the analysis of the report, 
should be amendedto cover all the contributory factors and 
possible hypotheses in order to explain this accident, and 
develop safety recommendations. 

French Accredited Representative 

ICAO Note.-Sections 1.5.1.1 to 1.6.11.4, 1.11.1.1 to 1.11.1.3, 1.11.2.1 to 1.11.2.5, 1.16, 1.17and 1.18and the 
Appendices were not reproduced. 

ICAO Ref.: 01 22/92. 



No. 4 

Airbus Industries A300, AP-BCP, accident near 
Kathmandu, Nepal, on 28 September 1992. Report released by Nepal. 

SYNOPSIS 

The accident was notified to national and foreign authorities by His Majesty's Government of 
Nepal, Ministry of Tourism and Civil Aviation, Department of Civil Aviation. Accredited 
representatives were nominated by Pakistan (the state of registry and of the operator) and 
France (the state of manufacture). The State of occurrence also requested assistance through 
the International Civil Aviation Organisation (ICAO) and specialist investigators were 
provided by the British, Australian and Canadian air accident investigation branches. These 
investigators arrived in theatre on 2nd and 3rd October. The formal investigation commenced 
on 3rd October following a meeting of the Commission. This report has been prepared by the 
Commission appointed by His Majesty's Government of Nepal. 

The ill-fated air& departed Karachi Airpo* Pakistan, at 0613 hours UTC on 28 September 
1992 as Pakistan International Airlines Flight Number PK268, a non-stop service to 
Kathmandu, Nepal. The accident occurred at 1430 hours local time (0845 hours UTC) when 
the aircraft struck a mountain during an instrument approach to Kathmandu's Tribhuvan 
International Airport. The impact site was at an altitude of 7280 feet above sea level (2890 feet 
above airport level), 9.16 nautical miles from the VORDME beacon and directly beneath the 
instrument approach track. 

An aerial search for the aircraft was conducted shortly after it failed to respond to ATC 
transmissions. People in a village below the impact area heard but did not see the crash. Later, 
flames were seen through the mist which enveloped the crash site and the location was 
reported to the staff of a navigation facility. Rescue services coordinated by the Royal 
Nepalese Army, the Nepalese Police and the Department of Civil Aviation reached the accident 
site within three hours but all 167 persons on board had lost their lives in the impact. 

The balance of evidence suggests that the primary cause of the accident was that one or both 
pilots consistently failed to follow the approach procedure and inadvertently adopted a profile 
which, at each DME fix, was one altitude step ahead and below the correct procedure. Why 
and how that happened could not be determined with certainty because there was no record of 
the crew's conversation on the flight deck. Contributory causal factors were thought to be the 
inevitable complexity of the approach and the associated approach chart. 
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1 FACTUAL INFORMATION 

1.1 History of the flight 
Pakistan International Airlines flight 268 departed Karachi on 28 September 1992 at 
0613 hrs UTC for a direct flight to Kathmandu. On board were four flight deck 
m w ,  eight cabin crew, four air guards, three ground engineers and 148 passengers of 
various nationalities, fuel for the flight to Kathmandu and much of the fuel required 
for the return flight to Karachi. The flight through Pakistani and Indian airspace 
appears to have proceeded normally. At 0825 hrs UTC (1410 hrs local time) two 
way contact between Pakistan 268 and Kathmandu Area Control West was 
established on VHF radio and the aircraft was procedurally cleared towards 
Kathmandu in accordance with its flight plan. After obtaining the Kathmandu 
weatha and airfield details, the aircraft was given traffic information and instructed to 

report overhead the S M  (Simara) non-directional beacon (214OR/39 nm from 
Kathmandu's KTM VOR/DMEl) at or above Right Level (FL) 150 as cleared by the 
Calcutta Area Control Centre. At 08:37 hrs the co-pilot reported that the aircraft was 
approaching the SIM beacon at FL 150, whereupon procedural clearance was given 
to continue to position SIERRA (202°R/10 nm from the KTM beacon) and to 
descend to 11,500 feet altitude. No approach delay was forecast by the area 
conaoller and the co-pilot comxtly read back both the clearance and the instruction to 
report at 25 DM€. At 0840:14 hrs he reported that the aircraft was approaching 25 
DME whereupon the m w  were instructed to maintain 11,500 feet and change 
frequency to Kathmandu Town. 

Two-way radio contact with the Tower was established a few seconds later and the 
crew reported that they were in the p e s s  of intercepting the final approach track of 
022OM (Magnetic). They were instructed to expect a STERRA approach and to 
repon at 16 DME. At 08:42:51 h n  the first officer reported "ONE SIX DUE AT 

ELEVEN THOUSAND FIVE HUNDRED". The tower controller responded by clearing the 
aircraft for the SIERRA approach and instructing the crew to report at 10 DME. At 
08:44:27 the first officer reported 10 DME and three seconds later he was asked 
"REPORT YOUR LEVEL9. He replied "WE CROSSED OUT OF EIGHT THOUSAND FIVE 
HUN' TWO HUNDRED NOW". The connollcr replied with the instruction "ROGER 
CLEAR FOR FTNAL. REPORT FOUR DME RUNWAY ZERO TWO". The co-pilot 
rtsponded to this insauction in a normal, calm and unhurried tone of voice; his reply 
was the last transmission heard from the aircraft, 

Thirty two seconds after the co-pilot reported 10 DME the aircraft crashed into a 
steep, cloud-covered mountainside at 7,280 feet amsl and 9.16 nm on radial 202 

TWO co-located radio navigation bmcons which give magnetic bearing in degrees (radial) and distance in 
nautical m i l a  @ME) from tk beacon site. The letters KTM which an transmitted in morse code identify the 
beacons. 
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from the V O W M E  beacon (9.76 nm from and 2970 ft above the threshold of 
runway 02 which is 77 feet below the airport datum). 

1.2 Injuries to persons 

13 Damage to aircraft 
The aircraft was totally destroyed. 

Injuries 
Fatal 
Serious 
Minorlnone 

1.4 Other damage 
Trees and vegetation on the mountainside were burned over one main and several 
adjacent smaller areas. Rocks and loose soil wen dislodged by the impact and by 
subsequent rescue and inspection activities on the site. 

1.5 Personnel in for ma tion 
1.5.1 Aircrew 

Commander: 
Lianct : 
Cereificate of Validity: 
Types on licence: 
Instrument Rating: 
Insmctor Rating: 

Others 
None 
None 

Crew 
19 
None 
None 

Last route check: 
Last simulator check: 
Last medical check: 

Passengers 
148 
None 
None 

Hours flown: 

Recency 
Rcvious: 
Hours/mins: 

Pakistani d e  aged 49 years 
ALTP No 373 issued by Pakistan CAA on 3 Nov 73 
Valid to 9 Dec 92 
Group 1: Airbus A-300 Group 2: None 
Renewed 21 May 92 valid to 9 Dec 92 
Route check pilot wef 12 July 87 
Simulator instructor wef 8 Jun 89 
25 May 87 
2 1 May 92 
Class 1 medical renewed on 31 May 92 endorsed 
"subject to use of corrective glasses". The 
commander's hearing acuity had been reducing over a 
period of years and at his last audiometry check, on 
19 November 1990, it had reduced to the category of 
"borderline". 
(At time of reporting for duty on 29 Sep) 
B Q G  Command C e ~ i l o t  
A300 6260:30 1 :00 
B707-200 2136:46 726:23 
DC- 10 0 888:30 
Fropeller aircraft 1493:35 1688:18 
Total 98905 1 329544 
Grand total 13 186:35 
(At time of reporting for duty on 29 Sep 92) 
24 hrs Month 3 Months 6 months Year 

0 36:13 121:41 223:38 60531 
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Duty perid last 24 hours: 3 hrs 45 mins 
Rcvious operations to Kathmandu during 1992: 23 Jul20 Feb, 6 Feb, 9 Jan 

Co-pibr: Pakistani male aged 38 years 
Lianc t :  B L  No 842 issued by Pakistan CAA on 24 Dtc 84 
Catificate of Validity: Valid to 1 1 Nov 92 
Types on licence: Group 1 : None Group 2: Airbus A-300 
Instrument Rating: Renewed 23 Jun 92 valid to 28 Dtc 92 
Instructor Rating: Nont 
Last route check: 10 Apr 91 
Last simulator check: 23 Jun 92 
Last medical check: Unrtstricttd class 1 medical renewed on 21 Apr 92 
Hours flown: (At time of nporting for duty on 29 Scp) 

Dl's - ckl2m 
A300 1469:26 
B737 5 18:48 
Propeller airuaft 29520 356526 
Total 29520 5553:40 
Grand total 5849:oO 

Raxncy (flight hwrs at time of rcpming for duty on 29 Scp) 
M o u s :  24hrs Month 3 Months 6months Year 
H o d m i n s  357 67:43 19645 378:32 625:08 
Duty period last 24 hours: 3 hrs 45 minutes 
Previous operations to Kathmandu during 1992: 18 June 1992 

Operaring Flight Enginecc Pakistani male aged 40 years 
Licence: FEL No 224 issued by Pakistan CAA on 13 Mar 82 
Catificate of Validity: Valid to 1ODtc  92 
Types on licence: Airbus A-300 
Insauctor Rating: None 
Last mute check: NIA (Recently returned from 3 year sccondment to 

Malaysian airlines and operating under supervision) 
Last simulator check: 18 Sep 92 (by Malaysian airlines) 
Last medical chcck: Unrestricted class 2 medical issued on 1 1 Dtc 91 
Hours flown: (At timc of rqmting for duty on 29 Sep) 

A300 25 16:25 
B707-200 2773:26 
Totat 5289:5 1 

R~CCIK:~ (flight hours with PIA at time of reporting for duty on 29 Sep) 
&vious: 24 hrs Month 3 Months 6 months Year 

0 3:24* 3:24* 3%. 3%. 
*Had flown 1634.08 homo during sccondment to Malaysia between Aug 89 and 18 Sep 92 
Duty puiod last 24 hours: 3 hrs 45 mins 
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Ficvious operations to Kathmandu during 1992: None 

Supervisory Flight Engineer: Pakistani male aged 42 years 
Liccnx: FEL No 185 issued by Pakistan CAA on 25 Sep 78 
Catificate of Validity: Valid to 24 Nov 92 
Types on licence: Airbus A-300 
Instrunor Rating Route check engineer wef I5 Nw 88 

Simulator insrructor wef 20 Feb 89 
Last route check: 29 May 92 
Last simulatm chack: 10 Sep 92 
Last medical check Class 2 mtdical re-issued on 25 May 92 

Medical categuy withdrawn on 13 Apr 92 for 4 weeks 
due to a diabetic problem 

Hours flown (At rime of reporting for duty on 29 Sep) 
A300 4503:53 
B707-200 371656 
Taal 8220:49 

Reccncy: (At time of reporting for duty on 29 Sep) 
Previous: 24 hrs Month 3 Months 6 months Year 
H o ~ m i n s :  1:00 46:32 161:37 185:M 492:40 
Duty period last 24 hours: 3 hrs 45 mins 
Previous opcraticms to Kathmandu: Before 1 st April 1992 

1.5.2 Air Traffic Control 
There wen several controllers on duty in Air Traffic Control at the time of the 
accident but only the Tower controller was in FUI' contact with the aircraft during its 

approach- 

Tower controller: Nepalese male aged 35 years. 
Licena: Not issued and not required under Nepalese 

regulations. 
Ratings: Not fonnaIIy issued. A11 controllers are trained for and 

rotate through the area control centre, ATS reporting 
office and control tower positions after qualifying as 
controllers. 

Training: Completed 52 week ATC course in Kathmandu in 
Feb 82. Completed approach conuol (non-radar) 
cwrsc in Sri Lanka in Dcc 91 

Experiena: Employed as an air traffic controller at various 
Nepalese airfields since completion of Nepalese 
training in Feb 82. Returned to Kathmandu airport in 
d y  1990. 
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Duty period last 24 hours: 3 hn 30 mins 

1.6 Aircrah Information 

1.6.1 Leading Particulars 

Type: 
Constructor's n u m k  
Date of manufacture: 
Certificate of Registration: 

Ctrtificate of Airworthiness: 

Engines 

Maximum take-off weight: 
Actual take-off weighc 
Cena of gravity at takeoff: 
Maximum landing weighc 
Estimated weight at impact: 

1.62 Maintenance history 

Airbus Indusme A300-B4 
025 
1976 
The Civil Aviation Authority of Pakistan 
issued the aircraft with Cmif1cate of 
Registration number 590 on 22 April 
1986. 
The Civil Aviation Authority of Pakistan 
issued a Certificate of Airworthiness, 
number 543/1 for the aimaft on 28th 
April 1986. The -ate was 
renewable annually, and was last 
renewed on 22nd April 1992. It was 
therefon current at the time of the 
accident 
At the time of the accident, the aircraft 
had achieved 39045 hours and 19172 
cyclts. 
The engines w m  GE CF6-50C2 
turbofans, manufactwed by General 
Elccmc Aircraft Engines of Cincinnati, 
Ohio, USA. 
165,000 kg 
147,302 kg 
25.9% mean d y n a m i c  chord 
134,000 kg 
130,500 kg 

1.62.1 General 
A review of the aircraft d-nmtiw revealed no accidents or accidental damage to 
the a i d t  since it entered service with PIA. No discrepancies wen noted in the 
incorporation of mandatory rncKUications, airworthiness directives or local 
modifications 
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1.6.2.2 Scheduled maintenance 
The aircraft was required to be maintained in accordance with a Maintenance 
Schedule approved by CAA Pakistan under the Certificate of Approval 
HQCAAR2IOI3lAW issued to PIA. Documentation obtained from the airline 
showed that all scheduled checks had been accomplished prior to the deparmrt of 
PK268 on 28th September 1992. 

1.6.2.3 Pilots defect reports 
'Ihe pilots defect reports for the three months prior to the accident were examined and 
assessed. As with any large airliner, there was a considerable number of reported 
defects. including recuring problems with the weather radar, thrust reversers and 
elecmcal power generation. However the statistical breakdown of the defects 
revealed no undue incidence of ncuring defects. Any defects reported by the flight 
crew must be considered with reference to the Minimum Equipment List (MEL) 
This document contains a preamble which explains the functions of the MEL. the 
following is an extract from it: 

The CAA rules require that all equipment installed on an aircraft in 
compliance with the Airworthiness Standards and Operating Rules must be 
operative. However, the rules also permit the publication of a Minimum 
Equipment List where compliance with certain quipment requirements is not 
necessary in the interest of safety under all operating conditions. Experience 
has shown that with the various levels of redundancy designed into aircraft, 
operation of every system or installed component may not be necessary when 
the remaining operative quipment can provide an acceptable level of safety.' 
"...........The MEL is intended to pennit operation with inoperative items of 
cquipmtnt for a period of timc until repairs can be accomplished. " 

Paragraph 3.4 of the MEL states the following requirement: 

For defects that arc carried forward ex-base (ie Karachi), the status report will be 
sent to Flight Standards Directorate, CAA, every three days.' 

At the time of departure of PK268 from Karachi there were two uncleared defects 
that w m  within the limits imposed by the MEL. 

a) 20th September 1992: The No.1 autopilot nips on flap extension and 
cannot be reengaged. 

b) 24th September 1992: The No.2 thrust reverser stuck in the deployed 
position. It was deactivated and secured in the stowed position. 
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Each of these unseviceabilities is allowed by the MEL for a maximum of ten days; 
and neither exceeded this limit The A300 is equipped with two autopilot systems 
and there was no record of problems with the No. 2 autopilot. The MEL allows for 
one thrust revma to be inoprrative provided it can; a) be deactivated and stowat 
b) no operational procedure is dependent on its use; and c) the autothrottle is 
disarmed on final approach. 

A review of the MEL defects over the thrte months preceding the accident revealed 
that approximately 65% were being cleared before the aircraft next departed from 
Karachi. However, it was established that Paragraph 3.4 of the MEL was not being 
complied with in that PIA were not sending the carry-forward defect summaries to 
the CAA; furthermore the CAA were not applying any pressure to the airline to 
supply them. 

The aircraft was carrying one additional item of unserviccability that had not been 
rectified and was not c o v d  by the MEL. This was reported on 29th September 
1992 and concerned the right hand mechanical downlock indicator, which was flush 
with the wing surface. This had been assessed as having no airworthiness 
significance and had been held ova for rectification during a major service. 

1.62.4 Ground proximity warning system (GPWS) maintenance history 
The ground proximity warning computer (GPWC) was a Sundsmd Mark 11. Part 
Number 965-0476-088. The computer takes inputs from the No. 1 air data computer 
(ADC) and the No. 1 radio altimeter transrnittcr~ivcr (Rad Alt T/R). A11 these 
components arc maintained "on condition". The GPWC component history card 
showed that it had been released from PIA's avionics workshops on 27 November 
1989 (this was the unit's first workshop visit in PIA's ownership) and installed on 
AP-BCP on 2nd January 199 1. 

The pilots' defect reports for the thnt months prior to the accident contained the 
following GPWS defects: 

a) 14th August 1992: GPWS test u/s and Rad Alt No. 1 flag came on. (On 
the ground at Jeddah) 

b) 21st August 1992: TERRAIN and PULL UP audio warnings triggered 
in the cruise and No. 1 Rad Alt OFF flag appeared, 

The fmt was listed as an MEL item and carried until 15th August when the No. 1 
Rad Alt T/R was changed, resulting in a satisfactory BITE test. In the second case, 
the &cation action was to interchange both Rad Alt T/Rs, which resulted in a 
satisfactory ground test 
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The GPWS is a Category B item in the MEL, meaning that it is required to be 
repaired within three days of a malfunction being reported. There is also a 
"Supplemental Procedure" rtquiranent which states: 

'...May be inoperative provided it does not render any other aircraft system or 
equipment inoperative but (the aircraft) must not depart from Karachi with 
inoperative GPWS.' 

PIA have not encountered significant reliability problems with the GPW Computer, 
as the following A300 fleet component removal statistics indicate: 

1990: 1 removal. Removal rate 0.0411000 hrs (no confirmed failures) 
1991 : 3 removals. Removal rate 0.1511000 hrs (one wnfvmcd failure) 
1992: Nil removals 

1.63.5 Cockpit voice reader (CVR) maintenance 
The replay of the CVR revealed that the cockpit area microphone (CAM) was 
inoperative. Although the "test" button is operated by the crew during the p n  flight 
checks, this only tests the recording heads and the tape, and not the signal supply to 
the recorder. There is provision for a full system test by utilising the microphone 
jack on the microphone monitor panel to monitor the audio signal. This check is 
conducted by maintenance personnel during scheduled maintenance. The last CAM 
chcck on AP-BCP was a transit check camed out three sectors prim to the accident. 
with no problems being nportcd. 

1.7 Ilieteorological information 

1.7.1 General situation. 
There was high pressure at the 850 millibar level (approximately 5000 feet amsl) to 
the east and to the west of Kathmandu with a shallow low pressure area to the south 
of Pama in India. The monsoon season in the Kathmandu valley was almost over 
but the situation was changing only slowly. The 0825 hrs UTC satellite picture 
showed no significant cloud over northern India, about four oktas of cloud over 
western Nepal and about seven oktas over eastern Nepal including Kathmandu. 

1.7.2 Farecastweather 
Terminal aerodrome forecasts (TAFs) were issued by the Kathmandu meteorological 
office at 0100 hrs UTC and again at 0300 hrs UTC. For the time of the accident, 
thert was no significant difference between the forecasts which were: 

Wind 240°/08 kt, visibility more than 10 kilometres, 2 (later 3) oktas of 
stratocumulus (SC) base 3000 feet aal (above airf~eld levcl), 3 oktas of altocumulus 
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(AC) base 10,000 feet aal and temporarily 1 o h  of cumulonimbus (CB) base 2000 
feet aal. 

1.7.3 Observed weather 
Routine weather reports for Kathmandu *R are issued at 50 minutes past the 
hour. The rcpm prrceding the accident and the report issued five minutes afterwards 
arc tabled below 

1.7.4 Pilot reports 
The commander of an aircraft which amved at Kathmandu two hours before the 
accident reported that there was a large cumulus cloud developing into a cumulo- 
nimbus to the east of the SIERRA approach track at 28 DME and a well-developed 
cumulo-nimbus cloud on the approach uack at about 18 DME. He diverted by some 
5 to 7 nm off-wck to avoid the second cloud, remaining in VMC (visual 
mteorological conditions), and then regained track. He did not see the aixport until 8 
DME. He also stated that, in his exptrience, at that time of the year any turbulence 
encountered is invariably associated with cloud. 

Observed weather at Kathmandu airport 

The commander of the aircraft which completed the prtcedir:g SIERRA approach, 
one hour before PK268, stated that he experienced no turbulence between 25 DME 
and landing. There was an easterly wind of about 10 kt during the approach and one 
or two cumulo-nimbus clouds two or three nautical miles east of the approach path. 
From 16 DME to 5 Dh4E he was in IMC (instrument meteorological conditions) 
within cumulus cloud and rain was encountered between 8 DME and 5 Dh4E. He 
broke out of cloud at 6000 feet amsl(1700 ft ad) and the runway was visible from 
that time. 

Thc cornmandm of Palcistan 268 rrported to the Calcutta and Kathmandu arta control 
centres that, in the vicinity of the NepaleMndian border, he was deviating by 10 to 
15 nm to the right of planned track to avoid towering clouds. About 55 nm from 
Kathmandu he broadcast a message to his passengers on the Cabin PA (passenger 
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address) system stating that "THE WEATHER BUILT UP VERY FAST IN THE AREA OF 
SUCH NATURE OVER THE HIMALAYAN RANGE"; he then relayed to them the 
Kathmandu weather report in general terms. At 0838:41 (about 34 DME) whilst in 
descent from FL 150 to 1 1,500 feet, he made another PA broadcast to the passengers 
and cabin crew stating "WE ARE ENTEFtXNG INTO THE AREA OF TURBULENCE AND I 
REQUEST ALL OF YOU TO REMAIN SEATED'. 

1.7.5 Weather at the accident site 
Eye wimesses close to the accident site at the time of impact stated that thcn was little 
or no wind, no rain and no thunderstorm in their vicinity. The visibility was about 20 
metres in mist. Observers at the airpon reported that small patches of blue sky wen 
visible but the tops of the mountains to the south of the airport w m  hidden by cloud. 

1.8 Aids to navigation 
The primary navigation aids are the co-located VOR/DME beacons sited 0.6 miles 
from the threshold of runway 02 and in line with it. There are also non directional 
beacons (NDB) on the airfield, at 6.5 DME on radial 106 and at 4 DME on radial 
202. There is a fan marker at 8.2 DME beneath the SlERRA approach path and 
runway 02 is equipped with an optical approach slope indicator system (TVASI) and 
high intensity approach lights. 

The VOR equipment is an AWA Doppler VOR Beacon Type VRB-SOD; the DME 
is a Northrop Wilcox 596B. Both were installed in the 1970s and are flight-checked 
on a biennial basis. Checks completed on 9 Oct 90 and on 29 Oct 92 found that the 
equipment was operating satisfactorily within prescribed tolerances; there was no 
change in DME pulse width or spacing between the two calibrations. Both sets of 
equipment are provided with main and standby power supplies and are remotely 
monitored in a control centre at the airport. Each morning the equipment is site 
checked and operating tolerances are recorded. Alarm systems at the Tower and 
Area Controller positions sound if either equipment fails. 

All aids were r e p o d  as being serviceable both prior to and after the approach of 
PK268. At the time of the accident another aircraft 14 nm from Kathmandu was 
reotiving DME range indications. 

1.9 Communications 
Air Traffic Control communications with aircraft entering Nepalese airspace is 
primarily by VHF radio. PIC268 communicated with Kathmandu Control West and 
Kathmandu Tower on the published VHF frequencies; no difficulties w m  evident or 
reported. Voice communication with these agencies was recorded. A transcript of 
the recordings is attached at Appendix A. 
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1.10 Aerodrome information 

1.10.1 Aerodrome 
Tribhuvan International Airport is situated in a bowl-shaped valley about 14 nm in 
diameter and smunded on all sides by high ground. The minimum safe altitude to 
the nonh of the airport is 21,000 feet; to the south it is 11.500 feet. The transition 
altitude is 13,500 feet. The aerodrome nfennce point is at 27' 41.8' North 08S0 
21.7' East The airport elevabon is 4390 feet above mean sea level. T h m  is a single 
binuncn runway aligned 022°/2020 which is 3050 mems long and 46 m e a s  wide. 
The xunway 02 threshold elevation is 4313 feet. All relevant airport facilities were 
repand as serviceable. 

1.10.2. Air Traffic Control hedm 
The Kathmandu FIR (Flight Information Region) is divided into two sectors: 
Nepalgunj to the west and Kathmandu to the east of longitude 83' east. The 
Kathmandu sector is further divided into two sub-sectors: east and west. The 
division is aligned with the 160' and 360' radials from the VOR beacon. The 
aerodrome control zone extends from ground level to 8500 feet amsl out to 10 nm. 
The TCA (terminal control area) extends out to 25 nm from the aerodrome from 
8,500 fea to FL 460. The area to the north of the aerodrome is shaped, due to the 
main, and is defined in the Nepalese ADJ. 

There is no radar at Kathmandu. Control of IFR (Instrument Flight Rules) traffic is 
procedural and based on position reports relative to the VOWDME beacon. Control 
of all uafflc in the control zone and traffic in the TMA at and below 11,500 feet is 
vested with the Tower controller. 

1.10.3 Instrument approach procedures 
There arc two published instrument approach procedures to the airpon The ECHO 
approach fiom the east and the SIERRA approach from the south. Airways traffic 
arriving from the Calcutta FIR normally arrives using the SIERRA approach 
procedure which has been in use since 1978. It is published on charts available from 
at least four sources (HMG/N Dcpt of Civil Aviation; Jeppesen, SAS and Aerad). A 
copy of the Jeppesen SIERRA approach chart which should have been used by the 
crew of PK268 is at Appendix B. However, there was evidence to suggest that many 
crews made a hand drawn version of the procedure, in order to c h f j  the letdown, 
and used this rather than the official chart during the p r o d m  

1.10.4 The State Xnsmment appmch chart 
The State chart bears the legend "INSTRUMENT APPROACH CHART - ICAO" 
near the top left corner and so it is assumed that the approach was designed to 
conform with ICAO Procedures for Air Navigation Strvices - Aircraft Operations 



ICAO Circular 296-AN11 70 279 

(PANS OPS). The design of the State chart was compand with the current volume 
(L>oc 8168 - OPS/611 Volume II Third edition 1986.) 

The pmedun appears to accord broadly with c=nt PANS OPS principles except 
in the matter of procedural segments and descent profiles. The main exceptions are 
listed below together with the corresponding d o n s  of PANS OPS in br;rcke~. 

a The final approach frx is not designated. (Page 3-37 para 6.1). It is 
assumed to be the start of the sttcp section at the SKf2RRA fix (10 DME) 

b. The number of stepdown fmes in the fmal approach segment exceeds the 
recommended maximum of two for the find segment of a DME approach, 
(Page 3-16 para 2.8.3) 

c. Although distance information is available h m  the DME, descent profile 
advisory information for the frnd approach is not praided to assist the pilot 
to maintain the calculated descent gradient. There should be a table showing 
altitudefieights through which the aircraft should be passing at each 2km 
or 1 nm (Page 3-5 para 1.8 and page 3- 134 para 26.5) 

d. The descent gradients for the final approach segment are not displayed on 
the chart. The gradients between 10 DME and 5 DME exceed the 
recommended maximum of 6.5% (3.73') for a V O W M E  approach. 
(Page 3- 133 Para 26.4.4.1 ) 

1.11 Flight recorders 
The Cockpit Voice Recorder (CVR) was a Sundstrand AV557A which has a 30 
minute duration. A satisfactory replay was obtained by the French Bureau Enquetes 
at their facility in Paris. Thrte of the four channels ( m w  members 1.2 & 3) were 
replayed satisfactorily and transcribed. The fourth channel (the cockpit area 
microphone) had no recorded signal on any part of the tapc. Thenfore, as the crew 
did not have boom microphones on their headsets, only messages broadcast to the 
passengers on the cabin PA (passenger address) system and brief transmissions to 
and from Indian and Nepalese ATC agencies were recorded. Apart from the PA 
messages, the CVR ncading m l y  verified tfic Kathmandu ATC recording. A fuU 
record of the CVR readout process is contained in the Flight Recorders Report 
supplied separately. 

The Sundstrand Digital Flight Data Recorder @FDR) was also taken to Paris for 
replay. The recorder crash protected enclosure was severely damaged by heat and the 
rumding tape had broken. After careful cleaning and preparation the tapc was 
replayed but the information relating to the last 107 seconds of the flight could not be 
extracted by conventional means due to heat and mechanical damage to the tapc. 
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Valuablc data from the damaged section was eventually recovered by an optical 
technique using a microscope and a garnet but it was not possible to recover all the 
data. However, the recovered data wen sufficient to reconstruct the ground back and 
altitude profile during the last few minutes of the flight. 

A full record of the DFDR readout process is presented separately in the Flight 
Recorders Report. Graphs of the extracted data arc shown at Appendix C. 

1 Wreckage and impact information 

1.12.1 Accident site details 
Thc aircraft crashed into the southern flank of a mountain 9.76 nrn from the threshold 
of runway 02. The impact point was assessed as 7,280 feet above sea level which 
was some 150 ft below the crest of the mountain. The average slope of the impact 
area was 45'. with some areas, including the cockpit impact point, being close to the 
vertical. Thm was a steep gulley below the main impact area, into which many 
items of wreckage had fallen. The aircraft was almost totally destroyed by the impact 
and subsequent fire. 

1.12.2 Wreckage distribution. 
A formal survey was not conducted due to the difficulty and danger associated with 
accessing and identifying specific components. A photograph of the accident site, 
together with a site sketch showing the relative positions of the major wrtckage 
items, is presented at Appendix D. 

The impact point was characterised by a series of indentations in the mountainside, 
which, h m  a consideration of the aircraft dimensions, were assessed as having been 
made by respectively, the No.1 engine, the aircraft nose, and the No. 2 engine when 
viewed from left to right, looking along the flight path. A fan-shaped area of 
wreckage extended upwards and to the Iefi of the impact point, and it was apparent 
that the vegetation had been scorched in areas that contained comparatively little 
wreckage. This feature was attributed to the effects of the fireball which undoubtedly 
occurred at impact, following the release of fuel from the wing tanks. 

The only major part of the aircraft that had remained relatively intact was the tail 
section. This had separated aft of the rear prcssurt bulkhead and had come to rest 
below the impact point. Above and to the right of the tail was a large section of the 
right wing, h m  the tip to the landing gear attachment. The spoiler surfaces and 
sections of the ailtrons remained in place. 

Below and to the left of the tail d o n  was a large accumulation of wrcchge that had 
been subjected to an intense ground fm. It was apparent that this had consumed a 
considerable amount of material. At the lower end of this main wnckage area was 
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the No. 2 engine, which was generally intact but had suffered considerable firc 
damage. The No. 1 engine was much more extensively broken up, with components 
being dismbuted down the gulley. Other components identified in the main 
wreckage area included the main landing gears and a large section of a thrust reverser 
assembly. 

The fuselage was highly fragmented, and parts were distributed all around the main 
impact area. The largest piece was approximately 3 metres by 5 metres and included 
a number of cabin windows. This was located below and to the left of the impact 
point. A section of the fuselage crown was found on the shoulder of the muntain to 
the right of the impact point 

Impact parameters 
At the impact point, the central indentation was confirmed as being produced by the 
nose of the aircraft by the discovery of a fragment of radome attachment structure 
embedded in the earth. A horizontal scar extended either side of the depressions 
attributed to having been caused by the engines. A few fragments of green 
navigation light cover were found at the right hand extremity of tde scar, thereby 
conhning the impact point of the right wing tip, and also showing that the scar had 
been caused by the wing leading edge. The horizontal orientation was indicative of a 
wings level attitude at impact 

Below and to the right of the right wing tip impact point was a tree, the upper 
branches of which had been freshly cut in a horizontal plane assessed as being 
approximately 1.3 metres below that of the wing leading edge scar. Consideration of 
the aircraft geometry, and the positions of the ae and wing tip mark in relation to the 
impact track of approximately 020°, suggested that the tree had been cut by the 
trailing edge of the outboard flaps which were fully extended. This provided a broad 
indication of a near-level pitch attitude at impact, since, at such an attitude, the flap 
nailing edge is lower than the wing leading edge. 

1.12.4 Examination of wreckage. 

1.12.4.1 Strucnms 
The extent of the damage to the aircraft precluded making any definitive finding as to 
the possibility of an in-flight fire or explosion. However, those parts which could be 
examined revealed no evidence to suggest such an occurrence. Similarly, thm was 
no evidence that indicated an airborne structural failure, especially as representative 
pomons of the nose, tail and wings were all found on site. 
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1.12.4.2 Systems. 
The examination of the wreckage, which was conducted before the replay of the 
DFDR, was mainly confined to observations made at the crash site. The steep terrain 
and the remoteness of the location presented major salvage difficulties. In the event, 
sufficient DFDR data was obtained to render a salvage unnecessary for investigation 
purposes. The following is a summary of the findings that resulted from the 
m k a g c  examination: 

The extended condition of the main landing gear actuators, plus the degrce of damage 
to the legs and bogies, was indicative of the landing gear being extended at impact. 

Eleven out of the total of twelve flap beams and jack screws wcn located, the 
positions of the caniage trunnions on the jack screws providing consistent indications 
of the flaps being fully extended at impact. The carriage positions on the leading edge 
slat screw jacks were also consistent with the slats being fully extended, although 
only three of these w m  located. 

'l'berc was tentative evidence, from the observed positions of most of the spoiler 
panels, that the spoilas had ken in the renacted, or faired positions. 

The horizontal stabilisa pitch trim actuator, located in the comparatively intact tail 
section, was found at a setting which equated to a stabilsa angle of 7.25' leading 
edge down relative to the fuselage harizontal datum (ie nose-up trim). 

Examination of the engines revealed damage to the rotating assemblies which was 
consistent with engines rotating under powa at impact The main engine control 
(MEC) from the No. 1 engine was movered from the accident site and subjected to a 
smp examination at the manufacturers. Witness mark evidence on parts of the 
mechanism within the unit was indicative of approximately flight idle fuel flow at 
impact. This corroborated with the observed positions of the NO. 2 engine variable 
stator vanes, although those on the No. 1 engine wen too badly damaged to provide, 
on their own, a reliable indication of power level. The conclusion nsulting from the 
examination of all the available hardware was that the engines were operating, most 
likely at flight idle at impact 

Only two flight deck insouments werc recovered; an airspeed indicator (ASI) and a 
radio altimeter, the serial number on the latter indicating it had been installed in the 
No2 position. The burned dial of the AS1 bore a very faint impression which could 
possibly have been made by the indicating needle; this mark was at a position 
corresponding to 146 kts. The indicating ribbon from the fact of the radio altimeter 
had been torn away, although a considerable amount remained coiled on the drum 
and associated feed mechanism: this enabled the value that had been showing on the 
face to be estimated at around 70-80 ft. 
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1.13 Medical and pathological information 
Ilhe accident was not survivable and everyone on board was killed in the impact. 
Bodies were found in two distinct groups: one group was located in a small m a  in 
the main wreckage beneath the impact point; the other was scattered in an arc above, 
beyond and to the left of the impact point The bodies were rtcovend to Kathmandu 
by the Nepalese police using surface transport and helicopters. There they were 
examined by a team of pathologists, odontologists and identification exptrts. None 
of the flight crew was idcnfl~ed. 'Ihm was no medical evidence of any pn-impact 
explosion. An expanded medical and pathological &port is provided separately. 

1.14 F i i  
Then'was approximately 20.4 tonnes of kerosene fuel on board the aircraft at the 
time of impact and this was consumed by fue. Fins burned over the main impact 
site and several smaller arcas adjacent to i t  The crash site was totally inaccessible to 
fire fighting vehicles and the fire bumed itself out 

1.15 Survival aspects 
Search and nscue action started after the aircraft failed to report at 4 DME. A Puma 
rtscue helicopter departed the airport at 0919 hrs UTC to search the area surrounding 
the aircraft's last position report. Later, three more helicopters and one fixed-wing 
a i .  joined in the search. The crash site was located from the air after about two 
hours of searching. The helicopter was unable to land at the crash site due to 
unfavourable weather and terrain but some nscue team members were landed 
nearby. The remaining rescue team members uavelled to the crash site by road and 
on foot An expanded repon is provided separately. 

1.16 Tests and research 

1.16.1 Position F i n g  
A Magellan Global Positioning System (GPS) receiver was used to establish the 
prtcise position of the accident site. To rninimise ermrs, the receiver was set up to 
take 50 consecutive fixes and to calculate the average. Check fixes using this method 
were taken at the airport and the VOIUDME beacon. These fwes wen within 15 
mats in plan and 50 feet in elevation from the published positions. 

1.16.2 Flight Simulator 
Tests were carried out in an A300-B4 flight simulator in the presence of 
rcprcsentatives from Airbus Industrie and the investigation team. The following 
parameters relating to the accident flight were simulated: motion; weight; c e n a  of 
gravity; ahnospheric conditions; aixpon altitude and VOWDME position. The terrain 
surrounding Kathmandu was not simulated. 
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The objectives of the tests were: 
a To examine aspects of the flight deck ergonomics. 
b. To examine the a i d s  autopilot/autothmrle relationship. 
c. To examine the relationship between indicated airspeed and rate of desctnt in 

the landing configuration. 
d. To reproduce the last I5 miles of the accident flight 
c To fly the comct SIERRA appmch flight profile. 
f. To examine modified SIERRA approach procedures. 
g. To examine pmedurts for terrain avoidance following an unexpected ground 

proximity warning. 
h. To record the tailplane aim position (TPI) during the approach. 

The tests showed that 
a Approach charts w m  difficult to read if they wen placed under the clip 

between the inemal navigators on the conml pedestal, because the eye to chart 
distance was 92 cm at an angle of about 40' from ahead. Moreover, the 
speedbrake selector handle, whether in the stowed or the armed position, 
obscured the commander's view of the lower half of the chart. If placed 
under the clip on the side wall, the eye to chart distance was 48 cm and charts 
were readable if the pilots turned their heads through about 40°and looked 
even further to the side. Cham were easily read if they were placed under the 
clips on the control columns, w h m  the eye to chart distance was about 40 cm 
and the chan was directly in front of the pilot 

b. The volume of the flight deck loudspeakers was reduced during radio 
transmissions made by the pilots using hand microphones. 

c The GPWS audio warning was emitted through both flight deck speakers; the 
warning vofume could not be adjusted by the pilots and it was unaffected by 
simultaneous radio transmission. 

d. The approach profile flown by PK 268 could be replicated without using 
speedbrakes or unusual manoeuvres. The profile simulated by following the 
airspeeds, altitudes and configurations used by the crew of PK 268 resulted in 
a very similar flight profile to that ncorded by the FDR 

c In the landing configuration, with engine thrust at idle and airspeed at V-, 
the rate of descent was about 1,600 feet per minute. On a SIERRA approach 
the airaaft was always significantly above the minimum altitudes at 8,63 and 
4 DME. If the rate of descent was maintained after 4 DME the aircraft 
intercepted a 3 d e p e  slope between 2 and 3 miles from the runway 
thnshold. These characteristics were very similar to t.hose pndictcd by PiA's 
senior A300 check-pilot 

f. At V w  15 knots, the rate of descent increased to 2,000 feet per minute and 
was sufficient to match the SIERRA minimum altitude descent profile 
between 10 DUE and 4 DME. The aircraft could be descended to the 
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minimum altitudes for 8.6 and 5 DME, although the autopilot workload was 
much increased above that nquircd to fly thc approach at V ~ p p .  

g. With 6,800 feet set on thc autopilot altitude selector, in the same conditions as 
sub-para f above, the autopilot began to reduce the pitch attitude between 
7,600 and 7,400 feet. In a repeat of the test with 151 knots set on the 
autothrottle spced selector the engine thrust increased to maintain akspctd as 
the nose rose. The pitch amtudt and thrust lever activity at 7200 fctt was very 
similar to that ncordtd on the FDR drrring the three seconds before impact 

h. Modifying the SIERRA approach profile to have one 6' approach slope 
(instead of four) between 10 DME and 4 D M  made the approach mom 
stable and easier to fly because fewer and smaller changes to pitch attitude 
were required to maintain the optimum descent profile. This profile was 
flown at Vmpt 10 to 15 hots. 

i If the "go-around" button on a thrust lever was depressed during a simulated 
approach in the landing configuration, with autopilot engaged and engine 
thrust at idle, the aircraft descended a further 120 fee! and ngaincd the altitude 
at which the button was pressed within 12 seconds. The ensuing climb with 
gear retracted and flaps at 15' stabilised at a pitch attitude of IS0 and a climb 
rate of 2400 ftet per minute, Pilot intervention did not succeed in reducing the 
amount of height lost and the time to regain the original height was reduced 
by just one second. 

j. The tailplane trim setting, at 9 DME on each approach made in the landing 
configuration, was between 6.5' and 7.5'. depending upon instantaneous 
speed and angle of descent. 

1.17 Additional information 

1.17.1 Radio Altimeters 
The aircraft was fitted with two independent radio altimeters which indicated height 
above the ground up to a maximum of 2,500 feet via indicators on each pilot's 
insuumcnt panel. A moveable decision height index could be set by the pilots up to a 
maximum of 499 feet Amber lights and an audio warning would be triggered when 
the aircraft descended through the decision height set on the indicators. One radio 
altimeter recovered from the accident site had the decision height index set to 499 f t  

1.172 GPWS (Ground Proximity Warning System) 

1.172.1 Operation 
A GPWS was fined to the aircraft to prevent inadvertent conmlled fight into terrain. 
Tbe equipment has five different sets of conditions known as modes which nigger 
aural and visual.warnings on the flight deck. The aural warning is a synthetic male 
voice broadcast by the flight deck loudspeakers imspective of whether or not the 
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crew were using headsets. The visual warnings include a red light labelled "PULL 
UP" on each pilot's instrument panel. Of the five modes, only modes 1 and 2 arc 
intended to warn the crew of and abnormally high rate of descent depending on 
ground proximity. These were: 

Mode 1: Excessive (baromemc) rate of descent relative to the tenain. 
Mode 2: Excessive tenain closure rate (the rate at which radio height was 
reducing) 

Modes 1 and 2 have maximum and minimum radio heights above and below which 
all "SINK RATE", "TERRAIN" and "PULL UP" warnings are suppressed. 
Between these heights, the conditions which mgger a warning vary as a function of 
several parameters including Mach number (a derivative of true airspeed), radio 
altitude, baromemc sink rate, terrain closure rate and flap position. Also, in the 
landing configuration, the mode 2 warning is cut off between 200 and 600 feet radio 
height as a function of baro~lzetric descent rate to rninimise nuisance warnings during 

appn>aches- 

The system may be tested by the crew before flight. The built-in-test produces a 
"PULL UP" audio warning and illuminates lights on the instrument panel. System 
f~ilure during &st is indicated by the absence of a warning andlor the illumination of a 
GPWS FAIL' lamp on the control panel. 

1.17.2.2 Events 
Opaation of the GPWS is recorded by the FDR once per second as one of two 
states: active or inactive. The FDR tape contained data relating to the 11 flights 
immediately preceding the accident flight. These data were searched for GPWS 
events. Two events were located on the fnst and second fights on the day before the 
accident during approaches to other airports. The fmt warning was mggend by a 
stcep-sided mountain about 1700 feet beneath the aircraft and the second by a high 
rate of descent as the aircraft descended through 300 feet to land. These warnings 
were assessed as genuine. The same commander was aboard on both occasions, but 
lam stated that he dots not recall them 

Tarain altitude data 
Attempts to determine the altitude of the terrain beneath the SIERRA approach path 
from a helicopter quipped with a radio altimeter wen only p d a l l y  successful. 
Additional terrain data was extracted from a 1:63,360 scale GSGS 5501 map. The 
map was 'rigourously surveyed from vertical air photographs' and had 100-foot 
contour intervals. The altitude of the impact site and the altitudes indicated on the 
map wen consistent with the data gathered by the helicopter and the GPS. Swne 
radio heights were ncordcd by the FDR in the last minute of flight Thcse data w m  
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augmented with synthetic radio heights calculated by comcting baromemc heights 
recorded on the FDR to m e  height and subtracting the tenain height determined 
the map. The combined data were used by the GPWS manufacturer to determine the 
probability of a pre-impact warning. 

1.17.4 PIA Approach Procedures 
Brief details on how and when PIA pilots should prepare their aircraft for the 
approach to Kathmandu are laid down in the airline's supplement to the Jeppesen 
approach chart (the T chart') (see Appendix B). The T chart is not a graphical 
document - it is a mix of tables and text It warns of local hazards around the airport, 
states that the commander is to execute the landing and advises that he is likely to end 
up too high and too fast unless the ainsraft departs the 10 DME fix fully configured 
for landing. The instructions regarding configuration. and target airspeeds are as 
follows: 

a Flaps at 15' and speed at not more than V3+lO (165 kts at maximum landing 
weight) should be achieved by 16 DME. 

b Flaps and landing gear fully down by 10 DME with speed at the fmal 
approach speed V ~ p p  (137 kts at maximum landing weight). 

1.17.5 The PIA approach technique for the A300 
In common with other wide-bodied aircraft of similar size the A300's descent rate in 
the landing configuration cannot match the glidepath of the SIERRA approach 
bttwten I0 DME and 5 DME. At 130 tonnes weight the rate of descent at the final 
approach speed of 136 kts is 1512 fpm (feet per minute). The rate required to make 
the 8 and 6 DME fixes at the minimum altitudes would be about 2000 fpm One 
tcchnique adopted by PIA to match the rate of descent by allowing the aircraft to drift 
above the minimum altitude profile on the steeper segments and then maintaining the 
maximum descent rate for the final shallow segments until the minimum altitude 
profile is regained. 

The technique was explained by the airline's senior A300 pilot. The procedure is to 
descend at idle thrust with the autopilot's airspeed and heading modes engaged. The 
airspeed is maintained at V ~ p p  and the aircraft remains above all the minimum 
altitudes within this section. Then is no need to level off unless it reaches the 
minimum descent altitude without the runway in sight. Normally a 3' glidepath is 
intercepted at about 2 DME and the remainder of the approach is flown visually. 

1.17.6 PIA Training Policy 
The training policy section of PIA's Fight Operations Manual dated 29 May 1988 and 
approved by the Pakistan Civil Aviation Authority (CAAP) did not state the 
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requirements for renewal of pilot's supervisory ratings. These requirements w m ,  
however, contained in the earlier Paining policy document dated 18 May 1982. This 
policy document stated: 

a Flight/Simulator Instructors will be exempted from Command Renewal 
Checks/Route Checks. However, they will have to do their Insmumnt 
Renewal checks. 

b. A Route check Pilot is exempted from route checks but must fulfil the 
otha formalities fur his licence renewal. 

1.17.7 Flight Crew Qualification for Kathmandu 
PIA's training policy document of May '88 listed route qualification requirements for 
pilots but not flight engineers. Routt/aidield qualifications were combined and based 
on the concept of area qualifications. Qualification requirements were divided into 
aircraft categories and then subdivided by geographic area and airfield. There w m  
four methods of qualification (quoted verbatim): 

a In flight familiarisation as a member of the flight as an observer. 
b. Familiarisation by means of programmed instructions on route 

documentation. (RCU) 
c. Simulated means used to acquaint pilot in the use of the instrument 

approach to land, arrival and departure procedures which he may utilise 
in the operation. (These sessions would also include routelarea 
briefing). 

d. Route checks to demonsnatc adequate knowledge of route/aidield 

QuaMcation was valid for one year. Pilots were expected to know (amongst many 
ocher details) the terrain and minimum safe altitude for an airpah 

The appropriate area for Kathmandu was IndialBangladesh. Within this area 
Kathmandu was listed as not requiring qualification for captains and -pilots of wide 
bodied aircraft such as the A300 but it was required for Boeing 707/137 pilots 

1.17.8 Crewtrainingrecords 
The crew's training records were scrutinised for any unusual entries which might 
have been relevant to this accident There w m  no such enmes in any file except the 
commander's. The relevant entry in his file related to his landing at Kathmandu on 5 
October 1989 when he braked so heavily that the mainwheel tyns of his aircraft 
deflated after landing. The episode came to the attention of the Chief Pilot A300 who 
wrote the following letter to the connnandtr: 

"While operating PK-264/051089, during approach Flight recorder read out 
shows excessive rate of descent and speed which resulted in activation of fusible 
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plug deflating tyres after landing. A circular issued in June 1989 and T-chart 
gives definite procedure to be followed for this airfield which was not a d h w  to. 
Director of Flight Operations is displeased on this incident and you an hereby 
cautioned to be more careful in future." 

1.17.9 PIA Services to Kathmandu 
PIA had approximately 44 A300 flight crews and only two scheduled flights to 
Kathmandu per week on Mondays and Thursdays. The Monday flight was usually 
flown by a Boeing 707 and the Thursday flight by an A300. However, on Monday 
28 September, the MIC load was such that it required an A300. 

1.18 Useful or effective investigation techniques 
The assistance of a Senior Psychologist specialising in Air Traffic Control and 
aviation matters and an aviation medical practitioner was obtained to provided advice 
on the human factor aspects. 
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2 ANALYSIS 

2.1 Introduction 
The analysis of the evidence begins with a brief summary of the available evidence. 
The mechanical and external factors which could have conmbuted to the accident an 
then reviewed and discounted leading to the conclusions that the aircraft was 
serviceable and under conuol when it struck the ground The potential error 
mechanisms which could have caused the accident arc discussed leading to the 
deduction that human factors caused the m w  to misintcrprtt the approach chart. 
Other factors which probably contributed to the misinterpretation process are then 
identified and the mechanisms which could have averted the accident are reviewed 
and their failures explained. Finally, deficiencies within the SIERRA approach to 
Kathmandu, its ATC environment and the GPWS are outlined and remedial 
measures are suggested. Measures to address other causal factors and unsafe 
practices are addressed as they arise. The report ends with a summary of the 
findings, wnclusions and recommendations. 

2.2 The Accident Sequence 

2.2.1 Exaact of evidence 
A brief extract of the evidence established in Part 1 of this report follows: 

The aircraft struck ground 7,280 feet above sea level on the correct final approach 
uack at 9.16 DME. At that DME the aircraft would normally have been descending 
through 9,000 feet although the minimum safe altitude was 8,200 feet At impact the 
slats, flaps, spoilm and landing gear w m  comctly configured for landing. The 
aircraft's wings were level, its heading was consistent with maintaining track and the 
airspeed was about 14 kts above the final approach speed. Both engines were at 
flight-idle for most of the descent but wen producing slightly more than idle power 
at impact. The pitch (fuselage) attitude was near zero (level) which, for the 
configuration and power setting, was consistent with the rate of descent required to 
follow the altitude profile shown on the approach chart. Then was no evidence of 
pre-impact fm, explosion, disintegration or major mechanical malfunction. 

The FDR provided a detailed record of the aircraft's performance during most of the 
accident flight although the last two minutes of data were damaged by the post impact 
.fin. However, brief 'snapshots' of data including the last three seconds before impact 
were recovered. The data showed that the flight conuols and engines were 
responding normally to conuol inputs. The CVR and ATC recordings provided a 
detailed record of ATC clearances and position reports from the aircraft. These data, 
together with the FDR data were sufficient to reconstruct the aircraft's speed. 
configuration, ground track and altitude during the approach. Flight simulator tests 
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showed that the flight profile could be replicated without resort to exmme or 
unauthorised manoeuvres such as spoiler deployment. 

There was no physical evidence of any improper maintenance and the 
documentation was comprehensive and up to date. Then wen two deferred defects 
which affected the aircraft's performance: the number two (right) engine thrust 
reverser was inhibited and one of the two autopilots was unusable whilst the flaps 
wm extended. 

2.2.2 Potential mechanical and extanal factors 
The following mechanical and external factors which could have contributed to the 
accident arc nviewed and each is considered separa!ely. 

1. Unlawful interference 
2. Pilot incapacitation 
3. Lossofcontrol 
4. Autopilot malfunction 
5. Altimctcrcmrr 
6. SignificantVOR/DMEenw 
7. ATC clearance crmr(s) 
8. Extreme weather conditions 

2.2.3 Unlawful interfmnce 
The possibilities of interference on the flight deck or bomb damage were considered. 
There was no indication in any radio message from the aircraft that the crew were 
under duress. PIA have stringent security precautions and the armed guards on 
board the aircraft should have deterred or defeated any attempt to overpower the 
crew. Shortly before the accident, the commander spoke to the passengers on.the 
cabin passenger address system (PA) implying that only the weather was causing 
him any concern and the last radio transmission before impact was made in a normal, 
calm, unhumed tone of voice. There was no evidence of pre-impact explosion 
damage to the aircraft and no sign of associated injuries to the passengers. Therefore. 
the possibility of unlawful interfmna was discounted. 

2.2.4 Pilot incapacitation 
There was no evidence of either pilot suffering a very recent medical or personal 
problem and both had had the opportunity for adequate rest before the flight 

PIA's standard operating procedures (SOPS) state that the non-handling pilot should 
make all the radio calls. The commander made all the calls until the start of the 
descent; thereafter the co-pilot made all the calls in a tone of voice consistent with 
normal operations. The changeover is indicative of a change in the handling pilot 
h m  the cepilot to the commander and consistent with the T-chart's instruction for 
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the commander to execute the landing. Clearly both pilots were well at the start of the 
approach and the cepilot was well 30 seconds before impact. 

Had the commander become unwell during the approach, the co-pilot may or may 
not have had noticed his illness. If the co-pilot had noticed it, he would have been 
able to abandon or continue the approach with the assistance of the flight engineers. 
Moreover, he would almost certainly have informed Kathmandu if the Captain had 
collapsed so that the flight would receive clearance to divert or priority to land. Given 
the probable frequency of conversation during the high-workload phase after 13 
DME, if the co-pilot failed to notice the commander falling ill, this could only have 
happened in the last minute of flight by which time the accident sequence was well- 
established On balance, the probability that either pilot became incapacitated during 
the approach is remote. Moteover, the possibility that incapacitation conmbuted to 
tht accident sequence is extremely rtmotc. 

Loss of control or thrust 
The possibility of a sudden forced descent due to severe flap asymrneay or loss of 
thrust was considered. The aircraft sauck the ground wings-level and to maintain 
this attitude with thrust or flap asymmetry would rquir t  appreciable rudder andlor 
aileron deflection. The FDR data showed only small rudder and aileron deflections 
from the start of the approach through to impact and no signs of engine failure or 
thrust abnormality. Furthermore, mechanical evidence within both engines indicated 
that they were operating, probably at idle power at impact Loss of connol or thrust 
may, therefort, be discounted. 

2.2.6 Autopilot malfunction 
The No 1 autopilot had a minor defect which prevented it being used whenever flap 
was lowered. The crew were probably aware of this defect since it was adequately 
documented. Only one autopilot can be engaged during a VOR/DME approach and 
the FDR data show that the commander used the No 2 autopilot in the command 
mode (holding specific values such as altitude, heading and airspeed) throughout the 
approach including the final second before impact. 

Because the aircraft crashed wings-level, on track, and on a sensible heading, a roll 
mode malfunction can be eliminated. Secondly, because the autopilot acquired and 
held the flight levels or altitudes assigned by ATC until 21 DME and then captured 
10,500 feet until 16 DME, the altitude hold mode was working Thirdly, the 
airspeeds flown wen in accordance with PIA's pmcduns until 10 DME; thereafter 
airspeed was steady during the final descent from 10 DME with the engine thrust at 
idle. As the FDR showed that the steadiness of the speed was not a function of 
autothrottle, it must have been conuolltd by the autopilot pitch mode. Therefore, the 
autopilot's modes of pitch (airspeed), heading and altitude hold appear to have been 
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working. On that basis, it is very unlikely that autopilot malfunction was a 
conaibutq factor. 

2.2.7. Altimcta error 
The possibilities of a large altimeter error were considered. Firstly, the difference 
between the standard cruise altimeter pressure setting and the correct setting for the 
approach was one millibar. If the crew had forgotten to change the setting the 
ensuing error would have been about 30 feet. Secondly, the FDR altitude trace 
shows that one second before impact the aircraft's baromeaic altitude was 7,165 feet. 
When corrected for temperature and pnssun errors, the barometric altitude equates 
to a true altitude of 7,266 fect The GPS derived true altitude at the impact point was 
7,350 fect but its p e r f m c e  was slightly degraded by obscuration of all satellites to 

the nonh by steep t d n .  However the barometric altitude of the helipad just above 
the site was 7,310 feet. After applying corrections for temperature and the height 
above the site, the aut impact altitude was calculated to be 7,280 feet. The results of 
these three methods of determining the true impact altitude vary by less than 100 feet 
and, excluding the GPS method, the difference was 14 feet. Allowing for small FDR 
and GPS tolerances, then it is reasonable to conclude that the aircra€tts altimeter error 
was less than 100 feet. The design of the instrument approach takes into account 
errors of this magnitude but PK268 was more than 900 feet below the minimum 
altitude for that stage of the approach. Altimeter error could not possibly be 
responsible for this deviation and was not a causal factor. 

2.2.8. Significant VOR/DME e m  
There was no warning in ATC of power failure to the VOR/DME beacons and the 
R/T transcript shows that another aircraft was receiving DME range at the time of the 
accident. The aircraft crashed on track and so a significant VOR error was not a 
factor. There were no pilot reports of DME errors on that day and the beacons were 
flight checked after the accident and found to be working correctly. Therefore, 
significant emrs in or failures of the VOR and DME beacons can be discounted. 

The aircraft had twin DME sets and each pilot had a display of both DME ranges so 
a single receiver failure would not have deprived either pilot of DME range. There 
were no recent reports of D M '  malfunction in the technical log and the crew did not 
query the serviceability of the beacon on the W. Moreover, the FDR track plot 
shows that the 25 DME and 16 DME position reports wen made at the correct 
ranges. Therefore, at least one of the DME receivers was working correctly during 
the early stages of the approach 

However, DME performance may have degraded during the latter stages of the 
approach as indicated by the fact that the 10 DME position report was made early. 
The aircraft crashed at 9.16 nm from the DME beacon 32 seconds after the start of 
the 10 DME call. During this period the aircraft was flying at 151 kt IAS which was 
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maintained to impact. This equates to a groundspeed of 168 kt. In 32 seconds the 
aircraft would have travelled 1.49 nm; therefore, the 10 DME report was made at or 
very close to 10.65 nm from the DME beacon. Since the constant rurspted at idle 
power would result in a steady rate of descent, interpolation of the FlDR altitude trace 
indicates that the RIT call started as the aircraft descended through 8,100 feet. The 
ground two miles ahead of the aircraft rose to 7,500 feet and the aircraft crashed into 
it at 7,280 feet. The DME system requires line of sight .and so beacon reception 
would have been lost befort impact due to the tcnain interrupting the line of sight. 
Whether the equipment indicated loss of lock before the call was made cannot be 
determined because actual performance often varies considerably from the theoretical 
and DME receivers have a memory facility to cater for brief loss of signal. 
However, if the DME went into memory and the range indication froze, the indicated 
range would be greater than the true range (eg showing 10.7 DME at 10.0 nm from 
the beacon) and the call would have been made after 10 DME whereas, in the event, 
the converse happened. 

The DME position was given as the final waypoint in the flightplan. This position 
could and should have been entered into the inemal navigator system (MS)  to check 
for a gross DME m r .  The cruise portion of the flight was flown by the co-pilot and 
he would probably have used INS for navigation in the area of the Nepa4lndia border 
because of the sparsity of VOR/DME beacons. If he had forgotten to change his 
HSI (horizontal situation indicator) selector switch from INS to VOR/ILS for the 
approach, the HSI would have indicated the INS computation of range to the DME 
beacon. After 150 minutes of flight a small discrepancy between the INS and DME 
ranges would be very likely but it is unlikely to have been so large as to be an 
obvious error. The crew may have anticipated the 10 DME position, they may have 
lost DME reception and estimated 10 DME or the co-pilot may have inadvertently 
used LNS range to the beacon as a cue for the call. Whatever they did, there is no 
evidence of DME e m r  within the beacon or the receivers. Funhennore, in the time 
it took to travel the 0.7 nm apparent m r ,  the aircraft would have descended 475 feet. 
This is not enough to explain why the aircraft was more than 900 feet too low. 
Consequently, although a small D M .  error cannot be eliminated, any error present 
does not explain the accident. 

ATC clearance emr(s) 
The flight was cleared in accordance with normal ATC practice to intercept the final 
approach track at the minimum safe altitude (MSA) of 1 1,500 feet. There were no 
compulsory reporting points indicated on the SIERRA approach chart but position 
r t p o ~  at 25 DME and 16 DME wcn requested by ATC and made by the crew. 
Both position repons wen accompanied by altitude reports of 11,500 feet. At 
16 DME the crew were cleared for the SIERRA approach and instructed to report at 
10 DM€. At the time they were not insuucttd to report their altitude at 10 DME and 
no clearance to a lower altitude was given or needed because clearance to descend in 
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accordance with the approach procedure is an integral part of clearance for the 
approach. The ATC transcript shows that at no stage during the approach were the 
crew issued with a confusing or incorrect clearance and the clearances given were in 
accdana with well established n d  procedures. 

The tower controller's failure to react to the incomct altitude report which followed 
the pilot's 10 DME report did not contribute to the sequenct which led to the accident. 
However, had then nspondcd to the incomct report, this may have alerted the m w  
to impending danger. The controlla's performance is analystd later in the report. 

Extreme weather conditions 
The weather forecasts and reports for Kathmandu did not include severe weather 
other than cumulo-nimbus (CB) clouds. These are large convective clouds several 
thousand feet deep which can contain seven turbulence, hail stones and icing. The 
commander was aware of these clouds; he had deviated from track before the 
approach to avoid some and he had informed his passengers on the PA system of 
their presence around Kathmandu. It is possible that the commander's later request to 
the cabin crew and passengers to remain seated was an indication of proximity to 
these clouds or the presence of a CB cloud on the final approach which he was unable 
to avoid. On the other hand, it is good aviation practice to order scat belt fastening 
before penetrating any significant layer of cloud purely for passenger safety and the 
commander would probably have mentioned seat belt tension if he was committed to 
penetrating an active cloud. If he had penetrated a very active cloud, the aircraft 
would have been subjected to modcrate or severe turbulence which would show up 
on the FDR pace as large, random vertical accelerations. Then was no sign of any 
vertical acceleration greater than 0.2g either side of the 1 g normal datum Therefore, 
the aircraft did not penetrate a vay active CB during the approach. 

Curnul~nimbus clouds often develop into thunderstorms which can also produce 
damaging lightning strikes and very strong downdraughts some distance from the 
cloud. These downdraughts (also called microbursts) can affect airspeed and rate of 
descent in a dangerous way (windshear). The FDR data show that this did not 
happen and, at the time of the accident, eye witnesses close to the impact site reported 
that there were no thunderstorms in the area, little or no wind and a visibility of 20 
metres in fog. Therefore, extreme weather conditions as a causal factor in this 
accident arc discounted. 

2.3 Controlled flight into terrain 
In the absence of any probable external factor, pilot incapacitation or aircraft system 
malfunction, and considering that the approach was progressing normally in all 
respects except altitude and airspeed, it is reasonable to assume that the a i d  was 
basically serviceable and under control Therefore, it flew into the ground because the 
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flight crew were unaware that their flight path was dangerously low. Had they 
followed the correct SIERRA approach procedure, they would have been about 900 
feet above the mountain which they snuck and so. clearly, the m w  failed to follow 
the comct altitude profile. 

The central issue of this report is, therefore: Why did the crew deviate from the 
approach procedure?. There are t h .  options: they were attempting a visual 
approach; they intentionally deviated from the procedure, at least initially; or they 
mis-interpreted the approach chart 

2.3.1 Attempted visual approach 
There are three sets of circumstances which could have encouraged the crew to 
attempt a visual approach. Firstly, and most improbably, the flight instruments could 
have failed. T h m  arc two sets of most insaurnents and three sets of the aitical ones, 
driven from separate power sources. Complete failure of them all is statistically most 
improbable but, had it occurred, the m w  would probably have declared an 
emergency and diverted to anotha airfield. 

Secondly, they could have forgotten or mislaid the approach chart. PIA's flight 
planning section had assembled the chart case for the PK268 route which was 
normally flown by another aircraft type. 'Ihen should have been two binders of 
approach charts - one for each pilot - and one binda was recovered from the accident 
site. The SIERRA approach chart was missing from it, which is logical since the 
pilots would normally remove the chart from the binda and place it under a chart 
clip. If the crew had arrived without the chart because it was not put into either 
binder. they might have been tempted to fly the approach from memory. However, 
neither pilot had been to Kathmandu for two months and, given the number of 
airports and insmment approaches in PIA's A300 route structure, it is unlikely that 
either of them would remember the SIERRA procedure in sufficient detail to proceed 
with it. In these circumstances it is more likely that the crew would have asked ATC 
for help w diverted to an aitfield in northan India whert there was little or no cloud. 

The third and most probable reason for attempting a visual approach is that the crew 
could see the ground beneath them and wanted to dispense with the complexity of an 
instrument approach. The weather observation made at the airport five minutes after 
the accident included almost full cloud coverage but patches of blue sky w m  visible 
so there must have been gaps in the cloud Iayer through which the ground was 
visible. Had the commander been exploiting these gaps, frequent moderate heading 
changes would be likely but no such activity was recorded by the FDR It is possible 
that the cloud coverage was quite different outside the Kathmandu valley and that the 
aircraft was above most if not all of the cloud seen from the ground until shortly 
before impact. Certainly the mountain tops beneath the approach w m  in cloud but 
cap clouds can be quite shallow in depth. Above these, the air might have been clear 
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or there may have been individual clouds with vertical gaps between hem. On the 
other hand, the weather situation was changing very slowly. The pilot who flew the 
preceding SIERRA approach an hour earlier encountered instrument flying 
conditions between 16 DME and about 5 DME. The only difference in cloud 
structure between the weather observations made around the rime of his approach and 
that of the accident flight was the disappearance of one okta of c~mulchnimb~s. 
Therefore, it is more probable that the crew of PK268 were in cloud rather than out of 
it between 16 DME and impact 

There is also an indication on the FDR trace that the aircraft was in cloud (but not 
cumulo-nimbus cloud) for most of the approach. The recording of vertical 
acceleration shows small 'bumps' which are symptomatic of light turbulence. The 
wind was light and an experienced Nepalese pilot stated that turbulence at that time of 
the year is invariably associated with cloud. These small bumps arc present 
throughout the recorded data for the last 5 minutes of flight 

The commander had operated to Kathmandu at least seven times before and the co- 
pilot at least five. Both must have known that high ground surrounded Kathmandu. 
With no clear view of the ground it seems extremely unlikely that two professional 
pilots of their experience would descend below the correct approach profile. in cloud, 
in a mountainous area, in an attempt to achieve visual conditions. 

2.3.2. Intentional deviation 
It is possible, for the reasons which will be discussed in paragraphs 2.4 and 2.5, that 
the captain elected not to follow the procedure and intentionally entered it 1,000 feet 
too low. However, no professional crew would purposely fly an entire approach 
procedure in cloud at a consistent 1,000 feet below the profile. Furthermore, there is 
no doubt that even though they deviated at the beginning, they certainly would have 
intended to regain the profile well before the location of the accident 

Mis-interpretation of the approach chan 
Given that the likelihood of the crew attempting a visual approach is minimal, it is 
probable that they mis-interpreted or misread the approach chart. The aircraft began 
descent from 11,500 feet at 22 DME when it should have waited until 16 DME. It 

then levelled off at 10,500 feet until 16 DME before resuming its descent at a rate of 
about 1,800 fpm. Since they descended to precisely 10,500 feet and maintained that 
altitude until reaching 16 DME, it is possible that they believed the correct altitude at 
16 DME was 10,500 feet. The altitude profile of the Jeppesen chart (shown below2) 
shows that 10,500 feet is correct at the next check point of 13 DME. 

- 

Not an exact copy of the Jcppesen chan altitude profile. 
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Dl6.0 SIERRA 
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(Please refer to actual chart) 

At 16 DME the crew were 'one altitude step' ahead of the correct profile. If this 
situation had persisted,the crew would have k l i  aiming to be at 9,500 feet at 
13 DME, 8,200 feet at 10 DME and 6,800 feet at 8 DME. The correct profile, the 
misinterpreted or 'one step ahead' proffie, and the aircraft's actual flight profile arc 
shown on the diagram below. From the diagram it is clear that the aircraft passed 
through 9,500 feet at 13 DME but then continued below the 'one s u p  ahead' profile 
until impact 

ALTITUDE PROFILES 

24 20 16 I3 10 8 6 
DME RANGE (NM) 

Thc co-pilot rep~rtcd 'WE CROSSED OUT OF EIGHT THOUSAND FIVE HUN - TWO 
HUNDRED NOW" five seconds after starcing his 10 DME position repon However, 
the crew made their 10 DME report at 10.7 nm from the beacon when the aircraft 
was passing through 8,100 feet. If, for whatever reason, they thought they wen at 10 
DME, then they were close to their target altitude of 8200 feet The initial reference 
to "FIVE W which was rapidly amended to "TWO HUNDRED' may have been 
because the previous target altitude was 9,500 feet; certainly the airnaft was closer to 
8,200 than 8500 feet when the transmission started. 
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On this misinterpreted profile, they should have expected to be midway between 
8,200 feet and 6,800 feet halfway between the check ranges of 10 and 8 DME. This 
would place them at 7,500 feet at their estimate or indication of 9 DME. ~t the 
groundspeed of 168 kts, the time to cover one nautical mile is 21 Seconds. The 10 
DME call started 32 secs before impact so, if the DME range error was consistent, 
they would see 9 DME 21 seconds after the R/T call and 11 seconds befon impact. 
Thmfore, if they were attempting to regain the 'one step ahead' profile they should 
have been less than 100 feet below 7,500 feet 11 secs befare impact. An FDR 
"snapshot" 12 seconds before impact showed the aircraft at 7,484 feet which means 
they were just 56 feet below their target (one step ahead) profile and correcting 
towards i t  

There is a very close match between the altitudes achieved by PK 268 and the target 
altitudes obtained by misreading the altitude profile through being 'one step ahead'. 
The match is almost perfect if the crew's position report at 10 DME is accepted as 
meaning the crew believed they were at precisely 10 DME. Roof that the crew had 
mis-interpreted the chart by 'one sup ahead' would be some indication that they were 
attempting to match 9500 feet to 13 DME, 8,200 feet to 10 DME. and 6800 feet to 
8 DME. 

2.3.3.1 Handling pilot intavtntion 
Although it was not possible to determine from the wreckage what altitude or modes 
were selected on the autopilot control panel, the FDR did give an indication of when 
the autopilot 'COMMAND' mode was being over-ridden by movement of the control 
column (see the FDR report). (With the autopilot in COMMAND mode, temporary 
changes of pitch angle or roll can be achieved by light pressure on the control 
column. Indication of this event is displayed on the FDR listings as a change from 
'0'. indicating autopilot COMMAND mode, to 'I*, indicating pilot intervention). 
There was no pilot intervention until the period between 85 seconds and 65 seconds 
before impact. During this period the aircraft reduced its DME range from 13.2 to 
12.2 nm and descended from 9,570 feet to about 9,100 feet; it also altered heading by 
3' to the right. A small heading change would normally be accomplished by 
changing the heading selected on the control panel. It is unlikely that control wheel 
pressure would be used for a small heading change. After 13 DME the rate of 
descent increased and so the intervention probably represents a demand from the 
handling pilot for a greater rate of descent The need for this would coincide with the 
start of the steeper phase of the approach if the chan was mis tad  by one altitude step. 
(On misreading, befort 13 DME the gradient is 333 feetlmile; after 13 DME it is 433 
feet/mile). 

The next intervention occurs 13 seconds before impact and again at 1 second before 
impact; during this period the aircraft's heading was steady, its pitch attitude was 
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reducing and engine power was increasing to just above flight idle. These changes 
were too small and too slow to have been the start of a terrain avoidance manoeuvre. 
The sustained and slow change had to be a pilot or autopilot demanded reduction in 
rate of descent. Previous autopilot altitude captures wen completed without pilot 
intervention and so it seems likely that the handling pilot was reducing the rate of 
descent in order to avoid descending below 6,800 feet before reaching 8 Dh4E. The 
movement of the throttle can be explained by the pilot wishing to maintain the 
airspeed either manually or by having the autothrottle engaged to hold 151 knots. 

2.3.3.2 Autopilot altitude capturc 
The A300 technical manual states that in a climb or descent, altitude capture (ie 
raising or lowering of the nose in order to level off at the required altitude) 
commences when the difftrencc between present and the required altitude is one third 
of the rate of descent. Thus with a steady rate of descent of about 1,800 fpm when 
the call of 10 DME was made, and a constant airspeed thereafter, the autopilot should 
have started to reduce the pitch attitude when the aircraft reached 7,400 feet 
baromcmc altitude. During the flight simulation of the accident profile, the pitch 
attitude and thrust lever activity at 7200 fect (indicated) was identical tothat recorded 
on the FDR during the h e e  seconds befon impact. Thenfore, it is likely that either 
6,800 feet was set on the autopilot control panel or, that the handling pilot was 
assisting the autopilot (intervening) to be at 6,800 feet at 8 DME. His reason for 
assisting the autopilot may have been because it descended about 50 feet below 
10$00 fect (FDR), whilst captuxing that altitudc just befon 16 DME. 

2.3.4 I%hction that the approach chart was mis-interpreted ' 

The FDR data clearly indicates that the handling pilot was attempting to control the 
mtc of descent so as to pass through 9500 feet at 13 DME, 8200 fcet at his perception 
of 10 DME, and to remain at or above 6800 feet until 8 DME. Therefore, the sum of 
the evidence discussed in this section is sufficient to deduce that the handling pilot 
was attempting to follow the cormt SIERRA approach profile, but that he was 
following a profile which was one height step ahead of the published prof~le. 

2.4 Human factors 
This section of the report covers the human factors which may have combined to 
cause the crew's cognitive errn(s). They should have maintained 11,500 fect until 16 
DME but the FDR data show that the aircraft began descent at 22 DME and 
approached 16 DME in level flight at 10$00 feet. The analysis links the premature 
dcscent at 22 Dh4E to the cc~pila's incartct aldtude report of 1 1 3 0  feet at 16 DME 
and postulates three different sets of circumstances which could explain both 
anomalies. Each set of circumstances is logically developed to see if they might 
explain the accident sequence. 
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2.4.1 Explanations for the incoma altitude report 
The altimeters were accurate and the autopilot was operating normaliy, so the descent 
to 10,500 feet had to be deliberate. The commander was handling the akcraft. He 
would have initiated the descent and he must have known that the aircraft was at 
10,500 feet but he did not make the altitude report, the -pilot made it; thmfon, it 
had to be either a deliberate deception or an inadvertent ermr by the co-pila There is 
one explanation for a deliberate deception and NO more for an inadvertent m r .  
Since t h m  is no ncord of the crew's conversation, whichever happened can only be 
conjecture. The assistance of an aviation psychologist and an aviation medical 
practitioner was obtained. They suggested the following explanations. 

a Deliberate deception so as to achieve an early descent 
The co-pilot knew that the aircraft was at 10,500 feet. He fully rcaiised that 
this altitude was incomct but neither he nor the commander wished ATC to 
know that they had deliberately deviated from the published altitude profile 
in order to make the approach easia. 

b. Inadvertent speech error 
The co-pilot knew that the aircraft was at 10,500 feet He and the 
commander believed that this altitude was correct at 16 DME, but he used 
the wrong words on the W. 

c. Inadvertent monitoring error 
The co-pilot thought that the aircraft was still at 11500 feet. He had not 
been monitoring his altimeter and he did not rcalise that the commander had 
descended to 10,500 fcet 

Deliberate deception 
It is possible that having studied the Jeppesen chan, the commander reasoned that all 
the high ground was inside 13 DME and then was no hazard to the aircraft if he 
descended to 10,500 feet. He could then simplify his workload by decelerating and 
configuring for the approach in level flight befort intercepting the published profile at 
13 DME. The cepilot may have felt obliged to accept this outwardly safe variation 
to the published procedure because criticising a training captain's flying technique 
could be carter-limiting. 

It is difficult to see the point of such a deception; then was little to be gained from 
premature descent by 1,000 feet at 22 DME since the steep pan of the approach did 
not start until 10 DME. Then was more to be gained by prematurely reducing sped 
rather than altitude since they could then begin the process of lowering the flap and 
landing gear earlier than recommended on the T chart without having to deviate from 
the profile. However, this did not happen. The FDR data show that at 16 DME the 
aircraft was configurcd in accordance with company advice and at the recommended 
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airspeed, but at 10 DME it was 14 knots too fast The commander, who was a 
training captain, had already had one highly embarrassing incident at Kathmandu 
when he allowed the aircraft to get too high and too fast on final approach. If he was 
so concerned, he is unlikely to have waited until 13 DME before lowering approach 
flap and landing gear, &by allowing the airnaft m be too fast at 10 DME. 

Moreover, if the commander and the m-pilot knew exactly what they were doing and 
had intended to regain the correct profile at 13 DME, it is difficult to see why they 
both consented to a rapid descent on reaching 16 DME. Therefore, the probability 
that the commander and the co-pilot deliberately decided to deceive ATC by 
descending early with the intention of regaining the c o r n  profile is vay:iow.. 

2.4.3 Inadvertent speech error 
If the -pilot and the commander believed that 10,500 feet was the proper altitude to 
be at. but the co-pilot used the wrong words, the question arises as to why the other 
three members of the flight crew did not comct him. 

It is possible that none of them heard his R/T transmission and, in the case of the 
commander, his borderline hearing would have increased this likelihood. PIA's 
A300s are quipped with elderly earphone headsets which do not have boom 
microphones attached and all IUI' transmissions have to be made with a hand-held 
microphone. Company standard procedures are to wear the earphones during climb 
and descent but to use the flight deck loudspcakcrs above each pila's head to monitor 
RR during the cruise. There arc two loud- each about 45 cm from the pilot's 
nearest ear and at least 75 cm from the flight engineer and supemumazy positions. 
The volume of both loudspeakers is reduced during RA' transmissions to prevent 
feed-back to the microphone causing a background howl. According to some crews 
the headphones arc uncomfortable to wear and some have flown approaches using 
the speakers and not the headphones. If the crew of PK 268 were not wearing 
headsets and the flight dock was noisy, it is possible that nobody heard the co-pilot's 
mistake. 

It is also possible that the crew wen wearing headsets or heard the cepilot say 
1 1300 feet by listening to his voice or the loudspeakers but his words did not register 
as an error. The flight enginem were not expected to participate in this phase of the 
approach and they may not have been watching the pressure altimeters. 
Alternatively, they.may have been engrossed in other tasks or they may have been 
distracted by a visitor to the flight deck The commander should have heard the c e  
pilot whether or not he was wearing earphones but he would have been busy and his 
workload was such that he might have lacked the spare mental capacity to monitor 
the co-pilot's W. 
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However, a potential failure by the remainder of the crew to c o r ~ c t  fie co-pilot's 
mistake does not explain the process whereby both pilots (md possibly the flight 
engineers) arrived at the conclusion that 10,500 feet was the comet altitude at 16 

DME. Although the specch error may have been genuine and passed by 
the other flight crew, it is difficult to see how it could fit into a logical sequence of 
events which explain the accident. It docs not explain why the Commander believed 
that 10,500 feet was the correct altitude nor docs it explain why, later on at 13 DME 
and again at 10 DME, both the cepilot and the commander failed to notice that their 
descent profile had deviated from the published profile. To explain these later emrs 
it is necessary to construct a theory whereby the commander believed that they were 
at the correct altitude at each DME fix point from 16 DME to 10 DME, and that they 
should be at 6800 feet at 8 DME. 

2.4.4 Monitoring error 
It is possible that the co-pilot believed that the aircraft was still at 11,500 feet. The 
commander was handling and so the cepilot would have been selecting and 
monitoring the flaps, slats and landing gear as well as making the R/T transmissions. 
The descent from 11,500 feet at 22 DME was accompanied by slat extension and 
reduction of power from 80% N1 to 43% N1 (flight idle). It is highly unlikely that 
the co-pilot was unaware that the aircraft was descending - it was slowing down and 
he would have operated the slatmap extension lever which was beside the throttles 
which were closing as he moved the lever. 

The next two flap extensions were made in quick succession in level flight at 10,500 
feet as the aircraft approached 16 DME. The cue to the altitude repon was the DME 
- not the altitude. The co-pilot might have been concentrating on the DME range and 
flap position to the exclusion of altitude. On making the repon he may not have 
checked the altirnercr but simply read off the appropriate altitude from the chan or 
repeated the altitude which he had memorised earlier. He might also have mentally 
expected the aircraft to still be at 1 1 ,SO0 feet since ATC had neither cleared them to a 
lower altitude nor cleared them to commence the approach. However, a monitoring 
error can explain only how the co-pilot wne to mis-report the altitude at 16 DME. It 
does not explain why the commander believed that 10,500 feet was the correct 
altitude at 16 DME nor docs it explain why, Iatcr on at 13 DME and again at 10 
DME, both the co-pilot and the commander failed to notice that their descent profile 
had deviated from the published profile. 

2.5 Chart misinterpretation 
The common factor between the alternatives of a speech error or a monitoring error 
by the co-pilot is that neither explains why the commander believed that 10.500 feet 
was the correct altitude at 16 DME. To understand the accident process, it is 
necessary to consider whether at least one pilot misinterpreted the Jeppesen chart by 
one altitude step at 16 DME. Thereafter, it is necessary to explain why both pilots 
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csuried forward this mistake to the ultimate conclusion and why no-one else in the 
flight crew noticed these mistakes. 

2.5.1 ?hc Jcppesen chart 
PIA crews use Jeppesen charts for all approaches to airfields within the airline's route 
suucturcs. Both pilots had been employed by PIA for several and both would 
have been very familiar with the Jeppcscn chart conventions. Thenfore, if the layout 
of the chart conmbuted to their mis-incapretation of it, it is likely that some abnormal 
feature or illustrative technique on this particular chart may have misled them. Thert 
was nothing abnonnal in the plan portion of the chart apart from the omission of the 
fan marker and the presence of several notcs. On the vertical profile, however, the 
data was unusually dense when compared to otha VOR/DME approach profiles at 
airfields in PIA's A300 route structure. It too omitted the fan marker. The profile is 
illustrated below: 

2.5.2 DME/Altindc dissociation 
The omission of the fan marker from the chart was not a contributory factor in this 
accident The desccnt profile is based on DME range and PK 268 struck a mountain 
before it reached the marker. However, the correct altitude at 16 DME was not 
printed on the plan portion of the chart; it was printed only on the elevation profile. 
Therefore, the initial mistake would appear to be that someone interpreted the 
elevation profile in such a way that the association between 16 DME and the clearly 
printed figure of 11,500 feet next to it was lost. As an informal trial indicated, if the 
altitude of 11,500 feet at 16 DME is obscured by the holder's thumb, the starting 
altitude is less obvious. 

A study of Jeppesen charts for otha V O W M E  approaches revealed that the 
minimum altitudes figures arc normally placed beside the vertical line denoting the 
DME fix. In this way the user instinctively links the altitude to the DME fm closest 
to ic no conscious or deliberate mental process is necessary. However, there is a 
limit as to how much data can be clearly shown on a Jeppesen chart within a box 12 
cm by 4 cm. Seven DME fixes together with their associated altitudes and pictorial 
representations of the VOR and mnway arc contained in the box. The nsult is 
erosion of the tbe obvious association bttwten altitude figures and the DME fixes to 
which they relate.. Most of the fig- arc mid-way between the DME fix lines and it 
is not instantly clear to which fu the figures relate. Moreover, after 13 DME the 
minimum altitude figures an generally in line with the level portion of the pnvious 
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segment which could be interpreted to mean that there is some association between 
the altitude and the previous segment. In the later stages of the approach, this 
pexception could reinforce an earlier association between the altitudes and the DME 
fm lines to the left. 

Fdaltitude inmpmation 
Jeppesen's illustrative technique is technically correct but rquins  the chan user to 
interpret the minimum altitude at the DME fix point. The correct mental process is 
very simple; the logic is: "If 8,200 feet is the minimum altitude benveen 10 DME and 
8 DME then 8,200 feet is the minimum at 8 DME'*. Despite its simplicity, this 
mental process does not allow the pilot to check in one glance the minimum altitude 
at the next DME fix point. A glance may be all the time that the busy pilot can spare 
during a demanding approach. 

2.6 Subsequent errors 

2.6.1 Chart wanscription 
One explanation for the subsequent mis-interpretation throughout the approach could 
be that the descent profile was transcribed from the chart. Two A300 pilots stated 
that they did this. One of them said that it was common practice amongst most of 
the pilots he had flown with because they thought the profile was too cluttered to use 
for quick reference. This pilot stated that during the flight, he copied the DMEs and 
altitudes on to scrap paper and arranged them into a tabular format which he found 
quicker and easier to read than the Jeppesen chan. He then used this table to brief the 
crew for the approach. This, however, did not necessarily occur on this flight. 

If the commander or co-pilot of PK268 had done something similar, both pilots 
would have had the same data and cross-checking between them during the approach 
would not have revealed an earlier mistake by one of them. As an informal mal 
indicated, if the altitude of 11,500 feet at 16 DME is obscured by the holder's thumb, 
the starting altitude is less obvious and by reading off a succession of lower altitudes, 
the initial mistake could be carried forward to each DME check point. 

2.6.2 Pilot dialogue 
Another explanation might be that the commander mis-read the procedural altitude at 
16 DME and decided to descend without asking or checking with the co-pilot that 
that was correct. After 16 DME the co-pilot would have briefed the commander on 
the minimum altitudes at 13, 10 and 8 DME but he may not have briefed the 
commander on each DME/altitude pair. If at each fix the commander had wanted to 
know only the next altitude, the -pilot might have checked the current altitude on 
the altimeter, which by this stage was already too low, and looked up the next lower 
altitude on the chart 
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At each stage of the descent, the manner in which the questions are asked cues the 
respondee to the data source; ie if asked for c m n t  information, the respondee refers 
to the aircraft instrumentation, if asked for a future reference point, he refers to the 
chah The chart is not error tolerant If a user makes a mistake thm is little or no 
way he can deduce his error from the chart itself. He could, however, do this by 
cross-referencing the DME reading and the altimeter. But, given that he had no 
suspicion that an error has been made, he is unlikely to do this. If neither the 
commander nor the controller queried any of the co-pilot's responses, the co-pilot 
would have had no reason to suppose that the approach was not progressing 
normally and he would have been unlikely to have been tracking his own behaviour." 

2.6.3 -pilot inactivity 
A third explanation for the consistent error could be that the co-pilot was not 
monitoring the altitude until he was asked to report it following his 10 DME position 
report. He might have been concentrating on something other than the commander's 
flying whilst the commander misinterpreted the chart and flew the wrong altitudes. It 
is possible that he first looked at the altirnetcr when asked to rcpa-t an altitude he was 
not expected to rcpart This could explain this initial use of the words "FIVE HUN in 
his report which he l a m  amended to "TWO HUNDRED". However, a study of the 
transcript shows that he reported a similar string of superfluous numbers at 08:35:03 
hrs and no special significance should be attributed to his nror at 10 DME. The 
possibility that the cepilot was not paying attention during the approach cannot be 
denied but it is unlikely given his experience and unblemished aaining record. 

2.6.4 Conml of airspeed 
The excess speed (151 kts instead of 137 kts) after 10 DME was another anomaly 
during the approach. It may have arisen because, in misreading the chart, the crew 
had descended an extra 300 feet between 13 and 10 DME, it may have been because 
the commander waited too long before lowering the landing gear and full flap, or it 
.may have btcn because the commander intended to fly the approach at about 150 kts. 

However, having arrived at 1Q DME at close to the crew's interpretation of the 
minimum altitude, but with 14 kts excess airspeed, the commander had only two 
options: raise the nose to Mucc  sped  and drift above the minimum altitude profile; 
or, accept the excess speed and follow i t  The constant s p d  of 151 kts until impact 
shows that he chose the latter option. The excess speed was not dangerous but it 
would have increased his workload. On the other hand, the commander may have 
reasoned that it was easier to get tid of excess speed on final approach than it was to 
get rid of excess height and that he could bleed off the extra 14 knots during the final 
two miles. 

It is also possible that the commander intended to be fast after 10 DME, tither as a 
precaution against anticipated turbulence, a possibiliry suggested by the cabin PA 
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announcement, or so as to attain the 2000 fpm rate of descent required to achieve 
6,800 feet altitude by 8 DME. Rate of descent instruments tend to lag behind -aft 
performance and for accurate attainent in the A300 it is necessary to know the 
airs@ or pitch angle which carresponds to the required rate. Simulator tests 
showed that lowering the nose and engaging IAS hold at 151 kts was a quick and 
simple way to set up a rate of descent of 2,000 fpm. Moreover, the movement of the 
throttles at 151 kts just before impact indicates that the commander wanted to 
maintain that exna speed at 8 DME. However, this does not explain why he dep- 
10 DME with the excess speed. It seems likely that either the commander had his 
own technique for the approach, or that he deliberately increased speed as a 
precaution against turbulence, or that the correct final approach speed had been 
miscalculated. 

2.7 Main factor summary 
It is not possible to determine from the evidence why the approach procedure was 
flown one step ahead, whether one or both pilots did so, or whether the co-pilot made 
an inadvertent error when he reported the altitude at 16 DME. Why the initial error 
was not detected at later fix points is uncertain. Either both pilots misinterpreted the 
approach procedure or the remainder of the crew failed to notice that the co-pilot was 
not briefing the commander correctly and the commander was not checking his own 
Jeppesen chart. It is also possible that the commander was flying the approach 
incorrectly and nosne was monitoring him. Most of these possibilities could have 
been eliminated with the help of a CVR record of the crew's conversation. All that 
seems certain is that the chart was, at some point, misinterpreted by at least one of the 
pilots. What is not known is the exact point at which the error was made, i.e. directly 
from the chm or a photo copy of it, from the chart to the hand drawn version, or 
from the hand drawn version. Which ever is the case, this would appear to be the 
initiating factor in the accident sequence. 

2.8 Other factors 
The SIERRA approach and the Jeppesen chart for it have been used by many pilots - 
including the pilots of PK268 - without leading to a similar accident. Therefore, there 
may have been other factors which contributed to the emr  process. This section of 
the analysis addresses probable and possible underlying factors which could have 
contributed to the cognitive emr(s) and the crew's collective failure to notice them 

2.8.1 Complexity of the approach 
The SIERRA approach to Kathmandu is a challenging approach for the pilot of a 
large aircraft. Thee arc no ILS (instrument landing system) beams for the autopilot 
to couple to and heavy demands arc placed on the pilot's instrument flying skills. The 
non-precision approach is guided by the VOR beacon in azimuth and by the DME 
range in elevation. VOR beacon reception can suffer from interference between 9 
DME and 6 DME and for that portion of the approach the pilot must use another, 
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less-accurate locator beacon at 4 DME for track guidance. From the I% at 16 DME 
to the missed approach point at 1 DME there art several changes to the glidepath and 
it is necessary to make frequent changes to the rate of descent if the aircraft is to 
follow the minimum altitude profile. The steepest glidepath of 6.5 O is over twice the 
normal ILS glidepath of 3' and steeper than the maximum recommended by ICAO 
for a VOWDME approach. Finally, high altitude and waxm air temperatures in the 
Kathmandu valley result in the true airspeed being about 15% greater than the 
indicated airspeed. Although the rate of descent for a given airspeed is largely 
unaffected by the altitude and temperature, the increase in m e  airspeed reduces an 
aircraft's ability to descend stetply at normal approach speed and makes the landing 
run longer. The approach demands a high workload and is considered to be the most 
demanding one in PIA's A300 route structure. Opponunities to simplify the 
approach should be exploited. 

Pilot feedback on the Jeppescn chart 
It was clear that a siflcant number of PIA's A300 pilots believed that the Jeppesen 
SIERRA chart was too c l u t t e ~  but there was no evidence of any previous instance 
of misinterpretation resulting from that aspect or evidence to show that anyone had 
raised this problem with the management. Some pilots had resorted to transcribing 
the chart onto paper and then used the transcription to brief and fly the approach. 
Steps should be taken to stop this dubious practice and pilots should be encouraged to 

alert their management and their pilots' association (PALPA) to approaches and 
associated charts which they considered to be unsatisfactory. 

Chart clips 
During the high workload phase of the approach it would have been the co-pilot's 
duty to read out the next DME fix and its comsponding minimum altitude to the 
commander. The commander should have been crosschecking against his Jeppesen 
chart but he may have found this difficult. Some of PIA's A300s have chart clips 
fitted to the control wheels but the accident aircraft did not. The pilots had two 
options for securing their charts and papers: they could have used a central clip 
between the INS displays on the centre pedestal or a clip beneath the sliding window 
at each pilot's side. 

The simulator tests showed that the central clip was an unsuitable location for the 
approach chart. Despite its obvious unsuitability. PIA m w s  have k e n  observed 
using it for that purpose and with both pilots sharing the same chart. The clips to 
each pilot's side were better but reading the chan required the pilot to rotate his head 
and look even further to his left or right. Frequent rotations of the head arc tinsome 
and can induce pilot disorientation if the head movement is swift. 

With a high workload, with no easy view of the chart, and with the aircraft 
descending rapidly, it is quite possible that the commander's concentration on 
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handling the aircraft diminished his ability to refer to the chart. He may well have 
relied solely on the information provided verbally by the cepilot and failed to notice 
that the heights briefed did not match those on the chan for the next DME fix. 

A chan clip fixed to the control wheel is available as a minor modification from the 
aircraft manufacturers. In this position charts would be about 40 cm from the pilots 
eyes and directly in front of them. Placing the chart in a convenient position enhances 
the case of reading it and allows quick glances without the risk of disorientation. 
Only two of PIA's A300 aircraft have control column chart clips; it is recommended 
that PIA should fit control colum chart clips to all its A300s. 

2.8.4 Headsets 
The need to use hand-held microphones and the temptation to dispense with 
uncomfortable headphones during high-workload approaches is unsatisfactory. 
Moreover, if the crew had been wearing boom microphones which record 
continuously on the CVR (hot microphones), there would have been three channels 
of recorded speech instead of one, which despite recent testing, is blank. This 
redundancy would have made the investigation much simpler and quicker. It is 
recommended therefore that: 

1. PIA should equip all its aircraft with sufficient lightweight-headsets for each 
member of the flight crew and that those headsets should have boom microphones. 

2. PIA should adopt the hot microphone system for CVR recordings. 

2.9. Crew training and standardisation 
All the members of the flight crew had been flying the A300 for some time and so 
analysis of their conversion training is inappropriate. However, routine training and 
testing of aircnw twice a year was n o d  PIA procedure and a review of this 
process is appropriate. 

2.9.1 Flight Repamion 
The A300 crew w m  not rostcrcd for the flight but they wert given 12 hours notice. 
For the pilots, Kathmandu was not a frequent destination; neither pilot had operated 
there within the previous two months, aithough the commander had flown there four 
times in 1992.. Had they wished to refresh their memories on the procedures and 
approved techniques for the approach, they would have had difficulty unless they had 
ntained a personal copy of the briefing circular issued in June 1989. 

PIA normally had a mute conversion unit (RCU) at their raining facility a few miles 
from the airport terminal. The RCU had the necessary information and normally 
pilots could use it for self-briefing. However, one month before the accident, the unit 
had been disestablished to make way for a flight simulator and no alternative location 
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had been found. There was no other company briefing material in the Operations 
Manual about the approach, apart from the 'T' chart which was all text and did not 
contain the approved technique for coping with the very steep stages of the approach. 
This situation was unsatisfactory, particularly as the RCU was supposed to be used 
by pilots for renewing currency to operate some routes. Airlines wuld have a place 
in or very close to their crew reporting centre when aircrew can study briefing 
material for airfields classified as unusual or difficult. Ideally, the rudiments of this 
material would also be pan of the aircraft's on-board library. The material could vary, 
from printed text and maps for the less difficult but unusuzl approaches, to audio- 
visual briefings for the m difficult airports. The SIERRA approach to Kathmandu 
is so demanding, particularly in the A300, that it deserves more than the text of the T 
chart. An explanation of the approved flying technique is warranted and 
recommended, so is a visual explanation of the proximity to high ground in the 10 to 
8 DME sector. It is recommended that PIA expand their briefing material for 
difficult instrument approaches and make this material available in or vuy near the 
crew reporting centre. 

2.9.2 Simulator training 
All the flight crew had been flight checked in the simulator within the previous three 
months. PIA did not own its own A300 simulator and these checks were carried out 
on other companies' simulators outside Pakistan. The checks were predominantly 
tests of handling skills and emergency procedures. The flight simulator mining was 
listed as one of PIA's four methods of mute training. The commander had practiced 
approaches to at least nine other airports in the simulator, but Kathmandu had never 
been practiced, even though it was recognised as the most demanding approach in the 
A300 routes. This was because it was not in the database of the rented simulators. 

Kathmandu was not in the database of the simulator used for the flight tests after the 
accident. The essential facilities were easily entered; all that was needed to practice 
the approach was a VORDME beacon and the atmospheric conditjons of 
temperature, pressure, turbulence, wind and weather. The data was then entered in 
minutes by the console operator. A full visual simulation of the airport and 
surrounding terrain is not necessary for practicing the instrument approach. It is 
rtcommended, therefore, that PIA should practice the SIERRA approach in the 
simulator as part of the process of pilot qualification to operate to Kathmandu and 
that such approaches should be part of a line-arientatcd training session. 

2.9.3 Route checking 
The commander had never been routechecked into Kathmandu. This situation arose 
because he was 'promoted' from Boeing 707 captain to A300 captain in April 1983. 
He had never operated the 707 to Kathmandu and did not visit the a m n  as pan of 
his A300 command qualification flying because H A  did not &gin A300 operations 
to Kathmandu until six yean later (March 1989). He was mute-checked to other 
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destinations twice a year until he was appointed as an A300 mute check captain in 
July 1987 and, in accordance with company epaining policy, he had not been route- 
checked since. The commander could have developed his own technique for the 
approach. There was no routine check of his perfomance other than basic handling 
skills and instrument flying in the flight simulator. Route checks for route-check 
captains an necessary if an airline is to ensure that the standards it desires art being 
set by those whose job it is to teach and enforce those standards. It is m-ndd,  
therefore, that PIA should ensure that all its route-check pilots arc route-checked at 
least once per year. 

2.9.4 Cockpit resource management 
Whether the co-pilot crred or lied when he mis-reported the altitude at 16 DME is 
immaterial . If it was a speech error then the crew were not monitoring either the co- 
pilot's lUI' or the commander's flying. If it was a deliberate deception, then the pilots 
failed to adhere to the published procedures; the flight engineers may have been 
unaware of the deviation, they may have consented to it, or they may have expressed 
their discontent in vain. If the co-pilot simply failed to monitor the commander's 
flying, he had forgotten his true purpose for king on the flight deck. Whatever 
happened, it was a breakdown in flight deck discipline. Training in cockpit resource 
management (CRM) could have helped to prevent the breakdown. Thm wen three 
active participants in the flight crew and the workload could have been more evenly 
shared between them. The flight engineer could have been actively involved in 
interpreting the approach chart, a critical task which the cepilot alone may have 
performed. That he was not involved is conjecture, but only two copies of the chart 
w m  normally available, one for each pilot Flight engineers arc not aained by PIA 
to read approach charts or to assist with piloting tasks and the airline's SOPS do not 
encourage their voluntary participation. Apart from calling out radio heights on late 
final approach, their normal duties were confined to reading checklists and systems 
management. 

At the time of the accident PIA wert considering their options for introducing a CRM 
course. It is recommended that 

a PIA should provide CRM training as soon as practicable for captains, co-pilots 
and flight engineers. 

b. PIA should train their flight engineers to interpret non-precision approach charts 
and provide them with charts for all difficult non-precision approaches flown by the 
company. 

2-9.5 Flight data monitoring 
In addition to a crash-protected flight data recorder, PIA's A300s also have a 
performance maintenance recorder (PMR) which records flight data. The PMR 
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could be used to monitor the way in which the aircraft is flown and a computer could 
be used to scan the recorded data to monitor events in areas such as bank angle, rates 
of descent, control inputs, altitude and navigational excursions, and engindsystcms 
readouts. Some airlines do this for may flight, allowing the data to be examined for 
m d s  as well as exctedances. In this way poor flying techniques can be monitored 
and pilot training needs assessed, with maintenance cost reductions providing an 
additional benefit. Some airlines lack the resources to implement data monitoring as 
a daily routine. Nevertheless, random but reasonably fnquent playbacks of ncordcd 
data could act as a dettmnt to pilots who might otherwise decide to deviate hwn 
standard operating procedures and techniques. PIA clearly posscssed the resources 
to nplay the FDR of the commander's previous incident at Kathmandu and thm 
seems no obvious reason why they wuld not adopt at least random checks. It is 
recommended that PIA cany out checks of recorded flight data to ensure that 
company standard operating pmccdms arc being followed 

2.9.6 Flight operations inspection 
'Ihe Civil Aviation Authority of Pakistan (CAAP) has no automatic right to obsave 
and comment upon the conduct of flight operations from the flight deck. There an 
flight opaations inspectors assigned to PIA's fleets but they an senior pilots from 
PIA who w m  nominated by PIA. There is no reason to suppose that they an 
anything other than totally suitable for the posts but being employees of the airline, 
they cannot be isolated from commercial pressures. No man can SCNC two masters, 
especially two who are in dispute. The proper monitoring and maintenance of high 
standards on the flight deck requires effort from both the airline and the regulatory 
authority. ?herefon, it is recommended that the CAAP should appoint and provide 
flight operations inspectors and that PIA should allow them on the flight deck as 
obscrvcrs. 

2.10 Averting the accident 
Like most civil aircraft w& radars, the aircraft's radar had no capability for main 
avoidance. The crew wen unaware that they wen dangesously low and so, if the 
accident was to be averted, some internal or external cue to their predicament was 
required. Thae were only three ways in which this cue could arise. They wen: 
inkmention by ATC; a GPWS waming or, a d o  altimeter warning. 

2.10.1 Air Traffic Control 

2.10.1.1 Performance 
Once the aircraft had been clearcd for the approach, the reporting of positim and 
altitude was at the controller's discretion and he followed the common practice of 
asking for position reports at 16.10 and 4 DME. He did not ask for Sim~~tanto~s 
altitude nporu but the co-pilot rtponcd 16 DME at 1 1,500 feet which was camct 
The controlla had no way of knowing that anything was wrong until the cepilot 
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replied to his request for an altitude repon at 10 DME. There was no other mfic in 
the vicinity of PK268 and the controller was unable to give a logical reason for 
wanting to know its altitude. He had asked out of habit; the request had been 
common practice until some time before the accident when it was discontinued. 

The Tower controller was not perturbed by the reported altitude of 8,200 feet even 
though he knew that the minimum altitude was 9500 feet. Because there was a time 
delay between the position report and the poorly phrased altitude report "WE CROSSED 
OUT OF EIGHT THOUSAND FIVE HUN TWO HUNDRED NOW. the controller may have 
thought that the aircraft had passed 10 DME and was descending w 8,200 feet which 
was the next - and correct - minimum altitude after 10 DME. It also emerged that, in 
visual flight conditions, local pilots sometimes avoided cloud on the mountain tops 
by departing from the published procedure and taking advantage of the river valley to 
the west of the approach track. It is possible that altitudes below 9,500 feet had been 
reported before, at or about 10 DME, without any associated danger in the minds of 
the conmllers who observed the practice from the Tower. it is, however. more likely 
that he was not paying any attention to terrain separation because temin avoidance 
was the pilot's responsibility. Moreover, he admitted that he did not know the height 
of the ground in the vicinity of 10 DME. When asked when would he challenge a 
pilot's incorrect altitude report, the controller stated that he did not think it right to 
remind a pilot of the correct altitudes unless the pilot said he was confused or 
unfamiliar with the descent profile. 

2.10.1.2 Reaction times 
If the controller had challenged the cepilot's altitude report, it is doubtful whether the 
crash could have been avoided. The altitude report ended just 25 seconds before 
impact when the aircraft was descending through 7,800 feet. Tests in the simulator 
showed that if a terrain avoidance climb was initiated at 7500 feet, it took 11 seconds 
to arrest the rate of descent, enter a climb and regain 7,500 feet. Bearing in mind the 
difference in height between the impact site and the top of the mountainside, the 
accident k a m e  inescapable 15 seconds before impact. Consequently, the controller 
only had 10 seconds in which to convince the crew of their dangerous altitude. His 
fmt reaction might reasonably have been to ask the crew to confirm their altitude in 
case he had misheard it and they would have replied something less than 8,200 feet. 
Only then would he have been sure that he heard them correctly the first time. Next 
he would have to convince the crew that they were dangerously low. Their natural 
reaction might be to check their approach charts or at least to spend time wondering 
why, if they really were too low, had not the GPWS or radio altimeter alerted them to 
the situation. Given that neither the controller nor the crew were native English 
speakers, and that the co-pilot sounded entirely confident, it is doubtful whether the 
exchange of R/T messages and the realisation of serious danger by both panies could 
have been completed within 10 seconds. Nevertheless, the controller did not know 
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how little time he had and his failure to challenge the altitude repon represented a 
missed opportunity to alert the crtw to impending danga. 

2.10.2 GPWS 

2.10.2.1 Scrviccability 
The GPWS did not perform its intended function of warning the crew of their 
inadvertent flight into tarain. Although the flight data rcuxd was intermittent during 
the last two minutes of flight, there was no indication of a warning at any time 
including the last second before impact. The possibility that the GPWS had failed 
was considmd but the probability was considered rtmotc for the following nasons: 

a The system gave two warnings on the day before the accident. Although the 
commander at the time could not recall either event, a detailed study of the data 
showed that both were genuine warnings (but not dangerous since the crew could see 
the ground). The first wamhg lasted 3 seconds and the sccond lasted 4. During both 
periods there was a noticeable raising of the nose indicating that rhc handling pilot had 
reacted to the warnings. Since the second warning occurred at 300 feet above the 
ground on final approach, when the pilot's attention would definitely have been 
directed outside the cockpit, he almost ccxtainly heard it rather than saw i t  Thenfore, 
the system was serviceable at that time and there was no record of it having 
malfunctioned or been distlPbtd subsequently. 

b. The flight data was sent to the GPWS manufacturers for assessment. They 
conf ind  that, had there been a waning, it would have occurred between 18 and 16 
seconds before impaa. The co-pilot's last IW transmission started at 19 seconds 
before impact and finished 16 seconds before it, a period which coincided with the 
most probable timc for GPWS activation. Since he was using a hand microphone, 
had the warning sounded, it should have boen audible on the CVR and ATC 
ncordings. It was not audiile on either d n g .  

c. PIA crews used the Airbus Indusuie Flight Crew Operating Manual as their on- 
board operational manual. The 'normal pccduns '  section states that the the GPWS 
is to be tested before each originating flight. This test is camed out before the FDR 
starts and thus is n a  recorded. The crcw of PK268 should have tested the equipment 
before leaving Karachi and their regulations did not allow the aircraft to depart 
without a serviceable GPWS. 

2.10.22 Explanation for the absence of a warning 
The possibility that a member of the crew intentionally disarmed the GPWS cannot 
be discounted but then was no obvious reason 'to do so. Nuisance warnings wen 
experienced by PIA crews from time to time but the Kathmandu approach was not 
thought to be prom to such warninp Unlike some airlines, PIA did not have a 
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policy for de-activating the GPWS at certain "difficult" aiprts; consequently there 
was little l i k e l i d  that someone else had inhibited the system the previous day. The 
commander may have had his own personal technique for following the minimum 
altitude profile of the SIERRA approach, but because of the ample terrain clearance, 
he was unlikely to get a nuisance warning. 

The most likely mason for the absena of a warning was the logic of thc elderly Mark 
11 GPWS; the aircraft was 16 years old and the latest variant is the Mark VII. The 
relevant FDR parameters together with the best available blend of synthetic and 
recorded radio height data were used by the manufacturers to determine the 
probability of a warning before impact The data indicated that that would have 
been no warning although the margin for giving a warning was so close that they 
could not be certain, especially as the data accuracy could not be substantiated. 

Radio Altimeter 
The radio altimeter was unlikely to havc alcrted the crew since the decision height on 
at least one of the indicators was set to 499 feet, the maximum setting. The more 
modern GPWS computers genefate a synthetic voice warning of "MINIMUMS! 
MINIMUMS!" when the aircraft descends to the decision height set on the radio 
altimeter. The minimum descent height for the SIERRA approach is 807 feet. If the 
crew of PIC268 had had the 'smart' radio altitude callout of 'minimums' (they did not), 
and if they had been able to set 807 f a t  as a decision height (they could not, 499 was 
the maximum), then they would have heard a 'minimums' warning some 25 seconds 
before impact. This warning could have altmd the crew to the fact that they w m  
below the required approach profile and possibly enabled them to take timely 
remedial actions to avoid ground impact. Enabling the 'minimums' smart callout is a 
minor modification which requires wiring from the radio altimeter to the GPWS. 
The Marks V to M1 GPWS also have 'smart' radio altitude callouts only heard on 
non-precision approaches. In view of the superior technology available, it is 
recommended that all airlines which operate regular scheduled services to 
Kathmandu should, where necessary, modify their GPWS cquipments to provide 
anunnatic callouts of radio height 

Corrective Measures 
This section of the analysis addnssts measures to prevent a repetition of the primary 
cause of this accident whatby the m w  misinterpreted the Jeppesen approach chart. 
There were, however, at least thnt other charts for the SIERRA approach used by 
different airlines. Therefore, it is pertinent to consider measures which would 
improve the clarity and accuracy of all the charts and not just the Jeppesen chart 
Moreover, some unsatisfactory features of the Jeppesen chart are related not to the 
Jeppcsen style but to the design of the approach State chart which confirmed with 
PANS/OPS in effect at that time. 
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2.1 1.1 The SIERRA approach charts 
The four SIERRA approach charts at Annex B have marked differences in layout, 
mvention and symbology. When describing the chart, the psychologist stated: 

"Each of the charts has some good features and a number of them share common 
elements, which is not altogether surprising. However, no one chan encapsulates 
all the better aspects. The area allocated for the vertical profile on each chart 
seems cramped and consequently leads to inconsistent and, in some cases, 
ambiguous information presentation, paxticularly as it relates to DME and relative 
advisory altitudes." 

Variation in chart conventions has btcn criticised as a causal factor in other air 
accidents. (For instance see the accident to a Boting 737 at Unalaklat, Alaska on 2 
June '90 when the crew descended too early because they mis-intapnted the DME 
range at which to begin descent). It is recommended, therefore, that ICAO rtview 
the conventions of commercial approach cham with a view to encouraging 
scadadisation and reducing chart ciutta. 

Jeppcsen chart style 
Jcppcsen were the only chart producers to illustrate the SIERRA altitude profile as a 
saies of steps with a short descent phase and a longer level flight phase between each 
DME fm point. The profile shown cannot be followed in a large jet aircraft. The 
speed and inertia of these aircraft is such that establishing a high rate of descent and 
then levelling off cannot be achieved in the space of one, two or even three nautical 
miles. The rate of descent must be controlled such that the aircI-aft arrives at the next 
DME fix point at or slightly above the ncommcnded altitude. The data required to 
do this efficiently is a recommended altitude for each whole mile of DME range. In 
that way, the pilots have a target altitude every 25 seconds or thereabouts on which to 
assess the accuracy of the desccnt rate and then to make small adjustments to it so 
that they arrive overhead the next fix at the recommended altitude. Some indication 
of the rate of descent or glidepath between the DME fixes is very helpful when 
planning and briefing the approach on the flight deck. The oniy chart which complied 
with PANS OPS recommendations in that it had both glidepath data and 
rtcommtnded altitudes for each mile was the SAS chart which used a table to 
organisc the DMUaltitude pairs. 

2.1 1.3 The advantages of data tabulation 
The advantages of showing the DMEtaltinde relationship in a table arc: 

a The data is easily asimilatcd without any interpretation. 
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b. The layout of the table is error resistant since the eye need only nad from 
right to left or top to bottom depending on the orientation of the table. 

c. Placing the DME fix and its associated altitude in a table makes it 
unambiguous. 

2.1 1.4 Jeppesen conventions 
Like SAS, Jeppesen could have used a tabular fonnat to display the DWaltimde 
pairs; a tabular format is sometimes used on other Jeppesen charts. A table 
conforming to the Jeppesen standard would look sirnilar to the table below: 

However, the notes produced by Jeppesen to explain their chart legend and 
conventions state: 

'The top of the profile view on certain non-precision approaches contains a table 
of recommended altitudcs/heighu at various DME fixes to allow a constant rate 
of descent. The altitudes/heights arc recotnmended only; minimum a!titudes in 
the profile view apply." 

KTM DME 

& W E  
(HAT) 

Jeppesen's charting sptclfications do not allow its compilers to publish a table of 
ncornmended altitudes unless this information is published on the State chart. 
Conversely, if the State chart dots publish such a table, Jeppesen's specifications 
qu i re  that it be included in their chart 

7.0 

7500' 

0187') 

Tabular data on the State chart 
It is important to remember that Jeppesen did not design the SIERRA apptpach. The 
company designed, produced and distributed an approach chart which conformed to 
their presentation style and spccfication. Their chart was based on the State chart and 
had the State chart contained a table, Jeppcstn would have copied it onto their chart. 
Therefore, it is appropriate that tabular DMEkltitude data should be compiled and 
shown on the State chart when it could be copied by all the commercial chart 
suppliers. 

It is recommended therefore that: 

6 0  

6800' 

(24873 

8.0 

8200' 

(38879 

10.0 

9500' 
(51873 

a HMGIN Department of Civil Aviation should =-design the State SIERRA 
approach chart to comply with ICAO PANS OPS by including a table of 
ncommendcd ahimum altitudes for each nautical mile of the final approach. 

9.0 

8800' 

(44873 

5.0 

6100' 
(1787') 

4.0 

5800' 
(14873 

3.0 

5600' 

20 

5300' 
(12873 L987') 
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b. The chart producers should ensure that their SIERRA approach charts comply 
with ICAO PANS OPS by including a table of recommended minimum 
altitudes for each nautical mile of the final approach. 

2.12 Possible improvements 
This section concentrates on improvements to the ATC environment and aircraft 
systems which, whilst not directly related to the accident, could help to reduce the 
pbability of a similar accident recurfing. 

2.12.1 The State SIERRA approach chart 
The State chart is the foundation for the comtnercially available charts. Therefore, it 
is recommended that the State chart should be thoroughly reviewed to ensure that it 
meets the PANS OPS standards for displaying all the data which is needed by pilots. 
Obvious additions arc the identification of the final approach fix, the significance of 
the fan marker and the inclusion of glidepath angles. 

2.12.2 The SIERRA approach (medium tcnn) 
The current SIERRA approach has been aptly described as a theoretical solution to a 
practical problem Whilst the extraordinary nature of the terrain surrounding 
Kathmandu prevents the approach designer from adopting some conventions, the 
multiple variations of glidepath angle and the awkward exit from the holding pattern 
make the approach more complex than it need be. 

The complexity detracts rather than adds to the safety of the approach. 
Improvements and simplifications to the SIERRA altitude profile and holding panern 
wuld be made in order to make them safer and easier to fly. It is recommended that 
the Nepalese Department of Civil Aviation should address the following aspects: 

a Unnecessary variations in the glidepath angle should be eliminated. For 
example, one gIidepath of 6 degrees between 10 DME and 4 DME would 
simplify the approach considerably without reducing tmain separation. 

b. At present, if an aircraft enters the holding pattcm, it normally holds in the clean 
configuration at 10,500 feet on a race track pattern between 10 and 13 DME. 
The outbound leg of the holding pattm takes the aircraft to the west of the 
inbound track. In strong crosswinds it would be very difficult to roll out at 13 
DME exactly on the required inbound track. When an aircraft in the hold is 
cleared for the approach, it needs to start the approach (by descending at 13 
DME) before the holding pattern is completed at 10 DME, but the descent is 
not pcrmittcd unless the aircraft is is"established" on the radial (it within about 1 
nm and closing towards it). Moreover, the aircraft configuration must be 
changed from gear and flap up to gear and flap fully down - which takes time 
and distance - before the aircraft reaches 10 DME. These arc unnecessary 
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complications which could be avoided if the holding pattern were revised to 
give more time befort commencing the steep part of the approach at 10 DME. 

c. There is no cxtcrnal facility for checking the validity of the DME range b e f m  
the a p p m h  ummcnces. Since the safety of the instrument approach depends 
heavily on accurate DME, this deficiency should be addressed. A facility 
should be sited so as to validate DME range before the descent below 
minimum safe altitude commences. 

2.12.3 The SIERRA approach (long term) 
Therc would appear to be nothing wrong with the present VOWME installation and 
no point in replacing i t  However, there arc two equipment installations which could 
improve flight safety: radar and a precision approach guidance system. Of the two, 
precision approach guidance is considered more important than radar coverage. 

2.12.3.1 Rtcision approach guidana 
Safe approaches in bad weather are best madc by coupling the autopilot to a precision 
approach aid such as ILS or MLS. Few if any of the airlines routinely using 
Kathmandu have MLS fitted to their aircraft and equipping their fleets for 
Kathmandu alone would be economically prohibitive. Precision approach radar is 
another option but its effective use would q u i r e  thorough additional training for 
controllers and pilots alike. However, aircraft on international routes have to be 
equipped for ILS approaches and their pilots arc proficient at the approach technique. 
Propagation problems apart, there would appear to be no practical reason why an ILS 
localisa could not be installed and used to give precision azimuth guidance (including 
autopilot coupling) to the runway. An ILS gIidepath wouId have to provide adequate 
ground clearance and avoid nuisance warnings from the GPWS. It would also have 
to be usable beyond the normal maximum of 10 nm and free of interference. 

ILS installations are used in mountainous areas (eg Chambeny in France) and 
- glidepaths of 4" or more arc used by commercial jet aircraft. It is not clear whether 

an ILS could be installed at Kathmandu but the installation would undoubtedly 
improve the safety of IFR flights. Therefore. it is recommended that the Nepalese 
Department of Civil Aviation should study the practicalities of providing an ILS at 
Kathmandu. 

2.12.3.2 Radar 
The primary purpose of air M i c  control radar is the safe and expdtious vectoring 
of aircraft within busy airspace. Rimary radar would not have prevented this 
accident because the aircraft was on track but it could have prevented another recent 
air accident near Kathmandu. However, secondary surveillance radar (SSR) with an 
altitude interrogation (mode C) facility would have allowed an alert controlla to 
notice that PK268 was too low. It would also allow conrrollers to identify individual 
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aircraft (if they are transponder equipped) and monitor their flight path. 
Unfortunately the provision of radar would not in itself make instrument approaches 
safer. The equipment would have to be kept serviceable and the controllers would 
have to be trained and testcd in its prop use. Nevertheless the provision of radar for 
Kathmandu airport may well be justified by its rapid growth in international and 
internal air traffic. Therefore, it is recommended that the Nepalese Department of 
Civil Aviation should study the practicality of providing radar coverage around 
Kathmandu. 

Air traffic controller status 
Observations and statements taken during the investigation indicated that the majority 
of Kathmandu's air traffic conPoUers did not consider that they had a part to play in 
preventing aircraft from flying into the ground. The recuntnt theme in their 
statements of their professional objectives was 'The safe, orderly and expeditious 
flow of air naffc". They saw their role as prcventing aircraft from colliding with one 
another and they did not feel entitled or e m p o d  to inttrvene in matters of pilotage 
such as u.rrain ciamince. 

The Nepalese controller's working conditions w e n  pleasant but some of those 
interviewed expressed poor motivation and desired more training. They had no 
licence, no specific ratings for different tasks and no regular assessment of their 
skills. Apart from their academic qualifications they had no symbols of professional 
status and no incentive to believe that they could pnvent pilots from making fatal 
mistakes. Their low self-esteem &as probably the root cause of the Tower 
controller's failure to challenge PK268's pilots. Therefore, it is recommended that 
Nepal's Department of Civil Aviation should consider taking steps to improve air 
traffic controllas' motivation, perf- and self-esteem by: 

a Issuing f& air wffic conmllds licences. 

b. Introducing specific controlla position training and ratings. 

c. Introducing periodic competency checks. 

d. Immediately introducing improved salaries and allowances to 
operational ATCOs at Tribhwan International Aixport. 

2.12.5 GPWS improvements 
It is unfortunate that a timely GPWS wanring depends so heavily on the distance 
between the aircraft and the ground beneath it rather than the ground ahead of it, a 
dependence which has obvious limitations in mountainous terrain. The system 
cannot be optirnised for every type of tcfiain and the majority of inttnrational -rts 
are smundcd by lower and less step te-. In these areas, the equipment has 
worked well and has prevented accidents. To have prevented this accident, the 
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equipment would have had to warn the crew at least 15 and, allowing for md plla 
reaction times, probably 20 seconds before impact. At that time the aircraft was 
almost a mile away from the mountain it hit and over 500 feet above the ground 
dircaly btneath i t  

Thc GPWS system could be augmented by giving it a capability to look forwards as 
well as downwards. Two methods of achieving this would be forward loo&g 
sensors and digital map comlation.(a navigation system which computes position by 
comparing the terrain @1e sensed by the radio altimeter or laser to terrain elevation 
data stored in a digital computer). Both arc existing military technologies and there 
may be scope for adapting these technologies for civil aviation. A detailed analysis of 
th- systems is beyond the scope of this =port Nevertheless, it is recommended 
that ICAO should sponsor research into improving GPWS technology so as to 
improve system performance in mountainous terrain. 

Crew reaction to GPWS 
There were no written procedures for pilots to follow in response to a GPWS 
warning except for one paragraph in the aircraft manufacturer's operating manual 
under the FINAL (approach) section of the normal procedures which was repeated in 
PIA's A300 SOPS. The stated procedure was: 

"in care the GPWS is activaed reocr with pitch control Md power without &lay" 

This statement is common sense but not as useful as it might be, In visual conditions 
the pilot can judge the appqniate reaction himself but in cloud it begs the questions: 
how much pitch and how much power? The procedure for swiftly establishing the 
maximum sustainable climb angle is what the pilot nally needs to know. Therefore, 
it is recommended that Airbus Lndustrie should amplify the instructions in their 
Flight Crew Opuating Manual =garding pilot response to GPWS warnings. 
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CONCLUSIONS 

(a) Findings 

(i) The flight deck crew wen properly licensed and medically fa 

(ii) The aircraft had been properly maintained and was fit for the flight and 
the essential aircraft systems w m  operating normally during the 
approach. 

(iii) The SIERRA approach to Kathmandu is a demanding approach in any 
wide-bodied airnafr 

(iv) Unlawful interference and exmmc weather wcn not causal factan. 

(v) The crash site was envelapad in cloud at the time of the accident 

(vi) That  was no A X  c k a m a  aror. 

(vii) The VORfDME beacons used for the approach were operating 
satisfactorily and there was no cvidcncc of failure or malfunction within 
the aircraft's DME equipment 

(viii) The aircraft q u i d  and maintained the c o m t  final approach track but 
began descent too early and then continued to descend in accordance 
with an altitude profile which was consistent with being 'one step ahead' 
and below the a x m t  profile. 

(ix) At 16 DME.the co-pilot mis-reported the aircraft's altitude by 1,000 
feu  

(x) The commands did not adhm to the airline's recommended technique 
for the final part of the approach which commenced at 10 D m  

(xi) The 10 DME position report requested by the Tower controller was 
made at an altitude Mow the minimum safe altitude for that portion of 
the appmacb 

(xii) The altitude profile on the Jeppescn approach chart which should have 
been used by the pilots was technically correct. Howevcr, the profile 
illusPraaed could not be flown in the A300 at Vapp, in common with any 
0th- wide bodied jet of similar sizt and the minimum altitude at some 
DME fixes was not directly associated with the fm 
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(xiii) The aimaft did not have mmlcolurnn mounted chartboar&. 

(xiv) As described in the report, thae is scope for improving the SKERRA 
approach procedure and its associated charts. 

(XV) Kathmandu was not a frequent destination for PYA'S A300 m w s  and 

neither pilot had operated that within the previous two months. 

(xvi) PIA's training of air mws, briefing material and self-briefing facilities 
for the SIERRA approach to Kathmandu leave room for improvement. 

(xvii) PIA's routechecking and flight operations inspection proccdurcs were 
ineffective. 

(xviii) The accident was inevitable 15 seconds bcfon impact. 

(xix) The Tower controller requested an altitude report immediately after the 
co-pilot reported at 10 DME. His failure to challenge the low altitude 
reported at 10 DME was a missed opportunity to prevent the accident 
but, even if he had done so, it is doubtful whether the accident could 
have btur avlatcd 

(XX) Some air controllers at Kathmandu had a low-self esteem and 
w a t  reluctant to intervene in piloting matters such as terrain separation. 

(xxi) The GPWS was probably serviceable but failed to warn the crew of 
impending flight towards high ground because of the combination of 
elderly equipment and rugged tmain. 

(xxii) Advice within the aircraft rnanufacturcr's operating manuals regarding 
pilot rcactioa to a GPWS warning was incomplete. 

(xxiii) The MEL was being breached in that PIA wen not supplying their 
CAA with the required carry-forward defect summaries for analysis, 
neither was thc CAA requesting them. 
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(b) Cause 

'The balance of evidence suggests that the primary cause of the accident was that om 
or both pilots consistently failed to follow the approach procedure and inadvertently 
adopted a profile which, at each DM€ fix, was one altitude step ahead and below the 
correct procedure. Why and how that happened could not be detennincd with 
certainty because them was no recard of the crew's conversation on the flight deck. 
Contributory causal factors were thought to be the inevitable complexity of the 
a p p a c h  and the associated approach chart. 
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4 SAFETY RECOMMENDATIONS 

It is recommended that: 

4.1 ICAO should review the conventions of canmucia1 approach cham with a 
view to encouraging standaxdisation and reducing chan clutter. 

4.2 His Majesty's Govcmmcnt of Nepal, Ministry of Tourism and Civil Aviation, 
Depamncnt of Civil Aviation should re-design the State SIERRA approach 
chart to comply with ICAO PANS OPS by including a table of 
rcummcnded minimum altitudes for each nautical mile of the final approach. 

4.3 HMG/N, Department of Civil Aviation should improve and simplify the 
SIERRA appmach procedure by addressing thc following aspects: 

a Unnecessary changes in thc glidepath should be eliminated 

b. The holding paatrn should be revised. 

c. A facility should be provided to validate DME range before the descent 
below minimum safe en-route altitude commences. 

4.4 The chart producers should ensure that their SIERRA approach charts 
comply with ICAO PANS OPS by including table of recommended 
minimum altitudes for each nautical mile of the final approach. 

4.5 The operator should take steps to stop the dubious practice of some crews 
transcribing data from approach charts. 

4.6 The airline's crews should be encouraged to alert their management and their 
pilots' association to those cham which they consider to be unsatisfactory. 

4.7 The airline should fit control column chart clipboards to all its A300s. 

4.8 The airline should equip all its aimaft with sufficient lightweight-headsets for 
each member of the flight m w  and those headsets should have boom 
microphones. 

4.9 The airline should adopt the hot microphone system for CVR rtcordings. 

4.10 The airline should expand its briefing material for difficult instrument 
approaches and makc this material available in or very near the crew reparting 
Centre. 
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4.1 1 The airline should practice the SIERRA approach in the simulator as pan of 
the process of pilot qualification to operate to Kathmandu and that such 
approaches should be pan of a line-orientated training session 

4.12 The operator should ensure that all its routecheck pilots arc mute-checked at 
least once per year. 

4.13 The airline should provide Cockpit Resource Management training as soon as 
practicable for captains, -pilots and flight engineers. 

4.14 The airline should Pain its flight engineers to interpnt non-precision approach 
charts and provide them with charts for all non-precision approaches flown 
by the company. 

4.15 The airline should carry out checks of recorded flight data to ensure that 
company standard operating procedures arc being followed. 

4.16 The Civil Aviation Authority of Pakistan should appoint and provide flight 
operations inspectors and the airline should allow them on the flight deck as 
observers. 

4.17 Airlines which operate regular scheduled services to Kathmandu should, 
where necessary, modify their GPWS quipments to provide automatic 
callouts of radio height. 

4.18 HMG/N Department of Civil Aviation should study the practicalities of 
providing an insrmmcnt landing system (ILS) and radar coverage at 
Kathmandu. 

4.19 HMG/N Department of Civil Aviation should consider taking steps to 
improve air traffic controners' motivation, performance and selfcstetm by: 

a Issuing formal air controllds licences. 

b. Introducing sptclfic conadlcr position training and ratings. 

c. Introducing periodic competency checks. 

d. ~mrnediatel~ introducing improved salaries and allowances to operational 
ATCOs at Tribhuvan Inmnational Airpan 

4.20 ICAO should sponsor research into improving GPWS technology so as to 
improve system performance in mountainous terrain. 

4.21 Airbus Industric should amplify the instructions in their Flight Crew 
Operating Manual regarding pilot nsponst to GPWS wamings. 

ICAO Note.- The Appendices were not reproduced. 

ICAO Ref.: 0078192. 



No. 5 

Boeing 747-258F, 4X-AXG, accident at Bijlmermeer, Amsterdam, 
Netherlands, on 4 October 1992. Report released by 

the Netherlands Aviation Safety Board. 

SYNOPSIS 

On October 4, 1992, at 17:20 UTC, El Al Israel Airlines (ELY) Flight 
1862, a Boeing 747-200 Freighter, with three crewmembers and one 
non-revenue passenger on board, took off from runway O I L  at Schip- 
hol Airport and followed the Pampus departure as cleared by air 
traffic control services. 

At 17:27.30 UTC, with the aircraft at flight level 65, engine no. 3 and 
its pylon separated from the aircraft and damaged part of the leading 
edge of the right wing. The no. 3 engine then struck engine no. 4, 
causing this engine and its pylon to depart the wing. During an 
attempt to return to Schiphol Airport control was lost and at 17:36 
UTC the aircraft crashed into a residential area in a suburb of Amster- 
dam. 

An investigation was initiated by the Netherlands Accident Investiga- 
tion Bureau. The investigation team was assisted by specialists from 
the Aeronautical Inspection Directorate of the Department of Civil 
Aviation. Following the procedures contained in International Civil 
Aviation Organization (ICAO) Annex 13, Accredited Representatives 
and their advisors from Israel and the United States joined the inves- 
tigation. Several organizations collaborated in the data extraction and 
analysis of the Digital Flight Data Recorder (DFDR). The National 
Aerospace Laboratory of the Netherlands was tasked with several 
special projects. The Air Branch of the Netherlands State Police assis- 
ted with the questioning of witnesses. ldentification of the victims 
was carried out by the Disaster ldentification Team of the State 
Police. 

This report is issued by the "Raad voor de Luchtvaart" (Netherlands 
Aviation Safety Board). 

All times in this report are UTC unless stated otherwise. 
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1 FACTUAL INFORMATION 

1.1 History o f  the flight 

The aircraft was on a flight from John F. Kennedy lnternational 
Airport, New York, to Ben Gurion International Airport, Tel Aviv, with 
an intermediate stop at Schiphol Airport for a crew change and cargo 
processing. The aircraft arrived in Amsterdam at 13:40 and was 
scheduled for departure at 16:30 but received an air traffic control slot 
time of 17:20 for departure. The maintenance transit check was 
carried out. The aircraft was refuelled with 74,200 litres of Jet A1 fuel, 
making the total amount of fuel on board of 72 metric tons. The four 
people on board the aircraft at take off were the captain, copilot, flight 
engineer, and one non-revenue passenger. There was a total of 114.7 
metric tons of cargo on board of which 6.5 metric tons were conside- 
red low grade dangerous goods. 

The flightcrew involved in the accident had arrived at Schiphol 
Airport on a previous El A1 flight and had 20 hours crew rest prior to 
the beginning of their crew duty. 

The air traffic situation at Schiphol Airport prior to the departure of El 
A1 1862 was not extraordinary, according to ATC witnesses. Two 
runways were in use, OIL for take off and 06 for landing. There was 
moderate inbound traffic for runway 06, a moderate number of 
departures from 01L and several VFR flights over the northern part of 
the city of Amsterdam. From the beginning of El Al 1862's emergency 
declaration, air traffic services for the flight were provided by Amster- 
dam Radar on 124.87, Schiphol Approach on 121.2, Schiphol Arrival 
on 118.4 and indirectly by Schiphol Tower. 

The captain requested clearance for push back at 17:04. The aircraft 
taxied out at 17:14. The copilot was to be the pilot flying (PF), and the 
captain was to be the pilot not flying (PNF). The takeoff roll on 
runway OIL started at 17:21, with a takeoff gross weight of 338.3 
metric tons, and the aircraft followed the Pampus departure as 
cleared by ATC. The performance limited maximum takeoff gross 
weight for the prevailing conditions of the flight was 359.3 metric 
tons. No anomalies were evident during the initial climb until 
17:27.30, as the aircraft was passing through an altitude of about 
6,500 feet. The flight data recorder revealed that the no. 3 and 4 
engines and their pylons departed the right wing at this time. The 
copilot then transmitted the emergency call, "El Al 1862, mayday, 
mayday, we have an emergency". The aircraft turned to the right, and 
according to witnesses on the ground, started dumping fuel 
immediately. The Amsterdam Radar controller confirmed the 
emergency call and immediately cleared the area of other traffic. At 
17:28.06 the controller, not knowing the reason for the emergency 
call, asked the crew i f  they wanted to return to Schiphol Airport. 

After the acknowledgement by the crew of their intention to return to 
the airport they were instructed to turn to heading 260 and were 
informed about their position relative to Schiphol Airport. At 17:28.17 
the crew reported a fire on engine no. 3 and subsequently they 
indicated loss of thrust on engines no. 3 and no. 4. 

Witnesses heard one or more banging sounds and saw a dark plume 
of smoke trailing the aircraft. Some witnesses saw objects fall. Other 
witnesses also saw fire on the right wing which eventually disappe- 
ared. When the aircraft turned right two vapour trails were seen to 
emerge from the wingtips. 
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At 17:28.57, El Al 1862 was informed that runway 06 was in use and 
the wind was 040" at 21 knots. The flight crew however requested 
runway 27 for landing. ATC then asked the crew if they could switch 
radio frequency to Schiphol Approach Control on 121.2 megahertz. 
The crew immediately switched frequency to Approach Control. 
Subsequently the flightcrew was instructed to switch to Schiphol 
Arrival on 118.4 megahertz. Because the aircraft was only 7 miles 
from the airport and still flying at an altitude of 5,000 feet, a straight in 
approach was not feasible and the crew was instructed to turn right 
to heading 360 and descend to 2,000 feet. The crew was again infor- 
med about the wind (by then 050" at 22 knots). 

About one minute later at 17:31.17 the controller asked what distance 
they required to touchdown. Shortly thereafter, the controller asked 
for the number of track miles the flight crew required for an appro- 
ach. The crew stated that they needed "12 miles final for landing". 

Together with this reply to  ATC, the call "Flaps 1" could be heard as 
background conversation in the cockpit. ATC instructed El Al 1862 to 
turn right to heading 100. During the turn the controller asked for the 
status of the aircraft and was informed: "No. 3 and 4 are out and we 
have problems with the flaps". The airplane had turned through 
heading 100 and was maintaining heading 120. No corrective action 
was taken by the controller. The aircraft maintained an airspeed of 
260 knots and was in a gradual descent. 

El A1 1862 was cleared for the approach and directed to turn right to 
heading 270 to intercept the final approach course. The airplane was 
then at an altitude of about 4,000 feet, with a groundspeed of approxi- 
mately 260 knots and on heading 120. 
The position was 3 nautical miles north of the centreline of runway 27 
at a distance of about 11 miles projected on the extended centreline 
of runway 27. According to the radar plot, it took about thirty seconds 
before the aircraft actually changed heading. 

When it became apparent that the airplane was going to overshoot 
the localizer, the controller informed the crew accordingly and direc- 
ted the aircraft to turn further to heading 290 in an attempt to inter- 
cept the final approach again but now from the south. Twenty 
seconds later a new heading instruction to 310 was given, along with 
aescent clearance to 1,500 feet. 

The flightcrew acknowledged this instruction at 17:35.03 and added, 
"and we have a controlling problem". Approximately 25 seconds 
later the copilot called, "Going down 1862, going down ......". In the 
first part of this transmission commands from the captain to raise all 
the flaps and to lower the landing gear could be heard. During the 
middle part of this transmission a sound was heard, and in the final 
part of the transmission another sound was audible. These sounds 
were later analy~ed and determined to be the stick shaker and the 
ground proximity warning system respectively. 

The airplane crashed at 17:35.42 into an eleven-floor apartment 
building in the Bijlmermeer, a suburb of Amsterdam, approximately 
13 km east of Schiphol Airport. The impact was centred at the apex of 
two connected and angled blocks of apartments and fragments of the 
aircraft and the buildings were scattered over an area approximately 
400 meters wide and 600 meters long. Firefighting and rescue opera- 
tions started shortly after the crash. 

The aircraft was destroyed by the impact and the resulting fire. The 
accident occurred during dusk. 
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1.2 Injuries tc persons 

Injur~es Crew Passengers Others 

Fatal 3 1 43 
Serious 11 
MinorINone 15 

1.3 Damage to Aircraft 

At the time the pylons and the engines separated from the wing, the 
leading edge of the right wing, between engine no. 3 and 4, was 
extensively damaged, along with several airplane systems in that 
area. At final impact, the aircraft was destroyed by impact forces and 
the ensuing explosion and fire. 

7.4 Other damage 

The airplane impacted into the apex of two connected and angled 
apartment buildings which were partly destroyed by the impact and 
subsequent fire. The damage to the structure of the buildings preclu- 
ded their reconstruction and the two buildings were torn down. 

The soil in the impact area was heavily contaminated with airplane 
fuel, oil and combustion products of the airplane and freight. 

1.5 Personnel Information 

The Captain 

a. date of birth: 21-01-1933 

b. nationality: Israeli 

c. profession: Airline Transport Pilot employed by El A1 since 
02-08-1 964. 

d. last medical check: 07-07-1992. 
Result: qualified medical certificate group I, must wear 
correcting glasses while exercising the privileges of this 
licence. 
Valid until: 31-01-1993 

e. licence: Israeli ATPL no. 340, first issue 20-09-1960. 
Date of last validation: 11-04-1992. 
The ratings on the ATPL were: Group A + C: 8707, 8747, 
CC3, Instrument airplanes 

f. total flying experience: 25,000 hours flying experience. 8747: 
9,500 hours of which 233 hours in the last 3 preceding 
months. 

9. additional information: 
- holder was qualified as captain on the 8747 on 02-07-1981; 
- holder was qualified as instructor on 01-09-1992; 
- last flight was on 03-10-1992 on the route from Tel Aviv to 

London, to Amsterdam. After resting 20 hours, he repor- 
ted for duty on 04-10-1992. 
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The First Officer 

a. date of birth: 07-05-1960 

b. nationality: Israeli 

c. profession: Airline Transport pilot with El Al since 
17-11-1991 

d. last medical check: 20-06-1992. 
Result: qualified medical certificate group I, unrestricted. 
Valid until: 20-06-1993. 

e. licence: Israeli ATPL no. 2844, first issue 04-1 1-1987. 
Date of last validation: 25-07-1992. 
The ratings on the ATPL were: Group A + 8 + C; 8707, 
1A-1124, ARAVA 101, C12D, Instrument airplanes. 
Group 11: 8747. 

f. total flying experience: 4,288 total hours; flying experience 
on the 8747: 612 hours of which 151 hours in the last 3 
months. 

9. additional information: 
- holder became a qualified First Officer on the 8747 
on 31-03-1992. He was released from all limitations as a 
"new pilot" since 23-04-1992; 
- last flight was on 03-10-1992 on the route Tel Aviv - 

London - Amsterdam. After resting 20 hours he reported 
for duty on 04-10-1992. 

The Flight Engineer 

a. date of birth: 23-05-1931 

b. nationality: Israeli 

c. profession: Flight Engineer with El Al since 19-06-1955 

d. last medical check: 25-08-1992. 
Result: qualified medical certificate group I, must wear 
correcting glasses while exercising the privileges of this 
licence. 
Valid until: 28-08-1993. 

e. licence: Israeli Flight Engineers license no. 82. 
Year of first issue: 1956. 
Date of last validation: 23-05-1992. 
The ratings on the F/E licence were: Turbojet powered 
airplanes; 8707, 8747. 

f. total flying experience: 26,000 hours; 
flying experience on the 8747: 15,000 hours of which 222 
hours in the last 3 preceding months. 

9 additional information: 
- holder joined El AI as a mechanic in 02-01-1950; 
- holder became a qualified Flight Engineer for 8747 
on 25-11-1971; 
- holder was qualified as Flight Engineer instructor from 

01-02-74 till 22-05-1991 
- holder functioned as supervisor Flight Operations, in the 

period 1974 - 1976; 
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- holder left El A1 on 22-05-1991 for a period of 3 months 
and returned to active flight duties at the end of this 
period; 

- last flight was on 03-10-1992 on the route Tel Aviv - 
London - Amsterdam. After resting 20 hours he reported 
for duty on 04-10-7992. 

Remarks: Captain, First Officer and Flight Engineer passed 
their line and simulator checks in accordance with the 
approved training and qualifications program. 

Aircraft Information 

General 

nationality and registration: Israel, 4X-AXG 

aircraft type: Boeing 747 Freighter; Type: 258F 

serial no.: 21737 

year of construction: 1979 

manufacturer: Boeing Commercial Airplane Company 

engines: 4 Pratt & Whitney JT9D-7J 

fuel: Jet A 1 

The aircraft was registered in the Israeli aircraft register 
dated 19-03-1979, under the name of El Al Israel Airlines 
Ltd., address: Ben Gurion Airport, P.O. Box 41, Israel 70100. 

The Certificate of Airworthiness form 105 was issued at 15- 
03-1992 and valid until 15-03-1993. 

At the time the aircraft departed Amsterdam Airport, the 
take off gross weight was 338.3 metric tons and the centre of 
gravity ICG) for take off was 23.1 percent mean aerodynamic 
chord (MAC), which was within the limits of the aircraft's 
flight envelope. 

Additional information: 

This Boeing 747-258 cargo transport category airplane was 
manufactured in accordance with Federal Aviation Admini- 
stration (FAA) type certificate no. A20W, as approved on 30- 
12-1969. The aircraft was certificated in accordance with the 
provisions of 14 CFR Part 25, effective on 01-02-1965. 

The aircraft was powered by four Pratt 81 Whitney JT9D-7J 
high bypass ratio turbofan engines. The JT9D engine was 
certified by the FAA on 31-08-1976 with Type Certificate Data 
Sheet E2OEA. 
The aircraft accumulated 45,746 flight hours and 10,107 
flight cycles. Maintenance records indicate that the aircraft 
and the Pratt & Whitney JT9D-7J engines were inspected 
and maintained in accordance with the El A1 maintenance 
program, the Boeing Maintenance Planning 
Document, the Maintenance Review Board Report, and El A1 
Engineering and Quality Control Division requirements and 
recommendations. 
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All the required inspection and maintenance actions had 
beer; completed and all applicable airworthiness directives 
(AD'S) had been accomplished, or were in the process of 
being accomplished within the specified time limits. 

Examination of the service records, crew write-ups, action 
items, trend monitoring data, and flight recorder data of 
previous flights did not reveal any significant deviations. 

1.6.2 Pylons, Fuse Pins and Nacelle Attach Fittings 

The pylon, fuse pins and attachment fittings that comprise the 
engine/pylon/wing attachment system were inspected according to 
the applicable Service Bulletins (SB's), Service Letters (SL's) and FAA 
Airworthiness Directives (AD'S). The Civil Aviation Authority of Israel 
does ratify all FAA issued AD'S. 

Since the last inspection of the midspar fuse pins of pylon 
no. 3 on June 17, 1992, the aircraft accumulated 257 flight cycles until 
the accident. 

1.6.3 Aircraft Design 

1.6.3.1 Pylon to Wing Attachment Design 

The design of the engine nacelle and pylon incorporates 
provisions that preclude a wing fuel cell rupture in case of engine 
separation, by means of structural fuses. A clean breakaway of the 
nacelle and/or pylon from the wing is ensured when the shearloading 
of the fuse pins exceeds the design load conditions. 

The structural fuse concept utilizes hollow shear pins at the four wing 
attachment fittings between pylon and wing. The wing support struc- 
ture and fittings have been designed sufficiently stronger than the 
fuse pins thus safeguarding the wing from structural damage in case 
of an overload condition. 

The nacelle and engine are attached to the pylon bulkheads through 
forward and aft engine mount fittings. 

The pylon is essentially a two cell torque box containing three 
bulkheads: a forward engine mount bulkhead, an aft engine mount 
bulkhead and a rear closure bulkhead. Pylon to wing attachments are 
made at the aft end of the upper link, the aft end of the diagonal brace 
and at the two pylon midspar fittings. 

The fuse pin at the forward end of the upper link, the aft end of the 
diagonal brace and at both midspar fittings are the primary fuse pins. 
The fuse pins at the forward end of the upper link and the aft end of 
the diagonal brace are designed to fail at a slightly lower load than 
the fuse pins at the other ends in order to assure a controlled separa- 
tion of the pylon from the wing. 

Nacelle load components in the vertical and side directions are absor- 
bed by the forward pylon bulkhead while vertical, side, torque and 
drag components are reacted at the aft mount bulkhead. These pylon 
loads go to the four wing attachment fittings through the pylon front 
spar and lower spar, the midspar and the pylon skin. Primary drag 
loads go through a thrust link into the diagonal brace. An additional 
side brace from the pylon midspar to the wingbox takes pylon side 
shear into the wing. A schematic of the pylon to wing attachments 
fittings is given in figure 1. 
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1.6.3.2 Hydraulic Systems 

Four separate and independent main hydraulic supply systems are 
provided to meet the power requirements of the flight control and 
landing gear systems. Each main supply system is associated with an 
engine with most of its components located in the pylon area above 
and aft of the engine. See figure 2. 

The four main hydraulic supply systems are functionally identical. 
The systems differ only in reservoir capacity and the location of some 
components. Hydraulic power for each system is provided by two 
pumps installed in parallel. An engine driven pump is in operation at 
all times when the airplane engine is running. This pump is supple- 
mented by an air driven pump powered by the pneumatic system and 
controlled from the flight engineer's station. The air driven pump can 
be turned off, run continuously or be operated in the automatic 
mode, where it will remain off until the demand exceeds the capacity 
of the engine driven pump. 

Hydraulic system indications and warnings include standard pressure 
and fluid quantity gages and indicating lights. 

1.6.3.3 Pneumatic System 

The pneumatic system consists of a manifold of ducts and valves that 
supplies hot air from the engine forthe airconditioning and the 
pressurization system, engine starting, and thermal anti-icing. Bleed 
air is also used to actuate the leading edge flaps, air driven hydraulic 
pumps, lower cargo compartment heating, potable water systems 
pressurization and thrust reversers. 

The primary supply of pneumatic air is from the mid compressor 
stage of each engine, through a check valve. When mid stage bleed 
air pressure is not high enough to supply system demands, high 
stage bleed air is used. Switching from low to high stage bleed on 
each engine is controlled automatically by the high stage bleed air 
valve. 

The pneumatic manifold is separated into left, right, and centre 
sections by two wing isolation valves. See figure 3. 

ICAO Note.- Figures 1 to 3 were not reproduced. 
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1.6.3.4 Electrical System 

AC Power 
Primary AC power is supplied by four engine driven generators. Four 
AC busses are directly fed from their associated Senerators. Connec- 
tion of these busses to a sync bus allows parallel operation. A split 
system breaker in the sync bus permits division of the bus system 
into two independent halves. The engine driven generators can be 
paralleled in any combination. 

An essential AC bus can be powered independent from the main AC 
busses. A standby AC bus uses a battery powered static invener 
when no other source of AC power is available. 

DC power 
Primary power for the DC busses is obtained from the main AC 
busses through transformerlrectifier units. 
Secondary DC power is available from the main battery for the 
battery busses. 

1.6.3.5 Flight Controls 

Primary airplane control is provided by ailerons, elevators, and 
rudders. The control surfaces are positioned by hydraulic power 
packages sewed by four independent hydraulic systems. Control of 
the surfaces is accomplished by conventional duplicated aileron 
control wheels, control columns, and rudder pedals. The distribution 
of hydraulic supply from the various hydraulic systems to the various 
control surfaces is presented in figure 2. 

The rudder control system contains a rudder ratio changer, which 
modifies the relationship between rudder pedal and rudder deflection 
in such a way that at a constant rudder pedal position the rudder 
deflection decreases with increasing speed, for reasons of structural 
protection. 

Additional controls consist of trailing edge flaps, leading edge flaps, 
spoilers and an adjustable horizontal stabilizer. Trailing edge flaps 
are hydraulically powered and controlled by a flap control lever in the 
pilot's control stand. Leading edge flaps are primarily powered by 
pneumatic motors which are controlled by an electrical output from 
the trailing edge flap system. Back-up power to the leading edge and 
trailing edge flaps is provided by electric motors which are controlled 
by switches on the pilot's overhead panel. 

The spoilers are hydraulically powered from different hydraulic 
systems. When used for lateral control, the spoilers are positioned by 
an output from the aileron control system. When used as speed 
brakes, the spoilers are controlled by a speed brake control lever. The 
horizontal stabilizer is positioned by hydraulic motors controlled 
primarily by trim switches on the control wheels. Levers on the pilots' 
control stand provide an alternate mechanical method of controlling 
the hydraulic actuators of the horizontal stabilizer that overrides all 
other command signals. 

At higher speeds the outboard ailerons are normally locked out and 
kept in a neutral position by a lockout mechanism. To unlock the 
outboard ailerons the outboard trailing edge flaps must move more 
then 0.5 degree and the DC essential bus must be powered. Inability 
to extend the outboard trailing edge flaps via the normal (hydraulic) 
or alternate (electrical) means results in unavailability of the outboard 
ailerons. 
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1.6.3.6 Fuel System 

The airplane fuel system provides a means of storing fuel in the 
airplane, provisions for distribution to the engines, provisions for 
pressure fuelling and defuelling, d fuel jettison system and an electro- 
nically controlled fuel quantity indication system. 

All fuel is stored in the wing and wing centre section. The tank sections 
are integral tanks, utilizing the sealed structure to retain the fuel. 

Fuel is fed into the pylon compartment via the engine fuel shut off 
valve. This valve is mounted on the front spar inside the wing tank 
and can be closed to isolate the engine from its fuel. When shutting 
the engine down by pulling the fire handle, this valve is commanded 
closed. This valve can also be closed by placing the start lever to the 
cut-off position. 

Fuel jettison is accomplished through separate pumps except for the 
centre wing tank where overrideljettison pumps serve a dual 
purpose. Tank interconnection for fuel feed and jettison is limited to 
gravity feed transfer from the reserve tanks to the main tanks, and is 
controlled by electric motor operated valves. All pump and valve 
controls, along with fuel quantity indicators and indicating lights, are 
located on the flight engineer's panel. 

1.6.3.7 Engine Fire Detection and Extinguishing Systems 

The engine fire detection system on each engine consists of two 
continuous sensor loops and a fire detection electronics module. 
Cockpit fire warning is provided by illumination of engine fire 
handles, master warning lights and a cancellable fire warning bell. On 
the flight engineer's panel a fault indicator light is provided to 
indicate when any of the 8 engine loops has failed. The nacelle 
temperature indicator will indicate which loop is faulted. 

Each sensor loop is located at the critical locations throughout the 
engine, such that a fire will trigger the sensor. Normally the detection 
logic requires fire signals from both sensor loops, before a fire 
warning is generated in the cockpit. This design feature is intended to 
reduce the probability of false warnings. The corresponding system 
configuration is called: "BOTH". 

The engine fire detection loops consisted of an inconel tube contai- 
ning thermistor (thermal resistor) material in which one electric 
conductor is embedded. If the temperature rises, the resistance 
between the conductors drops and within certain rate of change of 
resistance criteria the signal is treated by the fire detection electronics 
module as a fire signal. 
In case of a short circuit between the two conductors the fire detection 
electronics module determines a fault s i ~ n a l  for the respective loop. 

The logic used to indicate a fire warning in the cockpit with the fire 
detection system in the configuration "BOTH" is as follows: 

Loop A sense Loop B sense Indication 

fire fire 
fire fault 
fire none 
fault fault 
fault none 

fire 
fire 
fault 
fire 
fault 

Logic of fire warning indication 
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From the table above it can be concluded, that with the fire detection 
system in the normal "BOTH" configuration, if both loops detect a 
fault signal, a fire warning will be generated in the cockpit. According 
aircraft operating procedures the engine fire procedure should than 
be executed. 

Engine fire extinguishing is provided by two bottles per engine with 
an extinguishing agent, which are located in the pylons. In the cockpit 
just below the engine fire handles an electrically signalled "BOlTLE 
DISCHARGED" light is provided which illuminates, when the indica- 
ted bottle has been discharged. 

1.6.4 Service Bulletins and Airworthiness Directives 

Since the certification of the Boeing Model 747 numerous Service 
Bulletins and Airworthiness Directives were issued by Boeing and the 
FAA. For an overview see reference 11. 

The most significant Service Bulletins and Airworthiness Directives 
concerning the pylon structure are explained in more detail in the 
following subchapters. 

1.6.4.1 Service Bulletins Applicable to Midspar Fuse Pins 

The first Service Bulletin for midspar fuse pins, SB 747-54-2063, was 
issued on August 10, 1979, after Boeing was informed in the late 
1970's of cracks in the original, old style "bottle bore" configuration 
midspar fuse pins. This Service Bulletin recommended repetitive 
inspections of old style fuse pins for cracks every 2,500 flight hours. It 
also recommended an inspection for corrosion and application of 
corrosion preventive compound (CPC). The FAA made the recom- 
mended inspections mandatory in AD 79-17-04. 

Revision 1 of this Service Bulletin, issued August 13, 1981 provided 
the terminating action for the repetitive inspections of old style pins 
by replacement with new pins having a "bulkhead" configuration. 
The FAA subsequently amended AD 79-17-04 on March 16,1982, to 
announce that installation of the new style fuse pins was a termina- 
ting action for the repetitive inspection requirement. 

In 1986, Boeing issued a revised ultrasonic procedure for improved 
detection of cracks in old style fuse pins (SB 747-54-2063R4). The FAA 
made the improved procedure mandatory with AD 86-22-01, that also 
suoerseded AD 79-17-04. 

In April 1988, Boeing received a report of a crack in a new style fuse 
pin. Analysis of the pin indicated that the crack initiated from corro- 
sion pits on the inner diameter of the fuse pin. The corrosion pits 
were attributed to the absence of primer and CPC on the inner surface 
of the fuse pin. 
In response, on March 29, 1990, Boeing issued Revision 7 to SB 747- 
54-2063, adding instructions for an one-time inspection of new style 
fuse pins for the presence of CPC. 

The FAA issued a Notice of Proposed Rule Making (NPRM) on 
November 6, 1990, proposing to require an one-time inspection of 
new style fuse pins for the presence of primer and CPC per SB 747- 
54-2063, Revision 7, prior to the accumulation of 12,000 flight hours 
after the effective date. This revision was made mandatory with the 
issuance of AD 91-09-01 on May 28,1991. 

In January 1992, Boeing began a review of the in-service history of 
the new style fuse pins. The review was initiated due to reports of 
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corrosion in new style fuse pins that reportedly had been inspected 
per AD 91-09-01. At that time, Boeing had received only five reports 
of cracks in new style fuse pins. In these cases the crack initiated in 
corrosion pits and the pins did not have the required primer and/or 
CPC. However, during the spring and summer of 1592, as ?he 
deadline for inspecting new style fuse pins pursuant to AD 91-09-01 
took effect, Boeing received additional reports of cracks in new style 
fuse pins. 

From the time of the original installation of new style fuse pins in 
1980, through September 1992, 14 instances of cracks in new style 
midspar fuse pins and 9 reports of cracks in new style diagonal brace 
fuse pins were reported to Boeing. Boeing began an engineering 
investigation of other fuse pin designs and undertook to develop 
procedures for ultrasonic inspection of new style fuse pins for cracks. 
An All Operators meeting was held in Seattle, on September 21, 1992, 
to discuss the in-service history of new style fuse pins and the forth- 
coming Boeing recommendation for repetitive ultrasonic inspections 
of new style fuse pins. Boeing informed operators that it was develo- 
ping a new style fuse pin to replace all 8747 midspar fuse pins and 
described the pin development schedule. 

1.6.4.2 Service Bulletins Applicable to Diagonal Brace Fuse Pins 

Service bulletin 747-54-2066 was issued November 7,1979, after 
Boeing had received reports of fractured diagonal brace to inboard 
engine strut fuse pins. 

Analysis indicated that the fractures were caused by cyclic loading, 
and initiated in an circumferential machining groove in the pin bore 
inboard recess. 

Boeing recommended a visual or ultrasonic inspection upon accumu- 
lation of 5,000 or more flights and recommended repeat inspections 
visually every 350 flights or an ultrasonic inspection every 1,200 
flights, until the pins were replaced with a new design pin for termi- 
nating action. This service bulletin was effective for 8747 airplanes 
with Pratt and Whitney JT9D-70 engines only. The FAA issued AD 79- 
22-03, making provisions of the SB mandatory. 

Service Bulletin 747-54-2101 was issued April 11, 1983, after Boeing 
received reports of fractured diagonal brace to wing fuse pins. Boeing 
recommended a visual or ultrasonic inspection upon accumulation of 
5,000 flights on the pins, and advised repeat inspections every 350 
flights visually or 1,200 flights ultrasonically. When cracks were 
found, the existing pin had to be replaced with the new improved 
design pin. 
This Service Bulletin was made applicable to all 8747 airplanes with 
JTSD, CF-6 and RB211 engines. FAA issued AD 83-24-05, making 
provisions of this SB mandatory. 

With Service Bulletin 747-54-2102, Boeing recommended that opera- 
tors replace the inboard and outboard upper link and outboard 
diagonal brace fuse pins to reduce the possibility of fuse pin fracture, 
although no fuse pin fracturing of those fuse pins had been reported. 
This Service Bulletin was not made mandatory by FAA. 

1.6.4.3 Service Bulletins Applicable to Attach Fittings 

Service Bulletin 747-54-2062 was issued August 17,1979, after opera- 
tors reported cracks in the inboard engine strut to diagonal brace 
attach fittings. Boeing recommended an inspection upon accumula- 
tion of 5,000 flights, and a reinspection interval of 1,000 flights if no 
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cracks were found. FAA mandated the Service Bulletin with AD 79-17- 
07. 

Service Bulletin 747-54-2100, issued June 20, 1983, prescribes an 
ultrasonic inspection of the inboard and outboard midspar fitting or 
spring beam aft lugs of each pylon for cracks initiating in the l l ~ g  
bores. Some operators had reported lug corrosion and in one case 
both lugs of the inboard pylon were found broken. Analysis of the 
broken part indicated that the breaks were the result of fatigue 
cracking initiating at corrosion pits in the bore surface of the outer lug 
fitting. AD 85-22-07, dated November 24, 1985 was issued to make 
provisions of the SB mandatory. 

1.6.4.4 Service Bulletins Applicable to the Nacelle Strut Rear Engine 
Mount Bulkhead 

Service Bulletins 747-54-2033/2042/2059 and 2065 cover the subjects 
of nacelle strut engine aft mount bulkhead cracking, inspection and 
modification. 

Although the majority of cracks in the aft mount bulkhead was found 
on 8747's with Pratt and Whitney JT9D-7 engines, the SB also applied 
to the General Electric CF6 and Pratt and Whitney JT9D-70 powered 
airplanes. These SB's were not adopted as FAA Airworthiness Directi- 
ves. 

1.7 Meteorological Information 

Weather information was obtained from the meteorological service 
of the Royal Dutch Meteorological Institute at Schiphol Airport. 

1.7.1 General Conditions 

A high pressure area centred over the southern part of Scandinavia 
and a low pressure area centred over the Gulf of Genua created a 
strong north easterly flow of dry air over the Netherlands at the time 
of the accident. 

1.7.2 Conditions at the time of the Crash 

altitude h 
- 

wind degreestknots temperature -C 

groundlevel 040123 gust 33 13 
1.0000 50130-35 12 
2,0000 5ol35-40 10 
3.0000 70140 10 
5,0000 70/30-35 8 

Wind and temperature conditions 

visibility: 
- from the ground to 2,000 feet, 15 kilometres. 

weather: 
- clear and dry. 

clouds: 
- 118 alto cumulus at 13,000 feet. 

freezing level: 
- 8,000 feet. 
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turbulence: 
- light to moderate. 

light condition: 
- dusk 

1.7.3 Aerodrome Terminal lnformation Service (ATIS) 

When requesting the airway clearance, the crew informed ATC that 
they received ATIS information "Tango". lnformation Tango reads: 

Main departure runway OIL, main landing runway 06, 
040 degrees 23 knots, maximum 30 knots, minimum 13 
knots, temperature 14, dewpoint 8, QNH 1012 hectopascals. 

1.8 Aids to Navigation 

All ground navigational aids for the Pampus departure and the instru- 
ment landing system for runway 27 were fully serviceable. 

1.9 Communications and Recordings 

1.9.1 A TC Communication Recordings 

All ATC communications were recorded on a magnetic tape recor- 
ding system, with a time coding. 

A transcript of the relevant ATC, airport, and fire brigade communica- 
tion recordings is attached as Appendix 4.1 

1.9.2 Other Communication Recordings 

The recording system also records a number of telephone lines. 

A transcript containing information received from the Rescue Coordi- 
nation Centre in IJmuiden (RCC) is attached as 
Appendix 4.2. 

1.9.3 Radar Data Recordings 

lnformation from the Schiphol primary and secondary radar was also 
continuously recorded on tape. A videorecording of the replay of the 
radar tape was made, and later, the radio conversations with the 
aircraft were dubbed onto the videotape. 
A plot of the radar tape, together with key transmissions from the 
radio telephony, is attached as Appendix 3.1. This plot has been 
transferred onto a map in Appendix 3.2. 

1.10 Airport lnformation 

Schiphol Airport is located to the southwest of Amsterdam. Runway 
01 L was in use as the preferential take off runway and runway 06 as 
the preferential landing runway. 
Aftw the El Al 1862 emergency call was made and after the flight 
crew requested to land on Runway 27, this runway was made availa- 
ble and the runway and approach lighting were activated. 
All required services were operational. 

1.1 1 Flight Recorders 

1.1 1.1 Digital Flight Data Recorder 

The El A1 aircraft was equipped with a Sundstrand Digital Flight Data 
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Recorder (DFDR). The following information applies to the DFDR: 

Model : 573 
Manufacture Part No. : 981-6009-01 1 
Manufacture Ser. No. : 2793 

The DFDR was removed from the accident site and transported via 
the Netherlands Accident Investigation Bureau in Hoofddorp to the 
Aircraft Accident Investigation Board (AAIB) in Farnborough, 
England, and from there to the Engineering Services Division of the 
NTSB in Washington D.C., USA. 

The DFDR was found in a heavily damaged condition. The outer case 
suffered massive impact damage during the crash and was further 
damaged by post-crash fire. 
The shock and heat resistant crash protection unit, which contained 
the DFDR tape and the tapedrive mechanism, was slightly damaged 
by heat and water. Some small parts of the wiring and electronic 
circuit boards were burned. 

The tape itself was found broken at four places, where it was not 
wound on the reels. The tape exhibited cracks, discoloration, and 
contamination, particular at the section that contained the informa- 
tion of the last two and a half minutes of the flight. A small amount of 
water was also found in the crash protection unit of the recorder. 

Notwithstanding this damage, a readout was accomplished on all 
recorded parameters. Validations were accomplished on some 
parameters. The data were converted into graphical plots and time 
correlated with the ATC time reference. 

1.1 1.2 Cockpit Voice Recorder 

The El Al aircraft was equipped with a Fairchild Cockpit Voice Recor- 
der (CVR). The following information applies to this recorder: 

Model : A-300 
Manufacture Park No. : 93A100-30 
Manufacture Ser. No. : 4186 

Despite intensive search activities to recover the CVR from the wreck- 
age area, the recorder was not found. El A1 personnel stated that a 
CVR had been installed in the aircraft. 

1.12 Wreckage and lmpact Information 

1.12.1 lmpact Area o f  the Engines and Wing Components 

Engines 3 and 4, with their related pylons, were recovered from the 
water at a position approximately 0.5 kilometre from the entrance to 
Naarden Harbour, approximately 200 meters apart. 

Numerous engine cowling and reverser pans, some parts of the right 
wing leading edge structure, leading edge flap no. 18, a pneumatic 
duct and the no. 3 and 4 diagonal braces, were found on land in close 
proximity to the engines. 

1.12.2 Main Impact Area 

El Al 1862 crashed into an eleven-story residential building located in 
a suburb of Amsterdam, the Bijlmermeer, approximately 13 kilome- 
tres east of the airport. The impact was centred at the apex of a block 
of apartments and debris were scattered over an area of about 400 
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meters wide and 600 meters long. The relative small impact area 
among high obstacles such as buildings and trees, indicated a very 
steep final flight path angle. 

The scattering of fragments, in particular those of the left wing, the 
tail section and fragments of the cockpit, in combination with the 
damage of the building, indicated that the aircraft had attained a bank 
angle of slightly over 90" to the right and a nose down attitude of 
approximately 70" upon impact. The heading on impact was 
generally to the East. 

Aircraft configuration at impact was TE flaps up, LE flaps partially 
extended, stabilizer trim approx 4.2 units aircraft nose up, wing gears 
up, body gears and nose gear in transit. 

1.1 2.3 Damage to Aircraft 

1.12.3.1 Damage to Right Wing Structure 

On land, in the area to the West and Southwest of the location where 
engines no. 3 and 4 were recovered, several parts of the leading edge 
flaps and RH wing leading edge structure were recovered. The largest 
parts comprised a slightly damaged and partly opened LE flap and 
drive (no. 181, the top skin panel above pylon no. 3 and the adjacent 
inboard top skin panel located above the most outboard Kriigerflap. 

The top skin panel above pylon no. 3 showed extensive chafing from 
the pylon structure. Smaller parts of LE flaps and wing LE structure 
were found in this same area. 

In the same area a slightly damaged about 2 meters long pneumatic 
duct of the bleed air system was found. This part is normally located 
in the wing leading edge, between engines no. 3 and 4. 

Engine and pylon no. 3 separated from the wing and collided with 
engine no. 4, in an outward and rearward direction. In view of the 
amount of LE flaps and LE structure found, the right wing leading 
edge must have been damaged up to the front spar of the right hand 
wing over an area approximately 1 meter left of pylon no. 3 to approx 
1 meter right of no. 4. It is assumed that due to the speed of the 
aircraft, the aerodynamic distortion and turbulence, some parts were 
blown off the leading edge of the right hand wing up to the front spar. 

Figure 4 illustrates the estimated damage to the right hand wing. 

Note:The amount of damage on the left wing leading edge after separation of pylon no. 2, 
from a 8747 accident at Anchorage on March 31. 1993. is indicative for the amount of 
damage probably inflicted on the El All862 right wing leading edge. 
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Figure 4 .  ESTIMATED DAMAGE TO RH WING LEADING EDGE 
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1.12.3.2 Damage to Engines 

Engines no. 1 and 2 

Engines no. 1 and 2 were found in the main impact area near the 
apartment buildi~g. Examination of the engine fragments and analy- 
sis of the damage indicated that the engines were operating at high 
power up to the impact with the ground. 
No evidence was found of preexisting damage to the engines which 
might have been caused by an external or internal source. 

Engines no. 3 and 4 

Engines no. 3 and 4 were dredged from the lake located below the 
aircraft's flight path, together with the engine pylons and many pans 
of their nose cowls and thrust reversers. 
The significant damage to the engines was external and occurred 
when the engines hit the water. Internal rub marks and other witness 
marks indicated that when the engines hit the water they were either 
at a low rotating speed or had stopped. Internal examination of 
engine 3 and 4 showed no abnormal signs of preexisting damage. 

Significant fan blade tip rubbing was found at two places in the fan 
cases of engine 3 and 4. This kind of damage is typical of fan blade tip 
rubbing when the engines are at a high speed of rotation. In this case 
the location of the rub within the fan cases indicated a gyroscopic 
effect of the engine rotating parts such as the fan, the compressor 
and turbine disks, at engine separation. 

Engine cowlings and pylons of engine no. 3 and 4 

The engine no. 3 inlet was recovered from the lake below the 
aircraft's flight path practically intact and together with the engine, 
whereas engine no. 4 inlet was found in smaller parts. The pylons of 
engine no. 3 and 4 were still attached to the engines, however pylon 
no. 4 separated from its engine during recovery from the water. 
Matching of the engine cowling and inlet parts of engines no. 3 and 4 
revealed that engine no. 3 and 4 had collided. The right hand side of 
engine no. 3 inlet cowling showed a circumferential dented damage 
pattern from a rotating part which left paint smear at the three o'clock 
position, caused by the engine no. 4 spinner. 

Fairing seal of pylon no.3 

When the wing forward beam and fairing seal of pylon no. 3 were 
recovered excessive chafing was noted at the wing forward beam. 
The question arose whether or not this amount of chafing could have 
been caused by the disconnection of either inboard or outboard 
midspar fitting. When studies carried out in relation to the "separa- 
tion scenarios" showed that a fracture of either inboard or outboard 
midspar fittinglpin prior to the accident flight was highly improbable 
this issue was not further investigated. 
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1.12.3.3 Damage to Hydraulic Systems 

When engines no. 3 and 4 separated from the aircraft, the no. 3 and 
no. 4 hydraulic systems were severely damaged. The engine no. 3 
and 4 hydraulic engine driven pumps, as well as the air driven pumps 
and some of the system hydraulic lines, were found in close proxi- 
mity to the engines in the lake below the flight path. Due to the severe 
damage, hydraulic systems no. 3 and 4 ceased operation, and conse- 
quently system 3 and 4 hydraulic pressure was not available to the 
relevant flight controls and other user systems. 
Figure 5 gives an overview of the remaining and lost hydraulic 
systems after engine separation. 

Engines no. 1 and 2 and their hydraulic pumps were not damaged in 
flight. Due to the damage to the right hand wing pneumatic ducting, 
the pneumatic pressure needed for the air driven pumps in the left 
wing bleed air duct was lower than the normal system pressure. 

1.12.3.4 Damage to Pneumatic System 

When the engines no. 3 and 4 separated from the aircraft, the 
pneumatic system was severely damaged. An almost undamaged 
component of the right wing pneumatic bleed air duct between the 
engine no. 3 and 4 was found near the engines on land below the 
flight path. The damaged bleed air pipe ducting allowed venting of 
bleed air supplied by the engines no. 1 and 2. 

Based on DFDR data for engine EPR and EGT it can be calculated that 
after engines no. 3 and 4 separated, engines 1 and 2 continued to 
provide enough bleed air to keep the pneumatic pressure at the 
airconditioning pack no. 3 valve position above the minimum requi- 
red to keep this valve open. This valve automatically closes when 
pressure in the duct drops below 8 psi. The DFDR data indicates that 
the pack no. 3 valve did not close after engine separation. This also 
indicates that the pressure in the duct remained above 8 psi. This 
means that the wing isolation valves were in the open position. 

1.1 2.3.5 Damage to Electrical System 

After engine no. 3 and engine no. 4 separated from the aircraft the 
electrical power supply from generator no. 3 and no. 4 was lost. 

DFDR data show that in general however electrical power remained 
available to all electric and electronic systems. However some 
erroneous instrument indications may have been possible. 

1.12.3.6 Damage to Fuel System 

When the engines broke away from the right wing, the engine fuel 
supply lines were ruptured. As no parts cf thc engine fuel shut off 
valves and the associated section of the right hand wing front spar 
were recovered, it could not be determined if the separation of the 
engines led to damage to the fuel shutoff valve actuator motors. 
These are mounted on the front spar of the wing. 
Damage to the fuel system piping could have resulted in loss of fuel 
being pumped from the tank through the fuel manifolds and engine 
fuel shut off valve on the front wing spar. 

1.12.3.7 Damage to Fire Detection and Extinguishing Systems 

Damage to fire detection loops after engine separation resulted 
probably in electrical short cuts which caused fault-fault indications 
and subsequent fire warnings. Fire warning at engine 
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no. 3 was reported by the flight crew. It is not known if the engine fire 
warning continued during the remainder of the flight nor if the bottle 
discharge light was illuminated in the cockpit. 

1.13 Medical and Pathological Information 

All pathological investigation was made f ~ r  the purpose of identifica- 
tion. 

1.14 Fire 

1.1 4.1 Fire on Board 

Examination of the separated engines no. 3 and 4, their associated 
pylons and parts of the structure that broke off the aircraft at engine 
separation, did not show any signs of fire or soot. 

After engine separation some witnesses reported a short, sparklike 
fire which extinguished shortly afterwards. No fire was noticed on the 
aircraft during its subsequent flight apart from two not confirmed 
witness reports about fire just prior to impact. 

1.1 4.2 Fire on the Ground 

Upon impact with the apartment buildings and the ground the aircraft 
disintegrated. The spilled fuel resulted in explosion. Aircraft debris 
and burning fuel were thrown over an area of about 400 meters wide 
and 600 meters long. The burning fuel set fire to a number of 
adjacent apartments. Additional damage to the apartments occurred 
because of the blast of the explosion. A large amount of the aircraft 
wreckage was consumed by fire. 

1.14.3 Fire Brigade Response on the Airport 

The Airport fire brigade unit "Sloten" was told that a 8747 was retur- 
ning to Schiphol Airport with engine problems. The unit, consisting 
of three MAC 11 vehicles, one SAV vehicle and 11 firefighters, went to 
the readiness positions for Runway 06, the preferential landing 
runway. The unit was in position within one minute of notification. 

When the message was received that El Al 1862 was intending to land 
on Runway 27, the unit moved to the readiness positions for that 
runway. After sighting a large fireball to the east the fire brigade unit 
was directed to the scene of the accident. 

1.14.4 Fire Brigade Response Outside the Airporl 

Four airport fire brigade vehicles in coordination with the Amsterdam 
City fire brigade started fire fighting activities after arriving at the 
scene of the accident. 
The main fire was under control within several minutes, using foam. 

1.15 Survival Aspects 

The accident was not survivable for the persons on board of 
El A1 1862 because of the impact forces and the ensuing explosion 
and fire. 

1.16 Tests and Research 

Note: Test and research efforts were directed to investigate the 
recovered parts of the pylon. Only in a later stage of the investigation 
it became clear that probably a not recovered part failed first. 
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1.16.1 Metallurgic Investigation of Outboard Midspar Fuse Pin 

At the accident site, a section of the outboard wing support fitting 
(inboard side only) was recovered with the central part of the 
outboard midspar fuse pin in place. The inboard fracture surface 
failed in shear, while the outboard fracture surface exhibited signs of 
metal-fatigue. 

The Dutch National Aerospace Laboratory was contracted to carry 
out a metallurgic investigation of the fuse pin. The results of this 
investigation are contained in report CR 93030 C: "Investigation of the 
Outboard Midspar Fuse Pin from the Pylon of Engine #3 of El Al 
1862". The laboratory concluded the following: 

1. A large fatigue crack was present at the outboard location of 
minimum wall thickness of the fuse pin, which was of the " 
bottle bore " configuration. This fatigue crack was up to 4 
millimetre in depth and encompassed about 50 % of the 
inside circumference. 

2. The fatigue crack had developed from multiple initiation 
sites along poor quality machining grooves. There was no 
evidence of corrosion pining that could have contributed to 
fatigue initiation. 

3. The material of the fuse pin met the chemistry specification 
for 4330 M steel. However, hardness measurements indica- 
ted that the tensile strength was about 117 ksi, which is 
lower than the specified range of 126 - 139 ksi. 

It should be noted that a low hardness does not mean the pin was 
understrength, because sometimes the final machine cut is adjusted 
based on the testing conducted in the sampling process. 

Boeing also carried out a metallurgic investigation of the fuse pin. 
The Boeing findings concur with the NLR findings. 

Boeing was able to derive a crack growth curve of the fatigue fracture 
surface as a function of total airplane cycles (flight cycles) versus 
crack depth. 

Based on this curve Boeing concludes that at the last inspection of 
the fuse pin, 257 flights before the accident flight, the fatigue crack 
would have had a depth of .14 inch. As the ultrasonic reference depth 
is .085 inch a detectable crack existed at the last inspection. 

El Al however contests the Boeing findings regarding the crack 
growth data. 

El A1 is of the opinion that the redistribution of loads after the initial 
failure in the inboard midspar fitting lug resulted in a significant 
increase in crack growth rate during a number of flights and that it is 
therefore conceivable that the crack was of less than detectable 
length at the last ultrasonic inspection. 

The NLR was requested to comment on this fundamental difference 
of opinion between Boeing and El Al regarding the interpretation of 
the striation count of the fatigue crack in the outboard midspar fuse 
pin. 

The NLR concludes that: "The intermediate markings between 'heavy 
striations' cannot be interpreted unambiguously". 
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1.16.2 Metallurgic Investigation of Inboard Midspar Fitting Lug 

The inboard midspar fitting of pylon no. 3, with some attachment 
structure, was recovered from the Gooimeer. The outboard lug of the 
clevis fitting had failed. The National Aerospace Laboratory was also 
contracted to examine this part and the results are contained in their 
report CR 92454 C: "Investigation of the Inboard Midspar Fitting of 
Engine no. 3 of El Al 1862". The results of this investigation can be 
summarized as follows: 

1. In all probability the lug fractured and failed by overload, 
under a combination of bending and tensile loads. The 
caveat "In all probability" is considered necessary 
because the fracture surface details had been almost 
completely destroyed by corrosion, most probably as a 
consequence of immersion in the water. 

2. Checks of the lug material, 4330 M low-alloy high-strength 
steel showed that it met the requirements of hardness, 
tensile strength and chemistry. The steel microstructure was 
also satisfactory. 

Boeing also carried out a metallurgic investigation of the lug and 
came to the same conclusions as the Aerospace Laboratory, saying, 
"The lug fracture was determined to be ductile (i.e. no fatigue) and 
appears to have resulted from tension and to a lesser extent from 
lateral bending." 

1.16.3 Bird Impact 

A detailed study into bird migration during the flight of the accident 
aircraft was made by the expert of the Royal Netherlands Air Force. 
The study revealed heavy bird migration in the Schiphol area during 
the 14 minute flight of the aircraft, and birds could be found up to an 
altitude of 5,000 feet. 
The chances of a bird impact were considered at its maximum just 
after take off, and were estimated to be lower at the altitude of 6,000 
feet and above. 

Engines no. 3 and 4 and all the parts from the leading edge of the 
right hand wing were examined under ultraviolet light and via chemi- 
cal tests. The internal and external examination of engine no. 3 and 4 
and of the engine cowlings showed no evidence of bird impact. 

Examination of variable camber flap 18 and two parts of the right 
wing leading edge structure showed signs of possible bird impact, 
however, laboratory analysis could not determine whether the 
deposits on the parts were of animal nature. In some cases there was 
not enough material to test, and in all cases, the parts had been 
exposed to sunlight and water for a too long period of time. 
Some bird feathers were found on a leading edge part that probabiy 
belonged to the left wing. This part was found at the crash site. 
Chemical analysis by the Zoological Institute of the University of 
Amsterdam confirmed that the remnants indicated a pigeon. 

1.16.4 Sabotage 

A detailed investigation into the possibility of sabotage was perfor- 
med. Details including the type of cargo, the dispatching of the 
airplane, various security aspects and general maintenance activities 
were examined. The engines and pylons were visually inspected for 
signs of high energy explosion or other sabotage. 
Also, several airplane structural parts and foreign objects associated 
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with the wreckage were subjected to chemo analysis with negative 
results. No evidence of sabotage was found. 

1.1 6.5 Trajectory Engine No. 3 

Boeing studied engine trajectories for a variety of fuse pin release 
scenarios and thrust levels. The strut and engine were treated as rigid 
bodies, while the upper link and diagonal brace were modelled as 
beams. The midspar fuse pins and fittings were modelled as zero 
length springs. Dynamic loads noted during the release sequence 
scenario 4 that more than one fitting would need to be below 
strength for a pylon release to occur. The study indicated that most of 
the no. 3 pylon fuse pin release sequence scenarios resulted in the 
no. 3 engine striking the no. 4 engine, but not necessarily in the orien- 
tation noted during the El Al accident. 
The release sequence that came the closest to the El Al trajectory was 
inboard midspar fitting failure, followed by outboard midspar fitting 
failure, upper link failure, and finally diagonal brace failure. 

ICAO Note.- Section 1.1 7 was not reproduced. 
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2. ANALYSIS 

2.1 General 

The flightcrew was trained and certificated in accordance with 
appropriate Israeli CAA, El Al and Industry standard requirements 
and procedures. 

The airplane was inspected and maintained in accordance with El A1 
and Boeing maintenance procedures. 

Meteorological conditions and navigation and communication facili- 
ties did not contribute to the accident. 

The Board determined that the accident sequence was initiated by the 
in-flight separation of the no. 3 engine pylon from the wing. The 
Board's investigation examined the probable causes for this separa- 
tion and the probable causes for the subsequent loss of control. 

The Board's analysis of this accident included an evaluation of: 

- evidence to determine the initial failure origin; 
- the design and certification of the fused pylon concept; 
- the effectiveness of FAA's supervision on continuing airworthiness; 
- performance of the flightcrew; 
- ATC services; 
- actions taken since the accident. 

2.2 Engine Pylon Separation 

At the time of the accident the airplane had a valid Certificate of 
Airworthiness. The maintenance transit check was properly carried 
out at Schiphol Airpon. No defects were recorded which could have 
played a role in the accident. 

External and internal examination of the engines showed that all 
damage was either a result of gyroscopic effects during pylon separa- 
tion or the impact of engine no. 3 with engine no. 4 and/or the impact 
of the engines with the water. No physical evidence was found inside 
the engines indicating that a surge could have occurred. Also exami- 
nation of the El Al maintenance records and DFDR data from before 
the accident flight revealed no signs of surges. 

The possibility of  sabotage was examined by several police and 
security agencies familiar with sabotage techniques and terrorist 
activity. No evidence of sabotage was found. 

The Board therefore concluded that the separation of the engine 
pylon was caused by a failure of connecting components that attach 
the pylon to the wing of the airplane. 
To determine the initial failure origin a total of 9 different scenarios 
were identified each of which could lead to the separation of the 
engine pylon from the wing. 
Separation Scenarios: 

1. Upper link/pin fractured or disconnected first; 
2. Inboard midspar fittingtpin fractured or disconnected first; 
3. Outboard midspar fittinglpin fractured or disconnected first; 
4. Simultaneous fracture or disconnection of both the inboard and 

outboard midspar fittinglpins; 
5. Diagonal bracelpin fractured or disconnected first; 
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6. Massive static overload occurred; 
7. Bird impact occurred; 
8. Engine seizure occurred; 
9. Side brace fractured or disconnected first. 

Scenarios 4 through 9 were eliminated as viable options. The reasons 
are summarized below: 

Scenario 4: only a large overload in lateral direction could have 
caused this type of failure. There was no evidence on 
the DFDR that any unusual load occurred. 

Scenario 5: examination of the diagonal brace and its attachments 
indicate that the disconnection was due to overload at 
engine separation. 

Scenario 6: there was no indication of any unusual loading on the 
DFDR. 

Scenario 7: no evidence of foreign object damage, e.g. bird 
impact, to the engine prior to the separation was 
found. 

Scenario 8: examination of the engine indicated that the fan was 
rotating at the time of separation, therefore no engine 
seizure could have occurred. 

Scenario 9: examination of the side brace and its attachment 
indicated that the disconnection was due to an 
overload at engine separation. 

As the upper part of the upper link and corresponding fitting was not 
recovered the question arose whether or not this link was properly 
attached at the time of the separation. By means of a stress analysis it 
was shown that the fracture of the upper link in the noted 
bendinghorsion mode could only have occurred if the wing-end pin 
was in place and intact. Scenario 1 could therefore be eliminated. 

The elimination process resulted thus in two possible remaining 
scenarios. The approach taken for the further evaluation of these 
scenarios was mainly one of deduction, augmented with stress and 
load analysis. Using this approach it could be proven that a separa- 
tion initiated by a failure in the outboard midspar fitting was highly 
improbable. 

The inboard midspar fitting was recovered. The outboard lug of the 
fitting had fractured with a 150 degrees segment of the lug missing. 
The lug fracture was determined to be ductile (i.e. no fatigue) and 
appeared to have resulted primarily from tension and to a lesser 
extent from lateral bending. The ductile failure can only be explained 
if it was eccentrically loaded. For this to occur the inboard shear face 
of the fuse pin must have sheared first in order to subject the lug to 
an eccentric load. 
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As there is no in service evidence that the,El A1 airplane experienced 
a static overload preceding the accident it is assumed that the 
inboard shear face of the fuse pin was initially fatigued and then 
failed under normal flight conditions. 
Based on this assumption separation scenario 2 was further develo- 
ped with regard to the question whether the failure did occur before 
the fatal flight or during this flight. 

Figure 6 shows pylon no. 3 fracture details for scenario 2 and the 
sequence of each fracture in time numbered 1,2,3 and 4. 
By applying the methodology as explained above, it can be proven 
that a fracture of the inboard fuse pin before the start of the flight out 
of Schiphol Airport is highly improbable. The load carrying capability 
of the remaining structural elements, taking into account dynamic 
effects, is sufficient to carry the redistributed loads. 

Therefore the scenario which is most likely, is (1) a fracture initiated 
by a fatigue crack of the shear face of the inboard midspar fuse pin. 
This was followed by (2) a sequential failure of the outboard lug of 
the inboard midspar fitting. Then (3) the outboard shear face. Finally 
(4) the inboard shear face of the outboard midspar fuse pin. The 
subsequent pylon engine separation occurred during the flight out of 
Schiphol Airport at 6500 feet and at an IAS of 267 knots. 

2.3 Design and Certification Assessment 

As outlined in paragraph 1.6.3.1 the pylon is designed to break 
cleanly away from the wing. 

The certification basis of the Boeing 747 includes a Fatigue Evaluation 
of Flight Structure as laid down by FAR part 25.571 Am.8. This evalu- 
ation requires that: 

"Those parts of the structure (including wings, fixed and 
movable control surfaces, the fuselage and their related 
primary attachments), whose failure could result in 
catastrophic failure of the airplane, must be evaluated under 
the provisions of either paragraph (b), Fatigue Strength, or 
(c), Fail-safe Strength of this section." 

Based on the similar fuse pin design of the Boeing 707, Boeing 
concluded that the fused pylon concept effectively protected wing 
structure and fuel tanks against consequences of pylon overloads. A 
detailed fail-safe analysis of this nacelle and pylon concept was made 
by Boeing. This analysis addressed all critical load conditions resul- 
ting from abnormal flight or landing conditions. 

It should be noted that the report does not address the specific fail- 
safe load analysis assuming a fatigue failure or obvious partial failure 
of a single principle structural element. 

It is important to note that during type certification a then state-of- 
the-art fatigue analysis of the pylon structure was performed by 
Boeing in order to establish the maintenance requirements for the 
Boeing 747. In real life this did not turn out to  be sufficiently reliable. 
At that time full scale testing was not part of the USA airplane certifi- 
cation process. 

Boeing did not conduct any structural testing of the pylon to positi- 
vely determine its static strength, fatigue and fail-safe characteristics. 
The FAA accepted Boeing's contention that since the Boeing 707 
pylon had proved reliable, the nearly identical design of the Boeing 
747 pylon would also be reliable. Therefore on the date of type certifi- 
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cation the nacelle and pylon design met all applicable airworthiness 
requirements. 

The supervision of the continued airworthiness of the Boeing 747 
type design is a responsibility of the FAA. This organization carries 
out its responsibility mainly by issuing Airworthiness Directives, 
many of which were originally Boeing Service Bulletins. In case of the 
Boeing 747 the FAA issued a large number of AD'S addressing 
numerous fatigue problems in the pylon structure, including fuse 
pins, lugs and fittings. Nevertheless, new cracks and failures were 
discovered frequently, giving doubt about the ultimate strength of 
the structure. 

In addition to the fatigue problems, a static problem was identified in 
service. On several occasions so-called crank-shafting of fuse pins 
was reported. Apparently a plastic deformation of the fuse pins can 
occur at operational load conditions. 

Over a time period of 15 months three pylons (China Airlines, El A1 
and Evergreen) have failed in flight, resulting in two fatal and one 
serious accident. 

The original design together with the continuous airworthiness 
measures and the associated inspection system did not guarantee 
the minimum required level of safety of the Boeing 747 at the time of 
the accident. 

2.4 Final loss o f  Control 

The analysis concerns the controllability and performance aspects of 
the airplane. 

2.4.1 Controllability 

Assuming a fixed rudder deflection an increase in thrust asymmetry 
generates a yaw, resulting in a sideslip which in turn induces a roll 
moment. These motions can be controlled by: 
- a rudder deflection to stop the yaw; 
- a lateral control deflection to stop the roll; 
- a thrust reduction. 

Loss of part of the leading edge flaps and damage of the right wing 
results in a change in lift generating capability of that wing. At small 
angles of attack the lift on both wings is essentially equal, at higher 
angles of attack the increase of lift on the damaged wing is less than 
the increase in lift on the undamaged wing. An increase in angle of 
attack will therefore generate a roll moment. In the case of El Al 1862 
this increase caused bank steepening during the right turns in the 
direction of the damaged wing. This effect was confirmed by DFDR 
data. 

In general modern airplanes have adequate control capability to turn 
in either direction in a two engine inoperative situation. 
However turning into the direction of the functioning engines wil l  
create a flight condition with more margin. It is recommended to 
emphasize this basic knowledge during training. 

2.4.2 Performance 

An energy analysis was performed based upon altitude and airspeed 
data from the DFDR. It should be realised that this method does not 
allow extrapolation of performance capabilities in other conditions 
then those encountered during this flight. Based on this analysis the 
following conclusions can be made: 
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- Marginal level flight capability was avaikble at 270 knots and go- 
around power with a limited manoeuvring capability; 

- At MCT thrust and 270 knots IAS there was no level flight capabi- 
lity; 

- Performance degraded below about 260 knots at increased angles 
of attack. Deceleration to 256 knots resulted in a considerable sink 
rate. 

It is therefore believed that the performance deterioration at increa- 
sed angles of attack is the most likely explanation for the advance- 
ment of the throttles during the final stage of the flight. 

2.4.3 Synthesis 

After separation of the engines and pylons the crew flew the aircraft 
in the following condition: 

1. RH wing leading edge severely damaged. 
2. RH wing leading edge flaps partly lost. 
3. RH outboard aileron floating at 5 degrees trailing edge up. 
4. limited roll control due to: 

- no outboard aileron available; 
- spoiler system partly available. 

5. limited rudder control due to lagging behind of lower rudder 
for unknown reasons. 

6. RH inboard aileron probably less effective due to disturbed 
airflow created by damage of the wing leading edge and 
loss of pylon no. 3. 

7. engine no. 1 and 2 at high thrust settings. 

Until the last phase of the flight aircraft control was possible but 
extremely difficult. The aircraft was in a right turn to intercept the 
localizer and the crew was preparing for the final approach and may 
have selected the leading edge flaps electrically. During the last 
minute the following occurred as can be derived from DFDR data. The 
aircraft decelerated when the pitch attitude was increased probably 
to reduce the rate of descent. 
The associated increase in angle of attack caused an increased drag. 
Additional drag of a sideslip and possible extended leading edge 
flaps resulted in a further speed decay. This speed decay was proba- 
bly the reason to increase thrust on the two remaining engines no. 1 
and 2. 

All this generated an increased roll moment to the right by: 
1. asymmetric lift generation at increased angle of attack 
2. high thrust asymmetry 
3. loss of aerodynamic efficiency of the RH inboard aileron at 

increased angle of attack 
4. possible asymmetric lift due to leading edge flaps operation. 

The resulting roll moment exceeded the available roll control. 

Near the end of the flight the crew was clearly confronted with a 
dilemma. On the one hand they needed extra thrust to decrease the 
rate of descend and maintain speed, on the other hand the higher 
thrust increased the control difficulties. In general, in case of degra- 
ded performance, thrust should be confined to that level at which 
aircraft control can be maintained. 

2.5 Performance o f  the Flight Crew 

This part of the investigation was hampered by the lack of CVR infor- 
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mation. Apart from the available factual information, deduction 
based on general airline flying knowledge and Boeing 747 flying 
experience was used to achieve a best estimate of what happened in 
the cockpit after engine separation. 

The DFDR revealed that during the manoeuvring of the airplane the 
limited availability of the flight controls obliged the captain to use up 
to full rudder pedal deflection and various control wheel deflections 
between 20 and 60 degrees to the left. 

The Boeing training manual states that in an asymmetric flight condi- 
tion with two engines inoperative on one side there should be 
enough rudder authority to allow the control wheel to be almost 
neutral up to MCT at manoeuvring speed. 

During investigation in the Boeing simulator it was noted that with 
flaps up (which locks out the outboard ailerons) under the above 
mentioned conditions and with maximum rudder deflection appr. 30 
degrees left wing down control wheel deflection was needed to 
maintain straight flight. 
In the case of El Al 1862 the damage to the right wing and the upflo- 
ating right outboard aileron required even more left wing down 
control wheel deflection. This can be observed on the DFDR and was 
also noticed during simulator investigation. 

This supports the hypothesis that the crew faced a very unusual 
situation. At 260 knots the airplane was almost out of control with full 
deflected rudder and 60 to 70% of maximum lateral control. This was 
very different from what the crew would expect from their knowledge 
of and experience with an aircraft with two engines inoperative. 

When El Al 1862 departed from Schiphol Airport the captain was the 
pilot not flying (PNF) and was identified communicating with ATC 
until the moment that engines no. 3 and 4 separated from the right 
wing. The "mayday" call and the following radiocommunication 
were identified as being done by the first officer. The captain clearly 
took over control and kept control of the airplane throughout the 
remainder of  the flight. 

With respect to resource management at the flightdeck the Board is 
of the opinion that in general the captain is in a better (management) 
position when he can leave or delegate control of the airplane to a 
fully qualified first officer. 
Given the severe controllability problems the Board respects the 
decision of the captain to take over control despite the fact that the 
first officer was fully qualified. The Board also realizes that the 
situation did not stabilize in such a way that the captain could reason- 
ably return control to first officer. 

Within one minute after engine separation the crew decided to return 
immediately and to land on runway 27, in spite of the unfavourable 
wind conditions for this runway. The crew may have been urged to 
this decision for the following reasons: 
- the possibility of having been hit by a missile causing a quickly 

deteriorating situation; 
- the believe that they were experiencing one or two uncontrollable 

engine fires with the possibility that these fire(s) would burn into 
the wing; 

- the assumption that the airplane was too heavy to maintain 
straight and level flight; 

- the crew was familiar with Schiphol Airport, knew the lay-out of the 
runways and knew that runway 27 was the longest and the nearest 
available runway. 
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The captain's decision to land on runway 27, despite the fact that this 
was not the runway in use, was an understandable decision under 
the circumstances. 

The decision to land as soon as possible committed the crew to 
perform under extreme time constrains. The complexity of the 
emergency on the other hand called for time consuming and partly 
conflicting checklist procedures. Warnings and indications in the 
cockpit were most likely compelling and confusing. Furthermore the 
pilots were confronted with a controllability and performance 
situation which was completely unknown to them and they were not 
in a position to make a correct assessment. The Board is of the 
opinion that given the situation of the crew as described above and 
the marginal controllability the possibility for a safe landing was 
highly improbable, if not virtually impossible. 

2.6 ATC Performance 

Although Air Traffic Control was not a contributing factor to the 
accident the Board believes that improvements can be made with 
regard to the handling of in-flight emergencies. 

The exchange of information was at times inadequate. The crew only 
gave sparse information concerning their problems and intentions. 
The controller occasionally used nonstandard phraseology which 
was not as explicit or understandable as would be desirable in an 
emergency situation. In these situations crews most certainly are 
working under extreme workload conditions and the controllers may 
feel reluctant to interfere with a crew involved in an emergency 
situation. However pilots and ATC personnel should be aware that for 
the adequate handling of an emergency it is vital to use standard 
phraseology and to exchange all necessary information about the 
urgency and the severity of the situation. 

ATC was confronted with the unexpected intention of the crew to 
land on runway 27 instead of the runway in use (runway 061, the 
runway to  which the crew initially was directed. The attempt of the 
controller to position the airplane by radar vectoring to a point 12 NM 
on the localizer for runway 27 was not completely successful. 
A wider than normal set-up of the circuit would have better allowed 
for the possible steering errors and slow reactions to heading 
changes which occurred and which may be expected in emergency 
situations. 

During the procedure to vector the airplane for runway 27 i t  flew over 
the city of Amsterdam. The Board is fully aware of the responsibility 
and authority of the captain of an airplane in distress. The Board also 
realizes that after the declaration of an emergency ATC recognizes as 
its main task, the assistance of the crew in its efforts to recover the 
airplane. 
However, the Board feels that in the handling of emergency 
situations not only the safety of airplane and passengers but also the 
possible risk to third parties should be taken into account. 

Information regarding the separation of both engines no. 3 and 4 did 
not reach the ATC controllers concerned with the emergency and was 
therefore not relayed to the crew. 
Although it remains questionable if, when relayed, this knowledge 
would have changed the course of events, it could have given the 
crew at least a better understanding of the unusual situation. 
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2.7 Actions Taken Since the Accident 

When it became evident that also the "bulkhead style" fuse pin was 
not only prone to corrosion but also cracked under service condi- 
tions, Boeing decided in November 1992 to develop a new design of 
the fuse pin taking into account the following design objectives: 
- static strength should be increased to such a level that the design 

loads for abnormal flight conditions could be met without a failure 
of the fuse pin. However, in case of wheels-up landing the wing 
should not be damaged in order to prevent fuel spillage; 

- the fatigue life and crack growth life should be increased to such a 
value that fatigue cracking should not occur throughout the life of 
the airplane and inspection intervals should be sufficiently long; 

- the new fuse pin should not be prone to any corrosion in  order to  
fulfil the fatigue life objective; 

- the manufacturing process should be easy to control and not result 
in, for example, tooling marks which could initiate fatigue cracking. 

Based on the above listed design requirements Boeing developed a 
stainless steel fuse pin with a considerably improved fatigue and 
crack growth life. Furthermore the static strength and fatigue and 
crack growth analysis will be supported by tests. 

When the inboard midspar fitting of the China Airlines Boeing 747 
was recovered it became evident that both lugs had failed due to 
fatigue and after assessing the damage to the wing leading edge of 
the Evergreen Boeing 747 caused by the separation of engine no. 2, 
Boeing decided that the Boeing 747 should meet the fail-safe require- 
ments with respect to pylon-to-wing attachment. 

As a consequence Boeing re-assessed the current pylon design in 
order to meet the fail-safe requirements. The hardware fix currently 
proposed by Boeing will add an additional link to the midspar 
mounting in order to meet the fail-safe requirements. Extensive local 
redesign of the pylon structure should eliminate most of the currently 
effective inspections. The diagonal brace and upper link will be 
replaced by designs with a higher load carrying capability. 

The Board is of the opinion that: 
- a full scale test should be carried out for the redesigned pylon to 

qualify static, fatigue and fail safe characteristics; 

- an extensive flight load measurement program involving revenue 
flights should be accomplished in order to gain a better knowledge 
of the actual loads on the pylon structure. 

Boeing's intended modification program will probably start some- 
where in the second quarter of 1994 and wil l  require somewhere 
between 12 and 17 days down time and about 10.000 man hours per 
airplane. Total time to modify all Boeing 747 airplanes will be 5 to 7 
years. 

In the interim, safety of the fleet of not yet modified airplanes will be 
guaranteed by: 
- new stainless steel fuse pins; 
- adapted inspection program for the lugs; 
- use of a newly developed ultrasonic sensor, able to detect smaller 

cracks. 
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CONCLUSIONS 

Findings 

The airplane was inspected and maintained in accordance 
with El Al and Boeing maintenance procedures. 

The flight crew was trained and certificated in accordance 
with appropriate Israeli CAA, El Al, and industry standard 
procedures. 

At an altitude of about 6,500 feet the no. 3 pylon failed, this 
pylon and no. 3 engine separated from the right wing. 

The no. 3 engine struck the no. 4 engine, causing the 
- no. 4 pylon and engine to separate from the wing. 

The leading edge flaps and a portion of the fixed leading 
edge of the wing back to the front spar were extensively 
damaged. The no. 3 and 4 hydraulic systems were comple- 
tely and the pneumatic system was partially disabled. 

The flight crew reported a fire on the no. 3 engine to ATC. 
Given the system logic a fire warning may have been the 
result of a double fault indication of the svstem. 

Due to the limited field of view from the cockpit to the wing 
area the flight crew was not able to observe the separation 
of the no. 3 engine nor the damage to the wing. 

Performance and controllability were so severely limited 
that the airplane was marginally flyable. 

Current standard industry training requirements and proce- 
dures do not cover complex emergencies like encountered 
by El Al 1862. 

After declaring an inflight emergency, the flight crew 
decided to return to Schiphol Airport immediately and land 
on runway 27, although runway 06 was in use for landing. 

Because the airplane became too high and too close to the 
airport to accomplish a straight-in landing, the flight crew 
was vectored through an approximate 360 degree pattern of 
descending turns to intercept the final approach course. 

During the vectoring to the final approach, the flight crew 
stated to air traffic control that they were experiencing 
problems with the aircraft's flaps. Shortly before intercep- 
ting the final approach they reported controlling problems. 

During preparation for final approach speed reduction made 
the airplane exceed the limits of its remaining control 
capability. The airplane crashed into an apartment complex. 

Exchange of information between El Al 1862 and ATC was 
not always adequate. 

The effectiveness of the fused pylon concept in protecting 
the wing structure and fuel tanks against the consequences 
of pylon overloads was based on the history of the similar 
fuse-pin design of the Boeing 707. 
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16. Certification of the B 747 pylon included a fail-safe analysis 
of the nacelle and pylon concept. At that time this analysis 
however did not address the specific fail-safe requirement 
assuming a fatigue failure or partial failure of a single struc- 
tural element. 

17. A then state-of-the-art fatigue analysis of the pylon structure 
was made to establish the maintenance requirements. In 
real life this did not turn out to be sufficiently reliable. From 
August 1979 on a large number of S.B.'s and A.D.'s were 
issued addressing numerous fatigue problems in the pylon 
structure including fuse-pins, lugs and fittings. 

18. Inspection and analysis performed by specialists on 
recovered vital parts of the pylon construction revealed 
severe damage due to fatigue. 

19. No firm conclusion could be drawn whether or not the 
fatigue crack in the outboard midspar fuse pin was detecta- 
ble at the last ultrasonic inspection. 

20. After analysing the possibilities it is assumed that the 
separation was initiated by a fatigue crack in the inboard 
shear face of the fuse-pin in the inboard midspar fitting. 

21. Over a period of 15 months, three pylons have failed in 
flight, resulting in two fatal and one serious accident. The 
original type design together with the continuous airworthi- 
ness measures and associated inspection system did not 
guarantee the minimum required level of safety of the 
Boeing 747. 

3.2 Probable Causes 

The design and certification of the B 747 pylon was found to be inade- 
quate to provide the required level of safety. Furthermore the system 
to ensure structural integrity by inspection failed. This ultimately 
caused - probably initiated by fatigue in the inboard midspar fuse-pin 
-the no. 3 pylon and engine to separate from the wing in such a way 
that the no. 4 pylon and engine were torn off, part of the leading 
edge of the wing was damaged and the use of several systems was 
lost or limited. 
This subsequently left the flight crew with very limited control of the 
airplane. Because of the marginal controllability a safe landing 
became highly improbable, if not virtually impossible. 
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4 RECOMMENDATIONS 

Redesign the 8747 pylon structure including attachment to 
engine and wing. All SB's and AD'S should be terminated 
after the redesign. 

The redesign program for the pylon should include a full 
scale fatigue and failsafe test. 

A large scale inflight fleet-wide fatigue load measurement 
program should be carried out, both on wing, fuselage, and 
fin mounted engines in order to establish more realistic load 
spectra for fatigue evaluations. 

Review present methods of controlling structural integrity, 
such as non destructive inspection techniques and airwor- 
thiness directive requirements, in the current design 8747 
pylon assembly. 

If a structural design concept is used as the basis for the 
certification of another design, in-service safety problems 
for both designs should be cross-referenced. 

Evaluate and where necessary improve the training and 
knowledge of flight crews concerning factors affecting 
aircraft control when flying in asymmetrical conditions such 
as with one or more engines inoperative including: 
- advantages and disadvantages of direction of turn 
- limitation of bank; 
- use of thrust in orderto maintain controllability; 

Evaluate and where necessary improve the training and 
knowledge of flight crews in cockpit resource management 
in order to prepare them for multiple systems failures, 
conflicting checklist requirements and other beyond abnor- 
mal situations. 

Expand the information on inflight emergencies in appro- 
priate guidance material to include advice how to  insure that 
pilots and air traffic controllers are aware of the importance 
to exchange information in case of inflight emergencies. The 
use of standard phraseology should be emphasized. 

Evaluate and where necessary develop common guidelines 
on emergency procedures and phraseology to be used 
between ATC, Fire Brigade, Airport Authorities and RCC. 

Expand the training of pilots and ATC personnel to include 
the awareness that in the handling of emergency situations 
not only the safety of airplanelpassengers but also the risk 
to third parties especially residential areas should be consi- 
dered. 
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4.1 1 Review design philosophy of firewarning systems, to 
preclude false warnings upon engine separation. 

4.12 Review flight control design to ensure that flight control 
surfaces do not contribute adversely to airplane contrc! in 
case of loss of power to a control surface. 

4.13 Fire resistance of DFDR and CVR should be improved. 

4.14 Investigate the advantages of installation cameras for 
external inspection of the airplane from the flightdeck. 

ICAO Note.- Figures 1 to 3, Section 1 . I 7  and the Appendices were not reproduced. 

ICAO Ref.: 0124192. 



No. 6 

McDonnell-Douglas DC-10-30F, PH-MBN, accident at Faro Airport, 
Portugal, on 21 December 1992. Report released by the 

Directorate General of Civil Aviation, Portugal. 

RESUMO DO ACIDENTE 

No dia 21 de Dezembro de 1992, a aeronave DC-10-30F, rnatricula PH-MBN, 
com 327 passageiros e 13 tripulantes a bordo, efeduava a aproxirna@o a pista 
11 do Aeroporto de Faro para aterrar. 

0 aeroporto estava a ser atingido por uma linha de converggncia com 
predorninio de cumulonimbos que &ram origem a aguaceiros, por vezes 
intensos, e trovoadas. 

A aeronave efeduou uma aterragem dura no lado esquerdo da pista 1 1. 

0 trern de aterragem direito fracturou-se e. de seguida, a asa direita, que se 
separou da fuselagem, originando a rotaeo da aeronave sob o seu eixo 
longitudinal. 

A aeronave deslizou para fora e para o lado direito da pista, partiu-se em duas 
s e w e s  principais e incendiou-se. 

Varios passageiros e rnembros da tr ipulaw morreram. 
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INFORMACAO FACTUAL 

As horas expressas neste relatorio s%o horas referidas ao rel6gio do 
registo das comunicafles ATS, except0 quando for mencionada outra 
refergncia. No Anexo 5 consta a tabela de horas simultiineas. 

A aeronave efectuava um voo de transporte pliblico n%o regular, voo 
MP 495, de Amsterdao (Holanda) para Faro (Portugal), tendo 
descolado do aeroporto de Schiphol as 04:52 UTC com ETA para 
Faro para as 07:28 UTC. 

0 nivel de de voo em cruzeiro utilizado foi o FL 370 com a 
velocidade de 477 nos (TAS), conforme planeado. 

A dura@o efectiva do voo (da descolagem a aterragem) foi de 
02:41 H n%o divergindo significativamente da prevista no plano de voo 
operacional (02:36H). 

0 piloto comandante ocupava o lugar esquerdo e o copiloto (F.O.), 
que desempenhava as fun~bes de piloto aos comandos (P.F.), o lugar 
direito. 

Antes da descolagem foi recolhida no Schiphol Meteo Office e no 
Flight Information Office a informa@o disponivel relativa ao aeroporto 
de Faro. 
0s  VOLMETS recebidos em voo, de Bordeus e Lisboa, n%o 
indicavam uma alteraHo significativa em relaHo a inforrna@o 
disponivel antes do voo. 

0 comandante e o copiloto examinaram fotografias de satelite que 
evidenciavam uma baixa pressao sobre o AtlAntico, junto a costa sul 
de Portugal. A previs%o evidenciava a existgncia de trovoadas 
isoladas e aguaceiros. 

A bordo da aeronave estavam 3 membros da tripula@o tecnica, 10 
membros da tribulaMo de cabine e 327 passageiros. 
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A partida da aeronave foi atrasada cerca de 40 minutos devido a uma 
anomalia no inversor de impulso. do motor # 2, que foi bloqueado 
pela equipa de manutenMo em Amsterdao. 

A aeronave foi reabastecida em ArnsterdGo e determinou-se que o 
combustivel a bordo estava devidamente calculado para o voo. 
lncluia o combustivel para o destino, altemante e reserva, num total 
de 31 000 Kg. 

Apos a descolagem o voo prosseguiu conforme o plano de voo, 
normalmente e sem incidentes. 

AS 065456 UTC, o copiloto esta a ler os procedimentos (crew 
briefing). 

AS 0656:OO UTC, o comandante comunica: "and here are the wipers." 

AS 0656:09 UTC, o tknico de voo (F.E.) faz referencia as velocida- 
des calculadas para a aproxima@o: 'Speeds ... they are two three 
seven one niner five one six one fit?y land is one three niner. " 
A velocidade comunicada coincide com as marcas de referencia 
(speed bugs) encontradas nos dois velocimetros, ap6s o acidente. 

AS 0657:50 UTC, comentando o estado da pista, o cornandante 
recomenda ao copiloto que fa- uma aterragem n%o muito suave. 

"You have to make a gsitive touchdown then." 

AS 0658:45 UTC, o Centro de Controle Regional de Lisboa da 
instrufles ao MP 495 para prosseguir direct0 para Faro. 

AS 0700:54 UTC, o comandante e o copiloto estavam a rever os 
procedimentos e as facilidades para a aproximaHo fazendo 
refergncia a existgncia de PAPIS, a nao existgncia de um dispositivo 
luminoso de aproxirna@o e ao facto da ajuda radio (VOR), a utilizar, 
ni3o estar enfiada com a dir-o da pista. 

AS 0702:39 UTC, o mect3nico de voo (FIE) da inicio a leitura do 
"Descent checklist", que e concluido 28 segundos depois. 
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AS 0703:42 UTC, o MP 495 solicita autoriza@o a0 Centro de 
Controle Regional de Lisboa para iniciar a descida para Faro, tendo o 
CCRL autorizado a descida para FL 250.16 segundos depois. 

AS 0705:17 UTC, o cornandante infoma o copiloto da situaeo 
rneteorol6gica transmitida pela AproxirnaHo de Faro ao voo MP 461 
as 070427 UTC e faz refergncia a necessidade de uma visibilidade 
de 2 000 metros para uma aproximaHo VOR. 

Dos registos efectuados cerca das 0700:OO UTC, no Aircraft Flight 
Log, no top0 da descida, constatou-se que o valor do combustivei 
remanescente era da ordem das 12 toneladas. 

Esta Comiss%o constatou ainda que apenas foram efectuados os 
registos referentes as posi@es TOC (Top of Climb), NTS (VORJDME 
NANTES) e TOD (Top of Descent). 

Foi elaborado pela tripulaHo, corn vista a aproxima@o e aterragem o 
cart%o de parametros (Landing Data Chart) de acordo corn o modelo 
estabelecido no AOM. (Anexo 3) 

AS 0705:53 UTC, o comandante da instrufles ao copiloto para se 
n%o for possivel a aterragem em Faro prosseguir direct0 para Lisboa, 
acrescentando que n30 deveria haver problema. 

AS 0707:25 UTC, o Centro de Controle Regional de Lisboa autoriza o 
MP 495 a descer para FL 70, que o MP 495 confirma passados. 3 
segundos. 

AS 0708:03 UTC, o copiloto anuncia n8o ver nada no radar, 
estabelecendo-se dialogo entre o comandante e o copiloto referente 
a possibilidade de existirem ecos a direita a distancia de 10 Km. 

AS 0709:36 UTC, o Centro de Controle Regional de Lisboa da 
instnr@es ao MP 495 para descer para FL 070 e contactar Faro na 
frequgncia 119.4 Mhz, tendo o MP 495 confirmado a mensagern 6 
segundos depois. 

AS 0709:49 UTC, o MP 495 contacta o Controle de Aproxima@o de 
Faro informando a sua posi@o e estar a abandonar FL 240 a descer 
para FL 070. 
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AS 0709:58 UTC, o Controle de Aproxima@o de Faro confirma a 
clearance do CCRL Lisboa e da instnr@es de aterragem, incluindo 
dados meteorol6gicos. '... the wind fonn one five zero, one eight 
knots, visibtity two five zero zero meters, present weather 
thunderstonn, the amount of clouds three octas at five zero zero feet 
plus one octas cb's at ha five zero zero feet. .. ' 
A mensagern e confirmada pelo MP 495.41 segundos depois. 

AS 0714:Ol UTC, o copiloto observa que esta um tempo pessimo. 

AS 0716:23 UTC, um tripulante de cabine pergunta a tripulaqiio as 
condi@es meteorologicas em Faro e o amandante responde que 
esta um tempo pessimo. 

AS 0716:35 UTC, o copiloto requer o inicio do 'Approach checklisr 
que e dado por concluido pelo tecnico de voo (F.E.), 1 minuto e 41 
segundos depois. 

Toda a aproxima@o foi executada pelo copiloto que estava na fun@o 
de piloto aos comandos (PF) de acordo corn os procedimentos do 
"Manual Crew Coordination" estabelecidos no briefing da tripula@o, 
cabendo ao comandante a fun@o de Pilot Not Flying (PNF). 

De acordo com as declarapjes da tripulaMo: 

- Durante a descida e aproxima@o o comandante detecta no radar 
meteorol6gico diversos ecos,- correspondendo a aguaceiros a 
Oeste e a Sul do campo, este ultimo a mais de 50 milhas. Durante 
a pema de afastamento do procedimento detectou cumulonimbos a 
Oeste do campo entre as 7 e as 12 milhas DME. 

- 0 tecnico de voo durante a descida apercebeu-se de urn eco a Sul 
de Faro a uma distgncia estimada de 10 milhas. 

- A tripulago apercebeu-se pelas comunica@es trocadas entre o 
Controlo de AproximaHo de Faro e o voo TAP120, urn minuto e 
meio apds a sua descolagem, que a sul de Faro existia o que 
pensou serem aguaceiros mas que no dizer do comandante do 
TAP120 seria uma trovoada. 

- Durante a aproximaMo a aeronave tera experimentado turbul6ncia 
ligeira e ocasionalmente moderada. 
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- Por altura da volta para a final, cerca das 8 milhas DM€, foi 
encontrada turbulgncia de grau forte, o que estaria relacionado 
com os ems detectados no radar a Oeste do campo. Durante a 
aproxima@o final foi encontrada turbulhcia fraca a moderada. 

- A aeronave voava nurna situa@o de dentro-fora de nuvens corn 
variafles significativas de visibilidade horizontal, verificando-se 
chuva continua em algumas ocasides, designadamente ja proximo 
da cabeceira, altura em que por virtude da chuva a visibilidade 
seria muito deficiente. 
No entanto, imediatamente antes da cabeceira, a visibilidade 
estaria boa. 

AS 071 9151 UTC, o controle de AproximaHo de Faro informa o voo 
TAP120, ao autorizar a descolagern, de que o vento era de 150 com 
24 Kts. 

AS 0720:lO UTC, o Controle de AproxirnaHo de Faro autoriza o MP 
495 a descer para 4000 pes, de modo a cnnar FL 60 a uma distancia 
n%o inferior a 10 milhas DM€. 0 MP 495 confirmou a mensagem 6 
segundos depois. De acordo com declar-s da tripula@o a 
aeronave voava em ceu aberto a 4 000 ft quando passaram a vertical 
de Faro, sendo visivel o aeroporto e o MP461. 

AS 0723:42 UTC, o copiloto pede: 'Slats, takwff ,  registando-se. 3 
segundos depois, o som indicative de selec@o e a confirma@o do 
cornandante. 

AS 0724:19 UTC, o copiloto pede: 'flaps 15 graus", confirmando o 
cornandante 47 segundos depois. 

AS 0 7 2 4 3  UTC, o Controle de AproximaHo de Faro da ao MP 495 
instru@es de descida para 3000 pes, tendo o MP 495 confirmado a 
mensagem 2 segundos depois. 

AS 0724:58 UTC, o wntrole de Aproxirna@o de Faro, ao autorizar a 
aterragem do v w  MP461 informa estar o vento a 1500 com 20Kts e a 
pista alagada (flooded) e as 0725:35 UTC, inforrnou o mesmo voo 
que o vento era de 1 30° com 18 Kts, rajada de 21 Kts. 
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AS 0725:57 UTC, o MP 495 informa estar a vertical a abandonar 4000 
pes para 3000 pes. 

AS 0726:05 UTC, o Controle de Aproximaw de Faro confirma a 
mensagem do MP 495 autorizandw a descer para 2000 @s, tendo o 
MP 495 confirmado a mensagem 7 segundos depois. 

AS 072856 UTC, o controle de Aproxima@o de Faro instrui o MP495 
para reportar nos minimos ou corn a pista a vista, infomando ainda 
as condiws da pista: 

.Runway surface mndifions are #boded", 
tendo o MP495 confirmado a mensagem 9 segundos depois. 

AS 0729:37 UTC, o trem de aterragem foi selecionado para Down a 
cerca de 7 milhas DME do VOR de Faro (VFA). 

AS 0730:Ol UTC, o copiloto ordena flaps 35'. 

AS 0730:18 UTC, o piloto autodtico passa do modo ALT HOLD para 
"VERT SPEEDn. 0 copiloto pede: flaps 50 graus, confirmado pelo 
comandante 4 segundos depois, ficando a aeronave configurada para 
a aterragem. 

AS 0730:41 UTC, a altitude de 1830 Ns, os flaps estavam 
distendidos na posi@o de 50 graus, mespotldendo a uma indicaeo 
DFDRIAIDS de 52 graus. 

AS 0730:47 UTC, o comandante transmite a tripula* as condifles 
do vento obtidas do AREA NAW 

'Wind is coming from the right. thirty knots, dm twelve 
degrees, so you make it one two three or so.' 

AS 0731 :00 UTC, a 1200 ft, e a aproximadamente 4 milhas fora, de 
acordo com as declarafles do comandante a pista estava perfeita- 
mente visivel. 

AS 0731:Ol UTC, o copiloto requer o inicio do Landing checklist que 
foi completado 28 segundos depois. 
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A descida foi efectuada corn o copiloto exercendo as funfles de 
piloto aos comandos (PF) e, inicialmente, com o piloto automatico no 
rnodo CMD. 
A uma altitude aproximada de 560 ft (altitude radio) o piloto 
automatico passou do mod0 CMD para o rnodo CWS, tendo esta 
awe, de acordo corn o CVR, sido iniciada pelo copiloto. 
Posteriormente a cerca de 80 ft (altitude raio), o mod0 CWS 
desengatou, e a aeronave passou a control0 manual, provavelmente 
devido as ac tuaws contrarias do manche por parte do comandante 
e do copiloto . 
Um dos pilotos automaims esteve ligado durante todo o procedimen- 
to, como previsto no AOM. 

AS 0731 :17 UTC, o t h i c o  de voo (F.E.) no decurso do checklist, 
anuncia: 'spoilers", que 6 segundos depois ficam armados. 

AS 0731:37 UTC, o Controle de Aproximago de Faro solicita ao MP 
495 informa@o sobre a posi@o actual, informando o MP 495, 3 
segundos depois, estar 'quatro milhas foran. 

AS 0731 :58 UTC, a altitude de 995 pes, corn a velocidade de 140 nos, 
inicia-se flutuaHo no valor da aceleraHo vertical (G) entre +0,75G e 
+1.25G. 

AS 0732:04 UTC, s2o postos em funcionamento os limpa vidros 

AS 0732:08 UTC;o MP 495 informa estar na final. 

AS 0732:lO UTC, corn a aeronave a altitude de 81 5 pes (797 radio 
altimetro) teve inicio a flutua@o nos valores dos parametros de voo. 

AS 0732:11 UTC, o Controle de Aproximago de Faro solicita ao MP 
495 informago se tern as luzes a vista, confirmando o MP 495, 3 
segundos depois. 

AS 0732:14 UTC, o voo MP 495 informava ter a pista a vista. 

AS 0732:15 UTC, o Controle de Aproximago de Faro transmite ao 
MP 495 a clearance para a pista 11, e a infomc$o de que o vento 
era de 150° com 15 Kts, rajada de 20 Kts. 0 MP 495 confirmou a 
mensagem 8 segundos depois. 
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AS 0732: 15 UTC, iniciam-se oscilaqdes sincronizadas dos N1 (entre 
os valores de 55 e 105%). 

AS 0732:23 UTC, o copiloto seleccionou o piloto automatico para 
CWS, a altitude de cerca de 580 pes (altitude radio), verificando-se o 
aurnento das oscila@es nos parametros de voo. A passagem do 
piloto automatico para CWS verificou-se 2 segundos depois. 
(0732:25) 

AS 0732:25 UTC, o controle de AproximaHo de Faro pergunta ao MP 
495 se achava as lures demasiado intensas, tendo o MP 495 
respondido, 3 segundos depois, que estavam bem e que as 
rnantivesse como estavam. 
Nao houve mais comunica@es de e para o MP 495 ate ao final do 
VOO. 

AS 0732:30 UTC, o tknico de voo (F.E.) chama a aten@o para a 
falta de verifica@o - call out" - dos 500 ft, mas 4 segundos depois o 
procedimento de coordenaMo - "standard crew coordination 
procedure" - associado a este "call outn, viria a ser completado 
atraves da confirrna@o,por ambos os pilotos e pelo tecnico de voo, 
que tinha sido obtida autoriza@o de aterragem. 

0s  "checklists" apliciiveis a esta fase do voo (aproxima@o e 
aterragem) foram executados de forma satisfatoria. 
No conjunto constatou-se que os procedimentos de coordenagio do 
cockpit foram executados de forma satisfatoria. 

AS 0732:34 UTC, o copiloto emite o aviso: PAPI, confirmado pelo 
cornandante 1 segundo depois. 

AS 0732:50 UTC, o mmandante chama a aten@o para a velocidade: 

" Speed a bit low, speed is low. " 

confirmando 4 segundos depois: 'Speed 'is OK." 

AS 0733:OO UTC, o copiloto solicita o anti gelo do parabrisas, 
ernitindo o seguinte aviso: 

"Windshield anti-ice. I don't see anything." 
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AS 073303 UTC, o tknico de voo (F.E.) informa: 
' You're at fast." 

referindo-se a que os lirnpa vidros tinham sido seleccionados para 
alta velocidade. 

AS 073305 UTC, o comandante emite o seguinte aviso: 
'A bit low, bi? low. bit low.' 

obtendo, 2 segundos depots, a confirm- do copiloto. 

i\s 0733:07 UTC, a attitude 150 pes (radio altitude), o 
AUTOTHROmE aplicxxr potgncia ate ao valor de 102%. A 
aeronave nivelou e a velocidade aumentou 

Durante a final o comandante, a cerca de 200 pes, apercebeu-se de 
urn relampago a sul. 

AS 0733: 10 UTC, o comandante avisa: Vento de 190 graus corn 20 
nos. 0 piloto automatico passou de CWS para manual. 

h 0733:12 UTC, a velocidade ar calibrada (CAS) comep a diminuir 
de modo continuo e cai abaixo da Velocidade de ReferGncia as 
0733: 16 UTC. As manetes de potgncia foram reduzidas para 
aproximadamente 40% e a atitude da aeronave manteve-se. 
Registou-se a defle- do leme de dir- atingindo o valor maximo 
de - 22.5 gaus. 
A rota@o em tomo do eixo longitudinal (ROLL) atinge o valor 
de - 1 . 7 6 O  (asa direita em cirna). 

AS 0733: 15 UTC, a aeronave estava a altitude radio de 70,6 pes corn 
a asa esqwrda em baixo, tendo recebido um comando de correc@o 
consistente corn rota@o da asa direita para baixo. 

AS 0733:18 UTC, inicia-se o aviso sonoro do radio altimetro a 
passagem pelos 50 Ms. 
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AS 0733: 1 9 UTC, o comandante ordena: 
" Throttles" 

ouvindo-se de seguida o registo sonoro das manetes a avampr 

AS 0733:20 UTC, a aeronave entra em contado com a pista, ouvindo- 
se 2 segundos depois o aviso sonoro de trem desbloqueado. 
Na altura do contado corn a pista a aeronave tinha a velocidade 
indicada (IAS) de 126 nos, apresentava uma inclina@o segundo o 
eixo longitudinal (ROLL) de +5.62", asa esquerda em cima, e uma 
atitude (PITCH) de +8,790, nariz em cima. Registava-se uma 
aceleraGo vertical de 1,9533 Gs, e tinha o rum0 magnetic0 
(HEADING) de 116,720. 

Cerca de 3 a 4 segundos antes do contado corn a pista constatou-se 
a interven@o do cornandante corn a actuago do comando de 
profundidade no sentido de PITCH UP quase em simult5neo com o 
increment0 da potQncia dos motores por iniciativa do comandante. 

Dois segundos depois os spoilers nos 3 e 5 apresentavam-se saidos e 
a aeronave tinha urna indina@o longitudinal (ROLL) de +25,318O 
(asa esquerda em cima). 

AS 0733:28 UTC, a inclina@o longitudinal (ROLL) atingiu o valor de 
+96,33O e a,.atitude (PITCH) 43,5g0 (nariz em baixo) e o rum0 
(HEADING) era de 172.62O- 

0 contact0 com a pista foi efectuado em primeiro lugar pelo trem 
principal direito e no lado esquerdo da pista 11. 

0 carro do trem de aterragem direito, em resultado da aterragem dura 
associada a um ingulo de deriva elevado, fradurou seguido de 
varios componentes estmturais do mecanismo de retramo. 

Apos o colapso do trem direito, o motor direito e a ponta da asa 
direita entraram em contado com a pista. 
A asa direita sofreu rotura total entre a fuselagem e o motor direito. 

A aeronave arrastou-se ao longo da pista cerca de 30 metros, 
iniciando de seguida o deslocarnento gradual para o lado direito, 
apoiada no trem principal do centro. 
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0 movimento de rotaeo segundo o eixo longitudinal para a direita 
continuou a aumentar ao longo da trajectoria, ate atingir a posiflo de 
bamga para cima, confirmada pelos danos no estabilizador horizontal 
direito, que fradurou junto a raiz, e do estabilizador vertical, que 
fradurou junto a nacelle do motor # 2 e das marcas no extradorso da 
asa esquerda. 

A tomada de ar do motor # 2 apresentava indicios, na parte superior, 
de ter estado em contado com a pista, bem como o revestimento 
superior da dianteira da fuselagem. 

Ap6s a rotura da asa direita declarou-se fog0 que envolveu a 
fuselagem. da direira para a esquerda. 

A asa direita seguiu uma trajectoria proxima da aeronave ate a area 
de imobiliza@o final. 

A aeronave saiu da pista pelo lado direito com uma d i r e 0  de 
aproximadamente 1 20° e na posiHo de invertida. 

A presenp de terra e vegeta@o na parte superior da cabine de 
pilotagem confirma a posiflo da aeronave ao abandonar a pista. 

Ao abandonar a pista e entrar na berma, em terreno macio e muito 
alagado, devido a chuva torrential que se abateu sobre o aeroporto 
de Faro, a aeronave rodou sobre o eixo longitudinal para a esquerda, 
a asa esquerda desintegrou-se parcialmente e a fuselagem partiu-se 
em tres W e s ,  imobilizando-se corn a s-o traseira na posi@o 
normal, e a sec@o da frente tombada para o lado direito apoiada no 
solo na zona das janelas e portas. 

0 combustive1 libertado dos dep6sitos provocou exploshs seguidas 
de fogo, causando a destrui@o da s-o traseira da fuselagern, ate 
a antepara de pressuriza@o. 
A sec@o dianteira da fuselagem nao foi atingida pelo fogo. 
0 acidente ocorreu as 0733:20 UTC, em condiqdes de lusco-fusco 
(dusk light). 
A IocalizqAo do aeroporto de Faro e: 370046N 0075753W e a 
elevaeo 24 pes. 



376 ICAO Circular 296-AN11 70 

1.2 DANOS PESSOAIS 

FERIMENTOS TRIPULACAO PASSAGEIROS OUTROS TOTAIS 

MORTAIS 2 
GRAVES 2 
LIG El ROS 
ILESOS 9 

TOTAL 13 

1.3 DANOS NA AERONAVE 

A aeronave ficou totalmente destmida devido as forcps originadas 
pelo impact0 e pelo fogo. 

1.4 OUTROS DANOS 

Danos no revestimento da pista causados por anastamento de partes 
da aeronave. 

DestnriHo de tres candeeiros de iluminago da pista 11 (nos 49, 50 e 
51) no lado direito da pista. 

Na zona de imobilizg@o da aeronave, no lado direito da pista 11, 
danos ligeiros da berma da pista. 

ICAO Note.- Sections 1.5 to 1 .I 7 were not reproduced. 
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A tripula* estava adequadamente certificada, de acordo com a 
regulamenta@o Holandesa, n3o se tendo constatado condicionantes 
fisicas ou psiquicas passiveis de terem afectado a operago da 
aeronave. 

A aeronave estava em condifles de navigabilidade, de acordo corn a 
regulamentaeo e procedimentos aprovados pelo Estado de Registo. 
N3o foi evidencixla quaiquer falha mdn i ca ,  anterior ao impado 
corn a pista, susceptive1 de p6r em risco a seguranw da aeronave. 

A Comissh foi levada a concluir que o funcionamento da aeronave 
era normal e que a rota seguida estava de acordo corn o planeado e 
corn as ordens emnadas pela tripula@o. 

As cond iws  me4eocol6gicas gxistentes desempenhararn urn papel 
importante no acidente, atendendo a oconiincia de turbulencia, 
associada a f e n o m s  de cisalhamento de vento (windshear) a que 
a aeronave foi submetida na fase final de aproximaeo e aterragem. 

Face aos fados stabelecidos a Comissao dirigiu a sua analise para 
os procedimentos da tripulaHo e do Controle de Trafego Aereo, para 
os fadores metehl6gicos e sobrevivencia dos ocupantes. 

Procedimentos da Tripulac%o 

2.2.1 Prepara* do Voo 

No aspedo meteorol6gico a tripulaHo visitou o Centro Mereorol6gico 
do aeropocto de Amsterdao e segundo declaraws do comandante 
era aparente qu? exisita uma regido de baixa press30 no mar, 
proximo da costa sul de Portugal e previam-se trovoadas isoladas e 
aguaceiros. 
A press30 era de 101 3 hPa e a temperatura de 1 So C. 



378 ICAO Circular 296-AN11 70 

E prdtica corrente admitir a possibilidade da existencia de fenomenos 
de cisalhamento do vento (windshear) se existirem trovoadas a 
menos de 15 MN do aeroporto, como e referido no Flight Crew 
Reference Guide 5.1.2 da Martinair. 

2.2.2 Descolaaem, Subida. Cruzeiro e Descida 

Estas fases do voo processaram-se de forma rotineira, n%o se tendo 
registado qualquer anomalia durante as mesmas que tenha 
contribuido para o acidente. 

A instabilidade longitudinal registada na parte final da aproxima@o, 
podera ter induzido o piloto a reduzir manualmente a potgncia como 
uma forma de trazer a aeronave de novo a ladeira da aproxima@o ou 
com o objectivo de quebrar a sequencia das oscilafles, 
provavelmente resultantes de inters-o entre o funcionamento dos 
sistemas automaticos, designadamente o ATSC, e a operago dos 
comandos, pelo piloto. 

A instabilidade..podgra ter sido originada, ainda na fase da 
aproxima@o em que a aeronave voava, com o piloto automatico 
engatado (CMD), por uma ascendente associada ao primeiro dos 
downbursts que a aeronave atravessou. 
Corn a passagem a fury20 CWS as oscila~6es sofreram um 
agravamento. 

Muito embora o Controle de AproximaMo de Faro nao tenha 
comunicado a aeronave a probabilidade da ocorr6ncia de fenomenos 
de cisalhamento do vento (windshear), nem a aeronave anterior tenha 
reportado esse tipo de fenomenos, afigura-se que o comandante 
como profissional experiente deveria estar alertado para a 
possibilidade da ocorrencia deste tipo de fenomeno nas condifles 
meteorol6gicas, que na altura prevaleciam na area do Aeroporto. 
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Admitindo uma situa@o de cisalhamento de vento (windshear) e 
aplicando os procedimentos do AOM, a 'Landing Distance" para 
condifles m6dias teria um acrescimo de 300 metros que somado ao 
valor inscrito no cartao de parametros para as mesmas condi@es, 
excedia em cerca de 255 metros o comprimento da pista disponivel. 

A informaHo do vento fornecido pel0 sistema de inercia do Area Nav, 
10 segundos antes da aterragem, era superior a ultima fornecida pelo 
Controle de Aproxima@o. 

A componente de vento cruzado correspondente ao vento fornecido 
pel0 Controle de AproximaHo era de 14 Kts e a fomecida pelo 
sistema de Area Nav de 20 kts, e de acordo corn o AOM a informaHo 
do Controle de AproximaMo prevalece sobre a fornecida pelo Area 
Nav. 

De acordo corn os procedimentos do AOM as componentes de vento 
cmzado n%o deveriam exceder 15 Kts para condifles de travagem 
MEDIUM e 5 Kts para condipjes POOR. 

A adop@o duma selemo de flaps a 35O, conforme recomendado nos 
procedimentos da companhia para situaMes de ocorrencia de 
cisalhamento do vento (windshear), em lugar dos 50° utilizados, 
determinaria um acrescimo da LANDING DISTANCE. 

A tripuIaHo n i o  adoptou procedimentos operacionais que tivessem 
em conta a probabilidade de ocorrencia de cisaihamento do vento 
( windshear). 

A decis%o, de acordo corn os procedimentos da companhia, compete 
ao comandante e o metodo de &lculo da Actual Landing Distance 
nao tem caracter vinculativo. 

A aeronave foi informada pelo Controle de AproximaHo de Faro que 
a pista se encontrava alagada (FLOODED). Esta informago foi 
fornecida 4 minutos antes da aterragem. 
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Se a inforrnaGo recebida tivesse srdo conectamente interpretada, a 
Landing Distance obtida, por aplica@ dos procedimentos do AOM, 
seria substZmcialmente aumentada excedendo o comprimento da 
pista disponivel. 

Verificou-se que o Manual de Oper-es da Aeronave (AOM) nAo 
utilizava os termos adoptados pela ICAO para descrever o estado da 
pista. 
0 Manual de OperaMes da companhia (BIM) recomenda fortemente 
que em caso de aproxima@o n&o estabilizada, a 500 ft (HAT), ou 
abaixo desse nivel, a aproxima@o seja abandonada. 

A instabilidade teve o seu inicio quando a aeronave se encontrava a 
uma altura radio (RA) de cerca de 750 ft, tendo-se mantido na 
restante fase da aproxima@o. 

0 BIM nAo contem indicaws minimanente objectivas relativamente 
aos parametros duma aproximaHo estabilizada, designadamente em 
caso de aproximaGo de nb-precido. 

Contudo podera questionar-se a decisao do comandante de n8o 
considerar a aproxima@o instavel quando a razGo de descida abaixo 
de 500 p6s sofreu variasbes entre + 100 Wminuto e - 1300 Wminuto e 
tambem a sua passividade durante toda a aproxima@o. 

Foi estabelecido que a raz%o de descida, da ordem dos 1000 
Wminuto excedeu os limites operacionais da aeronave que, de acordo 
com o AOM, para uma condi@o de peso mhimo a aterragem e de 
600 Wminuto. 

A reduzida velocidade ar calibrada (CAS) na fase final da 
aproxima@o foi factor contributive para a r-o de descida 
verificada, na medida em que n%o foi acompanhada por urn aumento 
de angulo de ataque susceptive1 de quebrar o afundamento. 

0 aumento do angulo de ataque nestas circunstBncias poderia ter 
conduzido a aeronave a uma situa@o proxjma da perda. 
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No entender da ComissZio, o que se determinou como fundamental 
para a ocorrencia da elevada razao de descida foi a circunstancia dos 
motores terem sido reduzidos para IDLE a altura radio (RA) de cerca 
de 150 ft, quando em circunstAncias normais, o autothrottle apenas 
iniciaria o RETARD MODE a attura radio (RA) de 50 ft. 

Excluida a hip6tese de anorialia no sistema ATSC considerou-se 
como provavel uma actua@o nesse sentido por parte da tripulaHo. 

A aeronave, segundo o estudo do NLR, ao sobrevoar a cabeceira da 
pista, encontrou uma componmte de vento cruzado de 40 kts e uma 
componente de cauda de 10 kts, o que correspondera, feitos os 
cilculos, a um vento de 2100 corn 41 kts. Este facto e confirmado pelo 
vento registado pelo SIO a mesma b r a  na pista 11, que foi de 
dire-o magnetica 220° corn 35 kts de rajada. 

A preocupaMo da tripula@o em nao trazer velocidade excessiva, 
comprovada pelos registos das conversaMes do CVR, face as 
limitafles ligadas ao comprimento da pista disponivel para a 
aterragem e a instabilidade Imgitudinal registada na parte final da 
aproximagSo poderao ser razdes explicativas para a prematura 
redu@o de potencia para IDLE. 

A informa@o transmitida *lo Controle de AproximaMo, se 
correctamente interpretada, determinaria condifles de travagem 
POOR, o que excederia a LANDING DISTANCE AVAILABLE (LDA) e 
a consequente redu@o do limite de vento cruzado. 

0 piloto aos comandos podera ter sido sujeito a uma ilusao de optica 
provocada por erro de r e f r a w  devido a situaMo de aguaceiros que 
a aeronave atravessou, criando a percep@o de um falso horizonte 
mais baixo que o verdadeiro. 

A contaminaMo da superficie alar, pela chuva, podera ter sido factor 
contributivo para o acidente, atraves da degrada@o do coeficiente de 
sustentaMo. 

Nao foi quantificado o grau de redu@o deste coeficiente. 

Podera considerar-se ate que ponto o cornandante estaria de alguma 
forma psicologicamente motivado para concluir o voo conforme 
planeado. 
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N%o seria facil para o comandante tomar a decisao de divergir para o 
altemante, tendo em aten@o que alguns minutos antes outro aviao 
da mesma companhia tinha atenado sem ter reportado qualquer 
problema. 

E convicHo desta Comissfio que o comandante tinha consciirncia 
que existia agua na pista, tendo instruido o co-piloto no sentido de 
efectuar urna aterragem que precavesse a hidroplanagem (aqua 
planing). 

2.2.4 Opera~ao do Piloto AutomAtico e do Sistema ATSC 

Foi estabelecido que a instabilidade longitudinal, afectando os 
parametros de atitude (pitch), velocidade e potbncia, teve o seu inicio 
ainda quando o piloto automatico estava seleccionado em CMD na 
fungo VS (vertical speed) e inicialmente tera sido, provavelmente, 
ocasionada por urna conente ascendente associada a um 
"microburst". o qua1 tera levado o piloto automatic0 a meter o nariz do 
aviSo em baixo com o obejctivo de manter a velocidade vertical pre- 
estabelecida. 

0 comportamento do sistema ATSC revelou-se normal, tanto no 
respeitmte a manutenMo da velocidade mmo no respeitante a 
introdu@o automatics de urna compensa@o para as rajadas, sendo 
provavel que tenha havido urna interven@o do piloto no sentido de 
retardar manualmente a potgncia para IDLE, a cerca de 150 ft (RA). 

A actuago do piloto, retardando manualmente a potencia, podera ter 
sido ocasionada por urna redueo inicial feita pelo ATS e que o piloto 
poderia ter tentado complementar. 

Foram encontrados indicios de atraso (lag) nas reawes do ATSC, 
que poder%o ter contribuido para a instabilidade da aproxima@o. 

A fun@o CWS foi desligada a urna altura radio (RA) de 80 ft quando 
deveria t6-lo sido, por decisso da tripulaHo, a urna altura n%o inferior 
a 150 ft acima da soleira da pista. 
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Foi estabelecido, que a passagern de CWS para desligado (OFF) n3o 
foi por decisso da tripulago e tera previsivelmente resultado de 
actua@es contrarias de aileron, por parte do w-piloto (PF) e do 
comandante (PNF), quando este Gltimo tentava pranchar o aviao para 
a direita, no que foi contrariado pel0 primeiro. 

De acordo com o Manual de Operams de Voo (BIM) da companhia 
e do AOM do DC-10 a u t i l i z e 0  dos sistemas automaticos de 
wntrolo de voo ATSC e CWS e obrigatoria durante a aproximaHo, 
inclusive em condigjes de cisalhamento do vento (windshear). 

A utiliza@o dos sistemas ATSC e CWS, podera ter tornado menos 
aparente, para os pilotos, a intensidade da turbul4ncia a que a 
aeronave esteve submetida no decurso da aproxima@o. 

A intervenflo do comandante (PNF) no sentido de aumentar a 
potgncia foi tardia, n%o possibilitando quebrar a fa230 de descida 
excessiva. 

Procedimentos do Controle de TrAfecro A6reo 

A tripula@o do voo MP 495 recebeu a informa@o do estado da pista, 
'FLOODED", fomecida as 072856 UTC pelo Controle de 
Aproximaflo e a fraseologia utilizada esta de acordo com as normas 
cia ICAO. 

A inforrnaflo meteorologica fornecida e analizada no paragrafo 2.5. 

0 Servicp de Controle de Trafego Aereo prestado aos voos TP 120, 
MP 461 e MP 495 apresenta varias irregularidades duas das quais 
graves: 

- Resposta com um 0. K. a uma informa@o do TP 120 de que estava 
pronto a descolar, O.K., que a ser aceite criaria um risco de 
colis3o relativamente ao voo MP 461. 

- 0.K n%o aceite pelo TP 120 que pede confirmaMo de que 
estava autorizado a descolar. 



384 ICAO Circular 296-AN11 70 

- 0 pedido do TP 120 levou o Controlador a reconsiderar a 
autoriza@o dada e a assegurar-se de que o MP 461 ja 
nao seria Trafego para a descolagem do TP 120. 

- A passagem do TP 120 a 4000 Ft, faz-se cerca de um minuto de- 
depois da descolagem para leste, estando o MP 495 igualmente a 
4000 f2 aproximadamente tres minutos a nordeste do aeroporto. 

2.4 Treino e Qualifica~Bo da Tripulacao 

A tripula@o encontrava-se devidamente qualificada para o voo, 
sendo detentora de licenws e certificados medicos apropriados e 
validos. 

A instrueo e treino dos tripulantes foi efectuado de acordo aos 
procedimentos da MARTINAIR aprovados pela Autoridade 
Aeronautics Holandesa. 

Da analise dos registos das verificaws de proficiencia a que foram 
submetidos nos anos de 1990, 1991 e 1992, n8o se encontraram 
falhas ou comentarios dignos de registo. 

Nos registos de treino em linha (Route Training) do copiloto, treino 
efectuado em finais de 1988, fazem-se observafles relativamente as 
manobras de arredondamento e aterragem. 

Desde a i  n8o voltaram a ser registadas quaisquer outras 
observaps, o que levou a Cornissao a considerar essas 
observaps como n8o tendo significado. 

0 s  dois pilotos do voo MP495 foram submetidos ao treino para 
operaMo em condi~bes rneteorolcjgicas adversas, incluindo de 
WINDSHEAR e MICROBURST. 
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2.5 Factores Meteorol6rricos 

2.5.1 0 Sistema lntegrado de Observaeo (SIO) que gere a infonna@o 
meteorol6gica, recolhida pelos sensores, e a disponibiliza, em tempo 
real, a tone de controle do aeroporto, para informa@o aos voos, foi 
analisado pela Comissao que constatou a existgncia de deficigncias 
de concemo do sistema que nao permite registar toda a informa@o 
fornecida ao controle de trafego aereo, para uma posterior analise, 
em caso de ocorrgncia de um acidente ou incidente. 

Assim, a Comisdo constatou que a informa@o meteorol6gica obtida 
e visualizada de 10 em 10 segundos, so 6 registada de 30 em 30 
segundos e nao e registado o vento instantaneo, e as varia-s da 
d i remo do vento conforme recomenda@o, da ICAO (Anexo 1 I ) ,  e 
da World Meteorological Organization. 

0 rel6gio do SIO apresentava uma diferenp de um minuto e trinta 
segundos relativamente ao relogio do ATC, tendo a Comissao 
constatado nao existirem procedimentos escritos de acerto dos 
rel6gios nem registo dos erros observados. 

Esta situa@o levou a Comiss40 a proceder a um estudo de 
correla@o da base de tempo do SIO com a base de tempo do ATC. 

Foi constatado pela Comissao que, nem o organism0 responsavel 
pela presta@o do Serviw Meteorologico Aeronautico (INMG), nem a 
ANA tinham publicado norrnas e procedimentos de explora@o do 
SIO, assim como um programa de calibra@o, que garantisse a boa 
qualidade da informaHo prestada, conforme e recomenda@o da 
World Meteorological Organization (WMO) e da ICAO (Anexo 3). 

0 protocolo de presta@o de servips meteorologicos celebrado pelo 
INMG e a ANA em 28 de Maio de 1992, e omisso nestas materias. 
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0 s  sensores instalados na pista 11 estao 7 metros acima do nivel 
rnaximo recomendado e proximo de urn talude, em escava@o, 
tambem com 7 metros. 

Poder-se-a questionar ate que ponto a l~~al iZa@o dos sensores da 
pista 11 podera ou nao contribuir para o fomecimento, ao SIO, de 
informa~des enferrnadas de erro. 

0 Controle de AproximaMo fomeceu as aeronaves ventos 
instantaneos em vez de ventos rndios, de period0 2 minutos. 

A Cornissao procedeu a estudo dos ventos fornecidos ao voo MP495 
e concluiu que esses ventos, mesmo sendo instantaneos nao podiam 
ter sido ventos medidos na pista 11 mas sim na pista 29. 

0 controlador em servi~o na posi@o de controle de AproximaGo nao 
transmitiu ao voo MP495 a rajada de 220° com 35 kts verificada na 
pista 01, entre as 0732:30 e as 0733:OO UTC, pelo facto do selector 
de pista do visualizador individualizado do vento estar seleccionado 
para a pista 29. 

Na pista 29 so foi registada urna rajada de 230° com 34 Kts entre as 
073430 e as 0735:OO UTC. 

A ergonomia do equipamento e favoravel a ocorrencia de erros deste 
tipo. Esta estabelecido "nos documentos ICAO Anexo3 e Anexoll e 
explicitado no docurnento ICAO Doc 9377 que logo que se utilize 
mais do que urn sensor para obter observafles representativas de 
um dado elemento (varios anernometros) o orgao apropriado dos 
Sewips de Trafego Aereo devera estar dotado de um indicador por 
sensor e cada indicador devera ter um letreiro que identifique 
claramente o sensor a que esta ligado, o que n3o se verifica na Torre 
de Faro. 

0 fenomeno meteorologico Manga de Vento registado na zona do 
aeroporto de Faro e frequente naquela regiso podera estar associado 
a fenomenos de cisalhamento de vento (windshear). 

0 estudo do NLR evidbnciou que o voo MP495 atravessou situa~des 
de MICROBURST. 
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No entender desta Comissso o lnstrtuto de Meteorologia deveria 
proceder a estudo destes fenomenos na zona do aeroporto de Faro e 
divulgar a in formwo dai decorrente. 

A D i rewo Geral da AviaHo Civil, como orgao regulador e 
fiscalizador deveria ter fiscalizado o cumprimento das nonnas e 
procedimentos intemacionalmente estabelecidos, de forma a 
assegurar a qualidade do servip prestado pelos servips de Trafego 
Aereo. 

2.6 SOBREVWENCIA DOS OCUPANTES 

2.6.1 Condicionantes Gerais 

A taxa de sobrevivencia do acidente foi condicionada por varios 
factores, quer no que conceme as caraderisticas e circunstdncias do 
proprio acidente, quer no que concerne aos acontecimentos 
subsequentes. 

Assim, presume-se pela tipologia das lesdes encontradas e pelos 
pardmetros do aviso, registados no momento do impacto, que o 
acidente seria em termos gerais sobrevivivel (forps de inercia 
baixas), com uma zona limitada de maior mortalidade e/ou 
morbilidade, correspondente a zona de rasgadura principal da 
fuselagem. 

A analise das causas de morte das vitimas, com 80% dos casos por 
queimaduras graves ou carboniza@o total, permite inferir que a 
sobrevivhcia foi extremamente condicionada pelo fogo pos-impacto 
que se propagou. 

Das declara@as dos sobreviventes pode-se igualmente inferir que as 
rupturas existentes na fuselagem permitiram a evacuago de muitos 
passageiros e tripulantes (nomeadamente a tripula@o tecnica) em 
zonas onde as portas estavam inoperativas ou tinham dificil acesso, 
sendo aspect0 deterrninante na s e e 0  intermaia do aviao, onde 
posteriormente se veio a dar a explos3o dos tanques de combustivel. 
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A cobertura adequada e precoce com agua e espuma, pelos 
bombeiros, na parte traseira do avigo, junto a porta 1.4, impedindo a 
propaga@o de fog0 na zona, bem como a apropriada condu@o das 
a m e s  nessa se-o, por parte da tripula@o, orientando os 
sobreviventes, permitiu a evacua@o por estas portas dos 
passageiros localizados na regi%o traseira e intermedia do avigo 
(30% do total dos ocupantes). 

A circunstancia fortuita da porta 1.3 ter sido projectada com o impact0 
permitiu a sua utiliza@o pelos 2 linicos sobreviventes da fila 24, com 
graves queimaduras e provavelmente sem possibilidade de 
conseguirem outra forma de escape. 

2.6.2 Ti~oloclia das Lesdes 

Com o objectivo de melhor enquadrar as lesdes sustidas pelos 
ocupantes e os factores condicionantes, relacionou-se a tipologia 
encontrada, corn a localiza@o no avi80, as alterafles estruturais 
(interior da cabine) e a evolu@o do acidente e das ac~des de 
evacuaMo e salvamento. 

Foi efectuada. nesse sentido, uma selec@o de feridos graves em 
diferentes localiza@es no aviao, em que a tipologia encontrada foi 
comparada corn a tipologia das vitimas fatais. 

Pelas declarafles dos sobreviventes foi possivel estabelecer que 
irnediatarnente apos o embate, o fog0 penetrou na cabine 
transversalmente, da direita para a esquerda, na zona da asa direita, 
provocando queimaduras graves nos ocupantes ai localizados. Todos 
os sobreviventes entre as filas 22 e 30, corn duas excepges, tiveram 
queimaduras diversas, oscilando entre 4 e 56 % da superficie 
corporal ating ida, facto concordante w m  as tipologias encontradas 
nas vitimas rnortais. Apenas os passageiros nos lugares 26 J e 29 E 
tiveram lesdes traumaticas para alem de lesdes termicas. Foi 
igualmente nas filas 26 e 27 que se registaram 2 mortes traumaticas 
(entre apenas 4 nesta zona) eventualmente provocadas por objectos 
soltos no interior da cabine ou por deforma@o estrutural da 
fuselagem. 
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A analise dos efeitos do impacto no interior da cabine sugere que as 
cadeiras nZio sofreram mod i f iwes  significativas para a l h  das 
referidas no capitulo respedivo (deforrnaHo), nomeadamente, 
arrancamento e fragmentaMo, com execmo  das correspondentes 
as filas 14 a 17, localizadas na zona de ruptura da fuselagem. 
Tambem os cintos de seguranp afigura-se terem resistido bem ao 
impacto, ja que a maioria dos sobreviventes dedarou tglos apertados 
apos a irnobiliza@o do aviao. 

Estes fados permitiram que, com exce-o da zona central do aviao 
se registasse um grau minimo de incapacidade dos passageiros, 
possibilitando a sua evacua@o em curto espap de tempo. 

Ngo sendo possivel confirmar em absoluto a taxa de sobrevivencia 
pos-impado, a presenp de alguns casos com niveis de 
carboxihemoglobina elevados nas vitimas fatais, parece sugerir que 
algumas das vitimas (em nljmero nao quantifi&vel) teriam falecido 
por efeito do fog0 e n8o por traumatismo directo. E igualmente 
admissivel que por razdes nao deteminaveis estes passageiros 
teriam tido uma quaquer forma de incapacidade parcial (fracturas dos 
membros inferiores, perda de consciGncia) o que n8o permitiu a sua 
saida do avi%o em tempo util, isto e, antes da explosao dos tanques 
de combustivel. 

Atraves das declara~des dos sobreviventes nessa s e e 0  constatou- 
se que as bagageiras e algumas cadeiras se soltaram com o impacto, 
assim como houve deforma@o significativa do chao e tedo da 
cabine, podendo eventualmente ter provocado a incapacidade dos 
passageiros e que muitos deles nao sabem como abandonaram o 
aviao tendo sido transportadas por terceiros ou ejectados, o que vai 
de encontro a hip6tese previamente equacionada. 

Apos a fractura do trem e antes da imobiliza@o do aviao, entre as 
filas 14 e 17, deu-se a ruptura principal da fuselagem, sendo grande 
numero dos passageiros ejectados para o exterior (25%). Das seis 
vitimas fatais registadas nesta zona (fila 10 a 19). apenas 2 n3o 
foram devidas a traumatismo crsneo encefalico ou raquidiano, sendo 
uma dessas por asfixia, o que sugere n%o ter sido a sobrevivencia 
nesta s e w 0  significativamente condicionada pel0 fogo p6s-impacto. 
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A tiplogia das les&s apresentada (fractura coluna nos passageiros 
sentados em 10 G, 19 G e 21 F e fraduras varias do 18 B e 
traumatismo toracico severo no 16 A) bem como as declarages de 
varios sobreviventes s8o compativeis com a existQncia duma s e q o  
altarnente 'traumat ica', corn a sobrevivQncia condicionada pelo ti po e 
gravidade da less0 sustida. 

A oorrela@o dos elementos disponiveis (tipologia das lesdes, 
evaara@o, interiores de cabina) foi limitada na sua analise pelo facto 
da cabine posterior ter sido consumida pelas chamas impedindo uma 
observa@o mais minuciosa dos destrops. 

Em resumo, pode-se conduir que o factor condicionante principal da 
sobrevivencia neste acidente, basicamente sobrevivivel, parece ter 
sido, como alias e frequente e esta documentado noutros acidentes, a 
evofucSo do fono ~6s-im~acto. Sem a propaga@o do mesmo e a 
explos80 dos tanques de combustivel 6 possivel admitir-se que parte 
das vitimas fatais teria sobrevivido as les6es traumaticas sofridas, 
embora seja impossivel quantificar essa taxa adicional de 
sobrevivQncia. 

NBo foi possivel igualmente deterrninar ate que ponto o facto de 
algunas das bagageiras e cadeiras se haverem soltado terem 
condicionado a possibilidade de escape em tempo util dos 
passageiros nesta se-o. 

As mortes provocadas por traumatismo poder-se-80 considerar 
consequencias naturais do acidente, nSo parecendo condicionadas 
por outros factores posteriores, nomeadamente o mod0 como foi 
prestada a assistencia imediata aos sinistrados. 

A evacuaao, embora de um mod0 geral anarquica, decorreu 
rapidamente e foi eficaz na parte traseira do avi80, onde a tripula@o 
conseguiu dirigir parte dos sobreviventes para a porta 1.4. 
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A cobertura efectuada pelos bombeiros, corn espuma lanqda para a 
parte posterior da fuselagem, impediu de alguma forma a propagaMo 
das chamas, permitindo a evacua@o de grande numero de 
sobreviventes em razoaveis condifles de seguranp (a maioria dos 
passageiros das filas 28 a 41). 

Combate ao Incendio 

Consideraaes Gerais 

0 s  servips de socorros dos aeroportos internacionais utilizam 
tecnicas de combate a indndios baseados na velocidade de resposta 
dos veiculos de primeira interven@o para efectuar um primeiro 
ataque antes da chegada dos veiculos de segunda intervenMo, de 
maim capacidade. 

A miss30 principal dos veiculos de interven@o rapida sera a de 
extinguir os focos incipigntes ou atacar os fogos nascentes 
protegendo os caminhos de evacuago dos passageiros que ja 
estiverem a abandonar a aeronave. 

Quando os veiculos de segunda interven@o chegam ao local, pelo 
menos urn deles devera ser posicionado junto ao nariz ou a cauda da 
aerorrave, de mod0 a, longitudinalmente, cobrir a fuselagem ou o lado 
da fuselagem mais ameapdo pelo fogo. 

0 s  restantes veiculos de primeira ou segunda intervengo devem 
posiocionar-se de modo mais apropriado as circunst6ncias 
particulares do acidente, tendo sempre em consideraHo o objectivo 
principal de assegurar a proteceo aos passageiros atraves da 
manutemo de caminhos de evacuaHo. 

Neste acidente, a Comiss3o constatou .que foi plenamente atingido 
aquele objectivo, apesar das condi~des atmosfericas extremamente 
adversas. 
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No entanto de entre as vitimas mortais encontraram-se duas com 
valores significativamente elevados de carboxihemoglobina, o que 
permite admitir a sua sobrevivencia p6s-impacto, nSo tendo o 
indndio sido completamente extinto em tempo util, devido as 
dificuldades de posicionamento, movimenta@o e reabastecimento 
das viaturas e a chuva intensa que diminuiu a eficdcia do principal 
agente extintor. 

2.7.2 Tempo de Resposta 

0 estado de prontidao e o consequente tempo de resposta foram 
adequados, tendo sido atingidos os objectivos operacionais, quer em 
tempo quer em caudais de espuma, de acordo com as 
recomendaMes da ICAO. 
E de salientar que aqueles objectivos operacionais -estSo definidos 
para condiMes optimas de pavimento e visibilidade, que nao se 
verificavam na altura do acidente. 

0 acesso do quartel dos bombeiros a pista, constituido por um 
caminho de pavimento nSo revestido com apenas 3.5 metros de 
largura, apresentava-se muito eiameado e escorregadio, devido a 
deficientes condifles de drenagem da area. 

Posicionamento e Ataaue ao Inc6ndio 

A s e w 0  posterior da fuselagem imobilizou-se em posi@o n8o muito 
distante do eixo da pista.(cone de cauda a 82 metros) 

A faixa de seguranp que ladeia a pista apresentava-se compactada 
numa distAncia de 75 metros ao eixo da pista, de acordo com as 
recomenda~6es da ~ C A O  correspondentes ao c6digo de referencia do 
aerodromo de Faro. 

0 s  condutores das viaturas T I  5 e dos dois T12, apercebendo-se do 
estado de alagamento do terreno, avanpram apenas cerca de 10 
metros para alem da faixa compactada e drenada. 
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Esta posi@o das viaturas junto a cauda da aeronave, embora contra 
o vento e longe das asas e do caix3o central, onde est3o localizados 
os depositos de combustivel, contribuiu para a elevada sobrevivencia 
dos passageiros, da parte posterior da fuselagem. (Anexo 14) 

0s operadores das trQs viaturas lanpram o espumifero, em jacto 
concentrado, segundo uma dir-o longitudinal em rela@o a 
fuselagem posterior, procurando alcanpr, contra o vento e a 
disthcia de cerca de 30 metros, o centro dos destrqs. 

Constatou-se a pouca efi&cia do agente extintor resultante da 
diminuigo da viscosidade do espumifero em condifles de chuva 
intensa. 

A viatura Protector que procurou posicionar-se mais perto do foco 
principal do indndio (s-o central da fuselagem) e simultanea- 
mente em posi@o mais favoravel ao vento, ficou atolada, apos ter 
evitado uma vala de drenagem que se encontrava a cerca de 50 
metros a leste dos destrops. 
0 operador do canhao optou pelo lanpmento de espuma em mod0 
disperso, cobrindo, alem da asa esquerda, toda a parte esquerda da 
fuselagem central e posterior, protegendo os sobreviventes e os 
bombeiros. 

Constatou-se que todas as viaturas que, na segunda actua$io, 
procuraram um posicionamento mais adequado ao vento e mais 
proximo dos tanques de combustivel da aeronave, ficaram 
imobilizadas nos terrenos alagados na faixa de seguranp, (a 
excepgo da viatura no 2 que furou) devido a ausencia de acessos de 
emergencia altemativos, conforme recomendapo da ICAO. 

&7.4 Reabastecimento 

A operago de reabastecimento de agua revelou-se de tal mod0 
demorada, para as tres viaturas que a efeduaram, que, indepen- 
dentemente das dificuldades de reposicionamento posteriormente 
verificadas, constatou-se que no momento em que regressaram ao 
local do indndio ja muito dificilmente poderiam ter uma ac@o eficaz 
no combate e salvamento. 
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Constatou-se que a demora das viaturas, foi devida a nAo estar 
previsto, no p w  de reabastecimento, um dispositivo de acoplamento 
rapido da mangueira do p v  ao tanque da viatura, o que obrigou o 
operador a sair da cabina, ligar as bombas submersas, subir ao 
tanque da viatura ai permanecendo ate ao fim do reabastecimento. 

Constatou-se que duas viaturas se encontraram no p o ~ o  de 
reabastecimento, n i o  podendo ser abastecidas em simultaneo pelo 
facto das bombas submersas n i o  terem sido dimensionadas para 
urna situago deste tipo. 
As duas bombas existentes t6m um caudal unitario de 750 
litros/minuto, insuficiente para reabastecer, em tempo util, duas 
viaturas de capacidade unitaria de 12.000 litros. 

2.8.1 Geral 

Se se atender as condiges ambientais particularmente adversas e a 
hora a que ocorreu o acidente, pode concluir-se que as opera~des de 
accionamento e posterior desenvolvimento do Plano de Emergencia 
decorreram satisfatoriamente, tendo-se verificado n3o so uma rapida 
interven@o no' ataque ao indndio, como tambem a concentra@o, 
em cerca de 45 minutos, de um elevado numero de recursos 
humanos e materiais para as opera~des de salvamento e evacua@o 
hospitalar. 
No entanto, por dificuldades de cornunica@o e insuficiencias do 
proprio Plano de Emergencia, nunca se chegou a constituir funcional- 
mente o Centro Operacional de Emerghcia, gerando, conforme se 
analisa nos paragrafos seguintes, ineficigncias nas ac~bes de 
direc@o, coordenaHo e apoio as varias entidades envolvidas. 

2.8.2 Execu~%o do Plano de Emergencia 

A identificaHo do Plano de Opera~bes correspondente a situa@o 
'Acidente ou IminQncia de Acidente com Aeronavew, na area do aero- 
porto ou suas vizinhanps, foi correctamente efectuada, tendo 
accionamento e o desenvolvimento das primeiras fases do plano 
decorrido sem quaisquer reparos. Assim, no inicio da emerghcia, a 
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actua@o disciplinadora do Servip de SOCO~OS e da Coordena@o do 
S.O.A. permitiu manter uma certa ordem no desenrolar das opera- 
Mes. 

Seguidamente o plano prevQ que os membros do Centro de 
OperaMes de Emergencia - C.O.E. - sejam avisados e que, progres- 
sivamente assumam a d i remo e coordenaHo das operaws. No 
entanto, apesar de relatorios sedoriais afirmarem que os seus mem- 
bros foram avisados, na pratica verificou-se que o COE nao chegou a 
funcionar como equipa de apoio, coordenadora e dirigente das 
a-s das varias entidades envolvidas. As suas intervenws, como 
se depreende da audi@o do canal de emergencia, foram sempre 
pautadas por a w e s  desgarradas e sem disciplina nas 
comunica@es. 

Tambem o Posto de Comando Movel - PCM - funcionou, pelo menos 
na primeira meia hora, na pessoa do Chefe do Departamento de 
Socorros. Depois, por falta de apoio do COE comepram a aparecer 
varios elementos da Torre de Controle, SOA, Bombeiros municipais e 
ainda o Chefe da Torre de Controle, Director e Subdirector do 
Aeroporto. 

A situaeo descrita fez transferir para o Chefe do Departamento de 
Socorros a coordenaHo de uma serie de tarefas de apoio em detri- 
mento da execu@o de outras que, no Plano de Opera@es, the esta- 
vam especificamente destinadas. 
Estao neste caso a deslocagSo da Tome de Ilumina@o Autonoma e 
das viaturas de apoio aos postos de triagem e primeiros soc&ros. 
Esta ultima viatura - ambuliincia - deveria ainda ter conduzido para o 
local do sinistro o enfermeiro do posto de socorros da aerogare. 

0 chefe dos socorros e ainda, segundo o Plano, responsavel pela 
constituim de um 'Posto de Reuniao de Sinistrados", em tenda. 

Nenhuma destas actividades foi completada em tempo util, tendo sido 
virtualmente impossivel agrupar os passageiros devido ao panico 
gerado pelas explosdes do combustivel, o que levou a maior parte 
dos sobreviventes a abandonar o local do acidente pelos seus 
proprios meios, transferindo indevidamente para o posto de socorros 
da aerogare o primeiro apoio mMico aos sinistrados. 
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Embora a nao implementaMo de uma zona de triagem e respectivas 
prioridades no local previsto, nSo tivesse, neste acidente, implica@es 
significat~as na taxa de sobreviv6ncia. um acidente com outras 
repercuss6es ao nivel da tipologia das lesbs, nomeadamente lesdes 
traudticas graves ou hemorragias severas, teria muito 
provavelmente, acentuada influencia negativa na sobrevivGncia. 

Face ao exposto, considera-se absolutamente necessario que sejam 
testadas novas metodologias nos futuros exercicios sectoriais de 
constitui@o e funcionamento do Centro Operational de Emergencia, 
simulando n80 so este Plano de Opera~des, mas outros em que o 
empenhamento de meios exteriores tome as instruwes de coordena- 
@o fundamentais para a mobilizago e adua@o de todas as 
entidades envolvidas. Particularmente devem ser estabelecidas 
rotinas de comunica@es activadas logo que se declara e identifica o 
tipo de emerg3ncia. 

Por wtro lado, em caso de acidente corn uma aeronave de grande 
capacidade (wide body) toma-se clara a impossibilidade de os 
Serviws de Socorros, com a actual dota@o dos tumos, poderem 
cumprir atempadamente as tarefas que Ihe estao atribuidas neste 
Plano de Operaws a que se juntam as dificuldades de 
reabastecimento de agua, ja referidas. 

2.8.3 Considera~6es sobre o Plano de Emergencia 

2.8.3.1 Considera@es Gerais 

0 plano de emerggncia do Aeroporto de Faro, foi elaborado corn 
base num modelo conceptual comum, segundo as recornendawes da 
Comissao FAUSEC para os planos de .contigencia e tambem corn 
base nas directivas da ICAO. 

Embora globalmente o plano em vigor esteja organizado em 
consonSncia corn as recomendafles existentes e compreenda os 
diversos planos de opera~des previstos, havera algumas areas onde 
o mesmo necessitaria de ser melhorado e completado. 
Numa analise efectuada aos aspectos descritos no Airport 
Emergency Planning da ICAO (Doc 9137-ANl898-Part 7) observam- 
se algumas discrepancias e insufici6ncias em rela@o aos 
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procedimentos recomendados pela ICAO, que poder%o ter contribuido 
para que alguns dos pontos descritos no plano existente niio fossem 
activados ou tivessem uma efi&cia menor que a desejada. 

Ainda que estas insufici6ncias tivessem apenas influhcia relativa no 
resultado final da o p e r e o  de emergencia que decorreu em Faro no 
acidente em causa, e de admitir que se as condiws, a localiza@o, o 
tipo de acidente e le*s sofridas pelos ocupantes e a hora do 
mesmo fossem outros, o grau de eficicia poderia ter sido menor. 

2.8.3.2 AsDectos Pontuais a Equacionar 

Treino das Equipas de Socorro e Salvamento 

Dado que na maioria dos casos sera0 os elementos destas equipas 
(bombeiros, pessoal do aeroporto) os primeiros a chegar ao local do 
acidente e durante bastante tempo poderao ser os unicos presentes, 
e fundamental que os mesmos sejam capazes de realizar um dos 
objectives prioritarios que e o apoio imediato aos feridos graves, sem 
o qua1 rapidamente estes se tomarso fatalidades. 

Nesse sentido, e como nGo existia medico permanente no Aeroporto, 
devem existir pelo menos 2 elementoslturno (identificados) com treino 
de rnanobras de ressuscitaMo cardiopulmonar e primeiros socorros, 
passiveis de efeduar esta funHo se necessario. 

0 treino especifico devera ser repetido regularmente para 
manuteneo da proficigncia e devera haver listas dos individuos 
adequadamente treinados. 

Servicos m&icos de apoio (3.6 e 3.7 do Doc.9137lAN 898) 

Como n%o existe medico fixo no Aeroporto, e a criaeo da equipa 
medica e da responsabilidade do H.D. Faro, torna-se necessario, e 
seguindo as recomendaMes contidas no referido Manual da ICAO, 
definir no plano nomes e fun~ijes dos m6dicos e enfermeiros 
envolvidos e todos os hospitais passiveis de fomecer apoio 
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especifico e diferenciado nomeadamente nas areas de neurocirurgia, 
queimados e cirurgia toracica. 

Assim n%o existe, como seria desqavel, uma lista de m&icos (e 
substitutos) a deslocar de imediato para o local do acidente para 
coordenar a triagern e o transporte para o hospital. Essa lista devera 
nomear o coordenador- medico responsavel que podera ser 
igualmente o Oficial de transporte. Ele sera responsavel por todos os 
contactos entre o local do sinistro e hospitais envolvidos. 

0 plano devera igualmente conter uma lista de hospitais adstritos, 
identificando as suas capacidades especificas, localizago e acesso, 
aspect0 considerado mandatorio pela ICAO. 

0s  hospitais envolvidos, em especial o Hospital Distrital de Faro, 
devera ter elaborado um plano de contingencia para a mobilizago de 
equipas medicas o mais rapidamente possivel. 

Meios de Transporte (3.1 1 do Doc.91371AN 898) 

No sentido de mobilizar rapidamente meios de transporte, quer dos 
sinistrados, quer dos elementos envolvidos nas diversas operafles 
de socorro e salvamento, e recomendavel definir no plano os meios 
existentes, atraves do respectivo inventariado. 

0 plano devera conter explicitamente todos os equipamentos 
(autocarros, ambulancias, carros de bombeiros, veiculos de 
manutenMo e apoio) disponiveis e a quem cabe a responsabilidade 
de os transportar/movimentar, para que se verifiquem o minimo 
possivel de tempos mortos nas a q b s  a empreender. 

Relac6es com a proteqSo civil (3.13 do Doc.9137IAN 898) 

Dado que as emerggncias prevrstas no plano existente podem 
implicar (ou norrnalmente implicam) mobiliza@o de meios e 
envolvimento da prot-o civil local, as forrnas de cooperago e 
preplaneamento deverao ser integradas e explicitadas de forma 
conueta no plano, conforme recomendaMes existentes na ICAO. 
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Outros aswctos  erai is de p r ~ n e a m e r r t o  
(3.14, 3.18 e 3.19 do Doc.91371AN 898) 

Todos os acordos de m3uo auxilio corn entidades eventualmente a 
envolver nas opera-, nomeadamente corpora- de bombeiros, 
servips policiais e de seguramp e servips m&icos, devem estar 
firrnados por escrito, segundo modelo apresentado no ap6ndice 5 do 
Manual. 

Para uma gestso adequada das rel-s com a comunica@o social e 
as partes envolvidas, devera estar previamente definido um Oficial de 
InformacSo que filtre a informam a ser fomecida, evitando 
declaraMes diversas ex ternrneas que possam vir a perturbar a 
investiga* em curso. 

Finalmente e recomendavel a existbcia na area de um centro de 
apoio mental para apoio psicol6gico as situa-s de choque 
postr~umatico nos sobreviventes, familiares ou pessoal diverso 
envolvido na emerghcia. 

Material disoonivel para a operado de emer~9ncia 
(9.3 e 9.5 do Doc.9137) 

Nao tendo sido estabelecido area de triagem e prioridade de 
assistencia aos sinistrados, rSo foi neces&rio catalogar os mesmos 
em terrnos de gravidade das l e a s  sustidas. 

Recomenda o Manual da ICAO nesta mati?ria que os sinistrados 
deverso ser definidos corn t a b s  coloridos, simples e de rapida 
aplica@o, standardizados. Segundo o aconselhado devera haver 4 
cores, vermelho para a primeira prioridade, amarelo para a segunda, 
verde para a terceira e preto para os mortos. 

Nesta area de socorros imediatos, para os sinistrados de primeira 
prioridade em situaMo de risco de vida eminente, devera haver uma 
ou mais ambuli3ncias totalmente medicalizadas e adaptadas a 
situaeo de emergencia, com capacidade de ressuscita@o 
cardiopulmonar e ventila@o assistida provisoria, onde os feridos 
graves podera0 ser estabilizados ate serem transferidos para a 
unidade hospitalar adequada. 
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Material W i c o  exiqivel Para dis~onibilidade 
continua no aerowrto 

A lista de material mMico existente devera constar do plano de 
emergencia em vigor, sendo fun@o do tipo de aeroporto e do tip0 de 
avides que nele operam. 

Assim, um aeroporto como o de Faro, onde operam avides "wide- 
body", deveria seguir as orientawes sugeridas na lista 3-1 do 
apendice 3 do Manual. Dos materiais constantes dessa lista, salienta- 
se : 

- 100 macas 

- 10 colchdes para imobilizaflo de fracturas de coluna 

- 50 talas insuflaveis e 50 caixas de primeiros socorros 

- 20 conjuntos de ressuscitaflo 

- 2-3 electrocardi6grafos e ventiladores 

- 300-500 sacos adequados para mortos 

Todos estes materiais deverao ser regularmente renovados e 
repostos em caso de consumo, sendo a sua gestao efectuada pelo 
posto medico ou de socorros do aeroporto. 

FACTOS ESTABELECIDOS 

A aeronave estava em condifles de navigabilidade e devidamente 
certificada para o voo em causa. 

0 peso e a centragem da aeronave encontravam-se dentro dos 
limites aprovados. 
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N%o foram detectadas falhas de funcionamento da aeronave e seus 
sistemas que possam ter contribuido para a diminui@o da sua 
seguranp ou aumentado a carga de trabalho da tnpula@o durante a 
fase final do v w .  

0 s  itens inoperativos, a partida do voo de Amsterdao, n%o afedavam 
a opera@o da aeronave . 

A tripula@o encontrava-se devidamente licenciada, qualificada e 
certificada para a operago da aeronave. 

0s  controladores de trafego aereo estavam devidamente licenciados 
e qualificados. 

A tripula@o e os controladores de trafego aereo tinham cumprido 
horarios de trabalho respeitando os regulamentos vigentes. 

As condifles meteorologicas no aeroporto de Faro na madmgada e 
manha do dia do acidente foram determinadas por uma depressao 
centrada, na altura do acidente, a cerca de 250 milhas nauticas a 
oes-sudoeste do aeroporto de Faro e uma press30 de 1006 hPa no 
centro. A depress30 que se estendia em altitude corn um eixo 
praticamente vertical, transportava na sua circula@o uma massa de 
ar maritimo muito humido e instavel, instabilidade que se estendia 
praticamente a toda a troposfera. No bordo sueste da depress30 
geraram-se faixas organizadas de convergencia com bandas 
nebulosas onde se encontravam embebidos cumulonimbos de grande 
desenvolvimento vertical que atingiram sucessivamente a regiao do 
aeroporto de Faro. A dianteira de uma dessas faixas de convergencia 
atingiu o aeroporto de Faro cerca das 07:30 UTC e as 12:OO UTC 
ainda afectava a regiao. Dai a ocorrencia de trovoadas e aguaceiros 
fortes e ate mesmo violentos, com uma variabilidade local do vento 
muito grande, ocorrendo entao rajadas que poderao ter ultrapassado, 
na reg60 do aeroporto, 40 nos. 0 vento medio soprou de sueste e 
su-sueste com intensidades medias de 10 a 17 kt que 
ocasionalmente, corn a passagem de cumulonimbos, poderao ter 
ultrapassado os 20 a 25 kt. A visibilidade a superficie era de 6 a 9 
km, reduzindo-se para valores de 2 a 4 krn durante os periodos de 
precipita@o mais intensa. 
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A previao para o aeroporto de Faro valida para o periodo das 0400 
as 13:OO UTC, dava vento a superficie de 1500 com 15 nos, 
visibilidade superior a 10 km, 318 de estratos a 500 p6s mais 418 de 
cumulos a 1200 pes mais 518 de estratoarmulos a 2500 pes; 
temporariamente, visibilidade 6000 metros, aguaceiros fracos de 
chuva ou trovoada fraca ou moderada com chuva mas sem saraiva; 
interrnitentemente, visibilidade superior a 10 km, trovoada moderada 
e 218 de cumulonimbos a 1800 pes. 

AS 04:45 UTC o Centro Meteorologico para a Aeronautica do 
Aeroporto de Lisboa enviou um SIGMET, valido entre as 06:00 e as 
12:OO UTC, em que se previa turbul6ncia de ar limpo moderada e 
localmente severa acima do FL 340 e trovoadas e forte forma@o de 
gel0 na FIR de Lisboa. Este SIGMET n6o foi transmitido a aeronave. 

AS 07:09:58 UTC o cantrole de aproxima@o de Faro transmitiu a 
seguinte inforrnaflo meteorologica ao voo MP495: vento de150 18 
nos, visibilidade 2 500 metros, tempo presente trovoada, 
nebulosidade 318 a 500 p6s mais 718 a 2 300 pes mais 118 de 
cumulonimbos a 2 500 pes, temperatura 16O, QNH 1 013. 

A aeronave atravessou, na fase de aproxima@o uma zona de 
turbulgncia associada a fenomenos de miuoburst e downburst que 
desencadearam instabilidade longitudinal da aeronave. 

A utiliza@o dos sistemas autornaticos de voo (ATS + 'CWS), tera 
degradado a p e r c e e o  da tripulaflo para a turbuiQncia e 
instabilidade da aproxima@o. 

A aeronave foi inforrnada pelo Controle de AproximaMo que a pista 
se encontrava alagada (flooded). 

A tripulago nao associou o terrno "flooded a mas condifles de 
travagem (POOR), por falta de actualiza@o, a fraseologia ICAO, dos 
Manuais de operaGo e do treino da tripulaHo. 

0 Controle de AproximaMo transmitiu as aeronaves vento 
instantineo em vez de vento medio de periodo 2 minutos e vento da 
pista 29 em vez de vento da pista 11. 
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AS 07:32:15 UTC o controle de aproxima@o de Faro transmitiu a 
ultima informaMo de vento: vento 150 15 n6s mhirno 20 nos. 

0 Controle de Aproxima@o niio transmitiu 4 aeronave informa@o do 
vento na pista 11 que atingiu 220° com 35 kts entre as 07:32:40 e as 
07:33:30 UTC. 

AS 07:33:20 UTC, ocorreu o acidente. 

AS 07:35:30 UTC foi registado pelo SIO urn aviso de cisalhamento de 
vento. 

Cerca das 08:OO UTC, trabalhadores nrrais assinalaram na zona do 
aeroporto urn vento muito forte que se fez sentir ao longo de uma 
faixa estreita, que cortou o inicio da pista 11 de sul para norte, tendo 
destmido algumas estufas a sul e a norte da pista 11, e uma parte da 
veda@o do aeroporto proximo dos sensores do vento da pista 11. 
Atribuiram essa destrui@o a urn fenomeno local que e designado 
"manga de vento", e que se afigura ter intensidade suficiente para 
afectar as operaws de aterragem e descolagem no aeroporto de 
Faro. 

A tripula@o n3o integrou as informa~des resultantes da instabilidade 
e da degradaHo momentinea da visibilidade na fase final da 
aproxima@o, e tendo interpretado inconectamente a comunica@o do 
estado da pista (flooded), nZio tomou a decisiio de abandonar a 
aproximago. 

A 80 ft (RA) o piloto automatico desengatou o mod0 CWS, aparente- 
mente de forrna nao intencional. Nao foi provado que a tripulaMo se 
tenha apercebido que a luz avisadora desta condi@o estivesse a 
sinalizar. 

A fun@o CWS do piloto automatico foi desligada a altura radio (RA) 
de 80 ft, de um mod0 apararentemente nao intencional, quando 
deveria te-lo sido, por decisao da tripula@o, a uma altura nao inferior 
a 150 ft acima da soleira da pista. 

A 150 ft (RA) a potgncia foi reduzida para flight idle pelo ATS e 
mantida reduzida, provavelmente pela ac@o do copiloto. Em 
condi~des normais o retard mode do ATS inicia-se aos 50 ft (RA). 
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A redu@o prematura da potencia, provavelmente agravou a raz%o de 
descida que atingiu valores que excederam os limites operacionais da 
aeronave. N%o houve varia@o significativa da velocidade e d i r e q o  
do vento nos ultimos 20 segundos, de acordo com os valores 
registados no SIO. 

A interven@o do comandante durante toda a aproxima@o, afigura-se 
demasiadamente passiva e, no caso do aumento final da potkncia, 
tardia. 

A fractura do trem de aterragem principal direito foi devida a 
conjuga@o da elevada raz%o de descida com a correc@o de 
abatimento presente no instante do contact0 com a pista. 

0 s  sensores do vento da pista 11 est8o colocados a 17 metros acima 
do nivel da pista junto a um talude em escava@o com 7 metros de 
altura, situado entre os sensores e a pista. 

0 vento m&io e determinado por uma media escalar das direcges e 
intensidades do vento no period0 considerado e n%o por uma media 
vectorial. 

0 relogio da meteorologia (SIO) apresentava um atraso de minuto e 
meio relativamente ao relogio padrao do ATC. 

N%o existiam procedimentos escritos para o acerto do relogio do SIO. 

0 registo do SIO n8o arquiva toda a informa@o meteorologica dispo- 
nivel nas p o s i w s  de controle da Torre. 

N8o existe acordo escrito entre o lnstituto Nacional de Meteorologia e 
Geofisica e a Empresa Pliblica Aeroportos e Navega@o Aerea, sobre 
a exploraflo da informa@o fornecida pelo Sistema lntegrado de 
Observa@o (SIO). 

A defini@o de responsabilidades relativamente a calibraeo dos 
sensores meteorologicos e interpretada de forma diferente pela ANA 
e pelo I.N.M.G. 

N%o existem, na Torre de controle, visualizadores independentes 
para cada uma das zonas cobertas por cada par de sensores. 
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0s visualizadores de vento nao dispdem de indicaNo clara da zona 
coberta pela informaw apresentada. 

NBo existiam procedimentos escritos de rendigo de turno, que 
induam lista de oper-s a efectuar antes de iniciar o servicp, bem 
corn  durante o tumo. de forma a assegurar a correugio da 
informa@o apresentada. 

Nao estavam publicadas Praticas Operacionais ATS que visassem 
diminuir a possibilidack de ocorrencia de erros humanos. 

NBo foi constatado que a DireqAo Geral da Aviago Civil, nos termos 
da alinea o) do Artigo 30 do Decreto Lei 242/7'9, tenha fiscalizado o 
cumprimento das normas aplicdveis ao funcionamento dos Servips 
de Trafego Aereo do aeroporto de Faro. 

A actua@o dos bombeiros do aeroporto foi dificultada pelas 
condiws dos acessos ao local do acidente. 

0 i d n d i o  iniciou-se pela rotura dos tanques integrais da asa direita 
imediatamente ap6s o impact0 corn a pista. 

A sobrevivencia foi condicionada pelo fog0 que deflagrou e se 
propagou ap6s o impado. 

0 acidente era globalrnente sobrevivivel. 

A ac@o dos bombeiros contribuiu de forma significativa para a 
sotxeviv6ncia dos ocupantes da sec@o posterior, mantendo livres as 
escapatorias. 

0 Plano de Ernergencia foi accionado de forma adequada, sendo o 
seu posterior desenvolvimento afectado por deficientes instru~des de 
coordena@o. 

0 equipamento medico de apoio a emergencia existente no aeroporto 
de Faro quando do acidente, foi inadequado nalgumas areas de 
interven@o. 
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CAUSAS 

A Comiss3o de lnquerito determinou que as causas provaveis para a 
ocorrencia do acidente foram: 

- A elevada razao de descida na fase final da aproximago e na 
aterragem efectuada sobre o trem direito, que excedeu as 
limitafles estruturais da aeronave. 

- 0 vento cruzado, que excedeu as limita@es da aeronave, 
ocorrido na fase final da aproximaMo e na aterragem. 

A cornbina@o destes dois factores determinaram esforps que 
excederam as limitaqdes estruturais da aeronave. 

Foram factores contributivos para o acidente: 

- A instabilidade da aproximaHo. 

- A redu@o prematura dos motores, corn a manuteneo dessa 
condieo, provavelmente devido a ac@o da tripula@o. 

- A incorrecta inforrnaHo do vento fomecida pelo Controle de Aproxi- 
ma@o. 

- A n8o existencia de um dispositivo de luzes de aproxima@o 

- A incorrecta avaliaMo, por parte da tripulaHo, do estado da pista. 

- 0 mod0 CWS, do piloto automatico, ter desengatado a cerca de 80 
ft (RA), passando a aeronave para controle manual numa fase 
critica da aterragem. 

- A actua@o tardia da tripula@o no sentido de acelerar os motores. 

- A degrada@o da sustentaHo provocada pelos intensos aguaceiros. 
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SSo recomenda~bes desta ComissBo: 

4.1 Que sejam revistos os procedimentos actuais referentes a opera@o 
do ATS e CWS durante as fases de aproxima@o e aterragem, 
especialmente em condifles atmosfericas desfavoraveis. 

4.2 A Martinair devera fever o seu Manual de Operaqbes de Voo (BIM) no 
sentido de: 

4.2.1 - Rever os procedimentos de aterragem ou descolagem, por 
forma a definir, se, e em que condims estas manobras devem ser 
executadas pelo copiloto, sempre que as condi@es meteorol6gicas 
sejam adversas elou os pargmetros operacionais marginais. 

4.2.2 - Rever os procedimentos operacionais relativos a operago 
do inversor de impulso do motor 2, por forma a definir uma politica 
clara sobre a materia. 

4.3 Que seja reavaliado, pela Martinair, o treino das tripulafles no 
referente a "windsheaf, designadamente no que concerne ao 
reconhecimento da possibilidade e da existgncia desse fenomeno. 

4.4 Que a Empresa Publica Aeroportos e Navegago Aerea instale no 
Aeroporto de Faro um sistema de luzes de aproxima@o visando 
facilitar a percepgo, por parte do piloto, em condi@es de visibilidade 
reduzida, de desvios em rela@o ao eixo da pista. 

4.5 Que a Empresa Pliblica Aeroportos e Navega@o Aerea publique 
procedimentos para a exp1oraHo pelo Controle de Trafego Aereo, da 
informago fornecida pelo Sistema lntegrado de Observago. 
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Que seja registada e arquivada, para fins de investigaMo de 
acidentes e incidentes, toda a informa@o meteorol6gica disponivel 
na Torre de Controle de AerMromo. 

Que a Empresa Publica Aeroportos e NavegaHo Aerea institua um 
conjunto de 'PAticas Operacionais ATS', tendentes a minimizar a 
ocorrbncia de erros humanos. 

Que sejam instalados na Torre de Controle visualizadores de vento 
de acordo com as recomendaq6es intemacionais. 

Que os sensores de vento da pista 11 sejam instalados de acordo 
com as recomendaMes internacionais. 

Que os ventos medios fornecidos pelo SIO sejam alterados para 
medias vectoriais. 

Que o lnstituto de Meteorologia estude e divulgue o fenomeno 
meteorol6gico lmalmente designado 'MANGA DE VENTOn. 

Que seja estabelecido acordo escrito entre a Autoridade Meteorologi- 
ca e a Autoridade ATS, definindo os servi~os a prestar e as 
responsabilidades de cada uma dessas autoridades na area da 
Meteorologia Aeronautics. 

Que a Empresa Publica Aeroportos e Navegago Aerea: 

4.13.1 - Proceda ao melhoramento dos acessos de emergencia do 
quartel dos bombeiros a pista, crie acessos alternativos e melhore a 
drenagem dos tenenos das faixas de seguranp. 

4.13.2 - Proceda a remodelaMo do sistema de abastecimento de 
agua das viaturas de combate a incendios. 

4.13.3 - Reveja e adapte os Planos de Emergencia dos aeroportos 
nacionais, de acordo com as recomendafles da ICAO. 
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4.14 Que sejam criadas condipjes que perrnrtam realizar in-es aos 
Serviws de Trafego Aereo da Empresa Publica Faroportos e 
Navegago Aerea. 

lCAO Note.- Sections 1.5 to 1.17 and the Appendices were not reproduced. 

ICAO Ref.: 01 55/92. 



ICAO TECHNICAL PUBLICATIONS 

The following summary gives the status, and also 
describes in general terms the contents of the various 
series of technical publications issued by the 
International Civil Aviation Organization. It does not 
include specialized publications that do not fall 
specifically within one of the series, such as the 
Aeronautical Chart Catalogue or the Meteorological 
Tables for International Air Navigation. 

International Standards and Recommended 
Practices are adopted by the Council in accordance with 
Articles 54, 37 and 90 of the Convention on 
International Civil Aviation and are designated, for 
convenience, as Annexes to the Convention. The 
uniform application by Contracting States of the 
specifications contained in the International Standards is 
recognized as necessary for the safety or regularity of 
international air navigation while the uniform 
application of the specifications in the Recommended 
Practices is regarded as desirable in the interest of 
safety, regularity or efficiency of international air 
navigation. Knowledge of any differences between the 
national regulations or practices of a State and those 
established by an International Standard is essential to 
the safety or regularity of international air navigation. In 
the event of non-compliance with an International 
Standard, a State has, in fact, an obligation, under 
Article 38 of the Convention, to notify the Council of 
any differences. Knowledge of differences from 
Recommended Practices may also be important for the 
safety of air navigation and, although the Convention 
does not impose any obligation with regard thereto, the 
Council has invited Contracting States to notify such 
differences in addition to those relating to International 
Standards. 

Procedures for Air Navigation Services (PANS) 
are approved by the Council for worldwide application. 
They contain, for the most part, operating procedures 
regarded as not yet having attained a sufficient degree of 

maturity for adoption as International Standards and 
Recommended Practices, as well as material of a more 
permanent character which is considered too detailed for 
incorporation in an Annex, or is susceptible to frequent 
amendment, for which the processes of the Convention 
would be too cumbersome. 

Regional Supplementary Procedures (SUPPS) 
have a status similar to that of PANS in that they are 
approved by the Council, but only for application in the 
respective regions. They are prepared in consolidated 
form, since certain of the procedures apply to 
overlapping regions or are common to two or more 
regions. 

The following publications are prepared by authority 
of the Secretary General in accordance with the 
principles and policies approved by the Council. 

Technical Manuals provide guidance and 
information in amplification of the International 
Standards, Recommended Practices and PANS, the 
implementation of which they are designed to facilitate. 

Air Navigation Plans detail requirements for 
facilities and services for international air navigation in 
the respective ICAO Air Navigation Regions. They are 
prepared on the authority of the Secretary General on 
the basis of recommendations of regional air navigation 
meetings and of the Council action thereon. The plans 
are amended periodically to reflect changes in 
requirements and in the status of implementation of the 
recommended facilities and services. 

ICAO Circulars make available specialized 
information of interest to Contracting States. This 
includes studies on technical subjects. 
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