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F i l e  No. 3-0125 

NATIONAL TRANSPORTATION S A F E T Y  BOARD 
WASHINGTON, D. C .  20591 
AIRCRAFT ACCIDENT REPORT 

Adopted: D-ccmher 22 ,  19iO --- 
EXECUTIVE JET A V I A T I O N ,  I X C .  

LEAR JET L23A, N434E.l 
E A R  lllE EEOiET COUNTY AIRPORT 

PELLSTON, EIICAIGAN 
MAY 9, 1970 

SYNOPSIS 

Inc. ,  was on a nonschebuled a i r  t a x i  f l i g h t  from D e t r o i t ,  Michigan t o  
Pe l l s t on ,  Michigan. The a i r c r a f t  crashed a t  approximately 2128 during 
an instrument  approach t o  t he  E m t  County Ai rpor t  a t  P e l l s t o n .  Both 
cremmbers and t he  four  passengers  aboard received f a c a l  i n j u r i e s .  

approximately 2i miles southwest of t h e  approach end of  Runway 5. A swath 
The a i r c r a f t  made i n i t i a l  con t ac t  wi th  trees on a h i l l  l o ca t ed  

approximately 45 f e e t  wide a rd  254 ieet long,  on a t r u e  heading of 1 0 7 O ,  
had been c u t  through t he  t r e e s  by the  a i r c r a f t .  The h ighes t  mean sea 
l e v e l  (m.s.1.) e l e v a t i o n  of  t h e  trees a t  the break p o i n t s  was 886 f e e t .  

On May 9, 1970, Lear J e t  N434E3, operated by Executive Jet i w i a t i o n ,  

The a i r c r a f t  remained a i rborne  f o r  approximately one-half mile, 
fol lowing i n i f - i a l  t r e e  impact,  before  s t r i k i n g  t r e e s  again,  a f t e r  which 
the  a i r c r a f t  crashed t o  t he  ground ar.d burned. The swath through the  
trees a t  t h e  c r a sh  s i t e  was approximately 269 f e e t  long on a cru? headin? 
of  86'. The m . s . 1 .  e l e v a t i o n  a t  t h e  h ighes t  po in t  of t r e e  con t ac t  i n  the 
c r a sh  a r ea  was 809 f e e t .  The main wreckage was contained i n  a space 
approximately SO f e e t  wide and 130 f e e t  long.  The ground e l e v a t i o n  a t  
t he  c r a sh  s i t e  is 730 f e e t .  The l a t i t u d e  is 1S033'43" N .  m d  the  longi tude  
is 84°S0'17" W. 

The a r ea  over  which t he  aircraft  flew whi le  c i r c l i n g  f o r  landing,  i s  

l i g h t s .  Consequently, few v i s u a l  r e f e r ences  are a v a i l a b l e  f o r  a n igh t  
sparse ly  populated,  and none df  t h e  runways i s  equipped wi th  approac.h 

approach. 

c e i l i n g  800 f e e t  ove rca s t ,  v i s i b i l i t y  7 miles, wiud from 090" 10 knots ,  
altimeter s e t t i n g  29.76 inches.  

The 2133 weather  a t  P e l l s t o n  was 400 f e e t  s c a t t e r e d  c louds ,  neasured 

. . - . ... 
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The Board determines t h e  probable cause of t h i s  acc iden t  t o  be 
i l l u s i o n s  produced by the  l a c k  of v i sua l  cues during a c l r c l i n g  approach 
over  unl ighted t e r r a i n  a t  n igh t  t o  a runway no t  equipped w i t h  approach 

p i l o t  think t h a t  he was higher  than h i s  t r u e  p o s i t i o n ,  were made mre 
l i p h t s  o r  O t l l C K  v i s u a l  approach a i d s .  These i l l u s i o n s ,  wh ich  made the 

accep tab le  t o  h i m  because of a s t r ong  p o s s i b i l i t y  of an erroneously high 
i nd i ca t i on  on h i s  a l t i w t e r .  
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1. INVESTIC4TION 

1.1 Historv of  F l i a h t  

N434EJ was scheduled t o  depar t  t h e  De t ro i t  Wayne COuntY Ai rpo r t  a t  
1930 L/ f o r  Pe l l s t on .  A late a r r i v i n g  passenger  delayed t he  depa r tu r e  
u n t i l  2038. 

plan t o  the P e l l s t o n  VOR 2/ v i a  airways J e t  21 and Vic tor  297 a t  f l i g h t  
l e v e l  (FL) 310 21. Control  of t he  f l i g h t  was t r a n s f e r r e d  t o  the  Air 
Route T r a f f i c  Control Center (ARTCC) a t  Minneapolis.  A t  2056, N434EJ 

weather,  the f l i g h t  requested permission t o  d e v i a t e  hard l e f t .  This  was 
reported a t  FL 310, 4 miles no r th  of Saginaw, Xichigan. To avoid t h e  

followed c l o s e l y  by a reques t  t o  dev i a t e  r i g h t  and " to  s t a y  on top a t  
310." The dev i a t i ons  were approved by ARTCC. 

The f l i g h t  was c l ea r ed  on an inscruxcent f l i s h t  rules (IFR) f l i g h t  

maintain 13,000 f e e t ,  a t  t he  p i l o t ' s  d i s c r e t i o n ,  was given.  The P e l l s t o n  
The f l i g h t  requested descent  c lea rance  a t  2101. Clearance t o  

altimeter s e t t i n g  was given a s  29.74 inches ,  b u t  t he  f l i g h t  was informed 
t h a t  the barometr ic  reading was ar. hour o ld .  X434EJ r epo r t ed  l e av ing  
f l i g h t  l e v e l  310 f o r  13,000 f e e t .  

t h e  Pe l l s t on  A i rpo r t ,  and gave t h e  cu r r en t  altimeter s e t t i n g  a s  29.76 
inches.  Radar s e r v i c e  was terminated a t  2114, and the  f l i g h t  was advised 
t o  con tac t  P e l l s t o n  Radio. 

A t  2109, t he  Elinneapolis c e n t e r  c l e a r ed  N434EJ f o r  a n  approach t o  

Upon con t ac t i ng  P e l l s t o n  Radio, N434EJ advised t h a t  i t  was 20 miles 

c louds  a: 400 f e e t ,  measured c e i l i n g  800 f e e t  ove rca s t ,  v i s i b i l i t y  7 miles, 
ou t  and requested the  weather .  The 2059 weather  was r epo r t ed  as s c a t t e r e d  

thunderstorms and l i g h t  r a i n  showers, temperature 45' F.,  dew poin t  43' F . ,  
and wind looo a t  10 knots .  The f l i g h t  was also advised t h a t  the  wind 
d i r e c t i o n  was varying from 080° t o  120' w i t h  t h e  i n t e n s i t y  varying from 5 
to 15 knots .  The F l i g h t  Serv ice  S t a t i o n  (FSS) s p e c i a l i s t  reques ted  whether 

N434EJ advised t h a t  t he  dec i s i on  would be made l a t e r .  
the f l i g h t  would land s t r a i g h t  i n  on Runway 23  o r  c i r c l e  f o r  Runway 5. 

&t 2123, N434EJ repor ted  procedure t u r n  inbound a!td receiwd f r o r  FSS 
the  same weather a s  p rev ious ly  rece ived .  At 2125, t h e  f l i g h t  repor ted  t h e  
VOR inbound (inbound heading 243O), and was t o l d  t h a t  t h e  wind was from 
080° a t  8 knots .  A t  2128, N434EJ repor ted  runway i n  s i g h t  a:.L chat  i t  was 
c i r c l i n g  f o r  a landing.  ( In  o r d e r  t o  e s t a b l i s h  a c i r c l i n g  p a t t e r n ,  a 

This  was t he  las t  communication from N434EJ. 
r i g h t  t u rn  from the  inbound heading t o  a wes t e r l y  heading i s  made i n i t i a l l y . )  

- 1/ A l l  times h e r e i n  a r e  e a s t e r n  s tandard  based on t h e  24-hour c lock .  
- 2 /  VOR: Very High Frequency (VHF) omnid i rec t iona l  r ad io  range.  - 31 31,000 f e e t  rn.s.l., based on a b a r o m t r i c  p r e s su re  of 29.92 on 

the  a l t i m e t e r .  
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f l i g l l t  and t o  look n t  thc c e i l i n g .  He s t a t e d  t h a t  IIC observed a i r c r a f t  
The FSS s p e c i a l i s t  l e f t  h i s  desk and went ou t s i de  t o  watch f o r  the  

a r i g h t  t u r n  i n  o rde r  to  c i r c l e  the  f i e l d  t o  the l e f t .  He watched t he  
l i g h t s  inbound t o  ihe a i r p o r t  on a normal approach, and then  saw i t  making 

a i r c r a f t  f l y  i n  and ou t  of low scud, and a t  times i t  was ou t  of h i s  view. 
The a i l c r a f t  s t a r t c d  t o  take an e a s t e r l y  heading, a f t e r  which i t  appeared 
to make a s l ight  descen t ,  and then a s l i g h t  a s cen t .  A s h o r t  time l a t e r ,  
an orangc f l a s h  appeared. 

A wi tne s s  l i v i n g  a mile nor th- nor theas t  of rhe a i r p o r t  saw a n  a i r c r a f t  
on a wes te r ly  heading pass  north of his home around 9 p.m. He s t a t e d  
t h a t  from the  sound, t h e  a i r c r a f t  was i n  a normal p a t t e r n  f o r  a c i r c l i n g  
approach; a p a t t e r n  which would pa s s  s l i g h t l y  nor th  of  h i s  home. 

Another witness, whose homc i s  approxlmately 2% miles no r thea s t  of  

downwind l eg .  A 1 1  o f  the  cab in  l i g h t s  appeared t o  be on. Because of t he  
the a i r p o r t ,  watchcd the a i r c r a f t  a s  i t  turned toward the sou thea s t  on t h e  

d i r e c t i o n  of the  a i r p l a n e  from h i s  house, and t!le engine power being 
developed, the w i tne s s  bel ieved t h a t  the  a i r c r a f t  was t ak ing  o f f .  Me s a i d  
t h a t  there  was no r a i n  f a i l i n g  and t h a t  the  moon was v i s i b l e  occa s iona l l y .  

A 
approac 
s t a t e d  
i t  was 
of  the  

:hing and saw t h e  p l a n e ' s  nav iga t ion  l i g h t s  pass  h e r  window. She 
t . l l i rd  w i tne s s ,  s i : t ing i n  h e r  l i v i n g  room, heard t he  a i r c r a f t  

t h a t  t h e  a i r c r a f t  was i n  l e v e l  f l i g h t .  She saw no fog but  s a id  t h a t  
r a i n ing .  Her home is one of  s e v e r a l  l oca t ed  abouc 1,000 f e e t  no r th  
i n i t i a l  impact po in t  w i t h  the  t r e e s .  

1 . 2  I n i u r i e s  t o  Persons 

i n j u r i e s .  

1 . 3  Damage t17 A i r c r a f t  

Rro crewmembers and four  passengers  were on board. A l l  received f a t a l  

The a i r c r a f t  was almost completely destroyed by ground impact and 
ground f i r e .  

The i n t a c t ,  o r  . tear ly  i n t a c t ,  s e c t i ons  were t h e  av ion i c s  compar::ment; 
the  r i g h t  wing f l a p ;  and t h e  a f t e r  po r t i on  o f  t h e  fuse lage  w i th  t h e  v e r t i c a l  
s t a h i l i z e r ,  rudder ,  ho r i zon t a l  s t a b i l i z e r ,  and e l e v a t o r s  a t t a ched .  The 
av ion ics  compartment, a f t e r  fuse lage ,  and empennage, were found i n  t he  
upright  p o s i t i o n .  

1 . 4  Other D a w s  

The impact and f i r e  destroyed s eve ra l  trees. Thsre was no o the r  
ground damage. 
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1.5 Crew Information 

Captain George 0. Evans, aged 48, was employed by Execut ive J e t  
Aviation, Inc . ,  on Xay 1, 1967, and was upgraded to cap t a in  on August 18, 
1967. He held an a i r l i n e  t r a n s p o r t  p i l o t  c e r t i f i c a t e  wi th  r a t i n g s  i n  
the  Lear Je t  models 23 and 24, and a i r p l a n e  mult iengine land. He a l s o  
had held a f l i g h t  i n s t r u c t o r ' s  r a t i n g ,  which had exp i r ed  on February 28, 
1P69. 

the  holder  s h a l l  wear c o r r e c t i n g  g l a s se s  f o r  near  v i s i o n  w h i l e  e x e r c i s i n g  
the p r i v i l e g e s  of h i s  airman c e r t i f i c a t e .  

His cu r r en t  f i r s t - c l a s s  medical C e r t i f i c a t e  had the  l i m i t a t i o n  t h a t  

i n  j e t  a i r c r a f t .  His t o t a l  Lear Je t  time was 2,142 hours o f  w h i c h  i 43 .4  
hours were flown during the prev ious  3 nwnths. During the  30 days preceding 
the  acc iden t ,  he flew 73.6 hours i n  t h e  Lear Je t .  

Captain Evans' t o t a l  f l i g h t  time was 7,760 hou r s ,  of which 6,945 were 

Captain Evans' f l i g h t  p ro f i c i ency  record c o n t a i n s  c o m n t s  t o  Lhe 
e f f e c t  t h a t  a l l  check req2trcments  were completed i n  a h igh ly  q u a l i f i e d  
manner. A comment de sc r i be s  h i s  comnand a u t h o r i t y  and crew coo rd ina t i on  as 
complete and th ,xough.  

Captain Evans had made s i x  e n t r i e s  i n t o  the P e l l s t o n  A i r p o r t ,  none of  
which was a t  nigh:. His nwst re -en t  f l i g h t  i n t o  P e l l s t o n  was on  November 30, 
1969. 

J e t  Aviat ion,  I nc . ,  on Apr l l  6 ,  1970, and completed h i s  i n i t i a l  t r a i n i n g  
First  Of f i c e r  Joseph U .  Karaffa ,  aged 40, was employed by Execut ive 

on Apr i l  9, 1970. He he ld  a comnercial p i h t  c e r t i f i c a t e  w i th  a i r p l a n e  

r a t i n g s .  
s ing le-  and mult iengine land,  a i r p l a n e  s ins le -engine  sea, an3  instrument  

His cu r r en t  f i r s t - c l a s s  medical c e r t i f i c a t e  contained no l i m i t a t i o n s .  

His t o t a l  f l i g h t  time was 6,533 hours ,  of  which 3,036.7 were i n  jet  
a i r c r a f t .  His t o t a l  Lear Jet time was 36.7 hours.' The f l i g h t  r e p o r t  on 
h i s  p rof ic iency  and q u a l i f i c a t i o n  check s t a t e d  t h a t  he had completed a l l  
maneuvers i o  a very  s a t i s f ac to r .<  manner, and t h a t  h e  was thorough and 
m t i c u l o u s  i n  fol lowing i n s t r u c t i o n s  and completing procedures .  

Both crewmembers were f r e e  from f l i g h t  d u t i e s  for approximaiely 24 
hours p r i o r  t o  t h i s  f l i g h t .  (See Appendix B for d e t a i l s . )  

1.6 A i r c r a f t  Information (Appendtx C) 

The a i r c r a f t  was proper ly  c e r t i f i c a t e d .  Examination of t h e  main- 
tenance records  revealed t h a t ,  w i t h  one except ion,  a l l  r equ i r rd  e n t r i e s  
had been recorded and signed o f f .  =.e one excep t i on  was the altimeter 
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t e s t  conducted i n  Septeaher  o f  1969. This e n t r y  was n o i  i n  t he  a i r c r a f t  
l oc .  I t  was, IIowever., recorded on Form N-11, which is  a maintenance 
discrepancy record .  

The weight and c e n t e r  of g r a v i t y  were w i th in  .the prescr ibed  limits. 

Tlie a i r c r a f t  was se rv iced  wi t ! ,  Texaco AVJZT A-1 fue l  a t  Czlumbus, 
:!hie, JP-1 a t  Canton. Ohio, and S h e l l  540A a t  D e t r o i t ,  Elichigan. 

1 . 7  Fleteoroloxicnl Information 

over western Wisconsin, a quas i - s t a t i ona ry  f ron t  extending southwestward 

eastward from t:!e low-pressure c e n t e r  a c r o s s  nor thern  Lower Michigan i n  
from the  low-pressure c e n t e r ,  another  quas i - s t a t i ona ry  f r o n t  extending 

the v i c i n i t y  of Traverse C i t y ,  and a s q u a l l  l i n e  extending soutlrdestward 
from wes t- cen t ra l  Lake Elichigan. 

Tl~e 2200 surCacc weather c h a r t  showed a low-pressure system cente red  

OCfice a t  De t ro i t  a t  17'65, v a l i d  1800-0600, was .IS fol lows f o r  Pe l l s ton :  
1,000 f e e t  s c a t t e r e d ,  c e i l i n g  2,000 Ceet o v e r c a s t ,  v i s i h i l i t y  5 rrLles, 
haze, wind 090* 15 knots and gus ty ,  occa s iona l  c e i ? i n g  1,000 f e e t  ove rca s t ,  
v i s i h i l i t y  2 miles, l i g h t  r a i n  showers, fop, o r  tlwnderstorms, moderate 
r a i n  showers. 

1.8 Aids  t n  Naviqation 

The a v i a t i o n  terminal  f o r eca s t  i s sued  by t h e  Weather Bureau Forecast  

mo types q f  i n s t r u m e n t  approaches a r e  au thor ized  f o r  Pe l l s t on .  These 
a r e  VOR and Automatic D i r ec t i on  Finding ( A D F ) .  The ADF approach i s  made 
L O  a nond i r ec t i ona l ,  low-frequency r a d i o  beacon loca ted  on t h e  a i r p o r t .  
N434EJ made a VOR approach. 

There were no repor ted  d i f f i c u l t i e s  w i t h  the nav iga t i ona l  a i d s .  

1 . 9  Communications 

There were no repor ted  d i f f i c u l t i e s  i n  connnunications. 

1.10 Acrodrorre and Cround F a c i l i t i e s  

c i t y  o f  Pe l l s t on ,  I!ichiRan, and c o n s i s t s  of  two c ro s s ing  runways, 5-23,and 
14-32. The a i r p o r t  e l e v a t i o n  i s  720 f e e t  m . s . 1 .  Runway 23, the  p r i nc ipa l  
i n s t r t tmn t  runway i s  5,395 f e e t  long,  and 150 f e e t  wide. The runway 
s u r f a c e s  a r e  bituminous ove r l ay ,  macadam, w i t h  l i t t l e  g r ad i en t  and good 
drainage.  The runways are equipped w i t h  medium-intensity runway l i g h t s .  
During the approach of N434EJ, on ly  Runway 5 was l i gh t ed .  

E-t County Ai rpor t  i s  s i t u a t e d  ad jacen t  t o  and northwest of t h e  
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Runways 2 3  and 32 are equipped w i t h  P.unway End I d e n t i f i e r  L i g h t s  

REIL prevented t h e i r  being turned o f f  a t  tF.r low- intensi ty  runway l i g h t  
(REIL). The FSS s p e c i a l i s t  s t a t e d  t h a t  t he  swicching mechanism f o r  tie 

s e t t i n g .  He a l s o  s t a t e d  t h a t  one o f  tie REILs a t  t he  approach end of 
Runway 23 was not ope ra t ing .  A Notice to Airman (NOTAN) was n o t  i s sued  
t o  t h a t  e f f e c t .  

Subsequent t o  the  a c c i d e n t ,  I E I L  and a Visual  Approach Path I n d i c a t o r  
(VAPI) were i n s t a l l e d  on Kunway 5 .  

The t e r r a i n  on w h ~ c h  t h e  a i . rpo r t  i s  l oca ted  i s  f a i r l y  l e v e l .  Nore:?- 
e a s t  of the  a i r p o r t  toward t h e  \'OR, thc t e r r a i n  i s  r e l a t i v e l y  l e v e l  for  
about 5 miles, where the  ground rises t o  an e1;vation of 800 f e e t .  Due 
west o f  the  a i r p o r t  i s  a v a l l e y  w i t h  t h . !  e l e v a t i o n  r i s i n g  on ly  s l i g h t l y  
above tl-it of t he  a i r p o r t  f o r  a d i s t a n c e  of over  10 miles .  llig!l ground, 
with e l e v a t i o n s  exceeding 800 f e e t ,  commences one-half mi le  nor th  o f  t he  
a i r p o r t  and con t inues  i n  a westward d i r e c t i o n  on the  nor th  s i d e  of the  
aforementioned v a l l e y .  High ground may a l r o  be found soul-hwest of t he  
a i r p o r t ;  r i s i n g  t o  800 f e e t  approximately 2 miles  from the  threshold  o f  
Runway 5 and r i s i n g  to  over  1,000 f e e t  approxirhately 2% miles socthwest 
of t he  threshold  o f  Kunway 5. These h i l l s  border  t he  south  s i d e  of the  
v a l l e y ,  which i s  approximately a mile widb. The r idge  n e a r e s t  t h e  a i r p o r t  
is o r i e n t e d  i n  a nor thwest- southeast  d i rec t i t i l l .  Thus, the  approaches t o  
Runways 2 3  and 32 are r e l a t i v e l y  c l e a r  of  h igh t e r r a i n ,  whi l e  t he  approaches 
t o  Runways 5 and 1 4  have high t e r r a i n  a s  much a s  300 f e e t  h igher  than the  
a i r p o r t  e l e v a t i o n ,  wi th i r<  24 miles. The approach area to  n 'nway 5 i s  wi th-  
out  v i s u a l  cues  a t  n igh t  except  f o r  a few l i g h t s  from widely  s c a t t e r e d  
homes. 'The a r e a  i s  heav i ly  wooded i n  the  h i l l y  r eg ions .  The rur,way has no 
approach l i g h t s .  

1.11 F l i g h t  and Cockpit Voice Recorders 

f l i g h t  or cockp i t  vo ice  r ecorde r .  
The a i r c r a f t  was not equipped, nor  was i t  r equ i red  t o  be,  w i t h  a 

1.12 Wreckage 

A t  t be  i n i t i a l  impact s i t e ,  t h e  path  o f  t h e  t r e e  damage was 254 f e e t  
long and 4 5  f e e t  wide.  Within t h i s  a r e a  were found the  red  and green 
navigat ion l i g h t  l e n s e s ,  landing l i g h t  l e n s ,  vo r t ex  genera to r s ,  and the  

a rea  revealed any evidence of f i r e .  None o f  t he  v e g e t a t i o n  i n  the  area 
l e f t  wing t ip  t u e l  tank nose cone.  None of t h e  recovered p i e c e s  from t h i s  

was burned. 

T!le wreckage a t  t h e  main impact site was confined to an area m a s u r -  
i n8  approximarely 130 feeL by 50 f e e t .  From c u t s  on the t r s e s ,  the  l a te ra l  
a t t i t u d e  of t he  a i r c r a f t  was determined to be approximately 37' l e f t  wing 
darn.  S i m i l a r l y ,  the descending angle  of t h e  a i rc ra f t  through the  trees 
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vas found t o  be approximately 16O. The main wreckage s i t e  i s  l oca t ed  
approximately 1-314 s ta tu te  mi les  from t h e  t h r e s h n l i  of  Runway 5 .  For 
d e t a i l s  cf impact a r e a s  and wreckape d i s t r i b u t i o n ,  see Attachment No. 1. 

a .  Systems 

IJhile a l l  systems were i r r epa r ab l .  damaged, in format ion  was, 
nevertheless .  ob ta inab le  irom a few u n i t s .  

The c a p t a i n ' s  a l t i m e t e r  showed ' read ins  of 1,440 f e e t  m.s.1.. 
with an a l l i m - t e r  s e t t i n s  o f  2 9 . 7 5  inchc ... The c a p t a i n ' s  f l i g h t  d i r e c t o r  
instrument sl~owed a l e f t  hank of 3 6 O .  

A t u rn  and bank i n d i c a t o r  shcv:4 a l e f t  t u r n .  

'The landing f l a p s  i n d i c a t o r  revealed evidence of  an ex t ens ion  
equal t o  f u l l y  down landing f l a p s .  

n o  f l i p h t  s p o i l e r  a c t u a t o r s  had a pos i t i on  equal  t o  s p o i l e r s  
stowed. 

A ho r i zon t a l  s t a b i l i z e r  a c t u a t o r  ex tens ion  was compared t o  i t s  
counte rpar t  on another  Lear J e t  a i r c r a f t .  The trim i n d i c a t o r  p o s i t i o n  thus 
determined W A S  s l i g h t l y  a f t  of  the  green takeoff  ban?. 

b.  Powerplants 

qn the ground below t h e i r  normally mounted p o s i t i o n .  
The engines  burned f r ee  of the a i r c r a f t  s t r u c t u r e  and were found 

blades were cL.rl*zd a t  the lead ing  edge t i p .  There were no gouc?s or 

cool ing  a i r  pnssages, and between the  s t age  1 nozzle and t h e  s t age  1 
t e a r s  on the  b lades .  Charred wood pulp was noted i n  t he  turbin.? nozzles ,  

shroud. The t u rh ine  blades and nozz1.e vanes e x h i b i t e l  very f i n e  d u s t l i k e  
metal fus ion .  some o f  which was loost: and some f i rmly bonded. F i r e  damage 
precluded func t i ona l  t e s t i n g  of the  acce s so r i e s .  The i n l e t  guide vanes 
(IGV) were undamaged and c losed .  The bleed va lves  were open. 

Both er.F,in(!s had innes ted  t r e e  wood. Tile l e f t  ens ine  compressor 

On t h e  r i g h t  eng ine ,  hard o b j e c t  dalnage was found on 26 of  t he  
31 compressor blades.  A l l  compressor b lades  were cu r l ed  from fo r ce s  
opposinl: r o t a t i o n .  The IGV's were bent. c i r c u m f e r e n t i a l l y  a t  the  t r a i l i n g  
edge and a l l  were c loscd .  The bleed va lve s  were open. f ie combust im 

nozzles  exh ib i ted  a t i rm ly  bonded metal fus ion ,  t y p i c a l  of aluminum. 
sec t ion  containcd l a r w  q u a n t i t i e s  of  wood pulp. A l l  tu rb ine  blades an.1 

damage precluded func t i ona l  t r s t i n g  of t he  a c c e s s o r i e s  on the  r i g h t  engr le .  
Fr ight  metal was a l s o  noted on the  nozzles ,  ou t e r  bands, and shrouds. F i r e  



a. The Cepta in ' s  Al t imete r  

During t h e  disassembly of  the altimeter, i t  was observed t h a t  a 
b r a s s  screw had f a l l e n  out  and was ly ing  loose  i n  t he  case .  The screw was 
from a c a l i b r a c i o n  arm asscmbly, and locks  t he  movable aluminum c a l i b r a t i o n  
arm i n  p lace  when the  instrument i s  c a l i b r a t c d .  The t h r eads  w i t h i n  t h e  

observed on the  th reads  of  the  screw. An i nden t a t i on  was found ad j acen t  t o  
screw hole  were t o r n  and ragged. Deposi ts  of  aluminum p a r t i c l e s  were 

the screw hole  and resembled t h a t  made by a s t ak ing  t o o l ,  o f t e n  used t o  
s take a *crew i n  p lace .  Examination of  t he  X-rays revea led  t h a t  t h e  locking 
screw was i n  p lace  p r i o r  t o  disassembly. Consider ing t h a t  t he  screw may 
have loosened because of h e a t ,  a s i m i l a r  c a l i b r a t i o n  arm mechanism was 
placed i n  an oven and heated f o r  2 hours a t  l , l O O o  F. This  screw was found 

were found on i t s  threads.  The ho le  from which i t  was removed d i sp layed  
t o  be t i g h t  when examined. The test  screw was r emved  and a luminum d e p o s i t s  

t o rn  and broken th reads  similar t o  those o f  t h e  a cc iden t  c a l i b r a t i o n  arm. 

the  hole  i n  t he  test specimen. The s t ak ing  produced a spreading o f  t he  
A s t a k i n g  i nden t a t i on  was then app l i ed  t o  t he  metal  ad j acen t  t o  

metal around t h e  indenta t ion ;  a condi t ion  not found i n  t h e  examination of  
the acc iden t  altimeter. The t e s t  a l s o  revealed t h a t  t he  fo r ce  necessary  

have bent t he  mechanisrn t o  t he  ex t en t  t h a t  t he  instrument  would have been 
'io peen an i nden t a t i on  t o  the  depth found i n  the  acc iden t  a l t i w t e r  would 

unusable. 

pivot  was i n s t a i l e d  i n  one end of  a rocking s h a f t .  A t  the  oppos i t e  end 
Fur ther  examination of  t h e  a l t i m e t e r  revealed t h a t  an i n c o r r e c t  

of the  rocking s h a f t ,  an end s t one  was missing.  A r i n g  jewel w i t h i n  t!le 
mechanism was i n s t a l l e d  o f f  c en t e r .  A second rocking s h a f t  rear suppor t  
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No evidence of ope ra t i ona l  abno rma l i t i e s ,  o the r  than  t he  inges ted  
matcr ia l ,  was found i n  e i t h e r  engine. 

1.13 

A t  about 2129, t h n  FSS s p e c i a l i s t ,  who was watching N434EJ make a 

Air Route T r a f f i c  C o n ~ r o l  c e n t e r  of the  a i r c r a f t  a cc iden t ,  and then  c a l l e d  
c i r c l i n g  approach, saw an orange f l a sh .  A t  2133, he advised Elinneapolis 

the S t a t e  Po l ice ,  r e q w s t i a g  t h a t  they inform the Ennnet County S h e r i f f .  He 
then ac t i va t ed  the  Pc l i s t on  f i r e  s i r en .  Sho r t l y  t h e r c a f t e r ,  he  t o l d  
sorrrone a t  the f i r e  Louse the  approximate l o c a t i o n  of  the  c r a sh ,  a f t e r  which 
the  f i r e  equipment snd personnel  proceeded t o  the scene.  

1.14 Surv iva l  A s p e - 3  

This  was a nonsurvivable acc iden t .  

The c a p t a i n ' s  body was found i n  t he  l e f t  s e a t  of  t he  cockpi t ,  and the 
f i r s t  o f f i c e r ' s  body was found i n  the r i g h t  s ea t .  

1 .15 Tes t s  and Research 
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pivot  was i n c o r r e c t .  An i n c o r r e c t  l i n k  p in ,  which holds  a s p r i n g  c l i p  
i n  place a t  t he  pneumatic capsu le ,  was i n s t a l l e d .  An end s t one ,  which 
supports  a s h a f t  w i th in  the  wchanism,  was i n s t a l l e d  upside down. 

been purchased by Lear J e t  I n d u s t r i e s .  They were remanufactured by 

had been i n  ope ra t i on  i n  the  c o p i l o t ' s  instrument  panel f o r  3 ,046 .9  hours  
Instrument and F l i g h t  Research, IJ ichi ta ,  Kansas. The c a p t a i n ' s  a l t i m e t e r  

a f t e r  remanufacture.  It was then removed fmm the  a i r c r a f t  and overhauled 
by Coll-Aire, I nc . ,  an FAA-approved r e p a i r  s t a t im,  and i n s t a l l e d  i n  t he  
cap t a in ' s  panel of Nlr34E.J. The reasan f o r  t h e  overhaul  was a n  "out of  

t h e  acc iden t ,  the a l t i m e t e r  had accumulated 485.4 hours s i n c e  overhaul .  
tolerance" cond i t i on  which occurred September 28,  1969. A t  the  time o f  

The a l t i m e t e r s  were o r i g i n a l l y  manufactured by Kollsman, and had 

n o  o the r  altimeters overhauled by Co l l -h i r e  f o r  Execut ive Je t ,  Inc. ,  
wcre sent  t o  the  Xollsman Instrument  Company f o r  examination. Some had 
never been on an a i r c r a f t  s i n c e  overhaul.  These a l t i m e t e r s  were found t o  

Aero-Sonic Company. It was found t o  be un repa i r ab l e .  
he out  of t o l e r ances .  Another overhauled a l t i m e t e r  was s e n t  t o  the 

b. A i r c r a f t  Performance 

F l i g h t  tests  were conducted a t  Execut ive J e t ,  Inc. ,  t o  determine 

adver ten t ly  a c t i v a t e d ,  and (2) the  amount of  power requi red  t o  maintain 
(1) the e f f e c t  of p i t c h  change of the a i r c r a f t  i f  t h e  s p o i l e r s  were in -  

120, 130, and 140 knots  ir, va r ious  con f igu ra t i ons .  

The weight  of t h e  a i r c r a f t  was programmed to be as close a s  
poss ib le  t o  the  weight o f  t h e  acc iden t  a i r c r a f t  when the c r a s h  occurred 
(10,999 pounds). The landing gear  was down i n  bo th  tests,  and f l a p  s e t t i n g s  
of 20' and 40' were used. 

The r e s u l t s  were as follows: 

Test I: E f f e c t  o f  p i t c h  change whan s p o i l e r s  are a c t i v a t e d .  

F l a p s  20' (two exe rc i s e s )  

Airspeed 145 k n o t s  i n  both e x e r c i s e s .  
Loss of  a l t i t u d e :  200 and 150 f e e t ,  r e spec t i ve ly .  
Rate of  descent :  700 and 550 f e e t  per  minute, r e snec t i ve ly .  

F l a p s  40' 

Airspeed 145 kno t s .  
Loss of a l t i t u d e :  100 f e e t .  
Rate of  descent :  550 f e e t  per  minute.  

.. . . . .  
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The s p o i l e r  ex tens ion ,  which was made on approach du r ing  a 

column wvement. o r  aerodynamic b u f f e t .  A t t i t ude  change was g e n t l e ,  
t u rn  on base l e g  was bare ly  no t i c eab l e ,  by a l t i t u d e  change, c o n t r o l  

were t r ue  i n  both t he  s t i ck- f ixed  and s t i c k- f r e e  con f igu ra t i ons .  
and e n t r y  i n t o  t h e  a l t i t u d e  excurs ion  was gradual .  These c h a r a c t e r i s t i c s  

Test 11: Power t o  main ta in  va r i ous  speeds i n  s eve ra l  
con f igu ra t i ons .  

-- Configurat ion:  m s  ZOO, Gar Fiaps  40' , W a r  DoKn 

Airspeed 140 130 120 140 130 120 

A l t i t ude  7.5 7.5 7.5 7.7 7 . 7  7.7 

R.A.T. (Ram Air Temp.) 18.5 16.0 15.0 15.0 15.0 15.0 

R.P.M. 86 85 83  8 9  88.5 88 

E.P.R. (Pressure 1.40 1.30 1.35 1.52 1.50 1.53 
Rat io)  

Fuel Flow 1,050 900 880 1,100 1 , l C O  1,075 

E.G.T. (Exhaust 420 440 430 4 50 460 450 

Alt imeter  s e t t i n g  (Columbus, Ohio): 30.02 
Gas Temp.) 

Lear J e t  I n d u s t r i e s ,  Inc . ,  provided the  fol lowing information 
a s  requested: 

With both engines  flamed ou t ,  t he  a i r c r a f t ,  weighing 11,000 
pounds with the land ing  gear  da rn  and 20' f l a p s ,  would have t o  have an 
i n i t i a l  a i r speed  of  135 f 5 knots  i n  o rde r  t o  t rave?  3,000 f e e t  horizon- 

a i r speed  would have been 125 ? 5 knots .  
t a l l y  wi th  an a l t i t u d e  l o s s  of  81 f e e t .  With a 40° f l a p  s e t t i n g ,  the 

A s tudy  was rrade i n  1969 by Drs. Kraf t  and Elworth of  t he  Boeing 

was tk v i s u a l  ang l e  t h a t  p rov ides  information t o  t h e  p i l o t .  Th i s  i s  t he  
Company, r e l a t i v e  t o  n igh t  v i s u a l  approaches. One of the  meas cons i t e r ed  

angle subtended a t  the  eye by t h e  n e a r e s t  and f a r t h e s t  l i g h t s  of  a c i t y  as 

a cons tan t  a l t i t u d e ,  t h i s  angle  i nc r ea se s  p rog re s s ive ly  as he approaches 
t h e  p i l o t  fol lows h i s  f l i g h t p a t h .  To a p i l o t  f l y i o g  on  a l e v e l  course a t  

a he l i c ap re r ) ,  t h i s  ang1.e p rog re s s ive ly  decreases .  Eetween these  extremes,  
the  c i t y .  To a p i l o t  descending v e r t i c a l l y  a t  a cons t an t  d i s t ance  (as i n  

c i t y  remains c o a s t a n t .  The s tudy  s t a t e s  t h a t  i f  t he  a i r p l a n e  i s  maintained 
there  i s  a s p e c i f i c  f l i g h t p a t h  i n  which t h e  v i s c a l  an3 l e  subtended by t h e  

on t h i s  path,  t he  p i l o t  may be l o s i n g  important c l o s u r e  information wi thout  

. 

. .  

. .  
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h i s  awareness. Visual  information i s  a l s o  a v a i l a b l e  'from the  r e l a t i v e  
motion of t h e  l i g h t  p a t t e r n  a s  seen  from the  cockpi t .  However, t h i s  
m t i o n  mus t  G:xceed one minute Gf angle  per  second before  i t  i s  perceived.  

made i n  o rdcr  t o  determine the  approximate r a t e  of  change In v i s u a l  ang le  
during the  anproa-h of N434EJ. The d i s t ance  used was from the  po in t  on 

south,  t o  the polnt  o f  i n i t i a l  impact with t h e  t r e e s .  For these  ca l cu l a -  
t h e  tu rn  to f i n a l  approach, when t he  a i r c r a f t  would have been heading due 

t i o n s ,  the a i r c r a f t  i s  assumed t o  have been a t  600 f e e t  (above thc  a i r p o r t  
e l eva t i on )  a: the  former po in t  and 166 f e e t  a t  the  l a t t e r .  The e lapsed  
f l i g h t  tine hetween these two p o i n t s  a t  1 2 7  knots  i s  34.6 seconds. The 
d i f f e r ences  between the v i sua l  ang l e s  i s  . 2 7 9 O  using the  runway l i g h t s  fo r  
v i s ua l  re fe rence ,  and .350° i f  the  town of P e l l s t o n  i s  included w i t h  the  
runway. The r a t e  of  change of the  v i s u a l  ang le  under thcse  cond i t i ons  i s  
.484 minutes per  second and ,607 minutes per  second, r e spec t i ve ly .  Both 
va lues  a r e  l e s s  than the  th reshold  of 1 minu t e  pe r  second r a t e  o f  change. 

l h e  background f o r  t he se  s t u d i e s  i s  based on a s t r a i g h t  i n  type 

Using Lhe i n f o i a a t i o n  from Attachment No. 2 ,  c a l c u l a t i o n s  were 

of approach. The p i l o t  o f  N434EJ was maki.ng a c i r c l i n g  approach. Therefore ,  
he may h a w  had s o w  s o r t  of  a cue from the  apparen t  r o t a t i o n  of tile scene 
a s  he executed the  t t l rn .  A t  p r e sen t ,  t he r e  a r e  no d 3 t a  which t e l l s  whether 
a p i l o t  may e f f e c t i v e l y  use such apparent  r o t a t i o n  o f  t he  scene i n  es t imat-  
ing height  and d i s t ance  a t  n igh t .  

1.16 Other Pe r t i nen t  Information 

1.161 Executive J e t ,  Inc . ,  Procedures.  

a.  C i r c l i n x  Approaches 

The t r a i n i n g  manual used by Execxt ive Je t ,  I nc . ,  s t a t e s  
t h a t  a t  c i r c l i n g  minimums, a l l  o b s t r u c t i o n s  w i th in  1.7 mi les  of  t he  a i r p o r t  
boundary, w i l l  be c l e a r ed  by 300 f e e t .  (This fol lows the  TERPs $1 c r i t e r i o n .  
S2e Attachment No. 2 f o r  i l l u s t r a t i o n  of  t he  c i r c l i n g  a r ea . )  The instrument  

with GEAR DOWN and FLAPS ZOO. A speed of VRef + 20 knots  I/ and a 30° bank 
f i n a l  approach f i x  i s  departed w i th  the  a i r c r a f t  i n  a LANDING con f igu ra t i on  

throughout the approach. :When on f i n a l  approach wi th  t he  rucway v i s i b l e ,  
(maximum) i s  maintained during t he  maneuver t o  assure  t e r r a i n  c lea rance  

completed, and a speed of VRcf + 5 knots  + gus t  c o r r e c t i o n  i s  maintained. 
f l a p s  a r e  placed i n  t h e  f u l l  down pos i t i on ,  f i n a l  landing c h e c k l i s t  i s  

After  determining the  d i r ec2 ion  o f  the  c i r c l e  p r i o r  t o  approach, the  p i l o t -  
in-command w i l l  determine which p i l o t  i s  t o  maintain con t ac t  w i t h  the  run- 
way, and which p i l o t  w i l l  monitor the  a i r c r a f t  a l t i t u d e ,  a i r speed ,  and angle  
of bank. The a i r c r a f t  w i l l  not  descend below the  publ ished c i r c l i n g  

- 41 X R P s :  United S t a t e s  Standard f o r  Z W i n a l  Instrument Procedures .  - 51 A re fe rence  speed which i n  t h i s  case i s  1.3 times the  s t a l l  speed (Vso) 

knots.  
f o r  the  landing weight a t  which N434EJ was opera t ing .  VRef was 122.5 

.. . .. . . .. ~~. . ... . .. . . . . .  . 
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minimum a l t i t u d e  f o r  t he  approach u n t i l  the t u r n  t o  f i n a l  is i n i t i a t e d ,  
the rurway i s  i n  s i g h t ,  and the a i r c r a f t  is  i n  a p o s i t i o n  To make f i n a l  
descent f o r  landing. I f  during t h e  c i r c l i n g  maneuver, VFR (Visual F l i g h t  
Rules) cannot be maintained a t  publ ished minimum a l t i t u d e  o r  v i s u a l  
cantact  with the  a i r p o r t  i s  l o s t ,  a missed approach must  be i n i t i a t e d .  

b.  -Officer r lv inf i  Dut ies  

On nonrevenue f l i g t t s ,  and on revenue f l i g h t s  t r a n s p o r t i n g  
cargo only,  t h e  f i r s t  o f f i c e r  3ay perform the  d u t i e s  o f  t he  pi lot- in-comxmd 
under tSe d i r e c t  superv is ion  of  the cap t a in .  

approaches c a l l s  u.:t any a l t i t u d e ,  a i r speed ,  o r  descent  dev i a t i ons  from 
normal, o r  a s  s ~ c c i f i e d  by the c a p t a i n .  These d e v i a t i o n s  a r e  def ined  as: 

The p t l o t  not f l y ing  t h e  a i r c r a f t  dur ing  IFR c i r c l i n g  

Al t i tude  - Whenever a c t u a l  i nd i ca t ed  a l t i t u d e  v a r i e s  from 
minus 50 feet t o  p lus  100 f e e t  from requi red  
a l t i t u d e  f o r  t h a t  po r t i on  of the approach being 
made. 

Airspeed - Wllenever a i r s p e e d  is 10 knots  from programmed 
speed. 
Elir?us speed must never be l e s s  than 1 .3  V,, (VRef). 

Sink Rate - Whenever de scen t  r a t e  exceeds 1,000 f e e t  per  
minute on f i n a l .  

The p i l o t  not f l y i n g  should monitor engine ins t ruments ,  

as necessary. 
cross-check f l i g h t  ins t runwnts ,  reset r ad io  f requenc ies ,  and communicate 

2. ANALYSIS AS? CONCLUSIONS 

2 . 1  Analysis 

powerplants revea led  no i n d i c a t i o n  o f  preimpact f a i l u r e  o r  malfunct ion,  
except f o r  the c a p t a i n ' s  a l t i m e t e r .  The c a u s a l  a r e a  t he r e fo r e  p r ima r i l y  
involves t h e  ope ra t i on  of  the a i r c r a f t  during tk,e execut ion  of t h e  c i r c l i n g  
approach. 

The examination o f  the a i r c r a f t  s t r u c t u r e s ,  components, systems, and 

a. The Capta in ' s  A l t i m e E  

The e l eva t i on  of t he  t e r r a i n  a t  t h e  wreckage s i t e  i s  730 f e e t .  However, 
t h e  instrument c a se  had buckled i m a r d  from impact,  causing a support ing 

mechanism t o  unmesh from the gear  t r a i n ,  w h i c h  mnves the  po in t e r s .  When 
post of  'ihe a l t i m t e r  frame t o  c o l l a p s e .  This caused t he  s e c t o r  gear  

t h i s  occurs  i n  an a l t i m e t e r ,  t he  s p r i n g  loaded hands a r e  d r i ven  r a p i d l y  
toward a kigh a l t i t u d e  reading. As impact f o r c e s  cont inued t o  be Spplied 

pos i t ions  i n  which they were found. Therefore ,  the  rending of 1,440 f e e t  
t o  t h e  c ap t a in ' s  a l t i m e t e r ,  t h e  need les  were f i n a l l y  lozked i n t o  t he  

is not  considered t o  be v a l i d .  

This instrument  read l,4<0 f e e t  when i t  &-as found i n  t h e  wreckage. 
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had been i n s t a l l e d ,  some p a r t s  were missing, one p a r t  was i n s t a l l e d  

Examination o f  the altimeter revealed t h a t  some i n c o r r e c t  p a r t s  

upside dmn,  and a r i n g  jewel was i n s t a l l e d  o f f  center . '  Such cond i t i ons  
undoubtedly caused excessive f r i c t i o n .  A setscrew, which ho lds  the 
ca l i b r a t i on  arm in place ,  m y  not  have been t i g h t l y  set.  If t h e  screw 
were loose, the a l t i m e t e r  would have read high by 225 t o  250 f e e t .  

The Board be l i eve s  t h a t  while  the evidence i s  not  conc lus ive ,  
t h e  c a p t a i n ' s  a l t i m t e r  was probably reading i naccu ra t e ly .  

b. Operat ions 

The instrument approach t o  tke Emmet County Ai rpor t  a t  P e l l s t o n  was l e g a l ,  
and v i t h i n  t h e  c i r c l i n g  minimums requ i red .  

The f l i g h t  from De t ro i t  t o  t he  P e l l s t o n  a r e a  was wi thout  i n c i d e n t .  

be l ieves  t h a t  the  c ap t a in  was a t  the  c o n t r o l s  dur ing  t h e  approach and a t  
the  time of the acc iden t .  Therefore ,  any dev i a t i ons  from progranwed altitude, 
a i r speed ,  o r  r a t e  of descent  should have been repor ted  t o  t h e  c a p t a i n  by 
the f i r s t  o f z i c e r .  Since t he r e  was no cockpi t  voice r eco rde r  i n s t a l l e d ,  
there  i s  no Kay t o  determine whether t h i s  was done. S imi l a r l y ,  t he r e  i s  no 
way t o  determine whether t he  a l t i m e t e r s  were cross-checked, o r  when they 
might have been dur ing  the  f l i g h t .  

Under the  procedures  p rescr ibed  by Execut ive J e t ,  I nc . ,  t h e  Board 

(1) The C i r c l i n g  Approach 

Executive Je t ,  Inc .  p i l o t s  a r e  taught  t h a t  a t  c i r c l i n g  
minimums, they w i l l  have an o b s t r u c t i o n  c learance  of 300 f e e t  w i t h i n  a 1 . 7  
mile rad ius  of  the a i r p o r t  boundary. This philosophy fol lows  the TERFs 
c r i t e r i a  i n  d e t e r m i n h g  t h e  c i r c l i n g  approach a r e a .  Attachment No. 2 
i l l u s t r a t e s  t h i s  a r e a  around the  Emmet County A i rpo r t ,  and shows t h a t  300 
o r  nwre f e e t  o b s t r u c t i o n  c learance  i s  provided. N434EJ flew o u t s i d e  t he  
area w h i l e  proceeding west  dur ing  the  c i r c l i n g  approach, anti was o u t s i d e  
the a r ea  when i n i t i . a l  con tac t  w i t h  the  t r e e s  was made. 

The r ea scns  f o r  t he  f l l g h t ' s  l eav ing  the  a r e a  a r e  not  k x x n .  
It is q u i t e  pos s ib l e ,  f o r  example, t h a c  the  s c a t t e r e d  c louds  may have 
caused t h e  c a p t a i n  t o  extend h i s  f l i g h t p a t h .  The FSS s p e c i a l i s t  s t a t e d  
t ha t  a t  times the  a i r c r a f t  dis?ppeared as t h e  f l i g h t  went i n  and ouc of  
scud. No doubt t h i s  was due t o  the  s c a t t e r e d  cloucls a t  400 f e e t .  However, 

behind the  c louds ,  and not  have gone i n  and ou t  of  them. Another reason 
i n  viev of  the FSS s p e c i a l i s t ' s  l oca t i on ,  the  a i r c r a f t  might have disappeared 

would be  a d i f f i c u l t  t a sk  i n  t h e  daytime, much less a t  n igh t .  The l a ck  of  
is the  d i f f i c u l t y  i n  determining t h e  1.7-mile limit. I n  most cases, t h i s  

v i s u a l  cues  a t  n igh t  can cause a p i l o t  t o  th ink  t h a t  he i s  c l o s e r  t o  t h e  

a r ea s  l ack ing  visual  cues a r e  well known, and have been publ ic ized .  One 
runway and h igher  than  he r e a l l y  is. The hazards  of  n igh t  approaches over  
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author i ty  s t a t e s ,  "Under condi t ions  o f  haze, smoke. d u s t ,  g l a r e ,  o r  
darkness,  expect t o  be k igher  than you are." He a l s o  s t a t e s  t h a t  
shadows are a key f ac to r  i n  depth pe r cep t i on ,  and t h a t  t h e i r  absence, when 
due to v i s i b i l i t y  r e s t r i c t i o n s ,  unknowingly confuses  the  p i l o t .  Under 
such condi l ions ,  the p i l o t  i n t e r p r e t s  h i s  a l t i t u d e  as being h ighe r  than 

blackout) landings." Captain Prosper Cocquyt exp l a in s  i n  h i s  paper ,  
it ac tua l l y  Is. "This e f f e c t  i s  a l s o  encountered during n igh t  ( e s p e c i a l l y  

"Sensory I l l u s ions ,"  t h a t  a p i l o t  determines h i s  r e l a t i v e  he igh t  by esti- 
nwtion of t h e  d i s tance  t o  landmarks and the  angle  between the  d i r e c t i o n  

pos i t i ve ,  as thc  landmarks a r e  u sua l l y  observed below h i s  horizon.  When 
of observat ion of the  landmarks and h i s  horizon. This  angle  i s  u s u a l l y  

angle becomes the o r i g i n a l  angle p lu s  the included angle between t he  t r u e  
the  p i l o t ' s  observat ion of  nis  hor izon  i s  no t  t he  t rue  horizon,  then t h e  

and imagined horizon.  Cocquyt s t a t e s  t h a t  when imaginary h e i g h t s  a r e  
posj. t ive, the  p i l o t  has the s ensa t i on  of  f l y i n g  h igher  than h i s  true he igh t .  
Imaginary ground is above t h e  a c t u a l  ground beyond t h e  landmarks. Thus i n  
the  case of n igh t  f l y ing ,  the p i l o t  may see S t x s  below h i s  imaginary 
hqrizon and mistake them f o r  ground l i g h t s .  A s e r i o u s  hazard a r i s e s  i f  an 
o p t i c a l  i l l u s i o n ,  r e s u l t i n g  i n  an imaginary he igh t ,  p e r s i s t s  du r ing  t h e  
course of the  landing procedure. 

and lack of v i s u a l  cues  i n  t h e  a r e a  of  the  c i r c l i n g  approach were such 

of v i sua l  cues  so l e ly .  Use of  t h e  a l t i m e t e r  i s  a nece s s i t y  I n  such circum- 
tha t  t h e  p i l o t  could not  determine h i s  a l t i t u d e  accu ra t e ly  enough by use 

s tances .  The course taken by the  p i l o t ,  a f t e r  depar t ing  t he  inbound course  
from t h e  VOR, took him over  t e r r a i n  h igher  than t h a t  a t  t he  a cc iden t  s i te .  
Therefore,  a descent  had t o  have been i n i t i a t e d .  This  could have occur red  

por t ion  of the approach. I f  the  p i l o t  e l e c t e d  t o  proceed v i s u a l l y  from 
a f t e r  he began h i s  t u r o  back t o  a n  e a s t e r l y  heading, towards t h e  f i n a l  

thiF. point  on, he could have bel ieved t h a t  hc was higher  than he r e a l l y  
was. With the runway i n  s i g h t ,  t h e  f i r s t  o f f i c e r  may not  have been c a l l i n g  
or observing the a l t i t u d e .  The a i rcraf t ,  p r i o r  t o  beginning t h c  descen t  

600 f e e t  minimum and 800 f e e t ,  t h e  i e i g h t  of  the  measured c e i l i n g .  It i s  
from the c i r c l i n g  approach, could have been a t  any a l t i t u d e  between t he  

not known which a l t inr ter  the  f i r s t  o f f i c e r  was watching, but s i nce  t he  

o f f i c e r  t o  have been looking ou t  t h e  l e f t  s i d e  of the cockpi t  to::ard t he  
c i r c l i n g  approach was to the  l e t t ,  i t  would have been l i k e l y  f o r  the  f i r s t  

a i r p o r t  a t  t f m s ,  w h i l e  monitoring the  instruments .  I n  such a case ,  he 
may have been ob t a in ing  h i s  alt!.tude information f r m  the  c a p t a i n ' s  
a l t ime t e r .  

The Board be l i eve s  t h a t  t he  i l l u s i o n s  caused by t h e  darkness  

(2) 2 0  Capta in ' s  Altirrrter and Night I l l u s i o n s  

On a 2 . 5 O  gl idepa th ,  an a i r c r a f t  would be a t  an a l t i t u d e  o f  
230 f e e t  above t he  runway when 1 mile from the  touchdown poin t .  011 a z0 
glidepath,  the  a l t i t u d e  above t he  runway would be 184 f e e t  a t  the  same 

"Elusive I l l u s ions ,"  Captain R.  L. Kuhlman, The MATS Flyer ,  June 1955. 

. . ~ .  . . . .  
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dis tance .  N434EJ f i r s t  s t r u c k  t r e e s  a t  an a l t i t u d e  o f  800 f e e t ,  or 166 
f e e t  above the e l e v a t i o n  of  t h e  a i r p o r t .  Although, a s  pointed ou t  earl ier ,  
t he  i l l u s i o n s  a t  n igh t  due t o  l a c k  of v i s u a l  cues  could l e ad  the  T i l o t  t o  
be l ieve  t h a t  he was h igher  than he a c t u a l l y  was. Nauever, it must be 

his v e r t i c a l  pos i t i on ,  du r ing  the  approach, from h i s  altimeter. For t h e  
considered t h a t  the  p i l o t  may have known h i s  I .ocation and was determining 

bc considcrcd t o  have had l i t t l e  e f f e c t .  I n  such a s i t u a t i o n ,  a p i l o t  
sake of  t h i s  argument, l a ck  o f  visual cues  f o r  a l t i t u d e  de te rmina t ion  must 

would not havc flown a t  an a l t i t u d e  of  166 f e e t  above t he  runway e l e v a t i o n  
on a heading of approximately SOo from the  runway heading so f a r  from che 
th reshold ,  s ince  t h i s  would r e q u i r e  a t u r n  toward t he  runwaf a t  a danger- 
ously low a l t i t u d e ,  p a r t i c u l a r l y  a t  n igh t .  However, an a l t i m e t e r  which 
rcad too high could have caused t he  p i l o t  t o  have bc l ieved  t h a t  he was 
s u t f i c i e n t l y  high so as t o  s a f e l y  t r a v e r s e  the  a r ca .  I n  view o f  t he  con- 
d i t i o n  of  the c a p t a i n ' s  a l t i m e t e r ,  such a s i t u a t i o n  i s  h igh ly  p o s s i b l e ,  
provided the  f i r s t  o f f i c e r  a l s o  looked a t  the  c ap t a in ' s  a l t im te r  dur ing  
t h i s  c r i t i c a l  po r t i on  of  the  approach. 

could have been t h e  so l e  reason  f o r  the  f l i g h t  t o  descend t oo  low whi le  
tu rn ing  toward t h e  f i n a l  p o r t i o n  of t h e  c i r c l i n g  approach. The Board 
be l i eve s  t h a t  both f ac toc s  were involved,  and t h a t  t he  p i l o t  probably 
received i naccu ra t e  a l t i t u d e  in format ion  from the  i l l u s i o n s  a s s o c i a t e d  wi th  
darkness ,  as we l l  as tram a f a u l t y  a l t i m e t e r .  The degree of  c o n t r i b u t i o n  
o f  each f a c t o r  cannot be f u l l y  detpzmined. However, cons ide r i ng  t h a t  a 
p i l o t  :nust r e ce ive  a l t i t u d e  i n f c s rmt ion  from a n  a l t i m e t e r  dur ing  a C i r c l i ng  

would cause  h i m  t o  be l i eve  t h a t  he was a t  a s a f e  a l t i t u d e ,  would be even 
approach, then any i l l u s i o n  rece ived  by t h e  p i l o t  from v i s u a l  cues ,  which 

~ O K E  accep tab le  when supported by an a l t i m e t e r  read ing  which, unbeknown t o  
him, was erroneous.  

2 . 2  Conclusions 

Thus, two f a c t o r s  are p r e sen t  i n  t h i s  case, e i t h e r  of which 

(a) F ind ings  

1. The a i r c r a f t  was proper ly  c e r t i f i c a t e d  and a i rwor thy  w i th  

a i rwor thy .  
t he  except ion  of  the  c a p t a i n ' s  a l t i m c t e r ,  which was no t  

2 .  The f l i g h t  crewmembers were proper ly  c e r t i f i c a t e d  and c u r r e n t  
w i th  t h e i r  requirements .  

3 .  There was no malfunct ion o f  t he  a i r c r a f t  p r i o r  t o  t he  
acc iden t  except  t h a t  the  c a p t a i n ' s  altimeter c.ould have been 
i n d i c a t i n g  e r roneous ly  a s  much as 250 f e e t  too high.  

4. The weather cond i t i ons  were adequate f o r  a c i r c l i n g  approach 
t o  Runway 5 ,  under t h e  e x i s t i n g  r egu l a t i ons .  However, 

extend h i s  f l i g h t p a t h  ou t s i de  t he  c i r c l i n g  area. 
s c a t t e r e d  c louds  a t  400 f e e t  could have caused the  p i l o t  t o  



5. None of t he  E m t  County Ai rpor t  runways was equipped 
wi th  v i s u a l  a?proach a i d s ,  such a s  VAS1 o r  VAPI, o r  
approach l i g h t s  except  f o r  REIL's on Runway. 23 and 32.  
The runways are equipped wi th  med iumin t ens i t y  runway 
l i g h t s .  

6 .  The approach a r ea  t o  Runway 5 contained few, i f  any, 
v i s u a l  cues  t o  a s s i s t  i n  determining v e r t i c a l  and 
ho r i zon t a l  pos i t i ons  dur ing  a n igh t  c i r c l i n g  approach. 

7. An a l t i m e t e r  malfunrt ion,  i l l u s i o n s  because of  the  l a c k  
of v i s u a l  cues a t  n igh t ,  or a combination of  both could 
have r e s u l t e d  i n  the p i l o t ' s  being unaware of h i s  danger- 
ous ly  low pos i t i on  dur ing  h i s  approach. 

(b) Probable Cause 

i l l u s i o n s  produced by the  l a c k  of v i s u a l  cues  dur ing  a c i r c l i n g  
approach over un l igh ted  t e r r a i n  a t  n igh t  t o  a runway no t  equipped 
with approach l i g h t s  o r  o t h e r  v i s u a l  approach a id s .  These i l l u s i o n s ,  
which made the  p i l o t  think t h a t  he was h igher  than  h i s  t r u e  p o s i t i o n ,  
were made m r e  accep tab le  t o  him because of  a s t r ong  p o s s i b i l i t y  of 
an erroneously high i n d i c a t i o n  on h i s  a l t i m e t e r .  

The Board determines the  probable cause o f  t h i s  acc iden t  to be 

BY THE NATIONAL TRANSPORTATION SAFETY BOARD: 

/s/ JOHN H. REED 
C h a i r m a n  

/s/ OSCAR M. LAUREL 
Member 

- 

/S/ FRANCIS H. MCADAMS 
Member 

/s,' LOUIS M. THAYER 
Member 

/s/ ISABEL A. BURGESS 
Member 

December  22,  1970. 



APPENDIX A 

IPR'ESTICXTION AhD HEARING 

"he Board r f c c i v r d  n o t i f i c a t i o n  of t h e  acc iden t  approximately 2300 e . d . t . ,  
on May 9, '970. I'he Iuvesr igator- in-Charge was d i spa tched  immediately t o  
the scene from Washington, D.  C. Working groups es tablLshed were opera t ions ,  
wi tnesses ,  a i r  t r a f f i c  concrol ,  s t r u c t u r e s ,  powerplants,  a i r c r a f t  and 

were Executive Je t ,  Inc . ,  Lcar J e t  I n d u s t r i e s ,  Inc., the  Federal  Aviat ion 
maintenance records ,  systems, and human f a c t o r s .  P a r t i e s  t o  the  i n v e s t i g a t i o n  

Administration,  and the General E l e c t r i c  Company. The on-scene phase of the  

l o c a t i o n s  thereafter. 
i n v e s t i g a t i o n  was completed i n  4 days. Tests and resea rch  continucd a t  o t h e r  

2. l iear ing 

There was no pub l ic  hear ing.  

3. Prel iminary Repnrt 

An Aircraft Accident Prel iminary Report was pub l i shed  on June 18, 1970. 

. .  



APPENDIX B 

CREW INFORMATION 

Fama in  George Ollie Evans 

Captcln Evans was born November 22, 1921. He he ld  Air Tran jpor t  X l o t  

m l t i e n g i n e  land.  He f o r m r l y  he ld  an i n s t r u c t o r ' s  r a t i n g  which expi red  
C e r t i f i c a t e  No. 439500, with r a t i n g s  i n  Lcar J e t  models 23/24, a i r p l a n e  

February 28, 1969. He was i s sued  a f i r s t - c l a s s  medical c e r t i f i c a t e  w i t h  
the r e s t r i c t i o n  t o  wear c o r r e c t i n g  l en se s  f o r  near  v i s i o n  w h i l e  e x e r c i s i n g  
the p r i v i l ege s  of  his  airman C e r t i f i c a t e .  

He was employed by Executive J e t ,  Inc.,  on May 1, 1967, and upgraded 
t o  c ap t a in  on August 18, 1967. 

F l i gh t  Time i n  Hours: 

Total  i n  Lear Jet:  2,142 
P i l o t - i n - c o m n d ,  Yrevious 90 days: 143.4 
P i l o t - i n - c o m n d ,  p rev ious  30 days: 73.6 

Total  n i g h t  time, a l l  makes: 
Pilot-in-connnand, p rev ious  24. hours: 2.1 

2,449.7 
I n s t r u m n t :  Actual ,  800.2 - simulated,  465.3 
Total  tine, a l l  makes: 7,760 

F i r a t  Off ice r  JoseDh U. Karaffa  

F i r s t  O f f i c e r  Karaffa  was born Apr i l  28, 1929. He h e l d  C o m r c i a l  
Airman C e r t i f i c a t e  No. 736095, w i th  a i r p l a n e  s i ng l e-  and mult iengine land, 
and instrument r a r i ngs .  He was i ssued  a f i r s t - c l a s s  medical c e r t i f i c a t e  
on Apri l  11, 1970, w i th  no l i m i t a t i o n s .  

He was employed by Executive Je t  Aviat ion,  I nc . ,  on Apr i l  6 ,  1970. 

F l i gh t  time i n  ilours: 

Total  i n  Lear Jet: 36.7 
Tota l  tine, prev ious  90 days: 36.7 
Total  tine, previous 21r hours: 2.1 
Tota l  n i g h t  time: 1,100 
Tota l  a c t u a l  instrument:  550 
Tota l  t ime,  a l l  makes: 6,533 
Total  je t  tim: 2,036.7 
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APPENDIX C 

AIRCRAFT INFOFNATION 

N434fJ was one of  13  Lear Je t  a i r c r a f t  opera ted  i n  t h e  U. S. d o w s t i c  
a i r  t a x i  s e r v i c e  by Executive J e t  Aviat ion,  Inc. Much o f  t h i s  service 
WBS providcd on a contracted annual r l i leage bas i s .  The United Auto Korkers 
In r r rnaLiona l  L'nion (L'AW) was one of s e v e r a l  business  o r g a n i z a t i o n s  and 
corpora t ions  c o n t r a c t i n g  for t h i s  s e r v i c e .  

and i t  was powered by two General E l e c t r i c  engi.ne,s, nodel CJ-610-1. 
N434EJ G A S  a Lear Je t  model 2 3  a i r c r a f t .  Its serial  number was 056 

last  annual i n s p e c t i o n  was A p r i l  1, 1970, a t  which time t h e  a i r c r a f t  had 
a t o t a l  time o f  3,417.0 hours. It had flown 114.5 hours s i n c e  the  last 
100-hour inspect ion.  

The to ta l .  t im on the a i r c r a f t  was 3,530.6 hours.  The da te  of t h e  

"he No. 2 engine,  SIN 241-139, had been flown 611.0 hours s ince  overhaul .  
'Ihe No. 1 engine,  SIN 241-157, had been flown 830.5 hours s ince  overhaul 



APKNDIX C 

AIRCRAFT INFORE1IZTION 

N434EJ was one of  13 Lear Je t  a i r c r a f t  opera ted  in t h e  U. S. d o m s t i c  
a i r  t a x i  servirc by Exccutivc J e t  Aviation,  Inc.  Much of t h i s  service 
WE? provided on a contracted annual n i l e a g e  b a s i s .  The United Auto Korkers 
l n t c r n a t i o n a l  Union (LIAW) was one of s e v e r a l  business  o rgan iza t ions  and 
corporat ions  c o n t r a c t i n g  f o r  t h i s  s e r v i c e .  

N434EJ was  a LCar Jet model 23 a i r c r a f t .  Its serial number was Ob6 
and it was powered b y  two General E l e c t r i c  enzi.ncs, model CJ-610-1. 

The total .  timc on the a i r c r a f t  was 3,530.6 hours .  The d a t e  of t h e  

a t o t a l  time of 3,417.0 hours.  It had flown 114.5 hours since the  l as t  
l a s t  annual inspec t ion  was A p r i l  1, 1970, a t  which time the  a i r c r a f t  had 

100-hour inspect ion.  

The No. 1 engine,  S I N  241-157, had been flown 830.5 hours  s ince  overhaul.  
The No. 2 engine,  S/N 241-139, had been f l n m  611.0 hours s ince  overhaul .  
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NATIONAL TRANSPORTATION SAFETY BOAR 
DEPARTMENT OF TRANSPORTATION 

Washington. D.C. 

WRECKAGE DISTRIBUTION CHART 
OCA-70-A-8 EXECUTIVE JET AVIATION, INC 

LEAR JET. MOOEL L-23A. N434EJ 
Pellston. Michigan 

May 9. 1970 
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