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SYNOPSIS

On 23/06/06 the aircraft MD-83, serial number 53192, Registration SU-BOZ
wet leased by Sudan Airways, was on a scheduled flight en-route Khartoum-
Juba- Nairobi- Juba- Khartoum. On its return flight from Nairobi, it landed
Juba Airport. The weather condition convoyed to the aircraft by Juba ATC
was:-

wind 180/03 K.,
temperature 31C,

dew 22
Visibility 10 Km
QNH 1014.

The aircraft landed R/W 31 with landing weight 54 tons and speed of 130
Kts. with reverse being immediately deployed. The touch down point was
752 meters beyond R/W 31 threshold. Five seconds after touch down left
wing spoilers suddenly return to stow position and aircraft entered into
lateral acceleration condition. The aircraft managed to decelerate to 48
knots, then speed started to increase gradually. Forty eight second after
touch down the PIC felt that the aircraft might not come to a full stop he
deployed the reverse once again and aircraft speed increased rolling in a
curved path to the right and came to total stop about 360 meters ( 1181 feet )
beyond the threshold of R/W 13 ( that is end of R/W 31 ) with left wing
touching the muddy ground and retracted nose and left landing gear.

The Egyptian Authority was notified and an Accredited Representative



arrived Khartoum and joined the Investigation Board which comprised of :

Engineer : Abdelsamie Adam Ali
Alport Officer: Mohamed Elhassan Taha
Engineer : Dafalla Saeed

Egyptian Accredited Representative :
Engineer : Gebaly Husain

The Investigation Board visited the accident site on 24/06/06 and
interviewed eye witnesses and crew, took photos and collected the CVR and
FDR.

The flight Recorders were read-out at the Egyptian Central Investigation
Directorate Facility.

Notification was send to the concerned states.



1.

Type and registration of aircraft :

Date of manufacture and
serial Number

Number and type of engines
Date and type of last check

Owner

Operator
Flight phase
Date and time

Location

Damage to aircraft

Number on board
Injuries
Pilot-in-Command license

Total flying experience
Total on type

FACTUAL INFORMATION

Boeing MD 83, SU-BOZ

1996, SN 53192

: 2,JT8D-219, SN P728107D, P728108D

14/05/06, check A

AMC/ 5 El-Nasr St. Elnozha Elgedida
Heliopolis, Cairo.

Sudan Airways
Landing
23/06/06, 10:35 UTC

Juba Airport R/W 31 at
N 04 5154 E 031 36 33.76

The aircraft sustained
substantial damage

12 crew members, 12 passengers

Crew Nil Passengers Nil

: Male age 52 years, had Egyptian ATPL
: 7673 hrs.
: 2179 hrs.



1.1 HISTORY OF FLIGHT

The aircraft MD-83, serial number 53192, registration SU-BOZ leased
by Sudan Airways was assigned for schedule flight to carry passengers to
Nairobi (Kenya) via Juba. The aircraft took off from Khartoum Airport on
23/06/06 at 03:25 UTC en-route to Nairobi carrying 94 passengers from
which 76 passengers were embarked at Juba.
The aircraft, Su-BOZ arrived Nairobi at 07:05 UTC on 23/06/06 with 18
passengers. The trip was uneventful.

After carrying out Before Flight Check at Nairobi Airport the aircraft left
Nairobi back to Khartoum Airport via Juba with 12 passengers on board and
17 tons of Jet Al.

The aircraft took off from Nairobi Airport at 09:10 UTC on 23/06/06
cruising at FL 350. The aircraft started descend at about 115 Nautical Miles
to Juba Airport and as being stated by the crew the flight was normal.
Weather at juba was:

Wind 180/03 Knots
Temperature 31

Dew 22
Visibility 10 Km
QNH 1014

All times in ( UTC) with difference of one minute between Juba actual time
and the aircraft clock ( below Juba time in UTC).

10 ;27:40 The PIC instructed F/O to contact Juba Airport ATC : if traffic
permitted to request straighten approach VOR VOR/DME
Runway One Three

10:27:49 F/O contacted Juba ATC : Sudan Air Three Two Five if traffic
permitted request straighten approach Runway One Three

10:27:55 Juba ATC : Sudan Air Three Two Five insight for straighten
approach Runway One Three.... Three One

10:28:03 F/O : Which Runway in use Sudan Air Three Two Five
10:28:06 ATC : Three One

10:28:10 F/O : Runway Three One

10:28:12 ATC : Roger Runway Three One report establish
10:28:17 F/O . Report establish Sudan Air Three Two Five
10:30:10 F/O . Juba Sudan Air three Two Five field inside request

descend to minimum



10:30:13

10:30:46

10:31:07
10:32:00
10:32:03

10:34:12
10:34:18

10:35:00
10:35:04
10:35:13

10:35:28
10:35:29
10:35:31
10:35:35

10:35:36
10:35:41

10:35:46
10:35:51

ATC . Descend to minimum next call final Runway Three
One

. Speed was checked by crew and Slats extended

. Flaps Eleven selected
: VOR captured
Flaps were set fifteen degrees
Approach check lasted for five minutes twelve seconds. Flaps
lowered to 28 degrees before lowering landing gear.
Undercarriage was lowered and Flaps were set to forty degrees,
then the crew started their before landing check which lasted for
thirty eight seconds ensuring brake was sufficient, undercarriage
three greens, flaps forty, spoilers armed, VOR armed, Auto
throttle and Autopilot off.
F/O . Juba tower Sudan Air Three Two Five final
TWR Sudan Air Three Two Five clear to land runway in
use Three One
Landing commenced
FIO . Speed brake up, reverse four lights
The PIC asked the F/O if he is doing anything with the control as
he felt a sort of instability on the aircraft track and some lateral
movement and F/O answer was negative.
Observer who was the second Captain said : It is veering

PIC : Veering and shaking

PIC : Brakes, No brakes, No brakes

PIC : No brakes... No brakes...No brakes...No reverse..
there is nothing

Observer : Easy...easy

TWR . Sudan Air Three Two Five clear to back track

report marsheller insight
PIC Repeating There is nothing.............
. Central Microphone sounds indicating landing
gear up

As stated by the crew members the touch down point was about

400 meters from the beginning of Runway 31(eye witnesses said touch down
point about 500-700 meters from beginning of R/W 31). Then reverse was
selected and the aircraft speed reduced to about 80 Knots and at that moment
the Pilot —in -Command felt some lateral instability and shaking of the



aircraft while rolling and he asked F/O if he is doing anything with the
rudder and the answer was negative, and thus he decided to use manual
brakes by pressing the brake peddles. The brakes did not have any effect as
he stated and the aircraft did not decelerate efficiently.

When the speed of the aircraft was about 60 Knots and the aircraft was
approaching the end of Runway 31 the PIC ( according to his statement) as
the only solution for him, he deployed the reverse once again and the aircraft
speed suddenly increased and the aircraft veered to the right and went off the
Runway 31 and came to total stop 300 meters ( 984 feet) from the end of
paved extension of Runway 31 on a muddy area with retracted left
undercarriage leg and left wing touching the ground.

The crew and passengers evacuated the aircraft safely by usage of the
emergency exits over the wing. The Fire Brigade arrived immediately at the
accident site and helped in evacuation. No fire broke out.

1.2 Injuries
INJURIES CREW PASSENGERS OTHERS
Fatal None None None
Serious None None None
Minor/none None None None

1.3 Damage to aircraft
Both retracting jacks of nose and left landing gear were sheared off. the
left engine reverse partially deployed. The left hydraulic system return
pipe Part number 7936907-711 damaged at its connection with the
reservoir.

1.4 Other Damages
Two lambs at the end of Runway 31 were damaged.



1.5 Personnel Information

1.5.1  The Pilot-in -command
Male age 52 years, of Egyptian nationality
Total flying experience 7673 hrs.
Total on type 2179 hrs.
Total last three months 231 hrs.
Total last 28 days 68 hrs.
Total last 7 days 15 hrs.
Total previous day 2 hrs.
Last Proficiency check date 20/02/2006
Last medical check date 31/05/2006
Instrument Rating validity up to : 28/02/2007
License validity up to . 30/09/2006
Release to fly foreign aircraft in Sudan from 20/06/06 to 31/08/06

1.5.2 First Officer

Male age 43 years, of Egyptian nationality

Total flying experience 433 hrs.
Total on type 260 hrs.
Total last three months . 107 hrs.
Total last 28 days . 50 hrs.
Total last 7 days 10 hrs.
Total previous day : 2 hrs.
Last Proficiency check date . 06/03/2006
Last medical check date :18/01/2006
Instrument Rating validity up to : 31/07/2006
License validity up to . 28/07/2006

Release to fly foreign aircraft in Sudan from 20/06/06 to 31/08/06
1.5.3  Observer ( second Captain)

Male age 42 years, of Egyptian nationality

Total flying experience 8497 hrs.
Total on type : 1135 hrs.
Total last three months . 226 hrs.
Total last 28 days : 60 hrs.
Total last 7 days : 10 hrs.
Total previous day : 3 hrs.
Last Proficiency check date . 04/01/2006

Last medical check date . 18/01/2006



Instrument Rating validity up to :  31/01/2007
License validity up to :14/07/2006
Release to fly foreign aircraft in Sudan from 20/06/06 to 31/08/06

1.6 Aircraft Information

The aircraft MD-83 serial number 53192 is powered by two Pratt and
Whitney JT8D axial flow turbofan engines aft mounted and an
auxiliary power unit. The aircraft hydraulic power is provided by two
separate systems known as left system and right system.

The right system provides hydraulic power to the rudder, aft passenger
entrance stairway and the landing gear actuating subsystem, while the
left system provides hydraulic power to the elevator augmenter. All
other hydraulic subsystems are served by both systems through
separate valves actuators.

Both systems are powered by two separate engine driven pumps with
an auxiliary pump in the right system. A power transfer unit is used to
transfer full available power between the two systems. The unit
mechanically connects both systems enabling hydraulic pressure to be

transferred in case of one system failure. The unit is controlled by a
motor operating two shutoff valves, one in each system. The shutoff
valves will automatically close if either system reservoir quantity fall
below a safe level. Subsystems that normally receive pressure from
both hydraulic systems will operate at a reduced rate if one system is
inoperative. ( Ref. Chapter 11 section 4, Attachment “A™).

A hydraulic fluid quantity limiter is installed in each brake line
downstream of each antiskid servovalve to protect against total loss of
fluid if a line rupture or break by isolating the open line from the
main hydraulic system to prevent loss of hydraulic fluid.

The MD-83 is provided with spoiler system consists of hydraulically
operated flight/ground spoiler panels on the upper surface of each
wing, forward of the flaps. The flight spoiler system aids lateral
control and also serves as a speed brake during flight. Also used with
the ground spoilers after landing to reduce stopping distance.

The aircraft Maintenance Programme was approved by the Egyptian
Airworthiness Department under the approval number
ECAA/MP/2004/AMC/MD-83/REV.1 on 29/09/2004.



The Pre-flight (BF) check to be carried out just before departure.
Service check to be carried out every three days not to exceed 72 flight
hours.
Check A and Multiples to be carried out at intervals not exceeding 450
flight hours.
Check C and Multiples to be carried out at intervals not exceeding
3600 flight hours or 15monthes which occurs first.
Last check was Check A carried out on 14/05/06. Check C was carried
out on 29/03/06.
Aircraft total flying hours till 23/06/06 was 22931:42 hrs.
Flying hours since last check C 675:25 hrs.
Flying hours since last check A 256:00 hrs.

1.6.1 Aircraft Engines
The MD-83 was powered by two Pratt and Whitney JT8D axial flow

Turbofan engines.

Engine 1

Date of manufacture 18/09/96
Serial number P728107D
Total flying hours 17498 hrs.
Engine 2

Date of manufacture 18/09/96
Serial number P728108D
Total flying hours 20952 hrs.

Last maintenance check was check Al carried out on 14/05/06.
1.6.1.1 Thrust Reversers

The thrust reverser system for both engine is identical and
independent, consisting of two thrust reverser doors, thrust reverser
control and indicating system. The control levers are hinged to
throttle levers and will not operate unless the throttles are in the
idle position. The reverse system also comprises a hydraulic
accumulator which provides sufficient pressure to extend and
partially stow the reverser door

1.7 Meteorological Information
Weather at juba was:
Wind 180/03 Knots
Temperature 31
Dew 22
Visibility 10 Km

QNH 1014



1.8

1.9

1.10

1.11

Aids to Navigation
VOR and DME

Communication

VHF frequency 118.4 MHz

Aerodrome Information

Juba Airport is located at 045219.22 N, 0313604.02 E. Its elevation is
1513 feet (461 meters) and is equipped with fire fighting equipment
estimated as Cat 5. The Airport has two Runways characterized as
R/W 13 and R/W 31 both of length 2400 meters ( 7874 feet ) and
width of 45 meters ( 147.65 feet ) with clear area of 60 meters ( 197
feet ) at both ends. Runway 13 threshold elevation 458.1 meters ( 1503
feet ) and that of Runway 31 is 468.7 meters (1538 feet ).

The Airport radio navigation aids VOR co-located with DME and its
communication facility VHF frequency 118.4 MHz

Flight Recorders

The aircraft MD-83, SU-BOZ is equipped with two on board recorders.
The Cockpit VVoice Recorder type Fairchild Model A100A,

Part Number 93-A100-80

Serial Number 55729

Weight 23.9 Ibs.

Power 17 Watts

Manufactured  09/1989

Recording time 30 minutes reversible.

The Flight Data Recorder is of a Solid State Memory manufactured
by AlliedSignal on 01/01/1996

Part Number ~ 980-4700-002

Serial Number 1488

Weight 18 Ibs.
Nom voltage 115 VAC 400Hz
Power 10 Watts

Both recorders were read and decoded at the Egyptian Central Aircraft
Accident Investigation Directorate Facility. The FDR read-out result
obtained was as follows:-

a) Time taken by the aircraft after touch down till it came to a full
stop was 56 seconds and sound of landing gear horn came on
once again 49 seconds after touch down indicating undercarriage
retraction.



b) 2.5-3 seconds after touch down Thrust reversers were deployed
for about 26 seconds and deployed again later after 23 seconds
and lasted for 6 seconds. At this stage only right engine reverser
was deployed while the left engine reverser was partially
deployed.
c) Brakes were activated by the Left Hydraulic system and the
aircraft decelerate to 48 knots on 30 seconds.
d) 3 seconds after touch down the aircraft experienced lateral
acceleration which increased by time.
4 seconds after touch down ( right wing shown by FDR

readout) left wing spoilers suddenly were stowed and that of the
(left wing from FDR readout) right wing remained deployed.
The FDR read out shows that flap setting was 38 degrees and
landing heading was 304.8 degrees instead of the actual setting
of flaps 40 degrees and actual R/W 31 heading 310.2 degrees.
Same variation occurred on Radio Altimeter. Those variation on
read-out might be due to malfunction of sensors which should be
stated during the yearly calibration so as to take the deviation
factor into consideration during read-out. Those variations may
give a glue that even the readout landing speed was not the
actual landing speed. Variation factor for heading found to be
1.0174 and that for flap setting is 1.05. If this variation is taken
into consideration for the whole readout , the landing speed will
rise to 134 Kits instead of 130 Kits.

1.12 Wreckage and Impact Information
The accident site area is a muddy soft cotton soil. The aircraft
after passing runway 31 threshold rolled on the soft muddy
ground about 300 meters and came to a total stop with the right
undercarriage extended and locked. the aircraft on its rolling off
the runway passed through ditches of water of about 10 meters in
length and about one meter in depth.

The aircraft came to total stop wresting on the extended right
undercarriage with the left wing whole length resting on the ground
surface. Also the aircraft front portion stuck into the muddy ground
with both nose and left undercarriage seem retracted. Both retracting
jacks of nose and left undercarriage were sheared off which lead to
retract both struts and caused the left wing to touch the ground.

The left hydraulic system return pipe found damaged at its



1.13

1.14

1.15

1.16

1.17

connection with the hydraulic reservoir due to severe tightening. The
left hydraulic system reservoir found empty while the right system
reservoir was full with hydraulic fluid.

Medical and Pathological Information
Crew members and passengers were subjected to medical check and
all found in good condition.

Fire
No fire broke out

Survival Aspect

the accident was survivable as the aircraft dashed into a muddy soft
cotton soil with small bushes and grass full of water due the rainy
season at that time.

Test and Research

As the return hydraulic pipe P/N 7936907-711, hydraulic Pipe Clip and
actuator rod of left main undercarriage landing gear were found
damaged they were send to Egyptian Central Metallurgical Research
and Development Institute to determine the cause of failure.
Investigation and analysis were carried out including complete
examination of the fractured surfaces using stereoscope, optical and
scanning electron microscopes and energy dispersive spectroscopy in
addition to chemical analysis, cross-section microstructure, hardness
and X-ray fluorescent analysis.

The result of investigation for the hydraulic pipe P/N 7936907-711
revealed that the damage was due to over tightening during regular
check up by the workers.

The hydraulic Pipe Clip failed due to formation of microvoids
coalescence that being formed around the second phase particle.
Actuator Rod End of left main landing gear failed due to sudden
shearing high velocity projectile impact.

Reference Attachment “B”

Organization and Management Information

The Organization , AMC, had a valid Egyptian AOC and Approved
Maintenance ( Repair) station to carry maintenance up to Check C for
all types of aircraft owned by the organization and Line maintenance



for their aircraft respective engines. All documents regarding aircraft
and operation procedures were recently being amended. All of its crew
were properly qualified. The organization had a proper procedure.

1.18 Additional Information
The aircraft was recovered four months later during the dry season and
pulled back to the apron for repair.

1.19 Useful or Effective Investigation Technique
None



2. ANALYSIS

2-1 General

As there was a difference between the statements given by the eye
witnesses and the Pilot-in-Command and other crew members regarding the
distance of touch down point from the threshold of Runway 31, and as the
indicated airspeed does not differ much from the true airspeed on ground (
wind vector is negligible ), two methods were used to calculate the whole
distance covered by the aircraft on ground. First method used is by means of
average velocity and time that is ( S=t(V1+V,)/2) and the second method by
using speed variation by time. By those methods the total distance covered
by the aircraft on ground and Runway 31till it came to total stop is 2008
meters. The distance covered by the aircraft off the Runway 13 threshold
found to be 360 meters ( 1181 feet ) and off R/W 31 paved extension by 300
meters ( 984 feet ), thus the distance covered by the aircraft on Runway and
paved extension of R/W 31 is 1760 meters (5775 feet ). The resultant of this
calculation coincides with the eye witnesses statements that the aircraft
touch down point was in the range of 500 - 700 meters ( 1641-2297 feet )
from the beginning of Runway 31. Thus the actual touch down point is 752
meters ( 2467 feet ) from Runway 31 threshold.

2-1-1 Operation of aircraft

Reference Flight Crew Operation Manual page 13/14( shown below)
regarding landing field length and speed for either dry or wet runway with
40 degrees flaps and slats extended is being consulted to calculate the length
of landing run for an aircraft of landing weight of 54 tons and airport of
pressure altitude of 1513 feet and wind of 3 knots speed.

Anti-skid inoperative case was not taken into consideration due the facts
being studied during the aircraft rolling time and distances covered on
ground. It is found that the required run length at speed of about 127 knots
for dry runway is 1400 (4593.4 feet ) meters and that for wet runway is 1600
meters. On the other hand if the landing speed is 130 knots the length
required on dry runway will be 1500 meters ( 4921.5 feet ) and on



wet runway will be 1700 ( 5577.7 feet ) meters. Thus from the above

calculation as the aircraft MD-83 landed 752 meters after the beginning of
runway 31 with speed of 130 knots the remaining distance available will
be:-

For dry Runway : 2400 — 1500 - 752 = 148 meters to track back and
For wet Runway : 2400 — 1700 - 752 = - 52 meters off runway

if everything is normal.

R LB TH A0 IR
TATR RATLDILER

As the season is rainy season the runway might be contaminated due

to rain falls. In accordance to FDR read-out aircraft landing speed

was 130 Kits.( ref FDR frame No. 483) at which radio altimeter read 0

feet.

Figures of radio altimeter shown by frames (484-543) were due either

to malfunction of sensors or calibration deviation.

The nose wheel was lowered down 6 seconds after touch

down and both engines thrust reversers were unlocked and deployed 2
seconds after touch down and kept unlocked till once again being

deployed as was stated by the PIC and indicated by the read out of the

FDR. The PIC stated that he did not return the T/R to lock position

for both engines after stowing for the first time as if he was expecting

an unexpected event and might be due to high landing speed putting



in mind he is going to deploy the T/R once again.
Both engines T/R ( for the first time) remained deployed for a period
of 27 seconds after touch down and then stowed but kept unlocked.
During investigation and inspection of aircraft parts and systems it
was found that the left hydraulic system reservoir drained and no
traces of hydraulic fluid while the right one is full with hydraulic
fluid. In the same time damage to pipe no. 7936907- 11 (ref 1.16
above) was detected which lead left hydraulic system to loose its
fluid to atmosphere which lead to stowage of the left wing spoilers
after exhausting its accumulators pressure within 4 seconds after
touch down and resulted in putting the aircraft in a lateral
acceleration and tendency of aircraft to veer to the right due to
braking effect of the right wing extended spoilers. This effect was
being counteracted by the movement of the rudder which operates
only from the right hydraulic system, and this gives a concrete
evidence that the operated hydraulic system was the right hydraulic
system thus the readout of the FDR regarding aircraft wings,
hydraulic systems and brake pressure were reversed. Changing of
flaps setting from 38 degrees to 25 degrees 52 seconds after touch
down ( ref to Egyptian Authority Comments) was due to the fact that
the aircraft was rolling on the soft muddy ground with the left
wing skidding on the ground due to retraction of the left landing
gear. Forty five seconds, and at a distance of 1837 ( 6027 feet )
meters, after touch down point the aircraft encountered the first hard
impact after which by one second landing gear horn sound
indicating undercarriage up.
2.1.2 The FDR read-out
The FDR read —out show that spoilers of right wing were stowed after
landing and that brakes were operated by the left hydraulic system.
During physical investigation of both hydraulic systems it was found
that left hydraulic system reservoir was empty with a damaged return
line pipe ( refer to 1.16) while the right hydraulic system reservoir
was found full with hydraulic fluid and on the same time the aircraft
rudder and the right engine reverser were operating which indicate
that the operating hydraulic system was the right hydraulic system as
the rudder operates only from the right hydraulic system as per
aircraft manuals. This gives concrete evidence that the FDR readout
was reversed. Also another point derived from the aircraft crew and
CVR read-out the aircraft at touch down flap setting was 40 degrees



and autobrake was being armed but the FDR read-out show that flaps
setting was 38 degrees and heading during landing was 304.8
degrees., thus there was difference between the actual values for
heading and flap setting and the read out values. The same variation
occurred on radio altimeter read-out which means that those
variations might be due to either to malfunction of sensors or due
calibration not being done. This might give a glue that even the actual
landing speed was not that was given on read-out. The variation
factor for heading is about 0.01741 and that for flaps setting is 0.05.
If the above factors are taken into consideration for the whole read-
out of the FDR the landing speed may rise to 134 Kits. instead of the
read 130 Kits.
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.2.1.2 Landing of aircraft

During the Before landing Check the Auto-brake was selected to
Minimum and armed and according to the aircraft operation Manual
the automatic braking is delayed for approximately 4 seconds after
spoiler deployment. The aircraft touched down at speed of 130 knots,
752 meters ( 2467 feet ) from the threshold of R/W 31 and ground
spoilers were deployed with the spin of landing gear tires. Suddenly 3
to 4 seconds from touch down at speed of 127 knots the left wing
spoilers were stowed (right wing on the FDR readout) and the aircraft



entered into lateral acceleration which lead the PIC to ask the F/O if
he is doing any thing and realized that the F/O was doing nothing.
Stowing of ground spoilers released brake pressure (supplied by the
right hydraulic system ) without disarming the Automatic Brake
System. Brakes pressure was supplied by the right hydraulic system

( left hydraulic system on the FDR readout ) only. About 4 seconds
from touch down brake pressure started building up reaching 342 psi
and then dropped to 15 psi for 3 seconds which indicate no braking
effect in the first 7 seconds. The PIC felt that the deceleration of the
aircraft is slow and not stable in its heading and shaking so he started
to press the peddles overriding the automatic brake. Brake pressure
started building up and in 14 seconds time reach 660 psi reducing
aircraft speed to 94 Kts. The brake pressure continued building up to
670 psi and aircraft speed reduced to76 Kts. and by the time the
aircraft speed reduced to 48 Kits. brake pressure was exhausted
dropping to 311 psi. Reducing aircraft speed to 48 Kts. took 30
seconds from touch down,

Inefficient braking , dropping and rising of brake pressure might
be due to a defect within the power transfer unit or the unit being
closed due to leakage of hydraulic fluid from the left system. At that
moment the right Hydraulic System was exhausted and the aircraft
was rolling down slope of R/W 31 the speed started to increase due to
its inertia force and passed the paved extension of runway 31 with
speed of 58 Kts., and rolled into the soft ground with increasing speed
of 69 knots and warning horn sound indicating landing gear up at a
distance of 129 meters ( 423 feet ) from the end of paved extension of
R/W 31. The crew were being puzzled and disoriented the Pilot-in-
command deployed the reverse once again to stop the aircraft, but
unexpectedly aircraft speed increased and aircraft veered to the right
while moving forward and in the same time banking left due to left
landing gear not in a proper condition either broken or immersed into
the muddy ground and came to stop 360 meters from the end of R/W
31 heading 360 degrees.

During aircraft landing and after touch down immediately engines
thrust reversers were deployed for 27 seconds and kept unlock. Within
that time the aircraft rolled for a distance of 1261.5 meters ( 4139 feet)
on runway and the aircraft speed reduced to 52 Kts. Up to that
moment the available remaining distance of R/W 31 was about 386
meters ( 1267 feet ). Three seconds later the speed reduced to 48 Kts
and still 308 meters of runway was available. Due to diminishing



brake pressure at that moment and rolling of aircraft down slope of
R/W 31, gradually aircraft speed started to increase and passed the
end of R/W 31 with speed of 54 Kts. within forty one seconds after
touch down. Within two seconds time after reaching the end of the
paved extension of R/W 31 engines EPR increased to above 2 for a
period of five seconds increasing aircraft speed to above 59 Kts. and
aircraft rolled for a distance of 203 meters ( 666 feet ) passing the
paved extension of R/W 31 by 129 meters ( 423 feet ) where landing
gear warning horn sound indicating nose gear up and that occurred at
speed above 60 Kts. and EPR above 1.8. Nose landing gear was
forced to retract due to high impact and muddy soft ground resistance
in which it was immersed while aircraft passing the end of the paved
extension with speed of 58 Kts. After one second of horn sound the
Pilot-in command deployed reverse for the second time hoping to stop
the aircraft , but speed increased to above 70 Kts. and aircraft veered
to the right with left wing skidding on the ground and came to a full
stop 360 meters ( 1181 feet ) from the threshold of R/W 13 that

was 300 meters ( 984 feet ) from the end of the paved extension of
R/W 31.

Approximately forty nine seconds after touch down left landing gear
actuator sheared off due to a second hard impact and the left landing
gear retracted inwards causing left wing to contact the ground forcing
flaps to change its setting to 28 degrees. Lateral acceleration imposed
and shaking of aircraft and sudden increase of engines EPR above 2
for five seconds, forty three seconds after touch down, that increased
aircraft speed puzzled the crew. No one noticed the position of the
aircraft within the runway. Reasons for EPR increase might be due to
high vibration and shaking of aircraft in addition to PIC holding the
throttles which might caused the throttles moving forward
unintentionally due to the first hard impact on leaving paved ground.
Deployment of reverse for the second time which last for 4 seconds
commenced 48 seconds after touch down and at a distance of 1868
meters ( 6129 feet ) from touch down point after landing gear warning
horn sound. Deployment of reverse occurred of 69 Kts. with an
ineffective brakes which might be due to wear of brake discs and
exhausted hydraulic system working on reduced power. Deployment
of reverse caused the aircraft to roll for a distance of 175 meters ( 574
feet ) turning the aircraft to 360 heading. The aircraft came to
complete stop resting on the extended right gear and left wing resting
on the ground.



By the time the PIC selected deploying of the reverse the Left
hydraulic System thrust reverser accumulator pressure was already
being exhausted during first deployment after touch down due to the
fact that the left system already lost its hydraulic fluid to atmosphere
as the return pipe connection to the reservoir is being damaged due to
severe tightening. Operation of brakes was supplied by the right
hydraulic system and thrust reverser of the left engine was actuated
for the first trial from its accumulators. left engine reverse might not
being completely stowed after being deployed at landing due to
insufficient available pressure from the left hydraulic system and thus
was kept partially deployed. During the second time selection of
reverse deployment the Right Hydraulic System fully deployed the
right engine reverse and thus the aircraft speed increased due to thrust
from the left engine. The aircraft came to stop resting on its belly and
left wing touching the ground with right engine reverse doors stowed
and that of left engine partially deployed.

During the investigation role, the R/W 31 was inspected for traces of
hydraulic fluid but no traces were found which means no spillage of

hydraulic fluid occurred during landing or rolling of aircraft on
runway. It is probable that the system defused amount of fluid during
flight which was unnoticeable by the crew. Spillage of hydraulic fluid
during flight might be due to the imposed vibration acquired by the
hydraulic pipe of P/N 7936907-711 due to breakage of the clip
securing the pipe to the undercarriage bay due increased strain that



occurred due to loose tightening. The vibration of the pipe lead to
movement of the pipe flattened end at the connection with the
reservoir thus disseminating fluid to atmosphere.

Stowing of left wing spoilers after landing might be due to a
malfunction of the selector valve as the circuit breaker in the upper
right bus panel found on -off position either due to a short circuit
within the unit or its electrical circuit.

Stowing of spoilers might inhibited the automatic brake system
without being indicated to the crew and thus automatic brake were not
being activated, ( as shown by FDR read-out there was no brake effect
within the first seven seconds ) and was disarmed after landing and
the aircraft entered in a lateral acceleration which puzzled the PIC and
he concentrated all his effort to counteract the lateral acceleration
without taking notice of the un-effective deceleration of the aircraft
due to insufficient braking action and fast approaching of runway
end..



Flaps forced p by ground reaction

Track of aircraft

On May 2005 MD-83, SU-BOZ overrun the runway on landing at
Poznan, Poland which might be for the same reason but no
information from Poland regarding that incident or reply to our

inquiry. Also there is no laid down procedure by the company
regarding such emergency condition.
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3.15

3.1.6

3.1.7

3.1.8

3.1.9

COCLUSION

Findings

The aircraft had a valid C of A

Maintenance carried out in accordance with an approved

maintenance Schedule.
The crew were properly licensed.
The aircraft landed R/W 31 at a point 698 meters from
threshold.
Unexpectedly stowage of right wing ground spoilers lead to
lateral acceleration .
Selection of reverse for the second time occurred after the
aircraft rolled about 92 meters on the muddy cotton soft ground.
Aircraft came to total stop resting on its belly and left wing 306
meters from R/W 31 end.
The FDR read-out was reversed regarding wings positions,
hydraulic systems with some variation in heading magnitude
and flap setting about 5.2 degrees less for heading and 2
degrees less for flaps setting due to FDR calibration.
It appears that Juba Tower has no clear vision of the runway as
the ATC cleared the aircraft to track back the moment it was
stuck into the mud.

3-2 Cause of the Serious Incident

3.2.1

Late touch down point down sloped R/W 31, reduced brake
effect and imposed lateral acceleration that puzzled the PIC and
attracted his attention to counteract the unexpected phenomena
IS the main reason to this serious incident.

Poor maintenance and improper before flight and landing
checks are considered to be a contributory factor to this serious
incident.



4, SAFETY RECOMMENDATIONS

4.1 Manufacturer and aircraft hydraulic system design organization
should introduce a unit to cancel the effect of spoilers stowage on
the Automatic Brake System operation.

4.2 The operator should add inspection of the hydraulic system
components in the Before Flight Check procedure.

4.3 Sudan Civil Aviation should install recording facilities to record
Communication between all ATS Units and aircraft and between
ATS Units as well at all Sudan airports.

4.4 Airport ATC Tower location within the aerodromes should be

situated in such a place to give a clear vision of the whole
Runway length.

N

Eng/ A.AAl

Investigator-in-Charge
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ATTACHMENT “A”

mp-80
FLIGHT CREW OPERATING MANUAL

CHAPTER 11

HYDRAULICS

GENERAL

The airplane has two independent hydraulic sys-
tems wtillzing fire-resigtant hydraulic fiuid. Each sys-
tem has a reservoir and 18 pressurized by a single
engine-driven pump. Ground service provisians for
each system are localed in the main gear wheel
wells. These include a ground service cennection
panel, a hand pump for building pressure for
ground maintenance cperations, and a speiler
ghutof and system depressurization valve.

HYDRAULIC RESERVOIR

The left and right hydraulic system reservoirs are
located in lefl and right main gear wheel weils,
reapactively. Each reservoir supplies fluid to its own
systemn sxclusively. A manifold on the botiam of the
reservoir ports fluid to supply lines for the engine-
drivan hydraulic pump, the slectricaliy driven aux-
iliary hydraulic pump, and a ground service
hydraulic hand pump. Internally the ressrvoir uti-
lizes system pressure of 3000 of 1500 psi to main-
tain a pressure haad of approximately 30 or 15 psi.
This pressure head ensuras positive transfer of fuid
to the pumps. The reservoir is protected againsl
over-pressurization by a refief valve set for 47 psl.
A tempsrature pickup in the reservoir will cause the
applicable (L or R) hydraulic high-temperature
anrunciation 1o come on when the hydraulic fluid
tamperature is above normal. An instruction plaie
provides filing insiructions and direct Auid level in-
dicatlons for both sysiem pressurized and
unpressurized conditions. A Huid quantity transmit-
1er, located &t each reservoir, transmils flyid quanti-
ty information to the applicable hydraulic quartity
indicator on the Firsl Officer's instrument panel.

HYDRAULIC PUMPS

The le#t hydraulic system is pressurized by a 5ys-
tem pump mounted on the left engine; a system
pump mounted on the right engine powers the right
system. Each pump is capable of providing

- T
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pressure up to 3000 psi during afl flight modes:
1500 psi can be selected for cruise flight operation.

An auxiliary pump, incorparated into the right sys-
tem, provides hydraullic pressure for landing gear
pperation, flight backup, preflight, and maintenance
operations. The pump is electrically powered and is
designed for confinuous cperation at 3000 psi.

A power transfer unit mechanically connects left
and right hydraulic systems and enables hydraulic
pressura lo be transferred from the highest 10 the
lowes! side (the high pressure side operaies as a
motor and the low pressure side operales &s a
pump). The unit is controlled by a single molos
operating two shutoff valves, ons in each hydraulic
system. Cperation is controllad by & switch on the
Firsi Officer's ingtrument panel. The shutoft valves
will automatically close if either system resenvor
quantity falls below a safe lavel

pirplane systems that normally receive pressure
from both hydraulic systams will operate at a re-
duced rate it ona system Is inoperative. Complete
fuid supply to a system cen ba glopped by pulling
the fire shutoff handle on ihe upper ingirument
panel for the engine desired. Pump operation Is
controlled by switches on the First Officer's instru-
ment panel. Annunciations, one for aach system,
will come an whenever sither system pressura is
low.

A hand pump, installed in each main hydrauiic sys-
1em and located in the main gear well, supplemants
the standard power sources for ground actuation of
the various subsystems. The quick disconnaci fit-
tings in the inlet suction line of each hand pump
and/for auxiiary pump may be connacted 10 a
ground source of hydraulic fluid to manually fill the
reservoirs. These pumps make the hydraullc sys-
lerns compleiely self-sufficient. Hydraulic ground
connections are provided in the forward and of
each main gear well for gervicing .ang testing each
main hydraulic sysiem.
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1-Background

Responding to a request from the Egyptian Mimistry of Civil Aviation (EMCA),
research team from the Central Metallurgical Research and Development Institute
(CMRDI) investigated the fractured parts. The accident was reported on 23 /16/06
during landing at Goba airport-SUDAN. The airplane was belonging to AMC Co.
and registered under SU-BOZ Model MD-83. The fractured parts were:

o Hydraulic Pipe P/N 7936907-711

¢ Hydraulic Pipe Clip

e Actuator Rod End of Left Main Landing Gear
Fractured parts were submitted to CMRDI to determine the type of failure and
possible causes.

The received failed parts were analyzed at CMRDI laboratories to determine the
cause of failure. The investigation work was carried out in contact with EMCA.
These analyses included complete examination of the fracture surface using
stereoscope, optical and scanning electron microscopes and energy dispersive
spectroscopy. Also, chemical analysis, cross-section microstructure, hardness, and
X-ray fluorescent analysis were carried out.

2- Investigation Procedures
Investigation of the received fracture parts were carried out according to the
following sequences:
e Visual survey of the received failed parts to obtain an overall understanding
of the fracture.
¢ Macroscopic investigation of the fracture parts to determine the type of
fracture.
e Locating the most possible fracture origin or origins.
o Understanding the manner of loading, the relative stress level and the stress
orientation based on the observed fracture features.
o Selection of areas for further examination by SEM to determine the fracture
mode and to confirm the fracture mechanism.
e Hardness measurement
e Chemical analysis

P.0. Box: 87 Helwan, Cairo Egypt Tel: (+202) 5010642 / 5010643, Ext. 242 2
Fax; (+202) 5011185 / 5010639 E-mail: albersadek@vahoo.com
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e Metallographic cross section examination to detect any microstructural
changes that promoted or caused fracture initiation, and to determine the
crack propagation mode (intergranular or transgranular).

3- Results and Discussions
3-1 Hydraulic Pipe P/N 7936907-711
3.1.1 Visual and light Macroscopic Exa minations:

The failed hydraulic pipe is shown in Fig.1. One end is seemed to be flattened due
to severe tied force. The surface does not contain any markings typical of cutting or
shearing. Detailed investigation of surface from inside and outside of the received
pipe showed the presence of deformation strain bands. Therefore, the decision was
taken after the approval from Egyptian Ministry of Civil Aviation, to cut specimens
in order to carry out further metallurgical analyses on this part. Samples were cut
using automatic (slow speed) cutting machined cooled by water jet.

Fig.1 General View of failed pipe
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This sample has been used for SEM investigation and chemical analysis.

3.1.2 Chemical analysis

The chemical analysis is shown in Table 1. By comparing this composition to the
international standards, it can be classified as X12CrMnNiN18-9-5 which is more
suitable for such application

Table 1 Chemical analysis of hydraulic pipe material.
[ Si Mn P ] Cr Ni Fe
Received pipe | 0.05 0.17 8.58 | 0.001 | 0.001 19.35 6.21 | Bal

3.1.3 Scanning Electron Microscopy Investigation )
Close-up investigation by SEM was carried out and the results are shown in Fig.2.
Generally, the presence of such strain hardening bands revealed the occurrence of
plastic deformation which could be resulted from the over tightening during the
regular check up by the workers.

Cutting area and location of

taken samples
Fig. 2 Strain hardening bands — general view
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3.2 Hydraulic Pipe Clip
3.2.1 Visual and light Macroscopic Examinations:

The failed hydraulic pipe is shown in Fig.3. The other part of the clip was lost
during the accident. The fracture surface does not contain any markings of typical
fatigue or shearing failure. Detailed investigation of surface showed the presence of
voids or dimple fracture.

Fig.3 General view of fracture clip

3.2.2 Chemical analysis
The chemical analysis is shown in Table 2.

Table 2 Chemical analysis of wheel flange material.

_ _ _§i Fe | Cu | Mn | Mg Zn Al
Received clip 0.11 0.5 467 | 05 1.38 0.13 Bal. |

3.2.3 Scanning Electron Microscopy Investigation

The general view of the fracture surface that investigated by using SEM is shown
in Fig. 4. The fracture surface is characterized by microvoid coalescence. The
microvoids nucleate at regions of localized strain discontinuity, such as that
associated with second phase particles. As the strain in the material increases, the
microvoids grow, coalesce, and eventually form a continuous fracture surface. This
type of fracture exhibits numerous cuplike depressions that are the direct result of
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the microvoid coalescence. The cuplike depressions are referred to as dimples, and
the fracture mode is known as dimple fracture.

Fig. 4 General overview of the fracture surface showing voids formation due to
the presence of nonmetallic particles.
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CMRDI

The shape of and type of failure occurred in this case suggested that this part
suffered from sudden severe impact led to fracture. This can be indicated from the
deformed part on the edge due to impact and the formation of cracks just below the
fracturc. Meanwhile, the fracture surface exhibited the presence of a highly
localized deformation shear bands, such as those observed during certain-shearing
operations, high velocity projectile impacts or explosive rupture.

CONCLUSION

Based on the investigation results the following could be concluded:
o Hydraulic Pipe P/N 7936907-711, failed due to over tightening force during
routine check

e Hydraulic Pipe Clip, failed to the formation of microvoids coalescence
which could be formed around the second phase particle leading to failure.

® Actuator Rod End of Left Main Landing Gear, failed duc to sudden shearing
high velocity projectile impacts.
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CHAPTER 11

HYDRAULICS

GENERAL

The airplane has two independent hydraulic sys-
tems wtillzing fire-resigtant hydraulic fiuid. Each sys-
tem has a reservoir and 18 pressurized by a single
engine-driven pump. Ground service provisians for
each system are localsd in the main gear wheel
wells. These include a ground service cennection
panel, a hand pump for building pressure for
ground maintenance cperations, and a speiler
ghutoff and system depressurization valve.

HYDRAULIC RESERVOIR

The left and right hydraulic system reservoirs are
located in lefl and right main gear wheel weils,
reapactively. Each reservoir supplies fluid to its own
system sxclusively. A manifold on the botiam of the
reservoir ports fluid to supply lines for the engine-
driven hydraulic pump, the electricaliy driven aux-
iliary hydraulic pump, and a ground service
hydraulic hand pump. Internally the resarvoir uti-
lizes system pressure of 3000 of 1500 psi to main-
tain & pressure head ot approximately 30 or 15 psi.
This pressure head ensures positive transfer of fluid
to the pumps. The reservoir is protected againsl
over-pressurization by a refief valve set for 47 psl.
A tempsrature pickup in the reservoir will cause the
applicable (L or R) hydraulic high-temperature
anrunciation 1o come on when the hydraulic fluid
tamperature is above normal. An instruction plaie
provides filing insiructions and direct Auid level in-
dicatlons for both sysiem pressurized and
unpressurized conditions. A Huid quantity transmit-
1er, located &t each reservoir, transmils flyid quanti-
ty information to the applicable hydraulic quartity
indicator on the Firsl Officer's instrument panel.

HYDRAULIC PUMPS

The le#t hydraulic system is pressurized by a 5ys-
tem pump mounted on the left engine; a system
pump mounted on the right engine powers the right
system. Each pump is capable of providing
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pressure up to 3000 psi during afl flight modas;
1500 psi can be selected for cruise flight operation.

An auxiliary pump, incorparated into the right sys-
tem, provides hydraulic pressure for landing gear
operation, flight backup, preflight. and maintenance
operations. The pump is electrically powered and is
designed for confinuous cperation at 3000 psi.

A power transfer unit mechanically connects left
and right hydraulic systems and enables hydraulic
pressurs to be transferred from the highest 10 the
lowest side (the high pressure side operales as a
motor and the low pressure side operaies as 2
pump). The unit is controlled by a single molos
opersting two shutoff valves, ons in each hydraulic
system. Operation is controllad by & switch on the
Firsi Officer's ingtrument panel. The shutoft valves
will automatically close if either system resenvoir
quantity falls below a safe level

pirplane asystems that normally receive pressufe
from both hydraulic systams will operate at a re-
duced rate it one system Is inoperative. Complete
fluid supply to a system can be stopped by pulling
the fire shutoff handle on ihe upper ingirument
panel for the engine desired. Pump operation Is
controlled by switchas on the First Officer's instru-
ment panel. Annunciations, one for aach system,
will come an whenever sither system pressura is
low.

A hand pump, installed in each main hydraufic sys-
1em and located in the main gear well, supplemants
the standard power sources for ground actuation of
the vaficus subsystems. The quick disconrect fit-
tings in the inlet suction line of each hand pump
and/for auxiiary pump may be connacted 10 a
ground source of hydraulic fluid to manually fill the
reservoirs. These pumps make the hydraullc sys-
lerns compleiely self-sutficient. Hydraulic ground
connections are provided in the forward and of
each main gear well for sarvicing .angd testing each
main hydraulic system.
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1-Background

Responding to a request from the Egyptian Mimistry of Civil Aviation (EMCA),
research team from the Central Metallurgical Research and Development Institute
(CMRDI) investigated the fractured parts. The accident was reported on 23 /16/06
during landing at Goba airport-SUDAN. The airplane was belonging to AMC Co.
and registered under SU-BOZ Model MD-83. The fractured parts were:

o Hydraulic Pipe P/N 7936907-711

¢ Hydraulic Pipe Clip

e Actuator Rod End of Left Main Landing Gear
Fractured parts were submitted to CMRDI to determine the type of failure and
possible causes.

The received failed parts were analyzed at CMRDI laboratories to determine the
cause of failure. The investigation work was carried out in contact with EMCA.
These analyses included complete examination of the fracture surface using
stereoscope, optical and scanning electron microscopes and energy dispersive
spectroscopy. Also, chemical analysis, cross-section microstructure, hardness, and
X-ray fluorescent analysis were carried out.

2- Investigation Procedures
Investigation of the received fracture parts were carried out according to the
following sequences:
e Visual survey of the received failed parts to obtain an overall understanding
of the fracture.
¢ Macroscopic investigation of the fracture parts to determine the type of
fracture.
e Locating the most possible fracture origin or origins.
o Understanding the manner of loading, the relative stress level and the stress
orientation based on the observed fracture features.
o Selection of areas for further examination by SEM to determine the fracture
mode and to confirm the fracture mechanism.
e Hardness measurement
e Chemical analysis
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e Metallographic cross section examination to detect any microstructural
changes that promoted or caused fracture initiation, and to determine the
crack propagation mode (intergranular or transgranular).

3- Results and Discussions
3-1 Hydraulic Pipe P/N 7936907-711
3.1.1 Visual and light Macroscopic Exa minations:

The failed hydraulic pipe is shown in Fig.1. One end is seemed to be flattened due
to severe tied force. The surface does not contain any markings typical of cutting or
shearing. Detailed investigation of surface from inside and outside of the received
pipe showed the presence of deformation strain bands. Therefore, the decision was
taken after the approval from Egyptian Ministry of Civil Aviation, to cut specimens
in order to carry out further metallurgical analyses on this part. Samples were cut
using automatic (slow speed) cutting machined cooled by water jet.

Fig.1 General View of failed pipe
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This sample has been used for SEM investigation and chemical analysis.

3.1.2 Chemical analysis

The chemical analysis is shown in Table 1. By comparing this composition to the
international standards, it can be classified as X12CrMnNiN18-9-5 which is more
suitable for such application

Table 1 Chemical analysis of hydraulic pipe material.
[ Si Mn P ] Cr Ni Fe
Received pipe | 0.05 0.17 8.58 | 0.001 | 0.001 19.35 6.21 | Bal

3.1.3 Scanning Electron Microscopy Investigation )
Close-up investigation by SEM was carried out and the results are shown in Fig.2.
Generally, the presence of such strain hardening bands revealed the occurrence of
plastic deformation which could be resulted from the over tightening during the
regular check up by the workers.

Cutting area and location of

taken samples
Fig. 2 Strain hardening bands — general view
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3.2 Hydraulic Pipe Clip
3.2.1 Visual and light Macroscopic Examinations:

The failed hydraulic pipe is shown in Fig.3. The other part of the clip was lost
during the accident. The fracture surface does not contain any markings of typical
fatigue or shearing failure. Detailed investigation of surface showed the presence of
voids or dimple fracture.

Fig.3 General view of fracture clip

3.2.2 Chemical analysis
The chemical analysis is shown in Table 2.

Table 2 Chemical analysis of wheel flange material.

_ _ _§i Fe | Cu | Mn | Mg Zn Al
Received clip 0.11 0.5 467 | 05 1.38 0.13 Bal. |

3.2.3 Scanning Electron Microscopy Investigation

The general view of the fracture surface that investigated by using SEM is shown
in Fig. 4. The fracture surface is characterized by microvoid coalescence. The
microvoids nucleate at regions of localized strain discontinuity, such as that
associated with second phase particles. As the strain in the material increases, the
microvoids grow, coalesce, and eventually form a continuous fracture surface. This
type of fracture exhibits numerous cuplike depressions that are the direct result of
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the microvoid coalescence. The cuplike depressions are referred to as dimples, and
the fracture mode is known as dimple fracture.

Fig. 4 General overview of the fracture surface showing voids formation due to
the presence of nonmetallic particles.
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CMRDI

The shape of and type of failure occurred in this case suggested that this part
suffered from sudden severe impact led to fracture. This can be indicated from the
deformed part on the edge due to impact and the formation of cracks just below the
fracturc. Meanwhile, the fracture surface exhibited the presence of a highly
localized deformation shear bands, such as those observed during certain-shearing
operations, high velocity projectile impacts or explosive rupture.

CONCLUSION

Based on the investigation results the following could be concluded:
o Hydraulic Pipe P/N 7936907-711, failed due to over tightening force during
routine check

e Hydraulic Pipe Clip, failed to the formation of microvoids coalescence
which could be formed around the second phase particle leading to failure.

® Actuator Rod End of Left Main Landing Gear, failed duc to sudden shearing
high velocity projectile impacts.
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CHAPTER 11

HYDRAULICS

GENERAL

The airpiana has two independent hydraulic sys-
tems utilizing fire-resistant hydraulic fluid. Each sys-
1am has a resarvoir and la prassurized by a single
angina-driven pump. Ground service provisions for
each system are located in the main gear whael
wells, Thess Include a ground service connection
panal, & band pump for building pressure for
ground maintenance operations, end a spoilar
ghutof and sysiem depressurization valve.

HYDRAULIC RESERVOIR

The left and right hydraulic system reservoirs are
located in lsft and right main gear wheel weils,
respaciively. Each reservoir supplies fluid to its own
gystem sxciusively. A manifold on the bottom of the
reservoir ports fluid 1o supply linea for the engine-
driven hydraulic pump, the elactrically driven sux-
iliary hydraullc pump, and a ground service
hydraulic hand pump. Internally the regarvoir uli-
izes system pressura of 3000 or 1500 psi o main-
tain a pressura head of approximaiely 30 or 15 psi.
This prassure head ensures positive iransfar of fluid
to the pumps. The ressrvoir is protected against
over-pressurization by a relief vaive set for 47 psl.
A temperaiure pickup in the reservoir will cause the
applicable (L or R) hydraulic high-temperature
annunciation 1o come on when the tydraulic fluid
temperature is abcve normal. An inatruction plate
provides filling [nstructions and direct fluid level in-

dications for both system pressurized ang.

unpressurized conditions. A fluid quantity transmit-
1ar, locaied at sach reasrvolr, transmits fluid quanti-
ty information 1o tha applicable ‘ydraulic quantity
indicator on tha First Officer's instrument panel.

HYDRAULIC PUMPS

The left hydraulic sysism ia pressurized by a Sys-
iem pump mounted on the left engine; a system
pump mounted on ihe right engine powers tha right
gystem. Each pump is capable of providing

-t "
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pressure up 10 3000 psi during al fight modes:
1500 psi can be selected for cruise thight operation.

An auxiliary pump, incorporated intc the right sys-
tem, provides hydraulic prassure for landing gear
operation, fight backup, prefiight, and maintenance
operations, The pump I3 elscirically powered and is
designed for continuous operation at 3000 psi.

A power transfer unit mechanically connacts laft
and right hydraullc systems and snables hydraulic
pressure to be transfarred from the highest 10 the
lowast side {the high pressure side operates a& a
motor and ihe low pressure side operates 88 &
pump). The unit i8 controlled by & single mMmotcr
operating two shutoff vaives, one in each hydraulic
gysiem. Cperation is controlled by a switch on the
First Officer's instrumeni panel. Tha shuioff valves
will automatically close if either sysiem reservoir
quantity falls betow a safe level.

Alrplane systems that normally recelve pressure
from both hydraulic systems will pparate at a re-
duced rats if one systsm [s {noperativa. Compliate
fiuid supply 10 a sysiem can be stcpped by pulling
the fire shutcff handle on the upper instrument
panel for the engine desired. Pump operation s
controlled by switches on the First Officar's ingtru-
ment panel. Annunciations, ons for each system,
will coma on whanever gither System praisure is
iow.

A hand pump. inglalled in each main hydraulic sys-
tem and locatad In tha main gear well, supplamenis
ihe standard power sources for ground aciuation of
the varicus subsystems. The guick disconnect fit-
tinga in the injet sucltion iine of aach hand pump
and/or auxiiary pump may be conneciad 10 a
ground source of hydraulic fluid to manually fill the
resarvoirs. These pumps make the hydraulic sys-
tems completsly seif-sufficient. Hydraulc ground
connections are provided in the forward end of
each main gear well for servicing and testing each
main hydraulic system.
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HYDRAULICS - Block Diagram
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The alrplane has two main gear assemblies con-
sisting of dual whesls mounted on & shock strut.
When exiendsd, each main gear assembly is
locked I the-axtsnded position by overcantar link-
age. Whan retraciad, the main gear assembliss will
ba held-:up-.by :hydeaulic prassure providing the
engine driven hydraulic pumps are selactad o pro-
vide 2000 psi. If the pumps are selected 1o provide
1500 pei, the main gear will resi upon the doors. it

hydraullc prassure is not available for gear exten- -

sion, the main gear door laiches may be reieased
by the smergency gear extension lever.

MAIN GEAR DOOR

Each main gear wheel well enclosure consisis of a
hydraulically cperated main gear door and &
machanically cperstéd outboard door. The main
gear doors are mechanically latched when closed
and support the maln gear during flight. The main
gearmgmhm;ﬁm.the closed position afier the
mﬂn,g%gppmma the fully extended position.
The main"ged’ doors may aiso ba mechantcaily
released and opanad on the ground.

VISUAL/AURAL INDICATING AND WARKING
SYSTEM

S a0
Landing: Qe position and main landing gear door

statysisiingispied by annunciator lights on the
_uppgﬁmgnml--pmel. Landing gear posilion

Wmn to indicate that the landing
: gear handis are in tha down-and-
ansIbe Jights come on red whan the

A 8000 BNy intarmediate position
batwaeniup-and-locked .and down-and-locked or
han the associatsd landing gear
ot In the position that corresponds 10
i 1he, landing gear handie and elther
ias ara less than one-haif inch
ssition. The main landing gear door

. Begtion 4
S eD
7 COPE 28

g ,I;I“_

IR

annunciator will come on anytime either cne or both
main gear doors are not closed.

The landing gear warning hom and vocal warning
will sound when either one or bath throtiiep are less
than approximatsly one-hail Inoh from idla stop
position and the landing gear is jot down-and-
locked or tha landing gear is.down ang locked but
the landing gear handia Is not In the COWN detent.
meundinggwwanﬁngm'mwwwmlng
witl sound when ihe sirplane's airspeed Is legs than
210 KIAS, The aural/vocal wamings will also sound
anytima the landing gear is .not down-and-iocked
and the fiaps are extended beyond spproximatety
26 degrees. The aural/vocel wamings may be
silenced by pressing a bution on' the pedestal
except when the landing geer is not . down-and-
locked and the flaps are extended beyond the
approach flaps position.

Asference markings on each MAin gear overcenter

Iink may be viewed from ineide tha airplans to con-

firm gear fully extended and locked. Nose gear vey- .
ication is provided by an indicator on'the pedestal

in the flight compariment.

BRAKES

Airplane wheel brakes may be applied by deprass-
ing the brake pecals. When elthek 3t of brake ped-
alg ara depressed, hydraulic pumrlg!rumnboth the
left and right hydraulic brake system is applied to
the main wheel brakes. A fully aulpmaio, pressurs
modulating anti-gkid system is st

skid system will reduoe hydraulic.
sary o prevent tire skidding and,
braking. The ant-skid sysiem
rotied and has a touchdown 2

whes! spinup. The system ig. <
the landing gear handie is not.in
parking brakes set, anming wwich:at:l
plane Is at jow taxi spesds. When W,
deactivated, braking action is contry

input at the pedals.

-
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Each main gesr whest is equipped with a disc type
powsr brake actuated by two indapendent seis of
pistons (4 In sach sat); each set is powerad by one
of the hydrauiic systems. In addition, sach sysiem
has an. accumulator that will supply ressrve brake
* prasaure in. Iho avent of normal hydraulic pressure
fallure, A du.l ‘pointar pressurs gage provides visu-
al indigation of hydraulic pressure in sach system.

A md an overheat light provide visual indica-

L0, ‘axcessive brake temparature, fuse
plugl ) e, wpnl will malt reisasing tire pressure,
Each brake asssmbly Is equipped with wear indi-
cators a0 that visusl checks can be made of brake
wear,

The parking brakes are set by depressing the brake
pedals, pulling up on the park brake control knob
(locaind .In the centsr of the nose-pear stesring
whasl), and relsasing the brake pedals. This
mechanically opens the brake control valves and
. closss the:ant-skid ratum lines in both hydraultic
systems, trapping eccumuletor pressure in the
whee! brake system. When the park brake knob Is
, it actuates a swiich that disables the antl-
system and tums on the PARKING BRAKES
N snnunciation. It parking brakes are not set and
one 10 four ANT-SKID annunciation(s) are on, &
parking: brake or ant-skid malfunciion s indicated.
If throtties are advanced 1o a takeoff setting with the
pariking brakas set, the aural/vocal warning system
will be activated.

ogg

AUTOMATIC BRAKE SYSTEM (ABS)

When armed, the automatic brake sysiem (ABS)
will automatically appty beakes during landing and

el I
“apr 1/83.

Jemperars. {f ma gear tires are.

AUTO BRAKE selecior. switch and
AUTO BRAKE ARM/DISARM switoh

auﬂaﬂdaymmmhuwnduﬁmﬂmdn
a condition for ABS operation. ABS (anding mods
is actvated when spoilers are depiayed sither auto-
matically or manually with throite. levers netarded
and brake peadals released. Automatic braking is
delayed sfier spoiler depioyment. for approximatety
1 second In MAX position.and 4 3 pec-
onﬁaianNaMpodImbecrmm
noss whesl touchdown while:mainiaining & predict-
able stopping distance. ABS landing mode s inhib-
ited if throtties ara not retarded below 22 degress.
Pilot takeover can be initinted at any ime and the
ABS will disarm and revert 1o normal anti-skid brak-
ing if either brake pedal is depressed beyond
approximately 25 percent of travel, # throttie lever 1
or 2 is advanced beyond 422 degrees, or if the
ARM-DISARM switch is placed in the DIEARM pos)-
tion, The ARM-DISARM switch will drop to the DIS-
ARM position and the ABS lights will come on for
the above conditions. The ABS will aiso disarm and
tha ABS lights will come on If flaps are ralssd 1o
less than 26 degrees with airplane speed above 70
knots. Slowing the ground spoilers- will release
brake pressure without d the ABS. The
ABS lights will remaln off and braking will
again be available { spoilers are re-deployed.

The ABS akeoff mode is armed by seiecting T.0.
on the AUTO BRAKE sslector swilch and placing
the ARM-DISAAM switch in the ARM positon. The
speedbrake/spoliers taver must be retrmcted and
flaps must be ssiected to lssa than 28 degross.

-
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_XILIARY POWER UNIT (APU)

Tha pgae turbing powered APU supplies pneumatic
and etactrical powar for ground operation and elec-
trical power while in flight. The APU is located in the
aft accessory compariment and is surrounded Ly a
fireproof enclosurs.' The unit is protected by 2 fire

: deteciion and & fire exiinguishing aystem which can

. be oparated either. from the flight compartment or
the externsl ground control panal located in the laft
aft fusslage.

COMMUNICATIONS

The airplane Is equipped with air-to-gnounid and air-
to-air voios Might communication systams. Cockpit/
cabin/ground mervice interphone, passanger

adcress and voice recorder systems ara provided. .

Cabin aitendant, pllot, machanic and passenger cail
systams are instatisd In the airplane. Provisions are
made for a saperats passanger enterfainment
systam. .

ELECTRICAL

1¢ airpiarie is equipped with an ac and dc electri-
Jai power system, The systams are divided imo two

indspendent sysiems designated left and right. Two .

engine-driven ac gensrators, one on each enging,
are normaly the primary source of ac power. In the
event that engirteiriven ac generators fall in flight
or when sxemal power i8 not avaliable on the
ground, swdiiary ‘slectrical power may be supplied
by &n subsiliary power unit driven generator Instatied
An,The 28-valt de skectrical power is
7he'-forward acosssory compartment.
¥arssupplied 115/200-volt e power

‘genersiors or from external power

in the B’

sourceSilitiry-power Is supplied by two 14-vol,
K hmwhc connecied in series.
6k

cE oMy opic
The airplsne ls powersd by two Pratt and Whitney
JTBD -axiakfiow turbofan angines. In addiion lo
powecing tha alrplane, the anginss supply pneu-
matic powst for pressurization, air conditioning,
anil-lcing and de-icing. The engines are protecied
by & fire detection and fire extinguishing system.

¥’

vol. It
Apr 1/83

FIRE WARMNING AND PROTECTION

The fire warning and protection system provides for
continuous detaction of enging and/or APU fire and
craw member notification through visual, aural and
vocal warnings. The airplane (s equipped with fire
extingulshing capability for each engine naoeile
areaa and/or for the auxiliary power unil
comparirmant.

FLIGHT CONTROLS

Primary flight controls consisi of canventional
aileron, rudder and elevaior control surfaces. Sec-
ondary flight conirols consist of It augmenting
leading-edge slats, spoilers (lateral control/
speedbrake and ground spoiters), inboard and oul-
beard flaps and horizontal stabikizer, The primary
fiight controls are cable connected to the control
surfaces and are serodynamically actuated via con-
trol tabs. When the secondary fiight conirols are
hydraulically actuated, both the left and right
hydraulic systems supply operating power. During

powsred rudder opsration, rudder hydraulic power

is supplied by the right hydraulic system. When
elevaior bobst is required, hydraudic power is sup-
plisd by the lefl tydraulic system.

_FUEL

The fuel system consisis of three Intagral 1anks; one
in each wing and ona in the wing centar section.
The sirplane is also equipped with two auxiliary
fusalage fuel tanks. One is Instabed In the mid
carge compariment and one is inetalled in the aft
cargo compariment. The tanks are nomally filled
through a single-point, pressure-fusling adapter,
located approximately mic-apan of the right wing
leacing edge. The pressum-fusiing conirol panel is
located just inboard of this adapier, A manusl
defusiing vaive is located just inboard of the pres-
sure-fueling control panel to permit defueling
through the pressure-fueling adapter.

An overwing gravity fueling adapler is located on
top of the outboard section of each wing tank.

HYDRAULICS

Mydeautic power is provided by two separaie,
hydraulically closed-circuit systems identifed as the
laft system and the right system. The right systam

Section 4
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provides hydraulic powsr to the rudder, aft passen-
ger entrance stairwey and the Isnding gear actual-
ing subgystem; the left sysiem provides hydraulic
-power to tha slevaior augmentor. All other hydraulic
subsystems are served by both systems through
asparats valves and aciuaiors. The primary source
of hydraulic powar for esch sysiem is an engina
driven pump with an suxiliary pump in ihe right
gysiam. Thers is a power transier unit between the
. right and left systems with adegquate capacity o
transfer full available power batwasn systams.

ICE AND RAIN PROTECTION

ice and rain proteciion is provided for various areas
anc components of the airplane by the. foltowing
systems:

Airfoil leading sdge, ram air 3coop, and forward
strakes anti-icing and horizonial slabilizer
de-icing system

Engine and engine nose cowl anti-icing sysiem

Windshield and window anti-icing and anti-

fogging system

Pitot tubes, static ports, and stall warning lift
traneducer anti-leing system

Windshisid wipers
Rain rnpellent gystemn.

The anti-icing systsm pravenis an accumulanon of
ice and l,lr]o‘ﬁl'-lnlnn gystem removes accumulated
ice. ‘The g  edge wing alats and forward
strakes | fiml-.leod and the horizontal stabilizer is

#“ram’ air sooop, engine and engine
nose” o nonllnuoudy anti-icsd when their

sysiem switchas are on,
Hot dr’m?le'h ‘phaumatic system is used for anti-
Ininglhiwlnn slats, ram air scoop, forward strakes,
m ine noss cowl. Pneumatic air is also

Iho horizontal stabllizer whan select-
.00 | ant-loing system is provided for
".'I:hl Mndlrillda, piot tubes, static peris and the

1-1-0
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stall warning lit transcucers. Anti-logging of the
windshield and windows (s ziso accomplished

elactrically. _
INSTRUMENTATION AND NAVIGATION

instrumentation and navigation squipment and sys-
tems are provided to permii flight under limited visi-
bllity conditions. The navigation equipment and
sysiems sncompass both ground dependent and
independent systems.

The aquipment and systems provide instrument and
annunclator displays for the flight crew o determine
airplane attitude, airspeed, alitude, vertical speed,
heading, course, geographical location, weather
avoidance, time and guidance during approach and
landing.

LANDING GEAR

The airpians has a fully reiraciable tricycle landing
gear. The nose gear assembly s a dusl-whoel,
stesrabie assembly with an oleo strut mounted. in
the forward, lower ssction of the fuselage. The main
gear assembly consists of two olso siruts with a set
of dual wheeis and brakes attached 0 each strut.
The struts are mounted in the wing root arsa, aft of
the right and |eft rear wing &par. Exch whesl well is
complately enclosed by doors when the landing
gear |s refracied.

PNEUMATICS

The pneumnatic symesm supplies blesd air for air
conditioning, cabin prasgurization, potable waler
pressurization and ice proteciion. Normally, snpine
bisad air is usad 1o supply the system. In addition
o engine blaed alr, &n sxternal ground connecior. |s
installed to permit connection of & ground - pneu-
matic power source for enging starting and air con-
ditioning operation. Also, a ssparate external
ground connector |s instalied to allow connection of
& ground souwrcs to supply preconditionsd alr to the
alrplane during ground operations if required. The
APU, when operating, can aiso supply the pneu-
matic requirements while the airplane is on the
ground.

Vol. 1l
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provides hydraulic powsr to the rudder, aft passen-
ger entrance stairwey and the Isnding gear actual-
ing subgystem; the left sysiem provides hydraulic
-power to tha slevaior augmentor. All other hydraulic
subsystems are served by both systems through
asparats valves and aciuaiors. The primary source
of hydraulic powar for esch sysiem is an engina
driven pump with an suxiliary pump in ihe right
gysiam. Thers is a power transier unit between the
. right and left systems with adegquate capacity o
transfer full available power batwasn systams.

ICE AND RAIN PROTECTION

ice and rain proteciion is provided for various areas
anc components of the airplane by the. foltowing
systems:

Airfoil leading sdge, ram air 3coop, and forward
strakes anti-icing and horizonial slabilizer
de-icing system

Engine and engine nose cowl anti-icing sysiem

Windshield and window anti-icing and anti-

fogging system

Pitot tubes, static ports, and stall warning lift
traneducer anti-leing system

Windshisid wipers
Rain rnpellent gystemn.

The anti-icing systsm pravenis an accumulanon of
ice and l,lr]o‘ﬁl'-lnlnn gystem removes accumulated
ice. ‘The g  edge wing alats and forward
strakes | fiml-.leod and the horizontal stabilizer is

#“ram’ air sooop, engine and engine
nose” o nonllnuoudy anti-icsd when their

sysiem switchas are on,
Hot dr’m?le'h ‘phaumatic system is used for anti-
Ininglhiwlnn slats, ram air scoop, forward strakes,
m ine noss cowl. Pneumatic air is also

Iho horizontal stabllizer whan select-
.00 | ant-loing system is provided for
".'I:hl Mndlrillda, piot tubes, static peris and the
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stall warning lit transcucers. Anti-logging of the
windshield and windows (s ziso accomplished

elactrically. _
INSTRUMENTATION AND NAVIGATION

instrumentation and navigation squipment and sys-
tems are provided to permii flight under limited visi-
bllity conditions. The navigation equipment and
sysiems sncompass both ground dependent and
independent systems.

The aquipment and systems provide instrument and
annunclator displays for the flight crew o determine
airplane attitude, airspeed, alitude, vertical speed,
heading, course, geographical location, weather
avoidance, time and guidance during approach and
landing.

LANDING GEAR

The airpians has a fully reiraciable tricycle landing
gear. The nose gear assembly s a dusl-whoel,
stesrabie assembly with an oleo strut mounted. in
the forward, lower ssction of the fuselage. The main
gear assembly consists of two olso siruts with a set
of dual wheeis and brakes attached 0 each strut.
The struts are mounted in the wing root arsa, aft of
the right and |eft rear wing &par. Exch whesl well is
complately enclosed by doors when the landing
gear |s refracied.

PNEUMATICS

The pneumnatic symesm supplies blesd air for air
conditioning, cabin prasgurization, potable waler
pressurization and ice proteciion. Normally, snpine
bisad air is usad 1o supply the system. In addition
o engine blaed alr, &n sxternal ground connecior. |s
installed to permit connection of & ground - pneu-
matic power source for enging starting and air con-
ditioning operation. Also, a ssparate external
ground connector |s instalied to allow connection of
& ground souwrcs to supply preconditionsd alr to the
alrplane during ground operations if required. The
APU, when operating, can aiso supply the pneu-
matic requirements while the airplane is on the
ground.
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Eng./ A.A. Ali
The Air Accident Investigation Central Directorate, Civil Aviation Authority,
Republic Of Sudan

Mr. / Jones Dennis
U.S.Accredited Representative
NTSB

Mr. /Willam C.Steelhammer
Sr.Flight Safety Investigator,
Boeing Long Beach Division

Subject: SU-BOZ AIRCRAFT SERIOUS INCIDENT DRAFT RPORT

Central Directorate of Aircraft Accident Investigation, Ministry of Civil Aviation in
its pursuit for avoidance of future Aircraft type incidents and for the sake of
enhancing airplane type safety level and its concern to reach the probable cause
(s) that led to the serious incident scenario reviewed all the relevant documents
including:
- FDR Data
- Final Aircraft Serious Incident Report, issued by the Air Accident
Investigation Central Directorate, Civil Aviation Authority, Republic Of
Sudan
- Boeing Report

Central Directorate of Aircraft Accident Investigation, Ministry of Civil Aviation
feels that there are several technical issues that are not totally analyzed and
need further analysis.

Attached herewith, a list of the major incident events and the technical issues
that need further analysis. Other files that support MCA study are also attached
including:
- FDR processed data and charts (Two files)
- Technical description of relevant aircraft systems (extracts from MD-
83 manuals)

Looking forward for your cooperation, awaiting yr response in the nearest
possible future.

Best Regards

Captain/ Ibrahim Omran

Chief, Central Directorate of Aircraft Accident Investigation, Ministry of Civil
Aviation ,Cairo,Egypt



SU-BOZ AIRCRAFT SERIOUS INCIDENT:

I- Main events:

e At FN 484 the Radio Altimeter showed -1 ft for the 1st time (A/C is
considered to be on Ground starting the Ground Roll at Frame Number
484Y) (With The WOW showing A/C on Ground, the RA shows a value of
-1 to -2 ft through most of the landing roll), . At FN 526 to FN 530 the RA
showed positive values (0- 2 ft). At FN 532 the RA showed again ground
condition up to the end of the ground roll (-2 ft)

e At FN 488 the, the WOW showed Ground for the 1st time. at 523 the
WOW changed to "A/C in the Air" and remained "A/C in the Air" up to the
end of the ground roll

e At FN 484 engine # 1 T/R showed unlocked condition, remaining unlock
up to the end of the ground roll

e At FN 484 engine # 1 T/R showed deployed condition, at FN 510 engine #
1 T/R showed stewed "not Deployed" condition, remaining stewed "not
Deployed" to the end of the ground roll

e At FN 485 engine # 2 T/R showed unlocked condition, remaining unlock
up to the end of the ground roll.

e At FN 485 engine # 2T/R showed deployed condition At FN 509 engine #
2 T/IR showed stewed "not Deployed" condition, remaining stewed "not
Deployed" to FN 531, then engine # 2 T/R showed deployed condition the
duration between 533 to FN 537. The engine # 2 T/R showed stewed "not
Deployed" condition again at FN 539 and up end of the ground roll.

e At FN 484 the left Brake Pressure started building up reaching a value of
350 psi at FN 487 (rise is almost linear) and then decreased back to
almost zero at FN 488. The left brake pressure started increasing again
from 15 psi at FN 490, to about 694 psi at FN 598. The pressure dropped
again to 347 at FN 347. A sharp increase in press to 1032 psi occurred at
FN 530. Then A sharp decrease in press to 24 psi occurred at FN 532,
with no further press rise to the end of the ground run

e No rise in Right Brake Pressure throughout the whole ground roll

! Frame Number used in this analysis is the Frame Number in the FDR Data -97000



Both left and right spoilers were deployed at FN 483. At FN 487 the Right
Spoilers retracted and remained retracted to the end of the ground roll.

Both left and right spoilers were deployed at FN 483. The left spoilers
showed some slight movement downwards from about 66 degrees to
about 50 degree at FN 488 then moved again to about 63 degrees at FN
507. The right spoilers moved again to about 46 degrees at FN 534 and
then to about 52 degrees at FN 537 remaining at almost 52 degree to the
end of the ground roll.

At FN 488 the Hydraulic Press Low 2 Came on (At FN 530 the Hydraulic
Press Low condition was changed back to normal)

At FN 489 the Hydraulic Press Low 1 Came on. (The Hydraulic Press Low
Showed Low condition up to the end of the ground roll)

EPR and N1 for both engines showed several increases (1st with the
T/R's deployed, then with the T/R's stowed)

Master Warning showed no warning condition and remained unchanged
throughout the whole landing roll.

Selected landing flaps was 38 degrees. The flap setting was changed to
25 degree at FN 537. This setting remained unchanged up to the end of
the landing roll.

Left and Right slats were extended throughout the whole landing roll

At almost FN 528 the heading started increasing from about 309 degree to
about 354 degree at FN 537 (indicating that the A/C made a right yaw of
about 45 degrees)

Roll angle changes were very small up to FN 531 then it changed to -20
degree at FN 543 then to about -18 degree at FN 537, remained
unchanged up to the end of the landing roll.

Pitch angle changes were very small up to FN 530 then it changed to -
29.5 degree at FN 537, remained unchanged up to the end of the landing
roll.

The rudder showed two considerable movements. The 1% max rudder
travel was 28 degree at FN 497 (right). The 2nd max rudder travel was 8
degree at FN 533 (right)

The lateral acceleration is almost consistent with the rudder movement.



Analysis:

The two Hydraulic Low press for the Left and Right systems indicated Low
Press, almost at the same time. (A pressure switch in each main gear
wheel well provides indication of low hydraulic pressure by illumination of
the master caution lights and left or right hydraulic pressure low caution
lights on the annunciator panel in the flight compartment whenever
hydraulic system pressure falls below 900 (x100) psi). The two systems
are completely independent. No single failure will cause failure of both
systems. (Referring to the factual information report, the left hydraulic
system return pipe was found damaged at its connection with the
reservoir)

Factual information has no data about the hydraulic quantity in each
hydraulic reservoir, values of last hydraulic press (including the brake
accumulator's press)

Requesting further analysis

The Master warning logic did not change with the hydraulic Press Low
condition which is not consistent with the operation logic of the Master
Warning.

Requesting further analysis

The left brake system was responding (brake press reached a max value
of 694 psi at FN 498 although the left system was showing Low Press
(pressure below 900 psi (+100) psi). The source of this press might be the
left hydraulic system or the left brake accumulator.

Requesting further analysis

The pressure increased again to a value of 1032 psi at FN 530 and then
suddenly dropped to 24 psi at FN 532. This is not consistent with the case
of left Hydraulic Low Press (if this case is true). Press source might be
from the brake accumulator.

Requesting further analysis

The right hydraulic brake system was not responding. This is consistent
with the case of right hydraulic system Low Press only if the right brake
accumulator is depleted. No available data in the factual information report
regarding the right accumulator.

Requesting further analysis

The right brake hydraulic system was almost lost at FN 532 (press was
about 39 psi). However, the engines powers were increased two times
before this time frame (FN 532). At FN 532, the engines powers were
reduced. The timing of engines power increase is not consistent with the
timing for brake press loss. Also, the timing for brake press loss is not
consistent with the hydraulic loss timing.

Requesting further analysis



Both T/R were unlocked and deployed up to FN 508, 509. This is not
consistent with cases of Hydraulic Low Press. (The T/R accumulators
press are not shown in the Factual Information Report)

Requesting further analysis

At FN 519, 620, both engines EPR increased, the T/R were not at
deployed condition, both T/R's were unlocked. The IAS had slightly
increased. This is consistent with a FWD Thrust condition. According to
the T/R design, the interlock mechanism prevents power from being
applied until the thrust reverser doors are fully deployed. This means that
the interlock mechanism did not function correctly.

Requesting further analysis

Both engine EPR increased again from about 1.14, 1.17 at FN 523 to
about 2.1, 2.1 up to FN 531. Both T/R remained not at deployed condition
up to FN 531; both T/R's were unlocked. This means that there were fwd
thrust from both engines through this period of time. The IAS showed
considerable rise which is consistent with the case of fwd thrust. This
means that the interlock mechanism did not function correctly
Requesting further analysis

The right engine T/R was deployed at FN 533 and remained deployed up
to FN 537, while the left engine T/R remained stewed "not Deployed" but
unlocked throughout the whole remaining ground run. Both EPR values
were dropping at this time. This suggests that the left engine was still
developing fwd thrust and the right engine was developing reverse thrust.
The left EPR was much higher than the right engine EPR. The heading
change and increase of IAS are consistent with that condition. This also
suggests that the right hydraulic system was still pressurized to deploy the
right engine T/R. This is not consistent with the right brake system loss
during this time.

Requesting further analysis

At 539 the right engine T/R showed stewed "not Deployed" and locked
condition. The left engine remained stowed and unlocked. The engines
EPR's were totally reduced after FN 539. This again suggests that the

right hydraulic system was still pressurized

The engines N1 changes were almost consistent with the EPR changes.

Both left and right spoilers were deployed at FN 483. At FN 487 the Right
Spoilers retracted and remained retracted to the end of the ground roll.
Asymmetric movement of the ground spoilers is not consistent with the
system normal operation. (The hydraulic pressure to the ground spoiler
tandem actuator is supplied from the ground spoiler control valves which



are powered by both the left and right hydraulic systems. Actuators will
extend and retract the ground spoiler panels with only one valve and/or
one hydraulic systems functioning).

Requesting further analysis

Factual information report showed that the Autobrake was selected to
minimum and armed.
Logic for Brake-On Initiation
(1) ABS Armed (as above)
(2) Throttles retarded below +20 degrees
(3) Brake pedals released
(4) Ground spoiler handle deployed (greater than approximately 5
degrees out of stowed position) - either by wheel spinup (deploying
spoilers automatically) or by manual deployment.

According to the system logic, brake-On Initiation is not related to
spoilers panels but the spoiler handle
Requesting further analysis

The rudder showed two considerable movements. The 1% max rudder
travel was 28 degree at FN 497 (right). (According to Boeing data, this
deflection exceeds the max rudder deflection).The 2nd max rudder travel
was 8 degree at FN 533 (right). The rudder deflection looks consistent
with the lateral acceleration. The rudder movement is not consistent with
the Right Hydraulic System failure.

Requesting further analysis

To compute the landing roll distance, TAS must be derived first (using IAS
and Density Ratio). Density ratio can be derived using press ratio and
temp ratio. TAS should be converted to ground speed applying wind
correction. Landing roll distance should be derived by integrating the
Ground Speed w.r.t. time using one of the numerical integration methods.
(results using this procedure disagree with the results from the accident
report)

Requesting further analysis to check the landing touch point















