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FOREWORD 

1. The purpose of the Aircraft Accident Digest is to disseminate accident report information to Contracting States. Publication 
01 the Digesl began in 1951. Over the years SMes have ~eiterated Wir mterest in h e  Digest not only as a valuable souroe of in~ormation 
for accident prevention, but also as a training aid for investigators and educational material For technical xhools. 

Selecffon of accidents 

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

a) their contribution to accident prevention; or 

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

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

The ~ iges t  should not be seen as being statistically representative d the world distribution of accidents. 

Editorial practices 

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

4. Stales are encouraged to send to lCAO those Final Reports which meet the criteria of 6.12 in Annex 13. The reports must 
be submitted in one ol the working languages of ICAO, and in the format present4 in the Appendix to Annex 13. 

Digest publication 

5. The Digest is produced once each year and includes accidents and incidents which occurred during a owyear period. 



1. : Le recueil d'accidents d'aviation a pour but de cornmuniquer A tous ks etats oohtractants certains renSeignements sur les 
rapports bawidents. La publication du recueil a comrnenc4 en 1951. Au cours d e s  annbs, les hats  ant manifest6 b plusieurs reprises leur 
i n f W  pour le recueil, parce qu'il constidue non seulernent une source prhieuse dinformation pour la prbvention des accidents, mais ausSi 
une aide de formation pour les lenqueteurs et un manuel Bdu~atif pour les holes tahniques. 

Selection des accidenfs 

2, Le recueil contient des rapports dacciderds choisis par le Secrbariat pami mux comrnuniqu6s par jes ttals. Ce hoix repose 
sur les crithres suivants: 

a) inter& du rapport pour la prevention des accidents; 

b) utilisation fructueuse de techniques denquete utiles ou efficaces; 

c) conformit4 aux sp4ciiications de I'hnexe 13, y m p r &  celles concernant la presentation du rapport final. 

~e pr4sent recueil ne sautait 4tre consigr4 comme reprhsentatii, CIU point cte we statistique, de la &parlaion des accidents. 
dans te mode. 

3. Les rapports finals sont gbneralement publies tels qu'ik sont repus. Par consgquent, ih peuvent prdsenter certaines differences 
par rapport aux normes OACl de rbdaction. Certains rapports partjculi&rement longs son! abr4g4s par I'omissim de renseignements 
redondants, d'appendices, de pieces jointes ou de schdmas. De l6geres modifications sonl parfois apportdes h la prdsentation; ainsi quih 
la teninologie, afin d'assuret la conformit6 avec les dispositions de YAnnexe 13. 

CoopBrat;on des 6tah 

4, Les hats sont'invitbs A envoyer a I'OACI des rapports finals conformes aux citbres de 6.12 de I'Annexe 13. Les rappotts 
d h n t  &re &dig& dans I'une des langues de travail de I'OACI et prbsentes comme il est indiqud dans FAppendh h I'hnnexe 13. 

Publication des recueih d'a6cidents 

5. Le recueit est publie une tois par an et cumprend des comptes rendus d'accidents et dincideds survenus au cours d'une 
am&. 
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Cderac iones  de cardeter general 

1. El &jet0 de la Recopilacidn de accidentes de aviacidn es transmitir informacidn sobre accidentes a los Estados miratantes. 
La publmci6n de esta serie se inicib en 1951. Con el transcurso de los aos, 10s Eshdos han reitemdo su inter& por la RecopifaciBn, 
puesto que 6sta constituye no s61o una valiosa fuente de datos para la prevencih de accidentes, sino tambihn urn ayuda para la f~rmaci6n 
de investigadores, y siwe asimismo de material didAclico para las escuelas tknicas. 

2. La Rwpilacih contiene informes y accidsntes elegidos por la Secretaria de entre 10s que envian 10s Estados. La sekcibn 
se basa en 10s criterios siguientes: 

a) su aportaci6n a la premibn de accidentes; D 

b) el empleo con bxito de tecnicas de ihvestgacibn consideradas litiles o eftaces; y 

cJ el cumplimiento del Anexo 13 y tambih la foma de presentach del Informe final. 

Desde el punto de vista estadistim, la Recopilacicin no deb considerarse representativa de la distribucidn mundial de los 
accidentes. 

Fuma habitual de presentacidn 

3, Usualmente 10s informes finales se publican tat c o r n  se reciben. Por eso es posible que existan algunas discrepancias en 
relacidn con la forma habitual de presentacidn de la OACI. A veces, ks informes extensos se abrevian eliminando infomacih okiosa, 
apbndices, adjuntos o diagramas. Se pueden intmducir pequeAos cambiis an la presentation y la teminologia con rniras a dar cumplirniento 
al Anexo 13. 

4. Se alienta a los Estados a que transmitan a la OACl Sniwnente k inforrnes finales que satisfagan tos criterios seiialados 
en el pilrrafo 6.12 del Anexo 13, Los informes deben venir redactados en uno de 10s idiomas de tmbajo de la OACl y de! modo indicado 
en el Ap6ndice at Anexo 13. 

5. Las rwpilaciones de accidentes se publican anualmente y contienen accidentes e incaentes ocurridm en el transcurso dJ 
~o a que se refmen. 
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No. 1 

h i n g  737-400, G-IJIBME, wfdenf near m, 
Leimtershire, UMed Kingdom on 8 Januargr f 989. 

Ammft Acejdent Repott 4f90 released by the Air Aaidarts 
Indgatfon Branch, Department of Transpwt, United Kingdom 

G-OBME lefiXHeathrow 'Airport for Belfast at 1952 hrs with 8 crew and 118 passengers 
(including 1 infant) on board. As the aircraft was climbing through 28,300 feet the outer panel 
of one blade in the fan of the No I '(left) engine detached. This gave rise to a siries of 
compressor stalls in the No 1 engine, which resulted in airframe shuddering, ingress of smoke 

-and fumes to the flight deck and fluctuations of the No 1 engine parameters. Bdieving that Ithe ' 

NO 2 engine had suffered damage, the crew throttled that engine back and subsequently shut i t  
down. The shuddering caused by the surging of the No 1 engine ceased as s m ' a s  the No 2 
engine was throttled back, which persuaded the crew that they had dealt cwrectly with the 
emergency. They then shut down the No 2 engine. The No 1 engine operated apparently 
normal Iy aftn the initial ptxiai of severe vibration and d d n g  the sll bsequent descent- 

The crew initiated a diversion to East ~ idjands  Airport and received radar direction from air 
traffic conml to position the aircraft for an instrument approach to land on hnway 27. The 
approach continued normally, although with a high IcveI of vibration from the No 1 engine, until 
an abrupt reduction of power, followcd by a firc warning, occurred on this engine at a point 2.4 
nm from the runway. Efforts to restart the No 2 engine were not successful. 

The aircraft initially smck a field adjacent to the eastm embankment of the MI motorway and 
then suffered a second severe impact on the sloping western embanhnt  of the motorway. 

39 passengers died in the accident and a further 8 passengers died 1aer from their injuries. Of 
the other79 mcupants, 74 suffered serious injury. 

f ie  cause of accident was hat the operating mew shut down the No 2 engine aftex a fan blade 
had fractured in the No 1 engine. This engine subsequently suffered a major rhrust loss due to 
secondary fan damage a fm power had increased during the final approach m land 

The following factors &nwibuted to the hc-t respnse of the flight mew: 

1 . The combidon of heavy engine vibration, noise, shuddering and an associated smell'of 
fire were outside th& training and exprience. 
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2. They reacted to the initial engine problem prematurely and in a way that was contrary to 
their lraining. 

3. They did nof assimilate the indications on the engine instrument display before they 
throttled back the No 2 engine. 

4. As the No 2 tnj&e was throttled back, the noise and shuddering associated with the 
surging of she No 1 engine ceased, persuading them that they had correctly identified the 
defective engine. 

5 .  They were not informed of the flames which had tmariated from thc No 1 engine and 
which had been observed by many on board, including 3 cabin attendants in the aft cabin. 

31 Safety Recommendations were made during the course of this investigation. 
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FACTUAL INFORMATION 

1.1 History of the flight 

The aircnft was engaged on a double shutdc between Landon Hcath~w Airpa 
and Belfast Aldergrove Airport. It landed at Heathrow at 1845hrs on c~mpIetion 
of the first shuttle Right and took off again for Belfast at 1952 hTs, with the first 
officer handing the aircraft. After take-off the aimaft climbtd hitially to 6,000 
feet where it levelled-off above a layer of stratocumulus cloud for 2 minutes, 
befort receiving clearance to climb to flight level (FL) 120, Soon afterwards, at 

1958 hrs, clearance was passed to climb to FL 350 on a direct track to the very 
high frequency orrmi-rygt beacon (VOR) at Trent. 

At 2OOS.05 hrs. as the aircraft was climbing through FL283 some 20 n m  south- 
south-east of East Midlands Airport, the csew experienced moderate to severe 
vibration and a smell of fire. The area microphone for the cockpit voice  order 
(CVR) picked up a sound of vibration or 'rattling' at this time and the flight data 
recorder (FDR) showed significant fluctuations in lateral and longitudinal 
accelerations. There was no fire warning or any other visual or aural warning an 
the flight deck. The commander stated afterwards that he saw and smelt air 
conditioning smoke. The fmt officer later remembered only a strong smell of 
burning. Replay of the FDR showed that severe vibration had ~ ~ c u m d  in the No 
1 (left) engine at this time, accumpanied by marked fluctuations in fan sped 
(Nl), a rise in exhaust gas temperature (EGT) and law, fluctuating, fuel flow. 

The commander took control of the aircmft and disengaged the autopilot. Rc later 
stated that he looked at the engine insmments but did not gain from them any 
clear indication of the source of the problem. He aIso later stated that he thought 
that the smoke and fumes were coming forward from the passenger cabin, which, 
from his appreciation of the aircraft air conditioning system, led him to suspect 
the No 2 (right) engine. The first off~cer also said that he monitored the engine 
insmrnents and, when asked by the commander which engine was causing the 
trouble, he said "IT'S THE LE ,.. ITS THE RIGHT ONE.', to which the 
commander responded by saying 'OKAY, THROTTLE IT BACK'. The 
autothrottle was then disengaged and the No 2 engine was throttled back. The 
first officer later had no recollection of what it was he saw on the engine 
instmmtnts that led him to make his assessment. The commander's instruction to 
throttle back was given some 19 seconds after the onset of the vibration when, 
according to the FDR, the No 2 tnginc was operating with steady engine 
indications. During the I 1 seconds that elapsed between the disengagement of the 
autopilot and the throttling back of the No 2 engine, the aircraft rolled slowly to 
the left through 16 degrees but the commander made no corrective movement of 
aileron or rudder. 
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Within 1 to 2 seconds of the closure of the No 2 throttle the aircraft rolled level 
again, the fluctuations in lateral and longitudinal accelerations ceased, the NO 1 
engine fan speed settled at a level 3% below its previous stable speed, and the 
EGT stabilised at 50°C above its previous level. These engine parameters 
remained fairly stable for a further minute until the comrnandeFreduced power on 
that engine for the descent. However, the indicated vibration remained at 
maximum and the indicated fuel flow behaved erratically. The commander later 
stated that the action of closing the No 2 engine throttle reduced the smell and the 
visual signs of smoke and that he remembered no continuation of the vibration 
after the No 2 throttle was closed. 

Immediately after throttling back the No 2 engine, the first officer advised London 
Air Traffic Control (LATCC) that they had an emergency situation which looked 
like an engine fire. The commander then ordered the first officer: 'SHUT IT 
DOWN'. This order was given 43 seconds after the onset of the vibration but its 
execution was delayed when the commander said 'SEEMS TO BE RUNNING 
ALRIGHT NOW. LETS JUST SEE IF IT COMES IN'. The shutdown was 
further delayed as the first officer responded to radio messages from LATCC 
which advised the crew of the aircraft's position and asked which alternate airfield 
they wished to go to. The first officer said that it looked as if they would take it 
to Castle Donington (East Midlands Airport) but LATCC were to stand by. At 
about this time a flight attendant used the cabin address system to advist'the 
passengers to fasten their seat belts. The first officer then told the commander 
that he was about to start the 'Engine Failure and Shutdown' checklist, saying at 
the same time 'SEEMS WE HAVE STABILISED. WE'VE STILL GOT THE 
SMOKE'. Again, action on the checklist was suspended as the commander called 
British Midland Airways @MA) Operations at East Midlands Airport to advise 
his company of the situation. 2 minutes 7 seconds after the start of the vibration 
and during a short pause in radio communications with BMA Operations, the fuel 
cock (start lever) of the No 2 engine was closed and the auxiliary power unit 
(APU) was started. Shortly afterwards BMA Operations transmitted to the 
aircraft: 'DIVERT TO EAST MIDLANDS PLEASE'. 

The commander later recollected that, as soon as the No 2 engine had been shut 
down, all evidence of smell and smoke cleared from the flight deck, and this 
fmdly convinced him that the action he had taken was correct. Shortly afterwards 
power was further reduced on the No 1 engine, which continued to operate at 
reduced power with no symptoms of unserviceability other than a higher than 
normal level of indicated vibration and increased fuel flow. This high level of 
vibration continued for a further 3 minutes and then fell progressively until it 
reached a level of 2 units on the cockpit indicator, still a little higher than normal. 
After the accident, the commander stated that during the remainder of the flight the 
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indications that he had from the engine instruments, or any other source, were 
such as to indicate that the emergency had been successfully concluded and that 
the No 1 engine was operating normally. 

In the cabin, the passengers and the cabin attendants heard an unusual noise 
accompanied by moderate to severe vibration. Some passengtrs were also aware 
of what they described as smoke, but none could describe its colour or density. 
They described the smell of burning as 'rubber', 'oil' and 'hot metal'. Many saw 
signs of fire from the left engine, which they described variously as 'fire', 
'torching' or 'sparks'. Several of the cabin attendants described the noise as a 
low, repetitive thudding, 'like a car backfiring', and one described how the 
shuddering shook the walls of the forward galley. The three flight attendants in 
the rear of the cabin saw evidence of fue from the No 1 engine, and two of them 
briefly saw light coloured smoke in the cabin. Soon after the No 2 engine was 
shut down the commander called the flight service manager (FSM) to the flight 
deck and asked him 'DID YOU GET SMOKE IN THE CABIN BACK 
THERE?', to which the FSM replied 'WE DlD, YES'. The commander then 
instructed the FSM to clear up the cabin and pack everything away. About one 
minute later the FSM returned to the flight deck and said 'SORRY TO TROUBLE 
YOU..  THE PASSENGERS ARE VERY VERY PANICKY'. The commander 
then broadcast to the passengers on the cabin address system that there was 
trouble with the right engine which had produced some smoke in the cabin, that 
the engine was now shut down and that they could expect to land araEast 
Midlands Airport in about 10 minutes. The flight attendants who saw signs of 
fire on the left engine later stated that they had not heard the commander's 
reference to the right engine. However, many of the passengers who saw fire 
from the No 1 engine heard and were puzzled by the commander's reference to 
the right engine, but'none brought the discrepancy to the attention of the cabin 
crew, even though several were aware of continuing vibration. The smell of 
smoke, however, had dissipated by the time the commander made this 
announcement. 

The No 2 engine was shut down approximately 5 nm south of East Midlands 
Airport. Having cleared the aircraft to turn right and descend to FL 100, London 
ATC passed control to Manchester ATC, who passed headings to steer for the 
aircraft to descend to the north of East Midlands Airport (EMA) and to fly to the 
centreline of the localizer of the instrument landing system (ILS) for runway 27. 
During the descent the commander did not re-engage the autopilot but flew the 
aircraft manually, whilst the first officer dealt with radio communications. Flight 
deck workload remained high as the first officer obtained details of the actual 
weather at East Midlands and attempted without success to programme the flight 
management system to display the landing pattern at East Midlands. This last 
activity engaged the first officer's attention for 2 minutes. At 2012.28 hrs the 
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commander attempted to review their situation, saying 'NOW WHAT 
INDICATIONS DXD WE AC~UALLY GET (IT) JUST RAPID VIBRATIONS 
IN THE AEROPLANE - SMOKE ...I. His discussion with the first officer was 
then intempted by ATC messages passing a new radar heading, further descent 
clearance to FL40 and instructions for the aircraft to change radio frequency to 
East Midlands (Castledon) approach control. As soon as conta'ct was established 
on the new frequency the first officer began to read the one-engine inoperative 
descent and approach checklist. Radio calls again interrupted this activity when 
the Castledon approach controller asked the commander to make a test call to the 
aerodrome fire service, which he did, but received no response. The approach 
checklist was finally completed at 2017.33 hrs, when the aircraft was 15 nm from 
touchdown, descending through 6,500 feet above mean sea level (amsl). One 
minute later the commander accepted a new radar vector of 220' to take the aircraft 
south of the extended runway centreline in order to increase his distance from 
touchdown, and shortly afterwards called for the wing flaps to be selected to lo. 
Throughout the descent there were distractions from a small number of other 
aircraft making radio calls on the same frequency as that being used by G-OBME. 

When the aircraft was 13 nm from touchdown on this new heading, and 
descending to 3,000 feet amsl, ATC advised a right turn to bring the aircraft back 
to the centreline. At 2020.03 hrs, during this turn, power was increased on the 
No -1 engine to level the aircraft momentarily at 3,000 feet and maximum indicated 
vibration was again recorded on the FDR. The aircraft was then cleared to 
descend to 2000 feet and the commander began a slow descent, calling 
successively for 2' and then So of flap. After joining the centreline, at 2000 feet 
above ground level (agl), the commander called for the landing gear to be lowered 
and, as he passed the outer marker at 4.3 nm from touchdown, called for 15' of 
flap. One minute later, at 2023.49 hrs, when the aircraft was 2.4 nm from 
touchdown at a height of 900 feet agl, there was an abrupt decrease in power 
from the No 1 engine. The commander called immediately for the first officer to 
relight (ie restart) the other engine and the first officer attempted to comply. The 
commander then raised the nose of the aircraft in an effort to reach the runway. 
17 seconds after the power loss the fire warning system operated on the No 1 
engine and 7 seconds later the ground proximity warning system (GPWS) 
glideslope warning sounded and continued with increasing repetitive frequency as 
the aircraft descended below the glidepath. The commander ordered the first 
officer not to carry out the fire drill. At 2024.33 hrs the commander broadcast a 
crash warning on the cabin address system using the words 'PREPARE FOR 
CRASH LANDING' (repeated). 2 seconds later, as the airspeed fell below 125 
kts, the stall warning stick shaker1 operated, and continued to operate until the 

Stick shaker. An artificial stall warning device that causes both control columns to vibrate when the 
airspeed falls within not less than 7% of the actual stall speed. 
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ahaf t  struck. the ground at 2024.43 hrs. The last airspeed recorded on he FDR 
was 11 5 kts. No power became available £torn the No 2 engine before the aircraft 
smck the ground. 

The initial ground impact was in a nose-high attitude on level ground just to the 
east of the Ml motorway. Thc aircraft then passad thmugh trees and suffered its 
second and major impact 70 metres to the west and 10 mas lower, on the 
western (ie northbound) carriageway of the M 1 motorway and the Iowcr part of 
the western embankment. The fuselage was extensively disrupted, and the 
olirnaft came to rest entirely on the w d e d  western embankment approximately 
900 mews from the threshold of runway 27 and displaced 50 metres to the north 
of the extended runway centreline, 

Several of the passengers described heavy vibration immediately prim to the 
impact and one passenger, in the rear of the aircraft, described the vibration as 
being severe enough to open the overhead lockers and cause them to spill 
contents. Passengers in the rear of the aimaft dtscrikd two distinct impacts; 
those in the front appeared onIy to have been aware of the final impact. 

Ground witnesses who saw the final approach saw clear evidence of fire 
asscciated with the left engine. The intake area of the engine was filled with 
yellowlorange fire, and flames were observed streaming aft born the nacelle, 
pulsating in unison with 'thumping noises'. Metallic 'rattling' was also heard, 
and flaming debris was seen falling from the M t .  

After the aimaft crashed, a BMA engineer entered the flight deck and switched 
off the main battery switch and the standby power switch. He later sfturned to 
the flight deck and switched off the engine ignition (engine smst switches) and the 
fuel booster pumps. The engine start levers (fuel valves) were found in the cutoff 
position. No witness was found who could testify to having moved them. 

Injuries to Persons 

Crew Passengers Others 

Fatai nil 47 Nil 

Serious 7 66 + 1 infant Nil 

5 fnrnen suffered minor injuries during the rescue operation. 
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1.3 Damage to aircraft 

G-OBME suffered severe impact damage and the fuselage bmkc into 3 main 
sections (Fig I). Thc nose section travelled the m t e s t  distance up she western 
embankment of the MI, the ctnm-section remained upright with the wings 
attached and the tail-secrion buckled over, and ro the righr%f, that section of 
fuselage just aft: of the wing. 

Both engines were found at their wing stations, although they had suffered 
ground impact damage. Most of the mponmts which had stpafated were found 
around the impact site. Several small pieces of the No 1 engine were K C O V ~ ~ ~  

from a site about 3 kilorne~es to the east, under the final flight path. 

Qt her damage 

During the crash sequence the rear fuselage underside and main landing gear of 
the aimaft scraped the surface off a small arca of a grass field next to the eastern 
embanbent of the motonray. The aircraft then demolished a 10 metre section of 
wooden fencing at the crest of thc eastem em-ent, before cutting a 40 mew 
swathe through the tops of trees growing on Ihe embankment. 

As the aircraft descended across the carriageways it destroyed one meal I m p  
standard and a detached landing gear leg struck and deformed the cenml 
reservation barrier. The aircraft then slid up the western emb&ent, desaoying 
ixes over an area approximately 40 mems quare, 

Personnel in forma tion 

Cornmande~: Male, aged 43 ytars 

Licence: Airline Transport Pilot's Licence rust issued 
9 August 1977, valid until 8 August 1997 

AircrrgCi ratings: ~us t& ,  DakoW47, BAC 1- 1 1, Viscount, 
DC-9, F 27, Boeing 733 Series 200, 300 and 
400 

Medical cempcate: Class One issued 24 August 1988 with no 
hnitations, valid until 3 1 March 1389 

Jmrumertt rating: 'Valid una 15 November 1989 

Lasr bare check: f 6 October 1988 

Lasr r o w  check: 12 November 1988 

kt emergencies check: 26 April 1988 
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Flying qerience: Total all types: 3 3,176 hours 
Tutal on B737: , 763 hours 
Total last 90 days: 1 E 2 hours 
Totd last 28 days: 12 hours 

Dtcty time: On leave from 17 December 1988. On duty 
1430 hrs 8 January 1989 

The commander underwent initial flying training at The ]London Schml of Flying 
in 1964/65 before joining BMA in 1966. He was employed as a Pmt oofcer until 
he passed a command course in 1974, and then as a captain successively on 
Viscount, F27 and DC9 aircraft until 1987. Hc completed a conversion course to 
the Boeing 737 Series 300 on 13 December 1987 and a further short course on 
the Series 400 aircraft on 17 October 1988. He had flown 23 hours on the Series 
400 aircraft. 

1.5.2 First Oficer Male, agsd 39 y e a  

Licence: Airline Transport Pilot's Licence first issued 12 
August 1986 and valid until 11 August 1996 

Aircr4 rasing$: PA 28, Cessna 402B, 402C and 404, Shorts SD 
330 Series100 and 200, Shons SD 360 Series 
100 and 2Q0, Bming 737 Series 200,300 and 
40Q 

Medical cem9cate: Class One .issued 25 August 1988 with no 
limitations, valid until 31 M m h  1989 

inmumens rating: Valid until 13 August 1989 

L a r  bare check: 22 December 1988 

Lost roure check: 5 Novemkr 1988 

Last emergencies check: 20 July 1988 

Flying everience: Total all types: 3,29Q hours 
Total on B737: 192 hours 
Total last 90 days: 104 hours 
Total last 28 days: 37 hours 

On duty 1200 hours 8 January 1989 (positioning 
to London / Hcathrow from Belfast.) 

The first officer underwent flying training at Simulated Flight Training at Hum 
Airport in 1983. He was then employed by several independent public air 
transport companies before joining BMA in 1988, where he was initially 
employed as a first officer on the Shorts SD 360. He received conversion 

' training on the Boeing 737-300 from his company during June and July 1988. 
He was checked as competent to act as a first officer on the B737 Series 300 on 
28 July 1988 and on the B737 Series 400 on 17 October 1988. He had flown 53 
hours on the Series 400 aircraft. 
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* I153 Cabin artendants ([isred in order of joining BMA) 

1.6 Aircraft in forma tion 

Type: . Boeing 737 Series 400 

Con~tructor's number: 23867 

Dare of Manrg'ocwe: I988 

Cernpcaie of Registrarion: Registered in the name of British Midland 
Airways Ltd. 

Cerfflcate ofAi~w0rthiness: Issued on 3 November 1988 in the Transporr 
Category (Passenger) and valid untiI 2 November 
1989. 

Engines (2): CFM 56-3C high by-pass turbofan engines 
No 1 Serial No:- 725-127 
NO 2 Serial No:- 725- 130 

Maximum weig hr au rhorised 
for take-off: 64,636 kg (142,4961b) 

A crud take-ofl weighs: 49,940 kg (1 10,098 lb) 

M a x i m  weight cwfhorised . 
for landing: 54,884 kg (120,997 Zb) 

Esn'mated weight ot the 
time of the accident: 48,900 kg (107,805 lb) 
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Estimared fuel remaining at 
the time of the accident: 4,210 kg (9,281 lb) 

Centre of gravity {CG) limits 
ar occidellt weigh: 8-27-6741 mean aerodynamic chord (MAC) 

CG at tim of acci&nt: 15.78 MAC 

Description of engines 

Engine imrrumenr system (EISJ. 

Airborne vibration monitoring (AVM) system 

The AVM system continuously displays engine vibration levels via Ihc indicators 
on the secondary EIS. This information is also output to the F D A U  far 
transmission to the digital flight data recorder and stored as 'peak per flight' 
vdues in the non-volatile memory of the AVM mdule in the electronics bay. 

* 
1.65 Engine fire and overhem derecn'on system 

* 
1.6.6 Air conditioning system 

* 
1.6.7 Cabin floor structure 

* 
1.6.9 Overhead srowage bins 

1.7 Meteorological information 

1.7.1 General situation 

The route from London to East Midlands lay wirhin a moist west-south-westerly 
airstream, with a marked temperature inversion around 3,000 feet. The O°C 
isotherm was at 10,000 fr. There was scattered stratus and stratocumulus cloud 

1_ 

*ICAO Note.- Sections 1.6.2 to 1 .&I0 were not reproduced. 
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between 1,000 feet and 3,500 feet over the southern part of the route and a small 
probability of scattered saatocumuIus up to 6,500 feet to the mrth,, with thin , 

patches of altocumuluslaltasfran~s between 14,000 and 17,000 feet. 

1.7.2 Acnrol weather conditiom 

The weather at Henthrow at 1950 hrs was reported as: wind velocity 230% kts; 
visibility 6,00Q metres; cloud 8 oktas stratus, base 500 fcet; temperature +go C; 
dew point +9" C; occasional light rain. 

The acmal weather at 'East Midlands K i n ,  reposted to thc pilet by ATC at 20 1 1 
hrs was: wind veIocity 250°/10 kts; visibility 30 km; cloud 7 oktas, base 1,700 
feet; temperame +Y C; QNH 1018. 

Aids to navigation 

A non-directional locator beacon W B ) ,  mnsmitting on 353.5 MHz and coded 
EME, was situated at the outer marker for runway 27 at East Midlands Airport, 
4.3 nm from touchdown. The height of the 3' gIideslope at the beacon was 1-7 10 
fcet amsl. Localizer and glidepath guidance for aimaft landing on runway 27 
was provided by an instrument landing system @S); the localizer frequency was 
109.9 MHz and the coding was I-Em. The NDB and the ILS were checked 
after the accident and found to be operating normally. 

After the commander declared an emergency, the aircraft was given radar 
guidance from Manchester ATC and later East Midlands approach conttol for it to 
intercept the localizer for runway 27 at 6 nm from touchdown. 

1.9 , Communications 

All communications were on very high frequency (VHF) radio and were 
satisfactory. Tape recordings were available of all frequencies used during the 
flight. 

1.10 Aerodrome information 

East Midlands Airport was a licensed public transpm aerodrome consmcted and 
equipped to international standards and operated by East Midlands lntemational 
Airport plc. Runway 27 had a landing direction of 273' M, a threshold elevation 
of 280 feet amsl and a landing distance available of 2,280 metres.. It had high 
'intensity approach lights, with 5 crossbars, extending f o ~  900 m e t d  from the 
landing threshold; and low intensity centreline lighting, with one crossbar, 
extending for 420 metres. High intensity green lights with wing bars illuminated 
the threshold. Recision approach path indicators were installed for a 3' 
glideslope. All tfitse lights were illuminated at the sime of the accident. 



The approach I* runway 27 was over level terrain and passed over the M1 
motorway, 1500 metres from touchdown. The southeni edge of the village of 
Kegwonh lay beneath the approach path to the east of the motornay, 

Flight recorders 

Flight D m  Recorder (FDR) 

The aircraft was fitted with a Sundsmd Universal Flight Data Recorder W R )  
with a recording duration of 25 hours on magnetic (kaptan) tape, and a Tcltdyne 
flight: data acquisition unit (FDAU). A total of 63 paxarnetks and 90 discrete 
events were recorded. In addition, the FDAU was quippcd with a computer type 
3 H inch 'floppy' disc which recorded 'snapshots' of routine information and dam 
associated with specific exceedmces. The FIDR was located in the rear passenger 
cabin above the cabin roof, in line with the rear passenger cxits. 

The UEDR takes fI ighr data into one of two internal memory stores, each holding 
about one secofld of data. When one memory store is full, the data flow is 
switched to the other store. While the data is being fed to this other store, the tape ' 

is rewound and the previous second of data is checked. A gap is left on the tape 
and the data in the first storc is then written to the tape, and the first memwy stme 
cmptiad. This whole 'checksm ke' operation takes much less than one second to 
complete so that once the other storc is full, data is switched back to the first 
store, and the other store is written to tape using the *checkstroke' operation again 
to check its data. Thc procedure is then repeated. 

n u s  the UFpR tape is not running conrinuously. The tape first accelerates from 
stationary to 6' inches per second to read the previous data block, leaves an inter- 
record gap and then writes the new data black. The tape then slows and rewinds 
ready to begin the next 'checksttoke' operation. A total of 0.48 inches of tape is 
used to record one block of data and inter-record gap. 

Data is formatted by the lXhW into one second subfrzlmes, cach subframe kgins 
with a synchronisation code, and is followed by the other parameters in a 64 
word set format. The start of a block of data stored in the internal memory may 
not coincide with the start of a subframe, so when a blwk is recorded onto tape it 
is preceded by 'pre-ambledata bits and followed by 'post-amble' data bits. 
These bits of data are recognigd during replay and removed, producing a 
continuous datrrstream. The start af a frame is idcntEed from the synchnisation 
code. 

When power is lost from the recorder, the data held in the volatile memory which 
has not been recarded on the tape is last. As can be seen from the way in which 
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data is temporarily stored on this UEDR and then recorded, this can mean that up 
to f .2 seconds of data may be lost just before impact. Andysis of the raw signal . 

on the UFDR tape from ME showed that the recorder had completed writing the 
contents of one memory store to tape, and this stopped at word 30 subframe 2. I t  
was not possible, in this case, to know exactly how much data had been lost, and 
obviously as this was the last information prior to impact, such data could have 
been important to the investigation. 

Where the parameters recorded were those presented to the crew on the EIS - 
system, with the exception of vibration and engine oil temperature, the UFDR 
derivd its information from the EIS. Each parameter from the EIS was treated in 
a similar way. Analogue signals from fie sensors were supplied to the l3S where 
they underwent some signal conditioning and were digitised. The average of 8 
samples was taken and passed through a software filter which provided a simple 
exponential lag. The filter output was subjected to a hysteresis level in order to 
improve the display stability. This hystcrcsis output was converted back to an 
analogue signal and fed to the FDAU then to the UFDR. The hysteresis output 
was also taken through further minor processing before king used to drive the 
counter display, It was convened to binary coded decimal (BCD) and stored in 
random access memory (RAM) in the required format for the counter display. 
The RAM contents were transferred to the display b a r d  under intermpt control. 

The pointer display was also derived from signals taken from the filter output 
which were subject to a different hysteresis level before being scaled for the 
pointer, stored in RAM, and fed to the display under interrupt control. A 
simplified block diagram of the signal path is shown in Appendix 4, fig 1. 

The vibration signals so the UFDR came directly from the AVM. All four 
vibration levels (LP compressor, LP turbine, HP compressor and HP turbine) 
were taken from the AVM and fed to the EDAU. They were hen recorded at a 
sampling rate of once wery 64 seconds. The route to the secondary EIS vibration 
displays was different in that the AVM sampled only the two compressor levels 
foreach engine, it then detected the higher of these two levels and output only hat 
signal to the EIS. 

1.11.2 FDR &ta airolysb 

Appendix 4, fig 3 shows a plot.of the engine parameters from 20.04 hrs as the 
aircraft was passing 26,000 ft at 300 kts calibrated airspeed (CAS) on the climb, 
until the final impact. The initial problem with the No 1 engine occurred at 

28,300 ft, 295 kts CAS. The No 2 engine was throttled back as the aircraft began 
a descent from 30,000 ft and was then shut down at 20.07 hrs, 2 minutes and 7 
seconds after the start of the first fluctuations of N 1 on the No 1 engine. Power 
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was reduced on the No 1 engine, and during the descenr this enginc was at flight 
idle for a period of 10 minutes. The power on the Nu 1 engine was increased at 
20.20 hrs, at an altitude of 3000 ft, as the aircraft approach4 E M .  

Appendix 4, fig 4 shows the engine vibration parameters for the same period. 
These are recorded once every 64 seconds, but it can be seen that although the 
initial N1 flucruations on No 1 engine Iastad only some 22 seconds, tbedN1 
compressor vibration levels on this engine remained at maximum for a b u t  3 
minutes. They decreased significantly once the No 1 engine w s  bought back to 

flight idle for the descent. Because of the low sampling m e  for the vibration 
levels, it was not possible to determine exactly when the high vibration levels 
started. (see paragraph 1.16.3) 

The maximum value which cot~ld be recorded by h e  FDR for vibration b& was 
5 units. The values recorded for the N1 turbine and compressor levels on the 
Na 1 enginc corresponded to this maximum value after the initial engine vibration 
problem, and returned to this level some 4 minutes before impact as power was 
increased during the final apppch. The actual lcvcl of vibration wdd have becn 
much higher. 

The NO 1 engine N2 compressor and turbine vibration'levels also showed 8 slight 
increase as the initial problem occurred and again when the power was incrcased 
on the No I engine during the final approach, although the levels were lower than 
those associated with the NI compressor and turbine. The vibration levels on 
No 2 engine were normal throughout, and fell to m once this engine had been 
shut down. The vibration level displayed to the crew on the vibration gauge 
would have been the NI compressor level. 

Appendix 4, fig 5 shows a more detailed plot of the initial engine parameters 
during the 'first event'. It shows that the No 1 engine fluctuations in Nl, h r n  
the steady climb value of 99% to a minimum value of 74% lasted for 22 seconds. 
There was also a alight rise and then fall in N2 from the steady climb value of 
96%, to almost 97%, and back to aruund 93%. T3e EGT on No 1 engine also 
rose from the steady climb value of 780°C to a maximum of 900°C and then 
remained constant at around 830°C. No 1 engine fuel flow also dropped during 
this period. Just before the end of these fluctuations the autothrottle was 
disconnected and the power lever of the No 2 engine was moved to idle. At this 
time the No 1 engine stabilised ar 96% N1, w h m  it remained until it was throttled 
back for the descent. Throughour this time all indications on the No 2 engine 
remined steady and normal. 

Appendix 4, fig 6 shows the final seconds of data from the FDR. The final 
sample of pressure a1 titude was 192 ft. based on 10 13 mba This comsponded to 
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a height of 328 ft above mean sea level (arnsl). The first impact of the aircraft 
with the ground occurred at 265 ft amsl. The last sample of radio altitude 
recorded was 30 ft above ground Iwel (agl), and was recorded in word loca~on 
29, just before the recorder stopped at word 30. 

The final second of dam recorded on the FDR showed the a h a f t  in a nose-up 
pitch attitude of 15.1°, and a roll attitude oT4.8' to the right, The spttd was 115 
kts CAS. The final vane angle of attack recorded on the FDR was 26.4O, 
equivalent to 20.2' body angle of attack. The stick shaker was set to operate at 
body angles of attack above 1 6 . 7 O  and this angle was first exceeded 7 seconds 
before the FDR stopped. The recorded speed at this point was 124 kts CAS. 
This is shown in Appendix 4, fig 7 which gives the final flight path from a 
distance of 6 n.m. to the end of data. Stick shaker operation is not mxordtd on 
the FDR. 

The actu J speed at which the stick shaker operated would have dependsd on the 
rate of approach to the stall. In a steady stall entry, the stick shaker angle would 
correspond to a speed of 116.7 kts equivalent airspeed (EAS). 'Fhc final speed 
an the EDR of 1 15 kts CAS was equivalent to- I15 kts EAS for the prevailing 
flight conditions. For the configuration before impact the Ig stall alpha body 
angle of attack was 20.4', which would correspond to a s p e d  of 1 14.4 kts EAS 
in a normal stall entry. 

Cockpir voice recorder {CVR) 

The aimaft was equipped with a Fairchild mode1 A lOO CVR which was mounted 
at the rear of the aft baggage hold, on the right side. It was a slightly unusual 
installation in that it used a Sundstrand rnicrdphone monitor. This monitor 
contained the cockpit area microphone and was mounted in the overhead 
instrument panel on the flight deck. 

The Fairchild CVR was of the usual 30 minute duration, endless Imp type. It 
record4 on 4 tracks, the allocations of which were as follows:- 

TRACK 1 - Commander's 'live%ciophone (mic) and headset signals 
TTUCK. 2 - Right deck area mic. 
TRACK 3 - Cabin address 
TRACK 4 - Co-pilot's livehmic. and headset signals 

The recorder was recovered from the aircraft on site. It was undamaged and a 
satisfactory replay was obtained using the AAIB's replay equipment. The audio 
quality of the CVR was good and a full tranxript was produced for the period 
from the later stages of the climb until the end of recording. 
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1.11.4 CVR transcript significant events 

From the CVR it was apparent that the first indication of any problem with the 
aircraft was as it approached its cleared flight level when, for a brief period, 
sounds of 'vibration' or 'rattling' could be heard on the flight deck. There was an 
exclamation and the first officer commented that they h a d ' i 0 ~  A FIRE'. The 
autopilot disconnect audio warning was then heard, and the fust officer stated 
'ITS A FIRE COMING THROUGH'. The commander then asked 'WHICH 
O q  IS IT?', to which the first officer replied, 'ITS THE LE..ITS THE RIGHT 
ONE'. The commander then said 'OKAY, THROTLE IT BACK.' 

London ATC was then called by the first officer, advisinghem of an emergency, 
after which the commander asked for the engine to be shut down. The fust 
officer began to read the checklist for 'Engine Failure and Shutdown' but was 
interrupted by ATC calls and the commander's own calls to the operating 
company during which the decision was made to divert to East Midlands. 
Approximately 2 minutes after the initial 'vibration' the final command was given 
to shut down the engine. The first officer then recommenced the checklist and 2 
minutes 7 seconds after the initial engine problem he moved the start lever of the 
No 2 engine to 'OFF'. He then started the APU. Throughout this period no fire 
audio warning was heard. 

The aircraft then started the descent to East Midlands Airport and the commander 
made his first announcement to the passengers during which he mentioned that 
they had had a problem with their right hand engine which had produced some 
smoke in the cabin. The flight crew were then fully occupied with the relevant 
checklists, calls to the operating company and ATC, who were routeing them into 
East Midlands, and reprogramming the flight management system (FMS) for an 
East Midlands diversion, with which they had some difficulty. During tMs period 
they also briefly discussed the symptoms that had occurred initially and the 
commander mentioned 'RAPID VIBRATIONS IN THE AEROPLANE - 
SMOKE'. 

The flight proceeded until the aircraft was on final approach with the landing 
checklist completed. Just after they had confirmed with East Midlands ATC that 
the right engine had been shut down, there was a crackling noise on the CVR, 
possibly due to electrical interference. This occurred 54 seconds before the first 
ground impact. Leading up to this event there were significant changes in the 
frequency content of the background noise on the CVR area microphone, which 
are discussed in paragraph 1.1 1.5. These changes would probably not have been 
audible to the crew. 

Immediately following this, a transmission was made to the tower indicating that 
the crew was having-trouble with the second engine as well and the commander 
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asked the first officer to TRY LIGHTING THE OTHER ONE UP - THERE'S 
NOTHING ELSE YOU CAN DO'. 

36 seconds before impact the (No 1 engine) fire bell sounded. The first officer 
asked the commander if he should shut this engine down. The commander 
replied in the negative. The CVR recording then indicated their intention to 
'stretch the glide', but at 29 seconds before impact the ground proximity warning 
system (GPWS) 'glideslope' warning commenced and continued with increasing 
repetition rate, indicating that the aircraft was steadily diverging below the 
glidepath. The commander twice said TRY OPENING THE OTHER ONE UP' 
and each time the first officer said 'SHE'S NOT GOING'. At 10 seconds before 
the impact the commander made an announcement to the passengers to 
'PREPARE FOR CRASH LANDING' (repeated). The stick shaker was then 
heard operating, followed by the sounds of impact. 

Relevant comments from the CVR transcript are shown in relation to the FDR 
information in the Appendix 4, figs 2 , 5  & 7. 

1.11.5 CVR frequency analysis 

An analysis was canied out of the frequency content of the background noise 
from the area microphone. This was done to identify any changes in the 
frequency signatures that might have indicated an engine problem before the crew 
became aware of it. 

This analysis was camed out using a Hewlett-Packard model 13561A dynamic 
signal analyser. The first significant change in the frequency signature occurred 
just after the onset of the initial vibration and smoke, when harmonics of the 
frequency associated with 'once per revolution' of an LP shaft became detectable. 
This was indicative of either vibration of the shaft, damage to a limited number of 
blades on the shaft, or a combination of the two. The amplitude of the dominant 
frequencies changed with the variations in power taking place, but became 
particularly high just before the No 1 engine was throttled back to flight idle for 
the descent. Thereafter, and up until power was increased for the final approach, 
the frequencies associated with the LP shaft were not detectable. Appendix 4, fig 
8 shows comparisons of the signatures of frequencies up to 625 Hz for the start 

of the CVR tape (aircraft level at 6,000 ft); the climb; and significant points 
immediately after the first event. 

As the No 1 engine power was increased on the final approach, the frequencies 
associated with the LP shaft once again became detectable, and varied with the 
changes in engine speed. They became increasingly audible during replay of the 
area microphone track in the AAIB audio laboratory until the point at which the 
'crackle' was heard, when they were no longer detectable. This was indicative of 
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this second event also having been associated with the LP shaft (the FDR data 
showed a sudden drop in the No 1 engine N1 coincident with this point). These 
changes in audio content were probably not detectable by the crew within the 
flight deck environment. Appendix 4, fig 9 shows a comparison between the 
signatures just before, and just after, this second event. 

* 
1.12 Wreckage and impact information 

,2 
1.13 Medical and pathological information 

39 passengers died at the scene of the accident, 8 more died in hospital at times up 
to 22 days later. 79 passengers and crew survived. 

The acute medical care of the 87 passengers and crew removed from the site alive 
was undertaken by hospitals in Nottingham, Leicester, Derby and Mansfield. 
The response of the Ambulance Services and the Health Authority to this incident 
has been documented by the Trent Regional Health ~ u t h o r i t ~ l .  The pathological 
investigation was conducted by a team of civilian pathologists and by a 
multidisciplinary team from the Royal Air Force Institute of Pathology and 
Tropical Medicine, including the RAF Dental Branch. 

1.13.1 Injuries 

All passengers and crew suffered varying degrees of injury during the aircraft 
impact. Information on the severity of the injuries sustained by the passengers 
and crew is displayed anonymously in Appendix 5, figs 1 & 2. The impact 
damage sustained by the aircraft is shown to assist in the understanding of the 
mechanism and degree of injury. 

Appendix 5, fig 1 shows the distribution of ultimate survivors and fafglities from 
the accident. Appendix 5, fig 2 shows the Injury Severity Score (ISS) that was 
coded for the injuries that each passenger and crew member sustained2. The ISS 
is a scheme for denoting the magnitude of the injury suffered in a manner that 
permits an assessment of outcome. The American Association for Automotive 
Medicine Abbreviated Injury score3 (1985 revision) was used. The injury score 

- 
*mO Note.- Section 1.12 was not reproduced.. 

2 
All s~pcrscript~ in his scclion denote references listed in Appendix 5.7 
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was calculated using the system of Baker et a13 as the sum of the squares of the 
three highest regional Abbreviated Injury Scores. It can be seen that the most 
severe injuries occurred in rows 6-8 in the region of the forward fuselage break, 
with serious injuries occurring in the whole of the area forward of the wing where 
the floor smcture failed. Further serious and fatal injuries occ@ in the region 
of the failure of the rear fuselage and floor, and in the area where the tail structure 
hnd swung over, and into, the rear fuselage. The least injuries occurred in the 
rear of the aircraft. Appendix 5, fig 3 shows the distribution of the survivors and 
fatalities in the aircraft, coded according to whether their ISS was above or below 
16; this figure represents the ISS at which an approximately 10% fatality rate has 
been reported 3. 

Types of injury 

Head injury 

All but one of the 39 fatalities at the scene of the accident sustained head injuries 
of varying severity. 43 non-survivors had facial injuries. 74 of the 83 patients 
removed to hospital had suffered head or facial injury. 31 cases of facial injury 
required treatment. 17 patients showed clinical evidence of a strike to the head 
from behind. 43 of the patients presenting at hospital had suffered an episode of 
impairment of consciousness. 5 of the 83 patients removed to hospital bad 
suffered severe head injuries. 

Neck injury 

21 non-survivors and 6 survivors sustained injuries to neck structure. 

Upper limb and shoulder injury 

19 fatalities and 28 survivors sustained fractures and dislocations of the upper 
limbs and shoulders. 

Chest injury 

Some degree-of generally major chest injury was found in all but one of the 
fatalities. 18 of the 79 survivors also suffered major chest trauma. 

Abdominal injury 

36 fatalities suffered abdominal uauma compked to only 2 of the survivors who 
suffered a major abdominal injury. - 

Shingling: The overlapping of root plalforrns or mid span shrouds as a result of peripheral blade lean. 
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Lower limbs and pelvis 

22 survivors and 13 non-survivors sustained pelvic injuries. A considerable 
number of lower limb injuries also occurred. 22 survivor; and 13 non-survivors 
sustained fractured femurs; 18 survivors and 5 non-survivors sustained knee 
injuries; 31 survivors and 38 non-survivors sustained lowerleg fractures; 26 
survivors and 24 non-survivors sustained fractures/dislocations of the ankle; and 
22 survivors and 6 non-survivors sustained fractures of the bones of the feet. 
Many of those affected suffered fractures of more than one area. Only 18 
surviving passengers and 6 non-surviving passengers had no injury to the lower 
limbs and pelvis. 

Fire 

There were two separate areas on the No 1 engine which had been affected by fire 
and these were the only areas where there was evidence of fire on the aircraft. 
The most seriously affected zone was on the fan case within the forward engine 
cowling, and the less serious zone was on the rear edge of the reverser duct, on 
the outboard side. 

Ground witness reports indicated that immediately after the ground impact of the 
aircraft the only fire visible was relatively localised and centred around the 
forward end of the No 1 engine, but that after a short time the fire suddenly grew 
in intensity. Upon the amval of the airport fire service, the fire was quickly 
extinguished using a combination of aqueous film forming foam (AFFF) and 
fluoroprotein foams. 

1.15 Survival aspects 

1.15.1 On-board emergency preparations and impact &ects 

Following the initial engine problem the cabin attendants collected the in-flight 
meals, which had not long been served. After the diversion to the East Midlands 
Airport was announced, the attendants checked the passengers' seat belts and 
stowed all the loose carry-on luggage in the overhead bins. Approximately 10 
seconds prior to the first impact the commander warned the passengers to prepare 
for a crash landing. 

Some, but not all, of the passengers adopted a crash position prior to the aircraft 
striking the ground. One young child was secured on his mother's knee .using a 
supplementary lap belt (seat 3F). Both the mother and child were injured during 
the impact, the mother sustaining a greater degree of injury, as evidenced by the 
ISS score, than other passengers sitting around her. 
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Several of the passengers described heavy vibration immediately prior to the 
impact and one passenger, in the rear of the aircraft, described the vibration as 
being severe enough to open the overhead lockers and cause them to spill 
contents. Passengers in the rear of the aircraft described two distinct impacts; 
those in the front appeared only to have been aware of the finatimpact 

During the impact the fuselage broke into 3 main sections, with 4 distinct areas of 
damage (paragraphs 1.12.2.6 & 7): the area forward of the wing (rows 1-9), 
where the floor structure was completely disrupted and all the seats became 
detached, the centre section (rows 10-17), where the majority of the seats 
remained attached to the floor; and the area behind the wing (rows 18-23U24R). 
where the floor failed and the fuselage was disrupted, both circumferentially and 
from above, by the overturning tail section, in which seat rows 24L/25R-27 
remained attached. 

In the forward area where the seats became detached, passengers were trapped by 
the seats moving forward, compressing their occupants. A number of passengers 
in this area sustained severe crushing injuries. 

Following the impact the majority of the passengers were trapped due to injury, 
seat failure or debris from overhead. Only 14 of the passengers were able to 
make a significant contribution to effecting their own escape. 

Both pilots were trapped, as was one of the two stewardesses in the front flight 
attendant seat. One stewardess, seated on the rear flight attendant double seat, 
reported that she had been injured and trapped by a food service cart. The other 
occupant of this seat was released by the steward, who had been seated on the 
single seat adjacent to the right rear door. 

1 A5.2 Rescue operations 

ATC at East Midlands Airport declared a full emergency at 2008 hrs, alerting the 
Airport Fire Service (AFS) and the civil emergency sdrvices. Vehicles of the AFS 
deployed immediately to two holding points alongside the mid-section of the 
runway. Whilst in this position, the AFS attempted to speak to the aircraft on 
their emergency frequency but were unable tommake contact. Vehicles from the 
Leicestershire Fire Service moved to a pre-arranged rendezvous point at the 
airport, aniving at 2023 hrs. The AFS crews in the vehicles near the runway saw 
the aircraft descend below the motonvay embankment and moved immediately to 
the crash site, two vehicles proceeding via the runway and the eastern crash gate 
and the other via the airport main entrance. The AFS identified and broadcast the 
exact location of the aircraft at 2029 hrs and were in action extinguishing the fire 
at 2033 hrs. The vehicles of the Leicestershire Fire Service, travelling via the 
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main entrance, reached the motorway intersection 200 metres north of the site at 
2032 hrs and joined the AFS at the scene of the crash shortly afterwards. 
Immediately afterwards additional vehicles from the ,Nottinghamshire and 
Derbyshire Fire Services arrived-at the site to assist in rescue work. 

At 2012 hrs the police notified the emergency to the Leicestmshire Ambulance 
Service, who immediately despatched ambulances to the airport rendezvous point. 
These vehicles followed the fire vehicles to the scene. At 2020 hrs the 
Leicestershire Ambulance Service requested support from the Derbyshire and 
Nottingharnshire services, whose vehicles were moving towards the airport 
before the crash occurred. In addition, when they heard news of the accident, the 
Staffordshire Ambulance Service volunteered assistance. During the rescue 
operation, the 3 adjacent counties provided 69 ambulances, and 5 were provided 
by the Staffordshire service. Royal Air Force helicopters and Mountain Rescue 
Teams also moved to the site when alerted by the Rescue Coordination Centre 
(RCC) (see paragraph 1.17.5.2). Further assistance was provided by the Army 
and the Derbyshire Miners' Rescue Team. The Salvation Army provided a 
mobile canteen service for the rescue workers. 

After extinguishing the fire, the fire services laid a blanket of foam as fire 
protection against leaking fuel, and this blanket was constantly refreshed as the 
rescue operation continued. Fire and ambulance services, assisted initially by 
passing motorists, began to recover the survivors from the aircraft and move them 
to hospital with the minimum of delay. RAF helicopters were used to move &me 
of the more seriously injured passengers to hospital. 

The evacuation of the passengers was prolonged. The last passenger was not 
extricated from the aircraft until 0420 hrs. The survivors were taken to the 
University Hospital, Queen's Medical Centre, Nottingham, the Derbyshire Royal 
Infirmary, the Leicestershire Royal Infirmary and the Mansfield and District 
General Hospital. - 

1 .16  Tests and research 

* 
1.17 Additional information 

New investigation techniques 

The use of the KRASH computer program (paragraph 1.16.4) for the analysis of 
the aircraft impact sequence was the first time that this type of computer-based 
dynamics modelling had been used as part of an aircraft accident investigation. 

2__ 

'ICAO Note.- Sections 1.16 and 1.17 were not reproduced. 
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Previous uses had included the prediction of crash dynamics in controlled impact 
demonstrations. The simulation was conducted within a time-scale compatible 
with the accident investigation process and made a distinct contribution to the 
crashworthiness and survivability aspects of this investigation. 

The occupant simulation study (paragraph 1.16.5) was computer-based and was 
undertaken by H W Structures Ltd, using the crash victim simulation program 
MADYMO. Although this type of occupant response simulation has been in use 
for some time in automotive safety engineering, this appears to have been its first 
use within the context of the investigation of a transpon aircraft accident. 

ANALYSIS 

2 . 1  Crew actions 

2.1.1 The reaction of the flight crew to the engine problem 

2.1.1.1 Fault diagnosis 

After an uneventful take-off and climb the crew suddenly heard an unusual noise, 
accompanied by vibration, as the aircraft passed through FL 283. The noise was 
heard in the cabin as a series of thuds and the FDR indicated that it was directly 
associated with the stalling of the fan and/or the LP compressor with attendant 
surging of the No 1 engine. In addition to the noise and vibration, the lateral and 
longitudinal accelerations recorded on the FDR were consistent with the reported 
lower frequency shuddering that was sufficiently marked to shake the walls of the 
forward galley. Very soon after the onset of these symptoms there was a smell of 
fire and possibly some visible smoke in the cockpit. This combination was 
interpreted by the pilots as evidence of a serious engine malfunction, with an 
associated fue, and appears to have driven them to act very quickly to contain this 
perceived condition. 

Neither pilot appears to have assimilated from the engine instruments any positive. 
indication of malfunction, but subsequent tests showed the engine instrument 
system to have been serviceable and there was no evidence to indicate that it did 
not display the large engine parameter variations that occuned when the 
compressor surged. The FDR showed four distinct excursions in N1 on the No 1 
engine, with a 6 second period of relative stability between the second and the 
third. 

Throughout the period of compressor surging, the No 2 engine showed no 
parameter variations but because the first officer was unable to recall what he saw 

-. 
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on the instruments, it has not been possible to determine why he made the mistake 
of believing that the fault lay with the No 2 engine. When asked which engine 
was at fault he half-formed the word 'left' before saying 'right'. His hesitation 
may have arisen from genuine difficulty in interpreting the readings on the engine 
instruments, or i t  may have been that he observed the instruments only during the 
6 second period of relative stability between the second and third surges. 
However, any uncertainty that he may initially have experienced appears to have 
been quickly resolved because, when the commander ordered him to 
'THROTTLE IT BACK', without specifying which engine was to be throttled 
back, the first officer closed the No 2 throttle. 

The commander said that he gained from the engine instruments no clear 
indication of where the trouble lay. He had, however, disengaged the autopilot 8 
seconds after the first compressor surge and most of his attention thereafter would 
probably have been on the handling of the aircraft and the flight instruments. The 
fact that when the aircraft rolled to the left he made no correc&e movements with 
the flying controls appeared to indicate that he did not detect from the behaviour 
of the aircraft any loss of thrust from the No 1 engine. After the accident, he 
stated that he had judged the No 2 engine to be at fault from his knowledge of the 
aircraft air conditioning system. His reasoning was that he thought the smoke 
and fumes were coming forward from the passenger cabin; the air for the cabin 
came mostly from the No 2 engine; therefore the trouble lay in that engine. 
Whilst this reasoning might have applied fairly well to other aircraft he had flown, 
it was flawed in this case because some of the conditioning air for the passenger 
cabin of the Boeing 737-400 comes from the No 1 engine. In any case, his 
assessment was not supported by the evidence because the fumes had been 
perceived in the cockpit, and it was not for some time that he was able to confirm 
from the flight service manager that there had also been smoke in the passenger 
cabin. It seems unlikely that in the short time before he took action his thoughts 
about the air conditioning system could have had much influence on his decision. 
It is considered to be more likely that, believing the first officer h@ seen positive 
indications on the engine instruments, he provisionally accepted the first officer's 
assessment. 

The speed with which the pilots acted was contxary to both their training and the 
instructions in the Operations Manual. If they had taken more time to study the 
engine instruments it should have been apparent that the No 2 engine indications 
were normal and that the No 1 engine was behaving erratically. The commander 
himself might have had a better chance to observe these abnormal indications if he 
had not disengaged the autopilot, but this action by itself should not have 
prevented him from taking whatever time was necessary to assimilate the readings 
on all the engine instruments. In the event, both pilots reacted to the emergency 
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before they had any positive evidence of which engine was operating abnormally. 
Their incorrect diagnosis of the problem must, therefore, be attributed to their too 
rapid reaction and not to any failure of the engine instrument system to display the 
correct indications. 

Therefore, in view of the possibility of future occurrences of severe engine out- 
of-balance conditions and concern regarding the possible reactions of flight crews 
involved, it was recommended that the CAA should take action to advise pilots of 
Boeing 737-300/400 aircraft, and of other types with engines which have similar 
characteristics, that where instances of engine-induced high vibration occur, they 
may be accompanied by associated smoke and lor smells of burning entering the 
flight deck and/or cabin through the air-conditioning system, due merely to blade 
tip contact between fan/compressor rotating assemblies and the associated 
abradable seals. (Made 23 February 1989). 

2.1.1 -2 The recovery of the No 1 engine 

There then occurred an event that led both pilots into the fatal misconception that 
the action they had taken in haste had in fact been the correct action. As soon as 
the No 2 engine throttle was retarded, the symptoms they described as 'vibration' 
appeared to cease. The No 1 engine compressor surges and the associated noise 
and shuddering certainly ceased at this time, most probably because the 
autothrottle was disconnected (see paragraph 2.2.2.2), but the FDR showed that 
the high vibration level did not. However, although this vibration continued to 
show on the FDR and was felt by many of the passengers, it appears to have been 
no longer perceived by the pilots, and the smell of burning seems not to have 
intensified. Thus, having failed to note the continuing maximum reading on the 
No 1 engine vibration indicator or the fluctuating fuel flow and being apparently 
unaware of the continuing vibration, both pilots were convinced that closing the 
No 2 throttle had stopped not only the noise and the shuddering but also the 
vibration, as was shown by the commander's comment some 50 seconds later 
when he said 'SEEMS TO BE RUNNING ALRIGHT NOW'. 

From subsequent tests it is apparent that the No 1 engine vibration indicator was 
at the top of its scale within 2 seconds of the onset of vibration and remained there ' 

for about 3 minutes, until after that engine was throttled back for the descent. Yet 
it appears that the reading on this indicator was not noticed by either pilot, and 

. this indicates a weakness in training philosophy. The commander seems to have 
been aware of the less than satisfactory performance of the earlier types of 
vibration monitor, probably from his past experience on the McDonnell Douglas 
DC9. His subsequent ~aining by Boeing on the 737 did not draw his attention to 
the much improved performance of the newer AVM system, and he had not 
practised an emergency in which the AVM indications were used as a visual cue 
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to assist him in faulr diagnosis. Similarly the first officer, who had no previous 
experience on turbojet or turbofan powered aircraft, had not had his attention 
drawn to the AVM indicators in this context during his training. Both pilots, 
however, should have been aware of the Operations Manual Bulletin issued by 
Boeing in March 1988, which introduced the procedure to be followed in the 
event of high engine vibration. This bulletin implicitly drew attention to the 
vibration indicators. It was therefore recommended that the CAA should review 
the current attitude of pilots to the engine vibration indicators on Boeing 737- 
3001400 aircraft, and other applicable types with turbofan engines, with a view 
towards providing flight crews with an indication of the pertinence of such 
vibration instruments when engine malfunctions or failures occur (Made 23 
February 1989). In addition, it is funher recommended that the CAA should 
require that pilot training associated with aircraft which are equipped widimodem 
vibration systems, and particularly those aircraft which are fitted with high by- 
pass turbofan engines 4 ,  should include specific instruction on the potential 
value of engine vibration indicators in assisting the identification of an engine 
which has suffered a failure associated with its rotating assemblies 
(Made 30 March 1990). 

2.1 . I  .3 The engine instrument system 

The failure to detect, or at least to identify correctly, disparities in the readings of 
the engine instruments is perhaps most important with regard to the vibration 
indicators. Unlike the transient fluctuations that would have appeared on the 
primary engine instruments, the reading on the No 1 engine vibration indicator 
rose to maximum and remained there for abdut 3 minutes. On the EIS, however, 
not only is the pointer of this vibration indicator much less conspicuous than a 
mechanical pointer (Appendix 2, figs 1 & 2) but, when at maximum deflection, it 
may be rendered even less conspicuous by the close proximity of the No 1 engine 
oil quantity digital display, which is the same colour as the pointer and is the 
dominant symbology in that region of the display (Appendix 2, fig 3). In view 
of the limited attention both pilots appear to have given to the vibration indicators, 
it is a matter for conjecture whether or not they would have failed to notice such a 
maximum reading on the mechanical pointer of a hybrid display, clearly'separate 
from any other distracting indication, but there can be little doubt that it would 
have been easier to see. 

The informal survey of pilot opinion of the EIS (paragraph 1.17.3) showed that 
64% preferred engine instruments with full length mechanical pointers. This 
frnding was almost certainly influenced by lack of familiarity since the survey was 

4 
Excluding h o s e  aircraft fitted with a computerised engine warning system which includes engine 

vibration as an alerting parameter. 
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conducted when the EIS was relatively new in service, and it is not surprising that 
at that time most pilots should have expressed a preference for the older type of 
display, with which they were familiar. The result of the survey was also 
influenced by the replies of the BMA pilots, which were more critical of the EIS 
than those of other airlines. Also, because of a natural resistance to change, the 
fitness of new equipment for its purpose may not be judged on pilot preference 
alone, although this must be an important factor. With these reservations, the 
least favourable interpretation of the results was that the EIS displayed engine 
parameters clearly, but its ability to attract attention to rapidly changing readings 
was less satisfactory. The latter aspect, however, was less important in the case 
of this accident because the crew were alerted to abnormal operation by other 
signs and had time, or should have taken time, to study the engine instrument 
readings. 

One finding of the pilot survey, that the LED pointers of the EIS are less 
conspicuous than the mechanical pointers on the hybrid displays, is however a 
cause for concern. In this respect, whilst the introduction of the EIS may 
represent progress in terms of improved reliability and maintainability, it may be a 
retrograde step in terms of presentation of information. Moreover, although it 
was type-certified as fit for its purpose by both the FAA and the CAA during 
October 1988, it appears to have been introduced without any thorough evaluation 
of its efficiency in imparting information to line pilots. Now that the system has 
been in use for some time and EIS-equipped flight simulators are available, the 
reduced conspicuity of the pointers may assume less importance and it may be too 
late for a new evaluation of the system to be worthwhile. Nevertheless, this 
change in presentation indicates how important it is for all new developments in 
aircraft indicating systems to be subjected to comprehensive evaluation of their 
effect on line pilot performance before being introduced to service. It is therefore 
recommended that the regulatory requirements concerning the certification of new 
instrument presentations should be amended to include a standardized method of 
assessing the effectiveness of such displays in transmitting the associated 
information to flight crew, under normal and abnormal parameter conditions. In 
addition, line pilots should be used in such evaluations (Made 30 March 1990). 

The layout and methods of displaying information on engine instruments are 
considered in Appendix 2.7, which concludes that although the EIS provides 

I .  

, accurate and reliable information to the crew, the overall layout of the displays 
and the detailed implications of small LED pointers, rather than larger mechanical 
ones, and of edge-lit rather than reflective symbology, require further 
consideration. Neither pilot noticed the maximum reading on the No 1 engine 
vibration indicator and at least one of them gained the impression from the engine 
instruments, or from some other cue, that the No 2 rather than the No 1 engine 
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was failing. If they gained this impression from the engine instruments then there 
is a possibility that the methods of displaying infomation on these instruments 
may have contributed to the error. 

The error would probably not have been made if the vibration indicators had 
included a visual warning of which engine was affected by excessive vibration. Tt 
may bz seen from the preamble to the FAA requirement for a vibration monitoring 
system (paragraph 1.17.4) that it was intended to provide the flight crew with a 
vibration warning, and later aircraft powered by cenain high-bypass turbofan 
engines, such as Boeing 757 aircraft and the Airbus series, do include high 
engine vibration in their crew alerting systems. It is therefore recommended that 
the CAA should require that the engine instrument system on the Boeing 737-400 
aircraft type, and other applicable public transport aircraft, Ix modified toinclude 
an attention-getting facil ty to draw attention to cach vibration indicator when it 
indicates maximum vibration (Made 30 March 1990). 

2.2.1.4 The shut-&wn of the No 2 engine 

Although the initid misidentification of the damaged engine may be seen as the 
start of the accident sequence, the commander's decision to back the No 2 
engine did not, by itself, lead directly to the accident. In fact-ibis decision would 
have been entirely appropriate in the absence of any positive indication on the 
engine instruments; he would then have reductd power on cach engine in turn in 
order to identify the one that was causing the vibration. It is likely that, if the No 
1 engine had not ceased to surge at the same time that the No 2 throttle was 
closed, an effect considered to be connected with the disconnection of the 
autothrottla (paragraph 2.2.2.21, the accident would not have occurred. 

It is also likely that, if the No 2 engine had not k e n  shut down, the accident 
would not have happened, and some explanation must be sought for the 
commander's decision to shut it  down. It is now known that the cngine was 
operating normally but, because the decision to shut it down was made after its 
throttle had been dosed, having failed to recognise its normal operating 
paramaen before closing the throttle, t h i  crew could no longer confirm its 
nomd operation by comparison with the No 1 engine instruments. T f i e ~  is, 
however, no evidence from *the CVR that the crew consulted the engine 
inmuments or attempted any other analysis of their situation before shutting 
down the No 2 engine. Indeed, it  appears that they w m  so sure that they had 
contained the situation that the commander engaged in Iengthy communicatirons 
with BMA Operations just after the No2 throttle had k n  closed. 

It may be indicative of what was in their minds that, when the fmt officer notified 
the emergency to -London Airways, he said '.,.AT THE MOMENT ITS 
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LOOKING L I E  A N  ENGINE FIRE....', and it may be that the comm~~der's 
further action was taken in the belief that the engine was on fm. If this was the 
case, then he should not have accepted the first officer's selection of the Engine 
Failure and Shutdown' checklist, when the 'Engine Fire, Severe Damage or 
Separation' checklist would have been more appropriate. Once the No 2 engine 
had been shut down, i t  would appear that the apparent absence of any 
manifestation of abnormality other than the No 1 engine vibration indication, 
which they did not notice, persuaded both pilots that, in the commander's, own 
words, '.... the emergency had been successfully concluded and rhe left engine 
was operating normally.' Moreover, as the commander also said later, the 
clearance from the flight deck of the smell of fire powerfully reinforced their 
conviction that they had laken the comt  action. 

In the aircraft 'non-normal' checklist severe vibration does nbt necessitate an 
engine shut-down, provided it is not accompanied by abnormal engine 
indications, nor does the presence of smoke or fumes in the ccckpit. The crew, 
therefore, did not comply with the checklist in shutting down the engine since 
they did not see any abnormal engine indications. Nor did they follow the more 
general instructions in the Operations Manual or ihdr training, both of which 
required them to evaluate all the evidence available before taking this action. 
However, the Operations Manual contained no guidance on the a&an to be takcn 
in the event that vibration and smokelfums o c c d  together. Because severe 
fan shaft vibration can cause damage to the fan findlor the LP cmprtssw 
abradable seals, and fumes can enter the aircraft from these sources, it would 
have been prudent for the aircraft manufacturer to have included an appropriate 
warning and a suitable procedure for such a contingency in the aircraft Flight 
Manual. It was therefore recommended that the CAA should request the Bocing 
Commercial Airplane Company to produce amendments to the existing aimaft 
Flight Manual to indicate what actions should be taken when engine-induced high 
vibration occurs, accompanied by smoke and/or the smell of burning entering the 
flight deck andlor cabin (Made 23 Februw 1989). 

Subsequent actions of the operotin& crew. 

Having shut down the No 2 engine, the commander decided to land at the neatest 
suitable airfield. Although it is pssiblc h a t  he was influenced by the fact that 
East Midlands Airporr (EM) was his company's main operating base, it is more 
likely that he was influenced by the urgency which he felt when he first smeb 
'fi'. He initiated a flight pattern that would enable him to land the aircfaft with 
the minimum delay, but which left him little time to reconsider the nature of the 
emergency or the actions hat had been taken. Whilst the decision ro land wihout 
delay was correct, the shortness of the flight time between Event 1 and the 
approach to land at EMA may havc influenced the outcome of the emergency. 
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From the start of the descent the cockpit workload was high as the pilots received 
and acknowledged ATC directions, notified their situation to the operating 
company, broadcast to the passengers on the cabin address,system and completed 
the descent and approach checklists for a single-engined landing. Some time was 
lost as the first officer attempted unsuccessfully to programme the flight 
management system (FMS) to produce the correct flight instrument display for 
landing at EMA. Such reprogramming of the FMS for landing at a hitherto 
unspecified diversion airfield is unusual and rarely if ever practised. From the 
CVR it may be inferred that he possibly attempted to enter EMA as the next en 
route point without first selecting the route page and entering it as an arrival 
airfield. It is therefore recommended that the CAA should ensure that flight crew 
currency training in simulators includes practice reprogramming of flight 
management systems, or any other such systems which control key approach and 
landing display format, during unplanned diversions so that they remain practised 
in the expeditious use of such systems (Made 30 March 1990). 

More time was spent when the commander accepted a request from EMA to make 
a call to the fire vehicles. Nevertheless, i t  must have seemed to the commander 
that his plan allowed all necessary tasks to be completed in time, for he made no 
attempt to slow down the rate of activity or to re-engage the au~opilot to reduce his 
own workload, and he did not ask ATC for a quiet radio freqcency. When, some 
7 minutes after the engine was shut-down, the commander began to review what 
had occurred, the reading on the No 1 engine vibration indicator had reduced and 
there was no other indication on the engine instruments of the damage to that 
engine. When his review of events was interrupted by an ATC transmission, he 
did not resume it, and this seems to indicate that he remained confident of the 
safety of the aircraft. There can be little doubt, however, that the high workload 
in the cockpit contributed to the failure of the crew to notice the abnormally high 
reading on the No 1 engine vibration indicator that was evident for nearly four 
minutes after the initial vibration. It is therefore recommended that the CAA 
should review the current guidance to air traffic controllers on the subject of 
offering a discrete RT frequency to the commander of a public mnsport aircraft in 
an emergency situation, with a view towards assessing the merits of positively 
offering this important option (Made 30 March 1990). 

Even at that stage of the approach to land when there was still time to restart the 
No 2 engine, the commander obtained a required increase in power from the, No 1 
engine, which must again have confirmed to him that his previous actions had 
been correct. The engine, however, again produced high vibration, which elicited 
no comment by either pilot and appears not to have been perceived against the 
background of cockpit activity at the time. 4 minutes later the No 1 engine lost 
power and the accident became inevitable. Although the commander instructed 
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the first officer to restart the No 2 engine some SO seconds before the crash, and 
the CVR recorded that the first officer attempted to comply, the No 2 engine fan 
shaft showed no'significant rotation at impact. 

At this time flight conditions were outside the envelope for a 'windmill' start: 
Starter assistance would have been needed to rotate the engine, ~equiring the No 2 
engine start switch to be selected to the 'GRD' position. Because this switch 
would have moved automatically to 'OFF' as scan as electrical power was lost, 
there was no evidence to show whether or not a starter assisted start was 
attempted. 

However, the normal starter assist procedure would perhaps not have been 
effective for there would probably have been insufficient bleed air pressure from 
the failing No 1 engine to rotate the No 2 engine, and without rotation there 
would have been no fuel flow to the engine. It is likely, therefore, that the only 
procedure that would have restarted the engine was that appropriate to a restan 
from a condition of double engine failure, which would have required both air 
conditioning packs to have been switched off and pressure air from the APU to 
have been connected to the bleed air manifold, The checklist in the Quick 
Reference Handbook gave a procedure suitable only for the restaxt of the No 1 
engine and an attempt to start the No 2 would have required impmisation. This 
checklist has since been amended to cover 2ht restart of ci ther engine. After the 
accident the positions of the switches on the bleed air control panel showed that 
no double engine failure restart drill had been attempted. The first officer, 
however, had comparatively little experience of the aircraft and could not have 
been expected to recognize the need for, improvise and accomplish an unlisted 
procedure in the time between the final loss of thrust on the No 1 engine and the 
impact with the ground. Even if he had devised and foHowcd a suitable 
procedure, it is doubtful if the engine could have been started and brought up to 
idle speed in the short time available, 

Crew cooperation 

Flight crew coordination 

Among the important factors that affect the ways in which individual crew 
members relate to one another are their personalities, relative ranks, roles (ie 
handling, non-handling) and relative levels of competence. The commander,, 

I .  

although he had no management or ~a in ing  responsibilities, had been a captain 
with the operating company for 14 years, whereas the first officer had flown jet 
transport aircraft for only 6 months. Nevertheless, this wide difference in rank 
and their limited previous association appear not to have influenced coordination 
adversely. The CVR did not suggest any undue dcftrence from the fmt officer to 
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the commander, and the atmosphere appeared relaxed in the early part of the flight 
with both pilots addressing each other by their fvst names. 

Although the first officer was the handling pilot when the emergency occurred, 
the commander then disengaged the autopilot and, although no words were said, 
it  was apparent to the first officer that the commander had taken control of the 
aircraft. This change in handling may have had an effect on the first officer's 
ability to interpret the engine instrumentation. Since he was likely to have W n  
more concerned with handling the aircraft than with monitoring these instruments 
during the early part of the flight, he was not, perhaps, as acutely associated with 
interpreting them as he would have been as the non-handling pilot, and this rapid 
change of perceptual 'set' could have conhbuted to his identification of the 
wrong engine. 

The relative and absolute levels of competence of the crew members are dificult 
to gauge. Both pilots had met company requirements during conversion mining 
and subsequent base and line checks, and their training records reflect no 
difficulty in comprehension, or lack of comptttnct. There is, therefore, no 
suggestion that any large abiIity mismatch on the flight deck affected 
coordination. Indeed, the CVR suggests that the pilots worked together as a team 
throughout the flight, and that the decisions made on thefiight deck were dl 
accepted jointly. 

Coordnmion between she fight &ck and the cabin 

It was extremely unfortunate that 'the information evident to many of the 
passengers of fire associated with the left engine did not fmd its way to the flight 
deck even though, when the commander made his cabin address broadcast, he 
stated that he had shut down the 'right' engine. The factor of the role commonly 
adopted by passengers probably influenced this lack of communication. Lay 
passengers generally accept that the pilot is provided with full information on the 
state of the aircraft and thty will regard it as unlikely that they have much to 
contribute to his knowledge. Even those passengers wbo noticed the 
commander's reference to the right cngine may well have assumed that the 
commander had made a slip of the tongue, or that the problem thty had seen 
with the left engine were in some way consquential to an important problem with 
the right engine that the commander had dealt with, It cannot therefore be 
regarded as surprising that infdrmation from the passengers was noi"made 
available to the pilots, 

The same information was available to the 3 cabin m w  in the rear of the aimaft 
but they, like the passengers, would have had no reason to suppose that the 
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evidence of malfunction they saw on the Ieft engine was not equally apparent to 
the flight crew from the engine instruments. In addition, it would appear that 
there was not the same awareness of possible error, since these cabin crew 
members stated that they had not heard the commander's reference to the right 
engine. This may have been because the cabin crew, engaged on their own 
duties, were not aware of any more than the general sense of the broadcast. In 
addition, cabin crew are generally aware that any intrusion into the flight deck 
during busy phases of flight may be disaacting, and this is particularly true if the 
flight crew are known to be dealing with an emergency. There can thus be at 
these times a firm division between flight deck and cabin, and it is notable in this 
context that in this accident the flight service manager made no initial attempt to 
approach the flight deck until he: was called. However, it must be stated that had 
some initiative been taken by one or more of the cabin crew who had seen the 
distress of the Ieft engine, this accident codd have been prevented. It must 
emphasised, nonetheless, that present patterns of airline training do not v i d e  
specifically for the exercise of coordination between cabin and flight &w in such 
circumstances. 

2.1.3 The influence of stress 

One aspect of flying that is extremely dificult to address in training is the stress 
presented by an emergency. Although all pilots are aware of the general 
requirement to avoid making hasty decisions in the air, it is much easier to 
advocate such a policy on rhc ground than it is to execute it in the air when 
presented with an unusual emergency. The response of any individual te a given 
emergency will be affected by three factors - the perceived severity of the 
problem, the personalities of the individuals concerned and the training they have 
received. 

The noise and smell which suddenly alerted this crew to the emergency quickly 
led them to believe that they were experiencing a severe problem, and it may 
reasonably be assumed that this would have had a marked effect on their affective 
states. No formal assessment of the personalities of the pilots has been 
undertaken, but there was nothing in their records to suggest that they were likely 
to differ significantly from most other pilots in their Esponse to stessfu1 stimuli. 

Tt is notable from many accidents that crews are more likely to remain caIm during 
hazardous events if they understand the situation and have an appropriate drill to 
implement. In this accident the combination of initial symptoms was outside their 
expefiencc and training, and there was no specific drill for such a combinatioq. 
Thus the combination of severity and novelty must have acted to increase theh 
arousal. Under such circumstances it is understandable that their first desk was 
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to identify the problem. Although this is obviously a first requirement in order 
that action may be taken, uncertainty reduction also has considerable 
psychological importance in that it is much more comfortable and reassuring to be 
able to impose structure on a situation and deal with a known rather than an 
unknown problem. Two effects of increased arousal on the desire to reduce 
uncertainty may be contemplated. The first is unnecessary haste in making a 
decision about the nature of the problem and the second is failure to question that 
decision, once it has been made. 

Although there is evidence in this accident that both these factors may have 
prevailed to some extent, there is no evidence that this crew was abnormally 
.affected by stress, or that they responded to the situation in a uniquely unexpected 
manner. In particular it should be noted that the second of these effects - the 
reduction in likelihood that they might question the accuracy of their decision - 
would have been heavily influenced by the fact that the reduction in No 2 engine 
power had apparently stopped the shuddering. There is considerable research on 
the topic of 'causality' from which it is clear that in this situation ir would have 
required an exceptional crew to question the association between their action and 
its apparently obvious, and highly desirable, consequence. The commander 
attempted, during a period of slightly lower workload, to review the events that 
had passed. It was unfortunate that further events intervened to curtail this review 
since it is possible that he may have realised, given more time, that there was a 
risk that they might have shut down the wrong engine. 

A last factor which may have influerlced this crew's behaviour, given the stressful 
nature of the events, is the flight simulator training which they would have 
experienced. In the simulator virtually all engine problems result in an engine 
shutdown. Since this crew would have been under both practical and 
psychological pressure to come up with a programme of action, it cannot be 
regarded as surprising that the actions they embarked upon were those that they 
had practised in the flight simulator. 

Flight crew training 

The performance of flight crew in emergency situations may be regarded as a 
product of their natural ability and their training. It is possible to identify three 
aspects of the circumstances of this accident where a different pattern of training 
could have favourably influenced the outcome. The ability of the pilots to extract 
information from the EIS must be questioned, and so must the apparent lack of 
coordination between the flight deck and the cabin crew. The most impditant 
issue, however, concerns the preparation of pilots generally to cope with 
unforeseen situations which are not covered in their emergency checklists. 
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2.1.4.1 Training on the EIS 

When the operating company took delivery of their first EIS equipped aircraft, 
training on the EIS was included in a one day course on rhe differences between 
the Series 300 and Series 400 aircraft (paragraphs 1.5.1 and 1 S.2). NO EIS 
quipped flight simulator was available at that stage and so the first few flights of 
pilots who were new to the EIS system were supervised under normal line 
checking procedures. The result of this partern of mining was that the fust time 
that a pilot was likely to see abnormal indications on the EIS was in-flight in an 
aircraft with a failing engine. This could be regarded as undesirable on at least 
two counts. The first is that if the crew encountered any problem with display 
interpretation under normal line conditions, there would invariably be spare 
capacity in the system to enable them to spend a little extra time checking the 
readings on the display. In the circumstances of this emergency, they may not 
have perceived that such time was available, and were thus in a situation where: 
they had to in~erprtt novel readings ( i t  acquire a new skill) under the wM5t 

possible conditions. The second reason is that it is possible that new forms of 
engine instrumentation are, subjectively, more different from the old 
insmmentation when presenting abnormal readings than when presenting n m d  
states, and that the slightly different techniques required to interrogate these 
insmments under abnormal conditions may not have been acquirad by this crew, 

For both of these reasons it  would appear evident that m w s  should be providd 
with EIS display familiarisation in the sirnulator. During such training they would 
be able to witness a full range of failures, enabling them to acquire the necessary 
visual and interpretive skills, before being presented with associated problems on 
an aircraft in flight. It i s  therefore recommended that the CAA should review 
cumnt airline transport pilot mining requirements ensure that pilots. who lack 
experience of electronic flight displays, are provided with familiarisatj~n of such 
displays in a flight simulator, before flying public mspon aircraft that are so 
equipped made 30 March 1990). 

Training far gig hr crewleabin crew coordination 

It could be argued that the pilots of this aircraft did not make effective use of the 
cabin mew as in additional source of infomation. Such co-operation could be 
encouraged by joint training exercises between flight and cabin crews. In 
addition, it should be possible to pmvide sirnulator txercises in which it would be 
appropriate for pilots to ask for cabin crew to give a briefing on events in the 
cabin and for the role of the cabin crew to be ,taken, in such exercises, by the . , 
simularor instructor. Such training would serve to provide pilots with the' 
knowledge that cabin crew are a source of information that should be considered 
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in certain emergencies. Equally, cabin crew could be trained to appreciate that 
one factor which they shodd consider during any emergency is the provision to 
the pilots, in a timely way, of a summary of the sights and sounds witnessed in 
the cabin. It is therefore recommended that training exercises for pilots and cabin 
crew should be introduced to improve co-ordination between technical and cabin 
crews in response to an emergency (Made 30 March 1990). 

2.1.4.3 Pilor mining 

2 .1.4.3.1 Technical raining 

With the increased complexity of modern aircraft systems it has kcome generally 
accepted that pilots cannot be expected to have an in-depth technical knowledge of 
all the systems on their aircraft. In  addition, technical development has produced 
systems with much improved fail-safe characteristics which can give the flight 
crew continued system performance following anticipated discrete failures within 
such systems. Because of this technical progress, associated pilot training has 
become increasingly based on the 'need to know"princip1e. This approach has its 

limitations and largely rests on the assumption that all technical failures with 
which a flight crew may be confronted can be anticipated. This is an unsafe 
assumption, 

In this accident, the pilots were suddenly presented with an unforeseen 
combination of symptoms that was outside their mining or cxpcricnce. It may be 
con tended that fadcompressor blade contact with the surrounding abadable seals 
during conditions of severe out-of-balance running could not have been 
anticipated technically. Even if this is accepted, this effect has now been 
demonsuated. 

]It is also apparent [hat this flight crew did not assimilate the readings on both 
engine vibration indicators. The reaction of pilots to indications on the flight deck - 

is modified by their general experience and many pilots of earlier gas turbine 
aircraft have become dismissive of engine vibration indicators due to the inferior 
performance of such systems. Such views are liable to prevail on modern aimaft 
unless the technical knowledge of pilots is effectively revised. 

The prime factor which appeared to confm to this m w  that the No 2 engine was 
at fault was the sudden reduction in noise and shuddering which occurred when 
the No 2 engine was rhrottled back. It is considered Qaragsaph 2.2.2.23 that . ,  xhis 
effect was due to the No 1 engine recovering from a series of compressoi stalls, 
due to the autothrottle disconnection which preceded throttling of the No 2 
engine. This is yet ano~her technical systems finding which should be covered in 
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pilot training since it may have implications for engine failure discrimination 
where the affected engine is experiencing compressor stalls, with autothrottles 
engaged. 

Such findings raise questions concerning the level of technical training available 
to pilots of modern aircraft. In addition they illustrate the point thar such training 
should also include an appreciation of systems response under abnormal 
conditions, particularly where the associated symptoms have the potential to 
mislead flight crews in an emergency situation. 

2. I -4 -3 -2 Decision mining 

Training of flight crew can be classified under three broad headings. There is 
training designed to provide the pibt with specific handling or psychomotor 
skills; that designed to ensure that pilots are familiar with procedures (eg the 
pattern of khaviour required so deal with an engine fie); and that designed to 
provide the piIot with general techniques for dealing with unexpected and 
possibly poorly defined problems. 

Flying ~a in ing  and checking has tradi~imally concentrated on the first two types 
of training, and this accident provides evidence of the efficiency of that training, 
The aircraft was controlled satisbclmily by the captain, and the engine shut down 
procedure was carried out with accuracy. Any enors made on the flight deck in 
 his accident were at the highest decision making levd. The crew was not 
presented with a clear cut fire warning, with which they would undoubtedly have 
dealt satisfactorily, but with a noise, shuddering and the smell of burning. 
Nowhere in their previous experience would they have been prcstnted with this 
particular situation, and it was therefore up to them, or at Ieast up to the 
commander, to formulate a plan for dealing with it. 

Because it is not possible to anticipate eveq emergency or combination of 
circumstances and reduce such situations to a level at which pilots may be trained 
to deal with them pr~edurally, it may be argud that it is the essence of the pilot's 
task to bring his flexibility and decision making potential to bcar an those 
situations that cannot be anticipated. Such considerations have led to the 
development of 'Line Oriented Flying Training', 'Cockpit Resource 
Management', 'Flight Deck Management' and other training concepts designed to 
provide pilots with experience of evaluating unusual situations, alkit in the flight 
simuIator, in the belief that such practice in making high-level decisions will 
transfer positively to the real flight deck. Such courses arc nor presently required 
for Brirish airline uanspon pilots, and hence their uaining tends to contain a . . 
heavy procedural bias. This accident emphasises the fact thar occasions arise 



ICAO Circular 262-AM56 39 
r. - .  

when i t  is important for pilots to have the ability to evduate novel situations 
conecr'ly, and consideration should thus be given to requiring that evidence 
evaluation and decision training, as well as procedural training, should be 
included in company training and checking p d u r e s .  

It is herefore recommended that the CAA should review current airlint transport 
pilot training requirements with a view towards considering the need to restore the 
balance in flight crew technical appreciation of aircraft systems. including systems 
response under abnormal conditions, and to evaluate the potential of additional 
simulator training in flight deck decision making (Made 30 March 1990). 

2.2 . Engine failure analysis 

2.2.1 General 

From the engine investigation standpoint, the pre-accident sequence fell into three 
distinct phases; the initial problem when there was a sudden onset of heavy 
vibration, shuddering and compressor stalling which ceased after about 20 
seconds, referred to as Event 1; an intermediate period during the descent at low 

power which lasted up to the second sudden onset of severe vibration during a 
power increase on approach, followed by a sudden thrust loss on the No 1 fleft) 
engine about 50 seconds before impact, referred to as Event 2. During both these 
e v e m  there were reports of flames and sparks emanating f r q  the No 1 engine. 

Examination of the engine parameters recorded on the FDR over the previous 25 
hours did not reveal any evidence of a significant change in either engine's 
characteristics. Up to the instant of Event 1, both engines had ken performing 
entirely normally, neither showing any evidence of abnormal vibration Ierels nor 
of changes in the Nl/N2/EGT relationships. At Event 1, the FDR record showed 
changes occurring to the No 1 engine parameters only. No changes occurred to 

the No 2 engine parameters at this time and it was ~tarded and subsequently shut 
down, having displayed normal indications at all times. 

After the initial period of heavy vibration and stalling on the No 1 engine, the 
FDR record showed that, when this engine had restabilised there was'onl~ a small 
change in engine thrust. There was, however, a m x k d  increase in vibration 
level on the No 1 engine, saturating the indication system at high fan speed, but 
reducing to fall within the measurable range (less than 5 units) after the fan speed 
was reduced to 33% during the descent. These levels were consistent with those 
produced by an engine with a fan which had one blade outer panel missing ,when - 

compared with the data derived from engine testing (see paragraph 1.16. i) and . 

that latex available from the FDR record from the blade failure on G-OBMG 



40 ICAO Circular 262-AN11 56 

(paragraph 1.17.7.3). There had also been a loss of overall engine efficiency, 
indicated by a higher EGTW 1 ratio compared with that requirtd before Event I. 
The vibration levels induced by therimbalance caused by the loss of s fan blade 
outer panel on the No 1 engine would have resulted in tip rubbing of blades 
throughout the compressor at the high N1 (97%) recorded immediately after 
Event 1. This would have led to a loss of compressor efficiency, which wo\uld 
have required the combustion temperature to have risen in order to supply 
sufficient energy to the LP turbines to drive the fan. 

Between the time that the No 1 engine stabiIised and Event 2, this engine 
responded, apparently normally, to the applied throttle demands. It continued, 
however, to exhibit abnormally high vibration levels for the power settings used 
and these levels were considerably abuve those exhibited at any power setting 
before Event 1 (see Appendix 4, fig 4). It also continued to operate with a raised 
EGT/N 3 ratio although, without the indications of a similar undamaged engine for 
comparison, these changes would not have been obvious. 

Just before Event 2, the No 1 engine initially responded to an increased throttle 
demand by increasing its fan speed to 30%. Rapid changes in engine parameters 
then occurred, after which N1 and N2 decayed, the exhaust gas temperature 
(EGT) increased slowly and the engine ceased to respond to the throttle. The 
engine then remained, seemingly locked, in this condition until the cnd of the 
FDR record (see Appendix 4, fig 3). 

Saip examination of the No 2 engine (paragraph 1.12.2.1 ,I), including the MEC, 
revealed only damage which was consistent with the effects of ground impact, 
with the engine either stopped or windmilling very slowly. No evidence was 
found of any pre-existing imbalance, nor of any fm. This a ~ c ~ d e d  with the 
FDR record which showed that the tngine had been first retarded, and 
subsequently shut down, without any perf0-e or vibration excursion having 
0ccUTxtd. 

By contrast, the strip examination of the No 1 engine (paragraph 1.12.2.1.2) 
showed that, although the damage resulting from ground impact was vtry similar 
to that observed on the No 2 engine, there were marked differences in its 
condition. The fan and fan case showed evidence of fan break-up at high energy 
and there were two areas of fire damage. There was also a great deal of rubbing 
damage to the rotating seals and Made tips of all compressor stages, consistent 
with this engine having tun at considerable power, with a vtry high level of 
vibrarion. No evidence was found of imbalance due to whole or part blade loss in. 
any rotating stage apart from the fan, nor was there any bearing distress to 
account for the vibration levels recorded. There was evidence of hard object 



ingestion throughout the compressors and of wood ingestion through to 'ihe 
tw ine  section, where it had been c h d .  This wood ingestion showed that the 
engine had k e n  running right up to the time of impact, with combustion still 
being sustained. 

2,2.2 No I engine failure sequence 

2.2.2.1 Fan failwe seqlrettce 

On reconsmction of the No 1 engine fan, it  was established that, although all fan 
blades were found lo have fractures or damage of some type, only the fracture of 
blade No 17 exhibited the characteristics of fatigue, If this fracture had occurred 
first, the initiation of Everlr 1 would have been the sudden separation of a single 
fan blade outer panel. This would have induced a localised disturbance in the fan 
airflaw, coupled with severe imbalance, bath of which can cause ~e onset of a 
fan stal1, and subsequently a booster and core stall. (see paragraph 1.17.6.3). 
The severe imbalance would also have caused blade tip and air-seal rubbing 
throughout the engine, with a consequent degradation of the enghe stall margin. 
The rubbing of the fan and booster blades on the abradablt tip path seals would 
havt generated a considerable amount of acrid smelling products, These would 
have h e n  enmined into the core engine and thence, through the b l e d  air system, 
into the air conditioning. The reported smells of 'rubberv and 'hot metal' would 
havt been consistent with such effects. 

Appendix 4, fig 10 shows that the initial reaction of the No 1 engine of ME to 
the first event was airnost identical to that of the No 2 engine of MG, which is 
known to havt suffered a fan blade outer panel separation, with very little 
subsequent damage. It cart be seen that the No 1 engine of ME d m t  rtstabibsed 
during Event 1 about 6 seconds after the onset of compressor stalling, but it 
appears rhat the power set at that time was greater than thc engine, with its then 
degradt-d stall margin, could sustain md it entered s s&es of stalls which lasted 
a b u t  20 seconds. The autothrottle was disconntctd a b u t  20 seconds after the 
onset of Event 1 and at a moment when it had set a slightly lower throttle angle 
than that which had been required for the rated power climb. This reduction in . 

power demand appears to have enabled the NO 1 engine to recover from its 
compres&sta?ling. The stall sequence and the recovery from it an examined in 
detail in paragraph 2.2.2.2, Subsequently, the vibration levels on the No 1 
engine of ME at reduced thrust were compamblt to those expcricncd on the No 2 
engine of MG under similar conditions. These similarities indicate that, after 
Event 1, the No I engine fan of ME was in a campatable state to that of thc,No 2 
engine of MG. The continued operation of the Na 1. engine of ME, such a 



fan blade failure, may be understood when compared with the result of the test on 
an engine which had one fan blade outer pand missing (paragraph 1.16.1) which 
showed that there was no detectable loss of performance or efficiency in this 
condition. 

Thus a11 the No 1 engine symptoms at Event 1 were consistent with the 
instantaneous loss of the outer panel from one fan blade and the presence of a 
fatigue fracture on blade No 17 alone indicated that this was the first event. The 
comparability of the vibration levels with those of MG and the maintenance of 
power after Event 1 suggested that the No 1 engine fan had suffered very little 
damage apart from the loss of one outer panel at that time. This implied that the 
separated panel had tither passed through the fan, like that on MG, or had 
become embedded in the acoustic liners of the fan case, or intake duct forward of 
the fan. 

Between the end of Evenr 1 and the occurrence of Event 2 there was no evidence 
of my significant change in the condition of the No 1 engine. Since this engine 
was king  operated at reduced RPM during the descent, compared with that at the 
time of Event I ,  it was unlikely that the rotor blade tips, or the rotating seals, 
would have rubbed further than they had during the first event. This also implied 
that the fan had suffered no significant additional damage between the two events. 
At Event 2, the condition of the No 1 engine clearly deteriorated abruptly. Since 
the smp examination of this engine did not reveal any catastrophic failures in the 
booster, core engine or LP turbines, nor any malfunction of the fuel control 
system, this change would appear to have been the result of - additional fan 
damage. The finding, on the ground below where Event 2 took place, of 
fragments of at least three fan blades, including parts of blade No 17, together 
with parts of acoustic liner and their attachments, also indicated that the cause of 
this deterioration was additional fan damage. 

Since Made No 17 was the only fan blade to have suffered a fatigue failure, it was 
concluded that the initiating occurrence for Event 2 must have been the ingestion 
by the fan of a foreign object. The finding of pans of blade No 17 outer panel 
under that part of the final approach path where Event 2 occurred suggested that 
the release of this outer panel from a place of entrapment was the most likely 
cause of the additional fan damage. This view was supported by the condition of 
the fan on the Dan Air engine (NL incident) in which outer panel separation 
caused immediate massive fan damage, albeit at a higher power setting than that 
applicable to Event 2. The behaviour of the Dan Air engine after the blade outer 
panel separation suggested that the resulting airflow with such fan damage is 
likely to induce a 'locked compressor stall' unless engine power is retarded, and 
even then it might not be possible to re-establish any significant power. 
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The exact sequence of the fan failure at Event 2 was difficult to analyse in the light 
of the additional damage suffered by the fan during impact with the motorway. 
The presence of fragments of blades 4 and 5 at the location of Event 2, combined 
with the severe overheating observed on the blade 6 outer panel suggested that 
blade 6 outer panel detached at this juncture and became trapped between the fan 
blade tips and the abradable liner. This was the most likely origin of the 'fire' in 
the intake reported by many witnesses and the associated sparks would also have 
constituted a potential source of ignition for both fire zones by penetration of the 
intake duct into the fan case cowl and by passage down the fan exhaust to ignite 
fuel and oil atomising from the trailing edge of the bypass duct. 

2.2.2.2 Recovery of rile No I engine from the series of stalls ar Even't 1 

The timing of the recovery of the No 1 engine from its series of stalls was clearly 
crucial to the crew's understanding of their situation. The influence of throttle 
lever angle (TLA) on the ability of the engine to recover and how the autothrottle 
affected the throttle position has thus to be considered. 

Appendix 4, fig 1 1 shows the relative variation of a number of parameters over a 
period of 35 seconds, starting 4 seconds before Event 1. The parameter traces 
shown are as recorded, wi;hout offsets for mechanical or electronic delays. There 
is approximately a 0.5 second delay in N1, but autothrottle position lag is not 
readily estimated, as it is mainly a mechanical hysteresis dependent on the 
movement demanded. However, all the parameters shown were sampled at a rate 
of llsec. and as a result, the actual peak and trough values may not have been 
recorded. This is particularly m e  of N1 and, to a lesser extent, throttle position 
(TLA recorded at the MEC input lever) on the No 1 engine which was changing, 
in both value and sense, very rapidly. Therefore, to give some idea of what the 
extreme values of N1 might have been, the slopes have been extended (in broken 
lines) where the peaks and troughs obviously have been truncated. 

Examination of these parameters and relating them to the autothrottle logic in use 
at the time (paragraph 1.17.6.4) has shown that, after making due allowance for 
the various lags, the autothrottle has reacted correctly to the N1 excursions, in 
accordance with its design. The loss of the actual maxima and minima, and the 
hysteresis lag, of TLA is demonstrated by the apparent reduction and subsequent 
increase of TLA after the autothrottle was disconnected and just before the engine 
settled at the reduced N1. It is possible that TLA reduced to an angle of as much 
as l o  below that recorded in response to the combination of Nl>lO% k l o y  target 
but increasing towards the reduced N1 target very rapidly. Whilst at this 

condition, the 4th stall occurred and the autothrottle was then returning TLA to the 
position of the reduced target N1, since N1 was no longer increasing. 
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This resulted in the throttle lever coming to rest, with the autothrottle disengaged, 
at the reduced target N1 appropriate to the logic law which prevents overboosting 
of an unresponsive engine. With the gas path degradation caused by the fan 
damage, the engine would have had reduced responsiveness. This reduced TLA 
position therefore most probably prevented a large N1 overswing and permitted 
the engine to recover and stabilise. 

It can be seen at Appendix 4, fig 11 that the closing of the No 2 engine throttle 
coincided almost exactly with the start of the final stall recovery acceleration of the 
No 1 engine, which would have become smooth running (apart from the 
imbalance vibration) at that instant. 

The evidence thus indicated that it was the disengagement of the autothrottle at a 
time when it had, whilst operating correctly, demanded a reduced TLA which 
permitted the stable stall recovery of the No 1 engine. This caused the closure of 
the No 2 engine throttle lever to appear to coincide with the cessation of the 
shuddering from the No 1 engine. 

2.2.3 Cause of fatigue initiation in fan blade No 17 

The metallurgical examination of this blade established that the fracture had 
propagated initially by fatigue, the origin of which appeared to be on the pressure 
face of the blade about 1.25mm aft of the true leading edge. The transference of 
the original leading edge and pressure face surfaces to the adjacent blades, as a 
result of inter-blade clashing, made it impossible to identify any surface feature 
which may have led to fatigue initiation. However, the depth of the material 
removed from the pressure face indicated that if there had been an anomaly at the 
origin of the fracture it must have been only verj small (see Appendix 1, fig 3). 

During the initial part of the investigation, the manufacturers were convinced, by 
the work that they had done during the engine type certification, that there were 
no severe blade vibration modes anywhere in the operating envelope of the fan in 
the absence of serious blade distortion. The possibility that bird or other foreign 
object damage might have caused sufficient blade damage and distortion to 
account for fatigue initiation and growth to critical length between Events 1 and 2 
was explored, but engine testing with damaged and distorted blades did not reveal 
sufficient vibratory excitation at the powers used during the flight. It was also 
concluded that such damage would have had to be so gross that it could not have 
been present on the blade before Event 1 without revealing itself as loss of fan 
efficiency and/or engine vibration or, if it had been present before take-off, being 
visible during the normal pre-flight inspection. Thus the initial conclusions 
reached were that the pressure face had suffered a small but particularly sharp 
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surface damage feature with a large kt, that there was insufficient information 
available from the fracture surface to indicate how long such a feature had existed 
and that it was an isolated failure. 

However, after n~etallurgical examination of the two fan blade fractures suffered 
by G-BNNL and G-OBMG had revealed a number of features common to each 
other and to that from ME, it became clear that there was a generic problem 

affecting the -3C-1 variant of the CFM 56. Both of the later fractures had 
originated at the base of the shot-peened layer on the blade pressure face, close to 
the mid-chord position qnd just above the leading edge of the mid-span shroud. 
There was no detectable evidence of any surface damage nor of any metallurgical 
or microstructurd deficiencies in either blade. The examination also revealed that 
once the fatigue had initiated, it had progressed to its critical length and-final 
rupture extremely rapidly, taking three flights to complete separation in the case of 
the NL, and only two in that of MG. 

The position of the fdtigue origins was in the region of the blade where the 
highest vibratory stresses were expected for one particular vibratory mode but, on 
the basis of the data collected during the cenification testing, these had been 
shown to be well below the manufacturer's reduced endurance limit. Initiation of 
fatigue at the base of the compressive layer below shot peening is typical of the 
result of cyclic loading at stress levels above the endurance limit and the very high 
initiatiodpropagation time ratio indicated that this level was omy just above the 

- endurance limit. This implied that the fan blades had been subjected to an hitherto 
unsuspected blade vibration. 

Comparison of the two later fractures with that from ME showed that although the 
fatigue origin on the ME blade was near the leading edge, the planes of all three 
fractures ran very close together. (See Appendix 1, fig 8) This suggested that all 
three failures were the result of the same problem. Examination of the blade 
vibration modes established during cenification revealed that the nodal line 
indicated by the planes of the three fractures matched, amongst others, that to be 
expected from a second order system vibration mode' ! Furthermore, a 
comparison of the stress levels induced by this mode in the leading edge zone, 
relative to those at mid-chord, indicated that a defect with a k~ of as little as 2.5 
could render the leading edge as sensitive to fatigue nucleation as the mid-chord 
zone. Thus, since a score with a semi-circular cross section which ran chordwise 
across the blade surface would have had a kt of 3, a relatively minor defect 
resulting from FOD would be sufficient to move the natural initiation zone from 
the mid-chord to the leading edge when the fan was subjected to this mode. < .  

2__ 

5 .  
Blades and disc vibrating as an cnlity 
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At the time that the CFM 56-3C-1 came into service, the manufacturers had 
satisfied themselves and the certificating authorities that rhe type met aU the 
aimorthiness requirements, amongst which was the requirement to ensure that all 
blade stages were free from 'unacceptable vibratory stresses', (See Appendix 1, 
extract 1) This had been demonstrated by reference to all the past testing of 
blades and test bed running of main-gauged engines. This latter testing, even 
when done with -3B variants, had required the engines to k run at physical 
speeds considerably above those which were permitted in flighr, even for the 
-3C-1. These tests had demonstrated that throughout the engine speed range 
there were only sy rlehronous responses and these produced acceptable vibratory 
stresses. However, in order to reach the very high fan speeds required for 
certification whilst testing at sea level, it was necessary to use a variable fan 
nozzle to avoid driving the core engine kyond its limits. By doing this, the 
airflow through the fan becomes unrepresentative of that which actually occurs at 

high altitude as the fan 'is working on a different operating line. It was believed, 
however, that any instability features which existed would show up, albeit at 
reduced levels, and if they did so, ihen a more ~epresentative test would have to 
be undertaken to establish the actual saesses created, Nor having observed a 
tendency to produce any instabilities at sea level, the manufacturers and 
certificating authorities were satisfied,and no tests were performed on a seain- 
gauged engine in an altitude zest cell, or in flight. 

After the TWO later fm blade fatigue fractures, it became suspectwkhat the fan was 
being subjected to higher vibratory stresses than were thought to exist, The fact 
that all three fan blade fatigue fractures had uccurred across the same blade 
section, at similar flight conditions of engine speed and altitude and that all three 
engines had completed a similar number of flight cycles (although. significantly 
higher running hours in  the case of the Dan Air engine), indicated that there was 
an unique vibntoq mode involved which was excited regularly. On compEuing 
the operating conditions to which the -3C-I was exposed with those of the 
-3B-2, ihere were only two areas of significant difference; she take-off thrust and 
rhe rated power climb thrust. Since take-off thrust is only used at relatively low 
altiiudes, it was believed that rest bed running accurately reflected me operating 
conditions. It appeved more likely, therefore, that the excitation occurred during 
rated power climb at a considerable altitude, a regime in which the true aidlow 
conditions were known to be different from those tested up to that time. 

In order to achieve the high physical fan speeds necessary on a test bed to 

simulate more accurately the high corrected fan speeds at altitude, i t  was 

necessary ro run the core engine to speeds and temperatures which considerably 
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shonened its life. The initial rest bed running directed at exposing any unknown 
vibrations revealed some non-synchronous vibratory excitation of the fan. A 
review of the vibration survey made during the modified splitter tests, conducted 
after the accident to ME and unrelated to the investigation, then also revealed 
what, in rebospect, was a small indication that the problem existed. 

Following the test bed research, the strain-gauged blade tesss conducted on a 
flight test engine confim-led the presence and m d e  of the vibratory response and 
showed that it could produce stress levels approaching the endurance limit. 

2.2 .S Failure of slae cert flcarion process to reveal t'ibrarion 

The CFh4 56 was originally certificated jointly by FAA and DGAC as being in 
compliance with the requirements of FARs and JARS. Wish regard to the 
requirement to dzrnonstrate freedom from damaging vibration, CFMI had adopted 
the norn~sl US mzlnuf~cturers'approrlch and had tested a strain-gauged engine in 
a sea Ievel test cell. As this test had not revealed the presence of any such 
vibrations, the FAA and DGAC accepted that the engine had been demonstrated to 
have met the requirements of b t h  FARs and JARS. Because of their reciprocal 
validation agreement with the FAA, the CAA also accepted the type certification 
of he  CFM 56-3C 

The tests performed, after the two later incidents, on strain-gauged engines in h e  
flying test bed showed rhar the previously undetected system mode vibration of 
the fan was consistently excited when using -3C rated climb power above 
10,000 ft. Although none of the measured vibratory stressekon the fan blades 
resulting from. this excitation were above the endurance limit, they were 
sufficiently large ~o suggest that, with the anticipated variation of excitation of 
individual blades within a fan, some Hades might experience smsses at, or 
above, this limit. 

Had a similar flight test been performed during the certification testing, the 
manufacturer and certificating authorities would have become aware of the 
vibration mode and the engine could not have been considered acceptable for 
in~duction into service before the characteristic had k e n  eliminated. 

Previous certification history, on other engine types, had suggested that such 
characteristics would reveal themselves, to a degree, during sea level testing. Ir 
appears, however, from the experience of this accident, and the two subsequent 
incidents, that this was not a safe assumption since the level of blade cxcitarion 
was so low as to be masked by the backgound signal 'noise'. Alrhough it will 
continue to be necessary to attempt to identify potendally hazardous modes using 
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refined procedures on heavily instrumented ground test engines, only by test in 
8 ,  

the real operating environment can the actual excitation levels be reliably 
ascertained. 

It is therefore recommended that the type certification requirements for gas turbine 
engines should be amended so that it is mandatory to perform instrumented flight 
tests to demonstrate freedom from damaging vibratory stresses at all altitude 
conditions and powers which an engine will encounter in service (Made 30 March 
1990). 

Fire 

Source offire 

The first indication of fire in the No 1 engine nacelle occurred shortly after 
Event 2 in the fan failure sequence when there was evidence from both the FDR 
and CVR that a fire warning had been triggered. Although the fire warning was 
not related to the No 1 engine by the FDR evidence, it was by the subsequent 
conversation between the commander and first officer recorded on the CVR. 

The examination of wreckage on the accident site indicated that only the No 1 
engne and nacelle had evidence of fue damage and the more detailed examination 
revealed that there was no evidence of fue elsewhere on the aircraft. Examination 
of the No 1 engine and nacelle revealed that there were three separate and distinct 
fires which had occurred on this power plant. Of these, two were in zones 
monitored by fire detection loops, one on the outboard side of the fan case and the 
other on the underside of the combustion case, Neither had evidence of the 
presence of any forcing air draught to show that they had been burning -- in flight. 
The third frre had been on the outside of the nacelle, on the outboard side of the 
reverser duct, remote from any detectors. This fire showed the characteristics of 
having been slipstream driven and must have been burning whilst the aircraft was 
in flight. 

Since the fire on the outboard side of the reverser duct was in an unmonitored 
zone, it is highly unlikely that it could have triggered the warning. Thus, since 
the warning had been triggered in flight, there must have been fire or very hot 

. gases present in one of the other two zones. The fire on the underside of the 
combustion case, although in a monitored zone, had been very minor and showed 
the characteristics of a restricted fuel ground fire. It was also seen that this fire 
centred on a fractured fuel nozzle fitting which had clear evidence of having been 
damaged during the ground impact sequence, indicating that this fire was entirely 
post impact. Thus the fire warning must have been niggered by the fan case 
detectors. 
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The fan cowling itself is a nomi  ally enclosed space, the only venting being via 
* .  

the cowl drain at the bottom, just ahead of the cowling firewall. Thus, even if the 
intake duct were breached by fan debris, it is unlikely that there was a fast 
airstream through the fan cowl in flight. The ground fire which had affected the 
fan case after the aircraft had come to rest had consumed a large proportion of the 
forward cowling and had overlaid any evidence, on the outside of the fan case, of 
any fire which might have occurred in flight. The reconsauction of the cowling, 
however, showed that some areas of the forward cowl which had broken free at 
impact had not been involved in the ground fire. By positioning these pieces it 
was possible to show that a fire had been present in the fan cowl before it had 
been broken up by impact and that fire appeared to have been present on the 
outboard side of the fan case and above the level of the MEC. 

The investigation of the two other engines involved in fan blade fatigue failures 
showed that fuel pipe unions and the seal between the HP fuel pump and the 
MEC were susceptible to being loosened to the point of leaking if subjected to 
severe vibration. Furthemlore, the trials performed to try to establish the 
characteristics of such leaks showed that atomised fuel spraying could occur as 
the result of unions being loosened to the extent found with the fuel pressures to 
be expected whilst the engine was running. 

The exposure to vibration of the 3 engines which suffered fan blade fractures was 
compared. It was observed that the No 2 engine from MG had suffered a brief 
initial period of very high vibration at a high power setting, under similar 
conditions to that seen on the No 1 engine of ME but of aboukhalf the duration. 
Thereafter the engine was throttled back to a flight idle setting for a similar 
duration to that experienced by the ME engine during the descent. During the 
approach to East Midlands, the ME engine experienced two exposures to higher 
vibration levels as a result of engine power being increased. Thus the No 1 

engine of ME had experienced greater exposure to vibration than the No 2 engine 
of MG and was likely.to have at least as much loosening of pipe unions. 
Consequently, since the fuel unions found on the MG engine were sufficiently 
loose to produce atonlising spray leaks, it is probable that immediately before 
Event 2 , at the time of the second power increase, atomised fuel sprays were. 
present in the fan cowl of the ME engine. 

If such leaks were present with no igni,tion source, the free fuel would have run to 
the base of the cowling and escaped through the vent and drain apertures. The 
airstream around the outside of the nacelle flows'upwards and outboard, the 
upwards component increasing with angle of attack. The evidence of fluid 

streaking running in this direction showed that a significant quantity of fuel and 
oil, which could also have been liberated by a similar union loosening prwess, 



50 ICAO Circular 262-AN11 56 

had been present in  flight. When the fluid on the outside of thenacelle reached 
the trailing edge of the cowling, it would have been drawn off as a highly 
combustible atomised mist by the slipstieam. 

The source of ignition for the fluid mist from the trailing edge could have come 
from either the flames resulting from compressor stalling passing down the fan 
stream or incandescent fan blade particles generated by the fan break-up at 
Event 2. The same potential sources could also have ignited fuel sprays within 
the fan cowl if the inlet duct had been breached. Although no evidence remained 
to demonstrate that it  had been, the likelihood of a breach being made by fan 
break-up fragments is reasonably high, and no evidence was found of an 
alternative ignition source within the cowl. 

2.3.2 PotenriaC- effects offire 

Although the effects of the fire were restricted to the No 1 engine and nacelle, this 
was principally due to the fact that the airfield fire service was able to attack it  
with appropriate extinguishants before it had time to spread. Had it been a 
significantly longer time before fire fighting was possible, although there was 
very little fuel spillage from the aircraft, it is probable that a much greater loss of 
life would have resulted. 

The likelihood of a post crash ground fire will be much greater if there has been 
fxe on an aircraft in flight. Fuel or oil leakage from loose pipe unions is an ever- 
present hazard and will always increase the possibility of a fire in flight. 

It must be accepted that the vibration levels experienced on the No 1 engine of ME 
were orders of magnitude greater than those normally present and, therefore, 
more likely to cause loosening of pipe unions. However, it is under such 
conditions that there is likely to be an increased risk of accident. Although the 
fitting of locking wire to pipe unions would not entirely prevent loosening of 
these unions, i t  would limit the degree of looseness and, consequently, the 
likelihood of an atomised spray with a higher susceptibility to ignition. The fuel 
and oil pipe unions on the fan case of the CFM 56, in line with current practice, 
are not generally wirelocked; the control air pipes are the only ones, in this zone, 
wirelocked as a matter of course. 

Although wirelocking of pipe unions will not prevent leakage of combustible 
fluids completely, its benefits and shoncomings should be reviewed in relation to 
the potential reduction of fire hazards in vulnerable zones. It is therefore 
recommended that the potential for fuel and oil system leakage within the fan case 
area of high by-pass turbofan engines, during conditions of excessive vibration, 
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should be reviewed by the engine manufacturers and the CAA with a view 
towards modifying such systems to minimise such leakage and the associated fire 
risk (Made 30 March 1990). 

Fuel rank integrity 

The other major factor which affected the post-crash fue was the lack of a major 
release of fuel in the impact. This was partly due to good fortune, in that the 
centre section fuel tank, which was ruptured, did not contain fuel for this flight 
and that the damage to the left wing-tip occurred outboard of that fuel tank. It 
was, however, more largely due to the continuing integrity of the wing fuel tanks 
further inboard,which did not rupture despite the separation of both main landing 
gear (MLG) legs and the almost complete separation of both engines. 

The wreckage showed that both MLG legs separated entirely consistently with the 
cnshwonhiness features of their design, failing the fuse-pin bolts and leaving the 
rear wing spars intact. In the case of the engines, the structural failures occurred 
within the pylons themselves, leaving the fuse-pin bolts in place; the separations 
were, in this instance, benign and the forward wing spars were not disrupted. 

The excerpts in paragraph 1.17.16 are from the applicable airworthiness code 
(BCAR Section D) and the current code (JAR-25). They concern fuel tank 
penetration and address the MLG failure mode case (JAR-25.721) and the rear- 
mounted engine case. However, they do not address, other than in very general 
terms, the case for wing-mounted podded engines such as on the Boeing 737-400 
and similarly configured transport aircraft. It is recommended, therefore, - that the 
CAA should review the existing Joint Airworthiness Requirements concerning 
fuel tank protection from the effects of main landing gear and engine detachment 
during ground impact and include specific design requirements to protect the fuel 
tank integrity of those designs of aircraft with wing-mounted engines. (Made 30 
March 1990) 

Aircraft systems. 

Aircrafr sysrems-general. 

Evidence from both the FDR and the flight crew did not indicate that there were 
any abnormalities connected with the flying controls, fuel or hydraulic systems 
which could have contributed to this accident. Accordingly, the systems 
examination was largely confined to those areas which could have had a bearing 
on the crew's perception of the failure in the No 1 engine. 
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In addition to the integrity and function checks of the EJS and associated wiring, 
the fue/overhear detection system and the vibradon monironng system, some iests 
were also performed on the air conditioning system, 

2.4.2 Air conditioning sysrem. 

As referred to in  paragraph 2.1.1.1, the commander stated that his knowledge of 
the air conditiorling system had led him to believe that the problem lay in the No 2 
engine. Thus, although it has since been established both by analysis and by the 
study of similar incidents of severe fan imbalance that smoke andlox fumes may 
be expected to be emitted from the abradable engine seals, i t  was considered 
prudent to ascertain that the air conditioning system itself had nor generated 
smoke. A1 though smoke or smells of burning perceived in the aircraft could have 
come from a number of sources, the sudden perception of such indications, 
coupled with vibrarjon might have indicated a problem in one of the rotating 
components in the air conditioning system and it was for this reason that the air 
cycle machines and the circulation fans were selected for examination. NO 
evidence of pre-impact failure was found. 

Enginefire and overhear derecnon system. 

The discovery, during testing, that the rue detectiofi rnoduIe exhibited the 'latch- 
up' phenomenon (paragraph 1.12.2.3) raised the question as to whether the 
system may have been dormant during a period in which a fire had occurred in 
No I engine and thereby denied or delayed a fire warning to the crew. This was 
nor considered likely for two reasons. Firstly, the evidence of airbrne fire on the 
No 1 engine was consistent with it k i n g  of shon duration, compatible with the 
period of rime that elapsed between the fire *I1 k i n g  heard on the CVR and 

r 

impact with the ground. Secondly, had the fire been burning at an earlier stage 
with the detection system latched-up then it would no1 have provided a fire 
waning at all once the system k a m e  unlatched. 

Apart from this discrepancy, no other faults were found in the fire and overheat 
detection system. The wiring associated with the system was also found to be 
connected in the correct lefdrighr sense. 

The AVM was designed to detect radial accelerations at a frequency 
corrtsponding ro the speeds of the rotating engine assemblies. It will not detect 
vibration which i s  outside a nasrow band of Nl  or N2 speeds such as, for 
example, that induced by engine stalls or aerodynamic effects on individual 
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blades. This was necessary to achieve the freedom from spurious alerts which 
were a feature of the older generation of vibration warning systems and which 
contributed to a loss of confidence in such systems. 

The various tests which were carried out on the equipment fitted to ME 
(paragraph 1.16.3) were performed to establish not only that it was serviceable 
according to its specification, but also that it was, by design, capable of providing 
information to the crew of the accident aircraft during the critical early phase 
following the far1 blade failure in the No 1 engine. 

The conclusion of the tests was that the AVM system was serviceable and should 
have been indicating a full-scale reading on the No 1 engine vibration gauge 
within about 2 seconds .of the fan blade outer panel separation occumng. 
Subsequent incidents of fan blade separation (see paragraph 1.17.7) confirmed 
this behaviour. Ho~vever, in the two incidents which involved fadcompressor 
damage caused by bird ingestion (paragraphs 1.17.8.1 & 1.17.8.2) the crews 
reported significant delays in presentation of associated readings on the vibration 
gauges, even though vibration was obvious to the crews. 

The reasons for such occurrences were not clear and, if it were to be argued that 
birdstrike damage is analogous to the blade separation case, then it would appear 
to have pointed to sonie unexplained deficiency in the AVM system performance. 
Further consideration, however, indicated that the two situations are not directly 
comparable as birdstrike damage seldom involves significant loss of mass of the 
rotating assemblies, although it may distort the fan/compressor blades. 

The birdstrike tests conducted on a CFM 56-3C- 1 engine during the course of the 
certification testing of the modified fan blades confirmed thenon-linear response 
of the engine to an imbalance with variation of fan speed. 

The recorded vibration levels resulting from a birdstrike were low (within the 
measurable range of the AVM gauge) showing that the actual imbalances were 
small. With the 'dip' in the engine sensitivity to imbalances which occurs at 
around the take-off RPM range, some engines might have virtually no response to 
these small imbalances. Since, however, the engine sensitivity to imbalance rises 
rapidly with reducing fan speed, the vibration and its indication would rise as the 
engine thrust was reduced. For the much higher imbalances encountered with a 
fan blade outer panel separation it is considered that the response, even at the 
minimum of the dip, would still produce close to maximum reading on the 
vibration gauge. The once per revolution impulses, detected during the tests, 
could well give rise to perceptible vibrations, although they would not be 
indicated. 
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2.4.5. Engine insrrumenr system. 

The series of tests of the primary EIS conducted or supervised by AAIB showed. 
beyond any reasonable doubt that, not only was the unit serviceable, but the data 
recorded on the FDR was a subset of the information displayed to the crew. This 
confirmed that the data points on the FDR were displayed on the EIS but, 
because.of the limitations of the FDR sample rate, extra points also existed which 
could not be recalled. 

Establishing actual values or precise behaviour of the instruments during the 
.critical early stages of the first event are of little importance beyond showing that 
significant fluctuations of the primary indications, particularly N1, did occur 
during this period. This was demonstrated. 

The performance of the EIS during the blade separation incident to G-BNNL 
(paragraph 1.17.7. I), in which the commander reported that his primary engine 
instruments apparently showed no abnormalities despite the fact that the FDR 
recording indicated rapidly decaying primary parameters as the engine ran down, 
remains unexplained. A theoretical analysis could find no failure case in which 
data recorded on the FDR could differ significantly from that displayed on the 
EIS, and testing of the units from ME revealed no such behaviour. It should also 
be borne in mind that each primary parameter is served by its own microprocessor 
and circuitry and any suggestion that some obscure fault could have affected all 
four parameters thus appears highly improbable. 

The only secondary parameter of importance to this investigation, namely 
vibration, is discussed in paragraph 2.4.4. There was no evidence that the 
technical performance of the secondary EIS unit affected the flow of information 
available to the crew of ME. 

Checks on the wiring to and from both EIS units found no signs of incorrect 
connection with regard to leftlright sense. 

2.4.6 Airborne closed circuit television monitoring 

The accident would probably have been averted if the pilots had been able to 
observe the pulsating flames and blue sparks which emanated from the No 1 
engine after the primary fan blade failure and which were clearly apparent to many 
in the passenger cabin. 

The technology is currently available to provide flight crews with an external view 
of major areas of their aircraft by means of closed circuit television. Internal 
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zones such as cargo bays and areas of the passenger cabin can also be covered. 
Such a facility would enable the flight crew to assess various types of external 
problem such as fire,, landing gear status, airframe damage, icing etc. Internal 
coverage would provide an additional means of assessment of cargo bay 
problems and cabin status, in addition to ground security monitoring. 

This accident has also highlighted another area in which the availability of 
television monitoring could have benefit. With the increasing use of electronic 
'glass-cockpit' display technology the facility to process information, drier to its 
display, has been greatly enhanced. This can improve the presentation of 
information to a crew and, importantly, can also be used to greatly assist their 
decision-making by giving them computer-assisted diagnosis, With such 
improved information techniques however it becomes increasingly vital to k able 
to demonstrate, during any post incident/acciden t investigation, the displayed 
information with close fidelity, This may present problems depending upan the 
type of signal processing employed, and particularly where the sensors have been 
attempting to 'track' an abnormal situation. In short, the question which arises 
concerns whether the information displayed to a crew may always be faithfully 
replicated after an incident. It  is therefore considered that it would greatly benefit 
future crews and associated investigations'if all such displayed infomation were 
recorded by means of teIevision monitoring coverage of the flight deck. If, i n  
addition, a play back facility were included, pilots could recall instrument display 
information after acring to contain an in-flight emergency. 

It is therefore recommended that the CAA should expedite current research into 
methods of providing flight deck crews of public transport aimaft with visual 
information on the status of their aircraft by means of external and internal closed 
circuit television monitoring and the rccording/rrecall gf such monitoring, 
including that associated with flight deck presentations, with a view towards 
producing a requirement for all UK public transport aircraft to so equipped 
(Made 30 March 1990). 

Flight recorder design requirements 

The system of recording using temporary buffer storage as employed by the 
UFDR can mean that at impact, if the contents of the buffers have not been 
transfersed onto the recording medium, then that information will be lost. In the 
UFDR this can be up to 1.2 seconds of data. In this instance a knowledge of the 
impact parameters was important to the survivabiIi ty invesrigation. The loss of 
the last moments of data meant that the impact parameters had to be esrirnated. 
The lost data i n  the buffer may have yielded more accurate information. If a 
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recorder has to entploy a temporary buffer storage, that storage medium should be 
made non-volatile (i.e. recoverable after power off) and contained within the 
m o u r  protected enclosure. 

The European Organisation for Civil Aviation Electronics (EUROCAE) are at 
present formulating new standards for future generation flight data recorders; 
these standards will permit delays between parameter input and recording of up to 

0.5 seconds. These standards may be adopted worldwide and do form the basis 
of the new CAA -specifications fox flight data recorders. It is therefore 
recommended that the manufacturers of existing flight data recorders which use 
buffering techniques should give consideration to making the buffers non-volatile 
and hence recoverable after loss of power, and EUROCAE and the CAA should 
reconsider the concept of allowing volatile memory buffering in flight data 
recorders (Made 30 March 1990 and also included in AAIB Report No 2/90). 

Because of the length of time (64 seconds) between successive samples of the 
engine vibration, i t  was net possible to be precise a b u t  when vibration levels 
increased or decreased. Whilst this is not a parameter that the CAA specifications 
require to be recorded, it is recommended that, where engine vibration is an 
available parameter for flight data recording, the CAA should consider making a 
requirement for i t  to be recorded at a sampling rate of once per second (Made 
30 March 1990). 

2.6 Survival aspects 

It was apparent from an early stage of the investigation that the fmt impact of 
ME, at the top of the rno torway eastem embankment, caused much less damage 
to the airframe than the second impact, at the edge of the western caarriageway. 
This was confmed by the ground impact marks, by the KRASH andy sis and 
by the items of wreckage which became detached before the second impact. It 
was thus the second impact which caused both of the major fuselage failures 
and the separation of the engines. 

The lack of any indication of the vtIocity between the impacts fxom either the 
FDR or the cockpit insnumentation prevented an accurate determination of this 
velocity, but -analysis of the ~ajectory gave a velocity of between 80 and 100 
kts at the second, and major, impact (paragraph 1.12.1.1). 
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2.6.1 Injwies 

The initial injuries that occurred were caused by the impact of n seat occupant into 
the back of the seat in  front. In those areas where the floor structure,-and hence . . 
the seat atrachrnent, failed the initial injury mechanism was compounded by 
secondary irnpacti of the seat occupant with loose seats and passengers, and orher 
parts of damaged aircraft structure. 

The injuries suffered by the passengers sitting in seat rows 10-17 and 25-27 
(paragraph 1 .1  3) dearly show both the advantages of being retained in a fixed 
seat and the limitations of sitting in a forward facing seat restrained only by a lap 
belt. Virtually a1 l the passengers suffered from severe bruising u n d ~  the Iap belt 

and five passengers sustained iliac fractctus as a direct result of lap belt loading. 

In addition to the results of direct loading of the pelvis by the Sap belt the 
following generalised injury mechanism occurred. As the seat occupant moved 
fornard, the knees contacted the back of the seat in front, loading the knee and 
the upper leg. This transmitted load back into the pelvis causing a variety of 
injury, including dislocation of the hip, fracture of the hip joint and fracture of the 
pelvis. Fractures of the femur accumed is a result of the combination of axial and 
bending loads induced by the front cross baT of the seat as well as contact with the 
back of the seat in front. Depending upon the position of the lower leg, damage 
was caused to the knee as the upper leg moved forwards in relation to the lower 
leg. Zn a similar manner, where the foot was fixed by contact with aircraft or seat 
smcture, the foot and ankle also sustained injury as the lower leg moved foward 
in relation to the foot and ankle, causing a combination of torsional and posterior 
di Jocation injuries. 

Gross lower leg fracrurcs occurred where the seats failed and the lower legs were 
trapped and subjected to secondary impacts. 

Tfie overall mechanism is i l lusmid in Appendix 5, fig 4 (computer simulation of 
=cupant response). 

Head and chest injury occurred even where passengers had adoptd the crash 
position and some passengers who rested their heads an their fotemns prior to 
the impact fractured lhei~  forearms as a consequence. Some other passengers 
braced themselves by placing their'extendtd m s  onto the back of the seat in 
front and some of them suffered fractured upper m s  and shoulder joints in 
consequence. 

The child seated on his mother's lap in seat 3F sustained major head and limb 
injuries as a result of the accident and the mother sustained major injuries, some 
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of which were suggestive of having been caused by forcible flexion of the mother 
over the child during the impact. 

It has not been possible to determine the role of the overhead bins in the causation 
of head injury. The majority of the bins were necessarily removed by ihe 
rescuers and there was no evidence to show whether or not either the bins or heis ...I 
contents had been in forcible contact with any of the aimaft occoccupm~~. 

The simulation (paragraph 1.16.5) offered additional insights into the injury 
mechanisms. Measurements of ihk seat belt webbing stiffness showed a mean 
elongation of 14%, k4% at 11 kN load. This variation was greater than that 
permitted in automobile applications and can have a significant effect on occupant 
kinematics and femoral axial load. 

A funher point noted was the effect of the tubular spar across the front of the seat 
as a source of loading of the femur in bending. The new FAA and JAA 
regulations (paragraph 1.17.1 1) concentrate on femoral axial Ioads induced when 
knee contact mcurs with the seat in front, but the simulation showed that femoral 
bending loads were significant and were considerably affected by occupant 
position (paragraph I .  i6.5): 

Upright occupant: fernad axial 3.4 kN 
femoral bending 1.3 kN 

Braced occupant: femoral axial 2.3 kN 
femoral bending 2.7 kN 

The greater vertical femoral load results from the shift of body mass in the seat 
caused by the adoption of the h c c  position. 

The computer graphics showed that the unrestxained head and torso were free to 
pivot around the lap stsap and i,mpact the back of the seat in front, giving rise to 
chest, upper limb and head injury. The simulation indicated that Head Injury 
Criterion &UC) values of 278 for the braced individual cumparcd with 974 for the 
unbraced passenger. This value of 974 is just below the HIC 1000 value which 
is used in US Federal Safety Standards as the limiting value for head impact 

, acceptability, 

The computer analysis also showed that seat back breakover stiffness is critical in 
the control of occupant kinematics and should be controlled within close limits. 
This control should be part of a larger process to engineer seats to be more impact 
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friendIy in terns of both kinematics and artcnuation, whilst avoiding sharp edges 
and proruberances. 

Assessment of &celerarion 

There were 4 principal means of assessing the dccelmtion pulse transmitted, in 
the second impact, to the cabin flmr around the antre-section. These werc: 

(i) KRASH simulation results 

(ii) basic kinematics callculation 

(iii) passenger and pilot seat damage related to dynamic testing 

(iv) comparison with previous calibrated airframe tests. 

It became evident during the survivability investigation that the major factor in 
determining the ma pni tude of the deceleration pulse in the second impact was he 
resultant (horizontal and venicd combined) velocity at this impact. The estimates 
basically covered the range of 77 knots to 99 knots: the highest was 
in the tange of 85 ro 95 knots. 

On the baIance of evidence, rherefore, the KRASH simulation which best 
represented the vdocity cundi~ians at the second impact was Run 2 (Appendix 3, 
fig 22), which gave mid-fuselage longitudinal decelerations (mass 2) of 26.1 g 
(peak) and 17.8g (fundamental), Of these two values, the fundamental signal 
represented the plastic deformation signal transmitted to the seats and should k 
used for comparison purposes. The pulse shapes (appendix 3 fig 22) indicated 
that rhe initial impulse in the second impact was primarily longitudinal followed 
by a vertical pulse when the engine nacelles and the fuselage centre section 
contacted the camageway. The corresponding value for the vertical deceleration 
was 23g (peak). 

A basic kinematics calculation of the deceleration along the direction of motion, 
based on the measured crush distance and assuming a 25% vclocisy change in the 
second impact, gave a mean deceleration of a b u t  22%. 

The previous dynamic testing of Model 4001 passenger seats had shown 
deformation of the forward leg 'U-straps' in J 6g longitudinal decelerations 
conducted with 170 Ib dummies. (paragraph 1.6.8.3) The occumence in ME of 
similar damage in centre-section seats with lighter occupant loadings indicated a 
resultant deceleration level in excess of this 16g level. 

The 1988 FAA full-scale test of a complete section of B707 fuselage achieved a 
14.Q longitudinal deceIeration through a velocity change of 36.2 ftJsec with 6 
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triple-seats loaded, in each case, with three 165 lb dummies. The lack of failure or 
permanent deformation of the floor or of the seat tracks in that test indicated a 
longitudinal deceleration for ME well in excess of this 14.2g level. 

In summary, these results indicated a resultant deceleration, in the second impact, 
within the centre section, with a peak value of between approximately 22 and 
28g. The geometry of the impact showed that the initial pulse was primarily 
longitudinal, followed by a lower, vertical, pulse when the nacelles and centre 
section contacted the camageway. The lack of damage in the tail se~tion 
indicated a value there closer to, but still above, 14g. Previous, instrumented, , 

impacts have indicated that the peak deceleration levels in the forward nose 
section would probably have been slightly higher than in the centre section. 

2.6.4 Seating 

From the analysis of the major deceleration impulse (paragraphs 1.16.4.2 & 
2.6.3) it was apparent that the forces encountered in the second impact were 
considerably greater than those for which the airframe and the furnishings were 
designed and certificated. It is in this context that the discussion around the seat 
performance in ME takes place. Although the analysis of seat damage was 
complicated by the differing occupant weights and seat occupancy, a number of 
distinctive patterns emerged. 

Crew searing 

The injury scores of the cabin crew on the forward flight attendant seats were 
considerably lower than the passengers in the first rows of seats and this appears 
to have been due both to the fact that the attendant seats were rearward-facing and 
that the seats, although suffering some structural damage, remained in position. 
The advantages of the seating remaining in position and the provision of upper 
torso restraint are reinforced by the fact that the pilots, although seated in the area 
of highest deceleration, did not suffer injuries with scoring greater than the 
passengers in rows 1-5 (Area 1 in Appendix 3 fig 7). Both pilots' seats and the 
forward attendant seat suffered some structural damage. It is, however, not 
possible to tell whether this alleviated the impact loading or a d d a o  the occupant 
injuries. - 

The movement of the aft double attendant seat (paragraph 1.12.2.5) while still 
attached to its supporting bulkhead highlights the fact that a cfew or passenger 
seat can only be as strong as the structure to which it is attached. Similarly, the 
injuries caused to the stewardess on this seat by a food service cart were due to 
the release of the cart by the upward suuctural separation of the counter-top on 
which the cart 'quarter-turn' latches were mounted and not by any seat failure. 
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2.6.4.2 Pa~seng er searing 

A distinctive feature of the reconstructed seats throughout the passenger cabin 
was that the rear attachments were generally still engaged with the stat track and 
that, where the sent and track had separated from each other, the absence of 
damage on the seat rear attachment fitting showed that it was the stat mck which 
had failed, It appeared that the lack of structural failure in this area of the seats 
was at least partially due to the articulated joint built into the nar attachment 
(paragmph 1.6.8.3), an innovation largely stemming from the FAA dynamic &st 

requirements (paragraph 1.17.1 1 ). 

The front legs in this design of seat art not positively locked into the seat tracks 
and had thus become detached from the track lips in all areas where the continuity 
of the seat tracks was disrupted. I n  the centre and rear sections (Areas I1 anb IV), 
where the seat track remained continuous, the front legs remained engaged and 
the number of Ur-strap collapses was distinctly higher in the centre section (Area 
11) than in the m a s  fomrard and aft of the wing (Areas T and 111). This confirmed 
that the disruption in the cabin floor in Areas I and 111 was largely due to the seat 
inenial loads passing through the front legs. 

The examination of previous accidents (paragraph 1.17.17), the early dynamic 
testing of seats designed to the previous ('9g') static criteria and the dynamic 
testing of this t;~odel of passenger seat (paragraph 1.6.8.3) together indicated that 
fewer injuries occurred in ME than would probably have been the case with 
passenger seats of an earlier generation. However, some structural failures of the 
seats did atcur. such as the front spar failures in the overwing section of the 
fuselage, and consideration should be given as to whether the new requirements 
of FAR Amendment 25-64 (paragraph 1.17.1 1). and hence JAR 25 Change 13. 
are sufficient in she long tern. 

The deceleration levels specified in the dynamic test requirements of FAR 
Amendment 25-64 (paragraph 1.17.1 1)  were based on an FAA study of crash 
dynamics and were, to some extent, constrained by the need to k compatible 
with the existing floor strengths of current aircraft types and the existence of 
suitable test facilities, While the performance of the seats in ME indicates that 
seats designd to these dynamic requirements will cenainly increase survivability 
in aircraft impacts, they do not necessarily represent an optimum for ithe long 
term. This is particularly true if matched with cabin floors of improved smngth 
and toughness. 

Another potential area for improvement is in the criteria applied to the loads 
experienced by the anthropomorphic dummy. For instance, the FAR Amendment 
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25-W test measures femoral axial load without addressing the significant femoral 
knding loads. 

It is recommended, therefore, that the CAA should actively seek further 
improvement in the standards of JAR 25.561 and ,562 and the level of such 
standards should not be constrained by the current FAA requirements (Made 30 
March 1990). , 

The provisions of Change 13 xo JAR 25.561 and ,562 are only applicable tg: new 
certifications and not to existing aircraft types nor their direct derivatives. Thus 
the fitting of the improved type of seats into ME was not a legal requirement. The 
performance of the-passenger seats in  ME, however, strongly supports the case 
for fitting the improved seats into the current fleet and into new aircraft of existing 
type. In the USA, for instance, NPRM 88-8 covers the proposed installation of 
the improved seats within the existing fleet by. June 1995 (ie within about one 7- 
year replacement cycle). 

It is recommended, therefore, that the CAA should require that, for aircraft 
passenger seats, the current Ioading and dynamic testing requirements of JAR 
25.561 and -562 be applied to newly manufactured aircraft coming onto the UK 
register and, with the minimum of delay, to aircraft already on the UK register 
(Made 30 March 1 990). 

Desoil &sign of passenger searing 

Although few fatalities occwed in the centre and rear sections of the fuselage, the 
detailed injuries (paragraph 2.6.1) demonstrated the limitations of current seat 
designs. The high incidence of femoral and pelvic injuries coincided with the 
deformations of the horizontaI spars and lower seat backs of the seats. Although 
these lower injuries were not fatal, they were generally serious and immobilizing 
and would have materially altered the outcome had there been a major ground fire. 

The mechanisms of head and lower 'limb injuries identified by the medical 
investigation (paragraph 1.1 3) were consistent with the occupant simulation 
(paragraph 2.6.2). 

The principlk that careful detail design of the seats considerably affms the injury 
outcome of an accident also applies in ?he case of the injuries caused by passenger 
impacts with items such as seat-back tray tables and arm rests. The current 
airworthiness requirement addressing seat design, JAR 25.785, requires the 
'elimination of any injurious object within -the striking radius of the head' but 
daes not apply any criteria defining sharpness or deformation under load and 
makes no requirements for parts of the body other than the head. It also does not 
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specify parameters such as seat back stiffness, which the occupant simulation 
identifies as being critical i n  the control of the kinematic? of the occupant, or 
seatbelt webbing s,tiffness which can also greatly affect the kinematics. It is 
recommended, therefore, that in addition to the dynamic tesi requirements, the 
CAA should seek to modify the JARS associated with detailed seat design to 
ensure that such sears are safcty:engineered to rninirnise occupant injury in an 
impact (Made 30 Much 1990). 

2.6.5 Alternative seating confg urotions 

Throughout the deveIopment of public  ans sport aircraft there have been a number 
of alternative seating configurations proposed, including energy-absorbing 
'soaking' seats, three point harnesses and rearward facing seats. Each offers 
some advantage in passenger impact protection but also presents rechnical 
problems which need to be addressed. Tn the case of the energy-absorbing seat, 
for instance, the inertial loads on rhe passenger and the supporting soucture 
would be relieved. A potential disadvantage would be the trapping of the legs of 
passengers in the adjacent row. 

The attachment of a three point harness with lap and diagonal straps, such as 
commonly seen in automobiles, would require either a redesign of the stat back 
so that shoulder harness loads could be reacted, or that the shoulder harness be 
attached to the fuselage itself. This latter proposition is probably only applicable 
to commuter type aircraft. The harness would need to be on an inertial reel to 
avoid problems of harness entanglement on escape. Such a harness would 
produce a reduction in the degree of head and chest injury and would also have a 
significant effect on leg and pelvic injury because of improved kinematics and 
better load distribution. Appendix 5, fig 5 shows a further MADYMO graphic 
using the Cranfield Impact Centre KRASH data. A three point harness with the 
upper attachment made to the fuselage is shown. Comparison with Appendix 5, 
fig 4 shows the considerable improvement in occupant kinematics that is 
achieved. 

An objection to using the three point harness is the effect that it would have on 
Movement over the seats as an alternative fom of exit in an emergency. Clearly, 
if the harness were to be attached to the top of the seat, the seat back would have 
to be made rigid and i t  would no longer be possible to coltapse the seat back 
forward. Where a shoulder harness was attached to the airframe the option would 
still be lost, since a considerable potential for entanglement would exist. 

An alrernativt to the three poinr harness is the reaward facing seat. Such a sear 
would be specifically designed for this configuration and the impact loads, instead 
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of k i n g  carried on rhe lap belt and by contact of unrestrained body segments with 
the seat in front, would be evenly distributed across the seat back. The result, in 
this accident, given similarly strong seats that remained attached ro the floor, 
would have been a considerable reduction in the severity of impact injury. Use of 
the rearward facing s ta t  would be open to a number of practical difficulties.' 
Static calcularion indicates that the !oads that such a seat would impart to h e  cabin 
floor, on impact, would be greater than with a forward facing seat. Thjs is 
because the rearward facing seat back generates a greater moment-arm on the 
floor than is rhe case for the forward facing seat. Advice from the seat 
manufacturers and the Civil Aeromedical Institute of the FAA (paragraph 
1.17.13) indicated that the difference dynamicalIy is not as great as the gtatic 
ca1cuIation suggests. This observation was born out by the MADYMO-,aload 
simulations (see Appendix 5, fig 6).  In this simulation the simulated seat has 
been stiffened and the pulse reversed. The seat back height has not been 
increased, which would be required to protect the neck. The incowration of a 
limited amount of energy attenuation in the seat smts could reduce the loads into 
the cabin flmr to those of standard forward facing seats. 

A further objection raised against rearward facing seats is that the seat occupant 
would be exposed to facial impact from loose objects liberated during the impact. 
This is theoretically true but the solution seems to lie with achieving retention of 
overhead bins and their contents rather than avoiding the use of rearward seats. It 
is also likely that the incorporation of a three point harness on a forward facing 
seat would expose rhe occupant so a greater risk of head impact from behind for 
the same reasons, as the head would be maintained in a more erect posture. 
Clearly the solution to this problem must lie in the avoidance of free flying 
objects, rather than the rejection of improved oxupant restraint. 

Common to all the a1 ternative seating configurations proposed is that zhey have 
complex implications and implementation would have to be founded on a firm 
basis of research and development. This would have to include such questions as 
the compatibility with the rest of the cabin, the level of passenger acceptability and 
the ability of the configuration to provide protection in a wide range of impact 
conditions. Up to now litrle of this research has taken place and the limited use of 
rearward facing seats in military transport aircraft has not answered these 
questions. It is, therefore, recommended that the CAA should initiate and 
expedite a structured programme of research, in conjunction with the European 
airworthiness authorities, into passenger seat design, with partigular emphasis an: 

(i) Effective upper torso restraint. 

(ii) Aft-facing passenger seats (Made 30 March 1990). 
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Cabin &or stnrcrure 

The study of a sample of narrow-body jet mnspon accidents Iparagraph 1.17.17) 
showed that the impact and structural disruption to ?& was reasonably 
characteristic of off-airfield accidents involving landing undershoots, faded go- 
nrounds and power-off forced landings, because although the geomcuy of the 
major impact was severe, it  occurred at a speed below the stalling sped of the 
aircraft. The deceleration impulses (paragraph 26.3) were within the tolerance of 
a typical passenger when properly resrraincd. The preceding analysis of the 
seating in ME illustrates that the passenger seats remained in position in the m a s  
in which the floor structure bad survived intact. Tt was in the areas in which the 
floor had disintegraied that the most severe injuries wed (paragraph 2.6.1). 

. . 
A distinctive pattern of failure emerged from the examination of the flmr 'structure 
(paragraph 1.12.2.7). The initial failure was of the longitudinal seat tracks under 
the vertical and longitudinal impact loading of the passenger triple-seats. The 
resulting displacen~ent of the seat track members from the ff aor panels prevented 
those floor panels from reacting the longitudinal mash loads. The transverse flmr 
hams then failed under the longitudinal and torsional crash loads, for which they 
were not designed, as well as from the vertical crash loads. 

The floor smcture in ME was typical of this class of aimaft. The certification 
data for this aircraft showed that [he floor smCNre met the airworthiness sdength 
requirements both of the USA and the UK. The impact of ME dearly exceeded 
these requirements (paragraphs 1 .16.4.2 & 2.6.3). These requirements were 
current at the time of the granting of the type certificate to the Boeing 737- la) in 
1967. They were for static strength only and did not require the manufacturer to 

demonstrate crashworthincss characteristics, beyond those static strength 
requirements. 

A part of the rationale for the dynamic test requirements, such as the 16g/44fps 
1ongirudinaI deceleration, selected by the FAA in the FAR Part 25 rule change 
(Amendment 25-64) was that these requirements were compatible with existing 
cabin floor strengths (paragraph 1.17.11). This has been largely suppmcd by 
crash dynamics research, including large-scale dynamic testing (paragraph 
1.17.12). However, the overall pattern of failure in ME, panicul~iy regarding 
the lack of plastic deformation, showed that rclati_vcly minor enpttring changes 
could significantly improve the resilience and toughness of a b i n  flaors in this 
catt g o y  of ahaf t  and take fuller advantage of the improved passenger seats. In 
particular, there would appear to be knefit in improved toltrnnce to out-of-plane 
loading and the provision of multiple load paths. 
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Although it may be questionable whether the cost and benefit balance would 
favour modification of existing airframes, future designs should certainly take 
account of dynamic loading criteria. This principle should also apply to future 
production of existing designs of manspon aircraft. It is recommended, therefore, 
that the certification requirements for cabin floors for new aircraft types should be 
modified to require that dynamic impulse and distortion be taken into account and 
these criteria should be applied to future production of existing designs (Made 30 
March 1990). 

2.6.7 Fun~re floor requirements _ . . 

Looking towards future designs of cabin floor, it should be considered whether a 
substantial increase in decelerative loading could be accomplished, so as to take 
advantage both of seats designed to meet the current dynamic test requirements 
and future seats with enhanced capabilities. 

The customary argument against large increases in cabin furnishing strength has 
been that such increases would require uneconomic weight increases in the 
fuselage to maintain the protection of the fuselage shell. However, the case of the 
L-1011 Tristar accident in the Everglades (paragraph 1.17.17) suggests that, even 
with very extensive fuselage disruption, a reduced number of fatalities and 
serious injuries will result from retaining the passenger seats on areas of 
toughened flooring so that, even after detachment from the fuselage shell, the 
seats will remain attached and retain their relative position on the flooring. It is 
recommended, therefore, that the CAA should initiate research, in conjunction 
with the European airworthiness authorities, into the feasibility of a significant 
increase in cabin floor toughness beyond the level of the current JARFAR seat 
requirements (Made 30 March 1990). 

2.6.8 Irgfant and. child resaainr systems 

The argument for child seats in cars has been'well-established for over a decade. 
That an equivalent argument for placing infants and young children in child seats 
in aircraft has not emerged is at least partly due to the statistically small population 
of infants travelling by air and the failure of airline passenger statistics to reflect 
their presence. 

It is clear from paragraph 1.17.14 that the supplementary loop-type belt provides 
some advantages over simple lap-holding of infants. It cannot preide, however, 
an equivalent level of survivability to that provided for the adult passenger in a 
conventional seat, or the greater level of survivability provided by a '16g' type 
passenger seat. It is recommended therefore that the CAA implement a 



programme to require that all infants and young children, who would not be 
safely restrained by supplementary or standard lap belts, k placed in child seats 
fur take-off, landing and flight in turbulence (Made 30 March 1990). 

In this light, the CAA Notice (paragraph 1.17.14) allowing the use of specific 
types of child seat should be welcomed. In general, the provisions of the notice 
align it with current FAA practice. This FAA practice reflects its origins in US 
general aviation and has clear limitations as a means of bringing about the 
universal use of child seats in mnspon aircraft. For instance, a passenger may 
unintentionally provide a nod-agpmvcd child seat, or one incompatible with that 
airline's seat width and, even if the child seat is suitable, there is no compulsion 
on the airline to allow its use, 

As a means of bringing a b u t  the universal use of child seats, therefore, it is 
logical that the onus of provision should be placed on the airline operator.  he; 
are clear advantages for an airtint in only having to train its cabin staff to deal 
with the use of one type of child sear, aptimised fur the airline operation, and 
there are dear advantages for the passenger in not having to provide such a seat. 

In the meantime, to promote the effective use of child sears and to put operators in 
a position to provide child seats themselves, a UK or JAA standard should be 
rapidly established for child seats for use in aircraft. It is t h e ~ e f m  recommended 
that the CAA expedite the publication of a specification fur child seat designs 
(Made 30 March 1990). 

2.6.9 Overhead sro wage bins 

A notable feature of i h t  aircraft wreckage was that all but one of the overhead 
stowage bins had become detached in the impact and char they had done so in a 
very similar manner (paragraph 1.12,2.8). In this mode of failure the first stage 
was the separation of the diagonal tie fitting fsom the upper surface of the stowage 
bin under the influence of the predominantly longitudinal incnial bads in the 
second impact. This was followed by the failure of the remaining lateral and 
venical ties when the bins moved forward (Appendix 3, fig 21). 

Confirmation of this failure mode was that the only bin not to have stparated 
entirely from its fuselage attachments was lR,  the only bin at which foward 
molion was restricted by the presence of a substanrial cabin bulkhead. 

Although it was not possible to determine the actual mass or distribution of 
passenger belongings in the overhead bins, the results of the 1981-82 CAA 
suwey (paragraph 1.17.15) indicated that the manufacturer's design and 
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certification figure (3 lbs pet inch of bin length) was generously conservative. In 
normal operatian, i t  is unlikely that a set of bins would be overloaded. 

As Right BD092 was normally a routine and conventional operatian, the assumed 
' mass of passenger belongings (33% of placarded mass - paragraph 1,17.15) is 

probably reasonably accurate and shere i s  no reason to believe that the static load 
testing performed for the FAA, and the static load analysis calculated for the 
CAA's more stringent requirements, were flawed. It is not, therefore, obvious 
why the bin attachmenrs failed so consistently. 

One possibility considered was that the product of the bin masses and their 
deceleration was sufficient ta induce higher loads than the design and certification 
limitations of the attachments. Depending upon the exact figures used, this 
argument can be supported for the nose and centre sections of the fuselage, but 
the deceleration pulse in the tail section indicated by the KRASH analysis, by the 
seat and track damage and by the occupant injuries, was probably too low in the 
tail section fm the impact loads to have been the only cause of the attachment 
failures. 

This leads to the conclusion that the design of the overhead stowage bins installed 
in ME was not sufficientIy robust to withstand the deformation of the attachment 
saucture combined with the dynamic loading of the second impact. This dynamic 
loading ensured that, as well as the geometry of the fuselage attachments being 
deformed, the failure of one bin's longitudinal resaaint would have resulted in 
additional loading on the ties of neighbousing bins, resulting in a cascading 
sequential failure. 

Although the injury evidence (paragraph 1.13) did not indicate the degree of 
injury atwibutable to the bihs, it is evident that they can cause additional injuries a5 

well as hampering escape and rescue. In this accident, the almost complete 
detachment of the bins slowed down the rescue process and, had the ground fire 
spread, the result would have been more serious. 

The current design load requirements for 'hems of mass' in the cabin 
1.17.1 1 )  were derived from loadings under which the fuselage would remain 
s~ucturally inact. Whatever the historical justification for this, ME and other 
accidents to modem narrow-My jet transpons (paragraph 1.17.17) indicate that 
there is considerable benefit in retaining these items of mass in position despite 
the deformation of the fuselage attachment structure and even after some 
disruption of the fuselage. Such items of mass include cabin equipment (eg food 
service carts) as well as fixed items such as overhead bins andsoilet mdules. 
This improvement in retention would require both a substantial increase in the 
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appropriate design load factors and design features (such as the incorporation of 
flexible mountings) to ensure that the items of mass would be restrain4 against 
the dynamic application of the crash pulses which generate'these load factors. 

It is recommended, therefore, hat the certification requirements for cabin stowage 
bins, and other cabin items of mass, sbouId be modified to ensure the retention of 
these items to fuselage structure when subjected to dynamic crash pplses 
substantially beyond the static load factors currently required (Made 30 March 
1990). 

There was also evidence that some of the bin doors opened during the Iass 
moments of flight, before the first impact (paragraph I ,  15.1). The inadvertent 
'opening of overhead stowage bins has long been a problem, especially in  
turbulence, and some airlines now fit bins which incorporate some fdrm of 
-secondary Iatching. I t  is recommended, therefore, that the CAA consider 
improving the airworthiness requirements for public transport aircraft to require 
some form of improved latching to be fitted to overhead stowage bins and this 
should also apply to new stowage bins fitted to existing aircraft made 30 March 
1990). 

3. CONCLUSIONS 

(a) Findings 

The oircrgft 

1 The aircraft had a valid certificate of airworthiness in the mansport category (passenger) 
and had been maintained in accordance with an approved schcdulc. 

The fIighr deck crew 

2. The flight deck crew were properly licensed and resttd to undertake the flight. 

3 .  The flight deck crew experienced moderate to severe engine induced vibration and 
shuddering, accompanied by smoke and/or smeH of fire, as the aircraft dimbed 'through 
FL283. This combination of symptoms was outside their training or experience and they 
responded urgently by disengaging the autothrottles and throttling-back the No 2 engine, 
which was running satisfactorily. 

4. After the autothrottle was disengaged, and whilst h e  No 2 engine was running down, the 
No 1 engine recovered from the compressor stalls and began to settle at a slightly lower 



fan speed. This reduced the shuddering apparent on the flight deck, convincing"Sbe 
commander that they had correctly identified the No 2 engine as the source of the 
problem, 

The first officer reported the emergency to ATC, indicating that they had an engine fire 
and intended to shut an engine down, although there had been no fire warning from the 
engine fire detection system. 

Whilst the commander's decision to divert to East Midlands Airpwt to land with the 
minkurn  of delay was correct, he thereby incurred a high cockpit workload which 
precluded any effective review of the emergency or fie actions he had taken. 

The flight crew did not assimilate the ~eadings on the engine instruments before they 
decided to throttle-back the No 2 engine. After throttling back the No 2 engine, they did 
not assimilate the maximum vibration indication apparent on the No 1 engine before they 
shut  down the No 2 engine 2 minutes 7 seconds after the onset of vibration, and 5 nm 
south of EMA. The aircraft checklist gave separate drills for high vibration and for 
smoke, but contained no drill for a combination of both. 

The commander remained unaware of the blue sparks and flames which had issued from 
the No I engine during the period of heavy vibration and which had teen observed by 
many passengers and the three aft cabin crew. . 

During the descent, the No 1 engine continued to run apparently normally, although with 
higher than normal levels of vibration. 

Flight crew workload during the descent remained high as they informed their compmy 
at EMA of their problem and intentions, responded to ATC height and heading 
instructions, obtained weather infomation fur ENA and the first officerattempted to re- 
programme the flight management system to display the landing pattern for E M .  Some 
7 K minutes after the ini tiai problem, the commander attempted to review the initial 
engine symptoms, but this was cut short by further ATC heading and descent information 
and instmctions to change to the EMA ATC radio frequency. 

Fifteen minutes after the engine problem occurred and some 4 minutes 40 seconds before 
ground impact, the commander increased power on the No 1 engine as the aircraft 
descended towards 3006 Feet amsl and closed with the cen~eline of the instrument 
landing system. At this point, the indicated vibration on the NO 1 engine again rose to its 
maximum value of 5 units but did nor atuact the attention of either pilot. 

Fifty three seconds before ground impact, when the a imft  was 900 feet agl and 2.4 nm 
from the runway with landing gear down and 15" flaps selected, there was an abrupt 
decrease in power from the No 1 engine. 
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The commander immediately called for the first officer to rdight the No 2 engine. Thc 
attempted restart was not successful, probably because there was insufficient bleed ztk 
pressure from the No 1 engine, pressure air from the APU was nor connected and the 
bleed air. crossfeed valve was closed. Even if pressure air had been available it is unlikely 
that power could have been obtained from the No 2 engine before the aircraft hit the 
ground. 

The mining of the pilots met CAA rquirements. However, no flight simulator training 
had been given, or had been required, on the recognition of engine failure on the 
electronic engine instrument system or on decision-making techniques in the event 'of , 
faiiures not covered by standd procedures. 

The change. from hybrid electro-mechanical instruments to LED displays for engine 
indications has reduced conspicuity, particularly in respect of the engine vibration 
indicators. No additional vibration alerting system was fitted that could have highlighted 
to the pilots which of the two engines was vibrating excessively. 

The Cabin Crew 

All members of the cabin crew were properly mined to undtrrake the f l igh~ 

Although the cabin crew immediately became aware of heavy vibration at the Onset of the 
emergency and three aft cabin crew saw flames emanating from the No 1 engine, this 
information was not communiated to the pilots. 

During the descent, the wbin crew carried out their emergency drills, chtcking that all 
passcngers had their lap belrs fastened and stowing all 100% carry-on tuggage in the 

f 

overhead bins. 

No I (Left) Engine 

The No 1 engine suffered fatigue of one of its fan blades which c a u d  detachment of the 
blade outer panel. This led to a series of compressor sulk, over a period of 22 seconds, 
until the engine autothrwtt!e was disengaged. 

The severe mechanical imbrilvlce which arose because of the outer panel stparation led to 
blade tip rubbing, particularI y on the fan and booster sections abradable seals, which 
caused smoke and the smell of burning to be passed in to the air conditioning system. 

Abour 3 seconds after the au tothrottl e was disengaged, and whilst the No 2 engine was 
running down, the No 1 engine began to stabilise. However, its indicated vibration 
remained at maximum for at least 3 minutes until this engine was throttld back for the 
descent, 
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22. The evidence indicated that the timing of the sudden recovery of the No 1 engine from the 
compressor stalling was related to the autothrottle disengagement at a point when i r  had 
demanded a lower throttle lever angle than that required for rated climb, thereby allowing 
this engine to achieve stabilised mnning at a slightly lower speed. 

23. During the descent, the No. 1 engine responded apparently normally at the idlellow 
throttle setrings used, alrhough its indicated vibration remained higher than normal. 

Fifty t h e  seconds More ground impact, the No 1 engine abruptly lost thrust as a result 
of extensive secondary fan damage. This was accompanied by compressor stalling, 
heavy buffetting and the emission of pulsating flames. This damage was probably 
initiated by fan ingestion of the blade section released by the initial failure, which was 
considered to have panially peneaatd, and temporarily ldged within, the acoustic lining 
panels of the intake casing before having been shaken-free during the period of high 
vibration following the increase in power on the final approach to land. Sections of fan 
blades were found bebw this point of the final approach, including two small fragments 
which were determined to be remnants of the Made section which detached initially. 

25. The No 1 engine fire warning, which occurred on the flight deck 36 seconds before 
ground impact, was initiated by a secondary fre which occurred on the outboard exterior 
of the engine fan casing. It was concluded that the prolonged perid of running under 
conditions of excessive vibration had loosened fuelJoil system unions and seah on the 
exterior of the fan casing and that the inlet duct had probably been damaged sufficiently, 
by fan blade debris, to allow ignition of atomiscd fuel/oil sprays by titanium 'sparks' 
andlor intake flame. 

6 , This short duration in-flight fire on the No 1 engine was followed by a IGaIised ground 
fire associated with this engine, which was successfuHy extinguished by the East 
Midand Airpon Fire Service. 

27. The fan blade fatigue fracture initiated as a result of exposure of the Made to a vibratory 
stress level greater than that fur which it was designed, duc to the existence of a fan 
system vibratory mode, induced under conditions of high corrected fan speed at altitude, 
which was not detected by engine cenification testing. 

No 2 (right) engine - 

28. The No 2 engine was mnning normally when it was throttled back to flight idle, and then 
shut down: 

29. This engine showed no evidence of power at impact, consistent with the evidence from 
the flight data recorder. 
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30. Detailed swip inspection of this engine showed it to have been fully serviceable before 
ground impact. 

Systems 

3 1 .  The No 2 (right) engine vibration repons which appeared in the a i m f t  Technical L Q ~  
during December 1988 but had been correctly addressed by ground technicians. 

32. There were no malfunctions of the major aidrarnt systems which conhbuted to this 
accident. 

.. . 

33. No evidence was found of any cross-connection or similar obvious wiring errors 
associated with either the engine insmrnent system @IS) or the fire detection system. 

34. The EIS fitted to the aircruft was serviceable at impact and tests indicated that it should 
have displayed those primary engine parameters recorded on the FDR, with close fidelity. 

35. The airborne vibration monitoring system (AVM) was serviceable at impact. Tests 
showed that the system was capable of tracking vibration caused by the massive fan 
imbalance a d  of outputting its maximum value approximateIy 2 seconds after I~R: st2Llt of 
the vibration. 

36. Flight crew reports concerning the response of the AVM system during the two other 
cases of fan blade fracture on CFM56-3C engines which =curred subsequent to this 
accident supported the behaviour described above. Two cases of bird impact which - 
resulted in fan damage generated crew reports of late indication <n vibration gauges, 
although vibration was clearly felt by the flight crew. This was the result of the non- 
linear sensitivity of this engine type to small imbalances with changes of fan speed in the 
take-off and climb thrust range, 

37. The engine fire and overhear detection system contained a fault which could have 
rendered it incapahe of providing warning of a fm in either engine. However, the CVR 
evidence indicated that it did, in fact, provide a warning of zht f n  in the No 1 engine 36 
seconds before impact. 

Impact with rhe ground 

3 8. The aircraft suffered two distinct impacts with the ground, the frsst just before the eastern 
embankment of the Ml motorway and the second on the western edge of the northbpund 
M1 caniageway, at the base of western embankment. 

39. The fmt impact was at an airspeed of 1 1 3 knots CAS, with a rate of descent of between 
8.5 feev'sec and 16 feevsec, The pitch attitude was 13' nose up. 
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40. The second and major impact occurred at a speed of between 80 and 100 knots, at an 
angle of approximately 16' below the horizontal and with the aircraft at a pitch attitude of 
between 9' and 14' nose down. The associated peak deceleration was of the order of 22 
to 28g, predominantly longitudinal. 

41.. In the second impact the forward fuselage separated from the overwing section of 
fuselage and the tail section buckled over, and to the right of, that section of fuselage just 
aft of the wing. 

42. The incidence of passenger fatality was highest where the floor had collapsed in the 
forward section of the passenger cabin and in the area just aft of the wing. The cabin 
floor and the passenger seating remained almost entirely intact within the overwing and 
tail sections. 

43. There was no major post impact fire, largely because the main landing gear legs and the 
engines separated from the wing without rupturing the wing fuel tanks. The separation 
of the landing gear legs was in accordance with their design. In the case of the engines, 
however, the separations occurred within the engine pylons themselves, leaving the fuse- 
pin bolts intact 

Survivability 

44. Of the 8 crew and 118 passengers on board, all crew members survivedbut 39 
passengers died from impact injuries at the scene and a further 8 passengers died later in 
hospital. A further 74 occupants were seriously injured. 

45. The decelerations generated in the second impact were greater than those specified in !he 
Airworthiness Requirements to which the airframe and furnishings were designed and 
certificated. They were, however, within the physiologi~al tolerance of a typical 
passenger. 

46. Passenger survivability was improved due to the passenger seats being of a design with 
impact tolerance in advance of the current regulatory requirements. This was most 
evident in the overwing and tail sections of the cabin, where the floor had remained 
intact. 

47. There is considerable potential for improving the survivability of passengers in this type 
of impact-by improving the structural integrity of the cabin floor so as to retain the seats 
in their relative positions and by detail design improvements to the seats themselves. 

48. There is a need for a structured programme of research into alternative seating 
configurations, with particular emphasis on the provision of effective upper torso 
restraint or aft-facing seats. 
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49. The injuries to the mother and child in scat 3F highlighted the advantages of infants king 
placed in chiM m t s  rather rhan in a Imp-type supp2tmenmy belt, 

50. Although the overhead stowage bins met the appropriate ~invo~hiness Requirements for 
static loading, all but' one of the 30 bins fell from their attachments, which did not 

,-- 
&.hstahd the dynamic loading conditions in  this accident. 

5 1 .  Some of the doors on the overhead stowage bins opened durink the: last seconds of flight, 
dernonsmdng the need for some form of improvcd latchiijj of the d m .  

(b) Cause * 

The cause of the accident was that the operating crew shut down the No 2 engine after a 
fan blade had fractured in the N; 1 engine. This engine subsequently e suffered a major 
thrust loss due to secondary fan damage after power had been increased duing the final 
approach to land. 

Thc foIlowing factors c o n ~ b u t d  to the incorrect response of the flight crew: 

3 .  The combination of heavy engine vibration, jloise, shuddering and-an associated 
smell of fire were outside their training and experience. 

2. They reacted to the initial engine problem prematurely and in a way that was contrary 
to their training. 

3. They did not assirnilate'the indications on the engine insmmenr disphy kfm they 
throttled back 'the No 2 engine. ' 

4, As the No 2 engine was throttled back, the noise and shuddering assdated with the 
surging of the No 1 engine ceased, pcrsrrading them that they had m t l y  identitid 
the defective engine. 

5 .  They were not informed of the flames which had emanated From the No 1 en@ne and 
which had been obsemed by many on board. including 3 cabin attendants in the aft 
cabin, 
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4. Safety recommendations 

The following safety recommendations were made during the course of the investigation. 

4.1 That the CAA consider increasing the frequency of existing engine inspections and 
engine health monitoring on B e i n g  737-300 and Bming 737-400 &raft until she 
causes of the engine failure(s) are established, (Recautionary Recommendation made 
11 January 1989.) 

4.2 That the CAA call for an examination of the Boeing 737-300 and Bocing 737-400 
engine Fire/Overhcat and Vibration monitoring circuiq for leftlright tngine sense. 
(Recau tionary Recommendation made 1 1 January 1 989.) 

4.3 The Civil Aviation Authority, in conjunction with the engine manufacturer, consider 
in stiruting in spection procedures for the examination of the fan stage of CFMS6 engines 
to ensure the early detection of damage that could lead to the failure of a blade. (Made 
10 February 1989) 

4.4 The Civil Aviation Authority review the advice given in the Boeing 737-400 
Maintenance Manual concerning the excessive generation of heat during blending 
operations with power grinding and blending tmls. (Made 10 February 1989) 

4.5 The CAA should take action to advise pilots of Boeing 737-3001400 aimaft, and of 
other types with engines which have similar characteristics, that where instances of 
engine-induced high vibration occur, they may k accompanied by associated smoke 
and /or smells of burning entering the flight deck andlor cabin through the air- 
conditioning system, due merely to Made tip contact between fdcomprcssor rotating 
assemblies and rhc associated abradable seals. (Made 23 February 1989) 

4.6 The CAA should review the current attitude of pilots to the engine vibration indicators 
on Boeing 737-3001400 aimaft, and other applicable types with turbfan engines, with 
a view towards providing flight crews with an indication of the peninence of such 
vibration instruments when engine malfunctions or failures occur. (Made 23 February 
1989) 

4.7 The CAA should require that pilot training associated with aircraft which are equipped 
with modern vibration systems", and particularly those aircraft which are fitted with 
high by-pass turbfan engines, should include specific instruction on the potential 
value of engine vibration indicators in assisting the identification of an tngine which 
has suffered a failure associated with its rotacing assembbes. (Made 30 Match 1990) 

74 
Excluding hose aircraft fitted with a compu~crised engine warning system which ineludcs mginc vibrarion as an alerting parmet"' 
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4.8 The regulatory requirements concerning the certification of new instrument 

presentations should be amended to include a standardized method of assessing the 
effectiveness of such displays in transmitting the associated infohation to flight Crew. 
under normal and abnormal parameter conditions. In addition, line pilots should be 
ustd in such evaluations. (Made 30 March 1990) 

4.9 The CAA should quire that the engine instrument system on the Boeing 737-400, and 
other applicable public transport aircraft, t>e modified to include an attention-getting 
facility to draw attention ro each vibration indicator when it indicates maximum 
vibration. (Made 30 March 1990) 

4.70 The CAA should request the Boeing Commercial Airplane Company to produce 
amendments to the existing aircraft Flight Manuals to indicate what actions should be 
taken when engine-induced high vibration occurs, accompanied by smoke and/or the 
smell of burning entering the flight deck andlor cabin. (Made 23 Etbrirary 1989) 

4 1 The CAA should ensure that flight crew currency training in simuIators includes 
practice reprogramming of flight management systems, or any other such systems 
which conaol key approach and landing display format, during unplanned diversions 
SO that they remain practised in the expeditious use of such systems. (Made 30 March 
1 990). 

4.12 The CAA should review the current guidance to air traffic controllers on the subject of 
offering a discrete RT frequency to the commander of a public transport aircraft in an 
emergency situation, with a view towards the merits of positively offering this 
important option. wade 30 March 1990). 

4.13 The CAA should review current airline transport pilot training requirements to ensu~c 

that pilorr, who lack experience of electronic flight displays, arc provided with 
farniliarisa~ion of such displays in a flight simulator, befoe' fl ying public transport 
aircraft that are so equipped. (Made 30 March 1990). 

4.14 Training exercises for pilots and cabin crew should be ineoduced to improve CO- 

ordination between technical and cabin crews in response to an emergency. (Made 30 
M m h  1990). 

4.15 The CAA should review current airline mansport pilot training nquirements with a view 
towards considering the need to restore the balance in flight crew technical appreciation 
of aircraft systems, including systems response under abnormal conditions, and to 
evaluate the potential of additional simulator mining in flight deck decision making. 
(Made 30 March 1990). 
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4,16 The type certification requirements for gas turbine engines should k amended so that it 
is mandatory to perform instrumented flight tests to demonstrate freedom from 
damaging vibratory stresses at all altitude canditigns and powers which an engine will 
encounter in service (Made 30 March 1W0). 

4-17 The potentid for fuel and oil system leakage within the fan case a r c a f  high by-pass 
t u b f a n  engines, during conditions of excessive vibration, should be reviewed by the 
engine manufacturers and the CAA with a view towards modifying such systems to 
minimise such leakage, and the associated fire risk (Made 30 March 1990). 

4.1 8 The 0 4  A should review the existing Joint Aihvonhiness Requirements concerning fuel 
tank protection from the effects of main landing gear and engine detachment during 
ground impact and include specific design requirements to protect the fuel, tank integrity 
of those designs of aircraft with wing-mounted engines (Made 30 March 1990). 

4-19 The CAA shouId expedite current research into methods of providing flight deck crews 
of public transport aircraft with visual information on the status of their aircraft by 
means of external and internal closed circuit television monitoring and the 
recordinghecall of such monitoring, including that associated with flight deck 
presentaiions, with a view towards pduc ing  a requirement for all UK public transport 
aircraft to be so equipped (Made 30 March 1 990)- 

4.20 The manufacturers of existing flight data recorders which use buffering techniques 
should give consideration to making the buffers non-volatile and hence recovera%le 
after loss of power, and EUROCAE and the CAA should reconsider the concept of 
allowing volatile memory buffering in  flight data recorders (Made 30 March 1990). 

4.21 Where engine vibration is an available parameter for flight data recording, the CAA 
should consider making a requirement for it to be recorded at a sampling rate of once 
every second (Made 30 March 1990). 

4.22 The CAA should actively seek further improvement in the standards of JAR 
25.5611.562 and the level of such standards should.not be constrained by the current 
FAA requirements (Made 30 March 1990). 

4.23 The CAA should require that, for aircraft passenger seats, the current loading and 
dynamic testing requirements of JAR 25.561 and 562 be applied to newly 
manufactured aircraft coming onto the UK register and, with the minimum of delay, to 
aircraft already on the UK register (Made 30 March 1990). 

4-24 In addition to the dynamic test requirements, the CAA should seek to modify the JARS 
associated with detailed sent design to ensure that such skats are safety-engineered to 

minimix occupn t injury in an impact (Made 30 March 1990).' 



4.25 The CAA should initiate and expedite a structured programme of research, in - 
conjunction with the European airworthiness nu thori ties, in to passenger seat design, 
with, particular emphasis on: 

(i) Effective upper torso restraint. 
(ii) Aft-facing passenger seats. (~ad630 March 1990) 

4.26 The certification requirements for cabin floors of new aircraft types should be modified 
to require that dynamic impulse and distortion be taken into account and these criteria 
should be applied to future production of existing designs (Made 30 March 19901. 

4.27 The CAA should initiate research, in conjunction with the European airworthiness 
authorities, into the feasibility of a significant increase in cabin floor toughness beyond 
the bvel of the current JAWFAR seat requirements (Made 30 March 1990). 

4.28 The CAA implement i programme to require that all infants and young children, who 
would not be safely restrained by 'supplementary or standard lap be1 ts, be placed in 
child-seats for take-off, landing and flight in  turbulence (Made 30 March 1990, 
amended 8 August 1990). 

4.29 The CAA expedite the publication of a specification for child seal designs [Made 30 
March 1990). 

4.30 The cenification requirements for cabin stowage bins, and other cabin items of mass. 
should be modified to ensure the retention of these items to fuselage structure when 
subjected to dynamic crash pulses substantially beyond the static load factors currently 
required (Made 30 March 1990). 

4.3 1 The CAA consider improving the airwonhiness requirements for public transport 
aircraft to require some form of improved latching to be fined to overhead stowage bins 
and this should dso apply to new stowage bins fitted to existing aircraft. (Made 30 
March 1990) 

ICAO Note.- Sections 1 .5.3,1.6.2 to 1.6.1 0, 1.12, 1.16, 1.1 7, and the Appendices were not reproduced. 
ICAO Ref,: 003184 



No. 2 

Date of accident 

Place of accident 

Boeing 707-300, accident at Santa Maria, the Azores, 
Portugal on 8 February 1989. Aircraft Accident 

Report DGACIGPVRA - 89/05 released by 
Dlreqio - Geral da Aviago Civil, Portugal 

SYNOPSIS 

Nature of flight 

Flight number 

Aircraft 

Owner 

Operator 

Persons on board 

Consequences 

8 February 1989 at 1408:12 UTC 

Pico Alto, Santa Maria, Azores 
Latitude: 36O58'48"N 
Longitude: 36°058288'W 
Altitude: 1795 ft (547 m) 

Charter flight, non-scheduled transport of 
passengers 

IDN 1851 

BOEING 707-331B 
Serial No. 19572 
Nationality and registration marks: N7231T 

IAL Services, Inc. 

Independent Air, Inc. 

Flight crew - 3 
Cabin crew - 4 
Passengers - 137 
144 dead 
Aircraft destroyed 
Forest partially destroyed 
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SUMMARY OF ACCIDENT 1 

The aircraft was on a non-scheduled flight from'Bergamo, Italy 
to Santa Maria, Azores, where it was to make a technical stop after 
which it would go on to Punta Cana, Dominican Republic. Before 
initiating the descent to Santa Maria Airport, the pilots received 
the current meteorological information, with a QNH of 1 019 hPa. 

Twelve minutes and twenty-eight seconds later, while still in 
the descent phase, they were cleared by Approach Control to descend 
to an altitude of 3 000 ft (the minimum safety altitude for the 
sector), with a QNH of 1 027 hPa, 9 hPa higher than the actual 
value; the co-pilot understood this altitude as 2 O0,O ft. Because 
of an overlap of communications between the aircraft and the Tower, 
the latter could not become aware of the crew's mistake. 

At 1408: 12 UTC, . the aircraft crashed into Pico Alto, at an 
altitude of 1 795 ft (547 m). 

It is concluded that the accident was probably caused by the 
fact that the crew deliberately descended to 2 000 ft, i.e. 
1 000 ft below the minimum sector altitude, which was published on 
the aeronautical charts and transmitted to the crew by Santa Maria 
Approach Control.. 

1.0 FACTUAL INFORMATION 

1.1 History of the flight 

1.1.1 The flight 

The aircraft was on a non-scheduled public transport flight 
from Bergamo, -Italy to Santa Maria, Azores, where it was to make a 
technical stop after which it would go on to Punta Cana, Dominican 
Republic. 

The aircraft refuelled at Bergamo and it was determined that 
the amount of fuel on board had been correctly worked out for the 
flight. There was enough fuel for destination, alternate, holding, 
reserve and stop, for a total of 68 000 lb (30 844 kg). 

Flight number IDN 1851, which was due to leave at 0800 UTC on 
8 February 1989, took off from Bergamo at 1004 UTC because the 
previous flight had arrived late. ETA at Santa Maria was 1405 UTC, 
using the computerized flight plan prepared by Lockheed (LOCKHEED 
DATA PLANE REPORT No. 1406). 

The flight progressed normally and in accordance with the 
above-mentioned flight plan (Annex 1). 

At 1246:33 UTC, the Santa Maria Area Control Centre, oceanic 
Sector, gave IDN 1851 an oceanic clearance for the flight to- 
proceed via MAKIN to ECHO and SMA: 



"8- MARIA OC-XC CLEAR IDM 1851 TO PROCEED VIA MARIP 
THREE EXGET NORTH TWO ZERO WEST $CEO Sf- WXKE A L P n  
FLIGET LEVEL TriREE FIVE ZERO MACH DECIELAL EZGET ZERO READ 
BACK READ BACK" 

A t  1344:20  UTC, at the request of IDN 1851, Santa Maria 
Approach Control transmitted the latest METAR, ending w i t h  the 
information that the QMH was 1 019 h%. 

A t  1348:16 UTC, IDN 1851 requested clearance from the Santa 
~ a x i a  A r e a  Control Centre, TMA position (frequency of 132.15 mz) 
to i n i t i a t e  descent, and was cleared to descend to flight level 40,  

During this  flight stage and after the crew w a s  cleared to 
initiate descent, there was no indication that the  flight engineer 
had read out any checklist whatsoever. Nor was the above-mentioned 
descent clearance repeated aloud by the  captain to the other two 
Plight crew members. 

A t  1355: 53 UTC, a t  the request of Santa Maria Approach 
Control ,  IDN 1851 reported passing through FL 2 2 0 .  

A t  1355 : 57 UTC, Santa Maria Approach Control asked IDN 1851 to 
report when overhead of ECHO, which was done 18 seconds later. 

A t  1356~23 UTC, the Santa Maria Area Control Centre, TMA 
posi t ion,  instructed IDH 1851 to transfer comunications to the  
Aerodrome Control Tower on 118.1 MHz, 

A t  1356~47 UTC, Santa Maria Tower cleared IDN 1851 to descend 
to 3 000 ft on a QMH of 1 027 hPa, in order to make an ILS approach 
to runway 19, w i t h  the following message: g*f1413EPE?lDEIST AZR ONE 
Ef OffT FIVE ROGER RECLEAR TO THREE TEOUBAtfD FEET ON QME ONE ZERO 
TWO SEVEN AND R m Y  WI&L BE OWE ffNE3tt*; there was a brief pause, 
and at 1 3 5 4 : 5 9  UTC, the message resumed as follows: "EXPECT :XIS 
APPROACH RUNWAY ONE NIHBR REPORT REBCHfWG T m E E  T H O f J 8 ~ ' ' .  

A t  the  same time, at 1356:59 UTC, IDN 1851 sent the following 
message to Santa  aria Tower: 

* u ~ ~ ~ ~ ~  TO TWO T H O U S ~  FEET AHD AH.. .", which after a pause 
continued as follows at 1357:07 UTC: @'ONE ZERO TWO 8 m 1 .  

Immediately after the first part of t h i s  l a s t  message, one of 
the other two flight crew members, who could not be identified, 
called the co-pilot's attention in order to correct to 3 000 ft, 
The co-pilot interrupted the message, keeping h i s  f inger on the PTT 
button, which he released mamentar ily then press& again, resuming 
the communication without making any correction. A f t e r  this 
communication of the  QNH value, it was questioned by the  co-pilot 
himself, who said vim that what be said ten twenty-seven on the  
 millibar^^^, which t h e  captain con£ irmed. 

Meanwhile, one of the pilots entered into the n ~ l t i t u d e  
AlertM the altitude of 2 000 ft and the  QHH o E ' 1  027 hPa. 
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Shortly thereafter, the f l ight  engineer started reading out 
the '"andding Preliminary Checklistn . With regard to the 
"Altimeterw i t e m ,  both pilots answered "set and crosscheckedn@, so 
that none of the flight crew members called into question the last 
PNW received, i .e.  1 027 hPa, as opposed to the value received 12 
minutes earlier, i .e .  1 019 hPa. 

A t  1403:18 UTC, the: GO-pilot told the captain he was going to 
enter the ILS frequency , and the captain answered W K n ,  after which 
the co-pilot.referred to "ONE TEN THREEn and said that "AFTER TWO 
THOUSAND FEET WEJLL GET BELOW THESE CLOUDS", to which the captain 
answered "IN CASE WE DON'T ... ONE EIGHT SEVEN IS THE OUTBOUNDtg. 

A t  1408:05 UTC, the GPWS began- to sound a OWHOOP mOOP PULL 
UPQt,  which lasted seven seconds, without any comment or reaction 
from the  crew. 

A t  1408~12 UTC, IDN 1851 flew into Pico Alto, at 3 6 ° 5 8 r 4 8 r t ~  
and 3 6 ° 0 5 i 2 8 f ' W  and an altitude of 1795 ft (547 m) (Annex 2 ) .  

Moments before the  crash, the aircraft was seen flying over 
the Parish of  Santa Bdrbara, in a normal flight attitude and at an 
altitude considered below normal by the witnesses, heading towards 
Pico A l t o ,  after which it flew i n t o  the clouds covering the 
mountain and immediately the thundering noise of the crash was 
heard, 

1.1.2 A i r  ~raffic Control 

A t  0939 UTC, the Bergamo Airport A i r  Traffic services sent the 
flight plan far IDN 1851, which was to leave for Santa Maria at 
1000 W C .  

The contro l  assistant who received the message f i l l e d  i n  the 
f l i g h t  progress strips according to the  route published in the  
R I P  - Portugal. 

A t  10x6 UTC, the Bergamo Airport ATS position sent notice of 
IDN 1851's departure. The control ass i s tant  activated the flight 
and the  flight progress strips awaited transfer of control from the  
Western Sector of the  Lisbon Area Control Centre to the respective 
Oceanic Sector of the Santa Maria Area Control Centre. 

A t  1205 UTC, The Western Sector of the  ~ i a b o n  Area Control 
Centre transferred IDN 1851to oceanic Sector P of the Santa Maria 
Area Control Centre: 

"It is Independent one eight five one one eight five one 
-IN one two five one three five zeroo1. 

Oceanic Sector I accepted the transfer: 

"one t w o  five one three five zero approvedw. 

Between 1222:18 and 1225:53 UTC, nearly twenty messages were 
exchanged; IDN 1851 provided the  estimate to MAKIN and the flight 
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level and asked for information on the need for an oceanic 
clearance: 

%no eight five one is estimating EIAKXIP one two five one 
we require to Assue an ooeanic clearanceyt, 

and, 

#*one eight f i v e  one is estimating = X I  at one two one 
five I: wanted to know if it's required recrefving an oceanPc 
oleasancre to fly from Lisbon to Banta XariaeD. 

The Santa  aria Aeronautical Station tried to remain in 
contact w i t h  IDN 1851, giving the following answer to the second 
message : 

"Roger you are requesting oaeania clsaranae from L$#bon 
to Banta Marinn. 

- Between 1228:50 and 1232:27 UTC, nearly twenty messages were 
exchanged with IDN 1851, in which the santa Haria Aeronautical 
s tat ion  tried to obtain the  aircraft's SELCAfi, without success. 

A t  1246~33 UTC, IDN 1851 was given oceanic clearance: 

"smta Maria ocmanie a l a s  Xndepmdent one eight fivm 
one to proceed via m R f N  three erlight north t w a  & a m  west ECHO 
sierra Mike ALpha fligbt level three five mro MACE decimal eight 
sera read back, read baakn. 

Thirty-two seconds later, IDN 1851 read back: 

mXadepeadeht one eight f tve one is elear to ~ S M  three 
eight north two zero west to ECHO maintain fligbt level three five 
zero*o . 

Santa Maria Radio corrected the readback, and again IDN 1851 
repeated neither the  destination navaid nor the  MACH number. A 
second correction w a s  raade, but this t i m e  the only correction was 
to the MACH number, which was f i n a l l y  understood, and the  
aircraft's SELCAL (EMAG) was obtained. 

As regards the destination navaid. IDN 1851 never confirmed 
that it was the SMA NDB. 

Between 1301:09 and 1303:16 UTC, nearly t e n  messages were 
exchanged with IDN 1851 in order to transmit the frequencies an 
which the next posi t ion-  report was to be made, i , e ,  127.9 MHz, 
there having been same difficulty in understanding on the  part of 
the aircraft, 

A t  1329:25 UTC, the aircraft called the Santa Maria 
~eronautical station, on 127.9 MHz, and normally transmitted the  
Z O W  position report. fDN 1851 was instructed to contact Santa 
 aria Control, on 132.15 MHz, fifteen minutes before the ECHO 
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point, which it did at 1335:03 UTC, estimating E m 0  at 1355 UTC and 
informing that it was at FL 3 5 0 .  It was instructed to call upon 
reaching ECHO. 

A t  1343:57 UTC, IDN 1851 contacted Santa Maria Approach 
control for the first time on 119.1 MHz to request the weather at 
santa Maria* It received the  1300 MET REPORT (QNH I 019). 

IDN 1851 did not read back the QNH nor was it asked to. 

A t  1348:16 UTC, IDN 1851 again called Santa  aria Control, on 
132.15 MHz, requesting clearance to descend; it was cleared to 
descend to FL 4 0  and instructed to call at the ECHO point. 

A t  1355:49 UTC, Santa Maria Control asked IDN 1851 to report 
the level it was descending through, which the  aircraft informed 
was FL 2 2 0 .  

fDN 1851 reported ECHO at 1356:15 UTC and w a s  in~txucted to 
contact the Santa Maria Aerodrome Control Tower on 118 mz. 

A t  1349: 2 0  UTC, the Santa Maria Aerodrome Control Tower 
contacted the  terminal sector of the Santa  aria A r e a  Control 
Centre to obtain fDN 1851's ECHO estimate, 

nHs estimates ECHO at fifty-five passing about fourteen 
zero five at the station he is already descending to four 
zero and he is yours ah when he passea through level one 
one zero overM. 

A t  1356: 25 UTC, the Area Control Centre, TMA position, handed 
over to the Aerodrome Control Tower responsibility for providing 
ATC services to IDN 1851. 

A t  1356~35 UTC, IDN 1851 contacted the Santa ~ a w i a  Aerodrome 
Control Tower fox the second and last time on 118.1 MHz, to inform 
that it was passing through PL 2 0 0 ,  descending to FL 40. 

A t  1356: 47 UTC, in the Santa Maria Aerodrome Control Tower ,  
the trainee controller at the position transmitted the 
meteowolagical infarmation just received and cleared IDN 1851 to 
descend to 3 000 ft: 

mm~ndepedeat  one eight five one roger realeared to three 
thousand feat on QWI o m  ma:o two seven and runway will bs one 
niner r l . n .  

A f t e r  a pause, at 1356:59 UTC: 

mqExpeat XLS apprsach runwa* one nimr report reaching 
three thousand f retnu, 

A t  1357~05 UTC, he received the readback from IDN 1851: 



86 lCAO Circular 262-AM 56 

This message was accepted without requesting a readback of the last 
altitude clearance ( 3  000  ft) and was the  l a s t  contact w i t h  
IDN 1851. 

T h e  1400 MET REPORT, received at 1354 UTC, specified a QNH 
value of 1 018.7 hPa, not 1 027 hPa as had been transmitted. 

A t  1408: 12 UTC, when IDN 1851 flew into ~ i c o  A l t o  in Santa 
Maria, two a i r  traffic controllers were on duty in the Aerodrome 
Control Tower: a supervisor and a trainee. These controllers came 
on duty at 1404  WT.C according to the daily record of attendance, 
and they never succeeded in contacting I D N  1851, 

The previous shift, which had provided aerodrome control 
services to IDN 1851, was also made up of t w o  controllers, who had 
come on duty at 0900 UTC, a supervisor and a trainee. A f t e r  the  
change of s h i f t ,  they le f t  the Aerodrome Control Tower at 14 03 UTC. 

T h e  operations supervisor, who is responsible for staff on 
duty in the A r e a  Control Centre and in the Santa Maria Aerodrome 
Control Tower, was at the usual place of work, i . e .  the Area 
Control Centre room. The operations supervisor on the previous 
ahift was still on duty. 

2 . 0  ANALYSIS 

GENERAL CONSIDERATIONS 

The Board of Inquiry found that the aircraft was 
airworthy and that the weight and balance were within the 
established l i m i t s .  There was no evidence of any mechanical or 
instrument faillure before ground impact likely to have put the  
aircraft8s safety at r i s k .  

The Board firmly believes that  the  functioning of the 
aircraft was perfectly normal and in accordance w i t h  technical 
specifications, and that the route flown was in accordance w i t h  the  
instructions received by the crew. 

The weather played a substantial role in the accident, 
since Pico A l t o  was covered in clouds (IMC conditions) and could 
therefore not be seen by the crew. Light conditions did not 
contribute in any way to the  accident, s ince  it occurred in broad 
daylight. 

The Board therefore focused its analysis on 
communications and on crew and A i r  Traffic Control training and 
procedures, 

Entrv route 

The operational flight plan supplied by Lockheed Data 
Plan, defining an arrival point designated as LPAZ w i t h  ground 
coordinates N36756 and W025096, which as mentioned above do not 
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correspond with the ground coordinates of any of the Santa Maria 
navaids nor with those of the aerodrome reference point, was not 
developed according to the procedures established in the AIP - 
Portugal, which indicates as an entry route ECHO - NDB - SMA. 

It was established by the Board that the aircraft was 
flying fairly accurately on a radio route from ECHO to the Santa 
Maria VOR (VSM VOR), a route very close to the one shown on the 
flight plan. Indeed, the VSM VOR identification is recorded on the 
CVR and the path established for the aircraft corresponds with the 
route referred to. 

The oceanic clearance provided by the aeronautical 
station was clear as regards the route clearance: "... to proceed 
via MAKIN three eight north two zero west ECHO SIERRA MIKE =FA . . .", a clearance which was repeated later with equal clarity. 
However, the Board firmly believes that the identification of the 
final fix of the route was never clearly understood by the crew. 
The two readbacks made were neglectful with regard to the final fix 
of the route. The first ended at the ECHO point and the second 
referred to ". . . ECHO point then Santa Maria . . .It, a readback which 
ended up being accepted by the aeronautical station. It should be 
mentioned that the aircraft's SELCAL, which was requested 
immediately, was ECHO MIKE ALFA LIMA (EMAL); this sounds very 
similar to the designation of the final fix, "ECHO SIERRA MIKE 
ALFAtt, and the Board believes that, coupled with communication 
problems, this may have contributed to an unclear understanding by 
the crew of the terminal route. 

However, both the path actually followed by the aircraft, 
leading to the VSM VOR, and the route shown on the flight plan were 
within the protection area for the route cleared from ECHO to SMA, 
5 NM wide on either side of the centreline, and the Board considers 
that the aircraft was not flying on the route cleared and published 
in the AIP - Portugal, although it was within the protection area 
for this route. 

It is the Board's opinion that non-publication in the AIP 
- Portugal of the restrictions on the use of the VSM VOR invited 
its use as a primary navigation aid in the terminal area. This 
contravened published procedures, since the use of a VOR in the 
definition of the ATS routes serving Santa Maria and of holding 
patterns is provided for in the planning criteria published in the 
Air Navigation Plan for the North Atlantic, North American and 
Pacific Regions (ICAO Doc. 8755112). This Plan establishes that 
the primary navigation aid in a terminal area should be a VOR, 
which should be so located as to permit the most efficient ATS 
approach procedures, and that NDBs should be used for holding when 
the provision of VORs for this purpose is not possible or 
practicable. The Air Navigation Plan for the European Region (ICAO 
Doc. 7754122) establishes identical procedures. Also, the Jeppesen 
area chart, normally used by flight crews, is unclear in this 
regard, as it shows the VSM VOR and the SMA NDB coupled in the same 
conspicuous box, leading one to conclude that the VSM VOR is also 
a navaid defining the nominal routes of the ATS route structure 
serving Santa Maria. I 
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Therefore, because it is usual in the United States and 
in Europe to use a VOR to define ATS routes and holding patterns, 
because the crew had no knowledge of the restrictions on the VSM 
VOR, because it did not have a clear perception of the oceanic 
clearance it had been given, and in view of the information 
contained on the  Jeppesen area chart and in the operational flight 
plan, a scenario was created which could have led the crew to 
consider the  VSM VOR as the  primary navigation a i d  in the terminal 
area. 

Moreover, this procedure was frequently used by aircraft 
approaching Santa Maria Airport, Eyewitnesses even told the Board 
that it was usual for aircraft to f l y  over the Parish of Santa 
Bfirbara heading for the airport, which would not occur if they 
headed for the SMA NDB, and that they had noticed the aircraft in 
question only because it was flying at an altitude lower than what 
they considered normal. 

Although the path actually followed by the aircraft, i.e. 
ECHO - VSM VOR, and the route on the operational flight plan were 
within t h e  protection area on the route cleared and published, i . e .  
ECHO - SMA NPB, the  Board believes it is to be assumed that if the 
aircraft had headed for the SMA NDB, w i t h  the same navigational 
accuracy as was shown, it would not have flown i n t o  the ground. 
Indeed, it would in that case have fallowed a more northerly path, 
over the sea and over an area of the island w i t h  lower terrain, and 
although there would have been. a loss of separation with  the ground 
and a violation of the  minimurn sector altitude established in the 
RIP - Portugal, the aircraft would not have crashed into the 
ground + 

A l t i m e t e r  settinq 

As mentioned above, the  METAR issued at 1256 UTC ref erred 
to a QUH of 1 019.1 hPa, and the METAR issued at 1354 UTC referred 
to a QNH of 1 018.7 hPa. The controller on duty in Santa Maria 
Approach Control gave the  aircraft, at 1344: 19 UTC, the Q N M  
referred to in the METAR issued at 1256 UTC, 

A t  1356:47 UTC, when clearing IDN 1851 to descend' to 
3 000 ft and intending to provide the QNH in the METAR issued at 
1354 UTC, the  controller provided a QNH of 1 027 hPa instead of 
1 018 hPa. It was not possible to determine what was at the root 
of this mistake. However, it should be mentioned that the 
inclusion of decimals in the METAR may have contributed to the  
mistake. Moreover, in accordance with the procedures established 
in the  Manual of Aeronautical Meteorological Practice (ICAO Doc. 
8896 AN/893/3) and in wM0 Doc. FM IS VfII-Ext, the QNH should have 
been rounded down, i + e ,  to 1 018 hPa, and this value should have 
been included in the METAR, On the other hand, it is interesting 
to point out  that the KETAR was issued at 1354 UTC and that it was 
transmitted to the  aircraft t w o  minutes and forty-seven seconds 
later. 

The A i r  Traffic Control Services receivedthe MET Report 
about one minute before sending it to IDN 1851. During t h a t  time, 
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according to established procedures, the controller should have 
familiarized himself with the content of the MET Report, compared 
it with the MET Report issued at 1256 UTC, checked that the QNH was 
different from the previous one and that the variaticzn was normal, 
listened to the call and answered IDN 1851. 

When answering the aircraft, the controller rounded off 
the numbers mistakenly and checked to see whether the wind at the 
entrance to runway 19 was the same as in the middle of runway 
270/16. The simultaneity of these actions and the fact that the 
QNH had a decimal of 7 and that the wind was two seven zero may 
have contributed to the controller providing a QNH of 1 027. 

It was determined that because of this error the aircraft 
was placed 240 ft (73.152 m) below the altitude indicated by the 
altimeter. 

Since the aircraft engines struck the stone wall 
alongside the road on the top of Pico Alto and since the trees on 
the western slope must have been about 10 m higher, it can be 
assumed with a certain degree of probability that this difference 
may have contributed to the accident. 

It should be emphasized that, irrespective of the QNH 
provided, the aircraft would still have been in a potentially 
dangerous situation, with a risk of flying into terrain as it 
descended to an altitude of 2 000 ft. However, if the crew had 
respected the minimum cleared altitude of 3 000 ft, the error that 
added an extra 9 hPa to the QNH would not have had any consequence. 

2.2.3 Communications 

On all frequencies used for communications with IDN 1851 
or related to it, it was found that there were many errors and 
inaccuracies in the language used, standard phraseology was not 
used and the communications technique was poor, on the part of the 
aeronautical station and ATC units as well as on the part of the 
aircraft, with special emphasis on the latter. 

Thus, irregular forms of enunciation of numbers were 
used, as well as non-recommended expressions of courtesy, and the 
word lldecimalw was not used to separate the main part from the 
decimal part of radio frequencies. 

In the communications transmitted by the ATC units, it 
should be mentioned that in the meteorological information provided 
by the approach sector of the Area Control Centre at 1343:57 UTC, 
the word "at" was improperly used in the expression Itone octa 
one two zero1@, which on board the aircraft sounded like "one octa 
two two zero. . . @ @ ,  leading the crew to assume that below two 
thousand feet they would be below the clouds, as can be heard from 
the CVR. 

As regards the communications transmitted by the 
aircraft, it should be mentioned that on the frequency 13 306 KHz 
the aircraft used the frequency for four periods of time, for a 

I I 
~ 1 1 1  
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total of twenty-three minutes, during which it transmitted twenty- 
eight messages correcting and confirming the contents of six 
messages and forty-nine messages to establish, extend or interrupt 
contact. This points to a poor communications technique, which was 
perhaps due to the fact that the co-pilot had limited experience or 
that he was not concentrating on the tasks in hand. 

In the HF and VHF communications, seventeen groups of 
numbers were transmitted, with a maximum of four numbers, and eight 
had to be repeated, because of an obvious lack of comprehension by 
the pilot, which again shows a poor communications technique as 
well as the use of non-standardized phraseology. 

During the message from the Aerodrome Control Tower which 
cleared the flight to descend to three thousand feet, the co-pilot 
began his transmission by reporting his understanding of the 
descent clearance provided, talking over the continuation of the 
message from the Tower, which was requesting a report at three 
thousand feet. In this way, neither did the Tower notice the error 
made by the crew regarding the altitude clearance, nor was the crew 
able to receive the final part of the message from the Tower, i.e. 
ttreport reaching three thousandtt. 

This procedure not only shows once again that the co- 
pilot did not adhere to recommended procedures and used a poor 
communications technique, in the Board's opinion it also 
contributed to the accident. 

2.2.4 Crew ~rocedures 

It was established that at the time of the accident the 
aircraft was being flown by the captain, while the co-pilot was 
carrying out communications, a procedure in accordance with company 
regulations (Operations Manual, Bulletin # 6), in view of the co- 
pilot's limited experience. 

After being cleared for approach (ILS to runway 19) at 
1356:47 UTC, the crew should have performed the approach briefing, 
which includes a review of the approach plate, minimum safety 
altitude, etc., as specified in Independent Air's "Operations 
Manualw and "707 Flight Handbooktt. This was not done, clearly 
violating established operating rules. 

If the approach plate had been properly examined, it 
would certainly have been noticed that the minimum sector altitude 
was 3 000 ft, not 2 000 ft as had been understood, and the 
existence of Pico Alto, clearly marked on the chart, would also 
have been noticed. The crew would then have questioned their 
understanding of the clearance given by Santa Maria Approach 
Control, they would have asked Approach Control about it, and the 
accident would have been avoided. 

Moreover, under ICAO Doc. 4444-RAC/1801/12, "Rules of the 
Air and Air Traffic services, Part 11, 1" , the objectives of air 
traffic control services, as prescribed in Annex 11, do not include 



prevention of flight into terrain. The procedures described in the 
document therefore do not relieve the pilot  of h i s  reswansibilities 

units is safe in t h i s  resard, except when under IFR radar vectors, 
which did not occur in this case. 

It should also be emphasized that, as specified under 
"Independent ~ i r  707 F l ight  Handbook - Crew coordination - 
Generalw, after an ATC clearance is received and conf imed, tho 
pilot at the controls, in this case the captain, should repeat 
aloud his understanding of the clearance so that a l l  crew members 
will be aware of its contents, namely the sector altitude. Once 
again it appears that  this procedure was not followed. Indeed, 
when the co-pilot repeated h i s  understanding of the clearance from 
Santa Maria Aerodrome Control Tower, "cleared to two thousand 
feetnt, one of the crew members can be heard on the CVR saying 
'?three thousandm*. However, there was no rectification by t h e  co- 
pilot in spite of the  correcti-on made by one of the other crew 
members, nor did the other crew members taka any initiative in this 
regard, and the pass iv i ty  displayed in the face of this situation 
must be emphasized. 

One of the pilots also  entered the 2 000 Et in the 
p'altitude alert" without any of the other t w o  c r e w  members raising 
any objection, contrary to the procedures established under 
'tfndependent A i r  707 Flight Handbook, Altitude Alertw, according to 
which the minimum altitude ah the charts must be entered, which 
also shows that these charts had not been reviewed. 

The GPWS sounded its ground proximity alarm for seven 
seconds, alerting the  crew to a potentially dangerous situation. 
Strangely, the crew did not make any comment or try to act to 
remove the aircraft from that situation, in accordance with the 
companyrs "Operations Manual" and "707 FlightHandbaokn, once again 
clearly violating established operating standards. 

It should be pointed out that the crew had sufficient 
time to try to remove the aircraft from this situation, since the 
pilot's reaction t i m e  in the  event of a GPWS alarm is on average 
about 5.4 seconds based on infamation f r o m  various air carriers. 

As regards the  QNH, the crew received a first value of 
1 019 hPa, followed twelve minutes later by a second value of 
1 027 hPa. 

Since a variation of more than 9 hPa in the QNH is 
impossible in such a short lapse of t i m e ,  one cannot understand how - 
the second value, although it was questioned by the co-pilot 
himself, ended up being accepted passively and entered into the 
altimeters and "altitude alertM, again indicating a serious lack of 
concentration. In addition, iince the QNH units had not been 
transmitted, i n  accordance with the instructions in the Independent 
A i r  '707 Flight Handbook, the crew should have questioned the 
aeronautical station to remove any doubt, which again was not done. 

~ccording to the companyrs operations Manual - mrCaptain 
Duties and Responsibilitiesw , -the captain is obliged to direct the 
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activities of the other crew members and to ensure adherence to 
established operating procedures, which was not dans. 

Indeed, during t h i s  flight stage, the c r e w  had infoma1 
conversations, indicating a relaxed'mood. 

A female voice can also be beard on the CVR recording, 
leading one to assume that one of the cabin crew members was in the 
cockpit. 

Bath these s i tuat ions  violate the provisions of the  
company's Operations Manual, which establishes that under 
10 000 ft, crew conversations must be kept to the minimum 
necessary,. and prohibits cabin crew members from entering the 
cockpit during critical Slight stages, except in case of emergency 
or when called by the captain. 

The company's Operations Manual establishes also that in 
operations outsid~e the USA, standard phraseology must be used in 
communications, which again did not occur. Instead, non-standawd 
language and a poor communications technique were used. 

Baaed on the above, it is clear that the crew did not 
adhere to the  operating procedures statad in the companyt a manuals, 
a fact which played a pivotal role in the  occurrence of the 
accident. Furthermore, the Baard understands that during the  
critical moments of the  f l i g h t ,  the crew showed a remarkable lack 
of clear-sightedness and attention, leading one to wonder whether 
the rest t i m e  they were given was used in the best way. 

The Board d id  not detect in the organization of the Santa 
Maria Air Traffic Control Services or in the established procedures 
any factor which could have contributed to the  accident, 

With regard to the period between 1300;00 and 1344:56 
UTC,  it was fouhd that the  calls made to the Aerodrome Control 
Tower were not answered and that information from entering 
aircraft, which should have been transmitted by the Tower to 
Airport Operations, was provided by the Area Control Centre and 
subsequently confirmed by the Tower, It can therefore be assumed 
that the Tower was deserted until very close to the first contact 
with 1DN 1851, on 119-1 MHz, which indicates some complacency in 
the  running o f  the  service. 

The Board also deems it necessary to mention the 
violation of established procedures committed by the  controllers on 
duty in the Aerodrome Control Tower when they accepted the 
incomplete readback of their clearance to descend to three thousand 
feet, which the Bqard believes contributed to the accident. 

Indeed, if a complete readback of the clearance had been 
requested, the trainee controller at the  position would have 
noticed the crew's incorrect understanding of the descent 
clearance, as a result of which be could have made a correction, 
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thereby preventing the  aircraft from descending to two thousand 
feet . 

Such a situation was accepted by the. supervising 
controller on duty at the position, who did not correct the  
pocedural error. However,  it is possible that she did not follow 
the transmission of the message since she was on the telephone with 
the Movement services, not being able therefore to pay due 
a t t en t ion  t o  the coramunications with the aircraft. She did however 
question the  controller about the QNH callback, indicating initial 
concern that the activity should be carried out properly. 

The fact that the telephones are fitted only with a 
sound-giving call system that cannot be disabled may constitute a 
disruptive and distracting factor and originate errors or 
omissions, 

The fact that this lastcommunication was made very clbse 
to the time of s h i f t  changeover may also have contributed to the 
above procedural violation. Indeed, the last communication with 
I D N  1851 was received at 1357:OS I E C ,  and the shift was ending at 
1415 UTC, including fifteen minutesr overlap with the next s h i f t ,  
which was to come in at 1400 UTC, 

The new shift signed in at 1404 UTC; therefore, it muat 
have reached t h e  Tower a few minutes earlier to take over, and one 
cannot rule  out some disruption and haste in the previous shift 
coming off duty, which occurred at 1403 WTC according to their own 
statements, 

2.3 Crew trainins and crualificationa 

The crew was duly qualified for the  flight,.holding 
appropriate licences and medical certificates. 

The crew's instruction and training were in accordance 
with FAR Part 121, with completion of appropriate courses. 
However, one cannot help analyzing the co-pilot's instruction and 
training upon joining the company. 

The co-pilot's flight training included t w o  simulator 
sessions and a third in which he took a test (checkride) , for a 
t o t a l  of 5 hours at the  controls and 6 hours as an observer, a time 
which the Board believes was clearly insufficient though in 
accordance w i t h  FAR Part 121, which allows reductions in minimum 
times. In addition, after the second simulator mission, the- 
instructor believed that the  trainee needed some more practice, , 
although he showed progress, 

In spite of this recommendation, the co-pilotfs testing 
was brought forward to the next session, without, the co-pilot 
receiving the additional training referred to. It should be 
emphasized also that h i s  experience an this type of aircraft was 
limited (64 hours), that he had started airline operations fifteen 
days before the  date of the accident and that he was on his first 
flight to Santa Maria. 
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with regard to GPWS training, it was clearly demonstrated 
that t h i s  had not been performed, which may have contributed 
decisively to the pilotsf failure to react in goad time to the 
ground proximity alarm. On the other hand, in accordance with FAR 
Part 121, paragraph 121-407, the  simulator should accurately 
reproduce the aircraft's performances, which did n o t  occur in this 
case. 

The crew's actions at times during the flight, which 
demonstrated non-adherence to particular procedures amounting to 
specific operating doctrine, are generally indicative, in the 
Board's opinion, of insufficient training in the routines of each 
crew member, as well as in the coordination of jo in t  tasks, which 
may have contributed significantly to the occurrence of the 
accident.  

2 . 4  FAA oversisht 

The number of F M  inspections is within average for this 
type of operator, However, it was not possible to determine the 
ef f ectivaness of such inspections. 

As regards international operations, the NTSB believes, 
as does the Board, that in view of the  differences in procedures, 
navaids and a ir  traffic controllerse pronunciation relative to the 
USA, for the  FAA to be able to carry out inspections adequately, 
FAA inspectors would have needed specific training. Therefore, 
although twelve line inspections on international routes had been 
carried out, it is believed t h a t  the inspectors did  not have 
adequate experience and knowledge. 

In view of the  above, it is believed that the FAA should 
set  up a u n i t  specialized in international operations, to provide 
technical assistance to operations inspectors who inspect a i r  
carriers engaged in such operations. 

Such a unit should check periodica 1 ly whether flight crew 
procedures and training are adequate and address the  above- 
mentioned factors, which can affect this type of operation. 

On the other hand, as mentioned earlier, the pilots had 
limited experience of international operations and in the airspace 
where they were operating, 

The NTSB had previously drawn the FAA's attention to the 
need to establish minimum experience requirements for a l l  c r e w  
members, based on previous accidents, at which time it had mads the 
following recommendation: 

Eatablf sth minimum expurience levels fox each pilot-in- 
command and second-in-command p i l o t ,  and require the use of suob 
criteria to probibit the pairiag on the same flight of pi lo t s  who 
have Less than the m i e h t o m  experience in t h d r  respeative 
p~sitioas.~ 
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As far as GPWS training is concerned, the situation at 
Independent A i r ,  where the GPWS was inhibited or the, pilots were 
instructed not to react to the alarm, not only violated the FAA's 
directives to its operations inspectors, but also 'created a 
potentially dangerous situation since ' the pilots were instructed, 
explicitly or implicitly, to disregard GPWS alarms. 

2.5 AERONAUTICAL INFORMATION FOR THE FLIGHT INFORMRTIOPJ 
REGION SANTh MARIA 

Aeronautical information issued by ANA,EP on the 
authority and under the responsibility of the General Directorate 
for Civil Aviation is essentially included in the AIP - Portugal 
and was analyzed by the Board in relation to the  Flight Information 
Region Santa Marfa. 

The Board f w n d  that words from the ICAO phonetic 
alphabet wore used to designate significant points on the lateral 
boundary o f  the terminal control area Santa Maria, which 
contributed to the fact that  the route defined in the  oceanic 
clearance was not clearly understood by the  crew and tliat the 
controller on duty bad difficulty understanding the aircraftts 
SELCAL 

The Board found other anomalies in the aeronautical 
information for Santa Maria that it felt it should mention, 
although they did n o t  have any bearing an the  occurrence of the 
accident. 

For instance, although the Portuguese Republic has 
adopted without exceptions the international rules  in Annexes 2, 4 ,  
10, 11, 14 and 15 to the Canvention en International C i v i l  
Aviation, there are discrepancies between the  national legislation 
and the  international rules referred to w i t h  respect to certain 
definitions and procedures, which on the whole are less restrictive 
than the international procedures and consequently do not provide 
the same protection. 

, It was also found that aeronautical information for this 
region, included in the AIP - Portugal, was not properly updated, 
containing many errors, omissions and inaccuracies, and was not in 
conformity with the international rules in force adopted by the 
Portuguese Republic. 

Regarding aeronautical charts, for twenty-seven years 
handwritten corrections were used without the proper registrat ion 
and without quality, which was not the  case with the remaining 
aeronautical charts of other airports, which had their charts 
reviewed between 1984 and 1988, with the exception of one chart 
from 1973, The accumulation of bandwritten amendments and 
annotations and the significant change in instrument approach 
procedures by themselves required a revision of these charts, which 
did not occur, in violation of the rules for revising aeronautical 
charts. 

In addition, none of the charts is in accordance with a l l  
of the relevant standards in Annex 4 to the Convention on 
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~nternational civil  viat ti on; therefore the charts are unduly 
referred to as ICAO charts. 

f n  the Board's opinion, such situations show the 
neglected state in which the region's aeronautical informatian w a s  
left. 

The Board believes it is necessary to emphasize the 
inaccuracies and omissions relating to the minimum altitudes 
determined by the  erection of the RTP television antenna, which in 
the opinion of the Board endangers flight safety in the area. 

As far as the crew is concerned, certain medical and 
mental facts came to light, The captain had had foot surgery, the 
co-pilot self-medicatedwith antihistamines and the flight engineer 
had recently undergone psychiatric treatment, which indicates that 
the crew may not  have been in an ideal  physical and manta9 
condition. However, it was not possible to determine to what 
extent these circumstances interfered with the psychic 
"availabilityN necessary for performing duties. 

Although these circumstances do not show a clear direct 
relation w i t h  the causes of the accident, they lead one to wonder 
how they may have adversely affectea such impartant factors as 
capacity f o r  and t iming of decision-making, normal carrying out of 
procedures, and concentration at less favourable times, 

It should be emphasized that these circumstances w e r e  not 
mentioned in the crew membersf medical records he ld  by the  FAA and 
that according to the "Independent Air Operations Manual - 
Returning to Flight Dutyn, a crew member who returns to duty after 
an illness must inform the chief pilot that he has recovered, and 
the  chief pilot may require the crew member to take a medical exam 
before returning to flight duty, which as far as the  Board was able 
to ascertain did not occur, at least after the  captain's operation, 

2 . 6 . 2  A i r  traffic controllers 

In the psychological profile established by ANA,EP for 
selecting air traffic controllers, this act iv i ty  was considered as 
non-routine, as far as the Board was able ta ascertain, and the  
trainee a traffic controller at the position, who displays 
npossible qualitative fluctuations when faced with leas motivating 
(routine) situationsn according to the personality analysis carried 
out during the selection process, was considered suitable for the 
duty. 

The Board believes that a i r  traffic control is a routine 
activity mainly in airspaces with few movementsdand therefore few 
problems, as is the case with the Santa Maria Aerodrome Control 
Tower. This position is i n  line w i t h  the  policy maintained by 
IFATCA ( Internat ional  Federatian of A i r  Traffic Controllersf 
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informal conversations in the cockpit at altitudes below 10 000 ft, 
and the  presence o f  other than flight crow members in the  cockpit 
during critical flight phases. 

3.1.13 The GPWS worked properly for seven seconds, 

3.1.24 The c r e w  did not react to tho GPWS alarm as provided for 
by the  company's operating procedures. 

3.1.15 The crew did not receive adequate training in reacting to 
the GPWS alarm. 

3.1.16 The crew, especially the co-pilot , had limited experience 
in international operations. 

3.1.17 The aircraft was not on the  route cleared and published 
in the A I P  - Portugal, although it was within the protection 
airspace on that route. 

3.1.18 The operational flight plan, whose final destination was 
not the  SMA beacon, was n o t  developed in accordance with the AIP - 
Portugal. 

3.1,19 The navaids were working norraally, and there were 
restrictions on the VSM VOR which were not published in the AIP - 
Portugal, 

3.2 PROBABLE CAUSES 

3.2.1 Causes 

The Board of Inquiry understands that the accident was 
due to the non-observance by the crew of established operating 
procedures, which led to the deliberate descent of the aircraft to 
2 000 it, in violation the minimum sector altitude o f  3 000 E t ,  
published in the  appropriate aeronautical charts and cleared by the 
Santa Haria Aerodrome Control Tower. 

Other factors 

The Board of Inquiry understands that the following 
factors contributed in some way to the occurrence of the accident: 

3.2.2.1 Transmission by the Santa Maria Aerodrome Control Tower 
o f  a QNH value 9 hPa higher than the actual value, which put the 
aircraft at an actual altitude 2 4 0  ft below that indicated on 
board. 

3 . 2 . 2 . 2  Deficient comunications technique on the part of the co- 
pilot, who started reading back the Tower's clearance to descend to 
3 000 ft before the Tower completed its transmission, causing a 
communications overlap. 

3.2.2.3 Violation by the ,Aerodrome Control Tower of established 
procedures by not requiring a complete readback of the descent 
~learance. 



3.2.2.4 Howadherence by the crew to the operating procedures 
published in the appropriate company manuals, namely with respect 
to cockpit discipline, approach briefing, repeating aloud descent 
clearances, and informal conversations in tho cockpit below 
10 000 ft. 

3 . 2 . 2 . 5  General crew apathy in dealing w i t h  tho mistakes they 
mads relating to the  minimum sector altitude, which was known by at 
l eas t  one of the crew members, and to the ground proximity alarms. 

3.2,2.6 Nan-adherence to standard phraseology both by the crew 
and by A i r  Traffic  Control in same o f  the air-ground 
communiaations, 

3.2.2.7 Limitedexperienceof thecrew, especia l lythe  co-pilot, 
in international flights. 

3 . 2 . 2 . 8  Deficient crew training, namely concerning the GPWB as it 
d i d  n o t  include emergency manoeuvres to avoid collisian i n t o  
terrain. 

3.2,2.9 Use of a route which was not authorized in tho. RIP - 
Portugal. 

3.2.2.10 The aperational flight plan, whose final destination was 
not the  SMA beacon, was not developed in accordahce with the AIP - 
Portugal 

4 . 1  &coqrmgndat:'ons e th wi h the 
concurrence of t h e  Board of Incxuirv 

4.1.1 S e t  up within the FAA a group of specialists in 
international operations, in order to provide inspectors 
responsible far manicoring carriers engaged in operations of this 
type with guidance and assistance in their oversight tasks. ( C l a s s  
11, Priority ~ctionj (A89-44) 

4 .1.2 Provide carriers ongaqed in international operations with 
guidance on operations of this type and information on the factors 
that may a f f e c t  flight safety, (Class 11, Priority ~ c t i o n )  (A89-45) 

4.1.3 Ensure' that the  operating procedures and tnaknfng 
programmes of carriers engagedl in international operations are 
periodically reviewed by a group of specialists in operations of 
this type, to check wfiether the factors which may affect  the safety 
of these operations are adequately addressed. ( C l a s s  11, Priority 
Action) (A89-46)  

4 . 1 . 4  Review FAA-approved training pxagrames and manuals of 
carriers operating aircraft equipped a G P W  and i n  accordance 
with the requirements of l 4 C F R  Part 135 and 14CFR Part 121, to 
check whether crews are trained and required to immediately 
implement manoeuvres t0 avoid collision in to  terrain wheh the GPWS 
alarm goes off and the  terrain cannot be identified visually or the 
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existence of a safe distance to terrain cannot be established by 
other means. (Class 11, Priority Action) (A89-47)  

4 .1 .5  Establish for captains and co-pilots minimum levels of 
experience required for international operations, and prohibit 
international Plights in which neither pilot has the  minimum level 
of experience established. (Class 11, Priority Action) (A89-48) 

4,1,6 Encourage pilots to report unusual flight experiences in 
international operations, for NASA's Aviation Safety Reporting 
System. (class 11, Priority Action) (A89-49) 

4 . 2 . 1  T h e  Board of Inquiry found that the minimum flight 
altitude on ATS routes or route segments passing over the SMA NDB 
and the  minimum sector altitude of Santa Maria Airport, indicated 
in the  A I P  - Portugal, are not determined as a function of the 
height of the RTP television antenna located on Pico A l t o ,  and that 
the minimurn alt itude for the area is not determined. 

The Board recommends that the above be revised in 
accordance with the rules established in Annexes 4 and 11 to the 
Convention on International Civil Aviation, taking account of the 
height of the above-mentioned RTP antenna. 

4 . 2 . 2  The Board of Inquiry found that in the designation of the 
significant points of the  Santa Maria TMA lateral  boundaries, words 
o f  the  ICAO phonetic alphabet were used, which is contrary to the 
standards in Annex I1 to the Convention on International Civil 
 viat ti on and can create confusion in the comunicatians between 
aircraft and air traffic control, and that there was no designation 
of published routes. 

The Board recommends that the designation of the said 
points be made in accordance with the above-mentioned international. . 

standards and that designations be assigned to the above-mentioned 
routes. 

4.2.3 The Board found that the use of the  VSM VOR is classified 
as restricted, but that this information does not appear in the 
"ASP - Portugal, Radio Communications and Navigation F a c i l i t i e s  - 
COB! 2-9"; it therefore recommends that a NOTAM be published w i t h  
the  lateral and horizontal boundaries of the sector within which 
the VSM VOR should not be used, and that t h i s  information be 
introduced as soon as possible into the AIP - Portugal, 

4 . 2 - 4  The Board found that there w e r e  various errors and 
omissions relating to the Santa Maria area in the aeronautical 
information published in the AIP - Portugal, that some aeronautical 
charts do not exist and that others are out of date; it therefore 
recommends that all aeronautical information an the  area contained 
in the  AZP - Portugal be reviewed and updated fn accordance w i t h  
the standards in Annexes 4 and 15 to the Convention on 
International Civil Aviation. 
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4.2.5 The Board found that the World Aeronautical Chart - 
ICAO 1:l 000 000, sheet Nos 2350 and 2351, the basic chart for all 
the aeronautical information on the area, is out of date and out of 
print since 1976; it therefore recommends the publication of an 
update as soon as possible. 

4.2.6 The Board found that the procedures for entry into the 
Santa Maria TMA do not comply with the requirements of the Air 
Navigation Plan for the North Atlantic, North American and Pacific 
Regions (ICAO Doc. 8755112) as regards the use of the VSM VOR in 
the definition of the ATS routes serving Santa Maria and in the 
definition of holding pattern; it therefore recommends that these 
procedures be revised in order to comply with the planning 
requirements referred to. 

4.2.7 The Board found that in the METARs provided to Air 
Traffic Control, the QNH value.included decimals, contrary to the 
recommendations in Annex 3 tothe Convention on International Civil 
Aviation and to WMO Doc. FM IS VIII - Ext METAR, which indicate 
that the QNH value must be rounded down, not including decimals; it 
therefore recommends that the procedures followed in recording the 
QNH value in METARs be amended, in accordance with the 
international standards referred to above. 

ICAO Note.- Only sections 1 . l ,  2, 3 and 4 were translated from the Portuguese report. 
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s.cif-mt A i.iuue dc ma=- I nuc i r E m  
ap* per& aux huumenrr m r  l'uc mdiabdW 01w. 



~&odromt da Vdenec aeut p*r dot& da rruian rn&&d+ 
giq~c. ,b st.tron mLthmbdque 1. pha pmcbc cst eeifa dc 
Mantdrmat. 
tn nnstipwments mttbarologiqu~~'qrrt dohunt 

qucr Iu orgaairme-8 dc la dratlsrion atritant aux yilota 
elftl+lrtr I- p h u a  d'uri~h et  de dCpM vrnC obvmrr i 
vamcc dt la d t r o  mirmtc : .. l e ~  p W o m  (QNH, QFI, 1? forw A lo dLraiaa dn vem 

sont tuu sur dm appamtr ttla- O 1. torrr de olmblc 
( b a m m h  ei dEpdtt P la t a t  d a  m c ~ u n  do rsnha& 
r n h )  ; - la rn-0 do ddbjrit& h l t t  de l * o W n  I. 
tour de de wptttJ -a&Mqocr (tout d b  
&an) : 

- la autrtr rtrucignemcnts, ea. purieulier Is pbond, ne 
Jont pu muu* ct pcuvent Jimplemtnt Clie mmk 

tts inliatmn de mion  du rypt W m h r t  nn&T& en 
xnir. la tow dc &lcncc au morn, de I.aocidcnt p&m- 
raiat de uis p l l u i m  mais dm d&fauu dc fiatriiitc, mah iE a 
Crt v t A  qae  Ic jour dc l'aandcnt Icr vdcun donnks i 
f'tquipagt U t n t  comaes. 

Pour K type d'abnef l'arrtff du 5 novembrc 1987 felatif 
aux conditions d'urili~don dm avions exploit& par uno en- 
prLe de transport atricn rend obligatoire I'cmport d'un emegis- 
mur de caavcrsatioas er d'alarma snorts dam i t  pmtt de 
pilougi 5 0 % )  d d*un mnrtgistrcur pcrmertmt la reconstitution 
dc la mlectoire de Ihvion [FDR). 
tc F71227 F-GGDM &it donc &quip6 : 

- d'un FDR SFIM AM10 SI, nllmtra & s t r i t  591 B. 

L t F D R r E L t f n t ~ u v t I e l e ~ m P t i a d o n r k s ~ &  
Stpave. Ii avnit bt fonrmcnt endommag& par S' ipad  te b?- 
tier CIcnroniqur t6 Ic cbqcur dc bandc phatogmptu'quc 
&taient d b o l i d a h k .  Ccpendanr, ma& le dtIa1 de plru d'unc 
hture imposC aux cnqu8teun rechtliqun avant qu'ib uissmt 
acddtr aux d C b h  de Yappard, In bandt n'n pas 410 trop 
roil& par cent exposition prolonghe B 1a lnmitrc du &ur ct a 
pu h e  expIoitCe. 
LC CYR s'tdt dhachC de roa support 1 I'impaa ct avail 

d M C  la pentc. I1 a hb rrmuvC euvimn 300 mhres plus bu. 
I1 avait aubi uat  trh f 0 R ~  aofklbmrion loagitudinde t t  plu- 
sicun chocs noIeats ayant entrdnt uno importante diforma- 
don mCcatllqut du bitis exttrieur E! la destruction de toutt la 
padc tlenroniqut qui n'css pas prottgtt. 

Cc baitier exttricur a do Ctre dtcoupt i la chailIe. Lt baltier 
antichac/anriTtu a subi unt dhfarmation t t  la bande ma@- 
tiqut ~ ' t s t  rpliCc sur cue-mEme du fait dc la forte dfdltration 
$ubic i I'impan. EIlc prkcnte de nombrcuses pliute qui re 
sont m a l e  tout cstomptts aprb tnrouftmtnt sur bobine ct 
pa~sagt au. Itcreur. Lc signal n'a pas subi dc dtpdation 
impomre du lait dc enr dtformatiom. 
Lc dtvcioppemmt de la ban& FDR a p c d  de r~oiutitutr 

la tmjeaoire air dc I'avion (voir en anntxe 5) et dt la corn. 
parer aver la tt-ajjtctoitc mdar. Sclon ceue reconstitution, Vim- 
pact a tu I ~ E U  alr cap 1730 B unc ritcssc de 187 kt el une alti. 
rude de 3 8M3 pied3 au calagc standard ( I  01325 hPa). 
La mascription du CVR wmprcaant In convcdoar & 

I'mMcur du p t e  dt pilotage, lc? commnniutiom radio eatre 
atmncfs ct organismcs su MI et drrm bmio figure tn anntxc. 

- Cmt m c r i p t i o n  a ttt & taqemmt facilittr par It Pait 
que tcs dew piloas utilsaicnr ltuf Cquipemmt do tttt (micro- 
w u e ) .  
Ln a# spcc&aIa tReetuCw sur la w i o  ambiance a id  

qut h e~nonversariom cntra ilotu petmtttent G r r a t r  que 
Icr g r o u p  motopmprlwsn !ondomaitrlt 

. t ' a p p d  s'm tcrasC en lime dt rol sur une fd&t sinrtt 
j u t e  en dtssolu d'un point a t &  1308 rnttres @B Cmix de 
foumiol) daru le 3000 i 1 500 mttrrs du village dc Wn&. 
tt point d'impaa, au @er tim WCriear de La falaise, g t  

tr& n k m w t  visfblc aux tmw dc hmCc [aim& par h 
cornbrution du earbursat ne momcat de l'impaa 

- 4 A p r b  Ie chw initial, in dbbris de Papparcil scmt tambb 
dam !a zant d'tbouh ~ i t l lk  au pied & la fahiso. Cette mnt 
d'tbulir p ~ r e  unc ptnte d'mviron 40° et at #ruVttrc dc 
cailleutis &he& haute et dt quclquts ubustu qui oat ad!& 
In prininEipaux Cttmtna dc I'appareil. 

t'kpave prineipale a t  consrinttt par me a d e  de I'uriarr 
da l~lcirgc mrnprrmt le tien in(Mcur dc dW*. n 6e Ia 
gouvcrne de direction n pat la majcum partie d t  I'aile gauche 
n du mottur gauche, It tout rcposant sur It $01 en psitian 
invem. 

t "coicgimr  dc pam&trm a kt TWO& i #I cadmi& 
encore cn plaa dam la p i m t  du h d a g c ,  

A une vioguinc & m t t m  i I'Uwt, aur la  mCmc cburbe de 
nivtau, adrb  pat un atbrute. ~e ~ t l v c u t  l a  partic extsCmc d t  
l'aiic dmitt en position notmalt et que! urn panneaux de ia 
voilurc c c n w e  dmite, lvcc m pa~tieuticr?c longcmn rffikre er 
Ics miculatiom dt v d c t  

Enm tn partie rincipalc de I'M n eet Clbmt & I'mlo 
h i t .  on mure. f e 1 . 9 t  vem royeat, we qum~ifd impmma 
de petits d tbh ,  la mapam puhe dtr g i E g u  p a m m  paia 
-rob pala d'htlice et d t s  paaatnux de wilurt. .:. M . ,  En dcusow dt cent zoae sc troweat quelquea tltmaDtr L 
moteut daot un armpracur ctntritugc. d u  ~nnenar+do hwd 
,age ea d s  &ICmmu dr wihn . d e  di&rytes. Ionguar. 
(2 h 3 mPuu). 

Plus be, 4 rnviron 10 m h m  en dessous de Ptpave &ri- 
palt, se trouvent une pone d'acck cabins tt  le caFtnagc arritfo, 
d'une nacelle moteur. 

A I ' b t  de I'tpavt prineipale, enrre 0 ct 30 r n h  aw L 
mtme ceurbe dc nivtau, ont t tC retrouvb : une palo d'bCUce. 
d a  Cltmcny dts glace$ fmntales du cockpit et un morccau dc 
ptdale de palonnicr. 

Taute cettt zone cst jonchta de petitj dtbrh difieilcmeat 
idcntifiabtn eompte tenu de k d t  fmpentauon. 

A 20 mttru tnviron en d m u s  de I'bpave prindpdc ae 
trouvent de nombrtux tltmtntl d n  vlins a'atterribjagt, d a  
rtguietcun d"bClicc, un aitcrnatnrt tt une boudllc d ' r r x n h  
Daru Imaucrg B I0  mttrrs tt l&hemmt en dcwom, jc trow8 
la pointe arri&rt d'uac naoclla motcur. 
A 45 mhres en dcssow dc l'kpave &ncipJe sc tmwe Ib. 

plan fixe horizontal wmportaat encote un h e n  de I8 dkiia;. 
Ccttc panit de dCrive sst foncmenr pihte. Uitc pale d'htlia 
p l t e  en dtux ert ficbtc dam l e  plan fire. A ta mtme hauteur,' 
A 10 metres a YE&, sc trouv~ un moyu d'htlip sur IqucE crt 
encore f ixtc unc pale. 
Le CVR a t z t  ttauv& 10 mttra en dcsrrow du plan Tuc. ~ u i  

la mdmc murbe dc nivmu se wuvaitnt le paw de la mulead 
dc n e  unc portc d ' i ~ u e  dc rtmun I0 mCtw tavimn v m  
I'Outst puis divers tZtmtntJ du rkgulatcur de mrbumn\ du 
refais dbrnssoire, unc gtndmvice dtmarrtur tt une admfn- 
tion de contttfichc dc uain principal. 

La comrn~ion a Ctt infom&e des r4sultau d u  analyses tod- 
ccllogiques tffectutu dam I t  cadre de l'enquEte judiaain par 
I'irutitut dc mMccine Ikgslt de Grmoblt. Cu exaslem 
efkctuts par chromatagraphie en phase gazcuse monErmt. I'ab- 
tenct de drogun pqchotropt~. dt dtFivts benzodtaztpiniquw 
ou annabinaldn dam It tiasu mtuculairt dts dtux pilotu. b 
dtcC1eat cttcr Ic mpilate un taux d'alcml dc Q5 gramme par 
kilogramme. 
Le rbultat dt I'analyse ne p a t  Cue contutt car auculle dg 

-run p o u m t  It meme en doute n'tst neonnus : 
- ie corps a'a pas CtC ~ a r b ~ d a b  ct n'a done pas Elt wuc& P 

une augmentation ds tcmptmtun pouvrnt a d l h E r  lu 
phtnomhlu dt fcrmmtation cclluiaire ; . 

- iI n'y a pas eu d'iaIation d t  gaz toxiqua avant la mart. 



ttmoigntut lea mcw de suit mite M~stcs mt la flaiae. Is 
combustion a done ttt I o~a I i s t~  pn'nCipafemtnt sut h '& I 
quclqut~ d&rh de I'Cpm, en p d c u l i t r  l'ailt gauche et Ie I 
mattur gauche, oat M D ~ ~ R U C  B b19tsr cn arrivant aur la wnc : 
d'tbarrl'u. 

LC dctnicr coma radio a tu litv k 19 h 05 avk Its 6- 
tioru de ta Compagnic E . U .  A Valmct. LC or~pilotc pdvoydt 
la veiricatc dn t c w n  A 19 h 10 et l'attcrtirsagt A 19 h i5. 

A I9 h 35, la phae de d t m e  a hk dtclcnchtc. la ?one 
initialc dc rseherche wmprcnait Ees dtpartcmcnu dc ia Dcbme, 
dt l'ldre, du ahdnt t t  de I0Ard&ehc. 

A 21 heum, I'cxpIoitation des enrcgh~rements d a r  r 
conduit 3L dbfinir unc zone dc rcchcrche plus rMuitc, sit& 
tnm Iu villagn dc Peynu et Lkonctl. 
LC premier thnoignege rrmcilli a 21 h 39 a pcrmis de WW 

I t s  rc~hcrcha sur Ic col de Taurniol. 
Ctpart a ht dtfauvcrte t h  23 h 20. 
Camptc ccnu dt la violence dt l'impaa. I'accident ne Idsuit, 

aucuns possibilitt de sunie aux occupants de I'auioa 

XI. -ht#C 
hlqaDau d" VQR ds! ~iwq ~e =I w ddopim nor. 

mdcmcnt en mppmea L'&quipge et dhbadq.3 p l w  e( 
at fajt &at d'rum pmbltmc paddkr .  L* -tion h 
fachts wt 1. ~ u l v a t e  : Zc mmmand.nt dc h d  crt rux camm 
mander, le copilote auuis t ~ s  m~lmmunidona. prodde aux; 
&achgw de frtqucna et anx cPl& d ' t j t i h ,  

A 18 h U, le mntndlcur de Marseille signeIc un p m b l b  de 
rhption (voix chcmrwntt) qui dispatalt rapidemmf a@ nn 
changtmc~ do ftkqutn~c snr la r m d t  YHF. Aprb uae ten. i 
~ U V E  infmctucurc d t  antar t  WW I0cie8jt d*EAS P i 
ua contact prCIi,mioaire avte E'approche de Valeact p m n  au \ 
copitate d'obtcnir lu meigmam mtthmlogiqucs man* 
ou &JZI&S sur l'atfPpn de dubtiw. 

Ptu want LESPI (18 h 44). It de bord 
dcmande I'dFieinge dt  Meoat (YOR VNE) mr wn iaFapteur 
YOR n dc 114.75 (frbqucnet armrponduu me VOWDME 
LSA) avec te tadid 178 sue ~ I u i  du capilaw Catrc derniCro 
indication csf s u r p ~ ~ ~ ~ ~ t e .  car If8 m p m d  P I. mute 
prcndt6 .dc W E  pur :r &gar vm Vslezi- ll #a*itn~ de 
nattr que T W u f  LSA se #ern pAnond por mcrm dtr dcru 
bommcs h ~ e n c  d o n .  Pu m~e. W O ~  plus tb4 i 
18 h 41, Ic copiiotc av l i t  nmond avoir atltaiumt LSA cr 
1\27 Mmtlimu lor le 2. 21 r ' w t  vmistmblahlcmrm d a m  
frtquenm DML dm iei que se rime la prtmitre 3oum d'er. 
mr porsibIe. 

A 18 h 47, le oapilolo Ldique que* i t  p w g c  de Vieme 
devru't s t  fairr a 1% b 51. A I S  h 49, la d-tt co#t~ct. 
On coatate eeae oeearicro. uw augmcntatidn. de la vircbx dt 
I'avjou, qui passe d8 187 8 Itf 
Enwe I8 h 54 et i g  b 55. m o d  d"uqe miuute awnt l ' d v t e  

sut WE. 1'Cquspsgc sdtutiftt avtc prCasion dts ?epkm BU sol. 
Jusrt avant Ic pusagc da VNE, It e n a e l * ~ r  da L~oR-  

Satolru dmalt B t'kquipage : M GR, MU m v a  sur W m n e  - 
1 droitc sur VE ru 80. n te pitote p m d  don ua a p  Sud puis 
,-on& : a VoiIP 178 d m  ua p d c r  ztmpr., 114.75. n II y a 
tout ECP dc pcnrtt qu'iI f i c h e  Iui-mZmc aur -ran hdicut IE 
adid 17% ct sur son rfrtptcw VOR la frtqutncc 114.75. km 
wpiIoto hi dit d'Aillwn en pl-,tarn qu'a l'a!Wt fait pour, 
fui, codaidham gut c'cst ic~n v0mL Quai qu'rl tn aoi~ LSA, 
VOR nt idcnribt. C'tst k cc smdt quz se simc I * m r  fonda- 
mmtdc conduisant B i a  o~tlutmphe. La wmmluion a menu 
-is hypothties pour trrtnr : 

I .  Mlchaga du bon radial martridsmt Sf rou? dm A 
ddr WE, avcc atXck.ge v ~ d n  p&som p ,oubqC dc 

a Irkqutau 114.75 WA) ,  Cc pm~cssus rn fibassam n I'on 
rtut r e ~ o i r  Ic DME LSA Eamptc tcnu dm I'hstaIlntion de8 
bdrd (mmmaadas ttccptcun ct indicatcnn dta m o y m  del 
radio-navigation). 

2. mchage dc la Itwg~.llca de M A  au Ucu, de one dc/ 
WE. A _ -- I 
3. Enrw sur la mjeecoirr P mim : Ic 178 ds IS4 (m Etu 

da W E b  

262.AN1156 

1 Ltr &tiom claw I#qutll# m lo M& ct la 
Mfieation 6u VOR K I ~  p ~ M e n E  p do lewt 10 dontr m.ia 

vent pmcmt tn rcymcbr d t  m i a x  dampmdt4 qae 
&uipqe ae SC m d 0  pm m m m  dd. I.nnur mmmir 

I1 tar cidir qu'h p d r  d e  ct mom- Ie pilot* utiiise k 178 
dc LSA pour a t  dui cr vtrs Vdeacc a qu'il p n d  dm m p  
pour rcjoinindic s. n%d, Il ne semble pas )I iroir en m u t o  
pendant plusicum minutm dt h pan dc I'un ou i'autre pifatc 
un Itvtr dt dmte $ pattir d ' m t  rtprbmratioa mtnmie mtmt 
wmmaim, par txemptc Can taut mute I suim ct arp - ou 
par unt uuhaboa mdonncIle dm s u m  itlronnations radiw 
Cl tmiqw.  
Lt - p i l e  tnpmnd Ic dglagc dm mdi- uis f i c h e  
11U dt Wento sur r w  rtccpctpr 1 I* d c m d c  ea- 
danr de bod.  I1 est 19 b 01 rn 30 r et lc #rttlmaadiot de bord 
amonce : n Jo W ~ J  sr Paxe don& ct pius dc m b l h  m. ils 
font in wrSmliem dlppmsbr A p- de 19 8 02 an 31 % I t  
commaadant dc bord mmmcnw I a'iaquitPtr du iadiatims 
dc 1on radi&compas qui'tui p d g c n t  incohhnta w m  c t  
qu'il mit ttre rs pusititin. Lc ~apiIatt dbdan que rq in&* 
oons sant borne$ n lui en tianrftre I'afIichagc mh# donte par 
tc pwitiamemeat do la clt de I'iadiut#ur du mmmsndant de 
bord (uiguillt e 2 s u r  ISDE), 
Le commandrat de.Wfd o h m a  foub~ 8- m r p k  pue 

l'instmmcnf hdiqnc 30 d e S r k . + d ' W  mu# I ' b w m  du 
ladid 178 le rarsura h n r  Ua pilot& pt W F  
toujoua p t u ~  d i b i a  u'me infomanon MF, m u t  dc nukt 
II dcmnade d o n  Sai%ehapa dc I'ILS Hrr lo= 

ou fait sflieher le QFU invene mr son indieitcur. Ls 
apilote mt~e c t ~ u t c  ' d i ~  avm I'uerI~ A 
1 9 h 0 6 m n I 5 ~ 1 l c  a r m d . i l t  de k d  s'hqpibn i 
de I'iadiation du ndiwampu, 

A 1 9 h ~ m n 0 2 1 . m t f g r ~ u o e * c ~ & b s ~ n t r e l a  
DME de M m t U b . ~  IMT'L) qui Itrrwblu 1# p i l a q  k 
--dm% de bwd ccmbIt -dm an cmfoxtw dsm u ' 
M t u d t  d ' b  sur la bonnt mute pr w e  II-~ mkn- . 
#nnmut dc 1'1s dsns un mur oit ss hdiatiaw b i d  
inutililabla. C u r  d m ~  cca mnditicm quo rnvion pernrrc f r  
falailt. 

23. A U # W d * &  

A pudr dc rtmw We, I ' a n a l p  dsr redoxu dr Pbqui- 
pmge MI rppualtre tra mmqrrc d'm t &ti us au $c P % thacun d a  pilot- isari p'un ~olltrb o mutu H l w a t  d.as 
le cadre d t  la rtpgititiotl dea Wm. Ct cadre est lui-mhe pev 
dffini par I'cxploi~t.  I 3  outrc, le boo- radio w t c  Ia a+- 
a t i o a r E A S d e V . l t n a r e p ~ c l l W u ~ p b d e y f & I  
dispoaibili~b du mpiIott ctlt CtC plum utile 
nawlatioo que pour dts ~odd4ratiom 
U tst ible qua I'tqniprga qui w*& p r h  de 7 . 1 8  

VQR ~ 4 3  57 (wit 2 minurrr p~vr 1.n0 i c  wit dt.. pim.+ 
rouw at le mutt. -1 a* viit.8vmt Ir rntiejc t h a  
rendrit plausible tn n W t  d'unc dWon de a p  p b  
longuo pour njoindre lr ndid tf 8. Lli ph*tot+c du onW- 
leur u V o u  arrivez aw Kerns w 8 pu entrttrair #ttc W. 
~ T t t  
Ls i n d i d m  mCICotologiqw a-w o b k  dtl 

fdit d t  I'imuflisma d c ~  moyEns A Wenas pu 
rtquipagc pi s k t  co-e de s i U o ~  E m p s u f  
au demicr moment J. pnsc be d t d S t Q a  4U-t IU Qp8 d'rp 
proche finale A effemcr. 
La disposition d n  ~~mmaades ct dm indidtiom mr Jr 

p18nchc de b i d  dt m&zm we d a  moytar d'@cb.gs n'wt 
pas ~dcntlguc aut l a  qum aYjm du W m r  F 3 de la Com- 
pagni~. CCS diflknors ant u cattnha dm hbitatima er de 
maurah~  intrrpr(uUom de !a p m  dc i.)pdm~ . 
Dt pluq t'tquipctncnt dc tadioaavigation, dt bmd rhutb-  . 

ment d t  rndif i~auoar sne~#rivcs n q  EQW dt h vie dt d 
I awon, domait un m t ~ b l e ,  hCtttocfltc. -ptopiet nux trretm 

d'aflicbngt et d'iirtrprtutiw. 
Ixl mms d t  lieu w&tr *UX m w n z  do trdi " ' 

1 dam In cartes Gurivh aux imtmrnw IT- u s  
l'kquipnge pawdrnt EW Joufcc da o~afruion. Ea clTet, I t  
VOR VNE tst * Lyon-Saiblm* ct Is YOR U A  

I *ryon*. 
L'as~oeid~a de c# noma am hdiauifa mtk poornit pto- 

I venir dr lo p-fion ambiflt do Mmutl dtInPmmmonr 
Atmnautiqua fran E5 eff& 1. htc dm a i d e  d o  

Tome dt L&stolat f i m t  1u VOR 1 mociln a 



- 
u VNE n LSA B rapl qu'urrc rftwmwation rn dair lau sit 
donate. 
La ttpmition dm ULcr du semi- du -It &- 

e n ~ t  its a rochor de L m  ct dc Valwa, en. v i m  .an 
moment de?'acddmt, .'a pu pmis b u t i l k  dr minib 
optimale Ia unrvmurr raw b t t .  
Lt t a d e u *  dt Y.lmU; nc par sin& * nc 

pouwit dktna au e$omtae I'emur de navigation ca rt$. 
sencc dDappct ndia dle l'a- 

Enfin. la ~ommiui011 a'est inmgkc sw It rdlc qm'k pu 
joua It mnx d1alm1tfit du c~pilote ear -Id4 # 
tux vtrifbtionl dcs htmmeata. Sachant que It tiux d'doool 
wuVt dam 1- thm (ici 03 g) m &tiiraltot on I&g&acm 
infeeur P cciui qui K EmUvt daw le rang ct sacbnt quc 1'& 
~ I t m c  d h l t  d'tnvirott 0.16 gramme par bnur, rm pcut 
m m e r  qnr'il amit ru atbut du val nne alwItmic d t  
O,7 v e ,  

Cnrr dose cu ss t f f igo ,  u&r Me #@ation dCI m' 
forman- c h a  ~tn anjet w cxhter  s i m n l p ~ m  pht- 
ston aches. D u  W d 6  rhbstcr aex EtPtcUms dtmonamt 
uctlcmtnt qu'unt l f c o o l ~ t  de 0,4 m e  e$t ~ p L b I e  &en- 
mlner una dtthiorntion dangercruc dcr factrlth d ' a m p h c -  
ment du manuurn dr pilota~t,  ct cda d'autant plur quc k 
&me dca ~ ~ u o n c  sJt acdlkt. 

L'aLmef hrXI a t  at mtnxtnu eonfa- P la We- 
mernstba en Yjgp~ur. 

L a m ~ o t I e ~ n ' w t p a r p u C d o ~ d . n r I ' s E d -  
dent 

Aumn dtraut a i N ~ c a q  do fon&~emcnt de Tavioa ou da 
m bqlljprmcnfd a'a Ctt mu sa tridmcc 

L'tquipnge dttcnait lg b* i i m  Ot 
~mmmmmcnt n- r m - e  

Ltr rid= i h apvi&oa & m a  fond- M e -  
mtnt 
k oqanbmea de lo dreulltiw-rhitnae oat fourai la ler. 

vim du conable ct d'abmf~m&on de vol d o m b e m t  'am 
dgItmeats cr censiwu en vigucur. 
Le vol st dtmufaii dc nuit. Au moment & I'accidtat, I'tlquE 

page n'avait pas la vuios du sol. 
Lc copilatc prhenrair uot aifooitmie mdttCt. 
Aprts It passage dr Xcnne, I'avion d~vai t  s u i w  Ie  

radial 173 du VOR WE. 
L'tquipage a a!Tch& le VOR LSA et s k t  d i r i ~ d  arrr b 

radial 178 dc cr VOR 
L'kquipage a'a paj t d u  compc dcr indicidoos dcs tndl+ 

mmp- 
D- phatc r a t  du vok I'Cquipapo r a c b f  1'IU 'dc 

Vdcnce. I1 en a, mbte.2-il, u W  te myamemcat u r i b  
Lc ooad2e dt I'avion a &C wansf& par t ' z p p e c  dt Lyon 

in I'approchc de Valmco mnformfment our ~oasigtw an 
nputru. 
La r a h  dirpdbIe p # m d  d c ' h  In tmjae. 

mite de l anan. Ctpcndant KUlc dt Lyon d k e  
d'uno W h a t i o n  dcs radar. 
Daar 1- d e & k  minut# du voI, I'absence d'tdaioo de 

I'avioa rur la frtqrtene d ' a p m h t  do V d e m  n'a ptmia 
I'aficbagc d'nne mdiution radiagoniomhrigre. 

Cavivicn a htun-5 it rttitf P di i  milla mutiqua 1'- de ta 
mute qu'3 dewit obtigatohment suivn, compte tcnu dt  N n  
altitude de ral. 

3 3  ColuapPoQbkrdrI'#am 
t'tceidcm Wte d i e m e n t  Tune m u r  de mvigarioa. 
Cme m r  a pour c a m  d i m  : - I'aRScbge ct I 'u t lWon du VOR ISA au Lieu de VNE : - m e  iasufEsanec dc la nprbcntation meatsle dc la trajec- 

toire dc l'avian pahr dcj autm informations d k p  
nibla. 

En oum, It manque dc rigueur dam le parmat d u  Wts, 
dam ltur cxkurion dmi que d m  lc urnrrdlc mutucl lront d u  
factcum conuihutif~ 
La commission a tgalement aotC quc 1- faits suivanu oat 

DU faa$er la nen&e d'uoe sitoatinn critique : 

1 - la documentation de navigation qu'udlirrit l'bipagc n 
I'ofnaaisation du tableau de berd d t  I'adoa pouwiunt &e 

L'tnguhe &).ant & ea  bvidcnct uae crmur de mviptba, la 
-ion r'wt inttrrogtt mr 1e CO~WTIC~CBI  de I'kquipap 
a tcs aitmw Pautlm qui DM po I'amentr P commcttrc ct t t t  
trrttar. 

L'intmrogaioa p r h c i p d o  ponc a lp mnd&Uion de e~ 
tmur de tmje~oi ie ct sur 18 mnthialisatian do Ir 
pcritioa de l'avioa dam I'csp.a. Par d c u m ,  h-emxmmon r 
mat& dc gravu imtlrr~fanw dPar : - !e crratrdlc dc la ~ ta jer tok  par ~hPcun d ~ . p a o t s  ;- - Ie mntrdip m i s t  d u  actions e I f c a t l k  : - I'o%;miratiotr du uadI P kid n In rtpurih des WU. 

En a qui ccrnccmc la fomtion de b ~ r q  la mmmisnitrn 
d'caquhe rccommandc : - que f ' m t  soit & rur !a teprtsantatiaa m-a p c w  

a w n  d t  ia posrti~a de I'aCmner dam I'apafe et rur r a p  
timde a ua h u t  nivcau de charge de mvail en g d a t  
une dispoaibilitt l u f f !  C& doivmt pnmctst 
oux doter de cornewer ulttricurmtnf PU OOUCJ d t  lcut aniL dm a m p a m m u  r(!lezs d . d y s a  rapid. d- 

. iUt~m&ti0nr 
Enmite, ~'ap-t aCrc & buq. Wdmmt-~ 

gcltcr 1- applidons en Sign* in- uao bcana 
d a  ticha tout m -rn*nt un cagqemat  mpomble U 
aystfmrtique dm dmx,piI~tu ppi mppott A In tr?jearrim & 
I'atmntf, qucllt qut mtt ltur fondon P b o d  

alz  -&w 
Lam de la qua1ifiePtion d k  m e m h  d'&quipagr d8 

nu uo a a u ~ u u  qpc d'atmd, in ~ommiuiw tnpptU0 quo 1. 
f m h n  m p a a d m ~ c  doit amperrtdn aon ~cukmcur ua 
eweigntmmt de base rD armah doeumcafPirs @ d&ptif do 
,IP ~ O U V ~ U C  machine d a w i  unt farrmtiaa ca vlrt Ccac 
formation pmuqut doit amporter i'utilirPtioa trb &tion.de 
vol PUX btrummu ct aolommmt uimr L oonmhmce pd- 
c i s t  dm perfonnnnccr, d n  curaCristiquor n d u  kquipcmentj 
de YappartiL 

Dam It cu d"nCtomfs dc m h e  rt w e  w, Wwm pu la 
mtme qurlifidoa ofiidellt, h eommiaaoa d'muty ~seom- 
mands : - qu'unc anention puricuwm Mit pwtCo S la qtudertlwr 

da pilot- en ha-t puc i~f i -  W k d i f f h a  
dc dtfiaifion a d'tqurpmu 

n -it i l t e r ~  dc ~ U ~ U T A  d i w  pp~tsa i 
lui wul une cornp$$ma sumaPote dam lu d ~ v m  domutsg 
d'expioirntion p u t  k durfe d'une carrik. Wn apport lubsua- 
tiel cr permanent doit drrnc ttrt foumi pat Im cxp1oir;mb 
k un cnmdmmcnt de quzlitk 
h tomrniwiom d'tnqudte rccommando : - que I'anentioa dei txpioitaw =it a t t h k  IHU mpn- 

vbilirC dam I'acquuition et le d r i m  da a m n  dt corn- 
pttcncc dc leur pcnanntl navigant (compkcace ie 
un rcm d i f f h n t  ct plu4 exigeant quo tu w priviltgts~ 
caartr& p a  t'abtcntiut dta dipldmcs d'wf). 

Ccae dgeace  n k ~ r i t c  quc I'cxpioiunt dis- d'ucw $true. 
tun d'tmuucrioa suffuanre au, d m  IC c a n c d c ,  ntiliie ftJ 
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Emtm d'irumd~n ou lea smiccr  d'autm cornpa@& 
La commission d'enqutfe recommando : - puc la cqloitanu ayant une suurmre dc formation buf-  

i ~ a n t c  soicnt invitts h utiliser la sentm tt moytru dc far* 
mation extkricun disponible, 

la fermmiubn d"#aqnEfe recommands : - qu'unt rnWlode rigoumrsc de t t a a  Q bard campostant 
unc dpartjtion da dl# avcE vtrifiedon~ midta d u  
actiom sotr gtalalistt et =peak rigournuemat Ic 
cad= d n  ransipn aptr;t?ionnclIw d u  eornpeSn;~. . 

L'apptiarion eRedve dt cettc r~tthodt dt mvail en 4qui- 

r age dcvrait fdre l'objet dc taus In saim du Chef p i l m  tt dc 
tnadrtment afin de tuatr con* Im d6- pouvant rhulter 
dt h routine. 

A I'oh*uion de far aceidea la l a d i o n  a hC amct~da I 
constater I'cxPEmr impomcc dc I. mhc en ~uvre, P du fm 
f ~ t  mrrectivm que pdventives, d'unt andyrc dcs w b  buh! 
mr tour la Wtmtnu liaponibla, y comprk la enrwtmm dt 
vol. Un t t l  eype d'onalpe d a  vob n'mt rc*tcllcmenf exi& 
rkgleeg~ntairtmtnt qut pour Its anom de plus dt 40 tonnm 
explrri& m Cquipage A dcux. 
b c~hmkion ncemmmdt : - quc i'obligatiom rtglcmtatdirt d'me -ttlle a a a l p  d& vols 

wit Crcndue aur aviom &me mwt maximalt ttnirXt an 
d b f l a g t  d e  plus d e  20 t o m u  t t  pour tow I- aviom P 
r b d o n .  

La ~om&ion eadme quo. dam b eu d'n aCTrhemeak I'd- 
Irttcur, qui f~uc~i t  son * It.k\r ts donc btngltic da .h 
confiaoa des p m a g m ,  ne p u t  IC dtsinttmtr dc la cap&& 
recbiquc dc la mmpaanie affrtttt d'wui t t  k w p  de &cc 
anmdu. 

Cer tq  la oomplpiu &=it elJ#-mbc a h  In 
~uloriutloru n b m  pour clTK*pm du tmwpm p u b k  
Ccpmdmt dmu unt phut  dc -en ott d t  croirvPslo npidt 
at enainu *d mm$&@u m h i a n # .  EsJ d d k m  ptn- 
rent rwir de l* dficultb I ' M u a  p r o b l ~ ~  
aiqw teL que Ic dt k e t .  Q m bqaipcmmta 
uu de Im cbmptKna d a  tquiprgn. - 

b oemmissiou recpmm*nde an combqwn~~ : 
- qsl'un texte rCglcmmuirr ddlimitc Mbmcat  lea obHm- . uon. de cbucrinc de. mmppioin .tPLtemc s am. 

&.I. n t l t  q ~ b ~  u p ~ ~ e b ~  dr bard* ac ~ i r  
pu ubfieolto par ndj~naioat s u o e ~ u ~  d*&l&mentk e a a  
que crux4 s'iDtCgm~t dstu une Coneemon d'carcmbtt da 
mare i Met In mafuriona. 

- qupunc ttude mi; rt~rj* en MC doam& I- exploitanrr 
B unc mcillturt Itandardidw c b a a  ECY tqnipcmena dc 
pilorage st de dtaavig~tion +tt & la & @ h a  dca 
planchu d t  bod  de Icm avianr do m h e  typc oe dc 
type3 uoisina 

Pam I t  but d9CIImlna xutaat quc.pos~r%le tout q qd peut 
poncr ta crmt ua risque de COD~KIIO~,  la c o d o n  dent I 
wuligntr f i n l t r ~  du mmm c de ditpoailifd pcrmcctaat W- 
Oiw autom~tiq-mt 3x7 b u ~ c a u  dc w i.idiatif 6c 
I'bquipemcnt radioClcctriquc qui b a t  sur la frkqutnce effecti- 
vcrnear resic (dtcodcun automatiquca d'indicdf). 

d a  I'tquipagc api peut &hi se e o m  dar~nuge mt b 
fonctioru dteisianneies primordialts. 

IA w&sion r c c m m d c  : 
- pr. sur anon exploit& en mns.pon publk i t  monugp 

'ud dispoaitif dc pilotage automatique soit ob5iga. 
toire. 

A roccarion do I*exrmcn ippmfondi dq h baudc d'enrtgir. 
mmcnr dm conwrsatiaar tt d t  fa ncoarttluti~q d a  
p b m  du vol, la c o d a t a n  a ncquis-L m n d i o n  qua Ia icu- 
tadon d t  P uipage n ttt trts fM s'0 n'y a tqdt, d'utiliset Ic 
fillma" m% dt P I U  de Y ~ I ~ E C  armsc ude de guiciage 
dTmt d m  d4 sui~oltt les m a t i o n s  de I'ahoprt csp w Sud 
tt d'tff&~~t tmuite, en i ondm b ~ondiuom mtttorolo. 
giquts dcfIcmcnt mcwatn. un moat rur 1'uc d'ratrrira* 
en ~trvice ha au N o d  - 
En Fiance, auntnc proekdw ofllciclla n'mt bask aur et 

sayoaaemtnt qui peut tm #mridtrC! w c  pusritE et qui 
n'mt d'eiIIcun numnsmcnt oontrdlh, m-c si  parfois. ct Ic 
phtaombe a'cn t i t  que plm daag- ccrtahu myonntrucnu 
semndnims pcuvtn; donncr trne i m p d m  d ' u c  atable. 
Is comnxissioa recommaadc ea ~ n ~ b q u ~ e  (-1 : - quc. par tous m u y w  de Mut ion  aur Cquipam il urit 

bicu mgptlt qu'en nuam ma n p a a t m e d t  &% 
variable tr idgulier suivaat la I r Q o n a .  ncpcnt ct oc 
doir t t rc  urilist war foumir un wdagc  

tts cmmutiws fdm i I'ccuYian dc m! -dent ambent 
la  cornmimion -m Ier qua I'rptrtllde phMqne du mvi 
n Ian pmtiqun %cptairu (y armvia r m  m . 6 b  d o c  
ltmit) t)doiv t a k  raltcnbjtt d t  rspptls frcaUtnu a d'rm auhi 
m M r 4  appmprit. 

Ln#1mmi&a=mmde: - qa"rme adom do m i i l h i u m  wit .Pptr hr 
# m e  *put UIWfadrnu ~ ~ i G n t ~ & a  
rirqUu p Y a  Qlld pn* cnp*tna 1. 
btroaa rlwEz& mtme t l . l ' r t a m l ~  qp 
p c u r p ~ f n i n i m c c r ~ ~ ~ d u r r I t . ~ -  

de la n e  m t c .  

a l e  prCconise qu'unq Itgislatiodi wit poor 6xq 
uux G~lcooltmie m w u m  nudell dvquel twt rd rerut 
inttrdit, qucfle quc soit Ir Jonaioa excrdt ma sch dc I' 
pqe. Comptc tenu de 1. f u b l a e  da taw limnc qui d2: 
Iu &gltmenta dcvrairnt p M a  la modljith ~~ Y. 
employer pour I'appIicadon dt c t ~  disposrtiaar 

La commission : - cpc, sam modifltr cn p*?i?licr fa & ysh 
boa madI*It qw cond~uo- le o m  
mntrdlc de la a d . L i o a  atrime uvile u lu e i -  
Etb  juridjquts mpecxivc~ qd a d b d e ~ U  nr Ie mxd 
-d.pt dr M n pour 1. m a i m  dc E'-m 
m t r i t ~ n t .  la E D U V ~  ndar dkpmb1s $4 cmpl* an 
mieug 1A oa cue exisre, pout Ics fim du mn#k dr. k 
Eirculdorr a t r i c a ~  

Ceci pcut mtraiaer unt exredan de EeMiar .to'- 
dt fap~tl & cnglobcr de nouveila portions de +m&uab cw 
une nouvcPc Mnition dt la hi# t a p  dtnx u p a c e  ltrim 
codgus, Ca rhilions auraicat wenueIIcmm p u r  EfTcr de 
faalitcr kt dtttaion par le wntr8)mr. dam le cas d sa c b g t  
de aavaiI rtgttmcnmire qni coansI~ E stparer I- .vim mm 
mix It hi pcrmctuai& B'unt a n d t  p e  dam le fa-- 
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mcnt d'un appanil et de tenter Gitmeair P temps de f+ i 
port- assist- A dcs pcnmnw qu'il esr possible de 
rn ptril. 

b w&m reamiaade : - qut, dc m h e  n'ea m a t i h  de conadlc dc la ' 

.Yeme tan x BM dc u v v e w c  rn a h~ mis= 
soicnt munuivin et mcouragtu Iu h d u  n recherck 
aux fin3 de m t m  au point un dirposltiE aummatique 
d'dene d~ ~ontrdleun, Ionque Ia hauteur dt I'nvion art- 
dc~sus du sol t a r i r o ~  dann nne zone P dtflair, t o m k  
au.demrri d'une w i n e  valeur. 

IA commission ~ m m a u d c  : - qut aoisoimt-.bvitk dam l a  p~blicatima ahma- 
toutn m i d i t &  de a n h i o n  tmre b mom #me ridt 
radidlcfCriquc* son bd iWf  et ma sik gtogmpkiqe qoi 
doivcnt 8 U t a n t  qw pssibfr penwit &re eorrCIh wrts  ~ n t  
dtnomination simple. 

ll remit de mtmo souhPitable d'tvikr d'utillsa b tr 
mtme zone dm indi-tjf~ wop vaisina 

Cmc recommandauea wise 1 pcmmrc rrae aorrtlrtioa 
lccntelit dtaute d'ambigufit et B lneiIItct pirui la taebt de p+ 
pantion du rot, I t s  t acht~  & navigation P bed, .insi qa'i 
p m t r  lm khmgn mdio am l'tquipnge tt Ic m i  au 
noi. 

n wt I m p o ~ n t  t, par qudqua m y*ao*P? gumil soit fiabla ct 2 quai* le -e umt Gase prh= 
slan d'attdssagc valablc qua dbnt o l r m t i c m  prtdre h 
ttmpr prhcnt 
Si n'tlt p a  polriblt do dhpaaer' de w a l  &&omlo- 

giquc spCcidsC it uX mdiapcat.blc qnc t t  parvlMd h 
cendllc dispola d'Cqw tnta innrllla drnr h bur do 
confrdtc hi prm-t &umir 1 l'Lguiwe h. w. 
mtttomlogiquu ~CtusP irn .  
ta ammission iec*rmm.nda : - u'me tttewioa pmimte snit *pporrCo i Ir fr- 

%u i n f o p ~ t i n ~  rnbmlogiqller m- au 
pout dbudcr d n  crmditionr de am &pp&~ mr um .Cro 
drome. 

ICAO Ref.: 061 189 



Whn-Iw -2, NI W,  accident neat 
Paramarib-ndeq International Airport, Suriname 

an 7 June 1985. Report released by the Commission of Inquiry, Suriname 

1. INTRODUCTION 

On 7 June 1989 a DC8-62 crashed near Zander i j  I n t e r n a t i o n a l ,  

in the Para d i s t r i c t .  Additional d e t a i l s :  

A i r l i n e :  

Manufacturer: 

Madel : 

S t a t e  of  Registry: 

Registration: 

Serial no.: 

Owner : 

Place: 

Date: , 

T i m e  : 

Surinaamse Luchtvaart Maatschappij NV 

(SLM) (Suriname Airways Limited) 

McDonnell Douglas 

DC8-62 

USA 

Suriname Airways Holding company 

Near Zanderij Airport,  Para District 

Wednesday 7 June 1989 

About 04:27 local time (07.27 UTCI 

2. OVERVIEW 

A DC8-62 on a nan-stop SLM flight (P~764) from Amsterdam/ 

S c h i p h o l  crashed during the approach, There were.187 persons 

aboard: 

3 cockpit crew 

6 c a b i n  crew 

1 7 8  passengers, i n c l u d i n g  an o f f - d u t y  flight engineer,  

A corpse was a l s o  being t r anspor t ed .  
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The a i rc ra f t  was totally destroyed when it struck- the ground. 

There was a postcrash fire which w a s  extinguished by the fire 

department . 

The Director of the Department of Aviation was notified about 

the  acc ident  in accordance with prescribed procedures. The De- 

partment of Aviation notified a l l  involved authorities. 

As the aircraft was of Arne-rican registry, the Federal  viat ti on 

Administration (FAA) and the Nat ional  Transportation Safe ty  

Board (NTSB) were n o t i f i e d  immediately in accordance with Annex 1 3  

( ~ c c i d e n t  Investigation) of the Chicago Convention. 

The Department of Aviation began its pre l iminary  investigation 

immediately with t h e  gathering of a11 relevant data .  Following 

the rescue and recovery activities p r i o r i t y  was given t o  the re- 

trieval of the Cockpit  Voice Recorder and the Flight Data Re- 

corder. These devices c o n t a i n  vital information about the 

operation of the flight; on 8 June 1989 they were shipped t o  the 

main office of the NTSB in Washington, D.C., f o r  processing. 

The Direc tor  of the Department of Aviation requested and 

obtained assistance from the NTSS and the FAA in accordance with 

the provision in Annex 1 3  of the Chicago Convention. 

The preliminary investigation focused on the following areas: 

- Operational aspects 
- Human Factors 



112 , 
CAO. Circular 262-AN11 56 

- S t r u c t u r e s ,  powerplants , systems and maintenance 

-.Meteorological aspects 

The preliminary investigation a l s o  involved work a t  t h e  acci- 

dent scene, various hearings and the  t e s t i n g  of navigational aids. 

The information available at the conclusion of the  work at the  

scene and the necessary hear ings  l e d  to the prel iminary concfusion 

t h a t  the Immediate cause of the accident might possibly be p i l o t  

error. 

The preliminary investigation was concluded on 1 4  June 1989. 

A l l  the assembled information was made available t o  the Cam- 

missi.on o f  Inquiry. which, in the meantime, had been established 

by the A t t o r n e y  General by Order no. 3 4 6 1  of 8 June 1989.  

The Commission was established i n  accordance with A r  t ' icles 6 2 

and 4 3  of t h e  Regulations £or S t a t e  C o n t r o l  of Aviation ( G . B .  - 

3939 n o ,  .33, G . B .  1955 no. 70, as revised  by S.B .  1 9 8 4  no. 1 1  5 )  

i n  order t o  "provide  information and report on the probable 

cause" o f  the af ore-m~n. t ioned,  acc ident  as prescribed by law. 

FACTUAL INFORMATION 

History of t h & . - f l i g h t  

~ h &  Captain and his t w o  crew members arrived in Amster- 

dam on ~ a t u r d a ~  3 June 1989. The flight departed Amsterdam/Sch$p- 
h o l  on 6 June 1989  a t  2 ? . ? 5  l o c a l  time ( 2 2 2 5  UTC) and proceeded 

"on - s top  t o  Paramaribo w i t h  an estimated time of  arrival of 04.27 
l o c a l  time (0727 UTC). 
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Preparations f o r  t h e  flight in Amsterdam were normal, According 
t o  survivors the f l i g h t  w a s  rather smooth, About  70 m i n u t e s  before 

arrival in Paramaribo the crew received the 0700 UTC weather f o r  

Zanderi  j : "Wind calm","visibility 900 'rn in fog" ,  '"temperature/ 

dewpoint 22'~/22*~". The tower a t  Z a n d e r i j  Airport cleared the 
f l i g h t  f o r  a VOR/DME approach to runway 10. 

However, this aircraft crashed near  the  Zander i j  Airport a t  about 

06.27 local time an 7 June 1989, during the hours of d a r k n e s s .  

The weather a t  the time of the accident: horizontal visibility 

900 rn, w i t h  fog, and a cloud base of about b00 feet above the 

ground . 

Shortly after the accident the visibility decreased t o  about 

500 rn; o n e  hour a f t e r  t h e  a c c i d e n t  i t  w e n t  down. t o  about 200 m .  

The aircraft s t r u c k  the  g r o u n d  a b o u t  7800 m from t h e  threshold o f  

runway 1 0 .  The wreckage came t n  r e s t  a few meters n o r t h  of the 

extended centerline of  runway 1 0 .  

The aircraft logbook was not recovered. During the  examination 

of  the wreckage it was determined that the right wing fuel tank was 

i n t a c t  and s t i l l  contained f u e l .  Calculations showed that ;he 

aircraft's fuel load was between 16000 and 22000 l b s  at the t ime 

of t h e  acc ident .  

Injuries to P e r s o n s  

In juries - Crew 

F a t a l  .9 

S e r i o u s  - 
~ i n o r / N o n e '  - 

Passengers T o t a l  

1 6 9  1 7 8  

Total 4 
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One c h i l d  was unhurt. Of the 1 5  persons that were rescued, 

7 {seven) d i e d  later. 

3 . I  Damage t o  Airplane  

The on-the-scene investigation revealed that engine no. 2 

struck a tree about 75 rn above the ground and about 300 rn from 

the runway.  . The tree had a height of  about 32 rn 

This impact resulted in the separation of a large part of  

t h e  e n g i n e  cowling, the f a n  section, and part of the  low pres-  

sure compressor. The next impact  involved the r i g h t  wing which 

s e r u c k  a n o t h e r  tree. 

The aircraft r o l l e d  around i t s  l o n g i t u d i n a l  axis, struck the 

ground inverted, and broke up.  The f i r e  t h a t  erupted consumed 

p o r t i o n s  of  t h e  a i r p l a n e .  The a irp lane  was t o t a l l y  destroyed, 

3 . 4  O t h e r  Damage 

There were no r e p o r t s  o f  damage t o  the property o f  t h i r d  

p a r t i e s  on the ground* 

3 . 5  Personnel Information 

3 . 5 . 1  Cockpit ~ r e u  

The cockpit crew consisted of a pilot-in-command, 

a f i r s t  o f f i c e r ,  and a flight engineer.  

The crew was h i r e d  on the basis af a c o n t r a c t .  
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with Air Crew International ( A c Z )  in Florida. 

The c o n t r a c t  stipulated tha t  A C I  would furnish SLM with  quali- 

f i e d  crew members who h e l d  FAA certificates and  who met the reg- 

u l a t o r y  requirements t o  fly the DC8. It should be noted  that A C I  

d i d  not provide f o r  proficiency checks but l e f t  it t o  the i n d i v i d -  

u a l  p i l o t s  to meet t h e  training and other requirements of their 
F 

profession. Examination of the captain's qualifications disclosed 

that  he completed h i s  l a s t  proficiency check on 16  A p r i l  1989 in 

a small twin-engine airp lane  (Grumman Cougar GA-7) instead of in 

a DC8, as r e q u i r e d .  The captain's age was.66. Additional informa- 

t i o n  about  t h i s  crew follows: 

3 . 5 . 1  . I .  Captain: 

Date of bir th:  

P l a c e  of b i r t h :  

Nationality: 

Certificate: 

Last Medical Exam: 

R a t i n g s :  

Proficiency Check: 

Logbook : 

Flight t ime DC8: 

31 January I923 

Kinderhook, Pennsylvania 

USA 

A i r l i n e  Transport P i l e t  

1 1  January 1989 ,  Class I 

Multi-engine, Turbojet, DC8, B747 

1 6  A p r i l  1989 on a G A - 7  belonging to 

Flying Tigers, Inc. 

N o t  found 

About 8800 hrs 

Total time: 194.50 hrs 

Last Route Check: Miami-Zanderij via 

P o r t  au P r i n c e  on 6-1-3989 
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History of  Tests 

ATP : Applied f o r  t e s t  on I ?  October 1970 .  The flight t e s t  

was unsatisfactory with regard t o  the ILS approach pro- 

~ cedure and judgement. hln FAA inspector was 

the  examiner and f a i l e d  the applicant. The re-testing 

on 30 October 1970 was satisfactory. 

Type Rating 

Applied for test on 30 May 1973." 

The a p p l i c a n t  f a i l e d  the t e s t  on 7 June 7 9 7 3  because of 

an unsatisfactory pre-flight inspection and flight t e s t .  

The examiner : F A A  inspector 

A p p l i e d  f o r  a re-test  on 1 4  June 1973. 

F a i l e d  again on 1 5  June 1973 due  t o  unsatisfactory 

resul. t s  in t h e  following areas: T a k e o f f ,  sirnulaked 

e n g i n e  failure, halding, instrument approaches, s teep  

turns. Applied f o r  a r e - t e s t  on 7 1  June 1 9 7 3 .  Type rating, 

i s s u e d  on 5 July 1973 (FAA inspector.  

~ p p l i c a n t  failed the e e s t  on 30 December 1 9 8 5 .  

Re-tested and f a i l e d  by FAA in spec tor  

d u e  t o  unsatisfactory results in the  following 

a reas :  h o l d i n g ,  m i s s e d  appraach, and landing. 

Again applied f o r  t e s t  on 8 January 1986.  He 

passed the. t e s t  on 8 January  1986 with the same 

examiner. 

Since 1985, - the captain was assdciated with 

Air Crew Intsrnational, I n c .  
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Medical Factors: The FAA provided d e t a i l s  about  the  medical ex- 

aminations. He always passed these examinations. 

His most recent med,ical c e r t i f i c a t e  is dated 

1 1  Jant~ary 1989 with the notation: "Holder 

shall possess correcting glasses for near v i s i o n  while 

exercising the privileges of h i s  airman 

certificate." 

2 . 5 . 1 . 2  F i r s t  Off icer  

The correct i d e n t i t y  a n d ,  .therefore, the 

privileges o f  the f i r s t  officer could n o t  be c l e a r l y  

established from the information obtained from the 

American Departmertt of Transportation and the  British 

Civil A v i a t i o n  Authority. 

The following information was obtained from 

his mos t  recent FAA certificate no. 226500, d a t e d  2 3  

February 1 9 8 2 .  

Date of b i r t h :  1 July 1954 

Place o f  b i r t h :  Fort Worth, Texas 

Certificate: ATP 

Last Medical Exam. : 1 2 January' 1989 

Ratings : Multi-engine, Turbojet, 0 7 3 7 ,  

* SD330, F l i g h t  instructor. 

Proficiency Check: 26 June 1988 on a DC-8 

Logbook : Not found 

F l i g h t  timg D C 8  : Unknown 
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T o t a l  time: Abour 6600 hrs. 

Last  known route check: Zanderij-Belem v i a  Cayenne on 

1 5  December f 9 8 8 .  

Background 

After flying f o r  several companies, t he  first officer, 

began t o  w o r k  for A i r  Crew International, I n c . ,  in December 1 9 8 8 .  

During the review of  his certifcation it became apparent  from 

t h e  information o b t a i n e d  from England (CAA) and  the USA (FAA) 

that t h i s  p i l o t  had several i d e n t i t i e s  and that his f i rs t  American 
certificate was issued by the FAA on the basis of  "UK license 
no. 8 4 8 6 6 " .  Apparently , he was known for some 

t i m e  as born O N  1 July 5 94 5 in Newport, South 

Wales, Eng land ;  n e x t  as born on 5 Septern- 

ber 1 9 4 6  i n  Kenilworth, Coventry, England; and finally 'as 

bo,rn on 1 July 1951  in Texas, USA.  

However, the  British Civil Aviation Authority s t a t e d  t h a t  s a i d  

a. k.. a .  never possessed a British p i l o t  certif- 

icate. 

The F i r s t  officer pilot privileges were suspended following and aircraft 

accident near ~ichita Falls, Kansas, USA. 

Medical Fac tocs 

Medical informa tion from the F A A  ir1dicat.e.s that  the first officer 

met the  medical  requirements. H i s  most recent 

medica l  certificate was dated  I ?  January 1989.  



Date  and place of b i r t h :  2 A p r i l  1 9 1 4 ,  in Ada, Oklahoma 

Certificate: Flight eng ineer  and mechanic 

certificate 

Medical exam.: 4 May 1989 (USA)  

Ratings: D C 6 ;  D C I Q ;  B71Z; DC8 

Proficiency Check:  Unknown 

Logbook : 

DC8 t i m e :  

Total t i m e :  

Route check: 

Not  found 

About 720 hrs. 

About 76600 hrs 

Miami-Zanderij v i a  Par t  au 

P r i n c e  on 1 6  January 1989  

Medical Factors  

The available medical data indicate that the flight 

engineer met t h e  medical  requirements. His most recent medical 

c e r t i f i c a t e  is dated  6 May 1989. 

Cabin C r e w  

There were 6 cabin crew aboard the aircraft. 

Airplane Information 

The a i r p l a n e  wash a Douglas D C ~ - $ 2 ,  fuselage 

no. b 9 8 ,  serial no.' 46107 and American registration N1809E. 
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The Douglas Aircraft Company delivered the a irp lane  to Braniff 

~"ternational Airways on 1 7  November 1 9 6 9 .  On 1 7  November 1981 the  

airplane was rerurned'ta Douglas where i t  was stored until it was 

s o l d  to the Arrow A i r ,  Inc. on 21 December 1 9 8 3 .  

SLM operated the airplane from 7 3  J a n u a r y  1986 till 1 5  July 1 9 8 7 ,  

when Trop i ca l  Airways,Inc.,becarne theoperator, until 2 bugust 1987 

From 7 August 1 9 8 7 ,  SLM was the  only operator of t h e  a i r p l a n e .  

The.segistration of  t h e  airplane, N1809E has never been changed. 

The e n g i n e s  were f i t t e d  w i t h  hush-kits. The a i r p l a n e  had ac-  

cumulated over 52706 hrs and ? 0 3 4 ?  cyc les .  It is interesting t o  

note that  the airplane was. equipped with a Sundstrand Mark I Ground 

P r o x i m i t y  Warning computer, P/N965-0776-071, which gave a u d i b l e  

warnings t h a t  were recorded by t h e  CVR. In addition, this airplane 

had the f o l l o w i n g  navigational a i d s :  

- dual INS (Inertial Navigation S y s t e m )  

- d u a l  Ornega/VLF 

- dual VOR/ILS/DME 

- dual HDB receivers  

- d u a l  Marker receivers 

- d u a l  Radi .0  altimeters 

The airplane was owned by Surinam Airways Holding Company. 

It became operational again on 2 5  May 1 9 8 9  after undergoing a 

"c" check;  this maintenance was performed by CargoLux i n  ~uxemburg .  
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The maintenance documents i n d i c a t e d  that a l l  Serv ice  B u l l e t i n s  
- - 

and ~irworthiness Directives were complied with and that the airplane 

was airworthy. 

3,7 Meteorological Information 

A t  the time of  the a c ~ i d e n t  the h o r i z o n t a l  v i s i b i l i t y  was 

900 rn i n  f o g ,  2 / 8  c l o u d  cover,fag,with a c l o u d  base o f  about 

400 E t , wind calm, temperature/dewpoint 2 2 ' ~ / 2 2 ' ~  and a pressure 

of  1017 millibars (mb). 

This information was provided to PY764 by the Tower. . " 

Shortly a f t e r  t h e  accident the visibility descreased t o  500 m 

and w i t h i n  one hour- after the accident the  visibility further d,e- 

creased t o  200 rn. 

The weather a t  Z a n d e r i j  Airport between 0300 and 0500 can 

be summarized a s  follows: 

Time( l o c a l )  

wind 

H o r  . Vis . 
Weather 

Clouds 

Ifel. Hum. 

Pressure 

0 3QO 

calm calm - - calm 
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3.8 Aids t o  Maviqation 

According to ICAO'S "Regional A i r  Navigation Plan'' the 

Zanderij Airport should be equipped with the following navigational 

aids : 

a )  one VOR' 

b )  o n e  NDB 

c )  o n e  ILS Categor 1 

T'aerc. arz three published instrument approach procedures 

for runway 10 at Zanderij.  The Limits for the ILS-DME pro- 

cedure are :  a minimum descent altitude (MDA) of 

760 f t  above s e a  level and a minimum visibility oE 800 meters. 

The VOR/DME and the NDB have i d e n t i c a l  limits: an MljA of 

560 f t  and minimum v i s i b i l i t y  of  7300 m. A Notam published 

on 2 9  December 1 9 8 8  announced t h a t  the  ILS-DME was n o t  available 

f o r  operational use; the cresr was aware of t h i s .  A - t e s t  o f .  the 

navigational aids by a specially equipped airplane on 1 3  June I989 

confirmed ' ha t  the  V O R ,  DME and NDB were f u n c t i o n i n g  in accordance 

with  t h e  prescribed c r i t e r i a .  The middle marker was inopera- 

tive. The angle  of  t h e  g l i d e s c o p e  was w i t h i n  l imits while the  

localizer alignment was unreliable. NDB "PZP" (336 KHz) was 

operational, 

3 9 Communications 

The t r a f f i c  c o n t r o l  communications equipment ( 1 7 3 . 9  MHz) 

and 1 1  8.1 M H ~ )  was in good condition. However, t he  equipment 

t h a t  r ecorded  the  communications between t r a f f i c  c o n t r o l  and a i r -  

planes was no t  functioning. 
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3.10 ~ e r o d r o r n e  Information 

Z a n d e t i j  International Airport ( l a c  0 5 ~ 2 7  ' 7 1  "M, long 55' 

1 1  ' 1 1 "  W )  is l o c a t e d  about 4 5  km south o f  Paramaribo; its 

elevation is 54 ft. The runway is 3480 m l o n g  and 45 m wide. 

Runway 1 0  has h i g h  i n t e n s i t y  runway and approach lights; runway 

10 as well as runway 28 have a functioning Precisian Approach 

Path I n d i c a t o r  ( P A P I ) .  

3 . 3 1  F l i g h t  Data-Recorder ~FDR) and Cockpit  Voice 

Recorder ( C V R )  

? .11  . I  Flight Data Recorder 

This model Lockheed 109C serial no. 1 3 5 5  records the 

following parameters: altitude, airspeed, heading, ac- 

celeration and the keying of the transmitter microphone. 

The l a s t  10 minutes and 1 2  seconds of data have been 

transcribed. .However, the altitude was n o t  registered 

d u r i n g  this flight, due t o  the non-functioning o f  the 

r e l a t e d  part of the recorder. 

According t o  the FDR information, 

the runway heading was maintained during the final 5 I / ?  ' 

m i n u t e s  of t h e  flight. 

Dur ing  the final 22 seconds  of  t h e  flight the airspeed 

decreased gradually from f ? 9  t o  1 3 2  k n o t s .  
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9 .11  " 7  Cockpit Voice Recorder 

The Cockpit Voice Recorder was a Fairchild A-100 model ,  

s e r i a l  no.  ??88 .  The l a s t  7 4  m i n u ' t e s  o f  the flight as 

r e c o r d e d  by the CVR were transcribed verbatim 

by  he NTSB Laboratory and verified by the  Commission of  

I n q u i r y .  

The CVR tape was n o t  damaged. This tape continuously fe- 

cords information during t h e  l a s t  30 minutes  o f  flight; it has 

4 separate a u d i o  channels. Three of these are c o n n e c t e d  to 

the audio selector  panel  of  the captain, the f i r s t  officer and 

t h e  flight engineer. The record ing , .o f  informationJon these three 

channels is controlled by the keying of the microphone of the 

respective crew members. The fourth channel is connec ted  t o  t h e  

open  cockpit area microphone ,  which,records all conversation in 

the cockpit. 

3 . 1 ?  Wreckage and Impact I n f o r m a t i o n  

The wreckage t r a i l  was "V" shaped and had a l e n g t h  of about 

335 m w i t h  a w i d t h  varying between 10  and 50 m. P a r t s - o f  the 

cockpit equipment were found halfway down the wreckage trail. 

The fuselage was broken into p i e c e s  the  l o n g e s t  of which were 

the empennage with the horizontal and vertical t a i l  surfaces, 

and the wing cen te r  s e c t i o n .  The center s e c t i o n  wi th  the main 

l and ing  gear in the  down-and-locked position was i n t a c t  and had 

come t o  r e s t  inverted. The cabin p o r t i o n  was t o t a l l y  d e s t r o y e d .  
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3.1 3 Search of Hotel Rooms in Paramaribo 

The search.of the hotel rooms (Torarica) of' t'he captain, 

the first officer and the flight engineer yielded nothing 

remarkable. 

.3.14 Fire Fighting 

There was a postcrash fire. During the fire fighting 

activities of the airport fire department it became 

apparent that there was a shortage of adequate fire 

fighting equipment and no effective fire fighting plan 

as part of an all-inclusive disaster plan. 

* .  2 15 Survival A S D ~ C ~ S  

The rescue activities began at about 0453 local time, 

in darkness, following the fire extinguishing activities. 

Despite the fire and the total destruction of the 

passenger cabin, 1 5  survivors were pulled from the wreck- 

age of whom 7 (seven) died later. One child was found 

outside the wreckage. 

3.1  6 Tests and Research 

A delegation from the Commission visited the NTSB and FAA in 

Washington, D.C., between 1 9  and 29 July 1 9 8 9 ,  in order to 

verify the CVR Transcript and the data obtained from the FDR. There 

was also a discussion of the further course of action and 

additional information was obtained, especially with regard 

to the cockpit crew's professional and medical records. Moreover, 
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t h e  ' N T S ~  was requested ra do everything possible to g e t  . a  

statement under o a t h  from the Director  of A i r  Crew International, 

Inc. 

The FAA legal section was approached for a more d e t a i l e d  

explanation o f  t h e  interpretation of Federal Air Regulations 

p a r t  t 21 , Part 129 and the Age-60 Rule. The Director - 

o f  Air C r e w  International made a s ta tement  on 1 November 1989 ,  

in Miami, Flor ida .  

In March 1990,  t h e  Douglas Aircraft Company in Long Beach, 

C a l i f o r n i a ,  performed a simulation of the flight based on CVX 

and FDR d a t a ,  

I .  ANALYSIS 

4 . 1  Analysis o f  CVR Transcript 

The times listed in t h i s  sect ion correspond with the times l i s t e d  

in the CVR Transcript, 

It appears that the 0700 UTC weather report 

caught  the crew by surprise, as evidenced by the 

captain's repeated question a t  08.59 and 09.06: '"What happened 

w i e h  the 6 kilometers ( v i s i b i l i t y ) ? "  

This was followed by an intracockpit discussion (from 10.1 7 till 

1 0 . 4 2 )  of published visibility minima. The fuel situation was 

also discussed ( a t  1 1 . 7 6 ) .  A t  1 0 . 5 7  and again a t  10 .59  the  c o p i l o t  

said: ''We d o n ' t  legally have an ZLS". A t  11 .05  he stated: "We 

have t o  use it", to which the captain responded affirmatively 

a t  1 1  -10. The copilot's remarks a t  I 1  - 7 1  "You can sea the town 

Over there"  and at 11.05  "It must be very localized", as well as 

the captain's r e a c t i o n  a t  13.07 "We'll take a s h o t  at i tt '  are 



i n d i c a t i o n s  that the crew believed that the  fog reported a t  0 8 - 7 6  

was a localized phenomenon with  discontinuities a6d that they 

c o u l d  t r y  t o  l a n d .  

This assumption f i n d s  additional support in the copilot's remark 

a t  13.11 "We'll g e t  in okay", followed by the 'captain's "Yeah" 

and the copilot's observation at 1 7 . 7 8  "YOU can see the airport 

down there  no problem". 

A t  1 7 . 5 7  the first o f f i c e r  s a y s  "that's r i g h t  here v i s i b i l i t y  

w o n ' t  be a n y  problem". The ~ a p t a i n  responds with  " ~ a k e  a pass and 

. ah we'll l a n d  t h a t ' s  all". 

Following the controller's transmission that they/ /expect 

a clearance  f o r  a VOR/DME approach, the  c a p t a i n  gives the 

instruction ( a t  21.003 "Put the XLS on my side". A t  7 1  .68 the 

tower at Zander i j  issued to PY764 a clearance to conduct a VOR/DME 

approach t o  r u n w a y  10 and r e p o r t e d  that the a i r p l a n e  was in sight. 

A t  7 7 - 0 2  the c a p t a i n  asked the f i r s t  officer "Got the VOR 

on your side?'' and i n s t r u c t e d  him t o  s e t  the final approach course 

f o r  the published70RJDME approach on his ( t h e  f i r s t  officer's) s i d e .  

This cockpiEconfiguration indicates that the captain may have 

planned t o  use the VOR/DME approach as a back-up f o r  the ILSJDME' 

approach. 

A t  23.07 the f i r s t  officer t o l d  the captain "We're a t  n i n e  

DME" and a t  23 . I ?  he  says "Yeah ah suppose t o  turn at seven". 

This is an indication that t h e  DME of the VORIDME was received on 

the first officerf s s i d e .  ~ i r h ' r e ~ ~ r d  to t he  handling of the 

airplane i t  appears  t h a t  the  capta in  reacted slowly since the 

f i r s t  officer r e p e a t e d l y  gave advisories to the c a p t a i n ,  f o r  

example a t  75.29 "Just keep on cornin around on the 
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thirty degree bank there y o u ' l l  be a l l  right" and  a t  75.38  "Get 

i t  on up to thirty degrees". Furthermore, the f l i g h t  engineer 

s t a t e s  a t  2 5 . 5 0  "Two thousand feet ' ' .  The capt.ain's r e a c t i o n  a t  

7 5 . 5 1  w a s  'Wuh?" f o l l o w e d  by the first of f i cer ' s  c a l l - o u t  "Two 

thousand  two  thousandi' t o  which the captain responded "Okay" and 

t h e n  "you mean I went through it so we'll come back.. ." 
~t 26.00 t h e  f i r s t  o f f i c e r  gave the c a p t a i n  additional 

advisories: " I t ' s  a level o u t  it's about ten  degrees t o  the right  

l e v e l  out  now you'll be all r i g h t i 1 .  

That  the first offices repeatedly switched back and f o r t h  

from VOR t o  ILS is i n d i c a t e d  by the discussion between the f i r s t  

officer and the flight engineer (from 76.1  1 t o  2 6 . 1  5 )  about the 

inbound course  f o r  the approach and b y  the conversation between 

captain and first officer a t  76 .43  when the captain asked "How 

far o u r  are we?". t o  which the first of f icer  responded with "Let ' 

me g e t  back on the DME". 

A t  2 7 . 6 1  the f i r s t  o f f i c er  reported that he c o u l d  see the 

a i r p o r t :  "Runway's a t  twelve o'clock". A t  7 8 . 3 7  he comments "A 

little bit of  low f o g  cornin' up I reckon just a l i t t l e  bit", and 

next he s a y s  "OKay it's down r ight  right there ah c lose  to the  
I 1  runway apparently referring to a fog bank in the v i c i n i t y  of 

the runway. A t  1 8 . 2 8  he gave an af f irmat ive  answer t o  the tower's 

q u e s t i o n  whether he hadthe runway lights in s i g h t .  Apparently thet 

a irp lane  was in stratus c l o u d s  since the capta in  told the first 

o f f i c e r  a t  3 0 . 5 6  "Tell him to  turn the runway l ights  up" and again 

a t  .05 "Tell him t o  put the runway l i g h t s  bright". 

A t  2 8 . 5 1  the f i r s t  officer sta tes  "Glide s lope  al ive"; at  30.09 

the captain s a y s  " ~ f  I get  a capture here 1'11 be happyt'; and again 
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at  3 0 . 7 4  "I didn't g e t  no capture y e t " ,  which ind ica te s  that the  

glideslope for the ILS/DHE approach had not been intercepted. 

The captain's comment at 2 7 - 2 6  "I'm right on the l o c a l i z e r  now" 

indicates that the localizer signals, which i d e n t i f y  the extended 

cen te r  l i n e  of the runway, were received. 

The conversation in the cockpit and the advisories given by 

the f i r s t  o f f i c e r  lead t o  the conclusion tha t  the captain was 

flying. 

During the apprbach (between 30 .48  and 3 1  -02) the warning of 

the Ground Proximity Warning System,sounded several times. 

The " g l i d e s l o p e "  warnings are no l o n g e r  heard a f t e r  31 .02 .  

This suggests that a crew member probably deactivated t he 'wa rn ing  

system while t h e  airplane  was s t i l l  w i t h i n  the zone where a warning 

s h o u l d  have been triggered. According to the first afficer's c a l l  

a t  3 1  - 3 3  Ct'Twa hundred feett') t h e  cap ta in  was f l y i n g  the a ircraf t  

below the rnini*umaltitude for  the TLS/PME approach procedure (760 E t  

above sea level as well as below the minimum d e s c e n t  a l t i t u d e  for the 

VOR/DME approach procedure (560 ft), The f irst  collision "ith the tree 

occured at 31.46-  

It should a l s o  be noted t h a t  the warning signals of "glide 

slopei'  indicated that the airplane was f l y i n g  under (below) the 

glidepath transmitted by the ILS and that the deviation kept 

increasing. 

I t  is noteworthy that t h e  airplane  would have been a t  an 

altitude of a t  l e a s t  600  f t  a t  the accident site if the p i l o t  

had flown the VOXJDME approach procedure for which he had been 

c l e a r e d ,  or if he had properly executed the  ILS/DME approach 

procedure - a l t h o u g h  i t  was not  operational. 
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4 7 FLigh t P a t h  Reconstruct ion 

With cooperation from McDonnell Douglas an attempt was made 

t o  reconstruct t h e  f i n a l  1 0  minutes of flight PY764. CVR and FDR 

d a t a  were used f o r  t h a t  purpose .  However, the reconstruction was 

hampered by the  fact  t h a t  the FDR did no t  record altitude. That  

portion of t h e  FDR was inoperative. 

The following d a t a  p o i n t s  were used to reconstruct an 

approximation of the flight path: 

- level terrain around the a i r p o r t ;  elevation 54 f t  

- altitude a l e r t  a t  7000 f t  (time index  2 1 . 1 4 )  

- altitude calls referred to height above sea level) * 

- di s tance  c a l l s  were based on the VOR/DME 

- s t a n d a r d  pressure gradient  

- wind from the surface t i l l  8000 f t  - calm 
- t h e  FDR ceased recording a t  time index 3 1 . 4 6  

The a i r p l a n e  made its landing approach a f t e r  completing a 

procedure t u r n .  

  he landing limits f o r  this approach are an altitude of 

560 f t  and 2300 rn visibility. It has already been mentioned that 

the  reported visibility was 900 rn. Examination of  the radios 

showed t h a t  the  crew had initiated an ILS/DME approach. The 

CVR confirms t h a t  this was indeed  the case ,  The limits f o r  an 

ILSJDME approach. are an altitude of 260 f t  above sea level ana 

800 in visibility, 

However, a Notam had been issued f o r  the ILS, g i v i n g  n o t i c e  

o f  its unreliability; the CVR i n d i c a t e s  that- the p i l o t  w a s  

aware of t h i s .  



I t  is also apparent  from the c o c k p i t  conversation that  the 

flight progressed for a considerable time below t h e  indicated 

g l i d e s l o p e  of the fLS  and that the crew was aware of this. No 

corrective action was taken. 

.The p i l o t  had d e c i d e d  t o  d e s c e n t  t o  200 f t .  The CVR indicates 

t h a t ,  a t  200 f t ,  t h e  p i l o t  s t a r t e d  to arrest. the descent of the 

airplane. The airplane kept descending f o r a  few more seconds,  

d u r i n g  which t i m e  a tree was struck. 

The altimeter settings corresponded with the barometric - 

pressure of t012mb reported t o  the flight. The radar  altimeter 

i n d i c a t e d  180 f t .  

The reconstruction 05 t h e  actual approach and l a n d i n g  pro- 

cedure revealed that: 

1 .  The cockpit crew knew that the use of the ILS was n o t  

authorized. 

2 ,    he crew received a clearance for the VOR/DME approach. 

Although t hey  acknowledged th i s  clearance, they proceeded t o  

use  t he  ILS. 

3.  During the approach procedure the crew descended 

del iberatedky below the minimum descent  altitude of the 

VOR (560 f t )  and that of the ILS (760 ft). 

4 .  The f i r s t  officer suggests that the airplane  is t o o  high 
I 

despite the "glide s lopetr  alarm, which warns t h a t  the airplane  

is below the g l i d e  s lope.  

4.3 Aircraft Performance 

The Commission based its study of aircraft performance on 

data from the FDR, the CVR and the flight plan obtained from SLM 
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operations. The weight a n d  balance f o r  t h i s  flight was calculated 

as follows: 

Total Traffic Load 4 1  " 8 1 6  pounds 

D r y  Qpera L ing  Weight 1 4 9 , 3 6 2  
I 1  

Zero Fuel  Weight 

Take-off f u e l  ( a c t u a l )  

~ a k e - o f f  gross weight 330,488 11 

Estimated fuel burn 120 ,250  t 1 

Estimated Landing Weight 710,237 t r  

Taxi f u e l  (no t  i n c l u d e d  above) 1 .OOO t t 

The take-off load l i m i t  was 7 6 . 0 %  MAC and f o r  the landing 

with e x t e n d e d  l a n d i n g  gear 18 .7 ,  while the  a f t m o s t  limit a t  more 

than 195.000 l b s  was 3 1 . 4 .  

The fuel requirements f o r  t he  flight (actual take-off  f u e l )  

was c a l c u l a t e d  a s  Eollows: 

F u e l  f o r  ETE p l u s  7 %  f o r  h i g h  consumption f 2 0 . 1 5 0  pounds 

3% reserve f o r  no alternate within 500 miles 3 . 6 1  0 I I 

10 minutes  company imposed reserve 

Alternate Cayznne ~ l u s  SO minutes 

139 .310  pounds 

The approach speeds (in knots)  f o r  an estimated landing weight 

of  7 1 0 . 7 3 7  lbs are as follows: 



Full Flap  landing 35' Flap landinq 

( ''quiet approach") 

Vref 1 2 7  137 * 

11 bug 1 5 2  157  

The crew probably used the quie t  approach procedure with.3S0 

f l aps  max. 

The CVR and FDR do n o t  give any indication that there were 

problems with the performance of  the a i r p l a n e  or that one or more  

'of t he  crew members were unable t o  discharge t he i r  duties. 

6 . 8  The Role of  Ground-based NavAids 

Tests were made t o  determine t o  what e x t e n t  the operation oE 

- t h e  navigational and visual l a n d i n g  aids may have c o n t r i b u t e d  

t o  the  a c c i d e n t  . These aids were t e s t e d  on 13 June 1989 by a 

specially equipped FAA airplane .  

It was found t h a t  the NDB and VOR/DME functioned well while 

i t  was confirmed that some parameters of theILS - a s  per previous 

notification - were unreliable. However,this FAA flight check team 

arrived a t  the conclusion that a safe landing c o u l d  have.baen made 

if the p i l o t  had adhered to the published ILS procedure, 

4 . 5  Operational Control 

The discovery d u r i n g  the investigation that the  captain was 

not qualified to conduc t  this  flight prompted the Commission 
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to find an explanation f o r  the presence of an unqualified pilot- 

in-command . 
When the crew of t h i B  aircraft was recruited from A C I  by 

~ ~ f j  i t  was assumed t ha t  they were fully qualifiedand p r o p e r l y '  

certificated t o  f l y  the PCB. 

The investigation revealed tha t  t h i s  background o f  the cock- 

p i t  crew had n o t  been examined, that  no pro£ic. iency o r  route 

checks had been conduc ted  and that the   viat ti on DeparXment had 

n o t  received information about  t he  crew. ACI s t a t e d  t h a t  the  

p k l o t s  themselves were responsible for a r r a n g i n g  the required 

flight checks. 

Documentation o b t a i n e d  from the FAA and NTSB shows t h a t  the 

cap ta in  and the f l i g h t  engineer were Licensed t o  f l y  DC8 - type  

a i r p l a n e s .  However, as the flight involved was a commercial, 

international flight, the captain was n o t  authorized t o  act  as 

pilot-in-command of t h i s  flight based on t h e  current regulat ions 

of the USA and Surinanieas well as the relevant international 

( I C A O )  procedures which sLem from tee  Chicago Convention. 

According t o  SurinandeLaw - A r t .  8 of  the Decree of 2 7  November 

1985 ( s . B .  1985 no. 6 9 )  - the holder Q E  a - p i l o t  certificate 

is not authorized t o  a c t  as pilot during commercial flights 

when he/she has reached age 6 0 .  

Staternents,frorn SLM indicate t h a t  the company assumed that 

the Operating Permit issued by t h e  F A A  under FAR P a r t  129 in- 

c l u d e d  permission t o  conduc t  international flights without ap- 

p l y i n g  t h e  age 60 limit t o  the p i l o t s ,  However, said Par t  I 2 3  



is applicable o n l y  in the USA and, furthermore, this does n o t  

affect the applicability of Surinamkaviation regulations in t he  

operation of Suriname'airlines,  even if i t  involves flights to 

the USA or flights in aircraft registered i n  the U S A .  

Since t h e  aircraft had American registration, the certifi- 

c a t i o n  and qualification of -the p i l o t s  were also governed by 

American regulations. In that regard American regulations stip- 

ulate that pilots-in-command of commercial flights conducted 

under FAR Part 129 may not'be older than 60, in accordance - 

w i t h  international regulations stemming f rom the chicago Con- 

ven tion, 

The information obtained a l s o  showed that the pilots had n o t  

completed the required periodic  proficiency check on t h e  type  

airplane (DC-8) within the prescribed period; as a r e s u l t ,  they 

were not qualified to a c t  as flight crew members. 

According t o  s t a t e m e n t s  from SLM personnel some i n c i d e n t s  

had occur red  during SLM f l i g h t s  under'the command of 

- A t  Miami ~ i r p o r t  he allowed the a i r c r a f t  engines t o  

develop full RPM in the  v i c i n i t y  of the terminal, 

c o n t r a r y  t o  existing directives; he ignored t h e  ad- 

monition of a i r p o r t  officials, 

- A t  Belem Airport the airplane l e f t  t h e  runway and became 

s t u c k  in t h e  soil when too  sharp a turn was made. 

- A t  Lisbon Airport  he made a hard Landing with N1809E 

. d u r i n g  a thunderstorm resulting i n  def la t ed  tires and 

runway damage. This happened about four months before 

the PY 764  acc ident .  
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~ o l l o a i n g  SLM'S investigation of  those incidents, A C I  executives 

were f o r b i d d e n  t o  use the Captain in future SLM assignments; 

this d i r e c t i v e  took effect. Nevertheless, flight l o g s  indicated 

t h a t ,  since 14 May 1989 ,  sa id  c a p t a i n  a g a i n  ac ted  a s  a crew mem- 

ber ( c o - p i l o t )  and on 4 June 1989 as pilot-in-command o f  a flight 

to Amsterdam. An employes of  SLM's L o g i s t i c s  Department noted 

t h i s  and repor ted  i t  t o  t h e  directors of  the Departments o f  Oper- 

a t i o n s  and Log i s  t ics ;  no a c t i o n  was taken .  

The manager of  F l i g h t  Operations was also& aware t h a t  t h e  Captain 

was again flying for SLM. However, there is no evidence that 

further action was taken against h i m .  

The investigation also i n d i c a t e d  t ha t  the appropriate and 

r e s p o n s i b l e  SLM officials ( ~ a n a g e r  F l i g h t  Operations, Director of 

Operations) o f t e n  had no  direct  or i n d i r e c t  knowledge of t h e  i- 

d e n t i t y  of the American flight crews who conducted the SLM 

DC-8 flights and o f  t h e i r  qualifications and certification. The 

following procedure was used t o  muster flight crews: 

The Manager of Flight Operations notified the ~ o ~ i s t i c s  De- 

p a r t m e n t  o f  the  requirement; this Department, in turn, would sendl 

a t e l e x  message t o  SLM-Miami and the latter would re lay  the re- 

quirements t o  A C I .  A C I '  would then assign 3 persons ( a  p i l o t -  

in-command, a f i r s t  o f f i c e r  and a flight eng inee r )  t o  conduct  

SLM flights. 

According to statements f rom ACI,' , the competency and certif- 

ication of  those  involved were generally not checked. This 
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pract ice  is contrary t o  the aviation regulations and the Operat- 

ions Manual approved by the Aviation Department . 

It is noted  that within SLM there was no agreement about the  

scheduling of the captain. The company had insufficient in- 

sight.in the qualifications of t h e  flight crew while their oper- 

ation of the flight was considered an "~merican operation".  his 

c o u l d  l ead  t o  khe erroneous belief within SLM that the h i r e d  

crew d i d  not f a l l  w i t h i n  the jurisdiction of SLM's Operations 

Department . 

5 .  FINDINGS 

5 .1  Summary 

a .  The analysis of the CVR t ranscr ip t ,  the FDR-data and all 

other available information indicates that  the aircraft was 

in a normally functioning, airworthy condition during the 

flight- u n t i l  the moment it struck the tree.  

b. Investigation of the  wreckage d i d  not produce any evidence 

of a terrorist a c t  or sabotage. 

c .  The Slight crew was aware that: 

1 .  Air traff ic  c o n t r o l  had cleared them for a VOR-DME ap- 

proach. 

7. The reported weather was below the prescribed minima for 

a VOR-DME .... approach. 

3 .  The ILS was not t o  be used for operational purposes, 

which meant t h a t  the weather minima associated with the 

ILS were not applicadle. 
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d .  The captain decided t o  execute an approach procedure. 

However, that procedure d i d  not fallow the prescribed 

approach procedure for runway 10; o n e  of the  deviations 

involved n o t  s t a r t i n g  t h e  procedure turn at the designated 

p o i n t .  In addition, t he re  was no adherence t o  the pre- 

t I scribed minimum a l t i t u d e s ,  including the Minimum 

~ e s c e n d  ~l ti tude" as evidenced by the crash loca t ion .  

The CVR analysis indicates  t h a t  the p i l o t  used information 

from the ILS in tha t  process, although he knew that the 

I L S  was n o t  available f o r  operational use. Especial ly  

noteworthy in that r ega rd  is t h e  observation that 

various warning signals in the cockpi t  were either 

ignored ar turned o f f .  

e .  The CVR information also indicates that the pilot was 

actually i n  the process of making a visual landing as 

shown by h i s  confirmation that he had the field in 

s i g h t  and also his repeated request .  t o  increase the 

i n t e n s i t y  a f  the runway lights. 

The refraction of light through the fog c o k d  have 
created a fa l se  impression of t h e  real dis tance  t o ,  

the runway. As a r e s u l t  of the concentration on a 

visual landing during  the final p h a s ~ s  of the approach, 

little or no use was made o f  the information available 

in the cockpit which d e p i c t e d  the true position of the 

aircraft  with regard to the runway. 

f .  The captain was aware of the fact t h a t  he was pro- 

ceeding below the ''normal" g l i d e  slope angle since 

the appropriate warning signals were a u d i b l e  in t h e  

cockpit . 
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g .  It is noted t ha t  d u r i n g  the descent  and approach, 

coordination in the cockpit was very poof; a t  the same 

time, the captain was slow in t h e  o f  cer-  

tain t a s k s  or f a i l e d  ta make p r o p e r  use of the i n f o r -  

ma t ion  d i s p l a y e d  on the instruments. 

h .  ~ccarding to b i n d i n g  regulations the captain 'was not  

qualified t o  ac t  as pilot-in-command of flight PY764 

due t o  his age (beyond 60) and h i s  most recent pro- 

£+&iency check f l i g h t  011 an aircraft other than a DC8. 

i *  A C I  failed to f u r n i s h  SLM with  a q u a l i f i e d  .and proper- 

l y  l i c ensed  pilot-in-command in accordance with the 

contract 

j. The company f a i l e d  to ver i fy  that ACZ assigned qual- 

i f i e d  and properly l i c ensed  flight crew members t o  

conduct the company ' s flights. 

k. I t  was-not clear who was.directly responsible f o r  

the American crew and the exercise of c o n t r o l  over 

t r a i n i n g ,  competency, route  checks, etc. , 

1 ,  SLM did not inform the  SurinameAviation Department 

about i t s  contract with ACI. Furthermore, no in- 

formation about the qualifications and l i c e n s i n g  of 

the.American pilats was ever forwarded t o  the Aviation 

Department . 

5-2 CAUSE 

The Commission determines: 

a .  That as a result of the captain's glaring carelessness 

and recklessness the aircraft was flown below the 
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published minimum altitudes d u r i n g  the approach and 

consequently c o l l i d e d  with a tree. 
, , 

b ,  An underly ing fac to r  in the . a cc iden t :  was the failure 

of  SLM' s operational management t o  observe t he  

pertinent regulat ions  as well a s  the procedures 

prescribed in t h e  SLM Operational Manual concerning 

qualification and certification during the recruit- 

ment and employment of the crew members f u r n i s h e d  

by A C I .  

RECOMMENDATIONS 

The Commission of  Inquiry wishes t o  make the following a i r  safety 

recommendations : 

1 .  The Commission's finding with regard t o  the lack of s tandar -  

dization in flight operations calls for improvements in the 

functioning of the  company's organizational elements. 

Government surveillance of SLM must  be strengthened, 

2 .  A l l  airline companies operating in Surinameshould have a 

properly staffed and functioning Flight Operations Department 

t h a t  is familiar with the relevant regulations. 

3 .  The Aviation Department has t o  strengthen i t s  surveillance, 

especially with regard t o  the operational performance o f  a i r  

carriers. 

4. It is recommended that  more meteorological information be made 

available t o  airspace users by augmenting the existing ground 

equipment, 
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5. A comprehensive disaster plan, including adequate equipment for 

the agencies involved and an appropriate legal framework, are 

essential for efficient and vigorous search, rescue and inves- 

tigation activities in connection with various types of 

disasters. 

ICAO Note.- Names of personnel were deleted. Minor editorial changes were made. 

ICAO Ref.: 145189 



No. 5 

f i k D 0 n d L m  Wt&trt, #I&lSKI, awidmt 
at SIOUX City, law, hlW States on 19 Jufy t989. 

Repclrt No. NrSBEABR-WO6 mEeas& by the Mathmi 
Tmqmath Safety Board, U n M  States 

On July 19,  1989, a t  1516, a DC-10-10, E11819U, operated by Uni ted  
fijrlf nes as P'l lght 232, experienced a catastrophic failure of the No. 2 
t a i  4 -mounted engine during cruise f 3 i g h t .  The separation, fragmentation and 
forceful dSscharge of stage 1 fan rator assembly parts from the No, 2 engtne 
led t o  the l o s s  of the three hydraulic systems that powered the ai rp?anets  
FI ight cantrals . The f I ightcrew experienced severe dlff icul t ies controS 1 ing 
the airplane,  hi ch subsequently crashed during an attempted landing a t  s f  oux 
;ateway dirport, Iowa, There were 285 passengers and $ 1  crewmembers onboard. 
Ine f l ight attendant  and 110 passengers &+ere fa ta l ly  jnjured, 

The National Transpartat S on Safety Board detemi nes t h a t  the  
probable cause of th3s accident was the inadequate consideration given t o  
wman factors 1 i m i t a t i o n s  itl the inspection and qua1 f t y  control procedures 
~ s e d  by Un55ed A i ~ l  ines '  ehgine overhaul fatiljty Mich resulted i n  the 
ra i lore  t o  detect a Fatigue crack arigjnating fmm a previously undetected 
netallurgical defect located i n  a crjtical area of the stage 'I fan disk tha t  
$as manufactured by General Electric Aircraft Eng i nes . The subsequent 
:atastraplaic dIs'rntegratian of the disk resulted i n  the liberation of  debris 
in a pattern of distribution and wSth esergy levels that exceeded the  level 
lf protection provided by design features OF the hydraulic systems that  
?perate the DC-10'5 f l j g h t  controls. 

The safety issues raised %n th is  report include: 

1. General E l  ectric Aircraft Engines "GEAE) CF6-6 fan rotor 
assembly design, certification, manufacturinq, and 
inspect ion. 

2. h f t e d  Afrlfnes' maintenance end inspection o f  CF6-6 
engine fan rotor asse~bl i es, 

3 .  OC-10 hydraul i c  f l  ight  con t ro l  system d e s i g n ,  
certi f f c a t  i on and protect ion From uncontained engine 
debris, 

4 .  Cabin safety,-including infant restraint systems, and 
a t r p a r t  rescue and f i r e f i g h t i n g  f a c i l i t i e s .  

Recomndati ans cancerning these 5 ssues were addressed to the 
Federal Aviat ion  Admini stration, the Secretary o f  the Air Forre, the Gir 
Transport Associ a t ian  and the Aerospace lndustri es Associ atian. 
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who was of f  d u t y  and seated i n  a f irs t  class passenger seat, had volunteered 
h i s  assistance.  The captain immediately i n v i t e d  the airman to the cockp'it, 
and he arrived about 1529. 

A t  t h e  request o f  t h e  captain, the check airman entered the 
passenger cabin and performed a visual inspection of the airplane's wings. 
Upon his return, he reported t h a t  the inboard a i l e r o n s  were sl ightly up, not 
damaged, and t h a t  the spoi 1 ers were locked down. There was no movement of 
the primary f l i g h t  control surfaces. The captain then directed the check 
airman t o  take control of the throttles t o  free t h e  c a p t a i n  and f irst  officer 
t o  manipulate  t h e  flight controls, 

The check airman attempted to use engine power to control p i t c h  and 
r o l l .  He said t h a t  the alrplane had a continuous tendency to turn r i gh t ,  
making it d i f f i c u l t  to maintain a stable p i t c h  attitude. He a l s o  advised 
t h a t  the No. 1 and No, 3 engine thrust levers could not be used 
symmetrically, so he used two hands t o  manipulate the two throttles, 

About 1542, the second o f f i c e r  was sent t o  the passenger cabin t o  
i nspect  the empennage visually, Upon his return, he reported t h a t  he 
observed damage t o  the right and left horizontal s t a b i l i z e r s .  

Fuel was jet t isoned t o  the level o f  the automatic system cutoff, 
l e a v i n g  33,500 pounds. About 11 minutes before landing,  the landing gear was 
extended by means o f  the alternate gear extension procedure. 

The flightcrew said that they made visual contact w i t h  the airport 
about 9 m i l e s  out. ATC had intended for f l i g h t  232 t o  attempt t o  land on 
runway 31, which was 8,999 f e e t  long. However, ATC advised t h a t  the airplane 
was on approach t o  runway 22, which was closed, and t h a t  t h e  1 ength o f  t h j s  
runway was 6,600 feet, Given the airplane's position and t h e  difficulty in 
making l e f t  turns,  t h e  cap ta in  elected t o  continue t h e  approach t a  runway 22 
rather t h a n  t o  attempt maneuvering t o  runway 31. The check airman s a i d  t h a t  
he be1 ieved t h e  a i rp lane  was l ined up and an a normal gl idepath t o  the f i e l d .  
The f laps and s lats  remained retracted. 

During the f ina l  approach, the captain recalled getting a high 
sink rate a1 arm from the ground proximity warning system (GPWS) . In t h e  l a s t  
20 seconds before touchdown, t h e  airspeed averaged 215 KEAS, and the sink 
rate was 1,620 fee t  per  minute. Smooth oscillations i n  pitch and roll 
continued u n t i l  just before touchdown when the right wing dropped rapidly. 
The captain stated t h a t  about 100 feet  above the ground the nose of the 
a i r p l a n e  began t o  p i t c h  downward, He a1 so f e l t  the r i g h t  wing drop down 
about the same time. Both the captain and the f i r s t  o f f i c e r  called for  
reduced power on short f i n a l  approach. 

The check airman said that based on experience ui t h  no f l  ap/no slat 
approaches he knew that  power would have t o  be used to control the airplane's 
descent. He used the first officer's airspeed indicator and visual  cues t o  
deternine the flightpath and the need for power changes. He thought t h a t  the 
airplane was fairly we11 aligned w i t h  the runway during the latter stages o f  
the approach and that  they worrld reach the runway. Soon thereafter, he 
observed t h a t  the a i rp lane was posit ioned t o  the l e f t  o f  the desired landing 
area and descending a t  a high rate. He also observed t h a t  the r i g h t  wing 
beqan t o  drop. He continued t o  rnanipul a t e  the NO. 1 and No. 3 engine 
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Figure 2.--Ground track from radar plot. 
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t h r o t t l e s  u n t i l  the airplane contacted the ground. He said  that no steady 
appl icat ion o f  power was used on the approach and that the  power was 
constantly changing. He be1 ieved t ha t  he added power j u s t  before contacting 
the ground. 

The airplane touched down an the threshold slightly t o  the le f t  of 
the center1 i n e  an runway 22 a t  1600. First ground contact was made by the 
right wing t j p  followed by the right main landing gear. The airplane skidded 
t o  the r i g h t  o f  the runway and rolled t o  an inverted pos i t ion .  Witnesses 
observed the af rplane ignite and cartwheel, coming t o  rest  after crossing 
runway 17/35. F i  ref  ightjng and rescue operations began i mmedi ate1 y, but the 
airplane war destroyed by impact and f i r e .  

The accident occurred during daylight conditions a t  4 2 O  25' north 
latitude and 960 23' west longitude. 

1.2 Injuries t o  Persons 

In.iuri es Crew Passenoers Others Total  

Fatal  1 
Serious 6 
Mi nor 4 
None - 0 
Total I1 

1.3 Damage t o  Airplane 

The airplane was destroyed by impact and postcrash f i r e .  

Photographs of t h e  airplane were taken by observers on the ground 
during i t s  f i n a l  approach t o  Sioux Gateway Airport. They showed that the 
No. 2 engine fan cowling and t h e  fuselage t a i l  cone were miss ing .  The 
remainder of the No. 2 engine appeared intact. Postcrash examination o f  the 
wreckage revealed t h a t  the No, 2 engine f a n  rotor components forward o f  the 
fan forward s h a f t ,  as well as part o f  the s h a f t ,  had separated from the  
engine i n  f l i g h t .  (See figures 3 through 5 ) .  

The airpt  ane's r i g h t  wing began t o  break up immediately following 
touchdown. The remainder of the airplane broke up as i t  tumbled down the 
runway. The fuselage center section, wi th  mast of the l e f t  wing s t i l l  
attached, came t o  r e s t  i n  a corn f i e l d  after crossing runway 17/35. 

The cockpit  separated ear ly  in the sequence and came t o  rest a t  the 
edge o f  runway 17/35. The largely i n t a c t  t a i l  section continued down 
runway 22 and came t o  rest on taxiway "L, " The engines separated durf ng the 
breakup. The No. 1 and No. 3 engines came t o  rest near taxiway "L" and the  
intersect ion o f  runway 17/35, between 3,000 and 3,500 feet from the p o i n t  of 
f irst  impact; (See fjgure 6 ) .  

*One passenger died 31 days after the accident as a result o f  injuries he had 
received i n  the accident. In accordance with 49 CFR 830.2, his injurles were 
cl ass i  f i ed "seri aus. " 
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The No. 2 engine came t o  rest  on taxiway "Jn t o  the le f t  o f  
runway 22, about 1,850 feet  f rom the p o i n t  o f  f i r s t  impact. The majosi ty  o f  
the No, 2 engine fan module was not found a t  the airport. 

The value o f  the airplane was estimated a t  $21,000;000. 

1 .4 Other Damage 

Airplane parts, ' whlch separated and fell t o  the ground on 
cul ti vated 1 and, caused no sign i f i cant damage. There was some m i  nor damage 
to airport faci 1 i t  i es and adjacent crops as a result o f  the  crash landing . 
1.5 Personnel In farmat i on 

The f l ightcrew consisted of a captain, f i r s t  officer, second 
o f f i c e r  and eight  f l ight  attendants. (See appendix 8) .  

The captain was employed by UAL on February 23,. 1956. He had 
29,967 hours o f  flight time logged wi th  UAL, 7,190 hours of which was i n  the 
DC-10. He held an a ir l ine  transport p i l o t  cer t i f icate  with type ratings in 
the DC-lO and 8-727. He possessed s current first class airman medtca'l 
cer t i f ica te .  His most recent proficiency check i n  the DC-10 was completed on 
A p r i l  26, 1989. 

The first o f f i c e r  began a i r l i n e  employment on August 25, 1969. He 
estimated t h a t  he had logged 20,000 hours of f l i g h t  tSme. He had accrued. 
665 hours as a f irst  of f icer  in the DC-IO. He held  an airline transport 
p i l o t  certificate w i t h  type ratings i n  the DC-10 and L-1011. He possessed a 
current f irst  class airman medical certificate. His most recent proficiency 
check in the DC- I0  was completed on August 8, 1988. 

The second officer was employed by UAL on May 19, 1986. He 
estimated t h a t  he had 15,000 hours of flight t ime.  UAL records indicated 
t h a t  he had accumulated 1,903 hours as a second o f f i c e r  i n  the 8-727 and 
33 hours i n  t h e  DC-10. He held a f l ight  engineer c e r t i f i c a t e  for turbojet 
a i  r p i  anes. He possessed a current second cfi ass ai  man medical c e r t i f i c a t e .  
H i s  most recent proficiency check i n  the DC-10 was completed on June 8, 1989. 

A' review o f  flightcrew duty t i m e  indicated t h a t  the crew had 
complied ~ i t h  a l l  relevant duty time limitations. The acctdent occurred on 
the third day o f  a 4-day scheduled t r i p  sequence. The crew had a 22-hour 
layover i n  Denver prior t o  the departure of f l i g h t  232. The cockpit  crew had 
flown together  s i x  t imes  i n  the previous 90 days. 

The off-duty check airman was employed by UAL an January 2, 1968. 
He he1 d an a i  rl i ne transport pi 1 o t  certificate w i t h  type ra t ing  1 n the DC- 10 
and a f i r s t  class medical certiffcate. He had completed capta in - t rans i t ion  
training in 'the DC-10 on April 25, 1989, and was assigned as a DC-lO training 
check airman a t  U A L h  F l i g h t  Training Center i n  Denver, Colorado. He had 
about 23,000 hours to ta l  f l i g h t  time wi th  2,987 hours logged i n  the DC-10. 
He had 79 hours as captain in the OC-10. 

1.6 Airplane Information 

UAL operated a total o f  55 DCalO a i rp lanes;  47 ai rp lanes  were model 
OC-10-10, and 8 airplanes were model 06-10-30. The accident afrplane, 



N1819U, fuselage No,  118, factory S/N 44618, Has delivered in 1971 and was 
owned by UAL since tha t  time. Prior t o  departure on the accident f l  i g h t  from 
Denver on July  19, 1989, the airplane had been operated a total o f  
43,401 hours and 15,997 cycl'es. 

The maximum certificated takeoff weight for N1819U was 
430,000 pounds. The center of gravity (CG) computed for departure was 
21 .9  percent  mean aerodynamic chord (MAC) .  The calculated CG 1 i m i t s  For this 
gross weight  were 13.4 percent and 30,8 percent MAC, respect ive ly .  The 
takeoff  gross weigh t  was 369,268 pounds. 

The accident airplane was gowered by General Electric A i r c r a f t  
Engines (GEAE) CF6-60 high bypass r a t i o  turbofan engines. The Cf6-6 engine 
was c e r t i f i e d  by the FAA on September 16, 1970. 

Table  1 provides ident i f i ca t ion  and historical in format ion for  the 
engines En H1819U a t  t he  time o f  the accident. 

Table 1 

Engines Historreal Data 

Data - Number 2 Number 3 

Engine Serial Number (ESN) 
T o t a l  Time 
T o t a l  Cycles 
Time Since Last Maintenance 
Cyc3 es Since Last Hai  ntenance 
Time .Since Last  Shop V i s i t  
Cycles Since L a s t  Shop Y isi t 
Date of InstalTation 

Figure 7 contains a cutaway sectional drawing o f  the f l o w  path  and 
construction of the CF6-6 engine. The figure a lso  shows the fan and 
accessory drive sect ions,  Figure 8 displays the CF6-6 rotating assemblies. 
The portion of the  No, 2 engine t h a t  departed the airplane i s  outlined by 
the dashed l ines .  

1.6.1 No. 2 Engf ne Historical Data 

Engine S/N 451-243 was first installed on June 23, 1972, i n  the  
No. 3 pasition of a UAL DC-10-10, registration airplane N1814U. Fan module 
S/N 51406, which contained stage I fan d isk  P I N  9137M52P36, SJN MPO 00385, 
was installed on engine S/N 451-243 during a shop v i s i t  .Zn July 1988, a t  
U A I .  A t  t h a t  time, the engine had accumulated 40,266 hours and 16,139 cycles 
since new. 

Engine S/N 451-243 was installed in the No. 1 position on UAL 
airplane registration H1807U on September 15, 1988. I t  was removed 'for 
convenience" 8 days later after one f l i gh t  and was installed i n  the No. 2 
position on H1829U on October25,  1988, The engine had accumulated 
42,436 hours and 16,899 cycles a t  the time of the accident. 

Examination of serv ice  records, crew wri teups, actlon i terns, trend 
monjtoring data, and f l i g h t  recorder data  indicated no abnormal engine 
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operation p r i o r  t o  the  i n - f l i g h t  i n c i d e n t ,  w i t h  the exception o f  certain 
a u t o t h r o t t l  e anomal i e s .  The autothrottle system's inabi  1 i t y  t o  hold steady 
N was noted in the reported d i f f i c u l t i e s ,  and corrective ' a c t i o n  en t r ies  in A U L ' s  Aircraft Maintenance I n f o r m a t i o n  System (AMIS)  were dated on July 14, 
17, and 19, 1988. On July 19, correct ive act ion f o r  the discrepancy was 
indicated accomplished at Philadelphia with the replacement of the 
autothrottl e speed control and was signed o f f  as "system ops check normal . " 
1.6,2 Stage 1 Fan Disk Historical Data 

The stage 1 fan disk, p a r t  number (PIN) 9137M52P36, S/N MPO 00385, 
was processed i n  the manufacturing cycle at the GEAE-Evendale, Ohio,  factory 
from September 3 t o  December 11, 1971. I t  was i n s t a l  1 ed as a new p a r t  i n  
engine S/N 451-251 i n  the GEAE productSon assembly facility fn  Evendale. The 
engine was shipped t q  Doug7as Ai rc ra f t  Company on January 22, 1972, where i t  
was installed on a new DC-10-10, 

During the  next  17 years, the engines i n  which t h i s  stage 1 fan  
d isk  were installed were routinely overhauled and the fan module was 
disassembled. The disk was removed on the followjng dates f o r  inspection: 
September 1972, November 1973, January 1976, June 1978, February 1982 and 
February 1988, This  disk was accepted after each o f  s i x  fluorescent 
penetrant inspections ( F P I ) . 2  (See figure 91. Five of the s ix  inspect ions  
were performed a t  the UAL CF6 Overhaul Shop in San Francisco, C a l i f o r n i a .  
One of  them was performed a t  the GEAE A i  r7 i ne Service Department i n  Ontario, 
California, in 1373. A t  the t ime of the accident, the  stage 1 fan d isk  had 
accumulated 41,009 hours and 15,503 cycles since new* The l a s t  shop v i s i t  i n  
February 1988, was 760 fl f g h t  cycles before the accident, and FPI  was 
performed at t h a t  time. The engine had been removed because o f  corrosion i n  
the  high pressure turbine (HPT) stage f nozzle guide vanes. A t  tha t  time, 
the stage I. fan disk had accumulated 38,839 hours and 14,743 cycles since 
new. Following th is  inspection, the disk was installed i n  engine 
S/N 451-243, t h e  No. 2 engine on t h e  accident airplane. 

' o r i g i n a l  P,JY 9 O l O H 2 T P t O  was s u p e r s e d e d  when t h e  d i s k  was modified 

d u r i n g .  a G E A E  shap v i s i t  i n  1973.  T h e  f a n  b l a d e  d o v e t a i t  s l o t s  w e r e  

r e b r o a c h e d  a t  t h a t  t i m e .  

2 ~ l u o r e s c e n t  p e n e t r a n t  i n s p e c t i o n  ( F P I )  i s  t h e  a c c e p t e d  i n d u s t r y  
i n s p e c t i o n  t c e h n i G u e  f o r  i n t e r r o g a t i n g  n o n f e r r o u s  ( n o n m a g n e t i c )  component  
s u r f a c e r  f o r  d i s c o n t i n u i t i e s  o r  c r a c k s .  The technique r e l i e s  on t h e  a b i l i t y  
o f  a p e n e t r a n t  ~a t o w - v f s e o s i t y  p e n e t r a t i n g  d i t  c o n t a i n i n g  f l u o r e s c e n t , d y c s )  
t o  p e n e t r a t e  by c a p i l l a r y  a c t i o n  f n t o  s u r f a c e  d i s c o n t i n u i t i e s  o f  t h e  
component b e i n g  i n s p e c t e d .  T h e  p e n e t r a n t  f l u i d  i s  a p p l i e d  t o  t h e  s u r f a c e  a n d  
a l l o w e d  t o  p e n e t r a t e  i n t o  a n y  s u r f a c e  d f s c o n t i n u i t f e s ,  E x c e s s  p e n e t r a n t  i s  

t h e n  removed f r o m  t h e  component s u r f a c e .  A d e v e l o p e r  i s  t h e n  a p p l i e d  t o  t h e  
component s u r f a c e  t o  a c t  a s  a b l o t t e r  and draw t h e  p e n e t r a n t  b a c k  b u t  o f  t h e  
s u r f a c e  d i s c o n t i n u i t y ,  p r o d u c i n g  en i n d i c a t i o n  wh ich  f l u o r e s c e s  under 
u l t r a v i o l e t  l i g h t i n g .  
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1.6.3 A j  rpl ane Fl i ght Control s and Hydraul i cs - -Descri pt3 on 

Primary f l i g h t  controls on the DC-10-10 consist  o f  inboard and 
outboard a i l  erans, two-section elevatoVs, and a two-sect ion rudder. 
Secondary Flight controls consist of leading edge s la t s ,  spoilers, inboard 
and outboard f l a p s ,  and a dual-rate movable herjrontal stabilizer. F l i g h t  
control surfaces are segmented t o  ach i eve redundancy. Each primary and 
secondary control surface i s  powered by two of three independent hydraulic 
systems. 

The No. 1 hydraulic system provides power t o  the right inboard 
aileron and the l e f t  outboard aileron, the r ight  inboard and outboard 
el evators, the l e f t  outboard elevator, the upper rudder, the  hor izonta l  
s t a b i l i z e s  trim, and the captain's brake system, The No. 2 hydraulic system 
provides power to the right outboard aileron and the left  inboard aileron, 
the inboard and outboard elevators on the l e f t  side, the outboard elevator en 
the right side, and the 1 ower rudder. It also provides power t o  the i s 0 1  ated 
closed-loop system that operates the upper rudder. The No. 3 hydraulic 

- system provides power t o  the right inboard and outboard aileron and the left  
inboard aileron, the inboard elevators on the right and left sjde, horizontal 
stabilizer trim, and the first of f icer 's  brake system. I t  also drives an 
i sol ated c1 osed-1 oop system t h a t  powers the 1 ower rudder actuator. These 
cl  osed-Joop arrangements a1 1 ow far operation o f  the remaining parts of 
hydraulic systems No. 2 and #o. 3 i n  the event of damage t o  the rudder 
hydraul i c sys tern. (See figure 10). 

The three Independent, continuously operating hydraulic systems are 
intended to prevSde power for full operat ion and control o f  the airplane i n -  
the event that  one or two of the hydraulic systems are rendered inoperatfve. 
System integrity of a t  least one hydraulic system i s  required--fluid present 
and the a b i l i t y  t o  hold pressure--for continued f l i g h t  and landing; there are 
no provisions for reverting to manual f l i g h t  control Snputs. 

Each hydraul i c  system derives i t s  power from a separate engine, 
w i t h  a primary and a reserve engine-driven pump providing hydraulic 
pressure. Either o f  these pumps can supply full power t o  i t s  system. Backup 
power i s  provided by two reversible motor pumps, which transmit power f r o m  
one system to another without f l u i d  interconnection. This  backup power 
system activates automatically without requiring fltghtcrepr control, i f  fluid 
i s  still available i n  the unpowered system. 

Electrical power can be used to drive ei ther  of two auxiliary pumps 
provided far the No. 3 hydravl i c  system. In an emergency situation where the 
engi ne-dri ven pumps are inoperative, an a i  r -dr i  ven generator t a n  be depl oyed 
i n t o  the airstream t o  supply electrical power t o  one of these a u x i l i a r y  
pumps. 

The hydraul i c components and p i  ping a r e  physical ly separated to 
minimize the vulnerability o f  the airplane t o  multiple hydraulic system 
failures in t h e  event o f  structural damage. The No. I hydraulic system l ines  
run along the l e f t  side of the fuselage t o  the rear o f  the airplane and along 
the front spar o f  the horizontal stabilizer and the.vertical stabilizer. The 
No. 2 hydraulic system l i n e s  are routed from the center engine along the rear 
spar o f  the h o r i z o n t a l  and vertical stabilizers. The No. 3 hydraul i c  system 
l i n e s  run along the r igh t  side of the fuselage t o  the t a i l  area and along the 



rear spar  of the horizontal stabilizer. The No, 2 hydraulic system lines are 
n o t  routed forward of the rear wing spar, in order t o  tsolate them from wing 
engine fragmentation, and No. 3 hydraulic system lines'in the  t a i l  section 
aye n o t  routed a f t  o f  the ~ n b o a r d  elevator actuators i n  order t o  minimize 
exposure to possible engine fragmentat i on damage from the t a i  I -mounted 
enqi ne. 

The DC-10-10 hydraulic system was designed by the  manufacturer .and 
demonstrated t o  the FAA t o  comply with 14 CFR 25.901, which in p a r t  specified 
that ,  "no sing1 e [powerpl ant  fail ure o r  ma1 function or probabl e combination 
of failures will jeopardize the safe  operation of the airplane. .; ." 
1.1 Heleorol ogical Information 

The surface weather observation taken a t  Sioux Gateway Airport a t  
1559 estimated a ceiling of 4,000 feet w i t h  broken clouds and I5 miles 
v i  s i  b i l  i t y .  The temperature was 8Q0 F,  and winds were 3600 a t  14 -knots. 
There were towering cumulus clouds i n  a11 quadrants. The last  wind reported 
t o  the crew by the tower a t  1558 was from 010° a t  II knots .  

1.8 A i  d s  t o  Navi gat i on' 

Instrument Landing System {ILS) approaches for runways 31 and 13 
were avai  lable. When runway 22/04 was cl osed i n  1988, pub1 ished instrument 
approaches t o  t h a t  runway were cancel led. E l  ectroni c aids t o  navigation were 
not used by the crew o f  UA 232. 

1.9 Comuni cat i ons 

1.9.1 United A i  rl i nes Company Fl i ght Fol 1 owi ng 

A t  1521, UA 232 sent an Aircraft Communications and Reporting 
System (ACARS) message t o  UAL's central dispatch facility3 . i n  Chicago, 
Illinois, requesting a call on frequency 129.45. Dlspatch was in i t ia l ly  
unsuccessful i n  establ i s h i n g  voice contact, A t  1523, dispatch i n f  t la ted  an 
ACARS call t o  UA 232 t h a t  resulted in p o s i t i v e  contact. 

The communication between UA 232, UAL's dispatch facility and 
UAL's San Francisco maintenance facil i t y  (SAM) was recorded by Aeronautical 
Radio Incorporated (ARJNC). The recording revealed t h a t ,  a t  1525, UA 232 
requested t h a t  dispatch put  the f l i g h t  i n  contact w i t h  "SAM fmmediately, 
i t ' s  a MAYDAY." UA 232's initial conversation wi th  SAM occurred a t  1527. 
The crew advised SAM of the loss of a17 hydraulic systems and quanti t ies and 
requested whatever assistance SAM could provide, SAM was unable t o  provide 
instruct ions t o  the flightcrew t h a t  they did not  already have. 

. A t  1533, SAM informed UA 232 t ha t  i t  was making contact with UAL 
Fl ight Operations. A t  1540, SAM advised the f7 ightcrew t h a t  representatives 
of UAL' s "Operational Engineering" department had beeh contacted t o  1 end 
assistance. A t  1545, SAM informed the fl  ightcrew tha t ,  "Engineering i s  

3 ~ i s p a t e h  f a c i l i t y  - the  a i r  c a r r i e r  s e c t i o n  a p e r a t i n g  i n  a c c o r d a n c e  
w i t h  P a r t  1 2 1 ,  S u b p a r t  Y - D i s p a t c h i n g  and F l i g h t  Release U u l c r  i o r  t t i g h t  
p l a n n i n g ,  release, and m o n i t o r i n g  o f , a l r  c a r r i e r  o p e r a t i o n s .  
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assembling r i g h t  now and they're listening t o  us." UA 232 then advised SAM 
t h a t  the f l i g h t  was a t  9,000 feet and t h a t  they were planning t o  try t o  land  
a t  Sioux CIty. A t  1549, the flightcrew informed SAM that  they-had just 
completed the a1 ternate  gear extens ion procedure. Thi s communication was the 
1 ast one ARINC recorded from UA 232 .  

The dispatcher working UA 232 stated that UAL flight Operations 
asked her to inquire of the flightcrew about the possibility o f  l a n d i n g  in 
Lincoln, Nebraska, instead o f  Sioux C i t y .  f l i g h t  Operations was concerned 
about crosswinds and the need f o r  a longer runway. The dispatcher forwarded 
t h i s  inquiry t o  the flightcrew a t  I554 but d i d  not  receive a reply. 

The dispatch of f i ce  also recejved a call from UAL personnel in 
Sioux City stating t h a t  a DC- lO  was east o f  .the f i e l d  experiencing 
d i  f f icu l  ty. D i  spatch contacted the Sioux Gateway At rport ATC tower d i  rectl Y 
and requested the dispatching o f  a71 emergency crash, f i r e ,  and rescue 
equi pment . 

. 1.10 A f  rpart Information 

Sioux Gateway Airpart serves Sioux City, Iowa, and f s 6 nmi south 
o f  the ,c i ty  on a f l a t  plain adjacent to  the east bank of t h e  Missouri R i v e r .  
Its elevatfon is 1,098 feet .  The airport i s  owned and operated by the c i t y  
as a public-use airport. 

The a i r p o r t  i s  currently served by two runways. Runway 17/35, of 
aspha l t  constructfort, i s  I50 feet  wide by 6,599 f ee t  l o n g .  Both ends have 
overruns; 850 feet  on the north end and 794 feet on the south end. 
Runway 13/31 i s  350 feet  wide by 8,999 feet long w i t h  1,000 f e e t  o f  overrun 
on the southeast end. 

Runway 4/22 has a concrete surface, 150 feet wide by 6,8148 feet 
long. I t  has pared shoulders 75 feet  wide on each side, from the threshold 
area o f  runway 22 t o  the intersection with runway 13/31. Runway 22 has a 
turf overrun 550 feet  long on i t s  approach end, w i t h  a short asphalt  base 
section'just i n  front o f  the threshold. The terrain p a s t  the rollout end i s  
crop1 and. Elevat ion a t  the threshold of runway 22 i s  1,095 fee t .  The runway 
i s  marked wi th  a yellow " X u  painted over the  numbers a t  each end t o  indicate 
t h a t  the runway i s  closed. 

Sioux Gateway Airport i s  an "Index B" airport under 14 CFR 139. 
The ajrport "Index" is based on the size o f  scheduled a i r  carrier a i r c r a f t  
that normally use t h a t  facility and the average dally departures of 
airplanes--in t h i s  case--DC-9, B-737, and B-727-200 series a i rp lanes .  A 
full -scale emergency exercf se i s  requf red under 14 CFR 139 every 3 years, 
and a "table-top" review o f  the Airport  Emergency Plan i s  required annually. 
A mass casualty exercise was conducted a t  the airport an October 10, 1983. 
that  f ncl uded the evacuation o f  about 90 casual t i e s .  The mast recent drj 11 
was conducted on June 16, 2989. During the postaccjdent discussions, 
emergency personnel indicated tha t  their preparedness. training was a 
tremendous asset in t h i s  response. 

IIC-I0 airplanes are not normally scheduled t o  land a t  Sioux Gateway 
A i r p o r t  and require the use of an "Index 0" a i rport ,  which recomnds more 
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than twice t h e  quantity of firefighting extinguishing agents required of an 
"Index 8" airport. 

A i r c r a f t  rescue and firefighting (ARFF) services at the Sioux 
Gateway Airport  are provided by the Iowa A i r  Nat ional  Guard (ANGJ through a 
j ~ i  nt  - use agreement w i  t h the National Guard Bureau, the State o f  Iowa, and 
the C i t y  of Sioux City. Additionally, the local community reaction plan i s  
coordinated ~ 4 t h  airport emergency services by the FAA control tower during 
i t s  hours of operatj on through the Woodbury County D i  saster and Emergency 
Services Communications Center i n  Sioux City.  

1.11 Fl i ght Recorders 

The airplane was equipped w i t h  a Sundstrand Model AV557B, serial 
no. 7510, cockpit voice recorder (CVR) that  provided a good record o f  air 
t raf f ic  control and intracockpit communications f o r  the last  33 minutes and 
34 seconds of the fl fght .  The recording began at 1526:42, during a 
transmission made by the captain t o  Sioux C i t y  Approach Control about 
10 minutes after the No. 2 engine had failed. 

A t  1529:15, the CVR revealed a f l i g h t  attendant relaying a message 
t o  the captain. The captain responded, "okay let'em come upn t o  the 
f l ightdeck. A t  1529:35, the check airman arrived on the flightdeck. A t  
1529:41,  the c a p t a i n  explained, "we don't have any controls." 
Fourteen seconds later, the capta in  directed the check airman t o  return t o  
the cabin t o  determine if he could see any external damage to  the airplane 
through the windows. 

A t  1530:32, the first off icer asked, "What's the hydraulic 
quantity." The second officer reported tha t  i t was zero, followed by the 
first of f icer  asking, "on all of them," and the second o f f i c e r  confirming the 
status. The capta in  followed by saying, "quantity i s  gone?" Three seconds 
later, he asked the second officer, "you got a hold of SAM?" The second 
o f f i c e r  reported, "he's not t e l l ing  me anything." The captain responded, 
'"we're not gonna make the runway fellas." A t  this p o i n t ,  i t  i s  believed 
t h a t  the check a iman returned t o  the f l ightdeck,  and the capta in  reported, 
"we have no hydraulic f l u i d ,  t h a t ' s  part o f  our main prablem.'VThe check 
a i r m a n  stated, "okay both your inboard a i l e r o n s  are s t ick ing  up that" as 
far as I can t e l l .  1 don" know." He then asked the capta in  for 
inst ruct ions,  and the captain told h i m  which throttle to manipulate. A t  
1532:02, the check airman reported t h a t  the f l i g h t  attendants were slowly 
securing the cabin and the captain reported tha t  "they better hurry we're 
gonna have t o  d i t c h  J t h i n k . "  

A t  1532:16, the captain reported t o  the  approach controller t ha t  
the flight had no hydraul ic  f l u i d  and therefore no elevator control and t h a t  
the f l i g h t  might have t o  make a forced landing. Two seconds after the 
captain began h i s  transmission, t h e  chbck airman stated, "get t h i s  thing 
down we're i n  trouble." A t  1534:27, t h e  capta in  decided t o  attempt a landing 
a t  Siaux City and asked the second off icer  For information to make a 
no-flap, no-slat landing. He also asked the controller for the ILS 
frequency - - heading t o  the runway and the length o f  the runway. The 
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controller provided t h e  frequency and reported runway 31 to be 9,000 teet 
long. A t  this paint, the airplane was about 35 miles northeast of the 
a i r p o r t .  

A t  1535:36, the captain instructed the second o f f i c e r  t o  start 
dumping fuel by using the quick dump. A t  1537:55, the captajn asked the 
check airman if he could manipulate the t h r o t t l e s  t o  maintain n lo0 to 35' 
turn, and the check airman replied t h a t  he "would t r y  ." At  1538:55, one of 
the pilots sa id  t h a t  200 knots would be the "clean maneuvering airspeed," and 
the  first off icer responded with ,  " two hundred and one eighty f i v e  on your 
bugs A1 . " 

A t  1540:39, the captain asked the senior flight attendant f f  
everyone i n  the cabin was ready. The captain explained t o  the f l i g h t  
at tendant  that  they had very 1 ittle control o f  the  airplane because o f  the 
loss o f  hydraulic f l i g h t  controls and t h a t  they were going t o  attempt to land 
at Sioux City, Iowa. He sta ted tha t  it would be a d i f f i c u l t  landing and t h a t  
he had doubts about the outcome and the crew's ability t o  carry out a 
successful evacuation. He sa id  t h a t  there would be the signal "brace, brace, 
b r a c e ' h a d e  over the public address system to alert the cabin occupants t o  
prepare far the landing. A t  1541:09, the approach controller again informed 
the f l i g h t  t h a t  emergency equipment would be standing by. 

A t  1541:52, the second of f icer  reported t h a t  a f l i g h t  attendant 
s a i d  she observed damage on one wing. He asked i f  he should go aft and look. 
The c a p t a i n  authorized h i s  absence from the flightdeck to investigate. The 
second o f f i c e r  returned about 2-1/2 minutes later to report  t h a t  there was 
damage t o  the t a i l  o f  the airplane, and t h e  capta in  stated, '. , .that's what 1 
thought." A t  1548~43 ,  the landing gear was extended. At  1549:11, the 
captain directed the Slightcrew to lock their shoulder harnesses and to put 
everything away. 

A t  1551:04, ATC reported t h a t  the airplane was 21 miles north of 
the a i r p o r t .  The controller requested the flight t o  widen its tu rn  slightly 
to the left i n  order to make a turn onto i t s  f i n a l  approach and t o  keep the  
airplane away f rom the city. The capta in  responded, "whatever you do, keep 
us away from the city." Several seconds l ater, the controller gave the 
flight a heading o f  180°. A t  1552:19, the controller alerted the crewmembers 
to  a 3,400-foot tower obstruct ion located 5 m i l e s  t o  their r i g h t .  The First 
o f f i c e r  acknowledged. A t  1552:34, the controller asked how steep a r i g h t  
turn the flight could make. The captain responded tha t  they were t ry ing to 
make a 30° bank. A cockpit crewmember camented, " I  can ' t  handle t h a t  steep 
of bank,. .can't handle t h a t  steep of bank." 

A t  1553:35, the f irst  o f f i c e r  stated, ". . .we+r goona have to try 
it straight  ahead A l . . . "  followed 2 seconds later by t h e  controller advising 
the crew that  i f  they could hold a l t i tude ,  t h e i r  r ight  turn t o  1 8 0 ~  would put 
the  flight about 10 miles east of  t h e  airport. The captain stated, " t h a t ' s  
what we're t-ryin' t o  d o * "  The f i r s t  o f f i c e r  then recommended t h a t  they try 
t o  establ ish  a shallow descent. Twenty seconds later, the capta in  stated 
that  he wanted t o  get as close t o  t h e  airport as possible. Seconds later, he 
stated, "get on t h e  air and tell them we got about 4 minutes t o  go." The 
f i r s t  o f f i c e r  so advised t h e  controller, but the capta in  corrected him, 
saying, "tell the passengers," at which t i m e  a crewmember made a PA 



ICAO Circular 262*AN1156 155 

announcement. A t  1555:44, the captain reported a heading o f  1800. The 
control 1 er reported t h a t  i f  the a1 t i  tude could be maintained, the heading, 
"will work f i n e  f o r  about oh 7 miles." 

A t  1557:07, the controller reported t o  the f l i g h t  t h a t  the airport 
was " , . . twelve o'clock and one three miles," A t  1558:11, the captain 
reported the runway i n  s i g h t  and thanked the controller for his help. The 
captain instructed the  second officer to make a PA announcement, which was 
.believed t o  be a 2-minute warning. The controller reported the winds as 
360° a t  I1 knots and cleared the  f l i g h t  t o  land on any runway. A t  this 
point ,  the fl ightcrew attempted to turn the airplane to the left slightly. 
~t 1558:59, the captain reported, "we're pretty we31 1 ined up an t h i s  one 
here...think we will be. . ."  The controller stated that the runway the f l i g h t  

' had 1 ined up on was runway 22, which was closed, but  he added "that'll work 
s i r ,  we're ge t t in '  the equipment off t h e  runway, they'll line up for that 
one." The captain asked its length,  and the controller reported it as 
6,600 f e e t  long .  Twelve seconds la te r ,  the controller stated t h a t  there was 
an open f i e l d  at the end o f  t h e  runway and t h a t  the winds would not be a 
problem. During the in te r im seconds, the crew's at tent ion was directed t o  
manipulating the throttles. A t  1559:29, one o f  the crewmembers made the PA 
announcement t o  brace for the I anding. 

A t  1559:44,  the first o f  several ground proximity warning system 
alerts (GPWS) began and ended 8 seconds later. A t  1559:58 the captain stated 
"close the  throttles." A t  1600:01, the  check airman sta ted "nah I can't 
pull'em o f f  or we'll lose i t  t h a t ' s  what 's t u r n i n Q a . "  Four seconds later, 
the f j r s l  off icer stated, "left A I M  Followed by "left  t h r o t t l e "  l e f t  
[repeated several  times]. A second series of GPWS alerts begin a t  S600:09, 
followed by t h e  f i r s t  officer s t a t i n g  several times, "we're turning" or 
"we're tryin." The sound o f  the impact occurred a t  1600:16. 

The f l ight data recorder (FOR) was a Sundstrand Model 573 
(S/N 2159) .  I t  was found undamaged, and there was no evidence o f  excessive 
wear, The qua1 i t y  o f  the data recording was generally good, although some 
anomalies i n  the d a t a  d i d  occur. The recorded data included alt i tude,  
ind icated airspeed, heading, pitch at t i tude,  roll attitude, stabtlizer 
posit ion,  f a n  rotor speed ( N l )  f o r  each engine, vertical acceleration, 
position o f  control surfaces,  longitudinal accelerat ion,  and lateral 
acceleration, 

The FDR contained a full 25 hours o f  recorded data. The data for 
the July  19 Denver-Chicago f l i g h t  and the previous f l i g h t s  on the tape were 
transcribed and examined fur anything unusual i n  the N1 record for- the No, 2 
engine. A1 1 prior recorded engine parameters were normal . 

The data revealed no evidence of RPM t h a t  exceeded the maximum 
allowable l i m i t  o f  111 percent NI for f l  ights  prior t o  the accident f7 ight. 
However, the data d id  reveal cycl i c  excursions in N1 within allowable values 
on a1 l three engines. 

The FDR operated normally until ground impact, except for three 
periods i n  which the data stream was interrupted and data were l o s t .  The 
f i r s t  loss occurred shortly a f t e r  t a k e o f f  during a track switch w i t h i n  the 
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recorder. The second loss o f  44 seconds o f  data occurred approximately 
9 minutes before the No. 2 engine failed. The t h i r d  loss occurred a t  the 
time of the No. 2 engine failure, resu l t ing  i n  the loss of approximately 
0.7 secands of data. the FUR data showed t h a t  the No. 2 engine f a i l e d  a t  
1516: 10. 

The FDR data for the conditions t h a t  existed just prior to the 
No. 2 engine failure--the last data  point before the failure--were: 

Pressure A l t i t u d e  
Indi cated A i  rspeed 
Total Air Temperature 
Magnet i c Headi ng 
P i t c h  Angle 

'Bank Angle 
Fan Speed, No. 1 engine 
Fan Speed, No. 2 engine 
Fan Speed, No. 3 engine 
Vertical Load Factor  
Longi tudi  nal  Load Factor 
Lateral Load Factor 

36,991 feet 
271.25 knots 
-17 degrees C. 
82.27 degrees 
2.8 12 degrees 
20.04 degrees 
102.86 percent4 
102.69 percent ' 

103.59 percent 
1.0556 g's 
(+).0708 g's 
( - )  .OD30 g 's  

1-12 Wreckage and Impact Information * 

1.13 Medical and Pathological Information 

O f  t h e  296 persons aboard t h e  airplane, 210 passengers and 1 f l ight  
at tendant  were fatally injured. Autopsies revealed t h a t  35 passengers died 
of asphyxia due t o  smoke i n h a l a t i o n ,  including 24 without traumatic blunt  
force i n j u r i e s .  The other fatally in jured occupants dled  o f  multiple 
i n j u r i e s  from b l u n t  force impact. O f  the remaining 185 persons onbaard, 47 
sustained serious i n j u r i e s ,  125 sustained minor injuries, and 13 were not  
i njured. (See figure 15). 

1.14 Fire 

There was no evidence o f  in-flight fire. A postcrash f i r e  erupted 
dur ing  the crash breakup o f  t h e  a i rp lane .  A deep-seated fue l - fed  fire took 
p l  ace i n  t h e  cabi n wreckage , 

1 1  A i rpor t  Response 

The FAA control tower advised the a i r p o r t  f i r e  department o f  a 
DC-10 i n - f l i g h t  emergency about 1525. A total o f  five ARFF vehicles were 
dispatched, These u n j t s  were assisted by f o u r  Sioux City  F i r e  Department 
vehicles,  which were dispatched to the airport before t h e  crash as p a r t  of 
the communi ty emergency response p lan .  

Duri ng the response, information re1 ayed from the control tower to  
these u n i t s  i n d i c a t e d  t h a t  the airplane might not reach the airport and that  
i t  could crash approximately 5 miles south of the airport. 

- 
'speed i s  i n d i c a t e d  a s  a p q r c c n t  a t  e r o t o r  d e s i g n  r e f e r e n c e  speed-  I t  

d o a s  n o r  indicate a p e r c e n t  o f  a r a t e d  speed  o r  r a t e d  t h r u s t .  

*/cAO Note.-- Section 1.12 was not reproduced. 
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A t  1547, t h e  fire chief  was advised by the control tower t h a t  the 
airplane was going t o  reach the airport and t ha t  i t  would land on Runway 31 .  
F i r e f i g h t i n g  un i t s  immediately took posi t ions  a1 ong runway '33 and awaited the 
a r r i v a l  o f  the airp lane .  . 

A t  1559, the control tower advised ARFF personnel t h a t  the DC-10 
would land on runway 22 instead of runway 31. Further, the tower informed 
the f ire chief t h a t  some of h i s  vehicles were a1 igned w f  t h  the approach path 
of the DC-10 and t h a t  they should be moved immediately. 

Before a1 1 u n i t s  were repositioned, t h e  a i  rpl ane touched down, 
began t o  break up, and a f i r e  ignited. The center sectfon, which contafned 
the majority o f  passengers, was inverted and came t o  regt i n  a corn f i e l d  
about 3,700 f e e t  from the i n i t i a l  impact area. 

After the crash, a l l  ARFF vehicles proceeded t o  the intersection o f  
runways 22 and 17, and the f i re  chief radioed the 185th Tact ica l  Fighter 
Group Comand Post d i r e c t i n g  a7 1 avai 1 abl e personnel and equipment t o  respond 
t o  the accident scene. 

About 1601, a f t e r  briefly inspect ing the t a i l  section o f  the 
airplane, the f i r e  ch ie f  d i rec ted  a l l  un i t s  to proceed t o  the center sect ion 
o f  the a i r p l a n e .  Whi 1 e respond! ng to t h i s  1 ocat i on, some passengers were 
found i n  the? r sea ts  and others were wal king a1 ong runway 17. 

A s i g n i f i c a n t  f i r e  was burning, mostly on the exter ior  o f  the 
wreckage. The f ire chief  learned from exiting passengers t h a t  other 
passengers coul d be 1 ocated among the cornstalks, which were approximately 
7 f e e t  high. The emerging passengers later stated t h a t  they were dSsoriented 
by these t a l l  cornstalks,. 

The f i r s t  ARFF vehic le  t o  arrive a t  the scene sprayed a massive 
a p p l i c a t i o n  o f  foam to  blanket the sur face of the inver ted tenter section.1 
The f i r e  chief reported t h a t  the foam appl icat ion  cauld easily reach the 
r i g h t  wing. Some passengers reported t h a t  they were sprayed w i t h  foam w h i l e  
e x i t f n g  the airplane.  

The f i r e  ch ie f  reported tha t  t h e  f i r e  was located p r imar i l y  
underneath the r i g h t  wing box area and along the front portion of the 
fuselage. He sa id  t h a t  the 10- t o  12-knot wind from the no r th  helped to keep 
the f i r e  away from the fuselage. 

About 1604, the f i r s t  vehic le t o  a r r i v e  on t he  scene had exhausted 
i t s  onboard water supply. By t h i s  time, a second veh ic le  had arrived and 
commenced a mass appl i c a t i o n  of foam. A 3-inch hand 1 i ne  from the second 
vehicle was used t o  a t tack  the r i g h t  wing box area t h a t  cauld not be reached 
by the foam. ARFF personnel reported t h a t  the hand l i n e  a t t a c k  helped 
protect passengers e x i t i n g  from the f r on t  por t ion  of the  airplane wreckage, 
About 1610, the second veh ic le  also exhausted i t s  water supply. 

A t  1610, whi le  these firefighting operations were i n  progress, a 
third u n i t ,  a Kovatch P-18 water supply vehicle was brought i n t o  pos i t i on  t o  
resupply the other two un i t s .  Water supply l i n e s  were connected but ,  because 
of a mechanical problem, the P-18 was unable t a  pump any w a t e r  t o  the other 
vehic les .  Consequently, the P-18 was disconnected and, a t  1618, Sioux C i t y  
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F i r e  Department pumpers were posit ioned t o  rep1 eni  sh the two primary 
vehicles. By that  time, the f i r e  in the area o f  t h e  r i g h t  wing had 
intensi f ied,  spreading t o  the i n t e r i o r  of t h e  a i rp lane .  The fSre i n t e n s i f i e d  
u n t i l  approximately 1700 and was not brought under control until 
approximately 2 hours a f te r  the crash. Spot f i r e s  persisted throughout the 
night .  The fire was suppressed after the appl i c a t i a n  of a total o f  
15,000 gallons of water and 500 gallons of extinguishing agent. 

1.14.2 O f f  -Airport  Response 

Following n o t i f i c a t i o n  by t h e  FAA control tower a t  1525, the 
Woodbury County Communications Center i n  Sioux City began not i fy ing  community 
emergency response organizations. Community agencies included the Sioux C i ty  
F i re  Department (SCFO) and the Pol i c e  Department, the Woodbury County 
D i  saster and Emergency Services , and county/state 1 aw enforcement personnel . 
Responding units included t w o  engine companies and a command vehic le  from the 
fire department and an ambul ance from S i  euxl and Heal th Servi ces . 

A t  1534, when the control tower relayed t o  these units that  the 
airp lane would land about 5 miles south o f  t h e  airport, the vehicle$ 
rcrpanded by traveling south o f  the a i rpor t  on Interstate 1-29, A t  1538, 
when the fire c h i e f  learned t h a t  an attempt was being made by the DC-30 tO 
l a n d  on runway 31, the responding SCFO units proceeded to the airport and 
took a p o s i t i o n  on a nearby bridge a t  t h e  1-29 Sergeant S l u f f  e x i t  t o  the 
airport. About 1547, the SCFD emergency responders were advised that  the 
airplane would land on runway 31. The SCFD on-scene commander directed a l l  
u n i t s  to  proceed t o  the airport command post security staging area. 

Following the crash, the SCFD assisted f i r e  and rescue e f f o r t s ,  A t  
1625, the SCFD Fire Chief became the Site Commander. After the magnitude of 
the  accident became apparent, the call for a l l  a v a i l a b l e  ambulances was made 
a t  1604. Thirty four ambulances responded from more than 28 agencies, some 
as far away as 60 m i l e s .  Additionally, a total of nine helicopters were 
prov5ded by Marian A i r  Care and military units from Lincoln, Nebraska, and 
Soone, Iowa. By 1730, all v i c t i m s  had been transported from the airport t o  
the two local hospi t a f  s . 
1.14,3 The Kovatch P- 18 Water Supply Vehicle 

When a restriction developed i n  the P-18's tank-to-pump hose, all 
water f l o w  stopped t o  the two ARFF veh ic les ,  Thus, the airport's primary 
firefighting vehicles could not be replenished t o  continue attacking the 
f i r e ,  The P-18's tank-to-pump suct ion hose assembly was removed f o r  fu r ther  
exami nat  on, 

The examination disclosed t h a t  the 2-inch l o n g  internal 
p~~yvinylchloride (PVC) .  s t i f f e n e r  installed i n  the hose had rotated 
laterally 900. Kovatch representatives stated t h a t  the internal stiffener i n  
the soft hose assembly i s  required'to prevent the hose from collapsing. They 
a l so  stated t h a t  the  s t i f f e n e r  was i n s t a l l e d  by a press fit in the center of 
the hose. 

In examtning the susceptibility of the internal stiffener t o  
displace and rotate, the Safety Board found t h a t  t h e  stiffener's length was 
about one-half the internal diameter o f  the soft  suction hose. Because of 
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the smal l  s ize o f  the stiffener and because i t  was not clamped, i t  was free 
t o  rotate and block the .Flow o f  water or even t o  sl i d e  toward the pump 
intake, making the soft suction hose susceptfble t o  collapse. 

1.15 S u ~ v i v a l  Aspects 

The largest intact  section of the airplane was the center por t ion  
o f  the fuselage t h a t  contained seat  rows 9-3Q and the f l i g h t  attendant 
jumpseats a t  doors 2L, 2R, 3L, and 3R. This section tame to rest inverted in 
a corn f i e l d  and was eventually destroyed by the postcrash f i r e .  The 
c e i l i n g  structure collapsed throughout the fuselage, and the greatest amount 
o f  collapse was i n  the area of the left  wing. Thirty-three o f  the 35 
occupants who died from asphyxia secondary t o  smoke inhalation were i n  the 
section o f  the fuselage containing rows 22-30. two other occupants i n  seats 
14A and 16D died o f  asphyxia due t o  smoke inhalat ion.  . 

The t a i l  and a por t ion of the rear cabin containing 10 passenger 
seats and 2 f l igh t  attendant jumpseats separated early i n  the impact 
sequence. With the exception of the t a i l  section, the cabin a f t  o f  about 
row 31 was destroyed by Cmpact. 

The cockpit area separated from the fuselage j u s t  a f t  o f  doors 1L 
and 1R and was substanti al ly  damaged, but the shoulder harnesses and l a p  
belts remained Sntact and restrained the four occupants who were extricated 
by ARFF personnel . Most o f  the first class cabf n section was destroyed. 

1 5  Cabinpreparation 

The f l i g h t  attendants were serving a meal when the No. 2 engine 
failed. The senior f l ight  attendant was called t o  the cockpit and was 
instructed by the captain t o  secure the cabin and prepare for an emergency 
evacuation, She d id  not ask the captain for the amount o f  time available 
u n t i l  the a i r p l a n e  would land. I n  a later interview, she sa id  that she d i d  
not  request t h i s  information of the captain because she thought the 
flightcrew was t o o  busy. The senior f l i g h t  attendant returned t o  the cabin 
and separately instructed s i x  of the seven flight attendants to stow food 
service items and to secure the cabin i n  preparat ion f o r  an emergency 
'landing. She related tha t  she did not  notify the passengers because she 
wanted t o  keep things nnormal" as long as possible and d i d  not want t o  alarm 
them. 

The senior f l i g h t  attendant related that  she was t o ld  by the second 
off icer ,  after he had gone t o  the rear of the cabin and observed damage on 
the tail, that the passenger brief ing was going t o  be a "quick and d i r t y . "  
[This comment refers t o  the abbreviated passenger b r i e f i n g  i n  1 ieu  o f  a 
longer and more detailed briefing.] The f l i g h t  attendant s ta ted tha t  when 
she received t h i s  informat ion,  the f l i g h t  attendants i n  the a f t  cabin were 
s t i  1 1  retrieving meal trays. Survivors related t h a t  the captain's 
announcement to  the passengers a t  1545 stated t h a t  the f l i g h t  attendants had 
briefed the passengers about the brace p o s i  t i  an. However, the passengers had 
not yet  been br iefed about the emergency cabin preparations. The senior  
f l i g h t  attendant began reading the "Short Notice Cabin Preparat ion" b r i e f i n g  
a f t e r  t h e  captai n concl uded h i  s announcement. 



160 ICAO Circular 262-AN11 56 

The Short  Not ice  Emergency Landing Prepara t ion  d i r e c t e d  f l  i g h t  
at tendants t o  be seated i n  t h e i r  jumpseats.   ow ever, t h e  f l i g h t  at tendants 
were standing a t  t h e i r  demonstrat ion p o s i t i o n s  when t h e  b r i e f i n g  was read; 
they subsequently ass is ted  passengers i n  t h e i r  b r i e f i n g  zones. F l  i g h t  
at tendants gave b race - fo r -  impact i n s t r u c t i o n s  t o  parents o f  i n f a n t s  and small 
c h i l d r e n .  They ass is ted  small c h i l d r e n  i n  passenger seats by p rov id ing  
p i l l o w s  as padding t o  t i g h t e n  a d u l t  l a p  b e l t s .  For example, a  32-month-old 
boy seated i n  176 was g iven p i l l o w s  t o  t i g h t e n  h i s  seat  b e l t .  He remained 
r e s t r a i n e d  du r ing  the  impact sequence and was n o t  i n j u r e d .  

A l l  o f  t he  f l i g h t .  a t tendants and passengers were i n  a  brace- 
for- impact  p o s i t i o n  when the  a i r p l a n e  landed. 

1.15.2 I n f a n t s  

There were f o u r  i n - l a p  occupants onboard f l i g h t  232.5 Three of 
them were under 24 months, and one was 26 months o l d .  Dur ing the  
preparat ions f o r  the  emergency l anding, parents were i n s t r u c t e d  t o  p l  ace 
t h e i r  " i n f a n t s "  on the  f l o o r  and t o  ho ld  them t h e r e  when the  parent  assumed 
the  p r o t e c t i v e  brace p o s i t i o n .  The f o u r  i n - l a p  occupants were he ld  on the  
f l o o r  by adu l t s  who occupied seats 11F, 12B, 145 and 22E. 

The woman i n  14J s ta ted  t h a t  her  son " f l e w  up i n  t he  a i r "  upon 
impac t ' bu t  t h a t  she was able t o  grab him and h o l d  onto him. D e t a i l s  o f  what 
happened t o  the  26-month-old c h i l d  a t  12B du r ing  t h e  impact sequence are no t  
known, bu t  he susta ined minor i n j u r i e s .  The mother o f  t he  11-month-old g i r l  
a t  11F sa id  t h a t  she had problems p l a c i n g  and keeping her  daughter on-  the  
f l o o r  because she was screaming and t r y i n g  t o  stand up. The mother of the  
23-month-old a t  22E was wor r ied  about her  son's p o s i t i o n .  She kept  asking 
the  f l  i g h t  at tendants f o r  more s p e c i f i c  i n s t r u c t i o n s  about t h e  brace p o s i t i o n  
and her  "spec ia l  s i t u a t i o n  w i t h  a  c h i l d  on t h e  f l o o r . "  The mothers of t he  
i n f a n t s  i n  seats 11F and 22E were unable t o  h o l d  onto t h e i r  i n f a n t s  and were 
unable t o  f i n d  them a f t e r  t h e  a i r p l a n e  impacted t h e  ground. The i n f a n t  
o r i g i n a l l y  l oca ted  a t  11F was rescued from the  fuselage by a  passenger who 
heard her  c r i e s  and reentered the  fuselage. The i n f a n t  h e l d  on the  f l o o r  i n  
f r o n t  o f  seat 22E d ied  o f  asphyxia secondary t o  smoke i n h a l a t i o n .  The Safety 
Board addressed t h e  i n f a n t  r e s t r a i n t  issue i n  Safe ty  Recommendations A-90-78 
and A-90-79 issued May 30, 1990. 

1.16 Tests and Research * '  

1.17 A d d i t i o n a l  I n fo rma t ion  *: 

"14 C F R  1 2 1 . 3 1 1  a l l o w s  o c c ~ c p a n t s  who h a v e  n o t ,  r e a c h e d  t h e i r  s e c o n d  
t o  b e  h e l d  i n  t h e  Laps  o f  a n  a d u l t .  

'ICAO Note.- Section 1.16 was not reproduced. 

*lCAO Note.- Section 1.17 was not reproduced. 
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1.18 Useful Investigative Techniques 

1.18.1 Speci a1 Invest1 gative Techniques - Photograph image Anal ysl s 

Color photographs o f  the accident a i r c r a f t  were taken by a resident 
who 1 i ved on the approach path t o  Sioux Gateway Airport. The photographs, 
taken a f t e r  the engine fa i lu re ,  depicted the  damage to the r i g h t  side and 
empennage o f  the a i rc ra f t .  The photograph with the sharpest Image was 
selected for further analysis. The boundarfes and locations o f  the holes 
were calculated so tha t  the locat ions  o f  the holes could be incorporated i n t o  
a three-dimensional scale drawing of the horf zontal stabi 1 i zer .  Three areas 
on the photograph contained four holes, which were selected far analysi s: 
the  hole on the leading edge of the right horizontal stabilizer; two holes 
s l i g h t l y  inboard and i n  the middle o f  the r igh t  horizontal stabilizer; and a 
hole on the r i g h t  inboard elevator. The holes were deft ned as those areas 
where 1 i ght could be observed penetrating areas a f  the stabi I 4 zer. They were 
transformed t o  the stabilizer coordinate system and input into the 
computer-aided design (CAP) system t o  generate a drawing o f  the horizontal 
s t a b i f  izer depicting the i n - f l i g h t  damage. 

2. ANALYSIS 

2. I General 

The fl  ightcrew o f  UA 232 were t ra ined  and qua1 if fed i n  accordance 
wi t h  appl i cab1 e Federal regulations and UAL company standards and 
requirements. The a i  rpl ane was certi S i  cated, equipped, and operated 

. accordi ng to appl i cab1 e regul at i ons. Meteoral ogfcal  condit ions and 
navigat ion and communication f a c i l i t i e s  d id  not contr ibute t o  the accident, 
ATC serv ices  and control 1 er performance were reasonable, proper, and 
supportive o f  the f l  ightcrew and were n o t  f a c t o r s  in the accident. 

The Safety Board determined that the accident sequence was 
initiated by a catast rophic  separation o f  the stage 1 fan disk from the No. 2 
engine during cruise f l i g h t .  The separation, fragmentation, and forceful 
discharge o f  uncontained stage 1 fan  rotor assembly p a r t s  from the No. 2 
engine led t o  the loss of the three hydraulic systems t h a t  powered the 
a i rp lane 's  flight controls. The flightcrew experienced severe d i f f i c u l t i e s  
controlling the airplane and used differential power from the remaining two 
engines far  parti  a l  control . The a i  rpl ane subsequent1 y crashed during an 
attempted emergency 1 anding a t  Sioux Gateway Airport. Upon ground contact, 
the airplane broke apart and portions of i t  were consumed by f i re ,  

The Safety Board's analysis o f  t h i s  accident included an evaluat ion 
o f :  

o the structural and metal 1 urgi cal evidence to determi ne 
the in i t ia l  failure origin within  the engine; 

o the  manner i n  which uncontained p a r t s  separated from the  
engine; 

o the f a i l u r e  o f  t h e  hydraulic systems t h a t  power the 
f l i g h t  control systems; 
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o t h e  capab i l i t y  o f  the fl ightcrew t o  control the a i r p l a n e  
on i t s  flightpath; 

o t h e e f f e c t i v e n e s s o f  theGEAECF6-6enginemanufactur in9,  
recordkeepi ng , and qua1 i ty assurance programs ; 

o the effectiveness of  UAL's CF6-6 engine fan sectfon 
maintenance and inspection practices; 

o the effectiveness of the FAA's oversight o f  the  design, 
c e r t i f i c a t i o n ,  m a n u f a c t u r e ,  recordkeeping,  and 
continuing a i rwor th iness  o f  the CF6-6 engine; 

o the effectiveness o f  nondestructive inspection (NOI) 
programs for the inspect ion  o f .  rotating engi ne p a r t s ;  

o the  human factors aspects o f  airline maintenance No1 
programs ; 

o the design and c e r t i f i c a t i o n o f  wide-bodied a i r c r a f t  and 
jet engines to minimi t e  damage from uncontained, rotating 
engine parts; 

o t h e  effectiveness o f  t h e  manufacturing process for 
rotating engine p a r t s  made o f  titanium; 

o cabin surv ivab i l i t y  issues, includingchild ( in fant )  seat 
restraints; and, 

o rescue andfiref ightingservices .  

2.2 Accident Sequence 

Photographs o f  t h e  airplane taken during the approach t a  Sioux 
C i t y  by w i  tnesscs on the ground indicated i n f l  i g h t  damage i n  the area of the 
No, 2 engine and t a i l  sect ion  of t h e  airplane. The location of parts o f  the  
No. 2 engine and empennage structure near A l t a ,  Iowa, together w i t h  the 
documentation and ana lys is  o f  the No. 2 engine components and surrounding 
structure, led t h e  Safety Board t o  conclude t h a t  the No. 2 engine stage 1 fan 
d i s k  fracture and separation was the  i n i t i a l  event t h a t  led t o  t h e  1 iberation 
o f  engine rotating parts with  su f f ic ien t  energy to  penet ra te  t h e  airplane' s 
structure. 

Shortly after the engine f a i lu re ,  the crew noted tha t  the  hydraulic 
f l u i d  pressure and quanti ty had fallen to zero in the three systems. 
Approximately 1 minute after the engine failure, the FOR recorded no Further 
powered movement o f  the flight control surfaces. Consequently, the No. 2 
engine failure precipitated severe damage t h a t  breached the three hydraulic 
systems, leaving the f l  i g h t  control systems inoperative. 

T i t a n i  urn a7 1 oy was found on the fracture surfaces of severed 1 ines 
o f  hydraulic systems No. 1 and No. 3 located in t h e  r i g h t  horizontal 
s t a b i l i z e r .  Several of t h e  major components o f - t h e  engine, including t h e  
stage 1 fan blades and fan disk, were made from titanium al loy  and no other 
components of the surrounding airframe were made f r o m  such material. These 
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factors led t h e  Safety Board t o  conclude that  t h e  systems' No. 1 and No. 3 
hydraul i c  1 ines  were severed by fragments released duri ng t h e  f a i  1 ure 
sequence of the No. 2 engine. 

The loss o f  hydraulic system No. 2 required further analysis .  The 
engi ne-driven No. 2 hydrau.1 i e  pumps were attached t o  and received power f r o m  
t he  No. 2 engine accessory sect ion*  T h i s  u n i t  war mounted t o  the engine 
directly below the fan section of t h e  engine. Portions of the No. 2 engine 
accessory section and associatad No. 2 hydraulic system components, including 
hydraulic supply hoses,  were found i n  t h e  Alta, Iowa, area. Therefore, 
p o r t i o n s  o f  t h e  No. 2 hydraulic system and supply hoses mounted on, or 
adjacent  t o ,  t h e  No. 2 engine accessory sect ion were damaged and separated by 
the forces and d i s r u p t i o n  o f  the  engine fan sect ion  during the engine 
failure. The investigation disclosed no evidence of other system anomalies 
t h a t  would have contributed t o  t h e  hydraulic system or flight control 
difficulties experienced i n  the accident. 

2.3 Performance of UAL 23i Fl i ghtcrew 

Because o f  the loss of the three hydraulic systems, the flightcrew 
was confronted wi th  a unique situation t h a t  left them wi th  very l i m i t e d  
control o f  the  airplane, The only means available t o  f l y  the airplane was 
through manipulation o f  t h r u s t  available from the No. 1 and No. 3 engines. 
The primary t a s k  confronting the  f l  ightcrew was control 1 i e g  the airplane on 
i t s  flightpath during the long period (about 60 seconds) of the "phugoid" or 
pitch o s c i  I I a t i  on. This t a s k  was extremely dif f icul t  t o  accornpi i sh because 
of the additional need t o  use the No. 1 and No, 3 power levers  asymmetrically 
t o  m a i n t a i n  lateral ( ro l l )  control coupled w i t h  the need t o  use increases and 
decreases in thrust to maintain pitch control .  The flightcrew Sound t h a t  
despite their best e f f o r t s ,  the airplane would not maintain a stabilized 
f l i g h t  condi t ion .  

Douglas Ajrcraft Company, the FAA, and UAL considered the total 
loss of hydraulic-powered f l i g h t  controls so remote as t o  negate any 
requirement f a r  an appropriate procedure t o  counter such a s i t u a t i o n .  The 
most comparabl e maneuver that  the f 1 ightcrew was required to accompl i sh 
s a t i s f a c t o r i l y  i n  a DC-10 simulator was the procedure for managing the 
f a i lu re  of two o f  the three hydraulic systems; however, during t h i s  training, 
t h e  remaining system was available for movement o f  the f l i g h t  controls. 

The CUR recorded the f l  ightcrew's d i  scussion of procedures, 
possible so lu t ions ,  and courses of act ion i n  deal ing w i th  the loss of 
hydraulic system f l i g h t  controls, as well as the methods of attempting an 
emergency landing, The captain" acceptance o f  the check airman t o  a s s i s t  
i n  t h e  cockpit  was p o s l t i v e  and appropriate. The Safety Board views the 
interaction of the p i l o t s ,  including the check airman, during the emergency 
a s  i n d i c a t i v e  o f  the value of cockpit resource management t ra in ing ,  which has 
been in existence a t  VAL for a decade. 

The l o s s  o f  t h e  normal manner o f  f l i g h t  control ,  combined w i t h  an 
airframe v ib ra t ion  and the v i s u a l  assessment o f  t he  damage by crewmembers, 
led t h e  flightcrew t o  conclude tha t  the structural integrity of the a i rp lane  
was i n  jeopardy and t h a t  i t  was necessary t o  expedite an emergency landing. 
Interaction between the fl ightcrew and t h e  UAL system aircraf t  maintenance 
network (SAM) d id  net lead t o  benef ic ia l  guidance. UAL f l i g h t  operations 



attempted t o  ask the f l  ightcrew to consider diverting to L i n c o l n ,  Nebraska, 
However, the i n f o r m a t i o n  was sent through f l i g h t  dispatch and did  not  reach 
the Flightcrew i n  t ime  t o  have altered t h e i r  decisi,on t o  land a t  the Sioux 
Gateway A i  rport . 

The simulator reenactment o f  the events l ead ing  t o  the crash. 
landing revealed t h a t  l i n e  flightcrews could not be taught to control the 
airplane and 1 and .safely without hjdraul i c  power avai 1 a b l e  t o  operate t h e  
f l i g h t  controls, The results af the simulator experiments showed t ha t  a 
l and ing attempt under these conditions inyo7 ves many vari abl es that affect 
the extent of controllability during the approach and landing, In general, 
the simulator reenactments ind icated  t h a t  landing parameters,  such as speed, 
touchdown point ,  direction, attitude, or vertical velocity could be 
controlled separately, but i t  was virtually impossible t o  control a l l  
parameteps simultaneously. 

After carefu'tly observing the  performance o f  a control group o f  
DC-10-qua1 i f i e d  p i l o t s  i n  t h e  s i m u l a t o r ,  it became apparent that t r a i n i n g  for 
an attempted landing, comparable t o  that  experienced by UA 232, would n s t  

- help the crew i n  successfully handling this problem. Therefore,  t h e  Safety 
Board concludes that the damaged DC-10 airpl ane, a1 though f lyable ,  couf d not 
have been successfully landed on a runway w i th  the loss of a1 1 hydrauf i c  
f l i g h t  controls. The Safety Board believes t h a t  under the circumstances the 
UAL f l  ightcrew performaoce was highly  comendabl e and great 1 y exceeded 
reasonable expecta t ions .  

2.4 A ~ a t y ~ i s  of Fan Disk  Fracture 

2.4.1 Separation of Fan Disk 

Examination of the fracture surfaces o f  the fan d isk  disclosed t h a t  
the near-radial, bore-to-rim fracture was the primary fracture. The 
fracture i n i t i a t e d  from a fatigue region on the insfde diameter o f  t h e  bore. 
The remaining portions of the d i s k  fractures were typical o f  overstress 
separations resul t ing from the fatigue f a i l u r e .  

Because of the geometry o f  t h e  fan d i s k  and the 'load paths within 
the disk, the near-radial fracture created a bending moment in the d isk  arm 
and web tha t  overstressed the disk, leading t o  rupture and release o f  a 
segment. As soon as the segment of the d isk  was re1 eased, the remainder of 
the d i s k  war f p w d i a t e l y  out of balance. Sufficient evidence f n  the form o f  
wi tness  marks6/ on the  containment ring indicates t h a t  the segment o f  the 
d isk  w i t h  i t s  blade roots still attached exited the engine around the 7:30 
position. Additional evidence from the bearing housiogs and compressor 
section indicates that the remainder af the disk with attached blade roots 
immediately exi ted the engine from about the  1:00 pos i t ion ,  Blade fragments, 
separately and i n  groups, were primarily Jiberated toward the right 
horizontal stabilizer and the a f t  lower fuselage area. The invest igat ion 
disclased tha t  the liberated pieces of  the engine ban40 frame contained 
transferred t i t a n i u m .  However, the Safety Board could not  determine which o f  
the titanium engine parts struck the frame. 

" ~ i  tnhss marks are srtrs o f  aschanical damage or t r a n s f e r r e d  m a f e r  i a l  
w h o s e  s h a p e ,  o r i e n t a t i o n ,  a n d  c o m p o s i t i b n  c a n  i n d i c a t e  u h a r  component  c r e a t e d  
t h e  d a m a g e .  
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2.4.2 I n i  ti a t i  on and Propagation o f  Fatigue Crack 

Metal 1 urgical examinat ion showed that t h e  fatigue crack initf ated 
in a nitrogen-stabilized type I hard a lpha  defect a t  the  fnside surface o f  
the bore. The hard a lpha defect  was formed during manufacture o f  the 
material and remained undetected ,through ultrasonic, macroetch, and FPI 
inspections performed during manufacture o f  the p a r t .  

Fracture mechanics evaluations performed by GEAE showed t h a t  a t  the 
time of the d isk  separation, the fatigue crack was of a magnitude that would 
cause fracture and resulting separation of t h e  disk fan under normal loads. 
The number o f  major striations an the fatigue region was nearly equal t o  the 
total number o f  takeoff/landing cycles on the d i s k  (15,5031, indicating t h a t  
the fa t igue crack initiated very early f n  the l i f e  o f  the  disk.  

The r e s u l t s  of the GEAE fracture mechanics analysis were also 
consistent wi th  fa t igue initiation on the f i r s t  appl icat ion o f  stress from a 
defect slightly larger than the size of t h e  cavity found at the fatigue 
origin.  The Safety Board concludes tha t  the hard alpha defect area cracked 
with the application o f  stress during the disk's initial exposures to f u l l  
th rus t  engine power conditions and t h a t  the crack grew until i t  entered 
material unaffected by the hard a lpha  defect. From that  p o i n t ,  the  crack 

. fol  l owed establ ished fracture mechanics predict ions for T i  -6A1-4V a1 1 oy. 

The Safety Board also attempted to determine the size o f  the 
fatigue crack a t  the t ime o f  UAL's FPI inspection o f  the  disk 760 cycles 
p r i o r  to the accident .  One possibil i t y  was t h a t  the discolored p o r t i o n  of 
t h e  fatigue crack was created during t h e  alkaline cleaning o f  the disk i n  
preparation for t h e  inspection. The fractographic examination o f  the fa t igue 
region disclosed no topographic reason for the discoloration. In addit ion,  
the Safety Board i s  aware o f  no operational environment or conditions that 
would cause such discoloration. For these reasons, the Safety Board 
concludes that  t h e  discoloration on the surface o f  the f a t i g u e .  crack was 
created during some step i n  the F P I  process performed by UAL 760 cycles prior 
t o  the accident, and that  the "discolored area marks the size o f  the crack at  
t h e  time of t h i s  inspect ion .  The actual surface length  of the  discolored 
area i s  0.476 inch. 

The GEAE fracture mechanics analysis also was used t o  est imate the 
size o f  the fatigue crack at the time o f  the inspectfon, The analysis 
estimated that  the surface length o f  the crack was 0.498 inch long a t  the 
last inspection. 

An independent fracture mechanics anal ysi  s performed by UAL 
estimated a smaller crack size a t  760 cycles prior t o  failure. However, t h i s  
anal ys i s used materi a7 propert i es, surface correction factors,  and a 1 oad 
spectrum t h a t  the Safety Board be1 ieves are unreal i s t i c .  

2.4.3 Source of Hard Alpha Defect 

The hard alpha defect was caused by excessive amounts o f  n i  tragen 
1 ocal ly sj tuated in t h e  material . Ti tani urn w i  11 absorb such amounts of 
nitrogen only when i t  i s  i n  i t s  mol ten s t a t e .  

The vacuum-melt process has n o t  been adequate t o  produce a 
defect-free product.  Increasing t h e  number of vacuum me7 ts f rom two t o  three 
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has been shown to be effective i n  reducing the number of defects, the  source 
o f  which can be the raw material, the sponge reactor, or welded material an 
t h e  electrode. However, there is  always t h e  possibility t h a t  a defect can be 
introduced i n t o  each me1 t by foreign material remaining i n  a Furnace. Since 
1971, there have been improvements in furnace cleaning requirements that are 
intended to reduce t h i s  problem. Tighter cantrols have also been placed an 
the r a w  materials for premium-grade stock ( t h a t  would be made into rotating 
parts for aerospace uses) i n  an effort  t o  ensure a higher qua1 ity product. 

The current technology for quality control of t i t an ium 
manufacturing has progressed t o  t h e  p o i n t  where cr i t ical  defects are rare. 
Addi t f  onal  reductions in t h e  number and s i ze  o f  defects are un7 i kely to occur 
w i t h o u t  changing to a new production process, such as hearth me1 t i n g .  Major 
e f f o r t s  associated with such a changeover are currently being-evaluated t o  
determine i f  hearth melting can be introduced i n t o  indust r ia l  production. 

Quality assurance measures to  ensure t h a t  the interior of t i t a n i u m  
parts are defect-free are based 1 argely on u l  trasonic inspections. Such 
inspect ions  have been shown t o  be less than 100 percent  effective i n  
detect ing anomalies because detectable anomalies must be associated w i t h  
cracks and v o i d s .  Thi s accident demonstrates the d i f f i c u l t y  o f  inspection. 
Therefore,  t o  some extent ,  the engine manufacturers rely upon the billet 
fabr icat ion procedures for  the i r  overall qua l i ty  assurance o f  d isk  material. 
Although the billet producers have been c o n s t a n t l y  striving to upgrade t h e  
qua1 i ty o f  their  product, defects do occur i n  both double- and triple-me1 ted 

-material. The rupture in 1983 of a GEAE CFM-56 triple-melted stage 1 
high-pressure compressor rotor disk having only 256 cycles, caused by an 
undetected hard a1 pha defect,  i 11 ustrates t h i s  problem. 

2,4.4 Formation o f  Cavity 

The Safety Board be? ieves  that at t h e  time of manufacture o f  the 
disk, the  cavity a t  the fatigue o r i g i n  point was o r i g i n a l l y  filled, or nearly 
filled, wi th  hard alpha material, making t h e  defect  more difficult to detect  
through ultrasonic means at t h e  t ime o f  GEAE's ultrasonic inspection o f  the 
r e c t i  1 inear machine forging (RMF) shape during the , manufacturing process. 
The Safety Board a1 so be1 {eves that the cavity was most 1 i kely created during 
the f i na l  machining and/or shot peening processes and that the s h o t  peening 
probably created the mi crocracki ng para1 1 el to  and j u s t  be1 ow t h e  cavi ty  
surface. Moreover, the  shot peening q u i t e  1 i kely created the mechanical 
deformation on p o r t i o n s  of the cavi ty  bottom. This  mechanical deformation 
was inconsistent w i t h  damage t h a t  could occur during the accident sequence. 

The Safety Board examined and rejected other theories concerning 
the formation of the cavity, including the following: 

a. The cavity *was originally f i l led w i t h  hard alpha m a t e r i a l  
that fell out during or shortly after the disk separation 
as a result  of "ringing" (severe vibrations) o r  damage 
t h a t  occurred as the d i s k  exited the airplane. The lack 
o f  a f r e s h  fracture appearance in portions o f  the  cavi ty  
and the locat ion and orientation - o f  the microcracks 
beneath the cavi ty  surface do not support this 
possi b i  1 i ty . 



b .  The hard a l p h a  material i n  the cavity was dislodged 
during the l i f e  o f  the disk, as repeated cycles o f  
stress caused increasing1 y extensive Cracking i n  the 
material t h a t  o r i g l n a l l y  f i l l ed  the cavity. ,  However, the 
orientation a f  the microcracks beneath the surface of the 
cav i ty  i s  more consistent  w i t h  their formation by shot 
peening, rather than by operating stresses. 

c. The c a v i t y  was never filled with  hard a l p h a  material but 
was part  of  a large void associated with the hard alpha 
defect. In this case, the microcracks and mechanical 
damage would still be produced by the shot peening, 
without  s ign i f i can t  enlargement o f  the s ize  of the 
cavity* However, t h e  'hard atpha defect found i n  fan disk- 
S/N MPO 00388 was approximately the same sfxe as the 
defect area in the separated disk, and the t w o  defects 
may have arisen from similar sources. Since the defect 
i n  S/N 388 contained no large voids, it i s  reasonable to 
conclude t ha t  the defect i n  the accident disk d i d  not  
contain a void. A l s o ,  a void the s ize  o f  the cavity 
shouf d have been detected by the  ultrasonic inspection 
of the RMF shape. 

Therefore, the Safety Board concludes tha t  She cav i ty  was created 
during the final machining and/or shot peening a t  the tSme of GEAE's 
manufacture of the disk, after GEAEts ultrasonic and macroetch manufacturing 
i nspect i ons . The cav i ty  and surrounding hard a1 pha materi a1 provided a 
stress raiser f rom which the fa t igue  crack i n i t i a t e d .  

2.5 Origin o f  Accident Fan Disk MPO 00385 

GEAE maintains a computerized listing o f  a1 1 eri tical rotating 
engine parts by part number and s e r i a l  number, together w i th  the titanium 
suppl ier's heat  number, for  traceabil i ty purposes. When the data f o r  disk 
p a r t  number 9010M27P10 was recalled, serial number MPO 00385 was 1 i s t e d  
tw i ce ,  once with heat number K8283 and once with heat number 704233. The 
first listing i s  the TIMET heat as shown on ALCOA records, and the second is 
a React ive Hetals incorporated ( R M I )  heat number, which appeared i n  GEAE 
records only in the critical r o t a t i n g  par ts  I i s t .  ALCOA records show t h a t  
RMI heat  704233 was received at ALCOA i n  October 1970, and remained i n  
inventory unt i l :  first cut  i n  March 1972, 2 months a f t e r  disk iMPO 00385 was 
shipped from GEAE in an engine, The ALCOA records indicate t h a t  none o f  the 
forgings made f rom heat 704233 were del i vered t o  GEAE.  

Because o f  the di scovery of contradictory records, chemical 
analyses were performed on the separated disk material i n  an at tempt  to 
ver i fy  i t s  technical specifications and t o  relate the manufactured part t o  
i t s  b a s i  c source material. Mu1 t i p l e  samples were removed from the bore and 
from the rim o f  each o f  the seven disks that records indicate were from TIMET 
hea t  K8283. In order to ensure unbiased analyses, the samples were coded 
before being distributed to GEAE, ALCOA, TIMET, and RMI for analysis. 
Results o f  the chemical analyses were gathered, the sample identifications 
were decoded, and t h e  results distributed among the p a r t i e s .  In genera l ,  the 
chemical analyses showed t h a t  t h e  materi  a1 compl i ed with  the  composition 
l i m i t s  set f o r t h  in the applicable GEAE materials specif icat ion.  



S t a t i s t i c a l  analysis o f  the trace element data from the chemical 
analyses performed by t he  four companies shows s ign i f i cant  v a r i  at ians  i n  some 
of the trace el ernents between the seven d i  skr . A t  1 east two groups o f  disks 
are  suggested by these analyses-, and comparisons o f  the mean values for 
several elements tend t o  group d i  sks MPO 00383, PlPO 00384 and MFO 00387 i n  
one cluster and disks MPO 00382, HPO 00385, MPO 00386 and MPO 00388 in 
another. These statistical analyses do n o t  ident i fy  the origin of either 
cluster of disks, and the  Safety Board cannot determine i f  the seven d i  sks 
came from the same heat  or from d i f f e r e n t  hea ts .  

However, i f  these disks were not produced from the same h e a t ,  the 
records on a 1 arge number of GEAE d i s k s  are suspect, I t  a1 so means that any 
AD act ion  t h a t  i s  based on the serial number of a disk  may fail t o  have i t s  
intended e f f e c t  because suspect disks could remain i n  service. For example, 
the  AD 89-20-01 target population includes the Category 1, 11, and I I I  disks, 
based on serial number- Because o f  doubts about the records, the FAA would 
be unable t o  determine whether all disks made From the bi l let  t h a t  produced 
t he  accident disk (Category 1 d isks)  have been removed from service. Also, 
t h e  priority of inspections of Category I I  and I I I  disks may be inappropr ia te  

' i n  some cases i f  the records do not  accurately reflect the heat information, 
and there may be double-vacuum melted disks i d e n t i f i e d  as triple-vacuum 
me1 ted disks . 

During the investigation, Safety 0oard jnvestigators v is i ted  the 
ALCOA f a c i l i t y ,  inspected all ava i lab le  records, and viewed the forging 
processes i n the production area. They compared stock undergoi ng successi ve 
forging operations and heat treatments and the records accompanyi ng the 
items. They a1 so observed heat ing  and blocking (striking) and f i n a l  forging 
operations i n  which parts were unmarked and arranged in groups on pallets. 
A t  times, they could only be identif ied by t h e  accompanying "shop traveller" 
paperwork, which, by necessity, was separated from the p a r t s  and p a l l e t .  
Because o f  the nature of the industri a1 operat S ons conducted, ident i f i c a t  i on 
data could be exchanged between p a r t s  in pracess. However, no evidence other 
than the chemical variances was found t o  indicate t h a t  any such 
mi sidentificatian occurred i n  t h e  case o f  d isk  MPO 00385. 

ALCOA keeps bulk materials i n  itwentory a t  i t s  forging facilities 
i n  order to fill customer orders more efficiently, Inventory records 
indicate  t h a t  during the t ime a f  the manufacture o f  disk HPQ 00385, ALCOA had 
argon remelted t i tanium b i l l e t  m a t e r i a l  i n  stock. Its production records 
i n d i c a t e  t h a t  t h i s  material  was never manufactured i n t o  GEAE p a r t s ,  nor was 
i t  shipped to t h e  GEAE facilities. Nevertheless, a stock number from some o f  
this material (RMI heat  704233) appears i n  GEAE records as a source for one 
o f  the  disks identified with S/M MPO 00385. No other records e x i s t  t o  
corroborate or resolve this anomaly. I n  f ac t ,  a l l  other GEAE and ALCOA 
records show t h a t  MPO 00385 was f a b r i c a t e d  from TIMET heat K8283. 

On July  2 ,  1990, GEAE issued SB 72-962, which directed a f l e e t  
campaign to v e r i f y  the qua1 i t y  o f  119 a d d i t i o n a l  CF6-6 fan disks forged by 
ALCOA, The Safety Board has been informed t h a t  t h e  FAA intends t o  issue an 
AD t o  mandate compliance w i t h  the in tent  o f  GEAE Service Bulletin 72-962, 
U n t i  1 such t i m e  as an AD is issued,  the Safety Board remains on record as 
recommending t h a t  t h e  FAA mandate compliance with the Service Bulletin. 

Mot a l l  records associated w i t h  the manufacture o f  fan rotor disks 
re levant  to t h i s  accident were a v a i l  able from GEAE. The TIMET and ALCOA 
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records i nd ica te  t h a t  t h e  b i l l e t  and forgings were manufactured and certified 
i n  accordance w i t h  the then-current  GEAE spec i f ica t ion f o r  t i t an ium used i n  
r o t a t i n g  parts. However, several anomal ies appear i n  . the GEAE records, 
which ca l l  i n t o  question the  r e l i a b i l i t y  o r  accuracy o f  a l l  the d lsk  records 
from the same period, For instance, there were no records'found ind icat ing 
r e c e i p t  o f  t h e  fan d i s k  forg ings by the GEAE p l a n t .  

Chronologically, the f i r s t  appearance o f  a GEAE part number 
901QM27P10 f o r  fan d isk  S/N MPO 00385 was on an ultrasonic inspect ion 109 
sheet dated June 7, 1971, which indicates t h a t  a d i sk  w i t h  S/N #PO 00385 was 
rejected and marked, "hold fo r  investigatfon." There was no dispatch order 
card found dated in June 1971 for t h i s  se r i a l  number. Although a stock 
inventory card i nd i ca ted  t h a t  i n  August 1971 a CF6-6 s tage  1 fan d i sk  i n  the 
RMF shape was located i n  the mater ia ls l a b  f o r  ultrasonic i nves t iga t ion ,  t h i s  
card d i d  n o t  i n d i c a t e  a s e r i a l  number. Nevertheless, a d ispatch  order card 
f r o m  GEAE records ind icates  t h a t  a disk with S/N MPO 00385 entered the 
manufacturing process on September 3, 1971, as a forging, and it passed 
u l t rason ic  inspect ion on September 29, 1971. This d i sk  had a t ra teab le  
record h is to ry  leading t o  engine S/N 452-243, the No. 2 engine i n  the 
accident airplane. 

A b i l l e t  map prepared by ALCQA ind icates  t h a t  e igh t  d isk  forgings, 
SJN MPO 00381 through MPO 00388, were made from a TIMET-supplied b i l l e t ,  heat  
number K8283. However, there  were no GEAE records o f  any k ind f o r  a 
S/NMPO00381, disk. Instead, t h e r e  were two d isks having S/N MPO 00385, 
Ser ia l i za t i on  o f  t h e  disks was i n i t i a t e d  by the forger,  i n  t h i s  case ALCOA, 
from blocks o f  se r i a l  numbers provided by GEAE. There was no evidence a t  
Alcoa t o  ind ica te  t h a t  the company shipped t w o  disks having S/N MPO 00385. 

Addit ional  l y  , GEAE and vendor correspondence records i nd ica te  t ha t  
a S/N MPO 00385 d i r k  was tes ted  by an outside laboratory  i n  January 1972 and 
t h a t  an ind ica t ion  o f  an anomoly was confirmed u l t r ason i ca l l y ,  The 
ind ica t ion  was not i n  the area o f  the bore where the de fec t  ex is ted  on the 
accident disk.  The disk wi th  t h e  u l t rason ic  i nd i ca t i on  was reportedly cut  
up by GEAE in an attempt t o  ident i fy  the source o f  t h e  ind ica t ion ;  no 
meta l  l u rg i  cal anomal i es were found. The Safety Board concl udes t ha t  the 
o u t s i d e  laboratory had possession o f  the d isk  w i th  the ul t rasonic  ind ica t ion  
(as confirmed by the outside laboratory) at the  t i m e  t h a t  the d isk  t h a t  
eventual ly separated was r e c e i v i n g  i t s  f i n a l  processing through GEAE. 
Therefore, the Safe ty  Board be1 ieves  tha t  the  two S/N MPO 00385 disks were 
not switched a t  GEAE. 

The results o f  t h e  chemical analyses show t h a t  disks SJN MPO 00382 
through S/N MPO 00380 could have been forged f r o m  t w o  o r  more b i l l e t s ,  
However, no f u r t h e r  records were found e i t h e r  a t  GEAE or Alcoa t h a t  could 
c o n f i r m  the o r i g i n  o f  the materi a1 . On1 y 1 i m i  ted, uncorroborated evidence 
suggests t h a t  the fa i l ed  d isk  was produced f r o m  t i t a n i u m  not  intended f o r  u'se 
i n  r o t a t i n g  engine parts. However, if such a situation had existed,  i t  .could 
have contributed t o  the accident .  

A primary purpose for  lengthy retent ion'  o f  manufacturing and 
maintenance records, i n  add i t ion t o  t h e  certification of m a t e r i  a1 s and 
procedures, i s  traceabil i t y  i n  the event o f  i n-service d i f f i c u l t i e s  o r  
failures. However, t h e  records are only as use fu l  as the thoroughness and 
accuracy o f  the persons i n i t i a t i n g  them and the system used f o r  audi t ing,  
handling, and storing them. I t  appears tha t  i n  the early 19701s, much of the 
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da ta  entry and transferral was accomplished by hand and thatcGEAE d i d  not 
adequately audit critical parts records for accuracy. Consequently, the 
Safety Board concludes t h a t  the recordkeeping port ion o f  GEAE? qua1 jly 
assurance program on the  manufacture of CF6-6 fan disks in t h e  early 1970's 
was de f ic ient  . 

The Safety Board i s  cancerned that  adequate manufacturers 
recordkeepi ng provisions may not currently be i n ef fect .  Consequently, the  
Safety Board recommends t h a t  the FAA conduct a comprehensive evaluat ion of 
manufactur i  ng recordkeeping and audit  procedures t o  ensure that-  adequate 
quality assurance and traceability o f  critical airplane parts can be 
accomiplished a t  a l l  manufacturfng facilities. 

2.5,X Qua1 i ty  Assurance During Manufacturing Process 

U l  t rason ic and macroetch inspect ions were perform4 during the 
manufacturing process I n  1971. The Safety Board tried to determine whether 
same GEAE inspection process could have or should have detected t h e  hard 
a l p h a  defect tha t  served as the initiation point for the f a t igue  crack. 

In the  area of the bore surface of the d i s k ,  only about 0.15 inch 
i s  removed from the rectilinear machine forging shape during machining t o  the 
f i n a l  shape. Since it i s  known t h a t  t h e  altered microstructure surrounding 
the core of the hard alpha defect in the disk bore extended a t  least 
0.273 inch a f t  o f  the center of t h e  cavity, and for a smaller distance 
forward, the a1 tered microstructure may have extended through most or a1 1 of  
the material removed dur ing f i n a l  machining. However, there are two reasons 
why the altered microstructure may not have been detectable on the 
rectilinear machine forged shape. 

First, the m a t e r i a l  gra in  flow i s  largely parallel t o  t h e  bore 
surface a t  this location. Therefore, the material segregation area would 
have a distinct tendency t o  be elongated in the direction of the grain f l o w ,  
t h a t  i s ,  in t h e  a x i a l  direction. Because o f  this tendency, t h e  radial width 
o f  the segregation area may have been much smaller t han  i t s  axial  length and 
therefore may n o t  have extended t o  t h e  surface o f  the rectilinear machine 
forged shape . 

Second, some form of altered micrortructure may have been detected 
during the i n s p e c t i o n  o f  the rectil  inear shape, and t h e  microstructure may 
have been eval uated and found acceptable, but no record o f  such an inspection 
evaluation has  been found. This possibility i s  plausible since most o f  t h e  
area outside the core of the  hard alpha defect contained a microstructure 
that, while obv ious ly  di f ferent  from t h e  matr ix  microstructure, was 
acceptable per  the  material spec i f ica t ions .  

The u l t rason ic  inspection t h a t  was conducted on the rectilinear 
shape of the separated disk by GEAE i n  1971 could have detected the hard 
alpha area only if there had been cracking or voids associated wi th  the  
defect, The 'defect was f a r  enough below the rectilinear shape surface t h a t  
t h e  "noise" assocjated with entry of the ultras~nic beam into the part would 
not have affected the response from the hard alpha area. Therefore,  i t i s  
p o s ~ i b l e  t h a t  either t h e  hard alpha area d id  not have voids or cracks 
associated wi th  i t a t  t h a t  time or the inspection was performed incorrectly 
or inadequately . 
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Information available from the t i tan ium industry indicates t h a t  
virtually a71 the hard a lpha defects t h a t  have been detected ultrasonically 
are associated w i th  relatively large vo ids .  T h i s  information is reasonable, 
since the presence o f  large voids makes detect ion o f  the hard alpha much 
easier by ultrasonic inspection. However, certain hard alpha defects may not 
be associated w i th  large voids. This  condition was demonstrated by the hard 
a l p h a  defect areas found within the web of  one o f  the  s i s t e r  disks, 
S/N MPO 00388. Detection o f  defects of t h i s  type would be d i f f i c u l t  using 
ultrasonic inspection methods, since the change i n  ultrasonic attenuation at 
the boundary between the parent metal and the hard alpha i s  neither abrupt 
nor 1 arge. 

During the metal lographic eval  uation of the  ul trasanical ly 1 ocated 
defect  i n  disk S/N MPO 00388, significant amounts of microcracks were found 
associated with areas of hard alpha. I t  i s  these cracks that led t o  the 
detection o f  the defect areas through ul t rasonic  inspect ions conducted after 
the accident.  D i s k  SJN MPO 00.388 was also ultrasonically inspected-during 
1971, while i t  was i n  the rectilinear shape, and no indications above the 
rejectable l i m i t s  were reported. T h i s  f a c t  suggests that i f  a proper 
manuf acturi ng inspection was performed, the m i  crocracki ng associated wi l h  the 
defects i n  MPO 00388 was introduced into the disk a f t e r  the 1971 u l t r a s o n i c  
inspect ion of the rectilinear shape. However, the ultrasonic indications 
generated from the recent postaccident inspection were only at the 
rejectable limit, and differences in the 1971 rectilinear shape inspection 
and the recent inspection on the f i n a l  p a r t  shape make the t w o  inspections 
not identical because of bath procedural f nspection changes aver time and the 
a1 terat i ons by f i n a l  machining , 

During 1971, GEAE manufacturing specf f ications required the disks 
to be macroetched i n  order to inspect for material segregation and other 
material-related defects. The etchant used by GEAE was a mixture of 
hydrofluoric and nitric acids i n  water. The disks were etched whi le  in the 
rectilinear shape. Representatives of GEAE stated t h a t  the  f ina l  shape of 
the d isk  was not  macroetch inspected for a v a r i e t y  o f  reasons, including 
concern t h a t  the etching procedure would remove t o o  much of the surface 
material .  GEAE's current etching pract ice for disks is nearly ident ica l  to 
the practice i n  1971, w i t h  the exception t h a t  a second, contrast-enhancing 
step has been added t o  the etching procedure. 

Although GEAE vendors used final shape etching on f a n  blades, the 
process was not intended t o  detect  micros tructural anomal i es . The Safety 
Board was informed during the investigation that the f i n a l  shape etching 
process was intended to enhance the subsequent i n-process inspections . 

By contrast, other major turbine engine manufacturers have used a 
final shape etching procedure f o r  many years. I t  i s  called blue etch 
anodizing (BEA), and i t  i s  used t o  macroetch t i tanium p a r t s ,  including fan 
blades and disks.  During the investigation, the Safety Board employed the 
BEA procedure on the pieces o f  the separated disk ,  as well as on t h e  sister 
disks (the d i s k s  reportedly f rom the same heat  as the separated d isk ) .  A 
comparison between t h e  8EA procedure and the GEAE macroetching procedure 
showed that they were approximately equal in their c a p a b i l i t y  to detect 
material segregation, such as was found on d i s k  S/N MPO 00388. However, 
neither BEA nor an acid etch would detect  a subsurface defect. 
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The UA 232 accident occurred because an undetected hard alpha 
inclusion on the surface o f  t h e  disk caused i n i t i a t i o n  o f  a fa t igue crack 
t h a t  eventually grew t o  a critical sire, producing catastrophic separation o f  
t h e  d i s k .  The i n j t i a l  hard alpha inclusion may not  have been detectable 
using t h e  1971 or current ultrasonic inspection methods. In addi t ion ,  the 
macroetchi ng procedure t h a t  GEAE performed during t h e  manvfacturj ng process 
may not have been capable o f  detecting the f l a w  because the macroetch was 
performed an the rectilinear machine forged shape instead o f  on the f i n a l  
p a r t  shape. Based on the Safety Board's concl usf an t h a t  the cavity was most 
l i k e l y  created during the f i n a l  machining and/or sho t  peening process, the  
Safety Board further concluded t h a t  the flaw would have been apparent i f  the 
p a r t  had been macroetched i n  i t s  f i n a l  p a r t  shape. The Safety Board 
addressed this i s s u e  in i t s  safety recornendation A-90-91 issued 
June 18, 1990. (See section 4 ) .  

2.6 Operator 1 nspectt on Program and Methods 

Maintenance records indicated t h a t  the stage 1 fan d isk ,  the  fan  
booster d isk ,  t h e  fan s h a f t ,  and the No. 1 bearing had been inspected i n  

- accordance w i t h  the UAL maintenance program and the GEAE CF6-6 shop manual. 
The records search also showed t h a t  none o f  the engines in which the fan dSsk 
had been installed had experienced an overspeed or bi rd  s t r i k e .  There were 
no items i n  t h e  p r i o r  3 months' f l i g h t  records r e l a t i n g  t o  the  fan 
components, 

The stage 1 fan disk records indicated t h a t  the disk had been 
through s j x  detailed part inspect ions  i n  i t s  l i fe t ime,  each o f  which included 
F P I  of the e n t i r e  d isk .  A l l  of them had been stamped and accepted by the 
inspectors with no crack indications observed. The 3 a s t  inspection was about 
1 year  prior t o  the accident. All the records examined, as well as the life 
history and tracking methods, appeared to be in accordance w i t h  the 
FAA-approved UAt  maintenance program, 

Based on the  evaluations and contributions from GEAE, UAL, and FAA, 
t h e  Safety Board believes that the GEAE predictions o f  crack size more 
closely represent  actual conditions. That  i s ,  GEAE fracture mechanics 
p r e d i c t i o n s  ind ica te  that, a t  the t i m e  o f  the l a s t  inspection, t h e  l e n g t h  o f  
the crack was almost 1 / 2  inch along the bore surface; 

The p o r t i o n  of the  f a t igue  crack around the o r i g i n  t h a t  was 
d isco lored  was s l i g h t l y  less than 1/2-inch long along the bore surface. ' T h i s  
s i z e  corresponds reasonably well t o  the size  . o f  the crack predicted by the 
GEAE fracture mechanics evaluation. Therefore, the Safety Board concludes 
tha t  t h e  discolared area marks the size o f  the crack a t  the t ime  o f  the last 
inspect ion and t h a t  processing steps during the inspect ion created the 
d i s c o l o r a t i o n .  

During FPI  inspection, a crack t h e  s ize  o f  t h e  discolored region 
should have a high probability o f  detectjon, presuming that a proper 
inspection was conducted. A t  the time o f  the inspect ions  prior t o  the most 
recent  inspection i n  April 1988, t h e  crack i n  the d isk  would have been much 
smaller. However, the GEAE fracture mechanics e v a l u a t i o n  indicated t h a t  t h e  
surface length of t h e  crack during several . o f  the i nspectiorns p r i o r  t o  
April 1988 was such tha t  the crack would normally have been detectable by 
FPI .  The Safety Board recognizes, however, t h a t  the unique metal 1 urgical 
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properties of the origin area may have a1 tered the detectabi  7 i t y  o f  the crack , 

dur ing  these inspections. 

One factor t h a t  might "close" a crack and hake detection more 
d i f f i c u l t  i s  the  presence of  residual bulk compressive~stresses.  These 
stresses can be generated when a part i s  loaded so heavily t h a t  the yield 
stress i s  exceeded i n  local areas, resulting i n  permanent elongation of the 
metal in t h e  stressed area. When the stress i s  removed, the  unyielded 
material t r i e s  to force the yielded material  to return t o  i t s  o r i g i n a l  
'condition, resulting in a residual compressive stress on the  yielded area and 
a residual tensile stress an the  adjacent unyielded material. 

Meaiurements on one of the s i s te r  disks revealad v i r t u a l l y  no bulk 
residual stresses, Also, there i s  no reason to expect tha t  the d isk  normally 
would have operated under candi t i o n s  allowing stresses as high as the y i e ld  
stress t o  be generated on the disk. Therefore, the Safety Board discounted 
the residual stress theory as a reason for  UALf s not detect ing the crack a t  
i t s  inspection, 

UAL has asserted tha t  i t  is p o s s i b l e  for the compressive layer 
associated w i t h  s h o t  peening t o  "close" a crack i n  shot peened titanium 
alloy, thereby preventing entry o f  the F P I  fluid i n t o  the crack. The Safety . 
Board is aware t h a t  shot peening or other types o f  mechanical work performed 
on the surface,  if done immediately prior to inspection, may reduce or even 
el iminate the F P I  ind icat ion.  However, di sclrssians with the FAA N a t i o n a l  
Resource Speci a1 i s t s  (For f rac ture  Mechanics and Meta l  l urgy and for 
Nondestructive Evaluation) and other industry experts have indicated that 
s h o t  peening, performed prior to cracking, has only a minimal effect on the 
probab i l t t y  o f  detect ion of a given sized flaw. In support of t h i s  
contention, UAL attempted to obtain shot peened titanium engine components 
w i th  large cracks t h a t  could not be detected using F P I .  However, UAL 
personnel stated that the only components available up t o  the date of t h i s  
report contained small cracks t h a t ,  while they could be detected using eddy 
current inspection, were below t h e  detectable l i m i t s  o f  the F P I  process. 
Fur ther ,  the  Safety Board possesses data indicating t h a t  FPI has 1 ong been a 
proven inspection method For detecting cracks on other s h o t  peened parts. 
Therefore, the  Safety Board concludes that the presence o f  s h o t  peening on 
the fan d i s k  should not have prevented the detection o f  the  nearly X/2-inch 
long crack i n  the  d i s k  bore a t  the  last  inspection. 

Analytical procedures performed on the fracture face o f  the segment 
of the rotor d i s k  and water washings from this surface showed the presence of 
di and triphenyl phosphates, compounds present i n  F P I  f luid-similar  t o  t h a t  
used to i n s ~ e c t  the disk orior to the failure. This  unique combination of 
chemicals shows t h a t  the crack e x i s t e d  a t  the t ime of t h i s  inspect ion and 
t ha t  the crack was sufficiently open so t h a t  the FPI f l u i d  entered the  crack. 
Based on this finding and the conclusion from metallurgical analysis t h a t  t h e  
crack was approximately 0.5 inch long on the surface o f  the  bore o f  the 
rotor disk a t  the time of 1 a s t  inspection, the Safety .Board concludes t h a t  
the crack was detectable a t  t h e  time, of last inspect ion w i t h  F P I  f l u i d .  
However, the crack was not detected and consequently the  rotor d isk  was 
considered t o  be free o f  flaws and was accepted as a serviceable part. 

A review o f  the inspect ion process suggests several explanations 
for  the inspector's f a i l u r e  t o  detect t h e  crack* I t  i s  possible t h a t  the 
inspector d i d  not adequately prepare the par t  for inspection or t h a t  he did 
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not  rotate t h e  d i s k ,  as i t  was suspended by a cable, t o  enable both proper  
preparat ion  and subsequent viewing of a portions of the disk bore, 
particularly t h e  area hidden by t h e  suspension cable/hose. I t  i s  a l s o  
p o s s i b l e  that loose developer powder, which could have dropped from the 
suspension cable, obscured the crack s u f f i c i e n t l y  t o  prevent i t s  recognition 
as a f l a w .  F ina l ly ,  inspection experience ihdicates t h a t  cer ta in  areas o f  
CF-6 disks, because o f  their geometry, frequently show 3 arge FPI indicnt ions 
and t h a t  other areas rarely do so. One such area o f  f requent  ind icat ions  i s  
around the perimeter o f  the  disk near the  dovetail posts .  By contrast ,  t h e  
central bore area apparently has rarely produced F P I  indications. Thus, i t  
i s  possible t h a t  the inspector did not consider the bore area a crl t i c a l  area 
f o r  inspection, as s t a t e d  i n  UAL's inspect ion  directives, and t h a t  he gave 
the bare area on1 y cursory attention, thereby reducing t h e  I f kel i hood t h a t  a 
crack would be detected. Any of these possibil i t i e s ,  or some combination o f  
them, could have contr ibuted t o  nondetec t ion  of the .crack i n  t h i s  case. 

The UAL maintenance program i s  comprehensive and based on industry 
standards. The company's inspection requirements f o r  the CF6-6 stage 1 fan 
disk are general ly consistent with other  airline practices and comply wi th  
Federal regul a t i o n s .  Further, UAL" procedures for selecting, t ra in ing,  and 
qua1 i f y  ing MDI  personnel are a1 so consistent w i th  industry p r a c t i c e s .  
However, it i s  clear t h a t  the adequacy of the  i n s p e c t i o n s  i s  dependent upon 
t he  performance of the inspector. That i s ,  there  are human factors 
associated with NDI processes t h a t  can significantly degrade inspector 
performance. Specifically, N Q I  inspectors generally work independently and 
r e c e i v e  very 1 i t t  l e supervision, Moreover, there i s m i  nimurn redundancy bui I t 
i n t o  the av ia t ion  industry's F P I  process t o  prevent human error or o t h e r  task 
or warkpl ace factors tha t  can adverse1 y affect inspector  performance. 
Because o f  these and other s i m i l a r  f a c t o r s ,  t h e  Safety Board i s  concerned 
t h a t  WDI inspect ions  i n  general ,  and FPI i n  particular, may not be given the 
d e t a i  1 ed attent i o n  t h a t  such a critical process warrants .  

The Safety Board addressed the issue of human factors  i n  NO1 
inspector re1 i a b i l  ity following t h e  ' A l o h a  A i r 1  ines B-737 accident near Maui , 
H a w a i i ,  in April 1988. As a result o f  i t s  Investigation o f  the Aloha 
accident,  t h e  Safety Board issued two recommendations t o  the FAA tha t  are 
relevant t o  the maintenance and inspection issues identified in this case. 

Requi re formal  certification and recurrent train! ng o f  
av iat ion maintenance inspectors performing nondestructive 
inspection functions. Formal tl;aining should include 
apprenticeship and per iod ic  s k i l l  demonstration. 

Require operators t o  provide speci f i c  trai n i  ng programs f o r  
maintenance and inspection personnel about the condit ions 
under which v j  sual inspections must be conducted. Require 
operators t o  per iod ica l ly  test personnel on their ability t o  
detect the defined defects. 

In i t s response t o  these recommendat i ens, the FAA acknowledged t h a t  
i t s  Aging Fleet Evaluation Program has h ighl ighted some o f  the same 
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deficiencies outlined by the Safety Board and that it is addressing these 
issues as part of regulatory review3 of 14 CFR Parts 65 and 147. The FAA 
a1 so indicated that the ul ti 1 ization of inspector personnel, and the human 
factors aspects of such utilization, are also being examined. Based on the 
FAA's response, these recommendations *have been classified as "Open-- 
Acceptable Action." 

The Safety Board also believes that the manual inspection systems 
used to inspect the vast majority of aircraft structural and engine 
components are inherently susceptible to human factors problems that can 
significantly reduce the probability of detecting a given defect. Automation 
of NDI is a1 ready avai 1 able with current techno1 ogy. Automated eddy current, 
ultrasonic, and FPI equipment can be employed by airline maintenance centers. 
The Safety Board be1 ieves that the FAA should follow through with a research 
program to identify emerging technologies for NDI that simplify or automate 
the inspection processes, provide funding to initiate demonstration programs, 
and encourage operators and others that perform inspections to adopt superior 
techniques and equipment. The FAA should also encourage the development and 
imp1 ementat ion of redundant ("second set of eyes") inspection oversight for 
critical part inspections, such as for rotating engine parts. 

Subsequent to the Aloha Airlines accident and several other mishaps 
in which structural problems in high-time air carrier airplanes were 
identified, it became increasingly evident that the qua1 i ty of maintenance 
ultimately depends directly on the performance of line maintenance and 
inspection personnel. Accordingly, the FAA has initiated a continuing series 
of government/industry meetings to address "Human Factors Issues in Aircraft 
Maintenance and Inspection." 

The first of these 2-day meetings was held in October 1988, and 
the second was held in December 1988. The first meeting identified 
communication, in all its forms, as being of considerable importance in 
aviation maintenance and as a matter in need of attention. - The second 
meeting focused further on i ssues of "information exchange and 
communications." A number of recommendations to the FAA resulted from these 
meetings in the areas of communications, training, management regulatory 
review, and research and development. A third meeting was held in June 1990 
that focused on training issues, and additional meetings are planned by the 
FAA to address other aspects of the maintenance and inspection problem. FAA 
representatives have indicated that the resul ts of these meetings will serve 
as prospective contributions to its Human Factors Research and Devel opment 
program and to its regulatory review activities. 

The Safety Board is encouraged by these developments and urges the 
FAA to continue these worthwhile efforts on an expedited basis with a view 
toward establishing a constructive dialogue with the key elements of the 
aviation maintenance community. 

2.7 Phi 1 osophy of Engine/Airframe Design 

2.7.1 Hydraul ic Systems/Fl i ght Control Design Concept and Certification 

The three hydraulic systems installed on the DC-10 are physically 
separated in a manner that is intended to protect the integrity of the 
systems in a single-event-failure. Hydraul ic fluid is isolated between the 
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three independent systems and a1 ternate  motive systems and auxi 1 i ary systems 
are p r o v i  ded . 

Durjng the investigation of this accident, the Safety Board 
reviewed alternative f l i g h t  control system design concepts for wide-body 
airplanes. The concept o f  three independent hydraulic systems, as installed 
on t h e  DC-10, i s  n o t  unique. Boeing and Airbus have three such systems on 
some of their mast recently c e r t i f i e d  models. Lackheed and Boeing have also 
provided four independent systems on some o f  t h e i r  wide-body airplanes. The 
Safety Board can f ind  no inherent  safety advantage t o  the installation of 
additional independent hydraul i c systems far fl ight  control s beyond those 
currently operat ing i n  today" f l e e t .  However, the Safety Board be1 ieves 
t h a t  backup systems t o  the primary hydraulic systems should be developed and 
included i n  the i n i t i a l  design for certification. Such backup systems are 
particularly important for the coming generation' of  wide-body airplanes. 
Manual reversion f 1 ight contra1 systems are quite 1 i kely impractical because 
o f  the power requirements t o  deflect large control surfaces t ha t  are heavily 
l oaded . Theref ore, the Safety Board recommends t h a t  t h e  FAA encourage 
continued research and development into backup f l i g h t  control systems tha t  
employ an alternative source o f  motive power. 

Addit ional  design precautions could have been taken by Douglas if 
t h e  potential e f f e c t  o f  the distribution pattern and fragment energy levels  
had been predicted. Engine manufacturers should provide such data t o  the 
a i  rframe manufactures who can then incorporate measures t o  counter the 
effects i n t o  the  airframe design. The problem i s  complicated by many 
fac tors ,  including t h e  i n t e r a c t  i o n  of the nacell e design, engine pylon 
design, and support ing airframe structure, 

Dur ing  the UA 232 accident sequence, once the fan d isk  failed and 
the pieces began t o  escape t h e  confines of t h e  containment ring, the 
dispersion o f  rotor d i s k  and fan blade fragments was altered by contact w i t h  
both engine components and the airplane structure, The Safety Board d i d  n o t  
attempt to determine the ipecific origin or trajectory o f  each fragment that 
damaged the airplane i n  f l i g h t ,  For accident prevention purposes and i n  the 
course .of  making safety recommendations, i t  was sufficient t a  recognize' t h a t  
catastrophic damage f rom the f a i l u r e  of rotating parts can or ig ina te  from 
any fragment source with  sufficient energy to penetrate the airplane's 
Structure. 

The Safety Board considers i n  retrospect t h a t  the potential for 
hydraulic system damage as a rerul t o f  the effect of random engine debris  
should have been given more consideration i n  the original  design and 
certification requirements of the OC-10 and that  Douglas should have better 
pro tec ted  t h e  crit ical  hydraulic system(s) f r o m  such potential ef fects .  As 
a result o f  lessons learned from this accident, the hydraulic system 
enhancement mandated by AD-90-13-07 should serve t o  precl ude 1 oss o f  f l  ight 
control as a result o f  a No, 2 engine fai lure.  Nonetheless, the Safety Board 
i s  concerned t h a t  other aircraft may have been given similar insufficient 
consideration'  i n  t h e  design for redundancy o f  the motive power source for 
f l i g h t  con t ro l  systems or for protecting the electronic f l i g h t  and engine 
control  s a f  new generation aircraft . Theref ore, the Safety Board recommends 
t h a t  the FAA conduct system safety reviews o f  currently c e r t i f i c a t e d  aircraft 
i n  light o f  the lessons learned i n  this accident to g ive  all possible 
considerati on to the redundancy and protection o f  power sources f o r  f l  i g h t  
and engine controls. 
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2.7.2 Future Certification Cpneepts 

On March 9, 1988, the FAA issued AC 20-128, i~ part as the result 
o f  a Safety Board recommendation made i n  1982. The AC provides f a r  a method 
of compliance w i t h  FARs t h a t  require design precautions t o  be taken t o  
minimize t h e  hazards t o  an a i r p l a n e  i n  the event o f  an uncontajned engine or 
a u x i l i a r y  power u n i t  failure. The AC defines dispersion angles for fragments 
t h a t  may be released during a fan  blade or rotor failure. These angles 
define impact areas relative t o  t h e  engine installation based on recorded 
observations of the results o f  f a i l u r e s  both i n  service and i n  t e s t s .  The AC 
also provides a l i s t i n g  of design considerations t o  minimize damage to 
critical structural elements and systems i n  the airplane, and defines the 
fragment energy levels tha t  can be expected from the failure a f  a fan blade 
or predicted pieces o f  a rotor. 

The Safety Board notes that  t h e  AC provides the enginelairframe 
dgsigner w i t h  information tha t  bad previously been I ef t t o  the interpretation 
o f  t h e  designer. The Safety Board also notes that  the initfal operational 
capabi? i t y  o f  the high-bypass-ratio turbofan engines began i n  the early 
1970 's .  For almost  20 years, and obviously during the development period o f  
the majority of the wide-body fleet, a recognized interpretation o f  the 
regulations concerning hazards related t o  uncontained englne failures was not  
pub1 ished by the FAA. The Safety Board be1 ieves t h a t  improved industry and 
FAA research and development programs i n  the area o f  uncontained engine 
failures and t h e i r  e f fec ts  will signif icantly improve the -safety of the 
a v i a t i o n  f l ee t .  

The Safety Board bel ieves t h a t  the engine manufacturer should 
provide accurate d a t a  for future designs t h a t  would allow for a to ta l  safety 
assessment o f  t h e  airplane as a whole. I t  i s  p o s s i b l e  t h a t  i n  the interest 
o f  marketing a new engine to an airframe manufacturer, the engine 

.manufacturer may underestimate the potent ia l  for failure and resultant 
damage. Sirnil arly, the airframe manufacturer may not possess t h e  data 
necessary t o  es t imate  t h e  total interactive effect o f  the  powerplant 
instal  1 a t i  on on t h e  airframe. 

14 CFR 25.901 paragraph (c )  states: "for each pawerplant and 
auxiliary power unit .Fnstallation, it must be established t h a t  no single 
fa i  1 ure or ma1 funct 1 on or probable combi nat  1 on o f  f a i  1 ures wi 1 l jeopardi re 
the  safe opera t ion  o f  the ai rp lane ,  except that the fajlure o f  structural 
elements need n o t  be considered, i f  the probability of each fa i lure I s  
extremely remote". 14 CFR 25,903 paragraph ( c l )  (1) states: "for turbine 
engine installation design precautions must be taken t o  minimize the  hazards 
to the airplane in the event of an engine rotor failure or o f  a f i re  
originating wi th in  the engine which burns through t h e  engine case. 

14 CFR 25,901 and 25.903 are intended t o  bridge the  gap between 
Part 25 and Part 33 regulations. An engine manufacturer can meet the 
requirements o f  Part 33 for an engine without  regard t o  the airframe 
requirements of Part 25. The expense involved i n  designing, cert i fying, and 
manufacturing turbine engines requires that engine manufacturers produce 
engines t h a t  may be insta l  1 ed on several di  f ferent model a i  rpl anes . 
Consequently, the same b a s i c  engine i s  usual ly i n s t a l  1 ed on ajrplanes 
manufactured by several d i f f e r e n t  companies. Each. , insta l la t ion has i t s  own 
i nherent safety considerations . The differences between wing-mounted, 





~ a r s e n ~ e k  were i n  protect ve brace pos i ti ons, seatbel t s  were t lghtly 
fastened, and the  cabin was properly secured. 

With the exception o f  t w o  elderly passengers who died of asphyxia 
from smoke inhalation, all of t h e  occupants in+ rows 9121 were able to 
evacuate in spite of smoke from the postcrash fire. Although most passengers 
were able t o  escape without  assistance, several passengers stated t h a t  they 
were a s s i s t e d  by other passengers. 

The cel'ling structure collapsed throughout the fuselage; however, 
the greatest amount of collapse was found i n  t h e  area near the l e f t  wingbox. 
Consequently, passengers i n  that section of the fuselage had less space 
available i n  which t o  extricate themselves from the i r  seats  and escape. 
Thirty three  passengers i n  t h i s  sect ion  died o f  smoke inha la t ion:  twelve o f  
those 33 passengers had blunt trauma injuries that may have incapacitated 
them or slowed their escape; the other 21 persons d i d  not  sustain blunt trama 
i n j u r i e s .  Escape for  those passengers seated on the l e f t  side o f  cabin i n  
rows 22-30 was hampered by t h e  hazardous combination o f  fuselage crush and 
immediate exposure t o  the smoke entering the fuselage. Host passengers on 
the right s i d e  o f  the cabin i n  rows 22-30 were able t o  escape because there 
was less  crushing i n  t h a t  area. 

The other fatal i t i e s  resulted from blunt  force impact injuries, 
TheSe passengers were located i n  areas where the structural integrity o f  the 
airplane was destroyed during the impact sequence. 

Current FAA regulations allow Occupants who have n o t  reached t h e i r  
second birthday t o  be held i n  the l a p  of an adult .  The Safety Board believes 
that t h i s  regulation does not adequately protect occupants under age 2 and 
urged the FAA to  require t h a t  infants and small chi ldren be restrained in 
child safety seats appropriate t o  their height and weight. The Safety Board 
believes that t i m e  consuming f l ight  attendant duties, such as providing 
speci a1 brace-for- impact instruct ions for unrestrained infants,  answering 
questions about those instructions, and distributing p i l lows  fn  an e f f o r t  t o  
enhance the effectiveness of adult l a p  belts on small children, could be 
reduced i f  child restr.aint was mandatory, Thus, fl  i g h t  attendants could 
devote more t ime  to  other important  dut ies  w h i l e  they prepare the cabin for 
an emergency 1 andi ng . The Safety Board f ssued Recommendat ions A-90-78 and 
A-90-79 to address the child restraint issue on May 30, 1990. (See 
section 4 ) .  

When the engine failure occurred, the flight attendants were 
conducting a meal service. The captain contacted the senior f l i g h t  attendant 
and instructed her to prepare t h e  cabin for an emergency landing. 

There were two types o f  cabin preparation contained in UAL's Land 
Evacuation Check1 i st: Full Cabin Preparation (over 10 minutes) and Short 
Notice Emergency Landing Preparation (under 10 minutes) . Both  types o f  
preparation required the senior f l  i g h t  attendant t o  determine how much time 
was available prior t o  l a n d i n g .  The senior f l i g h t  attendant determined t o  
keep things 'koormal" i n  the  cabin and delayed t k  emegency cabin 
preparations. Although the delay did not  affect the eventual safety o f  
passengers, the Safety Board believes tha t  the senior f l i g h t  attendant's , 

primary goals should have been to ensure t h a t  there was adequate t ime  t o  
complete a f u l l  cabin preparation in the face o f  an obviously severe 
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emergency. The Safety Board recommends t h a t  t ime management o f  emergency 
cabin preparations be reiterated in f l i g h t  attendant emergency t ra in ing .  

2 . 9  Emergency Management 

Overall, the estab l ished airport/county emergency p l a n ,  the recent 
fu l l - sca le  disaster drill i n  1987, and the nearly I/?-hour o f  warning time 
faci 1 i t  ated the management o f  t h e  emergency response. The emergency 
responders arrf ved a t  the scene expeditiously , establ i shed control , conducted 
f ire suppression, and transported the injured.  

The amount o f  agent used was appreciably more t h a n  the FAA 
index "8" requirements. A DC-10 routinely requires an index "D" airport 
under Part 139, which requires more than twice the quanti ty o f  firefighting 
extinguishing agents and vehicles required of an index "B" airport. Because 
o f  the large f i re ,  the extinguishing agent was expended and the firefighters 
were unable t o  control  the f i r e  surrounding the center section of the 
fuselage. The Safety Board believes t h a t  the i n i t i a l  mass application of 
foam to the  cabin section o f  the inverted fuselage facilitated evacuation of 
t h e  ambulatory survivors, The Safety Board was unable to determine whether 
at tempts by f i re f igh ters  t o  rescue potent ia l  survivors would have been 
successful after the crash because of the rapid1 y deteriorat ing s u r v i v a l  
conditions. 

There were several problems w i t h  the abi 1 t t y  o f  t h e  ARFF service t o  
control the postcrash f'rre a t  the a i rp lane 's  right wing r o o t  because the 
cornstalks and t h e  wind d i r e c t i o n  l i m i t e d  t h e  access o f  ARFF vehicles only t o  
the  east  s ide  o f  the inverted cabin, The height and density o f  t h e  
cornstalks a l s o  interfered w i th  the f i r e f i g h t e r s '  a b i l i t y  t o  see debr is  and 
passengers. Some o f  the passengers were on the ground and others were 
walk ing between t h e  cornstalks t r y i n g  to  f i n d  a path l eading  away from the 
burn i ng cabin . 

Furthermore, The FAA has no guidance for ARFF operations i n  unique 
terrain, where crops can I i m i t  v i s i  b i l  i t y  and mobi l i ty . Considering the 
v i s i b i l i t y  c o n s t r a i n t s  on emergency responders and terra in l i m i t a t i o n s ,  the 
FAA should reassess i t s  policy t h a t  allows crops' t o  be cul t ivated on 
certificated airports .  The Safety Board be1 ieves t h a t  t h e  FAA should ensure 
that surface obstructions, including certain agricultural crops should not be 
present where they might interfere with rescue and f i r e f i g h t i n g  a c t i v i t i e s .  
A Safety Board recommendation t o  t h a t  e f f e c t  has been addressed t o  the FAA. 
(See sec t ion  4 ) .  

When the P-18 vehicle's water pump f a i l e d  during the resupply 
a t tempts ,  no ext inguishing agent was applied t o  the fuselage for about 
10 minutes. During t h i s  period, the f i r e  a t  the airplane's r igh t  wing root 
in tensi f ied.  Soon t h e r e a f t e r ,  the f i r e  penetrated the cabin and resulted in 
deep-seated f i r e s  w i th in  the cabin that could not be reached by an exterior 
f i re f igh t ing  a t tack .  Despite attempts t o  advance hand lines t o  the i n t e r i o r  
of the airplane, the magnitude of the f i re  in tens i f ied  i n s i d e  the  cabin and 
burned out  o f  control for approximately 2 1 J2  hours. 

The resu l  ts o f  t h e  examination o f  t he  P- 18 pump reveal ed a problem 
w i t h  the design of the suction hose assembly. The defect caused the suction 
hose to  collapse, block ing  t h e  f low o f  t h e  water.  
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Tyndal l  A i r  Force Base personnel had detected t h e  same problem i n  
February, 1989. However, t he  U.S. A i r  Force d i d  n o t  t ake  immediate a c t i o n  t o  
c o r r e c t  t h i s  problem u n t i l  a f t e r  the  UA 232 accident ,  5  months l a t e r .  There 
i s  f u r t h e r  concern t h a t  a l l  i n - s e r v i c e  Kovatch P-18 veh ic les  may n o t  have 
been p rope r l y  modi f ied.  Even though t h e  A i r  Force i s  a t tempt ing  t o  
d i s t r i b u t e  mod i f i ca t i on  k i t s  f o r  t h e  P-18 i n t e r n a l  hoses, t h e r e  i s  no 
assurance, w i thou t  an inspect ion  and t e s t  o f  a l l  u n i t s ,  t h a t  a l l  t h e  P-18's 
have been p r o p e r l y  modif ied w i t h  the  replacement hose assembly. 

O f  f u r t h e r  concern i s  t he  absence o f  requirements f o r  14 CFR 139 
operators t o  t e s t  r o u t i n e l y  a1 1  f i r e - s e r v i c e  equipment a t  t h e i r  f u l l  - r a t e d  
d ischarge capac i ty .  I n  t h e  absence o f  f u l l - c a p a c i t y  t e s t i n g ,  d e f i c i e n c i e s  i n  
t he  ope ra t i on  o f  key f i r e / s e r v i c e  equipment may go undetected u n t i l  
emergency condi t ion-s occur.  

As v i v i d l y  demonstrated by t h e  UA 232 accident ,  a l l  f i r e - s e r v i c e  
equipment should be t e s t e d  a t  f u l l  - ra ted  capac i t y  p r i o r  t o  acceptance by t h e  
ARFF se rv i ce  and t e s t e d  p e r i o d i c a l l y  t h e r e a f t e r .  Th is  p r a c t i c e  would a l l o w  
r o u t i n e  t r a i n i n g  o p p o r t u n i t i e s  fo r  ARFF personnel and t h e  oppor tun i t y  t o  
i d e n t i f y  equipment de f i c i enc ies .  Safety Board recommendations regard ing  
emergency equipment management have been addressed t o  bo th  t h e  FAA and t h e  
Department o f  t h e  A i r  Force. (See sec t i on  4 ) .  

2.10 Adequacy o f  Act ions Taken Since t h e  Accident  

2.10.1 CF6-6 Fan Disk  Inspec t i on  Programs 

As a  r e s u l t  of t he  accident ,  GEAE developed an u l t r a s o n i c  
i nspec t i on .  program t o  r e v e r i f y  the  a i rwor th iness  .o f  t he  CF6-6 engine fan  
d i sks .  Th is  i nspec t i on  program was i n i t i a l l y  issued i n  SB 72-947 on 
September 15, 1989. Two r e v i s i o n s  o f  SB 72-947 were issued, one i n  
October 1989, and one i n  November 1989. The changes i n  t h e  r e v i s i o n s  were t o  
expand t h e  sub jec t  popu la t i on  and add d i s k  s e r i a l  numbers t o  the  l i s t  o f  
d i s k s  t o  be inspected. 

SB 72-947 de f i ned  th ree  ca tegor ies  o f  d i sks .  Category- I d i s k s  were 
from t h e  heat t h a t  produced t h e  separated d i s k ;  Category I 1  d i s k s  were d i s k s  
from heats w i t h  raw m a t e r i a l  i n  common w i t h  t h e  heat t h a t  produced t h e  
separated d i s k  ( i n c l u d i n g  some heats made w i t h  the  t r i p l e  vacuum-me1 t i n g  
process) ;  Category I 1 1  d i s k s  were a l l  remaining d i sks  from heats made w i t h  
t h e  doubl e  vacuum-me1 t i  ng process. 

Even before  the  pieces o f  separated d i s k  were d iscovered i n  
October 1989, i t  was be l i eved  probable t h a t  t h e  fan  d i s k  separated as a  
r e s u l t  of ma te r i  a1 anomal i e s .  Because m a t e r i a l  anomal i e s  can be shared 
throughout  a  p a r t i c u l a r  heat, soon a f t e r  t h e  acc ident  GEAE 'began work ing 
w i t h  opera tors  t o  remove from serv ice  the  s i x  remaining d i s k s  from t h e  heat  
t h a t  produced t h e  separated d i s k .  Therefore, by t h e  t ime SB 72-947 was 
issued, a l l  Category I d i s k s  had been permanently removed from serv ice .  

SB-72-947 recommended t h a t  Category I 1  d i s k s  rece i ve  an 
i n s t a l l e d - e n g i n e  c o n t a c t - u l t r a s o n i c  i nspec t i on  by November 21, 1989, and an 
immers ion-u l t rason ic  i n s p e c t i o n  no l a t e r  than A p r i l  1, 1990. It a l s o  
recommended t h a t  Category I I I d i  sks rece i ve  an i n s t a l  1  ed-engi ne u l  t r a s o n i c  
i n s p e c t i o n  by February 4, 1990, and a t  i n t e r v a l s  o f  500 cyc les  o r  l ess ,  
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the rea f te r ,  and an immersion-ultrasonic inspection no later than December 31,  
1990, On September 2 3 ,  1989, 5 days-after  58 72-947 was issued,  the FAA 
issued AD 89-20-01. I n  ef fect ,  this AD made SB 72-947 mandatory. 

The i n s t a l  1 ed-engi ne contact-ul t rasonic  inspection (per the AD and 
SB) i s  performed on the d i s k  with only minor disassembly o f  engine 
components. T h i s  inspection i s  designed t o  be easi ly  performed and t o  
provide a margin o f  safety un t i  1 t h e  more detai  1 ed Emmersi on-ul  trasonic 
inspection can be performed. After  a d isk  has been immersion-ultrasonic 
inspected, which requires complete disassembly o f  the d i s k  from the engine, 
the provisions of AD 89-20-01 and $8 72-947 are  met and no further ultrasonic 
inspectfons are required for the l i f e  of the d isk .  To amplify, GEAE stated 
t h a t  after the disks were immersion-inspected, the  p a r t s  were considered to 
be equivalent t o  nonaffected parts. 

One o f  the inspection modes used during the  contact-ultrasonic 
inspection i s  speci f ica l ly  designed t o  detect a radial/axial crack located on 
the surface of the bore. This i s  the orientation and locat ion o f  t h e  crack 
t h a t  led t o  the  separation o f  the accident disk. However, neither the - contact nor the immersi on-ul trasoni c inspect ion  mode can detect  smal l cracks 
i n  the corner between t h e  inside diameter o f  the bore and the front  face of 
t h e  bore.  A combination a f  the fo l lowing three factors makes t h i s  l o c a t i o n  
a p a r t i c u l a r l y  critical one on the disk: 

1, Ultrasonic inspections, by the i r  nature, are not capable 
of inspecting a volume o f  material near t h e  entry  point  
of the beam. 

2, The presence o f  the corner rad ius  between the ins ide 
diameter o f  the bore and the front face o f  the boremakes 
i t  difficult t o  bring an ultrasonic probe close to t h i s  
corner. 

3 .  The area o f  highest stress on the  disk i s  the forward 
corner o f  the surface o f  the bore.. Therefore, t he  
critical crack s i z e  i s  s m a l l e s t  a t  this locat ion.  

GEAE engineerr have demonstrated that ,  using t h e  contact-ul trasonic 
inspection, an axial  /radial corner slot wi th  a 0.2-inch radius (extending 
radially and a x i a l l y  a distance o f  0.2 inch) generates an indication t h a t  i s  
slightly above the rejection l i m i t .  The engineers estimated t h a t  a crack 
the size  o f  the s lat  would grow t o  failure i n  about 650 takeoff/landing 
cycles. Upon initial inquiry, GEAE was unable t o  demonstrate haw large a 
crack i n  the forward corner o f  t h e  bore could be detected using the var ious  
inspect ion modes in the immersion-ultrasonic inspect ion.  

Because the Safety Board was concerned t h a t  the ultrasonic 
inspections alone were insufficient to ensure the long-term a i r w o r t h i n e s s  o f  
the CF6-6 engjne fan disks, t h e  Safety Board issued Safety Recommendation 
A-90-88 to  the FAA on June 18, 1990. Th is  recommendation suggested t h a t  the 
FAA develop, with the assistance of GEAE, an a1 ternate  inspection method f o r  
t h e  bore o f  the disks and t h a t  the FAA require t h a t  this alternate 
inspection be repeated a t  specified interval s t o  ensure t h a t  devel oping 
cracks are detected. (See sect ion  4 ) .  
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During meetings on Sepember 13, 1990, GEAE demonstrated t h a t  a 
0.1 inch radius crack i n  the forward corner o f  t h e  bore could be detected 
using one o f  the jnspection modes i n  the immersion-ultrasonic inspection. 
GEAE est imated that a crack of t h i s  s i z e  would grow to a, critical size  i n  
1,500 cycles. GEAE stated t h a t  a l l  Category I I  and I I I  disks will be removed 
from service and replaced with new d isks p r i o r  t o  the accumu3ation - ---- of 
1,500 cycl es after i mersion inspection. The rep1 acement program was 
i n i  t i  ated by the Manager of Customer Service through letter exchanges w i t h  
user air1 ines .  The Safety Board recommends t h a t  the FAA issue an AD t o  
mandate f u r t h e r  service 1 i m i  ts or methods o f  i nspecti  on to extend residual 
l i f e  on d isks inspected per AD-89-20-01. 

Also related to CF6-6 fan  d isk  inspections, on June 14, 1990, a few 
days before the Safety Board issued Safety Recommendat i on  A-90-88, GEAE 
issued a rev is ion  t o  the Cf6-6 engine shop manual, i nse r t i ng  p r o v i s i o n s  f o r  
an eddy current inspect ion of the bere area o f  the fan disk. Because the 
shop manual i s a mandatory p a r t  o f  operators' FAA-approved ma1 ntenance 
programs, the eddy current inspection o f  the bore i s  required, along w i th  an 
FPE o f  the entire disk,  every t i m e  the d isk  i s  separated f r o m  the fan3module. 

The Safety Board be1 ieves that  the eddy current  i n s p e c t i o n  can 
detect  a much smaller surface crack in t h e  forward corner o f  the bore o f  the 
d i sk  than t h e  u l t rason ic  inspec t ions .  Even though t h e  eddy current 
inspection i s  n o t  required a t  spec i f i c  c y c l i c  in te rva ls ,  as suggested i n  
recommendation A-90-88, a t y p i c a l  d isk  would be expected t o  become a piece 
p a r t  and t o  be inspected a least several t i m e s  before reaching i t s  l i f e  limit 
o f  18,000 cycles. Therefore, the Safety Board belleves t h a t  the inclusion of  
the eddy current inspect ion i n  the CF6-6 engine shop manual satisfies the 
in tent  o f  recommendation A-90-88. 

2.10.2 Hydraul i c Sys tern Enhancement 

The Safety Board recognizes the value o f  the hydraulic system 
enhancements for  the DC-10 i n  t h e  un l i ke l y  event t h a t  another DC-10 
experiences s im i l a r  damage to the hor izontal  s t a b i l i z e r  as a result o f  a 
No. 2 engine failure. The i s o l a t i o n  of hydraul ic system No. 3 forward o f  the 
empennage has been demonstrated through s imul a to r  t es t i ng  and durf ng actual 
f l i g h t  t e s t s  a t  a safe a l t i tude  t o  provide acceptable limited ai rp lane 
control l a b i l  i ty. However, i t  must be pointed o u t  t h a t  a leaking system No. 3 
hydraul i c  1 i ne  o r  component could cause the system t o  shut o f f  system No. 3's 
hydraul i c  power t o  the empennage while system No. 1 and system No. 2 may be 
funct ioning normally. The enhancement i s  designed t o  alert t h e  flightcrew t o  
any i s o l a t i o n  o f  system 3 i f  such a s i t u a t i o n  occurs. 

The Safety Board notes t ha t  the incorporat ion of the flow rate 
sensing fuses on some DC-10 airplanes may' provide an i n te r im  measure - o f  
sa fe ty  u n t i l  the i n s t a l l a t i o n  o f  t h e  electrically operated shutof f  valve can 
be completed, Again, the b a r d  notes t h a t  i n  the  unlikely event of a No, 2 
engine f a i l u r e  s i m i l a r  t o  the UA 232 accident, the fuses may provide f o r  
l i m i t e d  addi t iona l  controllabi1ity. * The design o f  t h e  fuse system 
enhancement requires t h a t  t h e  f l o w  through the fuses be i n  excess o f  
15 gallons per  minute. The fuses do not funct ion a t  lower f l o w  rates, and 
therefore the fuses w i l l  n o t  guarantee protect ion against an open or breached 
hydraul i c  1 ine i f  the flow i s less than 15 gpm as might occur i f  a broken 
l i n e  i s  pinched. 
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2 + 10.4 Damage 101 erance for Comerci a1 Transport Engines 

In addition to the separation o f  the fan d isk  involved i n  the  
UA 232 accident, there have been many examples o f  1 i f e - 1  imi ted  engine 
components f a i l i n g  before they reached t h e i r  l i f e  limit. The Safety Board 
bel ieves  that this fact demonstrates the need f o r  a revision o f  the 
c e r t i f i c a t i o n ,  design, and maintenance philosophies for turbine engines, 
Currently, the c e r t i f i c a t f o n  process f o r  ro ta t ing  parts i n  engines assumes 
t h a t  the materials used are free o f  de fects .  Thus, manufacturers are not 
required to assume t h a t  undetectable defects are present i n  t h e  material when 
the 1 ife o f  the part i s  calculated and demonstrated. I n  the case o f  t h e  fan 
d isk  on the CF6-6 engine, GEAE tests conducted at the time o f  certification 
demonstrated t h a t  a defect-free disk could withstand 54,000 takeaff/ landing 
cycles w f t h  no sign o f  crack initiation. This 54,000-cycle l i f e  was reduced 
t o  an FAA-approved l i f e  of 18,000 cycles. 

The total number of cycles . t h a t  a part ,experiences before failure 
can be divided into the number of cycles needed to initiate a crack and the 
cycles needed to propagate the crack to failure. For most defect-free parts, 
the  major i t y  o f  t h e  parts"toa1 life is in the i n i t i a t i o n  of a crack, and 
only a minor amount in the crack propagation phase. However, the presence o f  
a preexisting defect i n  t h e  material can e f f e c t i v e l y  eliminate the Initlation 
phase of the growth o f  a crack, leaving only the propagation phase t o  failure 
as residual life. This type of preexist ing defect  was in t h e  fan disk 
involved i n  t h e  UAL 232 accident. The hard alpha inc lus ion became a 
c rack - l i ke  defect very early in t h e  operation o f  the  disk. As cycles 
accumulated, the crack grew larger until failure occurred before t h e  l i f e  
1 i m i  t was reached * 

Because of these concerns, the Safety Board, on June 18, 1990, 
issued recommendations A-90-89 and A-90-90 t o  the FAA. They recommended t h a t  
the FAA requj re operators to incorporate a damage to1 erance philosophy i n t o  
the maintenance o f  engine components t h a t ,  f f  the components fracture and 
separate, could pose a significant threat to the structure or' systems o f  
airplanes on which they are or could be installed. (See section 41,  

Under a damage tolerance philosophy, i t  i s  assumed t h a t  the 
component material  i n  cr i t i ca l ly  stressed areas contains flaws o f  a s i z e  just 
below the f l a w  s i r e  detectable during manufacturing inspections. Inspection 
methods and intervals are thus  determfned by the  detectable crack s i z e  per a 
given inspection method, the stress level at var ious  p o s i t i o n s  within the  
component, and the crack propagation characteri st i cs of the component 
nateri a1 . 

A damage tolerance philosophy has been used during t h e  design phase 
for the structure o f  a i rp lanes  certificated after 1978. Al so, older a i rp lane  
models have an equiva lent  analysis incorporated into the maintenance o f  the  
structure through the Suppl ement a1 Structural Inspection Program, compl i ance 
vi t h  which has been made mandatory through AD'S. The Safety Board be1 i eves 
that the FAA should begin an effort t o  incorporate a damage tolerance 
philosophy into t h e  maintenance o f  cer ta in  critical components in turbine 
engines for commercial jet transports by investigating and definjng the 
technological areas t h a t  need to be advanced. At the very l e a s t ,  the 
techno1 ogi cal advances i n damage t o 1  erance assessment, nondestructive 
inspection, and probability calculations associated w i t h  such programs should 
be emphasized f o r  use i n  commerci a1 ai rcraf t maintenance programs. 
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12. The metallurgical flaw that formed during initial manufacture 
of the titanium alloy would have been apparent if the part had 
been macroetch inspected in its final part shape. 

13. The cavity associated with the hard alpha metallurgiial defect 
was created during the final machining and/or shot peening at 
the time of GEAE's manufacture of the disk, after GEAE's 
ultrasonic and macroetch manufacturing inspections. 

14. The hard alpha defect area cracked with the application of 
stress during the disk's initial exposures to full ' thrust 
engine power conditions and the crack grew until it entered 
material unaffected by the hard alpha defect. 

15. General Electric Aircraft Engines material and production 
records relevant to CF6-6 stage 1 fan. disk S/N MPO 00385, 
which was the failed disk, were incomplete. 

16. Regarding the exi stence at General Electric Aircraft Engines 
of two S/N MPO 00385 disks, an outside laboratory had 
possession of the disk, which was rejected for an ultrasonic 
indication at the time that the disk that eventually separated 
was receiving its final processing on the production line. 
Therefore, the two S/N MPO 00385 disks were not switched at 
the manufacturing facility. 

17. General Electric Aircraft Engines disk manufacturing records 
and associated vendor-suppl i ed documents, together with the 
system for maintaining and auditing them, did not assure 
accurate traceabi 1 i ty of turbine engine rotating components. 

18. United Airl ines fan disk maintenance records indicated that 
maintenance, inspection, and repair of the CF6-6 fan disk was 
in accordance with the Federal Aviation Administration- 
approved United Ai rl i nes' maintenance program and the General 
Electric Aircraft Engines' shop manual. 

19. A detectable fatigue crack about 0.5 inch long at the surface 
of the stage 1 fan disk bore of the No. 2 engine existed at 
the time of the most recent United Airlines inspection i n  
April 1988 but was not detected before the accident. 

20. The discoloration noted on the surface of the fatigue crack 
was created during the FPI process performed by UAL 760 cycles 
prior to the accident, and the discolored area marks the size 
of the crack at the time of this inspection. 

21. The inspection parameters establ ished in the United Airl ines 
maintenance program, the United Airl ines Engineering 
Ins,pection Document, and the General . Electric Aircraft Engines 
shop manual inspection procedures, if properly followed at the 
maintenance facil i ty, are adequate to identify unserviceable 
rotating parts prior to an in-service failure. 
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3,2 Brobabl e Cause 

The National Transportation Safety Board determines that the  
probable cause o f  this accident was t h e ,  inadequate consideration given to 
human factors 1 imitations i n  the inspection and qua1 i t y  control procedures 
used by United A i r l i n e s h n g i n e  overhaul facility which resulted i n  the 
failure to detect a fatigue crack originating from a previously undetected 
metallurgical defect located i n  a critical area o f  the stage 1 f a n  disk that 
was manufactured by General E'Iectri c Aircraft Engines. The subsequent 
catastrophic disintegration o f  the disk resulted i n  the l i b e r a t i o n  of debris 
in a pattern of distribution and with energy levels t h a t  exceeded the level 
o f  protect ion provided by design features of the hydraulic systems that 
operate the DC- 10's f 1 i g h t  control s. 

As a result of  i t s  i n v e s t i g a t i o n  o f  t h i s  accjdent, the National 
Transpartati on Safety Board makes t h e  f o ?  1 owing addi t ional  recornmendat i ons : 

- - t o  the Federal Avia t ion  Administration: 

Intensify research in t h e  nondestructive inspection f i e l d  t o  
ident i fy  emerging technologies that can serve t o  s impl i fy  
automate, or otherwise improve the r e l i a b i l i t y  of the 
inspection process, Such research should encourage the 
development and implementation o f  redundant ("second set of 
eyes") inspection oversight for crit ical  part inspect ions, 
such as for engine rotating camponents. (Class I I ,  Priority 
Action) (A-90- 167) 

Encourage research and devel opment o f  backup f l  i g h t  control 
systems f o r  newly cert i f icated wide-body airplanes t h a t  
u t  i 1 j ze an a1 te rna t  i ve source of motive power separate from 
t ha t  source used f o r  the conventional control system. 
(Class 11, Priority Act ion)  (A-90-168) 

Conduct system safe ty  reviews of currently certificated 
a i rcra f t  as a result of the lessons learned from the July 19, 
1989, Sioux City, Iowa, DC-10 accident to give a31 possible 
considerat ion t o  the  redundancy of,  and protection for, power 
sources for f l i g h t  and engine controls. (Class 11, P r io r i t y  
Act i o n )  (A-90-169) 

Analyze the dispersion pattern, fragment size and energy level 
o f  released engine r o t a t i n g  par ts  from the July 19, 1989, 
Sioux City ,  Iowa, DC-I0 accident and include the results o f  
this analysis, and any other peripheral data avai lable,  in a 
revision o f  AC 20-128 for fu ture  aircraft c e r t i f i c a t i o n .  
f C 1  ass 11, Priority Action) (A-90-110) 

Conduct a comprehensive evaluation o f  aircraft and engine 
maoufacturers' recordkeeping and i nternal audit  procedures to 
evaluate the need t o  keep long-term records and t o  ensure t h a t  
qua1 i t y  assurance ver i f i ca t ion  and traceabi 1 i t y  of  cri t ica l  

> - 
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airplane p a r t s  can be accampf ished when necessary a t  a l l  
manufacturing f aci 1 i t  i es . (Class I I ,  P r f  ori t y  Action) 
(8-90-171) 

Create the mechanism to support a historical ' data base o f  
worldwide engine rotary p a r t  failures to f a c i l i t a t e  desfgn 
assessments and comparat ive  s a f e t y  a n a l y s i s  during 
certification reviews and other FAA research. (Class 11, 
Priority Action) (A-90-172) 

Issue an Air Carrier Operations Bulletln for all air carrier 
flightcrew training departments to review t h i s  accident 
scenario and reiterate the importance o f  time management i n  
the prepara t ion  o f  the cabin for an impending emergency 
1 anding. (C1,ass 11, Priority Action) (A-90-173) 

Issue an Airworthiness D i rec t ive  t o  mandate service 1.i f e  
7 i m i  ts o r  recurrent inspection requirements on . GEAE CF6-16 
engine stage 1 fan disks inspected in accordance w i t h  
AO-89-20-01. ( C l  a s s  I I ,  Priority Action) (A-90-174) 

I s s u e  an Airworthiness D i rec t ive  based on t h e  GEAE CF6-6 
Engine Service B u l l e t i n  72-962, pertaining to 119 stage 1 f an  
disks made from ALCOA forgings, to mandate compliance wi th  the  
i n t e n t  o f  the serv ice  bulletin by a l l  operators. (Class 11, 
Priari ty Action) (A-90-175) 

- - t o  the  A i r  Transport Association: 

Encourage member operators t o  incorporate specif ic  maintenance 
i nspection techi nques i n  the i r  maintenance manual s and 
maintenance contracts t h a t  sSmp1 i fy, automate, and provide 
redundant ("second s e t  o f  eyes ") inspect J on oversight far 
critical part inspection, such as for rotating engine parts. 
(Class I I, Priority Action) (A-90-1761 

- - t o  the Aerospace Industries Association of America, Inc. 

Encourage members to incorporate specific maintenance 
inspection technf gues and inspection equipment i n  thelr 
servS ce manual s that  simp1 i fy, automate, and provide redundant 
("second set o f  eyes") inspection oversight for critical part 
Inspection, such as for r o t a t f  ng engjne parts. (Class 11, 
Priority Action) (A-90-377) 

Also,  during the course of t h i s  investigat ion,  the  Nat iona l  
~rans~artat i on Safety Board i ssued the fol 1 owing safety recomnendati ons to 
the federal A v i a t i o n  Administration: 

On Ausust 17, I989 

Conduct a directed safety invest igat ion (OSI) o f  the General 
Electr ic  CF6-6 turbine engine to establ ish a cyclic threshold 
at which the fan shaft and the fan disks should be separated 
and inspected far defects i n  the components. The DS I  should 
include a review and analysis o f :  
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(a)  the certification, test ing and stress analysis 
data t h a t  were used t o  establish the l i f e  
l i m i t s  o f  the fan disks and fan shaft 
components and the recommended i nspect i on 
frequencies for these components ; 

(b)  t h e  manufacturing processes associated wi th  the 
production s f  the fan assembly and fan faward 
s h a f t ;  

(c)  metallurgical analysis o f  the f ron t  flange of 
the Tan forward shaft  in which cracks were 
recently d i  scovered; 

(d) the  maintenance practicer invel ved i n  the 
assembly and disassembly of the fan  disks and 
the fan forward sha f t  for the potential t o  
damage the components during these processes ; 

(e )  nondestructive inspect  ion o f  spare fan d i  sks 
. and fan forward shafts beginning with  those 

components w i t h  the highest number of cycles i n  
service; and 

(f) nondestructive inspections of  f a n  d isks  on 
installed engines that may be performed by an 
approved inspection procedure. (Class I ,  
Urgent Act ion) (A-89-95) 

Following completion of the directed safety i rrvestigat i on of 
the General Electr ic  Cf6-6 turbine engine discussed i n  
8-89-95, i ssue an airworthiness directive to require 
appropriate inspections o f  t h e  fan disks and the fan  forward 
sha f t  a t  appropri a t e  cycl i c intervals. (Cl ass I, Urgent 
Act ion) (A-89-96) 

Eva1 uate,  because of sini 7 a r i  t i e s  i n  design, manufacture, and 
maintenance, t h e  need for a directed safety invest igat ion o f  
a l l  General Electric CF6-series turbine engines w i t h  the 
object ives  o f  verifying the established 1 i f e  I i m i t s  for 
rotattng parts o f  t h e  fan modul es and establ i rhi ng apprapri a t e  
cyclfc inspect ion  requiremmts for these parts, (Class I I ,  
Pri ari ty  Act 1 on) (A-89-97) 

These recomendati ons were cl assf f i ed as "Cl osed-Superseded" 
other recommendations issued on June 18, 1990. 

Revise 14 CFR 91, 121 and 135 t o  require t h a t  a17 occupants be 
restrained during takeof f ,  landing, and t u r b u l e n t  conditions, 
and that  a71 i n f a n t s  and small children below the weight o f  
40 pounds and under the height of 40 inches t o  be restrained 
i n  an approved chi ld  res t ra in t  system appropriate t o  their 
height and weight ,  (Class 11, Priority A c t i o n )  (A-9Q-78) 
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Conduct research t o  detemi ne t h e  adequacy o f  a i rc ra f t  
seatbelts t o  restrain children t o o  large t o  use child safety 
seats  and t o  develop some suitable means o f  p r a v i d i  ng adequate 
restraint for such children. (Class I I ,  Priority Action) . 
A-90-79) 

The FAA Admi n i  strator responded t o  Safety Recornmendat 1 oos A-90-78 
and -79 on August 6 ,  1990. Regarding 6-90-78, the FAA issued a Notice of 
Proposed Rulemaking (NPRM) on February 22, 1990, for child r e s t r a i n t  system 
provi sions . The Safety Board i s eval u a t  i ng the response. 

1) Develop, with the assistance o f  General Electric Aircraf t  
Engines, an a1 ternate method of i nspect i ng the bore area 
o f  the CF6-6 engine fan Stage I rotor disks  for the 
presence of surface cracks; i ssue an A i  worthiness 
Directive t a  require t h a t  these disks be inspected with 
this methbd on an expedited basis,  t h a t  disks found t o  
have cracks be removed from service, and t h a t  the 
inspection be repeated a t  a cyclic i n t e r v a l  based upon 
t h e  crack size detectable by the inspection method, the 
stress level in the appl icable area of the disk,  and the 
crack propagation character ist ics of the d i  sk materi a ? .  
(Class I, Urgent Action) {A-90-88) 

Eva1 uate current1 y c e r t i f i c a t e d  turbine engines to 
identify those engine components t h a t ,  if they fracture 
an separate, could pose a s i g n i f i c a n t .  th rea t  t o  the 
structure or systems o f  the airplanes on which the 
engines are i n s t a l  led; and perform a damage tolerance 
evaluat ion of these engine components. Based on t h i s  
eval ua t  i on, issue an Airworthiness Oi rect i ve t o  requj re 
inspections o f  the critical components at  intervals 
based upon by the crack size detectable by the approved 
inspection method used, the stress level a t  various 
locations i n  the component, and the crack propagation 
characteri st  i c of  the component materi  a1 . (Cl ass I 11, 
Longer Term Action) (A-90-89) 

Amend 14 CFR p a r t  33 t o  require tha t  turbine engines 
certificated under t h i s  rule are evaluated to ident i fy  
those engine components tha t ,  i f  they should fracture and 
separate, could pose a significant th rea t  to the 
structure or systems o f  an a i r p l a n e ;  and require t h a t  a 
damage t o 1  erance eva luat ion  o f  these components be 
performed. Based on t h i s  evaluation, require that t h e  
maintenance programs for these engines i ncl ude i nspecti on 
o f  the critical components a t  intervals based upon the 
crack size  detectable by t h e  inspection method used, the 
stress level at various locations i n  the  component, and 
the crack propagation characteri  st i cs o f  the component 
material. (Class 111 Longer Term Action) (A-90-90) 

4 )  Require turb ine  engine manufacturers t o  perform a surface 
macroetch inspection o f  the f ina l  p a r t  shape o f  crf t i caf 



t i t a n i u m  a l l o y  rotating components during the  
rnanufacturjng process. (Class 11, Priority) (A-90-91) 

The FAA Administrator responded t o  these recommendations i n  a 
l e t t e r  dated July 31, 1990. The Safety Board i s  in the process-of evaluat ing 
the  response. 

Direct Airport C e r t i f  icatian Inspectors t o  require 14 CFR 139 
c e r t i f i c a t e  holders t o  inspect the  suction hoses on Kovatch 
A/S32P-18 water supply vehicles t o  verify tha t  they 
incorporate the modifications described i n  Kovatch Technical 
Service Bul leti n 86-KFTS-P- 10-5 and t o  imed i  ately remove from 
serv ice  A/S32P-18 vehicles t h a t  have not been so modified. 
(Class TI, Priority Action) (A-90-251) 

Amend 14 CFR 139 t o  require airport operators t o  perform 
maximum capacity discharge tests  of a1 l emergency response 
f i re fighting and water supply vehicles before the vehicles 
are accepted for service and on a regularly scheduled basis 
thereafter. (Class 11, Prloriiy act ion)  (A-90-152) 

Make available t o  a l l  14 CFR 139 certificated airports an 
account of the  circumstances o f  the accident described i n  
Safety Recomendatf on letter A-90-147 through -155 as they 
relate t o  the deficiencies i d e n t i f i e d  with the Kovatch 
A/S32P-18 water supply vehic le .  (Class IS, Priority Action) 
(A-90-1 53) 

Devel op guidance far airport operators for acceptable 
responses by aircraft  rescue and f i r e  fighlfng equipment t o  
accidents i n  c r o p  ~ n v i  ronments on, a i rpo r t  property. 
(Class I I ,  Priority Action) (A-90-I541 . 

Require annual a i  r p o r t  certl f i c a t i o n  inspect Sons t o  inc l  ude 
examinations o f  airf5eld terrain t o  ensure, where practicable, 
t h a t  surface obstructi ens, i ncl udI ng agricultural crops, do 
not interfere with rescue and f i r e  f ight ing ac t ivS  t i e s .  
(Class XI, Priority Act ion)  (A-90-155) 

The National Transportation Safety Board i ssved the f ol 1 owing 
recommendations t o  the U.S, Department o f  ' the Air Force: 

On October 19, 199Q 

Require that Kavatch AJS3ZP-IS vehicles comply with Kovatch 
Technical -Service Bulletin 86-KFTS-P-18-5 and expedite the 
distributfan o f  modifjcation kits t h a t  w i l l  permit compliance 
with  the service bulletin. (Class 11, Priority Action) 
(A-90-147) 

Innnedi ate1 y remove from service a1 l Kovatch A JS32P- 18 vehicles 
until they have been so modified. (Class 11, Prjority Action] 
(A-90- 148) 



Require maximum capacity discharge t e s t s  o f  a1 l emergency 
response f i r e  service vehicles before the vehicles are 
accepted for service and on an establ i shed' regular schedul e 
thereafter. . (Class 11, Priority Action) (A-907149) 

Make available to all operators of Oepartment o f  the Air Force 
air bases an account far the circumstances of the  accident 
described in Safety Recomndation letter A-90-147 through 
-150 as they relate t a  the deficiencies i n  the Kovatch 
A/S32P-18 water supply vehicle. (Class 11, P r i o r i t y  Action) 
(A-90- 150) 

Member, filed t h e  following dissenting statement on 
the probable cause: 

I be1 ieve  t h a t  t h e  probable cause of the accfdent was: 

( I )  the manufactire by General Electric Aircraft ~ n g i n e s  
(GEAE) o f  a metallurgically defective titanium alloy f i r s t  
stage fan disk mounted on the aircraft? No. 2 engine and the 
Failure to detect or correct the condition; 

( 2 )  the failure o f  United Air1 ines t o  detect a f a t i g u e  crack 
which developed from the defect  and ultimately led t o  a 
rupture o f  the  disk and fragmentation damage t h a t  disabled the 
airpl ane's hydraul icall  y powered f i g h t  control systems ; and 

(3)  the  f a i  1 ure o f  t h e  Doug1 as AS rcraft Company's (Doug1 as) 
design o f  the airframe l o  account for the possibility of a 
random release and dispersion of engine fragments following a 
catastrophic failure of the No. 2 engine. 

Contributing t o  the cause o f  the accident was the -failure o f  
the Federal Aviation Administrat ion 's  (FAA) certi F i t a t i o n  
process to require the DC-20 design t o  account f o r  the 
p o s s i b i l i t y  of a random release and dispersion of engine 
fragments following an uncontained failure of the No. 2 
engine. 

GEAE d i d  not use premium grade triple-melt t itanium jn the 
manufacture o f  the accident disk. GEAE was a t  that  time i n  the process o f  
switching t o  premium grade t r ip le -me l t  t i t an ium f o r  qua l i ty  control reasons. 
Neverthe? ezs,  GEAE mi ssed an opportunity t o  detect the hard-a1 pha i ncl usion 
in the accident d isk  when it conducted a macroetch t e s t  on metal that  was t o  
bemachined awayrather t h a n o n  the finished f a n d i s k .  , 

Tie DC-I0 was c e r t i f i c a t e d  in 1971. I n  January 1970, the FAA 
imposed the following Propulsion Special Condition for the Dt-10: 

Jn lieu o f  the requirements o f  Section 25.903(d)(l), the 
airpl ane must incorporate design features t o  minimjze 
hazardous damage t o  the af rp lane i n  the event of an engine 
rotor failure.. ." 
For compliance, on July 1, 1970, Douglas A i rc ra f t  answered, i n  

part, as follows: 
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The power plants and associated systems are isolated and 
arranged i n  such a manner t h a t  t h e  probability o f  the f a i l u r e  
o f  one engine or system adversely affecting the operat ion o f  
the other engine or systems i s  extremely remote. 

The FAA responded that the in format ion  which Douglas provided. 
concerning p r o t e c t i v e  design features for the DC-10 s a t i s f i e d  the Propulsion 
special  Condition. 

I th ink  t h a t  the event which resulted in this . accident was 
foreseeable, even though remote, and tha t  ne i ther  Douglas nor the FAA was 
e n t i t l e d  to dismiss a possible rotor f a i l u r e  as remote when reasonable and 
feas ib le  steps could have been taken t o  "minimize" damage i n .  the event of 
engine rotor failure* That additional s t e p s  could have been taken i s  
evidenced by the corrections readily made, even as retrofits,  subsequent t o  
the occurrence of the "remote" event. 

'ICAO Note.- Sections 1.12, 1.16 and 1.17, Figures 1 , and 3 to 21, and Appendices A to D were not reproduced. 



No. 6 

McPonnelEhghs aC-ia-30, NW29, accident 
in the T h M  desert, Niger on 19 September 1989. 

Report released by the Cammissbn [I'Enqulfe Instiluted 
by the Ministry of Transpod, Niger 

SYNOPSIS 

Date dt I'accident : 
Mardi 19 reptembm 1989,h 12 h 59 UTC (*I. 

Licu dc I'accidtnt : 
P a p  : Higer : 
toaalisation : 160 54' N, 11s 59' 5 dans le dtsert du Tenhi, 

au Nard-Est du massif dc Tennit. 
Nature du vol : 

Vol rkgulia Braaavillc-Roissy. avcc wale a N'Djamena : 
Transport public dc passagem. numtm du +vol : UT 772 ; 
Indicarif radiottlCphoniquc : U.T.A. 772. 

Mchnnell  Douglas DC-10-30 : numCro dt stric : 46852 ; 
immatriculation : NS.0629 ( i n s k t  au rtgiatre amiricain). 
Ropd&aire : 

Interlease incorporated (Atlanta, Gcorgiek 

Union des transparts akrims (u.T.A.). t 

Personntl navigant technique : 4 : personnel navigant 
commercial : 10 : passaps : 156. Soit un total dc 170. 

Rkurne : 
L'avion dicolle de N'Djamena pour Roissy h I 2  h 13. Un 

drmicr contact radio est aabli a 12 h 34. L'tquipage n'ayant 
pas rappel& au point dc rcport p&u suivanr, I e s  pmddurts 
d'incenitudc (lncerfa). d'atetrc (klerfa) t t  dc dttrrsse 
(DetrcsTa) sont dteiench& $ panir de 14 h 30. Lcs recherchcs 
atricnnes abautirstn~ t8r le lendematn matin la localisation 
dcs dtbis ipars dt  I'appaicil dans Ic d k r t  du TknCrO (Niger). 
& cnvirnn 650 kitom&tm au Nord-Nod-Ouat dc N'Djamena 

Lt mardi 19 s e p t e m h  1989, Ic w-I0 N%29 I'U.T.A. 
tff- la Liaison tkguli& Ilmnlk-Patis a w  c s d c  L 
N'Djamena, 

soixarrtt-dix-ntui montent ii hrd.  
l'esmle dt N'Djamena durt une htun. 
A 12 h 13, I'apparcil d b l l e  de N'Djamena. IA @an dt wl 

pFtYQit le niwau dc croisitrr 350 ( I )  et Ic suwd d~ points 
b w .  tnisa, Djanet puis la rwte standard vers Patis. 

A 12 h 32, anq minutcs avant S'hcure pFtvue de passagt au 
point Bosses I'apparcil se signale stable fi son niveau de &- 
siitre. 
d 12 h 34, ua nouvean contact radio est ttabli a t r e  N'Dja- 

mena a 1'U.T. 771 qui doit rappclcr B 13 h 10 au point INISA 
(lirnite des rkgions d'infmatioii de vol de N'Djamma et de 
Niamey). 

Cettc tmmmission dc 12 h 34 wt L demitrr:'cc fait cst 
mnfmC pat I%n ' I dea parambtrrs de vol (0.F.D.R) 
et par ~ 1 u i  d. m=w et ~Iarmes SOIIOIC. en p t c  de 
pilatagc (C,V.R). 

wayant pns rqu ~e conptc d u  p4siti'an 3 INS+ L 
ccntrt &information dt voE de N'Djamma tern h plusr- 
rcpriss d'ttabiii k amtact s w  k DC-ID.  

Sans ntponsc A scs appds, a n'nyant pu obrenir d'idorma- 
tions dts centres uaisins. N'Djamena dteliemd~e-b 14 b 30 la 
pmctdure INCERFk puis 1 15 h 55 la p d u r e  ALERFq 
enfin B 16 h 14 la p d u t t  DETRESFA. La mil tombe h 
17 h 30. 

Lw &&s cntrcprisss le lcndemain matin remcttmt dc 
lmfiscr 3 6 b 35 !'@am dc 1LW dam IF d h  du 
Thtrt, au Nord-Est du massif de Tcrmil sur Ia mute prtvut 
au plan dt vol. LES d b b k  dt  I'appattit sont dLpmts sur une 
trtg Iargc zone (voitt anncxe V). 
ta trajmoim de I'avion cst bom6c en aanexe I. 

1.3. &mug- a l'a$mnqf 

Cavion a Ct4 totalement dCtruit. 

J.4. Au#m d m m w ~ r s  

t'accident a eu lieu en zone dtsertique. 11 a'y a donc pas 
d'autrcs damrnages. 

1.5. R d g n m m t s  sar k psmd 
Yequipage technique cornprenilit tmis pilotcs et un oficier 

mecaninen navigant. En effet, un instnrntlrr pi101~ de ligne 
d'u.T.A. faisait subir un test en ligne eu pilote en p f a e  
gauche. 

1.5.1. Commandant de bord : 
Homme. qwrante ans. 
Breve6 et licences : 
- licence PL24S8 d u  2S septernbrt 1980, validic jusqu'au 

30 novcmbrt 1989 : 
- tquivalencc licence US 2 345 893 du 27 avrii 1989 : 
- dtrniCm visite mtdiale passkt le 24 novcmbrc 1988. 
Ente a U.T.A. le 4 octobre 1976. 
Qualifications : - quakification instructcut pilote dc lignt ; 

, - quatifiations de tm : DC-8. Srpcr-Guppy, DC-14 B-737. 
Date de ta qualification DC-10 : 24 novcmbte 1983. 

(') Les h,mm mmtionn- dans ce wppon sont exprim& en temps uniwnel (UTc1. 11 mnvitnt CY ajouta Uric h r p  Pour abtcnir rh- 
1C.galc nkgkncnne n. dew heum pour oblcnir I'heurc li.gslc fmnpise en vigucur te jour de I'amdt-1. 



~ ~ ~ t r i c n e e  : 
- hcures de v01 au total: I 1  039 heum: sut DC-10: 

2 7a heures. 
1.5.2. Mote en place gauche : 
Hornme. trente-huit ans. 
~~~~m a licences : 
- liccn# PL 2833 du 23 dccembre 1982, valid& jurqu'au 

30 oovtrnbre 1989 : 
- tqu;valtnce licence US provisoi& du 21 aoD~ 1989 : - &mikrC visite rntdimle passkc le 28 novtrnbre 1988. 
Entk a W.T.A. le 14 juin 1976. 
Qualifi@tiOns : - quafilicatbns dc type : DC-8. B-747, DC-I0. 
Date dc la qualification DC-I0 : 19 aodt 1989. 
Expirimcc : 
- hcures de vol au total : $442 heurcs : sur DC-10: 

28 hturts. 
1 -5 3. C~pllote .' 
Hornme, quarantt et un ans. 
Brevets t t  licences : 
- licence PP l no 3840 du 23 mars 1981, validet jwqu'au 

3 1 dCcmrbre 1989 : 
- kqutralcncc licence US 2 395 200 du 13 mai 1988 : 
-- dcmicrt visitc mtdicale It 6 juia 19g9. 
Enrtc I U.T.A. le 31 dcccrnbre 1975. 
Qualifications : 
- qualifications de typt : R-707, DC-10. 
Date dc ja qualification DC- I0 : 1 1  mai 1988. 
Exptii~nce : - hturcs de vol au coral : 8 357 heuses ; sut DC-I0 : 

754 heum. 
1.5.4. Oflcie mkanicien nu viganr : 
Hornme. vingt-buit ans. 
Brevets cf ticences : - mecanicien naviganr na 2669 du 19 fCvhcr 1988 : 
- licence valide jusqu'au 31 juillcr 1990 : 
- kquivalence licence US 2 41 1 573 du 31 mars 1989 : 
- dernid  visite medicale passkt le 24 juillet 1989. 
Entr l  h U.T.A. le 2 novembrc 1988. 
Qualifications : - quaEific3tions dc type : SE-210, DC-10. 
Date de I*? qualification DC-I0 : 3 1 mars 1989. 
Exptrienct : - hcurts de v61 au total : 597 heures ; sur Dk-10 : ' 

I80 hcum. 
1 S.5. Equipage mmmerciol : 
Chcr de cabinc principal : 
Hommh quarantc-six'ans ; 
C.S.S. n* 3780 du 4 jui l l r t  1P6% : validit6 : 31 janvitr 1990: 
Dcrniirt visite rnkdicate : 18 janvier 1989 ; 
Entrk i U.T.A. le 20 m a n  1967. 
Chef de cabine : 
Femme. trente-lrois ans : 
C.S.S. no 9055 du 3 aobt 1978 ; validit& : 31 maTs 1990 ; 
Qernitre visite mtdicale : 24 mars 1989 : 
Entrk i U.T.A. le 1 1 avril 1978. 
H6tesse : 
Rmme, quarante-deux anr : - 
C.S.S. no 8686 du 24 aoit 1978 : validitt : 30 juin 1991 ; 
Dcmietc visite midicalc : 9 juin 1989 ; 
Entrk a U.T.A. le 29 mars 1971. 
Hetessc : 

trcnte-huit ans : 
C.S.5 no 6987 du 21 adfit 1973 ; vsliditi : 28 fivrier 1990 : 
Dcmitrt visite midicale : I =  tCvrier 1989 : 
Entree a U.T.A. le 13 Rvrier 1973. 

Hattsst : 
Femme, trcntc-tmis am : 
C.S.S. no 10281 du 5 ftvricr 1980; validitc : 31 octobre 

1989 : 
Dernik visitc ddicak : IS avril 1989 ; 
Ent* a U.T.A. le 12 novcmbre 1979. 
HBtasc : 
Femme, trmtc-sept ans : 
C.S.S. no 7223 du 3 1 mai 1974 ; validit4 : 3 1 octobrc 1990 : 
D e m i h  visitt rntdicale : 26 mobre I988 : 
Ent* a U.T.A. I t  3 janvicr 1974. 
Hbtcsse : 
Fcmmc. trente-amf ans : 
C3.S. no 5659 du 29 dhrnbrc 1971 : validitt: 30 scp 

tembre 1M; 
Dernitm visitt mtdicalt : 7 septtmbre 1988 : 
EntrPe i U.T.A. le 19 wtobrc 1971. 
Hbtrsx : 
Fcmmc : trmrc et un ans ; 
C.S.S. na It749 du If novcmbtc 1985 r validit& : 30 sep 

tembre 1990 : 
Dernitre visitc midicslc : 9 xptcmbte 1988 ; 
Entrie a U.T.A. Ic 30 septembrc 1985- 
Steward : 
Homme. trmte ct un ans : 
C.S.S. n* 10889 du 10 juillet 1981 : validit* : 31 jan- 

vier t991 ; 
Demitrt visitt mtdicalc : 4 janvicr 1989 : 
Entrk a U.T.A. le 6 avril 1981. 
Steward : 
Hornme, trente-six ans : 
C.S.S. a* 97 18 du 18 rnai 1979 : validitt : 28 ikvrier 199 1 : 
DtrnYrc visite rndicale : 27 rbvrier 1989 ; 
E n r ~  a U.T.A. Ic 5 mars 1979. 

ImrnetricuIa~ion : N54629 ; 
hprif taire  : lnterlease Incorporated : 
fiphirant : U.T.A. 

Cellule : 
Constructcut : MeDonneli Douglas ; 
Type : DC-10-30 ; 
Nurnem dc skric : 46852 : 
Livrt neuf A 1'U.T-A. cn mai 1973 : 
Ceflifimr dc navigabilitk numlro OAR-9-FS:EU, oFmu le 

21 mars 1988 (avant ccttc date, I'avion ktait firnmarnculc en 
France) : 

Hturcs t o e  de fanctionnement : 60167 (au t? scp- 
ttmbrc 1989) : 

Nornbrc de cycles de roncrionnement : 14 777 (au 17 scp- 
ternbre l989), 
dont 8 378 hcums et 1 779 cycles dcpuis grande visite. 
Motcurs : 

Censtruetcur : General Elearic : 
Type : CFbSOC2R : 
Motcur no 1 (gauche) : 
Numkro dc s t r ie  517493. monte sur I 'av ion  l e  

30 juillct 1989 : 
29 969 heures de fonaionncment a 7 772 cycles (au 17 sep- 

tembre 1989) : 
Dtpuis d c & h  tivision 468 heore ct 54 q c k .  

Mottur n- 2 (arritm) : 
N u m b  de drie 455174, monk& sur I'avian It 17 jan- 

vier 1989 ; 
44 822 heum -de ~ o d o ~ e m ~ n t  ct 12 100 cycles (au 17 sep 

tembrt 1989) : 
Dcpuis dcrnitre Msion; 2 418 heum a 537 cycles. 



Motcur n* 3 (droit) : 
N u m k  de kr ic  517535. montk sur l'avion I t  10 sep 

tmbrs 1989 : 
26 I28 heures de fonctionncment et 7 271 qdcs (au 17 sep- 

tembre 1989). 
& p i s  dcmitrr r5vision : 75 h a m  n 16 cycle. 

Comptes d t u  male& (CAM.I : 
Rien de signifimtif n'appara3t & S'examm dts C.RM..L'en- 

t t i t n  de att avfon h i t  efltau& wnformtmmt h la r&Icrnen- 
mion tn vigueur, au stio du p u p e  KSSU. 
M a c  er cen~mgt : 
La m w e  au dkpan de WDjameaa h i t  de t87,7 tonne$ dont 

49,4 tonncs dc ahumnt : t l l t  h i t  dam les limites autorish, 
dc mCme que k cenmge de t'avion. 

1.7. 

1.7.1. Sifllpth g&hk m altinrdc : 
Au-dcssus dc t'Afriquc (au N o d  dt I'Equateurh Iw haute 

prrsjions subtmpicafts gont a x b  sur le p ~ d l t l e  250 N o d  
pour la sutfau isobare i 500 hPa n v m  le t 80 Nod pour Ics 
surfaces $300 hPa t~ 200 h h  

Au sud dc as ax- m a  Its mtridiens 1Qo a 2bo+ Ics 
vents som bim ttabiis au M e n r  Est : 

200 hPa: 0800/10ktA 15 4-  5 5 o C 5  - 5 3 C  (du Sud vers 
le Herd) : 
300 h P a : W / I O & - 3 2 o C ;  
500 hPa: 070a/t5 A 20& - 90C. 
t -72. Sitm~ion +1L m : 
La tone de m v e t g e n c t  intempidole, mathidisk au sol 

p r  Ic ltoa intempical (F.I.T.), qui dm Its maws d'air 
sahasiennts (air scc) dcs massg &air atfantiqucs (air humide), 
M sihc, d m  la rigion du lac Thad : 

- a 12 heurcs, sur: 140 N -0170 E, ,150 N -  OlO* E, 
180N-003aE; 

- s i  15 hturcs. sur: 140 N-017*E,  140 H -010- E. 
17oN-OOdoE. 

La pdn&mtioa de la mou~soa n'cst smsiblt quc jusqu'aux 
environs du paraliHe 1Oo N su voisioage du &dim 0130 E d 
la mvermre nuageuse QC pdsutte aucunt #kit&. Ltn- 
tremtnt dcs paramitres dc val - d i m e  qw Vavion nc subit 
aumne turbulence. 

1.73. Condirions mlt- mr Ic porrourr : 
Dc NDjamtaa au point LOo N - 0130 E, lc wl UT 772 s'ef- 

f m e  m anditions dc &el nuageux sms pMnomhe m & b  
lagique s igai f idf  : 

1 3/8 Cu, jusqu'au dsus du lac Tcbad : h ven 
1 2 0 0 / 1 4 0 0 m ~ , w m ~ 2 0 0 0 & 3 0 0 0 m ~ :  

2 a 5 / 8  Ac. st Weloppant au Nod du lac: base vcrs 
4000/4500mttics,sommets6000 & 7000mtvts :  
3 A  7/8Cientrr7000/8000mmcr9000/10M)Omtves. 
3.7.4. R m w i g n m m f s  fmmk d I'iquipgc uu d d p ~  , de 

N'D+hmma : 
LE dossier dt  vol retitt A 9 h 58 par I ' d  #Air Afrique et 

remis A I'quipage d e n t  : 
- une cane de temp signi f imi f  (TEMSI). valablt p w r  le 

19 scptnnbrt A I2 heufcs au- du aiwau dt vol 250 : - d m - a r t s  & p M f o n  dt vents et t e m p h t w q  4 300 et. 
2Ml hPa : - unt fculle de pdvkiou mitbmhrgique d ' a b d m  
(TAF) en elair de N'Djmaa ct de R o k y  ct de ses dtmu- 
rementr. 

Sur la w e  TEMSI, w m e  deox I ~ , d i ~ ~ e s  par 
mppon Pa s i i u k ~  M t e  : le tiact du F.LT. cst tFop &evt de 
piis dc 5 d m  ca la2itude A I'Est du mbridien 50 E et 11 &one 
dt moussoa a a i w  s'ttend ju9qu'au prailtle I6270 N, soit 6 P 
7 dEgriE tmp au Nod. En fait, aumn phtnombt (ef quc den- 
Ioppement dt cumulonimbus et turbulence forte n'ttait 9 ,  
craindre. 

Pour let vents ct tempEratures en dtitudc, cn ce qui 
eonceme eette hast du vol, Ics valcurs foumiw ampondent 
bicn d Ia r~llJ(d. 1 1.7.1) : kc flux #En at r(ylicr ct  f.ibl+ 
Ics valtua de temptramre ne p h t t m  pas dc disamtinuitb 
particulih, a w i  bim en montk qu'au niwau de mi- 
s i k  350, a la tropopauw tst au nivtau 500. 

1.8. Atkrd  k- 
Lie fonetionnemmt dcs aides 1 la navimion n'a jout aucun 

file dans oer accident. . 

Lcs communications oat btb mrrmdes jwqu3 la p m e  dtt 
owtact bilarhl. 
kt transcription dw mdiorrrmmunidons khaqk mtrc I t'apparril tt le centre dc contde de N'Djamena fait Ibbjtt dt 

I I'amcxt 2. 

1-10 R@ nrl'riradmrac 

L'aeeident a eu lieu horp dcs timi- d'un aLrodromc. 

Pour cc type d'ahanef, I'arrht du 5 novembrc 1987 
(chaoiw kt I )  rclatif aux conditions d'utilization dts avions d t  
iranipon m;d obligatoire I'cmpon d'un tnFcgist~emcm de 
mramtues dt vot u c r m ~ ~ ~ n t  la recorraitutioa dt la taicefoire 
be I'avion (w.F.D..~) d d'un cnrrgisttcur de conversaiions cr 
dcs alarm= sonom dans lr postc dc pilotage {C,V,R). 
Lt DC-I 0 N 54629 etait 6quipC : - d'un D.F.D.R. Sundstrand 573 A ; n- de sCric : 

71 1612-1 174 ; 
- d'un C.V.R Sundsuand AY 557 B : no de M e  : 60&4+ 
Le D.F.D,R a hC rcvauvC le jcndi a*-midi 21 seprembre 

d m  Ics dCbris de I 'wve.  II avait CtC endommagt par I'impct 
@IIndagc fendu). I1 a mcrmuvt dttaehi de son supporn 
Lt C.V.R a kt& mmvt be r m d d i  matin 22 scptcmbre h 

I'inttritur de La zone dc r i m p a  principal, dtqacbt d t  son 
support. I1 nt sunblait pas avolr at abimt par I'impct. Son 
boitict txtkicur ne prismtait par dc difonnation apparmte 
mais un noireissement risultant dt  l'inmdie. 

Ces dtun tnngistrmrs ont t rC ttanspones A Faris. I l s  ont &t& 
dtpouillts dans ia nuit du 22 au 23 stpttm'brr. 

La tramrriptim gmphiqhe dm param- cmq&ik pat le 
D.F.D.R eit donnke on anntxt 3. 

t.1l.l. ErpIoitarion du D.F.D.R. : 
Irr giaphiqucs ti& du dtpouillemmt du D.F.D.R monumt 

unt g r a d e  stabilitt des p a r a m e  (vol dc mKke n0cma1 au 
niveau de vol 350) pis, peu avant la fin dc I%nrcgistrrmmt, 
dt faiblts flumations dm param#rrs moknrs aimi quc dcs 
pies sur w i n s  paramttns. 

L'analyse el I'cxplirstion de oes phhomtncs som prCsea& 
au pumgmphe 1. I6 (rcchtrcheL dT@ttks). 

.l.lf.2. i5pMtardon du CKR. : 
La bsnde magn&ique est intack ct m bofi &at apwrent 

(85- d'uae b a d e  magn&tique peu usa*). Etle ne potte ni 
amarce de -urn significative ni dkgradations swfrqu* qui 
aumient pu al t tm sa lisibilitt. 
tcs eonversatiom wnt audibles : jusqu'au moment dt  I'intcr- 

mption dt  t'enrrgi;strtmcnt, I'ambiance tst ceElc d'un vol de 
croisikre se dkmulant no male me^ t. ~tsmmuni~41tions radio 
sont de borne qualit& st la transcription d a  mnvc~ations n'a 
pas pod dc difficuttC majturc. 
La daiation de I'heurc dt racciden4 a pu && faite par corrt- 

lation d t  I'mmghtrrment C.V.R avec I'cnmgistnmeat dcs 
radiocommuni~ons dn contr61c dt N'Djamma. Pout -1% la 
vittsst dt dtfiltment de I ' e n r t g i ~ e a t  C.V.R a Clt d k  
I'aidt d'un analyseur spnrral sur la frtqucr~ct du courant alter. 
natif dt W (400 Hz). Lta&dcnt s'tst produit 12 h 59, a l m  
que i'bquipage & i t  en train de dtjeuner tout en sumrIlant le 
Bon dtmuIement du VO~. 

L'expIoitahn de la bade dc I'c- de a ~ a t i o m  
a daiarmcs sonom daas le poste de plotqc n'apponc aumn 
e l k t  signifimtif dans le cad* de enquat. 
Za fin d t  I'mrcgi~vcm~~~t a fait I'objtl d'une h d e  patti-- 

li&se prts tntk  au p a r a p p h  1-16 I r s h e d a  eftmbes). . 
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portant I'encadrcmcnt infkrieur de la pone no 12 (cbtC 
gauche du fuselage). It wnncau d'alimentation m eau dc 
ItakroneT cr la prises staliqucs. Ce panncau prkcnte dcs 
tracts tfiS nencs de perforation par un ou plusicurs clc- 
mcnts provenant dt I'inttncur. 

Les fcuilles d'CtanchtitC pr&entmt dcs dkfomations mractc- 
ristiquts crtta par ant fono surpmsian h I'iuCrieur d* Tmc- 
lage. 

Dans cc6tc zone ant at t p l m c n t  trouvb : - dw mrrmaux de rtvikrntnt du fuselage de divenes 
dirnmsians. s k p k  dt la aruaurc : - des morccaux dc stnrourc (cadres a li- non mktus) 
d'envimn 1.50 m x I m ; - dm tltmmrs de structure du planchtr cabine ; - des Cl&nmts de antencur ainsi que dcs iquiptmm~ Clcc- 
viqurs rr dcs kquiwmcnts dt eabint ( s i&ga ,  offices, &a- 
riots, coKm h bay- chauffe-rau, *) : - dc nombreux bagages ct r&tmmts. 

hucun dm elhefi ts  lrouvis dam eette zone n'a bhld. 
La majorit* des debris de fuselage dc m e  seaion (adre 

595 1 2099) ont it& ricuptrts ti msmblts. Venscmbk ainsi 
m m ~ t  reprhme wwirm 90 p IOQ dc la pa& fra- 
de l'appamil. 

Entntrc L'Wve principale et un p i n t  situi appwximativement 
dams Ic SZOo ct 9,2 kilomktns de cent cpvc ant i t4  rctmuvts 
du Sud vers It Nord : 

- Smtrtc d'air du motcur n* I ,  dont Ics levrw p&tatent 
dts trace d'impaa : 

- un toboggan ; - dcs tltmenis dt voleis et de bca de bod d'anaque. 
I .12.6. EIiments Ieem : 
ta plupart dcs, iltmtnts Ies plus l i p m i  de l'ahncf (pan- 

nerux de ckmlilflon de cabine en m a t k t  cumpositc, papers, 
ttc.) ont td sournis d !'action du vem ct disskrnints dans unt 
zone large dc 10 Irilomhm A IS kilomktres ct Eongut d'cnviron 
50 kilornhw au Sod de J P  xmt d M t t  e~ l.12.4. 

Au caws dts r c c h t r d l ~  &c~tuks par avion et htliwpt2re, 
il n'a pas &b rrrrouvk d'tltmmts hportaots dc I'aimnd p a m ~  
ces i lhents ICgcrs. 

1.12.7. Indices pniculicm : 
AD vojsi~agr dt b mt de Mnir u-dessw ( r m  

dam laqudlt sc trouvcm im [ragmefits de la panit B d t  
I'avion), EP plus prOcishncnt autour d'un point situi. B ?,j kilo- 
rn- et dans le  2450 du ptlste dc pilotage. ont t t k  trouvk : - dcs motocaux de eonteneur ei dc planchtr de soutc dont 

fes vns ptismtcnt des t ram caradkktique d'txplosioa 
@ttits mtlm P V ~ C  fusion de mhaf) t t  I= autm prtsen- 
imt d a  dtformations nr  poavant pas *ultcr du choc 
avcc le sol ; 

- dts morrraux dt &ea en bois ctib1k &Mats m d -  
Iiques : - dts v&mm%s \act* a I& aiwi qut & fmga\tnts Qt 
bagage dHormQ ct bfil& par endmits. 

Pap& le plan dc chargtmmt, ecs objtts se trouvaient dans 
la MUIC avant dc l'appareil. 

b u r  prksenu pami dts d W s  qui n'ont pas Mlt ne ptut 
s'expltquer qwue par unc explosion survcnue en vol. Lcs 
txamcns t t  analyses faits m laboratolxe dans le adre  de I'en- 
quite judiciaire ant mis en &den= dc fort= tm.aees de matitre 
explosive CpMlhrifcf, norammcnr sur un fragment dt valise. If a 
pu 2tre &bll que la quantitt d'eaplasif h i t  au minimum d'un 
kibgmmme. 

L"incmdic dc Ir partie principle dc I'6pave la 
qucna dc I'impaa au wt, le feu mt aEiet& pur k arh. 
ma dt  t'avion, 

Cct accident ne laissait aucunc chanw dc s u n k  aux ocm- 
pats dc l ' a w .  

Capparti1 d h l e  de WDjamma 4 I2 h 13. 11 eatime'lt point 
B m  L $2 h 37, la Jimic dc F.1A N'D@m.ena-Niamey @oiar 
INISA) P I3 h 10 ct la limitc dc F.1.R Nramcy-AIgtr @airit 
KIRMI)B 13 h40. 
k denier anm avcc les sc* dm oo&Ic au sol a lieu 

aur crtvirans dt 12 h 34 sw Ir fr&mm 128.t -MHz 1-w 
I'tquipage du IX-I0 senonce au otnm &information de vol 
de N'Djsmma qu'il va p s c r  b paint Basso. h a n m a  sui- 
rant, toujours a v s  N'Djamena, devait avoir lieu sur la 
q v c w  HF 8903 kHz vcm 13 h ID. Enwe 12 h 34 ct l2 b 36, 
t'huipage d e c t u t  tm tclais radio a m  un auve aviw pcur ic  
C.I.Y. de N'Djam~na 

L'huipagt du DC-IQ nt rappclmt pas il I'beurc tatimbe dm 
p m g r  dc El,& Ics c m ~ & # ~ ~ r s  dcs C-LV. dc N'Dj-a et 
Niamey laaccnt plusicvts apptls SELCAL sur la Fd -  
qumce 8903 ~ H L  
Lt5 cenm dc Kana a Alger interrogk rn peuvent foumir 

d'climmts sur a vol. AVCC ccnains dcs suscep~bies de 
dorrner d s  nouvelles, I ts liaisons radio mnt &tablies difTirilo 
mcnt. 

Les m a p  dtclenchsnt I'INCERFA I*) et I'ALERFA (*) 
sont h i s  r e s ~ i v e m e m  h 14 h 30 el i 15 h 55. 

A 16 h 14, It message DETRESFA (*) tst h i s  ct le centre 
tie ~ r d i n a t i o n  de savvetage de N'Djamena pFCpare la mkc 
en place des ophtions dc scmurs. La nuit tombant vers 
17 h 30, Lcs rcchcrchtg akriennes oommmctnt It Icndtmain, 
avcc le dbl lage d'un Transall de I'amk de I'ait franwise a 
4 h 15. t"ipave m rep$& B 6 h 35. 

I. 15.3. BaIiw tie de~mse : 
La rtglernentatioa en vigucur ne I'irnfwsmt pas, le m-tO 

n ' a i t  pas kquipi d'unc radio-balise dc d h n s x  rondonnant 
automatiquemmt I'immct (RDBA). 
L centre dc cantr8lt dc mission SAREAT/COSPAS. A TOU- 

IOUX. a ccpmdanr kt* inrzmgb par M'Djamcna i 17 h 22 mais 
n'a pu tvidemmcnf fournir de loalisation. 

Du 20 au 23 septcmbrc 1989, is enpuhcurs ont poFte \cur 
attention succmsivcment sur la &~phtim dcs mrtgrslmrs, 
sur 1 ' h t  des motcurs, sur la Femttul-e dm p o m s  d t  mute ct 
sur la nipnition gtnimle des dbbris de l'avion. Cme demihc 
bbscrvation I& a conduits L constater Ia dispcrsim de la 
paitit B dt rsvion en unt domint de fragments. aIom quc I t s  
particg anthicure {A) Et wttrieure (C) ttaient tomb 
entitrts au MI, AU mum de cet e x t l m t q  IS indicta paRi~uliers 
d a t s  tn  1.12.7 oat &k t m v k  





I 
Lcs flunuations eonstat& des pararnbm motcurs sonr cor- 

r&lCcs avec la discussion dcs pi10tt~ qui dm icn t  faire cn par- 
lant dc Icgcrs ajus~erncnts sur res *{ sped b u g  >,. 

1.16.5.2. Analyse des p i s  observ& sur cettains autres para- 
m e t m  : 

Lts vaIturs aberrant- qui affectcnt certain$ patam&m 
quelquts secondcs avant la fin de I'cnregistrcmtnt D.F.D.R. 
pouvaicnt donntr lieu a toutes sortcs dc questions ou de sup- 
putat4ons. 

I3 irnponait donc d'en raire unt analyst rigoureusc t t  prC- 
cise, et d'en donner l'explication. 
f ttte trude fine a kt* Faitc par les sp5eiali;tcs du bureau 

enquttes-accidents. Elle cst donnk en anncxe 3 au p k e n t  
wwn- 

Elle dtmontrc que les valturs aberrant= constat& ne pro- 
vicnnent pas dc variations des grandeurs physiques enregis- 
trtes. mais dc dificulrk de lecture de la bande, qui a kt6 fone- 
men8 endomrnagPe cn plusieun tndroits lors du C ~ Q E  provoquC 
par I'irnpacr an sof du D.F.D.R. Cer dkgradatiam om pro- 
v q u e  des desynehmnisa~ians du signal tourni par I'cnregir- 
treur Ion du d6pouiIlemmt. Quant aux grandeurs physiques 
enregistr#s, elles avarent Ees valeuts et  la stabilire corrtspon- 
dant a un vol en crois~ere normal au nivcau 350. 

1.16.6. Rnalys~de lafirs de l'enregistrem~nr C.V.R. : 
Outre la transcription des conversations, des dudes ont ttt 

hilts sor la fin de t'mwgistrtmtnt a h  de rechcreher dts 
indices htn tu t is  de btuit &explosion. 

t'analysc sptctrale du transitoir~ final a &ClC une onde 
vibratoire ghircc  par I'expiosion et transmist par la structure 
de I'a&roncf. Aucunc trace d'andc de choc rransmisc par voie 
airicnne n'a ttt mist en widencc. 

1.17. b- 4Ilmmraires 

Les  recherchts relatks dans le paragraphe 1.16 ont conduit i 
constatcr que : 

- I'~xplasion a eu lieu dans un conteneur situt en soute 
avant, en place 13-droite (13-R). cf. annexe 7 ; - ce canrcneur, charge en soute d Brmarille. ne contenait 
que dcs bagages enregist& a Brauavitk a dest inat i~  de 
Paris ; 

- !a pone de ce mnteneur, tel qu'il hait plat& en 13-R ne 
pouvait pas itre ouverte pendant t'acale a N'Djamena. I1 
aurait fatlu, pour I'auvrir. deplam au prtalablc le conre- 
ncur en cause ainsi quc celul qui le stparair de la pone dc 
soute (place ICR). On nc peur pas considbrcr comrne 
plausibic I'hypothtse qut cette double manipulation ait i t e  
Faite sans attircr I'attention de quimnque pendant I'cscaie 
d'unc hturc. de jour. a N'Djamena. 

La cemrnission a donc retenu comme hypothtse la plus plau- 
sible ceIIc d'unc charge explosive plactedans un des bagages 
embarquks a Bmzavillc A destination de Paris. 

Pour protkger le transpon akrien confrc de rels atrentats. 
pour deliair te nivcau rkctssaire et raisonnablt des mesurcs de 
sGtete A rnettre en auvre sus 1es atroports. des normes et des 
praciques recommandtes sont prescritcs par I'unc des 
annexes (I) $ la convention rttative A F'aviacion civile intcma- 
tionale, ainsi quc par la Cltmcnts indicarifs du Manuel de 
sirrere dc I'arirtion dvile de 1'O.A.C.I. (I30C/8973). 
St eftrant h cts textes, la mmmission a considtrt qu'eile 

dewti& aux tumts dc son @t, s ' i n f o m  sur Icr raesum 
dt shmt qui t t a i e a  rniscs cn d u r n  SUT l ' a h p ~ n  dc Btrana- 
villt, g I'tpoque de I*accidmr, au bhrbficx dm vols inttmatio- 
naux en parhnct. Elle a donc pris oonnaissana dcs princi- 
ples constatations raita en mabw 1989 par 1 ~ s  cxpcrts 
Cranqais envoyis en mission wr ce sujct aup& dtr autonth 
congolaises compEtentes : 

a) Dams l'atrogarc, I'enregistmrnmt dcs passaga et dts 
bagagts au &pan dr vols in tmathrux  el de vols domes- 
tiqucs pouvait st faire sirnultanimm! dans la m h e  zone. La 
Fircutation dm p c m n e s  t t  &a hagag& entre zone publique ct 

(I) Anncxc I f .  - h t c n i o n  de I'aviation civilc internalionale 
cantre ks a d'iaterveatioa illicitt. 

b) Sur la demande d'un psagw, il b i t  possible de faire, la 
vcillc du dkpart, P I'hbtcl, un prkrurgistrernent dts bagaga de 
soute. b t r c  ce prhnrt-nr er t t  cha-ent d bord de 
Ikvion, Iw bagage passaitnt mvimn douze A viagtquatm 
htuns  sur l'atmpon dans un contencur qui ne Mntficiait p 
d'unt protdon et d'unt surveitbce suClisantts. 

i 
I C) Un pasager pourait F a i n  se par I'un 

de ses cmployts. Ctttc pratlqut (appclk coumrnmtnt 
.w l'emegisztrmtnt-proloc~lc m) ntcxcluait pas la possibilitt 

I $unt substitution dc bagagt (ou d'um adjoahn dc bagage), 
a t . ; ~  du p-gcr. 

d) A tit= d'uftime *don, au tcme d~ opkations d?ca- 
regimtmeni, unt mesure dt sfirrtt cst la rr#mnais- 
s a n e  dts bagages de mute par 1- pasage% au moment de 
I"tmbatquemcnt, au pied de i'avioa. Cttte m-un n'ttait p 
mist cn a u m  P Brazzaville & P k p q w t  I t  Yakdent. 

En w@uenee, Its trois h y p o t h b  s u i ~ ~ ~ t t s  pcuvmt l h  
camid& ecrmmt plausibfes : 

- bagage muui fraudulertstwnt d'unc k i q m e  d'mrq&m 
mtnt destination de Park et d m  soit :ur Ee upis at- 
lccttur dt bagages, soit dans Pe contencur qui regroupe 
tmporairernent Iw bagages prkcrucgist#b : 

- bagage aceeptt par un p w g w  dupe, ou eamgisth 
I'insu du passa;ger. en profitat d'ua cr tarcgisuemmt- 
pro[-1c w : 

- bagage cnregiavt par un qui d-uc i WDja- 
mtna, aiors que sa d d m i ~ o n  (n dmc cell6 du bagage) 
est Paris. 

Dans Its deux dernitrrs h- iI lam supposer. tn 
butre, que l'mgin explodif sst dissimult d m  le b w g e  dc telle 
sortt qu'il tchappc i t'inspcaion manuetle dcs bapges (ccftc 
inspeaion mt faite immMkr~ment avant I'tnregkmmtnt). 

I 

An sujtl dt la 'tmik&Emt hypwhtw;, la comakba a fis 
mnnaissancc dm o b s c w a t i ~  faites par Its mimes t x p t n s  
franpis B NDjamtnq m &&re 1989, sut ua point impw- 
tant : ttait-il possible qu'un passager Brazrsvillc-Patis 
dtbarque, lots de I ' d c  dt transit. sam hrr remaquk? 
aponsc : Catc hrpDthtse nc p a t  pas 2trr beart& en dCpit de 
la susreiltmcr, par la pot& tchadienne dcs fmntihts, dcs pss- 
sagen dtbawant 

Lts experts frahpis oat a& appris, lois de lenr mission 
N'Djamena, que. It 19 scpatmbte, pendant i ' d e  d'une hearc, 
Ic DC-10 a &ti mconstmnmcnt snneitlt par tmis gatdierts en 
ames ct qut Is dive- pcrsonacs aymt eu A intwcnir sur 
I'avion sc wnnaksaitnt Cela anfirme I m h ~  retenue-par 
la commission (charge cxplbsivc tmbarqatt P B m v i l l e ) .  

2. AN-E IET CONCLUSIONS 
* 

Lx M=-10 cTTectusnt le 19 -bre 1989 k ~1 U.TA 772 
(~raoavillc-N"ajamena-h&) a ktt dttruit par une explosion, 
qu*mte-sin minutes aprts son dtpart de N'Djamena, afors 
qu'il volait en croisihc au nivcau 350 dans des mnditiom touf 

fait nonnaies, 

Cent datnrction a Ctk p ~ v W J k  p r  unc charge exploDivt 
pl- dans yn eontencut situe en place l3dmitt  dam 1s mure 
avant. 
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~a mrnrnission d'rnqube wnsidht armme I 'hyphtst  la 
plus plausible que m e  c h ~ e  ex~losivc h i t  matenut dams 

bagagc ehaqc B m V i l l t .  
LC5 constatations fait- peu a p e  I'acddent sur I'atmport de 

B w v i I k  momtrent qu*h cet& + m u e  tcs msum dc sfirett 
applique sur ctt ahpor t  n'ltatmt pas conromcs aux nonnes 
a pratiqus rccommandb dt 1'O.AC.L. (aunuc t7 P Ea 
convention sur Ilaviation civilc interntionair et Manuel de 
sCmi de ['%viatian civilc inftmatiom~c (DOC $973). 

3.1. Le 4 mobm 1989. sur h pmpositiun c m ~ c  de h' 
dtlkgation aigh%mne et de Is d&l@~ion fraapise. I 'ascd~ltt  
gknCralc de 1'O.kC.I. a  adopt^ unt Mlution A-27-9 Bur 1 6  
a a a  a ' i n t e ~ k i o n  illjde vim i ptapoqr~e~ la ktfuction 
d'ahncfs civiis m vd. 

Apris avoir andamn& taergiqucmmt Ic9 aclw eriminels' 
eomrnis eonrre les avions dt wxpon civil. W e  risO1ution : 

- - demandc instarnmat aur Etats d'intcnaifier leu= tffom 
pour metbe en a u m  Ics pmtique rrrrrmmaadks 
t t  p r o d u r n  prcscaites pas LT).AC.I. w matihe de 
suWEtb, d de padre dss mtsurcs additiouneIies a p p .  
p r i k  c h w e  foir quc I ' d e m t n t  dc la m a a a  It 
Justific ; 

- dtmaode d'augmcmcr I'aidt ~ h n i q u e ,  fiaancitn d mast- I 
riclle aux &a& qui en OM M n  pour usurer urn appii. 
fatien Yni~cmlIe de crca dfsmitiom : 

- pie insmrnmt Ics Etats d'acotltm tm &uds et lca 
recherche. reiativcs & ta d&tdon d a  expidfs ct au mat& 
rid dc shrcrt, ct de paniciptr activemtat h I'tlabomtion 
d'un Mrnc international de msrquaw d~ uplosifs en 
ntt dt lcur dheaabilitC. 

La commission d'enquifc m u &  que oettc stsolutidn 
de I'asscrnblk & n M e  dt I'OAC.1. soit trb aaivemcnt a trb 
fcrmcment mist en aturn par tous Ics Etas. 

Elle co-te d cc sujet que, darrs le cadre dtfini par 
I'O.kC.1, d i v m  #dims qui rmCo~cent Ic mnt&lc dcs pas- 
sagm tt dcs bapiges sur I'ahport dc B m v i l l e  ont Ctt 
cnrrcptim par t t s  autMitds oongolaisn de I'aviatioa dvilt. 

La commission d'mqpiae r#ommande que I= imphtifs a 
Is objsaifs dt  fire& soioicat pris m mnsidEnstion ct dbelarts 
haut~mtat p r i h k r r s  $om de la coactptiwr i d l r  ou dar 
dtvcloppemenr d'une akrogart utiiiste par dcs liaisons 
intemationd~. 

33. I- -hiom aUmelfa d'expldtation -me, il 
n'esr pss exdu que, tors d'uae esde cn m i t ,  un B r  
mrcgistd pour la destination finale p&c dEbarquer sans 
attire? I'aWtion : 

La commission d'mquttt rmmmPnde quq lors dc w e  
-Ie rn #an&, la wm& tifectoe s y f ~ q u e m w t  a 
I'arrivSe le aomptaee d s  pasmgcrs dtbquant. pis ,  avant le 
d&pa& k mptage  du total dts pw&grn B botd (pazagm m 
transit plw cmhrqutsf; 

3A L'@wc du DC-I0 a && l e i s b e  dixsept bcum a@ ' 
t'aceidcnt : 

Cwi-t qu'il faut mcttrr en mum tow les mayens w- . 
rnmant dt dduire k dad de bdkathn  d'ua a d d *  ; 

C d d k m t t  m sum qrw le systbne i n t d o n a l  de I& 
mion par sateltie ~ - C o s p ~ s  cst o p h t i m c l  n pcrmet de 
connaitre avcc prtcisica k lieu d'un aceidcut dam ua dttai St 
queIques minutes d quatre ~ C U ~ E S  au maximum, 

La commission d'cnqu&t : 
Rmmmande quc I'emport d'une radibalise dt dttrcsse fonuionnant automat~uemmt i I'imwa wit rmdu obliptoim pour 

Its avians de transport public suwolant rEgulitmntnt d a  zone  inhospitalitrcs ; 
Rccommandc que dts cxtreiccs dt  rcchcrck t t  dc sauvttage soitnt etTstu& ptriodiqutmmt en* l i  oenm de t&gio~s 

d'infonnation de vol vaisincs pour vkhfier It bon lonetionnemcnt dcs moyms de cummuniation Et dcs piwidurn qrri pmaertcnt 
le dtclcnchtmcnt dm phn%es d'urgmet. 

k pr&mt Rpport a CtL. approuvk A I'unanimitk par les membra dt ta commission GenqufPe, le 17 smembm 1990. 
Lcs reprkcntants accrlditb et les o h t c u r s  ant kgslernmnt indiqut ltur accord sur cc rapport. 
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