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General 

1. The purpose of the Aircraft Accident Digest is to diminate  accident report information to comacling Stabs. Publition 
of the Digest began in 1951. Over the years States have reiterated their interest in the Digest no! only as a valuable soum af infarmatian 
for accident prevention, but a h  as a training aid for investigators and educational material for technanical schools. 

2. The Digest contains accident reports selected by ths Semhriat fm thosa sent by States. Reports were $0- an the bash 
of: 

a) their contribution to accasnt prevention; or 

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

c) compliance with Annex 13 provisims including the forma! af the Final Repod. 

The Digest shwld not be seen as being statistical!y repremhtve of the wotld distrhlion of acddents. 

3. Ths Final Reports are usually published as received. Accordingly, m e  deviations from standard ICAO editorial practices may 
mur. Lengthy reports may be abbreviated by mMng redundant information, appendices, atEachmmts or diagrams. Minor changes in 
presentation and terrninolcgy may be introdurn to ensure compliance with Annex 13 prwisions. 

States' moperation 

4. States are encouraged to send to JCAO those Final Repwts which meet fie criteria of 6.12 in Annex 13. The repods must 
be submitled in one oli the working languages of ICAO, and in Zhe format presented in the Appendix to Annex 13. 

~ S t p u W i c a t i o n  

5. Ths Digest is produced pslce each year and includes aocidents and iddents which mud during a omyear period. 
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No. 1 

Fairchild FHmB, F-GCPS, accident at 
Machault (SeinM-Mame), France on 4 March 1988, 

Report reteased by the Investigation Commission, F t a m  

1. R E N S E I G N E M N E  Dt BASE I 1,s. R d 8 w m - a  w 1'6 
1.1. Erwhmmr & al 1.5.1. Commral~m4 de bm8 . 

te P man 1988 lo  Fairchild FH 227 B, immatrimlt F.GCPS 
dtcollr dm ~m&sscy 1 5 h $3 1 destination de P1Tjs.Orly. 
L'apparcil c f f ~ e  Ia ligrw r6gulitrc de ta aompngn[c Ttanrpofl 
Akritn TrsDsrtg!wal U.A.T.) 230 Nancy-Es~ey-Pnns-Orb. Son 
indicatif d'appcl radlotC1kphoniquc cst u TAT 230 YPI n. 

Lc plan dc val opCtauionne1 mentionno vingt-drux. pCr#nna 
A bord (enis  mcmbw d'Cqu~page N dix-ncuf parlagcrs). A p b  
I'accfdenf la prtscncc d'unt vlngt+troisitme pcrsonnc btnCfi- 
ciam d"nn W n  gratuil a ttt n~@-&t. la w t c  nr Wcmait 
aucua fm ma* stulemenr qutiquo bagages. 

Irs barn atrlenncs rnii~uim dt Wancy-Qchcy. foul et 
Saint-Dzitr. gesuonnaim d'tapacts ahens A statul rCglt- 
menth rr'haot par CnCDFe aerivcs I cent hcurt matinale. I'suto- 
risatlon initialt obtcnuc par te contr8lc de t'atrodromc dc 
Nancy-Em rupris do de wnVBk Mmal dc Reims 
prCvon une mute dirrctc vcn Ic VOR de Troycs (TRO) en 
montke v t n  It nivtnu de vol (FL) I 4 0  (soir l4ODIE pudr so 
ealsgr dtimbvlquc standard 10132 hPs) aprh It dkcallagc. 

Lon du prcrnicr cemaEt ndiotttkph~niqut A 5 h W rnn .I$ 5. 
I t  comrdleur dc Rcirns cunfirmc h I'tquipage I'mutonmtion dt 
 mom^ v c n  k niwau dt ud I#, nivtau dc cmiritrc dt@ 
rur te elan dc vol. 

M. 4 46 am. 
B m t  de pilote priv8 n* 12818 du I 1  saptcmbre 1967. 
Brevet dc pilore proirssionncl 11- 3042 du 27 fanitr 1970. 
B~cvtt de p i h e  pfeftssionnll dr 1- dasst a' 244 du 

30 juin 1971. 
Licence validk juqu'au 17 mai 1988. . . 

Format~on : 
Stagt bimmcur I Mctvillt cn IW9 : 
ComptCmtat c h u  Fcawiek Aviation : IFR tur C a m  310 m 

1970 . 
Stage PP t P Sainl-Yan m 1971. 

Qualrfi~atioas : 
MS 505 et PA28 le 4 novrrnbm 1969 ; 
Ctssna 310 : jsnvier 1970 : 
IFR bimateur : 18 IHrria 1976 ; 
Pjlotr HS 148 : 19 jurllet 1970 : 
Cummandanr dc bord Fokker 21 : 23 d l  1974 : 
PiIort N 162 : 31 man 1979 : 
Commandant de bord M 227 B : 27 pvril 1979 : 
Hcuwr totatu dt voi : 10226 hmr~s : 
Inscription au tcgirtrc A du pcnonnel navikant : .- 

Lc i d a r  da ContmCrille indiquf quc ce nivcau n t  attcint 1 I AT? " 27730 du j*l mars 1970 ; 
5 k 5 m  1 0 s .  j A T A n * l W d u l * ~ m a n 1 9 1 0 :  

A 6 h 9 mn 4 i, I'nvion m t d M  sur la I& uenee du dcclartc 6 la derr&n 
cram de -trblc fidmal #A*h-Moas qui lui rnntrmt rau- 
toriation ven le VOR dr Troy- W O )  puia I t  VOR de Mclun 
(WEL), limitt d'aumrisation, t t  lui indiqut la pirtc m senicc 1-5.2. PIlott 

Liccnct validre jusqu'au 20 mai 1988. 

vcrs la pine 16) at Tuh d 6 b 37 mn. Qualificarions : 
fwtn I n  i-nionr ct rurorisationa pr4ccdcntts ont Ice !FR : 9 juin IN! ; 

cxtcurte~ normaltmtnr el saw dCl%i. Capilole F 27 : 4 juia 1981 ; 
6 h 35 mn 50 r, I r  FGCPS .st aulonrii i detendre WE Ie 1 C'~ifore 227 : 16 septcmb~ 1982 : 

niveau 60. I1 m11atiunne immcdimtcmcnr rt message n libht It . Copilatc BE 99 A : 36 avn l  1984 : 
niveaa 70 er! dtsccntc. CU stfa son dmier  m S W C  radio. Hmm mmks de vol : a 3  t hturrr : 

A 6 h 37 mn 30 s, alan qu'il c? tout p,&c du VOR MEL ' Insmption au regist* A : ATP no 5187 du 22 juin 1981 : 
I* conrrblrur lui donne I'insuueum de wrer Par la 8aach~ au ! Aprttude mcdicaic sana restri~on dklarke g \a denilk 
fop 360. aptram ainri dCbutrr une rCguiatlon radar vrrr la 1 visllc cn date du 20 novcmbrt 1987. 
pirre 26. Cent i ~ r m d o n  nc KrB par rtpe.  En cflet. A ' 
6 h 37 mn 22 5,  I'atrontf s'mr k ~ t  $ prnx~rn~rt du dHagt dt , 1.5.3. Penonnel & p o t  ~ IWKI I I  
Mafhault (77) aprh awair coup& unt lignc Citttnqut i frtr 
haute renston. Mine 

Consratant rimultantmmt la p t n c  JCP CD?UI= m d i ~  ct 'St' trenle-deux : 
rad;ir. ~ I E  cenrw dc confrdle d'appmcht d'brly declcncttc immC- Ccnifica[ dc sicuirt6 wuvctage no 9183 du 21 scp 
diartmrnt la pmetdurc apptoprite du ~cwlcc d'atcne tphnr de lernbre 1g7s 

ddtrrwe). Inmption au registre D : AT? no 8flJ du 10 m b r c  19i8. 
Rcmarquc. - LC passager btneficiant d'un billet grntuit 

1. Y i n  rignalt cn 1.1 a rflmvl: Ic $01 wis rur Ic strapontin ctnual dt 
ia c a b c  dr elmgt. 

1.6. Rmeigmrmmu IW I"dMafl 

1.6.1. Ctllule 
Consmtur : Fairchild llndusrrlc [K (') ; 
Annee de tonr~runian : dcuxitmt uimerrrt 1967 : 
Type : FY 217 B : 
YumCro dc sCtie : W : 
Ctnifieat d'irnrnarricularion : no 8 17074 du 18 scp  

tcabm 198: : 
Pmpric!rim : Sofinabail. Baylay's , b i l .  A c t h i l  (ancien 

propri&sirc : Sasmarl : 
Ccnificadon primair! de gpe : US no 7 A I ccrtint mns- 

?on acricn autvam ks n- civilcr atuiL.rhEain# {& Reguk- 
:ion Pan 4 8 a Spctiai Air Regulation r?? B). Manuel de vol 
F A A  tppmuvt Ic xi juin 1967. 

1.4. Alrmr d m +  
1') Farrchtld lndunnt lqui tU blcmmt appltc hkbild-HiUw 

~~w In fik gon- e l  wndufltun dt la ligne tlmriqllt c*cpomfimj a conrrmil entrc 1958 rt I975 1% F27 dt dilIkew 
I* haute f a i o n  Le Chnnoy-Mohas onl ttt rcnionnls. -In sour Ilctnte Fokka ussi qur fa FGrrhId C7. t pnit 

rndunntllc du pmtrpmmc F H 2 7  a Clb ncbrrrp I F~*irrbild pas Ir 
Lea aurm dMUtbWS au W U  dan* champ labmr*) s o c i t ~  HaMnnd k r  iDdurtncr mr Faiairekrfd d m ~ r ~  mponuhlc dt 

sonr nigIigcablts. 11 ctn~firrtzon dc tyw, 
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k ft.I 227. don1 unc quarantainc d'exemplairts sont tncort Faute d'approvisionnemcnt. des pare-brise de F f7 amicnt 

en s m r c t  dans I t  monae. est un: vcrslon allongtc du F?: J tti inrtallh. LC F-GCPS Ctait dc ce fait l imi~ t  B 227 XI en 
pour aupmcnrtr la capacilt t n  parragcrs cusqu'a 56) cr en ire: u~iiisatron normale au Iicu de 249 Kt. 
grate A une soute avcc po-c cargo A %'avant. LC lusclape a kik 
ral1ongC dc 1,8?9 rntrres (6 picas) d I'avant dts ailcs. Lts SUT- 
faces dc la gouvtme t t  du comptnsaicur dc profondcut on1 d i  
ttrt  scosiblcmrnt aupmenttts pour rompcnscr le surcroii d t  ' 1.6.5. E a r d e n  
masst a l'avanr. La gcntrarion Citclriquc ct les commanoes 
rnorcur son1 Cgalemcnr difftrcntes dc cclies du i;okkcr 27. L'aCronrl etait enrrctcnu ~ a r  la rociCrC txploitantc f Dinard. 
ctnificatton Quin 1967) de cet appareil ~ $ 1  purcmcnl amin- Les sptciiicarions d'tntreticn d e  cert: sociClC on1 C t e  
caine. k FH 227 B o t f r ~  une vitcsrc operai,onnelle un pol=$ approuvccs (aprtmtnt na i ?  du E juilltr IgPdl. 
tom) aupmentl.5. ]I at tquipc dc nouvcaux pare-bnsts. d t  Ion- LC manuel d.tnlrclicn du FH 227 B a 4ri apprtluv& It 
ptrcns. dt cadres dr fu~clape ct de wains d'arremssape r tn-  1 -  dtccmbrc 1980 ( l e t r ~  5 5 9 0  SFACT/TE). forcks. Les moreurs sonr plus puissarns ct Ics hClicts cnz ur. 
plus grand diamcrre. La masst maximalL d-collagr a c:i La dernitrt risite d'cnrretim dc typt D ct E a ktC cffccruCe 6 
ponte  ~ 0 . 6 ~ 0  tonncs l a  masst i :4alrt,ssaec 31 926 hcurcr, t z  54 j 4 i  attcmssagts It I? novernbrt 1986. 
30.410 ronncs. En France rourciois. la masse rotalr auto6scc au h r s  du wl de I'accidcnt. unt  scaion dc dcgivragt des bordr 
dccollagc a lirnltct a moins de 20 tonncr pour des raisoni d'attaquc d t  I'aiic gauche (seaion CD) Ctair dlclarer hors scr- 
de rCpltmcnration dcs breucu ct licences du pcrsonncl nay:. cicc depuir Ic 1.7 mars 198s. 
ganl. 

Ctnificadon franpisc : ccnificarlon de rvpe f ran~aise  DOU: 
imponation dt l i r r t t  par ~qui\*alence pa; la D.G.A.C.. iit 
E fttnricr I974 IrCl. 1M ?It\ I .6.6. hlasao et centrage . - -  - - ,- 

Manuel dc col en frangais (rradumion du .&rjjlane Flign: 
Manual approusi F M  Ir 17 juir: ~ p b ? )  approur+ par la L3 cabine d u  F-GCPS t t a i ~  amCnapk gour quaranle- 
D.G.A.C. I t  16 mars 1979 dc mCmc que Ics rtvlsions I g 24 t: pasaeers. 
ier supplerntnrs I a I:. Cornprt ttnu du nombrc de pasrapers (vinpt) t~ de l'abscncc 

Ccriificar indiriduel de navigabilire ralidc jusqu'au 9 octobrc dc fm en soure+ ]a masse totalc dc  I'apparcil .au dccollagc 
1990. tenviron 16 900 kilograrnmcs) ctait trCs largemen: inRricure a 

Au depart dc Nancv, l 'a~~ion rotalirait 3; 142 heures dt vol : la massc maximalt au~oristc (19970 kilo~rarnmcr cn France!. 
55843 cycles (un cycle : un dtcnllapt - un arterrissapel. : 11 cn elail dc  mtmt a u  moment de I'accidcnr (cnviron 

15 M0 kilogrammts). 
1.6.:. 5lotturs 

Consrructtur : Rolls-Ro!-ce (Royaumc-Unil. 
Typc : DART 532.7. 

I 
i GAUCHE OROIT 

Position ..,- ........ - ..................................... 1 : 2 
Numlro de ar ia  / 13953 . la62 
fsmps de fonclionn~men1 totnl. .......... ! 37 245.6 h ; 26 372.6 h 

.......... Cydas totsux I (Inconnu) : M 134 
Ternpa de Ioneti~nnsment depuis 

~blisim g i n t n k  ............................. I 1 ??0,2 h 4116.1 h 
Cycle$ d l  fcnctiPnnsmsnt dapuir 1 i 

riwaiongbnhrala .............................. 1 1146 1 510L 
OM* do domilre kuiaion genlrsls ..... ; Nwombrr 1988 1 Octobre 1902 
Lieu - . AirFrrnw / AirFranw 1 Toulovss foulouss 

' Xc wnnatssanr pas la repanition cxasrt de6 passap~rs sur ICS 
sstgcs. I[ n'es~ pas posaibrt de connairrc avcc @ i s i o n  It ccn- 

; rragc d t  l'arion au moment dc I'accidcnt. 
: En ca5 de r tmpl issap~ moyen (c'trait Ic cas pour It col dt 
i I'acddent). It pcnonnd  nav i~an t  doit rcillcr 1 la rtpanition 
1 CquilibrCc der passage- sur les siCgcs de wbine. Unc rtpani- 
1 rion tourt avanr ou toutt amtre provaque en cflci un dcpassc- 
j menr d c ~  timites de ccntragc. 

1.6.4. Equipment 

1 En surface. unc tone ddprcssionnaire (980 hPa) ecntrke sur 
1 I'txtrtrnt Sud dc ta Norve~e  se prolonge en un taste thalwcg 
I jusqu'au polre dr Gascogne. La penurbation associtc inttrcsse 
i Lcs rtgions s'bendanr du Sud de la Scandinarit a la panic 
; orienralc dc  l'#Jlcmagnc de 1'Est er au Sud d t  la Btlgiquc. puis 
j ondule au niveau d'un minimum sectrndaiy d 1 000 hPa rur la 

Picardie : tllc sc poursuit en front rroid aaii  vtrs I'Oucst de la 
1.6.3. Hllicw j rkpion prrisicnnt, Ics Charcn~es ct la cbte Nord-Oucsr de rEs- 

i pagnc. 
Constructcur : Dou.ry Rorol. 
f : R 157/4.30. : Lr courant genCral de surface esr Sud-Sud-Oucst bible A ' 

I'avani dc cc front froid t r  d'Ouesb A Nord-0uts1 a I*amire 
I s'oricntanr a Nard derriere un iront froid sccondaire axe du 

A fa date dc I'accidcn; I'Cquiperncnt du F-GCFS satisfaisait 
aux r4glements applicabl~s aux avions exploitk en crampon 
public. 

GAUCHE I DROm 

Position - ..... ,...- i 1 1 2  
Numimdasbria i 2267 ; 
Temps total de fon~~onmmm ........... I 28 858.8 h i 29 562.1 h 
Temps dspuir derninre rtivi~ion i 

~ A n l r a l e .  ......... iwh ! 1w,lh 
Darn da dsrnibm rkirion gbnirals,.., 1 flvrier 1906 i j u i l l ~  1% 
L o u  1 D~~ ~~~~l 1 Day Relol 

~l~~~~~~~ G,oueerler 
I 

I1 n'bait pas encore tquipt d'horizon de secoua. Ntanrnoinr 
aprks I'accident la compagnie a ins~allc cct Cquipcmcnt sur 
toutc sa nottc (*). , . 

i Harre 4 Nantts delimitant t'instabilitk m air froid. 

; Sur I"emcrnbJc dc 1'Jlt-dt.Francc, la zone dc corps ,lice i u  
t front iroid principal tst  caractCrisce par des prterpltar~ons dt I pluic ti de aeige rnelCes ou de neigt. 

A 6 h 30, ce front se sirue cnwrc A t'Oucs1 de Mclun mais l e  i corps pluvio-ncipcux $'&end bitn au-deli. , 
9 

En altitude. aur nivcaux 8 9 ,  700. 500 el 300 hPa, \me zone 
dc bas ~ " w l n t i c l s  s* siluc .u-dcs$us du sud dc la NowLge 

I et du Dan~rnurk et sc prolongs par un rhalweg rers la Brc- 
i tagnt. Sur la race orientale dc N thalwtg au-dessus des kgions 

(') L"anie1e 6 dc I'nmC du 5 nwmbrt  19Rf rtlatil aur conditium 
d'utitisation dw avians cxplaith par une mtrcprisc dc tanspon atritn 
prtvoia q u e  ccr Cquipemen1 derai l  ktrc instal l& avant Ir 
)O novcmbrt 1988. 

I inttrcss&cs par le val, ICE vents sont d'Ouest-Sud-OUCS~ 45 Kt A , 500 hPa et 25 Kr A 700 hPa. 

1,7:1. Temps sur le trsjtt knq-Pnris 

Cc temps est dMuit des cants &analyst cn sudacc et cn 
altiludc en ktnant comptc dc I'holution dc la situation. 

Sur a trajct. on rrouvr I'avanl du front h i d  un citl mu- 
vcn pat straiocumuiun et s l t o c o m u l u ~ - a l t ~ t m u s  ou nimbo- 
s tmur doubltr localcment d t  s t ra~us ; Its yiaibilitk en surface 
soni rtduites par Its chutes dc pluie. dc nelge ou pluie et ncige 
mC1Ccs. 
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la violence de  I'impact. Ainsi, par exemple. I'abscnce de traces 1.16.5. Trajectolre du vol 
dc fronemenu radiaux constatte sur les induacurs des conver- 
tisscurs pourn i t  laisser supposa que crux-ci ne tournaient pas 1.16.5.1. Radar secondaire (voir annexe 3) 
A I'impa n... La mtme constatation d'abscnce de traces de rota- 
rion peut etre faite sur les gtntratrices bien que  la cer- ) Compte tenu de la trbs mauvaisc qualitt des informations 
tirude qu'elles Ctaient entrainees par Its motcurs, Dans ce c-s I 1 fOumies par I'cnregistreur dc pararnttres dc et de 
la violcnce du choc est sans commune mesure I.ineriie des , I'arret des dcux enregistreun avant I'impaa final (voir 1.1 1 ci- 

lorsqu'on coupe Ieur  alimentation, On peut considtrer I I dessus) la trajeaoire du vol n'a pu ttre reconstitute quc grace 
qu'ils S'arrCtent instantanCment nc produisan~ donc aucune I 1 enregisaements des images radar' 
trace de frottement. ; LC premier contact radar (station locale de ContrexCville) a 

En cc qui concerne les batteries les examens cffectuCs au ' lieu a 05 h s4 mn 07 s. Le F-GCPS Passe 2400 pieds en 
Centrc d'essais a~ronauriqucs de ~~~l~~~~ ainsi que cornpa- ! ' monrte ven le niveau de vol 60 et est transferi a Reims- 
raiS0nS qui ont pu ttre faires avec d'autres batteries (I'une , I conrrole qu'il contacte O5 s4 mn 45 s. 
chargee. i'autre dtchargee) IarguCes dc 2 000 m&tres dcpuis ur. : , La montte s'effectue normalement en cap direct sur le VOR 
htlicopttre pour s'tcraser au sol dans des conditions compa- ) I de Troyes (TRO). Le taux de montte moycn dc I200  piedslmn 
rables 2 celles du F-GCPS, tendent a dCmontrcr qu'une cer- ; ' jusau'au niveau 70 diminue progrcssivement A 1000 pieds/mn 
rainc Cnergie, dont il n'est pas possible d'evaluer le niveau. , jusqu'au niveau 100 puis P 900 pieds/mn avant d'atteindrc Ic 
existait encore dans ces baneries a I'impaa. I ! niveau de croisitrc 140 B 06 h 05 mn 10 s. 

L'exarnen des filaments des voyants de surchauffe batteries a i ' Le F-GCPS suit une route magnttique oricntte 2520 jusqu'a 
d i aon t re  quc ceux-ci Ctaient Cteints A I'impaa. : 06 n 23 mn 30 s 0". environ 5 NM avant Ic passage de TRO, 

Les expcns ont acquis la ccnitude que ces bancries n'ttaienl ! j I: Cap augrnente trCs lentement vcrs 2860 v c n  BRY puis revicnt 
pas roralement dtchargtes au momenr dc I'accident en ce ; I aU 2820, route direne vers MEL. 
basant sur la presence de courts-circuits locaux,engendrCs lors i : On nc note aucun i can  dc cap significatif. La tenue du 
de la dtformztion des coffres. Ces traces sont rout a fair ana- : I niveau de vol 140 esr trCs rigoureuse. 
logues B celles observCes w r  la banerit de mefit type \argue: i : A 06 h 27 mn 20 s, Ic F-GCPS quitte son niveau dc croisitre 
chargie de I'hClicoptCre bien que I'Ctat de destrucrion de cen t  . ! en descente vers I t  niveau 70, qu'il atteint a 06 h 32 mn 30 s. 
dcmihre soit nettemenr moins avanci. La batterit IarguCe i / En fait. le palier est effectut 100 pieds plus haut (FL 71) puis 
dichargCc ne pone, bien Cvidcmmenc. aucune trace de coun- . , I'avion remonte encore 100 pieds plus haut (FL72) pendant 
circuit interne. : , 1 mn 30 s avant de reprendre la descente B 06 h 35- mn 40 s 

De nombreuses traces de courts-circuits ou de surchaufis  i ! vers Ic niveau 60. 
apparaissent un pcu panout dans Ies restes des fils Cleariques. Le dernier Ccho radar sccondaire apparait A 06 h 37 mn 01 s 

- bobinages ou dtbris mttaliiques. j environ 4 NM A I'est du VOR a MEL )) (27 NM du 
L'examen des multiples traces de fusion (zones affectCes ' 

VORIDME a OL ,)), I'alticodeur indique 61 10 picds. Le lieu de 
themiquement) vidbles sur Ies dtbris de voilure et de fuselage, / 1 I'accident se situe 2 NM plus loin. 
notamment de la panie gauche dc I'avion, montre qu'elles sont 8 

bcaucoup plus ttendues que dans Ic cas d'un foudroiemcnr 
Ces traces sont h consquence des arcs ilcct~iques 1 l'ap- / '  1.16.5.2. Radar p&aire (voir photos en annexe 4) 
proche et au contact des fils de la ligne tienrique a trts haute L ' ~ ~ ~ ~ ~ ~  des enrcgistrements radar primaire analogique de tenslon. i l'approche d'Orly (mrcgistremcnt cintmatographique) montre Enfin, l'interprttation des indices relevts sur les bltments de  qu.aprbs la dernitre rbponse secon~aire dc lSavion celui-ci restc l'tpave. notamment ceux du systkme tlearique, doit tenir I ; encore visible sur quatre photographies, dont deux avec Cti- 
compte du fait qu'il y a de t r ts  fortes chances pour qu'une quette d'identification, avant de disparaive totalement I 
panne tlcarique totale se soit produite lorsque l'avion a heun t  1 j 25 NM de rantmne radar qui pnt iquemmr co.implanttc 
la ligne Clectrique. avec le VOR DME d'Orly (OL). Lcs Cchos primaires se rappro- 

chent de  plus en plus. Ceci prouve que la composanre horizon- 
1.16.4. Inrrmmeats de bord tale de la vitesse de I'avion a diminut fonement  La demitre 

VOWDME d'Orly a OL )) et la position de I'avion B panil d e  
laquelle Ie transpondeur radar n'a plus t t t  r e p .  

Le lieu de l'accident se sinre 2 NM plus loin (a 25 NM 
d'OL) et A 1.5 NM du VOR MEL (lui-mime A 23.5 NM d'OL). 

Deux rouleaux (un suptrieur et un inftrieur) d'indicateur 
direaeur d'attitude (horizon anificiel ou ADI) sont dCchirb 
par la maquette avion au droit de I'inscription a 900 UP D. 
Chaque spire des enroulcments mobiles compone lei mCmes 

P;I~ 

empreintes superposablcs de dtchirurc. Ceci signifie que cet 
instrument n'ttait plus aliment6 Clectriquement au moment d u  
choc. 

Les ersais effectuts au CEV et la TAT i Dinard avcc des 
indicatcurs de  mtmc type installts sur avion montrent qu'en 
cas de  coupure de I'alimencation tlectrique. le rideau de I'ho- : 
rizon artificiel se positionne <( 900 UP B face A la maquene 
avion en moins de 5 s (de 4.04, A 4.26 s) ceci avcc apparition 
trbs rapide dcs drapeaux. La remise .en fonction s'effeaue en 
moins de  3 s (2.2 s B 2.7 s) en basculant les intemptcurs des 
alternatcurs de  secours situts .en bas de  la planche de bord 
devant les colonnes des commandes (voir page 13). Ces essais 
dtmontrent que la coupure Clearique ne peut Ctre qu'antb- 
rieure A I'impact avec la ligne tlenrique. 

TOURS - 
d.antanna 

('I4') 

I 

1 

2 

3 

4 

TYPE O' INFORMATION 

,??+!$,?, 

Oui 

. 

. (mag. primair. 

Oui 

 ode c 
(aWcod.ur radar 

8.condaire) 

Oui (61 10) 

Bien qua non enregiatrbe la r6ponse ne pout btre 
qua poJtive car I'6tiqustte n'ert maintenue que 
pendant 2 toun (compte rebours). 

Oui 
(1- tour) 

Oui 
(2' tour) 

. .  

Oui Non 

. .  
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- - - . . . . . ,-- - - ~  -,. - -  -~ I . u n ~ n ~  I TOURS ! I I I I trage Atenu variant de 2 6 5  A 29 D. 100. Raooclons oue le cen- 
I I I T Y P E '  D ' I N F O R M A T I O N  

, .". "" ,, I d'snrenns I Mods C 
, , , A - 1  1 trage reel du vol de I'accident n'eit pas con;;. 

O r  1 a ?  1 1 11s ont he ortckdks ie 1 0  aost  1918 d'un vol d; .rise en 

i Ces essais on! C t C  effectuCs dans des conditions de masse 
! identiques A cclles de  I 'ao~arei l  accident4 116 600 Ira\. Ie ccn- 

3 
I 

Non I Oui 
I (rbmanencs 

tour passe) 

l'l-al 1 maoa pnmars I (all~codmur , ~econdai.~, 

I I o 1 7 1 Oui / Non 1 Non I 

I 
I . !  I I 

r-i I (Pens primaire 1 
avant  c a r ,  

r ~ ~ - -  I main au cours'duquel Ies performances du  pilo& Gtomatique 
I ont CtC CvaluCes. 

i cernansnce ( I 5 1 9 1 de la posi- 1 .NO" i Nan I 
lion visible I I 1 1 sur photo 4.1 I 

1 i 

1 I II / Non I Non / Non 
I I 

1.16.5.3. Aurres elemenrs d'appreciarion 
de la. trajecroire finale 

Les enregistremenu des consigneurs d'ttat de la ligne Clec- 
trique coupCe toralement (Morbras 2) fournis par les services 
techniques d'E.D.F. montrent que les trois phases ont 
Ctt affecttes simultantment par une coupure A 06 h 37 mn 22 s 
23/100e. 

Une seule phase de la ligne suivante (Morbras 1) a C t t  tou- 
chCe suite a la projection des debris et 1.47 seconde plus tard 
la projection du faisceau de cables restCs accroches A cette 
ligne a entraini Ie declenchement de la ligne Le Chesnoy-Ville- 
just (la plus B I'Ouest). 

Les horloges internes des consigneurs d'E.D.F. et des sys- 
ttmes de traitement radar sont recalees a la mime source mais 
a des friqucnces et selon des techniques differentes. La preci- 
sion de ces horloges reste nettement superieure a la seconde. 

Bien qu'il ne soit pas possible de connaitre prCcisCment le 
decalage entre ces difirentes horloges on peut estimer qu'il 
s'est Ccoule un peu plus de 20 secondes entre I'arrtt du repon- 
deur radar du  F-GCPS et I'impact au sol. 

La dernitre rCponse alticodeur avant I'arrCt du repondeur 
radar secondaire donne 6 110 pieds (1 013.2 hPa). L'altitude du 
lieu de I'accident est de 377 pieds. Le Q N H  qui etait de 
1001 hPa situe I'isobare 1013.2 hPa A 336 pieds au-dessous du 
niveau de la mer. On peut donc estimer que I'avion etnit 3 une 
hauteur de I'ordre Cc 5 400 pieds' (1 650 metres). Le taux 
moyen d e  la chute  finale a d o n c  CtC d e  I 'ordre de  
16 000 pieds/mn. Lrn tel taux ne peut i tre obtenu qu'avec une 
assiette trCs fonement negative au cours d'une descente en 
catastrophe. I1 est voisin du triple de celui qui correspond h 
une descente d'urgcnce controlte par Ie pilote (voir ci-dessous 
cn 1.16.6.3). Lors des essais de certification de cct avion des 
vitesses en pique superieures A 300 kt ont ttC demontrees. 

La proiondeur du cratere (plus de 3 mttres) situt 3 la veni- 
cale de la ligne ilectrique dont tous les fils ont C t i  coupes ainri 
que la relativement faible distance de repanition des debris en 
surface. malgre une vitesse trts Clevie a I'impact. montrent que 
la trajectoire finale avait une pente trks fonement ntpatlve iai- 
sant avec le sol un angle de  I'ordre de 450. 

1.16.6. &.is en vol 

Des essais en vol sur avions identiques ont etC eifeaues i 
D i n a r d  les  IS e t  19 o c t o b t c  1958 et Bretigny le  
I5 novembre 1988 pour preciser Ies consCquences de deiail- 
lances du systtme de gCnCration Clectrique. 

Trois scenarios de  panne electrique ont CtC simulCs : 
- variations altatoires de  la frtquence du courant alternatii : 
- courts-circuits intermittents ; 
- baisse progressive de  la tension du courant continu, I'avion 

ne fonctionnant que sur batteries. 

Pour tous ces vols, les avions itaient tquiPks'd'un accC1Cro- 
metre et d'un peson. De plus. ils disposaient d'un horizon de 
secours alimente et CclairC par une batterie independante. 

Le vol du 18 octobre 1988 a consistt A tvaluer le cornpone- 
ment longitudinal de  I'avion dans les configurations cc h o n  
trim M ou en cas de deroulement intempestif du  trim automa- 
tique ainsi que I'innuencc sur Ies systbmes de la dtrive en frC- 
quencc du convenisseur en dehon  de la plage d e  fonctionne- 
ment normal. 

Le vol du 19 octobre 1988 avait pour objenif de  vCrifier 
I'cifet d'une panne Clectrique totale sur les sys t~mes  (cac d'un 
coun-circuit ou suite a un fonctionnernent sur batteries seules). 

Le vol complCmentaire du IS novembre Ctait destine Cva- 
luer I'autorite du servomoteur d e  profondcur du  pilote automa- 
tique et Ie componement longitudinal en position << h o n  trim n. 

Toutes les bandes des enregistremenu de convenations et 
d'alarmes sonores de ces vols d'essais ont CtC dCpouillCes et 
exploitCes. 

1.16.6.1. Gherarion elecfrique 

Au plan Clearique, ces essais ont dCmonnC qu'une pene de 
courant alternatif 115 V/4W Hz provoque Ie debrayage du 
pilote automatique sans a-coup et sans alanne. Les drapeaux 
des instruments (AD1 et HSI) pilote et copilote apparaissent 
immediatement et les horizons panent lentement ven  le haut 
(ceci avait dCja CtC dtmontre a u  sol : cf 1.16.4). L'Cat du sys- 
t tme de generation Clectrique n'est pas signale ,mais les dra- 
peaux sur les instruments sont bien visibles s'ils sont bien 
CclairCs. Si I'on n'est pas en conditions givrantes les informa- 
tions altimCtrique, anCmomCtrique et de  vitesse venicale restent 
bonnes. 

La coupure totale de l'alimentation Clectrique par  action sur 
la barre N coupe tout ~b (ou R barre de  crash a)) est sans effet ; 
I'avion reste pilotable mais il n'y a plus d e  reference d'attitude 
(sauf si un horizon de secours A 1:alimentation independante 
esiste. ce qui n'etait pas le cas Ion  d e  I'accident). 

La pannc Clectrique totale par ipuisement des batteries inter- 
vient dans la minute si la consommation est maximale (IFR de 
nuit, PA engage) et si le re!ais de  delestage est restC colli. 
.A 17.9 volts Ie pilote automatique se disengage ; il y a une 
alarme mais trts peu visible. Les drnpeaux apparaissent et les 
horizons panent lentement vers le haut. 

Si la  f rCquence  d u  c o u r a n t  d i m i n u e  l e n t e m e n t  
(2 Hzheconde) jusqu'a 354 Hz, les performances dcs systCmes 
ne sont pas affectees. Si la frequence vane plus rapidement 
(10 Hz.'secondet. il y a dcconnexion du PA sans embarque- 
n e n t  et apparition des drapeaux. 

En rol. il n'a pas CtC possible d'augmenter la frequence au- 
d t la  dc 406 Hz et donc de constater ce qui- peut dtcouler d'une 
augmentation de cette frequence. 

I I  n'y a pas ae  signalisation de  panne pinCratrice. Le voyant 
de panne par Cpene de I'~1imentation l IS V1'4OO Hz br en bas 
de la planche & bora derriere la colonne du  manche est peu 
risible. Cettc panne s'identifie par I'apparition des drapeaux 
sur les instruments gyroscopiques. Le sclecteur du secours 
alr:rnatii situC en dessous du voyant de  panne est peu acccs- 
sible. 

Entin. les essais ont monrre que la barre u coupe tout 9 qui 
pcrmet de couper simultanement route I'inergie Clectrique. 
situee en bas du panneau superieur droit sur le tableau dc 
:ommnnde et de contr6le de la generation Slectrique peut dtre 
manauvrCe fonuitement en vol. notamment aprCs avoir regle 
ou oriente la liseuse situCe au-dessus (cet incident est deja sur- 
venu en esploitation~. 

La generation Slectrique Ctanr dans une configuration nor; 
male et le pilote automatique engage sur maintien de  cap et 
d'altitude. la mise en mnrche d e  I'alternateur d: secours no I 
(pilote) provoque un dCpan i piquer de  50 avec roulis a 
gauche puis un retour A cab[-r avec roulis P droite. L o n  de cet 
cssai le pilotc automa~ique a -CtC d6biayC a 140 d'assieae 3 
cabrer. 

La panne de gCnCration Clectrique est sans effet sur le com- 
ponement longitudinal de I'avion sail eat correnement com- 
pensi, mais touter les references d'attitude sont perdues si I'on 
ne  dispose pas d'un horizon d e  secours. 
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L'tcoute des bandes CVR dc ces vols d'essais m n  en ivi- 
dence des anomalies dans la vitesse de dtfilement de la bande 
tout A fait comparables a celles de la bande du vol dc I'acci- 
dent. C'cst notamment le cas d t s  que la tension du courant 
continu est inftrieure A 17 volts ou dCs que celle du courant 
alternatif est inftrieure a 95 volts (voir ci-dessus cn 1.1 I.?). 

Lc pilote automatique (Collins AP 103) a. dcs performances 
satisfaisantes dans Ic plan longitudinal mals I'or, constate- que 
I'autoritt du servo-moteur de profondeur est Imponante. C c a  
cst la constqucnce des caracteristiques de vol au FH 227 dans 
Ic plan longitudinal (profondcur). 

Les indications d'effons sur Ies trois axes situees sur la 
pianchc de  bord gauche demt re  Ie radar mtteo nc son1 pas 
visibles par Ic pilote en place droite. 

LC voyant a AP disconnea )> est Ires peu visiblt el peut Ct:: 
confondu avcc les indicateurs de  modes dc pilotage. car trts 
proche et de  mime couleur. 

I1 n'y a pas d'alarmc cc hors trim ),. L'analysc du.schtma a t  
db lage  et Ies essais effectuts en laboratoire ont montrt qu 'unt  
panne simple. tclle qu'une mise a la masse du-circuit de c o n -  
mande du  motcur de trim, pouvait I'amcner a tourner indtptn-  
damment du servomoteur et. qu'un plus IS  V .intempestif 
applique aux borncs du motcur dc trim doublait sa vircsse a e  
rotation. 

En cas de debrayage volontairc ou accidentel du pilote auto- 
matique, si I'avion se trouve eri position cc hors trim )>. le mou- 
vement longitudinal de I'avion cst d'amplitude proponionnelle 

1'Ccan entre la position de la gouverne ct la position du com- 
pensateur et de  mime sens que cct Ccan. Compte tenu dcs 
caracteristiques longitudinales du FH 227, Ics effons de  reprise 
en main, fonction du a hots trim N. du centrage ct dc  la vitcsse 
sont u t s  imponants (38 daN pour 6 graduations, soit un tour 
de volant A piquer correspondant A la limite d:autoritt du ser- 
vomoteur pour une vitcsse de  178 Kt au FL 150 dans Ie cas de  
I'essai du  18 octobre 1988) et dans cenaines conditions peuvent 
conduirc I'avion dans une situation critique, voire catasrro- 
phique. 

En effet, cet avion a Ct t  allongt a I'avant dcs ailcs. De cc 
fait il a Ctt necessaire d'augmenter la corde et donc la surfrcc 
de la gouverne et du compensateur de profondeur pour en 
amtiiorcr I'efficacitb. 

En mode ALT (maintien d'alritudc en croisitre) quand Ie 
pilote automatique est enclenche, I'altitude ne sera plus main- 
tenue au-deli d'un cenain cc hors trim )I ( 5  a 6 graduations ou 
1 .tour complet du volant). Dans les autrcs modes (en montee 
ou en  descente) le pilote nc pourra detecter I'anomalic de  
cc h o n  trim )) que par des variations d'assiettc er dcs indications 
de variomttre et de I'anirnomttre. Les essais ont montre que 
les changemenu de bruits airodynamiques en cabine ne son1 
pas trts significatifs sur cet avion. 
Le dtbrayage volontaire du P A  sans precaution paniculicre. 

peut provoquer un couple longitudinal imponant et la reprise 
du contr6le peut ntcessiter des efforts trCs eleves fonction dc  la 
vitesse, du  centrage et de  I'amplirudc du cc hors trim n. 

! imponante de Sintensitt du courant d tbi t t  par le convenisscur. 
; La coupure finale intervient en effet 2.5 sccondes apres la 
I reapparition du phenomkne. 

Aucun accident de FH 227 n'a ttt r tpenor i t  dans la banque 
de donntes accidents >) de I'organisarion de  l'aviarion civile 
~nternationale (A.D.R.E.P.). 

: Les enquttcurs ont passe en revue 206 evenemcnts divers 
(comptes rendus d'incidents techniques. constats d'ivenements 
ou difficultes renconrrtes en  exploitation...'^ ponant sur la notle 

* rnondialc d'avions du mtme type cntre 1968 ct 1988. On ). 
constatc qu'un tiers (67) son1 dcs probltmes dc gtneration Clec- 
triquc don1 23 intercssent I t  courant alternatif. Les panncs 
aiiectant Its convenisseurs et Ics gtntratrices sont paniculicre- 
ment frequentes. notamment entre 1980 et 1988. 

En plus de ces CvCnements. aprcs I'accident. la compagnic 
T.4T a communique a la commission une liste de 31 pannes de 
convenisseur avant affecre sa flotte dans la piriode 1986. 
p i n  198s. 

Les anomalies les plus significatives qui ont affectc Ie 
F-GCPS dans les douze derniers mois avant I'accidenr ainsi 
que les mesures correctives prises sont Its suivantes : 

2 mars 1987: sous-tension de la generation. - Aucune ano- 
rnaiic oar  la <trite . . . -. . - r-- .- 
I8 juiller 1997: pilote automatique en mode h'AV/LOC 

route capturec, l'avion se met en virage a droite avcc unc incli- 
naison de 80 en s'ecanant de la route. Les VOR sont croists 
pour recherche de panne. 

6 aour 1987 : Ic pilote automatique declenche trts brutale- 
ment A cabrer en montee, en croisitre ou en descente. Aucune 
anomalie detcctee. Recherche de  pannc maintenue. 
21 ocrobre 1987: la gtntratrice no I n'enclenche pas. La 

gtntratrice APU ne fonctionne pas. Echange standard de la 
boitc de conrr6le de  gentratrice no I et la gtnlratrice dc I'APU 
fonctionne normalement par la suite. 
9 decernbre 1987 : la gineratrice no 3 ne fonctionne pas et la 

eeneratrice APU ne dimarre pas. La mesure prise aprts Cet 
rncident fait rtfirence a un dkfaut de  fonctionnement de la 
gentratrice droite. 

24 decembre 1987: panne du convenisseur no 1. La panne ne 
s'est pas reproduite. 
13 janvier 1988: les sections C D  et EF  du dtgivragc pneu- 

matique ne fonctionnent pas. La minuterie ne fonctionne pas. 
Echange standard. 
14 janvier 1988 : le temoin de  panne de  I'enregistreur dc 

paramttres reste allume. La bande est repositionnte. Aprbs 
changemcnt de la minuterie de degivrage pneumatique toutes 
Ies sections scmblent fonctionner normalement. 
I5 janrier 1988: f o n  bruit de  fond sur  I'interphonc 

PNT/PNC. Visite assistant escale. 
18 janrier 1988 : parasitage par la generatrice APU de I'inter- 

phone PNT. Echange standard dc  I'ampli interphone. 
20 janvier 1988 : digivrage pneumatique de  I'aile gauche sec- 

tion CD et E F  ne fonctionne pas. Visite assistant escalc. 
21 ianvier 1988 : suite anomalie ortcedente. fonctionnement 

8 - -  ,- - - - - -  - -  
I. 16.6.3. Descenre durgence r normal en croisicre plus bas si Ja tempiraturc est positive. A 

I xoir en atelier. 
Dcux descentes d'urgence (I'une en lissc. I'autre trains sonis) . Problbmcs si la temperature est negative. L'itanchCitC du 

on1 Ctt e f i c tu t e s  pour dtterminer le taux maximum de dcs- 1 bard d'atmque au  niveau du phare est cffectute. 
cente en secoun. Avec Ies paramCtres motcurs idcntiques i sur I.antigivragc d u  motcur gauche, il n'y a pas de  
(4 300 tr/mn et couple 40) les taux obtenus Ont ete de 5 000 j cycle 23 A,. Echange standard de  la minuterie d'antigivrage. 
ct 4700 pieds/mn. L'assiette ttait de 200 a piquer et les 1 ~~~~i~ au sol OK. vitesses de  250 et 228 Kt. 

1.16.7. Essais 6lectriques nu sol 
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Deux essais infmctueux de mise en route APU. Arrit cause 
surchauffe. Transftrt sur la liste de travaux reponts. 

26 jdvrier 1988 : ttmoin de panne de I'enregistreur de para- 
mCtres allumC en vol. Remise en place de la bande. 

1.r mars 1988 : sections CD de dtgivrage aile gauche ne gon- 
flent pas (1 m 50 environ A gauche de la nacelle moteur 
I gonflant peu au sol). Transfer& A la liste des travaux report&. 

Convenisseur principal ne fonctionne pas. Echange standard. 
Origine de la panne n'a pu Ctre trouvte (voir plus haut le 
24 dtcembre 1987). 

3 mars 1988 : ttmoin de panne de I'enregistreur de para- 
mCtres allumt en vol. 

Reprise de la bande. Essai OK. 
Les comptes rendus mtcaniques des douze derniers mois du 

F-GCPS font Cgalement Ctat de nombreux problCmes sur le sys- 
tCme de chauffage cabine et de dysfonctionnements de I'alarme 
sonore de survitesse se dtclenchant A des vitesscs trop faibles. 
(Cette alarme est pergue A plusieurs reprises dans le CVR au 
cours de la descente.) 

L'origine des dimrentes pannes d'enregistreur de paramtrrcs 
semble itre plutdt attribuee A un mauvais positionnement de la 
bande du charneur qu.8-des probltmes d'alimentation de son 

rcmis A I'tquipage B Nancy avant le -dtcollage mettair en Cvi- 
dence un risque de givrage imponant sur le trajet, notamment 
en fin de parcours. 

Les enregistrements au sol et embarquk permenenr de 
reconsrituer la plus grande panic du vol de I'accident 
(33 minutes sur 45). 

DCs Ic dCbut de la bande de 1'en;egisueur d e  convenations 
et d'alarmes sonores dans le poste dc pilotage, on  note que le 
commandant de bord est en train d'exposer le fonaiomemen1 
et le pilotage des groupes turbopropuheun au passager assis 
sur le strapontin central. . 

L'avion atteint le niveau de croisitre 140 pilote automatique 
en fonctionnement. Le commandant de bard s C l c a i o ~ e  le 
mode cc ALT n (mainrien d'altitude). 11 reprend s a  explications , 

et dtmonstrations sans s'interrompre, sauf pour dpondre aux 
questions de ce passager. 

Quirue minutes plus tard, ven  06 h 20 mn, on peut noter les 
premikres distorsions et variations de v i t a e  dans la bande du 
CVR alon mime que le commandant de bord est en train d'ex- 
pliquer la gkniration ilectrique de I'avion. Les wnvenacions 
deviennent pratiquement incomprthensiblu car il n'est parfois 
vossible de saisir aue des mou isolb. 

I - 

> - ------- 
moteur d'entrakement.' ' - I1 semble cependant que pendant les cinq minutes que 

L'anomalie du Ier  ftvrier 1988 n'a pas ite rCellement trait& durent ces penurbations Ie commandant de bord pounuive ses 
et laisse peser un doute sur Ie bon fonctionnement de I'alterna- ex~lications sur les svstbmes electriaues tout en aroebdant d . ~- .  ~~ -... 
teur de secours no 2 (c6tC copilote). >--- --- 

quelqurs verifications et lectures de tensions et i z G s & - - d E  
La aanne de convenisseur ~rincioal du 1.r. mars 1988. soit I colrant. 

trois [ours avant I'accident, fait siite A une p r ~ c ~ d e n t e  du 
24 dtcembre 1987. Cette fois, il a CtC procedt A un Cchange 
standard mais lors du passage au banc aucune anomalie de 
fonctionnement n'a CtC constatte sur le convenisseur dCposC. 
En consequence, on peut penser que I'origine dc ces deux 
pannes pouvait se situer en amont du convenisseur et affecter 
son courant d'alimentation. En effet, les pannes de minuteries 
des systbmes d'antigivrage sont frtquentes, or ces minuteries 
sont tgalement alimenttes en courant continu. 

En conclusion, I'examen des incidents signalts par les Cqui- 
pages ayant utilise Ie F-GCPS dans les douze derniers mois 
montre que cet avion presentair de nombreuses anomalies Clec- 
triques dont I'origine n'a pas toujoun Ctt clairement identifite. 

. - . -. . - 
Les etudes comparatives avec les bandes d u  enregistremenu 

des essais Clectriques effecruks au sol puis en vol montrent que 
des distorsions tout A fait similaires sont obtenua quand on 
diminue la tension du courant wntinu ou en modifiant l a  
caracttristiques du courant alternatif. I1 n'est pas possible de 
savoir si I'tquipage du F-GCPS s'est rendu wmpte de ces ano- 
malies, mais en prenant contact avec l a  optrations de la corn- 
pagnie deux minutes plus tard (06 h 27 mn), il ne signale qu'un 
problCme de minuterie d'antigivrage. I1 ne park pas non plus 
de la section CD de dtgivrage voilure dtfectueruc. 

Ensuite, la densitt des ichanges radio entre le wnvdle et les 
avions en vol ne permet plus de suiwe totalement Ies convena- 
tions a bord. I1 semble ntanmoins au'avant aue le commandant > - - - - - - - - - - .. . / de bord ne reprenne ses explicati&, cette fois sur la naviga- 

. I .  1 7. Timoignages tion et la trajectoire a suivre ven la piste en service, 1'Cquipage 
Yingt-cinq ttmoins situts i proximitt du lieu de l'accidmt j ait ttt preoccupC par des probltmes Clectriques (entre 6 h 30 et , 6 h 33). 

Un seul temoin, situe assez loin du lieu de I'accident pretend : aprts 6 h 37 a Y NM d'Orly en approchant du niveau 60. der- 
avoir vu trCs nettement les phares d'attenissage allumb. II a : nier niveau vers lequel I'avion avait i t t  autorist d descendre. 
signale qu'ils Ctaient blancs. ce aui est exact. Techniquemen1 , La bande de I'enregistreur de paramttns de vol montre tga- 
ceci est tout h fait possible si aucune panne 8CnCra!e n'aifecte . lement que cer enregistreur s'est arrCC de fonctionncr avant 
le courant continu. par contre. aucune faison operatlonnelle nc I'imoacr au soi. 
justifie cet allurnage B une telle distance de I'ae~odromc. En : L;S examens des quelques instmmenu de bord rtcupCrCs fait, compte tenu de la vitesse et des conditions met~orolo- i dans Ies dtbris nous indiquent que le DME s'est aussi arritt  
giques. il ~our ra i t  s'agir de file& marginaux Crees Par les pales de fonctionner B 27 NM d'Orly et que les AD1 n'ttaient plus 
d'htlices et/ou les estrtmitCs d'ailes dans la descente. ; alimentts depuis plus de 5 secondes ( t emp necessaire pour 

Enfin, tous les ttmoins on1 entendu une tres violente expl0- i obtenir 900 Up). 
sion (avec ou sans son echo) qui accom~agnait cc 1'Cclair ou ToUtes ces constatations tendent ~ ' ~ r ~ ~ v e r  que le F-GCPS a la ,( boule de feu ,, de i'impact final. subi un arrit de I'alimenration clectrique. au moins alternative. 

2. ANALYSE 
Depuis le I -  man 1988, il avait ttC constate que Ics sec- 

tions C et D de degivrage de I'aile gauche ne gonflaient pas. 
Le traitement de sette anomalie avait i t t  repont par les ser- 
vices techniques de la compagnie. La liste minimale d'kquipe- 
ment et le manuel d'utilisation FH 227 de la compagnie (page 
UTI 09.30.01) pennettent de faire I'impasse sur ce systbme pen- 
dant quarante-huit heures, A condition de voler en conditions 
mCtCorologiques non givrantes. Le dossier mttCorologique 

immtdiatement spres 6 h 37 mn. 
L'examen des debris des diven composants du systCme Clec- 

trique n'a pas permis d'identifier de manibre indiscutable I'ori- 
gine de cet arrit Clectrique, ni de savoir si des actions avaient 
CtC entreprises par I'iquipage pour y paliier. 

,L'examen des batteries de l'appareil (et d'auucs identiques 
largutes par htlicoprCn) a prouvt que celles-ci n'btaient pas 
complttement dichargecs d I'impact et donc que I'avion dispo- 
sait encore de courant continu mime dans Ic car fort impro- 
bable d'une panne des deux g6nCratrices. 
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nanr la pcrte de toure rCTCrcncc d'attitude ct Ic debrayage du 
pilott automati uc st strait produite alors que I'avion Ctalt en 
configuration *tors-trim n A piquer imponante. 

En I'absence d'harizon de secoun autonome, I'Cquipage 
n'avait aucune rkftrencc d'attitude irnrn4dia1cmeni ut~tisable 
a l o n  que i'avion tlair t n  pigut i grandc v~terse. 

4. RECOMMANDATIONS DE Sl!EUI(m 
LC 28 dtfmrbre 1988, turnptc ttnu des r&ultau des essais en 

vol ct au MI pratiquh dans Ic a d r e  d t  cctte tnquctc, la corn- 
mission a CtC mnduitt d fairt ha rtcommandation suivantc : 

En attendant l t r  conclusions de I'tnquCtc. I'utilisation du 
pilote sutornasiquc Collins AP 103 doit 6tre intcrdite sur Icr 
atronck type FH 227 r t  sur ccux qui pumien r  prtsenter da 
caracttristlques semblables. 

Au tcme dc scs tnvaux, la commission d'tnquttt est 
amcntc d faire Eu rtcomrnandations dc Jcuritk suivantu : 

4.1. Asprnr t8chiqnc1 

Recommandation n* I : 
Compte tenu dn insuflisanc# dts signalisa!ions des s y s  

tbmes a des nsques d t  fonctionncmcnt *normal dc la chaine 
de profondeur du pilote autcrnatiquc dt a t  avion la cornmis- 
$ion recommandc : 

- quc I'indicarevr d'eflorr du pilote auromatique roit plack 
dircctemcnt dam It champ visutl d u  dcux pitotes et qu'un 
voyant rouge soit prCvu pour Ics avcnir des situations de 
N hon tnm * imponantes : 

- que Ia tisibrlitt des wyanrs de modes t t  d'alamts du pil01e 
au:amarique soit amtliotce et qu'ils soient plaets dans I t  
&amp visuel 6cs dcux pitotes : 

- qut I'alame 4 AP DfS * pilote autornatique dCsengagL. soit 
amCIiorCe pour la rendre smmanquablc ; 

- qvc la palette dc dtconnexion du P.A. en ~ c o u r s  soit pro- 
ItgCe afin d'hiter toute manrrurre aecidtntellc. 

Rmrnmandartbn no 2 : 
En ce qui mnfcrne l a  gCn4ration ttcctrique d t  tn avion. l a  

commission d'cnquttc rtfcmmandc : 
- qu'cn w dc panne du convmisseur principal Ic passage 

5ut converrisrmr de SNOWS sol: automatsque, I'tquipage en 
ttant avisc par unc alarme ; - qac la logrque de la slgnalimtion do panne dhne genemrricr 
soit rnodit ik dc tellc sone que Ics voyanrs soitnt allumer 
pour toute panne affectant non seulernent une gentrarrict 
mais tgaltrnenr son c~scuit ou lorsque un pirote dCaaaivc 
inttntionneltamtnc unc gCnCratrict : 

- que la comrnurrde * coupe+rmrr * ditc 4 b a ~ t  dc ffash * soit 
prorCgCc pour tviter tout& manuuvrc accidcntdlt ; 

- quc la fiabilitc dts cenverrissmn mrarifr soit ndrcrncnt 
amtliorkc ou qu'ils saient remplacCs par des matiriels 
rechnoIogiqurment plus fiabIes. 

Recommnndaiton n* 3 : 
La commission d'cnquitc considtre qu'unc simple pannr 

tltcuique ne devrait pas a f f tmr  le fonaionnement der enregrr- 
rrmrs de bord. En t~kt dans un trop grand nombrc d'accidenrs. 
Ics causes n*onr pu ltre deurrnlnecs avee ccn~tude parce qut 
les cnrcgisrrcun de bord n*avaient par ttt al~rnentb jusqu'au 
dernicr Instant. Cc fair cst cxrr8mcment p~judiciablc I l'arnt- 
liotarron de l a  stcuritc dcs ~ 0 1 5 .  

En constquencc, pour tous 1es alroneh Cquipts d'tnpc* 
trcurs, la cummission remrnrnandt : - put l a  conception dc l tur  dimcntptim C l a q u e  soit 

revue pour garantit Etur bon fonctionntmtnr jusqu'g In 
phase h a i t  dtr  actidcnu. 

Enfin, la commission Pnenqutlc ponsidtrc uc tout aviw 
rxploitt par unc tnrreprisr de transport &en loit tac Wi# 
d'un honzon de rcmun A aiimmtotion autonome. En Fmct, 
conforrntmmt aux dispositioiu dc I ' a d C  du 5 novcmbrt 1987 
elat i f  aux conditions d'utilisarion dts aviom txploitk p u  una 
entrtpnse de rranspon aCrirn, ccci mt abligatoirc dcpuia l a  
30 novcmbn 1988. 

Rtcommandatfon na 4 : 
Sur cct avion, le dtbnyage du pilute auurmmiqne em cadi- 

!ions M hors trim, pouvant proquer  un couple landwd$nl 
Imponant et ta rtpnst du mnublt maaucl pwmt n-ur 
dca cffons ClrvCs, ta commission r c w r n m d  : - 

- qu'une mnsignc o d~adonnrlk parunt mr lea pWnliaos P 
prendrt avant d~grayagt du pilow automatiqua figure no 
manuel d'utitisation du FW 217. 

Recomrwndahn no 5 : 
Comptc tcnu d u  t r h  grosses diniculrt r c n m  &a In 

transcription de t'enregistrement dts convmatioru ct d'al .ma 
sonores dans tc postc de pilotage rkultant du nivcau sonore 
du radiocommuni~tions kgalcmtnt rep-  par Ic mi- &am- 
bience. la tammission &enquire recommande : - qut dcs rncsures soitnt prises pour favorimr I'utilisation 

sysrCrnatiquc par Its cqulpa&cs d a  fquipemmu de t t t t  
(rnicmcasquts) avtc interphone de bord en foricrionnc- 
mmt continu. dans cenaines phases de vot. 

~emrnmrrndurion no 6 : 
La p r k n c c  d'rm pasager dans Le p t c  de pilotap pendant 

tout* la durCt du vol enregistrkt aymi s m  auum dmtc en 
une influtncc sur le nivrau de viplancc d'un (ou d n  dcux) 
pilotc[s) l a  commission d'cnquCte rccommnde : . - que I'accCs au posrc d t  piiotage d~ a v i w  dc m p o n  

public soil IimilC aux s u i a t s  n t c n s ~ t k  ttcbniquar t r  pro- 
fessronneller de la mmpagnit t c  des organisme ommeli. 

Rerornmanhfion no 7 : 
t'kqurpage du F-GCPS a cntrepris k vol a m  uno section de 

dtgivrage dt la voilurc m pamt depub trois jmn aton que 
dcs conditions givrantes ttagnt prCvu# sur le parcow. MIma 
si I'enquc~c n'a pas trabli de licn dtrea eatre ECPOP p w e  et 
I'accident. 1a commission d'enqutte anirt loantation h exploi- 
tants c t  den Cquipages sur I t s  risqun que font murir de tcIles 
pratiques pour la sCmritC dcs vols. Elle recommandt : - qut lcs listel mlnrrnales d'tquipmcnt (LME) soitnt plus 

precisto et appliqukcs de iaqm rigourcue ct qut d e  
L W ~ ~ R ~ T ~ C S  pius frequents soicnt tffecmls. par I ~ J  services 
cornptttntr. 

5. APPROBATION DU RAPPORT 
Lc prtsmr nppon a i.tC adopt& A 1"unanimitt par les 

membres d t  13 commission d'enqulte le 24 aMil 1996. 
Suivent la $gnaturcs : - 

ICAO Note.- N m s  of personnel wlera deleted. 

rm lCA0 Ref: 067188 
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Boeing 727-21, HK-1716, accident at El EspaPtlllo, Cucuta, 
Cal~mbia on 17 March 1988. Report released by the 

CivR Aviatiun kpartment, Colombia 

1.0 OCCURIWNCE INFORMATION 

1.1 History of the flight 

On 17 March 1988, HK-1716 operated by AVTANCA S.A. took off from Palonegro Airpore, 
Buca~amanga, on Flight 041 0 to Cdcuta, Cartagena and Barranquilla. HK-3 133, which should have been 

on that flight, had been replaced in Bogota by HK- 1716 for maintenance reasons and the flight left 
Bucararnanga for Chcuta at 12:09 Iocal time, 2 hr 30 min behind schedule. The pilot in command of the 
aircraft was Capt. FTL-1036 (dec.); he was accompanied by Capt. 
PC-4570 (dm,) and flight engineer IDV-256 (dec.). The flight attendants were 

, ASA-2410, ASA-30 14 and ASA-2407 
(dm .) * 

The flight left Bucaramanga with 142 persons on board and 17,000 pounds of fuel. ,According 
to Palonegro Tower, the take-off was uneventful and at 12~16 local time, the flight reported leveI at 
17,000 ft at ARENA intersection and then changed frequency to 1 19.9 (Cdcuta Approach). 

The aircraft landed at CBcuta at 12:28 local time [the flight engineer reported the arrival time as 
three five (331, disembarked 7115 pax and then boarded 76/7 pax (figures deduced from the passenger 
list). At 13:06:56 local time. the pilot requested clearance to initiate the flight to Cmagena ("To 
Cartagena, [requesting] clearance to start"). At 13:07:58 local time, the Tower informed him that there 
would be a 10-minute delay before taxiing ClW "You have a ten minute delay before taxiing"), and when 
asked "Could you tell me why?" he responded that he had three aircraft on the VOR on instrument 
procedures (TW "Traffic three aircraft on the VOR For instrument procedures"). The crew immediately 
requested clearance for a climb on course (GI "Why not clear us to dimb on course to avoid delaying 
this flight further? We're: pretty far behind") and the tower granted their request at 13:08:34 local time 
(TW "OK, cieared for engine start, climb on course VMC, report ready to. taxi, temperature 2B01 C2: 
OK1 TW: Correction, temperature 29"); a few seconds later the crew reported ready to taxi and at 
13:lO:OQ Iocal time the tower instructed them to taxi to position on runway 33 (TW "Avianca 1716 taxi 
to position runway 33, 360" 15 kt, time is 18:10, taxi Bravo, QNA 3002")* The aircraft taxied to that 
position and at 13: 12:08 local time the tower reported, "Cleared to Cartagena via Uniform Whisky 19, 
Whisky 7, Whisky 10, climb and maintain two six zero after take&, climb on course VMC, QNH . . . . . *, 
correction transponder Alpha 22 16". Take-aff clearance was issued at 13: 13: 14 local time (TW "Cleared 
for take-off, wind is 015" 10 kt/ C2: 1716") and the aircraft initiated take-off at 13: f 3: I9 local time, 
completing it at f 3: 1499 Iocal time, at which time the pilot said, "Taking off and proceeding as clear&, 
Avianca 1716'. At this point, the aircraft had 143 persons on board and 20,000 pounds of fuel. 
Accdtding to data obtained later, the initial climb path foIlowed the extended runway centre line to the 
inner marker, at which point the aircraft entered a left turn, reaching headings of 319" in the first minute, 
29 1.6" in the second minute, 3 10.6" in the third minute, 317" for another 17 seconds, and hal ly  3 10. l o  
in the last 8 seconds. 

At 13: 15:44 local time, the pilot informed his counterpart on HK-727 that they were turning left: 
"C 1 : Pablo, we're turning left here, towards La Cuchilla", and at the end bf the CVR W e ,  at 13: 17:44, 



pilot said to the copilot, "Id any case, start turning right." At 13: 17:46 local time, the aircraft struck 
the peak of El Espartillo (located in the municipality of El Zulia, district of Norte de Santander, 
soordinates 0%" 05' N f 2" 41' 30" W) at an elevakim of 6,343 feet, and wds wmpletdy d w y e d .  

All 143 persons on board perished as a resnlt of the impact and explosion. Them was rn fie. 
It was daylight, with thick fog in the area of the accident. The only witness to the crash stated that the 
aircraft bad passed over his house at a very law height above ground. 

1.2 Injuries to persons 

f .3 Damage to aircraft 

The aircrafc was completely destroyed. All parts and components were damaged as a result of  
the impact with the rocks and the subsequent explosion; there was no generalized fire, same parts were 
charred by small isolated fires. 

1.4 Other damage 

An area of 1,200 square metres of forest on El Espxtiilo was destroyed. 

1.5 Pe~sonnel information 

pi fat-inarnmand 

N2une 

Nationality 

Age 

f Licences 

Medical certificate 

Colombian 

35 

He obtained licence APA-2793 on 18 August 1971 to begin 
private pilot training at the Escuela Aerocenm. 
On 24 April 1972 he was issued PC-1772 with mth~rization 
to operate singie-engined land aeroplanes up to 5 700 kg. He 
obtained copilot ratings for the DC-3 on 3 W b e r  1972, the 
DC4 on l f May 1973, the B-727 on 20 February 1976 and 
the B-720lB-707 in June 1978. 
On 1 December 1980, he was issued PfL-1036 with an 
endorsement to act as pilot-in-command of the B-727. 

NO. 11.356, valid until 2 August 1988 
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0th- information 

Last check -- aircraft type 

Equipment flown as pilot-in- 
command 

Total time as pilot-in-command 

Total time on type 

Flight time last 90, 30 and 4 days 

His Iast vacation was from 15 Novmber to 15 December 1987. 

He received three days (15 hours) of recurrent mining on 10- 
12 August 1987, and was assessed as O.K. in all areas; he 
had four hours of 3-727-200 simulator training on 16-17 
August 1987 with instructor and was 
rated "satisfactory" with the comment: "Capt. 

knows and Aies the aircraft very well. Above average 
pilot, Check satisfactory." Valid up to 16 August 1988. 

PA-1 8, DC-3, with weights up to 5,670 kg, and B-727. 

5,722:27 , 

9,727:35, of which 4,050 was as co-pilot of the 3-727 

21953, 73:25, 13: 15 hours, respectively 

Comment following flight simuIdtor check on 10 November 1983: "Had difficuity with flight 
director tracking on ILS, but corrected well. Satisfactory job. " 

Comment following CUC-SMR-BAQ-CUC line check attached to the foregoing: "Disciplined. 
Good pilot," Comment on anoual simdator check carried out on 16 October 1985: "Satisfactory 
periodic simulator check. " 

His last period of continuous rest was on 12 and 13 March o f  the cursent year. 

Under bdmin'istrative Order No. 02950 of 18 March 1987 from the Department of Civil Aviation 
Administration, he was cited for violation of the Manual of Aeronautical Regulations, para. 4.2.8.3 for 
exceeding the total annual Right time permitted in 1986. 

Name 

Nationality 

Age 

Licences 

Colombian 

23 

Student pilot licence no. 7780 was issued on 2 1 December 
1984 with the following limitations and priviieges: 

I 

Aerocentro received training as a commercial pilot valid for 1 
two years. On 16 September 1985 Escuela Aesocentro de . 
Colombia requested authorization from the Department to 
conduct the final flight check of the course, a check that was 
conducted by Capt. IVA-404, whose 
final evaluation was: "All ground material approval without 

' 



difficulty. No difficulty in flight either; good aptitude and 
interest. Can be considered within the general average as a 
student. Passed final checks satisfactofily. " 
On this basis, the Department of Civil Aviation 
Admlnistraeion issued Commercial Pilot Licence no. 457Q to 
him on 16 October 1985 with the following limitations: 
"Single-engined land aemplm~ up to 5 670 kg.* 
On 19 February 1986 he began B-727 ground school as a co- 
pilot with Avianca. The course Lasted 59 days and totalled 
295 hours. He flew 60 hours as an observer, received 22 

Last check - aircraft type Received 3 days of recurrent training on the machine from 10 
to 12 August 1987, for a total of 15 hours, and was assessed 
OK in aEI areas. 
Between 22 md 23 August 1987, he trained on the B-n7-200 
simulator with Instructor for 4 hours, and was 

Other information 

All the documents concerning Capt. 
to incidents or accidents was found. 

were reviewed, and no reference 

According to Avianca records, he was off duty on 13, 14, 15 and 16 March. 
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fight engineer 

, ;IDVS)29, the result being: 

A review of the documents concerning the flight engineer established.that he had come from the 
FAc, an institution in which he worked for about 15 years as an aircraft tetknician specialized in the 
maintenance of C-45,: C-47, C-54 and C-130 aeroplanes; he dm held an FAA flight engineer's licence 
for turbojet aeroplanes. 

Administrative Order no. 2955 of 18 March 1987, issued by the Depamnent, cited him for having 
exceeded the monthly time limits in December 1986. 

*I  - 
lCA0 me.- hformaljm concerning the KylM atMndants and the air trafi contmllen was not repmduced. 
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1.6 Aircraft information 

Aircraft 

Engines 

Date and nature of last- March 17 1988. Preflight inspection 

HK-17 16, owned by Avianca S.A., came from Miami, Florida, U.S.A. and was registered with 
the Administrative Depamnent of Civil Aviation on 30 October 1974. 

Examination of the documentation for the aircraft established that tbe first overhaul was carried 
out in Barranquilla by airline technical personnel duly qualified for the equipment at 22,258 hours total 
time, and the last overhaul was carried out at 34,024 hours. 

The technical log for f 7 Match 1988 contained only the following notes: "Please fix windshield 
wiper blades as per Maintenance Manual" and "Please clean cockpit windows". This was done betbre 
Flight 042 0. 
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The regular periodic inspections were carried out normally, in accordance with the company 
programme. 

The last inspection by Civil Aviation personnel was carried out at Eldorado airport on 24 
December 1987. and the aircraft was certified as airworthy and in compliance with the requirements of 
the Manual of Aeronautical Regulations (M. A.R). 

The line check was carried out on 23 January 1988 by Flight Inspector Capt. 
on the scheduled flight over the Bogota-Bucaramanga-Bogota route. There were no 

comments relating to technical matters affecting flight safety. 

The aircraft was refuelled with jet fuel at Camilo Daza airport in Cccuta and began the Cccuta- 
Cartagena flight with 2 1.100 pounds of fuel. 

The weight and balance of the aircraft were calculated and found to be within the limits 
established for that particular aircraft type. 

1.7 Meteorological information . 

The meteorological conditions at Camilo Daza airport on the day of the accident, according to 
blETARs. were as follows: 

METAR P2:00 local time 
p-p 

METAR 13:OO local time 

Wind 

Visibility 

Meteorological phenomena 

Clouds 

360" at 28 k m h  (15 kt) 

8 000 metres 

Smoke in all directions 

318 cumulus at 2 500 ft 
518 cirrostratus at 20 000 ft 
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METAR 14:00 low1 time 

I 
Temperature 

Dew point 

QNH 

Relative humidity 

According to statements by residents of the area. at the time of the accident the crash site, El 
Espartillo, was surrounded by heavy fog which reduced visibility to a minimum. 

28" 

23" 

1017 

71 S"c 

1.8 Aids to navigation 

Camilo Daza airport in the city of Cdcuta is equipped with VOR and NDB, both of which were 
operating perfectly on the date and at the time of the occurrence. 

HK-1716 was equipped with the following instruments: ADF (2), VOR (2), DME, ILS, flight 
director, weather radar and transponder. All were in perfect condition and operating normally. 

1.9 Communications 

Both Camilo Daza airport and the aircraft were equipped with VHF and HF; voice recordings 
indicate that communications were normal at all times and took place on frequencies 118.1 and 1 19.9. 

* 
1.10 Aerodrome information 

Camilo Daza airport has 2 runways, with the following characteristics: 

'ICAO Note.- The CVR transcript was not reproduced. 

RUNWAY 

Orientation 

No. 1 

15/33 

107 000 kg 

.No. 2 

02/20 

107 000 kg 
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- The facilities provided to users andoperators meet the requirements established for this type of 
airport. 

The Fire Fighting Service has T-6 vehicles, each with a capacity of 1,585 gal. of water and 205 
gal. of AFFF foam, one rapid intervention vehicle with 750 Ib. of dry chemical powder and a total of 
13 operators to handle any emergency. 

1 096 ft 

52.50 m 

1 920 m 

45 m 

C 

- 
Elevation 

Length 

Width 

Class 

1 . 1  1 Flight recorders 

1 096 ft 

2 320 m 

2 320 m 

45 m 

C 

The aircraft flight data recorder was found approximately 20 days after. the accident, and its 
condition was consistent with the impact it had been subjected to. It was taken to the NTSB laboratories 
in Washington, where the velocity, altitude, heading and G-force parameters recorded on the tape were 
found to be readable. 

Operating hours 

Operating permit 

Below is a transcript of the results obtained, which are presented as a specific attachment in the 
appropriate section of the report. 

10:00 to 02:OO UTC 

Indefinite 

TIME 

00:OO:O 

00:40: 1 
i 

01:QO:f 

01 :30:2 

Indefinite 4 
FAN 

asphalt pavement 

0.006 % 

Owner 1 FAN 

Runway surface ! Asphalt pavement 

Average slope 

I 

VELOCITY 

0 

0 

0 

0 

0.0095% 

ALTITUDE 

1 113 ft 

- 
--- 
--- 

HEADING 

200.1 "* 
262.J0* 

248.7"' 

242.0°* 

- Gs 

-- 
- 
1.06 

0.94 
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08: 18:O 280.0 6 343 ft bl 310.1" --- 
riOT~i * Varlable ramp and taxiing - 

-- 

+ Take-off position 
- - Beginning of take-off roll 
R Rotation 
M Moment of impact 

1.12 Wreckage and impact information 

According to the field inspection carried out at the accident site, the marks left by the impact 
showed that the aircraft hit the flank of the mountain in normal flight attitude, nose up and slightly 
banked to the right. These facts were confirmed by the data read off the flight recorders. Both the 
figures and the graph of that reading indicated that at the time of impact the aircraft was travelling at 280 
kt on a heading of 3 10.0" and at an altitude of 6 343 ft ASL, 657 ft short of clearing the peak. 

The inspection also determined that the aircraft struck the rock at the angle between the right 
wing root and the forward right fuselage. As a result, the left wing and fuselage were propelled in an 
elliptical path by inertia, which threw the rest of that part of the aircraft towards the upper part of the 
peak to a distance of approximately 300 metres. 

The central part of the fuselage and empennage were crushed at the point of impact and the 
remains were partially covered by the avalanche produced by the impact. Some parts of the aircraft 
rolled down between the trees towards the ravine and stopped at different depths, the deepest being 
calculated at 750 m. 

Identification of the wreckage located established that the engines had practically disintegrated 
and only one retained its basic characteristics despite the damage. Parts of the main landing gear, right 
flaps and aft stairs were also identified. 
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The level of destruction produced by the impact precluded complete identification of the other 
Parts of the aircraft, as numerous fragments of the fuselage, wings and other components were scattered 
about indiscriminately. Attached to this report is a polar diagram of the distribution of the remains over 
an area of 750 sq. m. 

1.13 Medial and pathologial information 

The information obtained in this area indicates that the physiological state of the crew was normal 
before and during the flight. The voice recording made during the flight showed some animosity between 
the pilot and the flight engineer. while the co-pilot was in a calmer frame of mind. Attached to this 
report is the human factors study carried out subsequently on each member of the flight crew: it was 
established that they had all had a normal rest on the eve and day of the occurrence. 

All crew members and passengers perished as a consequence of the crash and the state of their 
remains made it impossible to carry out the appropriate autopsies; indirect evidence indicates. however. 
that no member of the crew had ingested any alcohol or drug that could have affected his capacity for 
the flight. 

Documentation on removal of the remains and death certificates are attached to this report. 

1.14 Fire 

It was clearly established that there was no fire aboard the aircraft prior to the impact. 

Because of the explosion and immediate scattering of remains, there was no generalized fire at 
the time of the accident either, although pieces of the fuselage showed the effects of small isolated blazes 
that were no doubt produced by friction between the metal plates and the rock but did not spread. 

Not applicable. The report of the Aerocivil SAR unit on their post-crash activities is attached. 

1.16 Tests aed investigation 

The site of the occurrence was duly examined to determine the position of the aircraft at the 
moment of impact, information that was corroborated by the laboratory analysis of the voice and data 
recorders. 

The NTSB readings of the latter are attached to this report and partially transcribed under the 
corresponding headings. The human factors investigation was conducted in consultation with the Aviation 
Medicine Division's Psychology Unit and interviews were held with family members and friends of the 
crew, as well as with Avianca personnel based in Bucaramanga. Important facts were established with 
regard to the personalities of the crew members. as well as their professional performance and habits. 
?he psychologist's report is attached. - 

With regard to Capt. habit of taking off and landing in VMC at Camilo Daza airport. 
Statistics for the current year were analyzed and showed that of 42 planned IFR landings, he cancelled 
32 and proceeded VMC; with regard to departures, it was found that of 42 planned IFR departures, he 
cancelled 38 and proceeded on course VMC. 
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Of those flights, 7 were conducted via Airway W-19 to Cartagena or Santa Marta. Out of a total 
of 84 operations, he therefore cancelled 70, or 83.3376, of which 10% were VMC departures on course 
towards the coast. 

1.17 Additional information 

It should be noted under this heading that engine No. 3 of HK-1716 was changed on 2 February 
of this year because of a high EGT and stall. The JT8D-7, serial number 654518, was removed and 
replaced with a JT8D-7. serial number 65337 1.  

In addition, the records of the Avianca Production and Control Department indicate that the 
aircraft was grounded on 12 February of this year due to problems with the rudder light and that the last . 

servicing was carried out in Barranquilla on 28 February. 

Documents provided by the Regional Manager of the Bucaramanga base indicate that on the day 
of the occurrence, the Bucaramanga - C&xta - Cartagena - Barranquilla - Bucaramanga flight was 
running 2 hours 30 minutes late because HK-3133-X, the aircraft scheduled for the flight, was replaced 
in Bogota by HK-1716 for technical reasons (failure of the right windshield heat resistor in the cockpit). 

It should also be noted under this heading that according to the testimony of the only eyewitness 
to the accident, the aircraft flew over the house of at an altitude equivalent to 75 feet 
above the ground (the height of a guama tree) and at that iime, 13: 17 local time, there was dense fog over 
the peak. The aircraft disappeared into the fog and seconds later the witness heard the explosion of the 
impact with the mountain and saw what looked like "balls of fire rolling down the mountain." 

1.18 New investigative techniques 

Not used; proceedings were conducted in accordance with Circular DS-SA-09 dated 23 September 
1985. 

2.0 ANALYSIS 

From the above information, it was clearly established that the delay in the schedule for 17 
 arch, originally caused by a change of aircraft for technical reasons, put pressure on the pilot of HK- 
1716 at the time of departure for Cartagena, so that when the controller in the C'amilo Daza Tower 
warned of a further 10-minute delay due to the presence of three aircraft on the VOR, Capt. 
decided to request a climb on course departure in order to avoid that delay. This, added to the anomalous 
presence in the cockpit of another pilot whose loquaciousness continually disrupted the work of all the 
crew members, alfected the way in which the pilot supervised the actions of his co-pilot, who was flying 
the aeroplane. There was no crew briefing, nor did the pilot-in command give any instructions for the 
VMC departure. These factors, taken together, led the co-pilot, when he had taken off and barely 
reached the inner marker, to initiate a continuous turn to the left of the approach path. According to the 
FDR, the aircraft reached a heading of 286.4", and from that point oscillated between 286.4" and 
3 10.1 ", at' which heading it struck El Espanillo. 

It was also noted from the conversations among the flight crew that they intended to achieve the 
highest possible speed first, then climb to the altitude needed to cross La Cuchilla, possibly through El 
Zulia canyon. This is inferred from the cockpit tapes of conversations, in which the pilot, when 
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determining V 1 and V2 referred to twenty-two .,. thirty-eight. which is not consistent with calculations 
by aviation experts, according to whom V1 is 1 19 and V2 i s  137. 

Furthermore. the actual rotation speed of the aircraft (from the FDR) was 162 kt according to 
the NTSB; FDR data also show a constant increase in speed up to 280 kt, with a rate of climb lower than 
that required to dear La Cuchilla. These facts confirm the idea that the crew was more interested in 
speed than in altitude. 

Another element to be considered is the fact that the presence of another aircraft on the approach 
path certainly c r a t d  pressure and a resultant desire to keep turning to the left and avoid getting too dose 
to the descending aeroplane. The deviation was so pronounced that three minutes aher take-OR, the non- 
crew pilot asked. "Do you think you're headed for Bogota? Stop fooling around," at which point the 
flight engineer, the on1 y crew member who was anending to his job, said to the Captain, "Take a look 
at chat fog ... Captain." (the flight engineer then laughed nervously) and the pilot-in-command told his 
to-pilot "in any case. start turning right," This shows the disorientation that prevail4 in the cockpit at 
that moment. 

In addition, the voice recorder establish4 clearly that prior to the beginning of the flight the 
pilot-in-command did not brief rhe to-pilot on the flight pararnelers {crew briefing, class of flight. 
heading, separation from the airway, etc.), and it can be deduced that the co-pilot was acting solely on 
the few phrases uttered by the pilot-in-command regarding the sequence of the flight. 

2.1 Fitness of the crew 

From information obtained, we can confirm that the crew was physically and psychologically fit 
for the flight in question. Their colleagues at Bucaramanga base and their families described them as 
very professional. Nevertheless, it must be noted that while Capt. and Engineer had been 
with the airline for several years and could be considered by the Iatter to be good at their jobs, the co- 
pilot, Capt. , was almost new and lacked experience, having taken his course on the equipment 
only between February and April 1986. Consideri% the professional calibre of his captain, he was 
almost certainly concerned about doing a good job as co-pilot, and in the absence of proper supervision 
this affected his performance on the day of the accidmt. This conclusion is borne out by the comment 
from his instructor during his last simulator training session in August 1987: "Don't try to rush things." 

In conclusion, the capacity and fitness of the crew, generally speaking, could be considered good 
but affected by the talkativeness of the non-crew pilot, whose chatter continually interfered with work 
in the cockpit. 

2.1.1 Fitness of the air traffic controllers 

Examination of the CVs of tbe two controllers manning the frequencies 118.1 (Control Tower) 
and 119.9 (Approach Control) on the date and at the time of the occurrence established that both were 
qualified to carry out their functions and their actions throughout were consistent with the relevant 
international standards. 

The fact analyzed earlier, regarding .. . {text missing] ... at that moment; the clearance requested 
by the pilot could be given without there being any daoger associated with the aeroplane leaving the VOR 
because, by requesting to climb on course, the pilot assumed total responsibility for his separation from 
the other aircraft and control of the airspace used to reach the required flight level. 
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2.2 Airworthiness status of HK-1716 

Information received regarding the aircraft indicated that the latter was airworthy on the day of 
the occurrence, ruling out the possibility of technical failure. This conclusion isborne out by the contents 
of the voice and flight data recorders, which give no indication of any anomaly related to mechanical 
failure of the aircraft. 

3. CONCLUSIONS 

Results 

- The crew in general met the technical and formal requirements for carrying out the flight in 
question; 

- There was no flight planning (briefing) to cover the pre-take-off period or the procedure for 
executing the requested climb on course;' 

- The inappropriate presence of a non-crew pilot in the cockpit and his great talkativeness 
distracted part of the crew, which resulted in carelessness and disorientation in monitoring the heading 
and altitude necessary to cross La Cuchilla El Espartillo or to fly alongside it until reaching Radial 305 
for airway Whisky 19. 

- The aircraft was airworthy, as attested by Certificate no. 0103 issued by the Administrative 
Department of Civil Aviation, valid until 31 May 1988; 

- The aircraft had been properly maintained in the Avianca shops by duly qualified technicai 
personnel, in accordance with the standards established by the manufacturer and with the Aeronautical 
Regulations; 

- It was learned that the technical statistics'concerning airframe and powerplant flight time were 
not recorded on a daily basis in accordance with the M.A.R., para. 4.1.2.9; 

- The actions of the air traffic controllers were consistent with international standards and the 
.aeronautical regulations. .Their psychophysical and technical fitness to handle the flight in question was 
normal; 

- Weather conditions in the airport vicinity were such as to permit authorization of VMC flight, 
but at the actual site of the occurrence there was thick fog in all directions. 

Causes 

1 .  Active 

A. Personnel factors - Pilot-in-command - Rocedures, Regulations and instructions 

a) Diverted attention from operation of aircraft and failed to exercise adequate and constant. 
supervision over the performance of his co-pilot; 

b) Tolerated inappropriate interference with cockpit discipline by authorized persons with access 
to the flight deck; 
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c) Continued VFR flight into IMC. 

B. Personnel factor - Non-crew pilot in cockpit - Procedures, regulations and instructions 

Interfered constantly with the normal operation of the aircraft, distracting the crew from the 
efficient execution of their duties. 

2. Passive 

A. Personnel factor - Crew - Procedures, regulations and instructions: lack of teamwork on the 
part of the crew, reflected in the failure to coordinate the instructions needed to take off and climb out 
in VMC using a profile established in accordance with the specific conditions, 

B. Other factors - Meeting the schedule: The delays resulting from the change of aircraft for 
mechanical reasons contributed to the decision by the pilot-in-command to give inappropriate support to 
company priorities and request to depart, rather than waiting as recommended by the Control Tower, in 
order to avoid adding to the delays already experienced. 

4.0 RECOMMENDATIONS 

1. That airlines supervise the manner in which their crews comply with the standards established in 
the M.A.R., Part IV, Chapter I, Para. 4.1.1.2, which says: "Authority and responsibility of the pilot- 
in-command. The pilot-in-command is responsible for the operation and safety of the aircraft. Both 
crew members and passengers are subject to his authority." 

2. Remind airlines and pilots that in accordance with Administrative Order no. 1219 of 5 February 
1986, the use and application of the Manual of ATS Standards, Routes and Procedures, developed by the 
Administrative Department of Civil Aviation, is mandatory for ail airlines, for pilots flying in Colombian 
airspace and for air traffic controllers within the country. 

3. That airlines comply with .the regulations in the M.A.R., Part IV, para. 4.1.2.9, concerning daily 
recording of the flight time of airframes, powerplants and other components that require such records. 

ICAO Note.- Names of personnel were deleted. Information concerning the flight attendants and the air traffic controllers was not 
reproduced. The CVR transcript and the appendices were not reproduced. 

ICAO Ref.: 066188 



No. 3 

Airfius AXW& EP-IBU, aidan? in Ihe vldnity 
of Oeshrn Island, Islamic Republic of Iran on 

3 July 1988. Report released by ICAO.' 

Wate: All times in t h i s  report are Co-ordinatd Universal Time (UTC) . Local - 
time in the f slamic Republic of  Iran was UTC '+ 3 hours 30 minutes and in . 
United Arab Fmirates UTC + 4 hours. 

1. FACTUAL 1 MFORMATI ON 

L .1 History of flight 

1 . I  .1 On 3 July 1988 the Airbus A3OOB2-203, registration e-IBU, was 
scheduled for four sectors of Iran Air scheduled passenger flight8 as follows: 

Fl igh t  Route Scheduled time (UTC) 

I R4 51 Tehran - Bandar Abbas 0330 - 0520 
IR655 Bandar Abbaa - Dubai 0620 - 0715 
IR654 Dubai - Bandar Abbas 0815 - 0910 
1~452 Bandsr Abbas - Tehran 1010 - 1200 

The crew reported for routine briefing and f l i g h t  preparation in Tehran 
1 hour 30 minutes  prior to  scheduled departure time* The first sector fxam 
Tehran t o  Bandar Abbas was on a repetitive f l i g h t  plan. Take-off waa a t  . 
0342 hours. The flight was uneventful and l a n d d  a t  Bander Abbas a t  0510 houre. 

1.1 ,2 During the stop in Bandar Abbas the crew remained in the aircraft.  
No discrepancies or cwrmaents had been recorded in the Aircraft Technical Plight 
Log during the  f irst  sector, and t h i s  was confirmed t o  grbund personnel by t h e  
flight crew. A turn-around check was carried out and no maintenance action was 
required, 

1 -1  .3 A f l i g h t  plan, had been f i l e d  in Tehran for the sector  from Bandar 
Abbas t o  Dubai (IB6551. The departure from the teminal at Bandar Abbaa was 
delayed 20 minutes due t o  an immigration problem invotving one passenger. Prior 
t o  take-of f from Bandar Abbas XR655 was given an enroute clearance t o  Dubai v i a  
the f l i g h t  p l a n a d  route A59 and A58V a t  FLl4O following a simulated MQBET 1B 
departure with SSR mode A code 6760. The flight was instxucted t o  contact Bmdar 
Abbas approach control after take-off .  

1.1.4 The f l i g h t  took o f f  from xunway 21 (magnetic bearing 206 degrees) a t  
0647 hours and climbed straight ahead enroute (A59 magnetic track 203 degrees). 
Shortly after take-off TR655 contacted t h e  Iran A i r  of f i ca  a t  Bandar Abbaa on 
company frequency 131.8 MHz and passed a departure message with an estimate for 
Dubai. IR655 contacted Bandar Abbas approach control a t  0649r18 and reported 
climbing out of 3500 ft estimating MOBET at 0652, the FIR boundary (DARAX) a t  
0658, and Dubai a t  0715. milst s t i l l  under t h e  control of Bandax Abbae approach 
IR655 contacted Tehran ACC (southern sector) on frequency 133.4 me and a t  
0651:04 reported o u t  of FL70 f o r  n140, estimating the F I R  boundary (PARAX) a t  
0658 and Dubai at 0715. This message was acknowledged by Tehran ACC w i t h  

'ICAO We.- The ICAO fact-finding lmrestigation was not an ICAO Annex 19 investigation. 



instructions t o  report maintaining FL140 and passing D A U X ,  Tehran ACC also 
requested IR655 t o  confirm squswking SSR code 6760 and received an affirmative 
reply .  A t  0654:OO TR655 reported t o  Bandax Abbas approach control passing MOBET 
o u t  of FL120. Bandar Abbas instructed the flight t o  contact Tehran ACC which was 
acknowledged by IR655 a t  0654:Tl. No further communication was received from 
XR655 by either Eandar Abbas approach control or Tehran ACC, nor was any 
communication from the f l i g h t  received by Emiratea ACC or Dubai approach control, 

1.1.5 A t  0654:43 t h e  a ircraft  was destroyed by two surface-to-air missiles 
whilst climbing from FL120 t o  FLl4Q well within airway A59 south of MOBET, in the  
v i c in i ty  of Qeshm Island. 

1 . 2  Injuries t o  persons 

1 .2.1 Of t h e  274 passengers 238 were of  Iranian n a t i o n a l i t y ,  ten were 
nat ionals  of India, one of I t a l y ,  s i x  of Pakistan, thirteen of  the United Arab 
Emirates and six of Yugoslavia. The 274 passengers comprised 209 adults ,  
57 children and eight in fant s .  

1 . 2 - 2  The crew included the p i l o t ,  the  co -p i lo t ,  the  f l i g h t  engineer and 
thirteen cabin crew members , All sixteen crew members were of Iranian 
nat iona l i ty ;  

1.3 Damage t o  a i r c r a f t  - 
1.3.1 The explosion of two missi les  destroyed the aircraft. The tail and 
one wing broke o f f  in the a i r .  The a i rcraf t  impacted the  sen and the wreckage 
sank. 

1 .t Other damage - 
1.4.1 There was no other damage. 

1 . 5  Personnel  information 

Filo t-in-cormnand 

1 .5 .1 .1  The capta in ,  38 years of age, held  an a i r  transport p i l o t  licence 
i s s u e d  on 2 ?lay 1983 and va l id  until 5 August 1988. Ris'rating for Airbus A300 



nas i ssued on 21 July 1 9 8 5 .  Be had also been rated f o r  B737 Ico-pilot1 on, 
20 November 1975, 8727 ( c o - p i l o t )  on 10 August 1977, 8747 (co-pilot)  .on':, 
7 August 1979 and 8 7 3 7  ( c a p t a i n )  on 2 Play 1983. B i s  l a s t  a d i c a l  ahwk *,aatiQri 
7 February 1988 w j  th no waivers. Bis total  f l y i n g  experience was ?dOO-hoarrb',of 
which 2057 hours were on Airbus A300. H i s  last proficiency check : t aimulatbr). wae 
on 26 April 198R. 

1 . 5 . 1 . 2  The captain's duty hours in the  seven days p r i o r  t 0 ' 3 - ~ ~ 1 ~ ' ~ $ 8 8 ' i P t r P - e  
?? hours 30 minutes.  His r e s t  period when reporting for dutp on 3 July 1988 bas 
been 3 2  hours. During t h e  ten weeks  pr ior  t o  3 J u l y  1988 he had flown wer' the  
Gulf area three times on the  route Tehran - Shiraz - Dubai and return, and four 
times on t h e  r o u t e  Tehran - Bandax Abbas - Dubai and return. Bis pree'icus'fX.ighr 
nn the  route 3andar Abbas - Dubai had been on JO June 1988. 

1.5.2.1 The co -p i lo t ,  31 yeaxs -of age, held a commercial p i l o t  licence Iwig'h 
instrument rating) issued on 2 May 1984 and v a l i d  until 27 December 1988, ' ~ i a  
co-pilot rating for  Airbus A300 was issued in July 1987. Be had aleo been rated 
for  B737 (eo-pilot) in January 1985. A i a  last medical  check was on 
28 December 1987 with no waivers. H i s  t o t a t  f l y i n g  experieace waa 2260 hours of 
which 708 hours were on Airbus A300. His last proficiency check including 
islstrument rating (simulator) waa in December 1987, 

1.5.2.2 The co-pilot's duty hours in the awm days prior t o  3 July 1988 were 
48 hours 15  minutes. H i s  rest period when reporting for dutp on 3 July 2988 had 
been 14 hours 15 minutes. During the ten weeks prior t o  3 July 1988 he had f lorn 
over t h e  Gulf area f i v e  times on the route Tehran - Shixaz - Dubai aid return, 

1.5.3 Flight engineer 

1.5.3.2 ~~e f l i g h t  engineer, 33 years, of age, held a flight engineer licmce . 
issued on 6 February 1985 and v a l i d  until 19 December 1988. R i a  rating for  
Airbus A300 was issued on 14 June 1987. He had also been r a t d  for 8737 ma 
6 February 1985 R i s  last medical check was on 20 December 1987 .with no waivers, 
His total experience as f l i g h t  engineer was 2800 bours of which 736 houri were on 
Airbus A300, 

1.5.3.2 The f l i g h t  engineer's duty hours in the seven days ptior to 
3 July 1988 were 30 bours 35 minutes. Bis t e s t  period when reporting far duty on- 
3 July 1988 had been 14 hours 15  minutes. During the ten weeku prior, to  
3 July 1988 h e  had flown over the Gulf area -four times on the route Tehran 
Shiraz - h b a i  and return. 

1.6 'Aircraft information - 
1,6.1 The aircraft was an Airbus A30082-203 manufactured by kirbtlo 
Xndustrie in Karch 1981, The serial number was 186. The aireraf t war registerad 
as  new in 1982 as EP-fBU in the Talamic Republic of Xtan, a i d  wag m a d  md 
operated by Iran A i r .  
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Airframe a )  - - - -  
C e r t i f i c a t e  of himorthinesa  : Transpott category (passenger, cargo, crew 

training),  , l a s t  renewal 29 April 1988 and 
val id  u n t i l  29 A p r i l  1989 

Maintenance * Last  "C" check 5 June 1988 a t  11396 houra 
Last "I/Lt' check 12 May 1987 a t  9254 hours 

T o t a l  f l y i n g  time 11497 hours 

Maximum mass authorized 142900 kg 

Mass at take-off 130921 kg 

Fuel at  take-of f 18000 kg 

Centre of gravi ty  range 18-332 

Centre of gravity a t  take-of f: 23.9% 

b )  - hgines:  - -  Two General Dynamics CF6-5042 

No. 1 (left) 

Serial number 
Time since new 
Cycles s ince  new 
Last "C" check 
Time  since l a s t  "C" check 

455942 
741 9 hours 
6125 
5 June 1988 
102 hours 

No. 2 (r ight )  

5281 49 
8020 hours 
6086 
5 June 1988 
102 hours 

C )  Equipment: - - - - -  
The aircraft was equipped w i t h  the  following comunication and avionics 
cquipmen t 'relevant t o  t h e  occurrence: 

No, 1 serial  no. No. 2 serial no. 

VHF 
Transponder 
ADF 
VOR 
DHE 
Weather radar 
Radio altimeter 
GPWS 

K I N G  KTR 9100A 
Col l in s  6216-6 
Collins 5lY-7 
0 end ix RVA-33A 
Coll i n s  86 0E-5 
Bendix RDA-1F 
TRT AHV5-0 1 1A 5 
Sunds t rand 96 4-0376 -070 

HeteoroTogieel inf omat ion - 
1,7.1 A t  0600 hours the  weather a t  Bandar Abbas airport was: Wind 
18046 kt, v i s i b i l i t y  6 km ;,r\ haze, surface pressure 997.2 hQa, clouds one okta  

*Note: The times between overhaul recommended by the manufacturer are - 
C - check 4000 hours and I/T, - check 16500 hours or 48 months. 
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stratocumulus at  3500 ft, four.okta altocumulus a t  lOQOO f t ,  t;emp'ieaCqta. 
35 degrees C and dew point 26 degrees C ,  

1 .7.2 The weather in the area to- the  south of Bandar Abbes, a t :  if ~b' :ho<~k  
was fair to part ly  cloudy w i t h  scattered stratocumulus a t  3006 f 6 , ; ~ c ~ t ~ e d .  
altocumulus at 10000 - 12001) r't and high cirrus, Visibility ranged tram f tb  
10 km in haze .  The air  temperature over adjacent coas ta l  areas wes.35 to 
38 degrees C and over the  sea 28 t o  30 degrees C, Surface presnUtQ uas 99FhFa. . 

1.7.3 The approximate wind prof i l e  in the area t o  t h d  south wf B~ddtrJLbba~'  
a t  0700 hours was: Surface 19018 kt, 1000 f t  21018 kt, 2000 f t 291016 ,kt, 3000 f t .  
31016 kt, 5000 ft 01016 kt, 70QO ft  020110 kt, 10000 ft 030/10 kt, lTOb0,ft 
14015 kt, 14000 ft 090J18 kt and 18000 f t  O R O J 2 5  kt, 

1 
. . 

1 .7 .4  The approximate a i r  t empetatures were: 5000 St +29.: dcgieeb 'C:. 
( f S A  +23.51, 6400 f t  +29 degrees C,  possible inversion ( f S A  +26.6), lll000 fr: 
+18 degrees C (fSA * 1 3 * 4 ) ,  18000 f t  -3 degrees C (ISA +lP,D).  

1.7.5 Low t i d e  a t  Bandar Abbas was at  0615 hours. In the area t o  the .s&utb 
of Bandar Abbas a t  the time of f l i g h t  XR655 t h e  t i d a l  flow was estimated n s , 3  kt- 
towards the W ~ S  t , 

1.8 A i d s  t o  navieation 

1.8.1 The following navigational aids were available a t  ~ a n d a r  ~ b b i i  
International Airport: 

VORTAC: Ident i f i ca t ion  END, frequency 113,1 mt,' tranhi-arr3eh 
Channel 78,  continuous day and n i g h t  service, 
posit ion 27 13 0 5 N ,  056 22 50 E. 

NDB : Tdentif ieation BHD, .frequency 250 KHz, contiilueur 4 h g . i - d  
night  service, poeit ion 27 13 03 N, 056 21 55 +Em 

1.8.2 There we& no reported discrepancies t o  the nairigrtiona~ *aidr.'m. 
3 July 1988. The Bandar Abbas VORTAC was the subject of 'a ElrOTAn ,Ib554 - 
21 May 1988) s t s t ing  that the f l i g h t  check had expired .on 21 Nay 19'68. ' ;h* flight 
check wars subsequently carried out on 30 3ul.y 1988. The VORTAC waa 
operational  with no discrepancies, 

1 , g . l  The radio comunieatioas between IR655 and c i v i l  A M  kj&<&ar'i. 
normal with no indication of d i f f i c u l t i e s  in establishing and main tkilli2ng 
comunications.  

1.9 ,2 Bandar Abbas - - - -  T ~ ~ ~ / A P P . '  IR6SS was in contact v i t h ~ ~ a d i ~ ~ ~ ~ ~ ' ~ ~ ~  i n .  
118.1 mz aFd-~gnaer Abbas ~ P F  on 124.2 W z .  Tn a d d i t i o n ,  Bands4:,Atbas- ' 
provides for frequencies 121.9 IItlz and 121.5  KHz. A11 c d u n i c q t f o ~ ~ . a d ' ~ t l i ~ b @  
frequencies were recorded, 

1.9.3 - +  Iran A i r  - . - - - -  a t  Eandar - - - - A -  Abhas. Shortly aftex take-off f%@~f=:wa%,-%& 
coptact  with the  Iran Air o f f i c e  a t  Smdar Abbas on company f-requmcy 
131.8 MHz. 



1.9.4 - - - -  Tehran ACC. + IR555 was also in contact w i t h  Tehran ACC on 133 .4  EHz 
through a remote c o n t r o l  air-ground (RCAG) facility a t  Bandar Abhas operated 
vi.a a microwave l i n k ,  The RCAG f a c i l i t y  coverage was approximately 100 WH, 
A t 1  cbmmunications were recorde'd in Tehran ACC; 

1 . 9 . 5  - - -  Emirates - - - .  ACC. Comunications on 243 MHz from Vnited S t a t e s  warships 
and between such warships and military aircraft  a t  the time of f l i g h t  IR655 
were recorded in Emirates ACC (Abu Dhabi) . 
1.9 -6 - - - - -  Comunications - - - - . -  from - -  United - - S t a t e s  - - - -  warships. - -  Transcripts and 
recordings of communications on 121.5 MHz were made available from a United 
Kingdom warship and United States  warships. Also ,  transcripts and recordings 
of c m u n i c a t i o n a  on 243 FFITz were made available from,United States  warships .  

. . . . 
1.9.7 Conrmunieations between ground s ta t ions .  Communimtions r e l a t e d  t o  - - - - - - -  - -  - - - - - - -  
IR655 toak place  between Tehran ~ ~ ~ 7 1 l a n d a r .  Abbas APP, Tebrax:. ACCJEmirates ACC, 
Tehran ACClMuscat ACC and Erni-ra tes  ACC/Dubal APP. A l l  these c i r c u i t s  were 
operating satisfactorily. 

1.9.8 Comunications - . - - - - -  recordings. The recordings ava i lab le  from Bandar 
Abbas TE?R/AYPT Fehran-~t~ and Emirates ACC a l s o  contained ATS direct speech 
c i r c u i t  communications between Tehran ACCIEmirat es ACC and Tehran ACC/~andar 
Abbas APP. Thus, the recordings could be spchron ized  and time referenced 
although the time s i g n a l  on the  Bandar Abbas recording was unserviceable ,  

1.10 Aerodrome in£ o m a t  ion - ---------- 
1.10.1 Bandar bbbas Internat ional  Airport is located 4.5  NM north-east of 
Bandar Abbas. The geographical co-ordinates for t h e  reference p o i n t  are 
27 13 07 M, 056 22 39 E. Runway 21 i s  asphalt, 3664 rn long, 45 m w i d e  and 
elevation is 2 2  ft. Themagnet ic  bearing of runway 21 was 206 degrees, 

1.11. -- F l i g h t  - recorders 

1 .11.1 . The a ircra f t  was equipped w i t h  a d i g i t a l  f l i g h t  data  recorder and a 
cockpit voice recorder. ITeither had been recovered by 16 October 1988, . 

1.11 .? The f l i g h t  data  recorder  was model Sundstrand 57311 manufactured by - - - - -  - - - - - - - -  
Sundstrand Data Control  Tnc . , p a r t  number 981-60@9-01C, and s e r i a l  number 
2669. It records the following parameters: Gross a l t i t u d e ,  f ine ,  a l t i t u d e ,  
computed a i r  speed, Fach number, magnetic heading, p i t c h  a t t i t u d e ,  roll 
a t t i t u d e ,  r i g h t  inboard f l a p  position, Leading edge f l a p  extended, leading edge 
flap in transit, engine pressure r a t i o ,  thrust reverset  operating,  thrust 
reverser in transit, radio  transnission k e y i n g ,  and tim'e ( U T C ) .  

1.11.3 The c o c k p i t  v o i c e  recorder was model AlClOA manufactured by Fairchi ld  - - - - -  - - - - - - -  - -  
Weston Systems Inc., and s e r i a l  number 5424. The cockpit voice recorder 
provides a continuous 30 minute  record of  a l l  voice comunicat ims in t h e  
cockpi t ,  the  i n d i v i d u z l  crew stations and the  p u b l i c  address system. 

1.12 Wreckage and impzct  information ------------- 
1 - 1 2  *l The wreckage had n o t  been located by 16 October 1988. Most of t h e  
r e c o c e r ~ d  bodies and f l o a t i n g  ?arts of  the  a i r c r a f t  werp found a t  a l o c a t i o n  of  



26 43 P, (556 02 E appraximatelp 40 NF south-wes t of Randar Abbas airport . in ..thrc 
waters of the  Gulf. 

1.12 .2  The recovered a i r c r a f t  parts included two s l i d e  rafts ' ~ ~ ; ~ r ~ , a t % - ~ i r ,  
Cruj scrs Co . I ,  h a l f  of t h e  nose cone, vent i la t ion  ducting and etfached 
i n s u l e t i o n ,  i n t e r i o r  roof trim panels ,  cabin interior d i v i d e r ,  farward l e f t  
cabin div ider ,  three large p ieces  of engine cowling of which at  least  .fuo uetc, 
from engine no. 2 ,  fire extinguisher b o t t l e  from cargo hold f i re  prot:ectiorY 
system, frame of  a p a i r  of s e a t s ,  life-jackets, wash basin and structure af 
s t a n d ,  sect ions  of cverhead baggage lockers of which one bore seat'sign 
no. 273, p a r t  of cabin attendant s e a t ,  large sections of five of t h e  f l a p  track" 
housings,  several pieces of  aerodynamic surfaces  from t h e  f l a p s ,  a l l - speed 
a i l e r o n s ,  low-speed ai lerons  and spoilers. One of these surfaces carried an 
i d e n t i f i c a t i o n  p l a t e  a s  follows: TTPE OF MATERIAL A300B, FOKKER BV sCF~PHOL', 
.i+SSV YC; . A : - , 7 0  53eC0 - ;sf?, F?l?ZLL YO.  FS ! ! 8 Q .  3ATE ZF FcANIWAC~REL 12.8,81, 

1.12.3 One of the large pieces af  engine cowling. showed external damage, 
some 15 - 20 penetrations, 1 - 10 cm in size and in s horizontal direction in a. 
45 degree angle from behind, The cowling originated from the a f t  l e f t  side of 
one of the  engines. The penetrations were consistent with missile detonation 
beneath the  a ircraf t ,  between the wing and the  t a i l .  

1.13 Medical and pathological information 

1 .13.1 The bodies bf the f l i g h t  crew had not bem recovered by 
1 October 1988. By early August 1988 the remains of .Erne 192 victims had been 
recovered. Few of the bodies recovered were complete. Some 180~victims were 
i d w t t i f  i e d ,  many based on circumstantial evidence. 

Fire - 
1-1 4.1  here was no indication of Eire prior t o  the explosion' of the 
missiles. 

1.14.2 There were signs of burns on some of the  bodies recovered which 
could be an indication of fire caused by the explosion of t h e  missiles, or an 
i nd ica t ion  of a surface fire following the  impact with water. 

1.15 Search and rescue 

1.15.1 A t  Ob5l:Ot hours IR655.reported t o  Tehran ACC o u t  of PL70 climbing 
t o  FL140, estimating the  FIR boundary (DARAX) a t  0658, and h b a i  a t  0715. In 
t h e  absence of any further c ~ u n i c a r i o n s  w i t h  Tehran ACC, the coattoller 
assumed that  fR655 had contacted Dubai APP. However, nc.radio ox radar cbatact  
was made wi th  the flight by either Emirates ACC or Dubai APP. A t  0718 k i r a t e s  
ACC contacted Tehran ACC and requested the  position of TR655. Recognizing that 
the f l i g h t  had not arrived a t  i t s  dest inat ion,  the  controller a t  Tehran ACC 
contacted adjacent AT3 u n i t s  f o r  informatton on the  f l i g h t .  When no further 
information could be obtained, search and rescue action was in i t ia ted ,  and the  
assistance of  the United Arab Emiretes waa requested. 

1.15.2 Following a r e p o r t  from Tehran ACC a t  0800 hours that  XR655 was last 
seen on radar two minutes south of DARAX, search and rescue action was taken by 





ICAO Circular 28&AN1154 35 

Fire c o n t r o l :  Cestern Electric SPG 536,  X I S  band; OE-82 sate l l i te  
communications antenna. 
ESMIECM: SLQ 32V ( 2 1 ,  combined radar warning and jammers; 
SSF:  SSR 1 receiver .  
Guns: one F F C  127 m / 5 4  Mk 42, max elevation 85 degrees, anti-aircraft-rdage 
14  km, s u r f a c e  range 24 km; one General Electric/Generalt Dynmica .ZU m{?& 
5-barrelled Mc 15 Vulcan Phalanx, range 1.5 km. 

- - -  - -  

USS John H, S i d e s :  Oliver Hazard Perry class guided e a ~ i l e  frigate, @aximum 
_ - - - k c - - -  

di sp lacen t  3585 t ons ,  length 135.6 m, maximum speed 2-9 kt, complqes~t 206 
113 officers) including 19 aircrew. 
Radar: Air search Raytheon SPS 49, C I D  band, range 457 km, 
Fire control :  Lockheed STIR {modified SPG 60) ,  f / J  band, range 110 Bm; 
Sperry Mc 92 ISignaal W 281, 113 band, range 7 km; 0E-82 satellite 
communications antenna. 
ESMIECM: SLQ 32V (21, combined radar warning and jammers. 
SSR: SSR 1 receiver. 
Anti-aircraft weapons: Surface-air missiles, 36 GDC Standard HR-SH1, 
semi-active homing t o  46 km a t  2 Mach, one Mk 13 launcher. 
Guns: one OTO Melara 76 nun162 Mk.75, max elevation 85 degrees, anti-aircraft 
range 12 km, surface range 16 km; m e  General Electric/General Dynamics 20 
m / 7 6  6-barrelled Mk 15 VuIcafi Phalanx, range 3 . 3  km. .. - . - 

2.1 ~ack~round' in fomat ion  on the situation i n  the Gulf 

1.1 , 1  As a result of d i f f i c u l t i e s  experienced by intez ,at ional  shipping in 
the Gulf, naval forces of several States  entered the area t o  provide a 
protective presence and safeguard the freedom of navigation. The extent and.- 
intensity of  h o s t i l e  ac t i v i t i e s  varied considerably krom t i m e  to  time. The 
incident on 17 Hay 1987 in which the  USS Stark was severely damaged by two 
air-launched Exocet missiles was 0 5  particular relevance in  the chain of wenti 
leading t o  the destruction of flight 1R655. 

2.1.2 The increasing tension in the  area prompted warships to be concerned 
in par t i cu lar  w i t h  t h e  i d e n t i t y  and in t en t ions  of 'approaching aircraft. This 
l e d  t o  a large number of chal lenges  from warships t o  both c- ivi l  and m i l i t a r y  
aircraft, The challenges- had been made t o  aircraft in law level  transit, in 
high level cruise on airways, and on approach t o  o r  departure from airports in 
the  ares.  Some challenges were reported t o  have been made to  aircraft  well 
inland and a t  a considerable d is tance  from t h e  warship concerned. Frequently, 
c i v i l  a i r c r a f t  on ATS routes had been requested by warships on the emergency 
frequency 121.5 HKz t o  change course and t o  s tay  clear of the warehips. Ta 
same cases ,  compliance v i t h  such instructions had caused air traf f ic  conflicts 
of a potentially hazardous nature. 

2 . 2  Notice ~ r o m u t ~ a t e d  bv the  United S t a t e s  

2 ,2.1 In ear ly  1984 the  United Sta tes  had issued a n o t i c e  that their naval 
forces in the Gulf, Strait o f  Bormuz, Gulf of Oman and Arabian Sea (north of 
20 degrees north)  were taking de fens ive  precaution#. Aircraft below 2000 f t  
which were not cleared for approach t o  or departure from an airport were 
requested t o  avoid f l y i n g  c loser than 5 t o  United S t a t e s  warships .  T h k  
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cotice f u r t h e r  requested t h a t  a i r c r a f t  approaching within 5 SH of United States 
warships must establish and maintain radio contact  with them on 121.5  MHz o r  
243 MHz. It a l s o  s t a t e d  that aircraft approaching wi th in  5 FM below ZOO0 ft 
and whose i n t e n t i o n s  were unclear t o  United S t a t e s  warships may be held  a t  risk 
b y ,  d ef ens i v e  measures . 
5 . 2  .? Following t 5 e  USS Stark i n c i d e n t  a NOTAM Class I was i s sued in 
September 1987 t o  adv i se  that  7 n i t e d  S t a t e s  varships  in t h e  area were tak ing  
additional defens ive  y e c a u t i o n s .  The n o t i c e  s t a t e d  t h a t ' a i r c r a f t  ( f i x e d  wing 
and helicopters? operating in t h e  ares should maintain a listening watch on 
121.5 NXz c r  243 MHz and t h a t  u ~ i d e n t i f i e d  a i r e r a f  t whose i n t e n t i o n s  were 
u n c l e a r  or who were approaching United S t a t e s  warships would be contacted on 
these frequencies  and requested t o  i d e n t i f y  themselves and s t a t e  t h e i r  
In tent ions .  Tt also s t a t e d  that in order to avoid inadvertent confrontation 
a i r c r s f t  may be requested to remain well c l e a r  of United S t a t e s  warships .  
Failure t o  respond t o  requests f o r  identification and indicat ion of intent ions ,  
cr t o  warnings.  or operat ing in a threatening manner could place the aircraft 
a t  risk 3p FnitoC S t a t g s  de fens ive  neasures .  Furthermore, illumi~ation of a 
' h i r e d  S t a t e s  warship v i t h  a weapons f i r e  c o n t r o l  radar would be v iewed  w i t h  
s u s ? i c i o n  and cou!d result in immediate defens ive  react ion.  These measures 
uou!d be implemented it. a manner that  would n o t  unduly interfere  with t h e  
I roerlc.m o f  n a v i g a t i o n  r+nd overflight. The c o n t e n t  of t h e  NOTAH was a l s o  
lncluded in  subsequent issues cE t h e  United S t a t e s  International Notices  t o  
.1ir33: ~ i l b l  i c z t i c n ,  ,in13 i ias . . + . r - 3 c  m , , L .  ..,. ,:.n 3 1?8P. 

2 . 2 . 3  The NOTAM was distributed t o  those S t a t e s  whici! had requested ,tc be 
on t h e  d i s t r i b u t i o n  list for E?OTAMs issued by the  United j t a t e s  FAA N 0 U . N  
Off i ce  under heading KFDC (WashingtonlNationaZ Flight Data Center, D . C . ) ,  In 
addi t ion  the  MOTAM was di s t r ibuted  through o f f i c i a l  c i v i l  and milita~y channels 
as well as  through United S t a t e s  Embassies in the  area .  

2 . 2 . 4  - - - - - - - - - - - - - - - - - - - - -  Aeronautical infomation service au thor i ty .  I n  accordance w i t h  t h e  
provisions of I C A O  Annex 1 5 ,  TCAQ Contracting S t a t e s  provided an aeronautical  
in format ion  service and published aeronautical  information concerning t h e  
terr i tory  of t h e  State  as well as areas outside i t s  territory in which the 
S t a t e  was' responsible  for a i r  t r a f f i c  services .  International MOTAM Offices 
were designated by S t a t e s  for the international  exchange of NOTAFfs in 
accordance w i t h  the  ICAO regional  a i r  navigation p l a n s .  The United S t a t e s  
YOTAM concerning t h e  Gulf, Strait of Bormuz, Gulf of @man and Arabian Sea 
covered an area within the responsibility a £  International Notam Off ices Abu 
DhabE, Baghdad, Bahrain, Bombay, Karachi, Kuwait, Nuseat and Tehran. 
merefore,  the  promulgation of t h e  WOTAM was not-in conformity w i t h  the  
provisions of ICAO Annex 1 5 ,  

2 .? .S  ---- Safety implications. - ---I- The full implications of the  rules of 
engagement o f  t h e  United S t a t e s  warships were not s u f f i c i e n t l y  reflected in the  
gorice ~romulgated by the United States. It was not spec i f i ed  what was 
consi .dered to be "operating in a threatening manner'" what distance w a s  
considered 'belt  c l e a r  of United S t a t e s  warships", and what was meant w i t h  
"cou ld  p i a c e  the a i r c r a f t  a t  risk by Uni ted  S t a t e s  de fens ive  measures". The 
safety risks imposed bp the presence of naval  forces in t h e  Gulf area t o  c i v i l  
av iat ion  may have been underestimated, in par t i cu lar  a s  c i v i l  aircraft operated 
on prcmulgated tracks inc lud ing 6 tandard approach and departure routes f ran 
eirports in the  area .  



2 . 3  --- Problems t o  internat ional  c i v i l  aviation in t h e  Gulf area 
--,---A - .  

1.3  . l  The presence and a c t i v i t i e s  of naval  farces in the Gulf area have , 

caused numerous problems t o  in ternat ional  c i v i l  a v i a t i o n .  There were instances.  
where civil ATC units overheard challenges to c i v i l  a i r c r a f t  on t h e  military , 

air distress  frequency ,243 MHz (with which c i v i l  a ircraft  were not equipped) 
and were a b l e  t o  a l e r t  c i v i l  pi l .ots  t o  t h a t  effect. A t  least  one flight had 
come into imminent danger of defens ive  measures before its i d e n t i t y  .could be 
e s t a b l i s h e d  by t h e  warship with t h e .  ass i s tance  of the  c i v i l  ATC unit 
concerned. In some cases, flights chose t o  re-route in order t o  avoid 
chal lenges  and p o s s i b l e  danger from warships ,  thus accepting a significant . 
mileage p e n a l t y  w i t h  i t s  economic consequences and inconvenience t o  passengers.. 

2 . 3  - 2  C i v i l  aviation requirements such as airways, standard approach and 
departure procedures, and the  f i x e d  tracks used by helicopters t o  o i l  rigs were 
not a consideration in w a r s h i p - p o s i t i o n i n g .  This resu l t ed  in warships 
cha2lenging.civil a i r c r a f t  often-in c r i t i c a l  phases of  flight, i , e .  during 
approach to land and during i n i t i a l  climb. In the  absmce of a clear method of 
addressing chal lenged c i v i l  a ircraf t ,  such challenges were, on occasion, 
mistaken by p i i o t s  t o  whom the  challenge was not addressed, causing a d d i t i o n a l  
confusion and danger .  

2 . 3 . 3  Whilst some naval forces operaged a ircraf t  in eommunirpation w i t h .  the 
appropriate ATC u n i t ,  others used aerodrome control zones and promulgated 
restricted areas without corrmtunication or co-ordination. This caused cmcern 
t o  t h e  responsible ATC units in that i t  hampered t h e  provision of posit ive  air  
t r a f f i c  control as a collision avoidance serv ice ,  

2.4 .1  Iran Air flight IR655 was a regular scheduled passenger service from 
,~an';lar Abbas t o  Dubai . During the month preceding 3 July 1988 the f l i g h t  woo 
operated twice a week, on Tuesdays and Sundays, w i t h  the exception of Sunday 
19 June 1988, In addit ion there were 28 other Iran Air f l i g h t s  between 
Bandar Abbas and Dubai {or Sharjah). Furthermore, there were seven flights 
between Kabul and Dubai, 'and 23 flights between Kabul and Jeddah v i a  ATS ' 
route A 5 9 ,  

2 .6 .2  Between 2 June 1988 and 3 July 1988 t h e  t r a f f i c  on route A59 
amounted t o  a total number of  66 f l i g h t s  with an average of two &lights per day 
and a maximum of six flights on 23 June 1988 ,  Delays of flight fR655 were 
relat ively  s m a l l  and these flights normally departed ftom t h e  gate c l o s e  to 
scheduled departure time, 

2.5 "Red -- - alert" procedure appl ied by Iranian air traffic services 

2.3 .1  ATS units in t h e  Islamic Republic of Iran were no t i f i ed  through a 
"red a l e r t "  procedure of  those m i l i t a r y  a c t i v i t i e s  which posed a r i s k  t o  fhe  
sa fe ty  of c i v i l  a ircraf t .  When a "red alert'! was in effedt,  no ATC clearances 
were given t o  civil aircraft  intending t o  operate through the  affected 
a i r space ,  In some instances Tranian a i s c r a f  t already enroute had been 
r e c a l l e d .  On 3 July  1988 no "red alert" s t a t u s  was in effect and t h e  Am uni t s  
at Tehran and Baridar Abbas were unaware of any a c t i v i t i e s  a t  sea.  
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2.6 aadar coverage on airway A 5 9  - 4, 

2.5 .! Radar Approach Cont ro l  (RAPCON) a t  Bandar Abbas.  The RAPCON u n i t  a t  - - - - - - - -  - - - - . - -  - - -  - - - . - - - -  - 
Eandar Abbas provided radar control  service to military a i s e r a f  t, and t o  c i v i l  
a i r c r a f t  on request .  I t  was  not  n o m a l l y  used t o  moni tor  c i v i l  traffic and on 
3 J u l y  1988 t h e  track nf IR655 was n o t  monitored. The equipment comprised an 
ASR-9 sir?ort susveillsnce radar (primary radar) and a T P X - L 2  secondarp 
surve i l l ance  radar ( S S R ? ,  with a nominal coverage of some 60 and 200 NM 
res?ec t lve ly .  However, the operational use was normally l i m i t e d  t o  some 
30 N1.r. In addition prec i s i .an  approach radar (PAR) was avai lable .  It was 
s t a t e d  t h a t  t h e  military emergency frequency ( 2 4 3  W l z )  receiver had been 
unserviceable and was still inoperative on 4 August 1988. Consequently, on 
3 July 1988 comunicatjons on 243 MHz were not received. 

2 . 6 . 2  Kish air defence radar, Flight TR655 was observed by the Iranian - - - - - - - - - - -  
a i r  defence  radar located on K i s h  I s l a n d  for approximately 46 seconds (four 
r a d s r  sseepsl. The approximate position was given as 26 30 P, 056 00 F. 

2 . 5  - 3  Radars In t h e  United Arab Emirates. The controllers a t  Rubai and - - -  - - - - - -  - - . - - - - - -  
Abu >hati d i d  not e s t a b l i s h  radar c o n t a c t  w i t h  f l i g h t  IR655. n o r  d i d  they - 
n u m a l l g  monitor  f l i g h t s  on airway A 5 9  n o r t h  of DARAX. The radar d i s p l a y  a t  
Dubai apprgach c o n t r o l  was normally s e l e c t e d  t o  a range of 50-60 fli to 
+ s : a ?  l r;+: :z:L; r-.o at zc t 'u'ic5 i.gSound f l i ~ ? i : s  zear  3 A U X .  

2.7 IR655 VHF radio procedures 

2 . 7 . 1  The Airbus A300,  regis trat ion EP-IBU, was f i t t e d  w i t h  two King RTR 
"00A VHF radios. Each transceiver was control led by a dual  selector control 
box on which t w o  frequencies  could be selected, A transfer s w i t c h  allowed 
change from one se lected frequency t o  the  other. 

2 . 7 . 2  Flight IR655 was in contact  w i t h  Bandar Abbas control tower 
1118.1 MHz) whilst on t h e  ground and with Bandar Abbas approach (124 .2  biz) 
after take-off .  Whilst under the control of Bandar Abbas approach the  f l i g h t  
pas sed  a departure message t o  the Iran Air office a t  Bandar Abbas (131.8 MHz) 
and contacted Tehran ACC ( 1 3 3 . 4  Mlz) .  

2 . 7 . 3  On 16 September 1986 Iran A i r  had issued a company advisory n o t i c e  
t o  flight crws operating in the  Gulf area requiring the  monitoring of 
frequency 121.5  MHz at a l l  times. This notice was inc luded  in the brief ing 
material f o r  the JR655 flight crew on 3 July 1988. 

2 -7.4 Although there were no s e t  procedures f o r  the handling of t h e  
communications, information from Iran ~ i r  p i l o t s  and f l i g h t  operations staf t in 
Tehran indicated  that a t  take-off  the l i k e l y  VHF se lect ions  were: Bandar Abbas 
t o w e r  ( 1  16 .1  MHz1 and Bandar Abbas approach (124.2 mz) on VHF no, 1 and t h e  
company frequency (131.8 M H z )  and 121.5 MHz on VHF no, 2 .  Tehran ACC 
(133 ' 4  MHz) would have replaced Bandar Abbas tower on VNF no. 1 after 
take-off. The . c a l l  made by XR655 to Tehran ACC whilst under the  control  of  
Sandar -4b5as approach was not a required procedure but was common p r a c t i c e  by 
flight crews, It was not apparent whether this  c a l l  would have been nade on 
WF no. 1,  thus accepting a brief interruption of guard of the  approach 
frequency, or on VEF no. 2 which would not have ailowed guard of 121.5 MWz f o r  
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a brief period. The f l i g h t  remained under the  controi of ~ a n d a r  ' ~ b b a f  ' ipptosch 
from 0 6 4 9 : 1 8  to  0654: 11. The communication between IR655 and Tehran ACC took 
p l a c ~  between 0630:54 and 0651:30.  The available information was n o t  
s u f f i c i e n t  to  determine which radio s e t  was used for each t rapmiss ion .  

USS Vincennes - 
2.8.1 USS Vincennes joined t h e  United S t a t e s  Jo in t  Task Force kiddle  ~ a ~ r t .  
in l a t e  May 1988. In t h i s  capacity USS Vincennes was d i r e c t l y  involved. i n  
hostile a c t i v i t i e s  for the f i r s t  time on 3 J u l y  1988. 

? .8 - 2  A i r c r a f t  tracks in real  t i m e  together with t h e  c i v i l  AT$ route 
structure and m a j o r  airports in the  GuIf area were displayed on two of the  four 
AEGIS large screen d i s p l a y s  in t h e  Combat Information Centre. The ares covered 
by the  d i s p l a y s ,  and hence t h e  degree of magnification of the projected 
pictures, could be  varied by t h e  operators as  required by circumstances, 

2.8 - 3  Information on c i v i l  f l i g h t  schedules was available in the Combat 
Information Centre. However, it was pointed o u t  t h a t  such information was, a t  
S e s t ,  of iimited value in determining expected time of o v e r f l i g h t .  I n  the 
absence of f l i g h t  plan and flight progress information, a real i s t ic  traffic 
picture could not be established and p o s i t i v e  aircraft identification could not '  
be obtained on that  basis. 

2.8.4 There was no co-ord ina tion between Dnited - S t a  t e s  warship6 add the  
c i v i l  ATS units  responsible for the provision of a i ~  t ra f f i c  s e w i c e s  within 
the various flight information regions in the Gulf ares,  Such co-ordination 
would have enabled or a t  l ea s t  facilitated ident i f i ca t ion  of c i v i l  f l i g h t  
operations. .The United S t a t e s  warships were not provided with equipment for 
VHF comunications other than on the international a i r  dist~et38 frequency 
121.5 If&, Thus, they could not monitor c i v i l  ATC frequencies fox f l i g h t  
iderrtif ieation purposes. 

,, 2.8.5 In the process of detemination of c i v i l  versus m i l i t a r y  and 
friendly versus hostile aircraft ,  a number 'of parameters were being taken into  
account, These were in order of .importance: 

- f l i g h t  profile (speed range, rate of climb/deseent, rate of 
turn, altitude); 

- emissions from f i r e  control radar, aircraft weather radar and 
radio altimeter; 

- radio colpmunicstions es tabl i shed ; and 

- IFF mode 3 (SSR mode A) responses, 

2 .R .6 With respect to warship radar surveillance of a g i v e  axes. d f  ' , 
operation ,' it was nonnal practice t o  have .more than m e  warship -&canning _the 
airspace.  On 3 July 1988 USS Vincennes, USS Montgomery and DSS Bidcs:*ere in  
t h e  north-western part  of the  Strait of Bormuz. while USS Ibntgmery wars n o t , .  
able t o  cover the area, t h e  o the r  two warships monitored the radar track o f  
IR655. 
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2.9 E l e c t r o n i c  =missions and t h e i r  detect ion  

2 . 9 . 1  - - - - - - - - - - -  A i r c r a f t  weather radar. According t o  the United Sta tes  report t h e  
warships had the  capability to d e t e c t  emissions from the type of weather radar 
ca r r i ed  by IR655. The repbr t  s t a t e d  that  no such emissions were detec ted  by 
USS 7incennes,  YSS Hontgamery or ESS S i d e s .  Information from I r a n  Air flight 
crevs i n d i c a t e d  that i t  would be reasonable to assume t h a t  in the  weather 
c a n d i t i a n s  prevailing a t  t h e  t i m e  o f  f l i g h t  IR655, the flight crew would not 
:lave been operating the a i r b o r n e  weather r a d a r .  

2 . ? . 2  Radio altimeters. 18655  was equipped wi th  two radio altimeters, 
T h e r e  uns 30 i z d i c a t i o n  of unsexviceability on departure from Baadar Abbas. 
The r a d i o  a 1  t i n e t e r  installation on the Airbus A300 provided altitude 
in fomar ion  r o  t b e  ground proximity warning system 1GPWS) and both r a d i o  
a 1  timet ers ope ra t ed  continuously 2:lring f l i s h t  . The power supp l i e s  for tbc  
r ad io  altimeters were c o n t r o l l e d  by t h e  no. 1 and 2 radio master supply 
switches and there werz  no O W O F F  s e l e c t o r s  f o r  t h e  radio altimeters on the  
71135c 5eck.  Rowever, i t  was  s t a t e d  t h a t  r a d i o  altimeter emissions were not 
i e t e c t e d  by ~ 5 , e  varships . A c c o r d i 9 3  to t h e  United States report there were no 
d;?ctroglc w l ; s i o n s  o t h e r  than IFF  node 3 .  

2 .? . j  Xiiumiza t ion  w i t h  weapons f i r e  c o n t r o l  radar. The United Sta tes  - - -  - - - - -  - - -  - * - - - -  - - - -  
aoriz-. c z r r r e n t  7n 3 Lulg 1983: a: t ~ e i l  as  ?-f .wious i ssues ,  - s t ressed  t h a t  the  
illumination of a United S t a t e s  w a r s h i p - w i t h - a  weahons f f r ?  cont'rol radar- iouid  
be viewed with suspicion and could r e s u l t  in inmediate d. . fensive reaction, No 
United States  warship was illuminated with a weapons fire control radar during 
the f l i g h t  of IR655. 

2.9.4 United S t a t e s  warships expected no reaction from a c i v i l  flight 
illuminated by f i r e  con t ro l  radar since c i v i l  a i r c r a f t  d i d  not carry d e t e c t i o n  
equipment. IR655 was so illuminated by t h e  USS Sides a t  approximately 
0650 hours and by USS Vincenues prior to missile launch. There was no reaction 
from the  con tac t  IIR655) to either of these illuminations. 

2.10 Analysis of the  challenges made t o  IR655 

2.10.1 A total of eleven challenges were broadcast by United States 
warships between 0 6 4 9 : 3 9  and 0654:47 w i t h  respect t o  the  radar contact 
(IR655) Seven chal lenges  were made by USS Vincenncs on the military a i r  
distress frequency 243 HMz. Three chal lenge8 were made by USS Vincennes and 
one by US5 S i d e s  on t h e  international a ir  distress frequency 121.5  Mtz. 

2.10.2 Military a i r  distress frequency _ - _ -  243 MHz. A recording of 
conmtunications on 243 EfPz on 3 July 1988 was ava i lab le  from the Emirates ACC 
{Abu Dhabi) A transcript and recording was a l s o  available from 
USS Viacennes. There were seven chal lenges  made to the radar c o n t a c t  (IR655) 
by US5 Yincennes a t  0649:39 - 0650:06, 0650:30 - 0650:L9, 0651:ll - 0651:33, 
0652:00 - 0 6 5 2 : 2 1 ,  0652~44 - 0 6 5 3 : 0 4 ,  0653:48  - 0654:10 and 0654:34 - 0654:&7 
hours. Except for the I t a l i a n  warship Espero, no other s ta t ions  reported 
having heard  or recorded eommunFcatians on 243 MAz a t  the time a £  flight 1R655. 

2 . 1 0 . 3  -4s c i v i l  a ixcref  t d i d  not carry radio equipment capable of being 
tuned to 243 IWz, these transmissions had no relevance as  challenges t o  a c i v i l  
aircraft. 
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2 .10.4 Immediately prior to the challenges t o  IR655, between--66&&:2$' &d 
0649:28 hours,  USS Vineennes was in radio communications w i t h  am Iranian 
P3 patrol aircraft 6 4  Ell4 t o  t h e  w e s t ,  From 0656 :15 hours onwards DSS Viaa,ennes 
chal lenged an Iranian C-130 a i r c r a f t ,  

2.10.5 - - - - -  Internat ional  - - - - - - . - - - - - - - -  a i r  d i s t r e s s  frequency 1_212f ?4Hz* A transcript and - - 
recording of messages broadras t on the  i n t  ernat ionat a i r  distress frequencg 
121.5 MHz was  a v a i l a b l e  from the Bri t i sh  warship RMS Beaver and from US6 
Vincennes. 

2 -10.6 Personnel a t  Dubai approach c o n t r o l  had l i s t e n e d  to their recording 
of 121 - 5  I.ll3z for the period 0645 t o  0715 hours on 3 July 1988, and ,reporzed 
that  there were no messages recorded. The tape was not availab'le.. An operator 
or" an o i l  cobpany radio  station located 40 XH south of Dubai deported having 
heard cha l lmges  ori 121.5 MHz a t  about the time of Pl ight  XR655 and having 
recorded t h e  l a s t  two or t h r e e  messages. Requests t o  ver i fy  th i s  'report on 
s i t e  by interviewing the operator were denied. No other s tat ions  reported 
having heard or recorded transmissions on 2 2 1 . 5  FIAz' a t  tha t  time;' 

2.10.7 The recording of frequency 121.5 PIFIz a t  Randar Abbas ATC d i d  aot 
contain any communications from 0640 u n t i l  0656:43 hours when the l a t t e r  part 
of a challenge was recorded. This recording corresponded t o  a challenge 
broadcast by USS Vincenaes t o  another unidentif ied contact ( m i l i t a r y  C-130) 
approximately two minutes after  the  destruction of flight IR655. 

2.10.8 There were four challenges broadcast t o  fR655 on 121.5 MHz a t  
0650:02 - 0650:22, 0651:09 - 0 6 5 1 : 4 3 ,  0652:33 - 0653:03 and.0653:Zf - 0653~43 
hours. The f irst  three challenges were made by nSS Qincennes, except that a t  
the end of the second challenge when USS Pincennes transmitted ",.. request you 
a l t er  course immediately over", USS S ides  instantly added "to 276 
immediately", The fourth chrllenge wss made by US3 Sides .  

2.10.9 The challenges coanaenced approximately three minutes a£ ter take-of f 
of IR655 from Bandar Abbas. By that  time the f l i g h t  crew would have completed 
t h e i r  immediate after take-off actions.  On reaching 1000 f t a l t i t u d e  t h e  
f 1 i g f i t  would have commenced f l a p  te trac  tion and transition frm ' i n i t i a l  climb 
t o  enroute climb followed by t h e  after tske-off checks, During' this  time the 
c a l l  was made to  the Iran A i r  o f f  i ce  a t  Bandar Abbas with a departure message. 
From 0649:18 to  Q649:43 hours the f l i g h t  was in contact wi th  Bandar Abbas 
approach. The f l i g h t  crew would also have been preparing foll~ard estimates for 
transmission to Tehran ACC. The coneac t with Tehran ACC took place from 
06SO:54 t o  0651:30 hours. Further communication with Bandar Abbaa approach 
w i t h  the  MOBET pos i t i on  report and receiving instruction t o  change t o  Tehran 
ACC took place SetweeE 0654:OO and 0654:'ll hours. T t  appeared that the  f i r s t ,  
t h i r d  and f o u r t h  challenges made on 121.5 MHz were not co-incident w i t h  routine 
communications by the crew. 

2.10.1 0 Information contained in the challenq,es on 121 . f  MHz. Xt war - - - - -  - - - - - - - - - - - - -  - - - - - - *  
relevant to examine whether the flight cr<w would have been able to  i-eadily 
i d e n t i f y  themselves as the  subject  of the c h a l k g e a  on 121.5 PRlt. The Iran 
Air flight crews were well versed with t h e  use o-E English which was requird bf' 
t h e  Iranian Civil  Aviation Authority. The majority of transmissions betwarn 
IR655 and Bandar Abbao TWRIAPP and Tehran ACC were conduct&d in English, 
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2.10 . I  1 I n  accordance w i t h  t h e  standard format of challenges United S t a t e s  
~jarships  should address u n i d e n t i f i e d  a i r c r a f t  as " u n i d e n t i f i e d  a i r c r a f t  on 
course  ... , speed .,. , a l t i t u d e  ... ", The standard f o r n a t  o f  warnings 
ref  e r r e d  to t h e  p ~ s i t i o n  ef t h e  warsh ip  as "bearing . . . range . , . from you". 
X o w e ~ e r ,  t h e  F~!fotnzeion given in the transmissions fsm which an a i r l i n e  p i l o t ,  
would have t c  i d e n t i f y  his part icular  f l i g h t  varied from one transmi~sion t o  
t h e  nest ( T a b l e  1 3 . 
2 . 1 0 . 1 2  Course i n f o m a t i o n .  T h e c o u r s e w a s g i v e n i n d e g r e e s  t r u e a n d c o u l d  - - - -  - - - - -  
be expected to be accurate. With a magnetic v a r i a t i m  of one degree eas t  in 
t h e  area concerned,  t h a t  course w o u l d  correspond c l o s e l y  t o  the  magnetic track 
3f t h e  a i r c r a f t  . Although the  course given may d i f f e r  somewhat from the 
heaGi.ng of :he aircraft due t o  d r i f t  correction for  cross- -wi~~d compoaent, such 
i i : i f  e r e c c e  w a s  probably i n s i g n i f i c a n t  on f l i g h t  XR655 .in v i e w  of the estimated 
v i n d .  The I l i g > t  crew had heazing and course infornation presented in degrees 
magnetic. Thus :he c o u r s e  given could have been recognizable by t h e  flight 
c-;e\r of iR655. 

2.10.12 - - - - - - -  Speed information. T h e s p e e d g i v e n i n  the txansn i s s ionswasground  
C - 

speed derived from ~ s d a r  ~ n f o m a t i o n .  Subject  t o  the  conditions of a l t i t u d e ,  
temperature and wind, ground speed could have been considerably different from 
indicated a i r  speed ( I A S )  a t  which f l i g h t  crews operated their a i r c r a f t .  

2.10.14 T h e A i r b u s A 3 0 0 c o u l d  beexpec ted  t o  b e c l i m b i n g a t  250kt I A S u p  to  
FL100. In view of t h e  h i g h  tmperatures and t h e  slight tailwind, as estimated 
from t h e  available meteoroZagica1 information, the ground speed in t h e  phase up 
t o  FL100 a t  250 kt IAS would have been over 300 kt. n i e  speed g iven  by USS 
Vincennes was 316, 350 and 360 kt. During t h e  short period of climb above 
FLlOO IAS would have been increased t o  300 kt. The ground speed would. have 
been of  the  order of 380 kt and t h i s  was recorded in USS Vincennes. Although 
the ground speed from radar d a t a  seemed accura te ,  it was apparent that  a t  low 
a l t i t u d e  and a t  h i g h  temperature, t h e  ground speed may n o t  be read i ly  
recognizable t o  the p i l o t .  

2.10,15 A l t i t u d e i n f o m a t i o n .  A l t i t u d e i n f o m a t i m b a s e d o n S S R M o d e C  - - - - - - - - - -  
could Se'cxpected t o  be u s e f u l  in establishing an assoc ia t ion  w i t h  the  
chal lenge .  Such a l t i t u d e  i n f o m a t i o n  was given in the second and the th ird  
chal lenges  an 121.5 HHz. 

2.10.16 Bearing and range information. An air l ine  p i l o t  could not normally - - - - - - -  - - . - - - - - -  be expected t o  see and i d e n t ~ f y  the  source of the challenge, sinck t h i s  would 
depend on t h e  a l t i t u d e ,  v i s i b i i i q ,  and attitude-of the  aircraft. There may 
also be several  o t h e r  sh ips  in t h e  area R o t  associated w i t h  the challenge, 
Therefore, bearing and range from the aircraft t o  the  warsh ip  would only  convey 
the immediacy of t h e  problem, and would be o f  .little o r  no ass is tance  to c i v i l  
flight crews in establishing whether the i r  f l i g h t  was the subject  of the 
chal lenge .  In a d d i t i o n ,  a range expressed in yards ( fourth  challenge) would be 
confus ing .  

2.10.17 Geographical ca-ordinates.  The f i r s t  challenge i s sued  t o  the - - - _ _ - - - - - - - -  
u n i d e n t i f i e d  a i r c r a f t  (TR6SS) included sircraf t position in geographical 
co-ordina t e s  . Although i t  nay b e  necessary t o  use geographical co-ordina t e s  i n  
an area where no other references  are avai lable ,  the transmission and . . 



i n t e r p r e t a t i o n  of such posit ion information was time consuming and error prone, 
even in a i r c r a f t  equipped w i t h  n a v i g a t i o n a l  equipment t h a t  could d i s p l a y  such 
information. Thus, geographical co-ordinates were not a p r a c ~ i c a l  method of 
establishing i d e n t i f i c a t i o n  

2.10.18 - - - -  SSR code.  Oniy t h e  fourth challenge, issued by DSS S i d e s ,  included 
the SSR code d i s p l a y e d  by ZK655. This  code being unique to  a particular 
f l i g h t ,  recorded on t h e  flight l og  and i n d i c a t e d  on t h e  SSR selector box, could  
be expected to b e  immediately recognizable to  the f l i g h t  crew. 

2.10.19 There was no response t o  t h e  four chal lenges made on frequency 
121.5 MHz, either by r a d i o  or by a change of course. This ind icated  that t h e  
flight crew of  18653 e i t h e r  was not monitoring frequency 1 2 1 . 5  MRz in the  early  
s t a g e s  o f  fiight, or d i d  n o t  i d e n t i f y  t h e i r  f l i g h t  a s  being challenged.  

2.11 Information ava i lab le  on USS ~ i n c e n n e s -  and act ion  taken 

2.11.1 The s ~ ~ r f a c e  action involving USS Vincennes and small gunboats 
coincided with t h e  perceived a e r i a l  threat.  In te l l igence  infomation available 
to the United Sta tes  Joint Task Force Middle East indicated the  deployment of  
Iranian F-14 f i g h t e r s  t o  Bandar Abbas against  t h e  background of expected 
heightened h o s t i l e  a c t i v i t i e s  around 4 July .  Furthermore, the possibility of 
Iranian a i r  support in the surface engagements with United S t a t e s  warships 
could not be excluded in view of precedent a l b e i t  not with F-14 type f ighter  
aeroplanes. A l s o ,  t h e  ac tua l  take-off time from the joint civil/rnilitary 
aerodrome d i f f ered  from the scheduled departure time of flight lR655 Zisted in 
the commercial schedule informatipa available on the ship, The radar contact 
was briefly associated with an unrelated IFF  mode 2 response'. This information 
l e d  t o  an i n i t i a l  ident i f i ca t ion  of  the  a i r c r a f t  lZR655) as a hostile F-14. 

2.11.2 This was reinforced by the  lack of response t o  the challenges and 
warnings on frequencies 121.5  MHz and 243 MHz. Electronic emissions of weather 
radar and radio altimeters were not d e t e c t e d  by the United S t a t e s  waxahips and 
the  radar contact  was tracked on a course s l i g h t l y  diverging from the 
centerline of airway A59 ,  Upon consul tat ion ,  t h e  Commander, Jo in t  Task Force 
Middle East concurred with .engagement of t h e  targe t ,  in the went  of lack of 
response t o  a d d i t i o n a l  radio  warnings. 

2.11.3 A l l  seven challenges issued by USS Pincennes on 243 Mlz were 
addressed t o  Iranian a i r c r a f t ,  Iranian f i g h t e r  or Iranian F-lb. The t h i r d  and 
fourth challenges eon tained t h e  word fighter and the  f i f t h  cha l l enge  F-14.  
USS Vincennes a l s o  issued three challenges on t h e  emergency frequency 121.5  MHz 
addressed t o  u n i d e n t i f i e d  a i r c r e f t .  There appeared t o  have been an emphasis an 
challenges on 2L3 MHz by USS Vincennes cons i s t en t  w i t h  the  perceived threat of 
p o s s i b l e  F-14 a c t i v i t i e s .  

2.11.4 Reports of  changes i n  f l i g h t  p r o f i l e  from cl imb t o  d e s c e n t  and 
acceleration were heard In t h e  Combat Information Centre  of USS Vincennes,  as 
recalled by a number of personnel in the Combat Infomation Centre of US5 
Vincennes. The i n t e r n a t i o n a l  a i r  distress IXAD) opbrator and the military a i r  
d i s t r e s s  (MAD) operator, who a l s o  was the automatic detect ion and tracking 
o p e r a t o r  149ADT), recal led  perceiving from t h e  AEGIS system t h e  a'ircraft .ln a 
descending and secelerating p r o f i l e  towards t h e  warships as  announced in t h e  
Combat Information Centre.  Yonetheless the 49ADT-)!AD operator a t  0652:OO and 
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0 6 5 3 : U  hours,  and t h e  T A 3  o p e r a t o r  a t  0652:33 hours i s s u e d  warnings t o  the 
c o n t a c t  (12555) c o n t z i n i n ~  c o r r e c t  A%GIS system i n f a m a t i c n .  

2.11 - 5  Consider ing {:self and VSS ~ o n t ~ o m e r ~  under  aggression, USS 
vincennes took t h e  u ltiaete d e c i s i o n  t o  launch missiles against  the  perceived 
hostile target  a t  0 6 5 4 :  1 2  hours. 

2.11 -6, The I ' n i t ed  S t a t e s  r e p o r t  s tated  that  the  data recorded  from the  
A E G I S  s y s t m  of TISF Gincennes  was c o r r e c t  and c o n s i s t e n t  with the actual flight 
q r o f i l e  of  TR655. Bo-dcuer, 9 cumlser of aDera tors  misread the d i s p l a y s  and 

< + 

:~rongLy i ~ t e r ? r e t e d  t::e ~nrornaticn. The report descr ibed  in d e t a i l  
r e c o l l e c t i u n s  by o ? e r a t o r s  on YlSS Gincer.9es and t h e  ci t . r-*:msta~ces in v k i c h  t b e  
u n i d e n t i f  ie< a i r c r a f t  ;IX5'-I': rdas assaciat ed with an I F F  ?ode 2 code, r a p i d l y  
decreasing a l t i t u d e  and increasing speed,  and thus evaluated as a h o s t i l e  
military a i r c r a f t .  The United S t a t e s  report and the endorsements by the 
Chairman, Joint :  Chiefs a£ 'Staff and t he  Commander in Chief, United Statee Central 
Cornand are appended. 

2.11.7 P o s i t i o n s  of USS Vincennes and I R 6  5 5 .  The posit ion of  US5 Vincennea _ - - _ - - _ - - - - - - - - - - -  
at the time of missile launch based on the  AEGIS-system data was  given as 
26 30 47 N, Q56 00 57 E and that of f l i g h t  fR655 aa 26 40 06 N, 056 02 41 E, A t  
m i s s i l e  intercept the p o s i t i o n  of USS Vincennes was given as 26 30 51 F, 
056 01 04  E and that  of f l i g h t  IR655 as 26 3 8  22 H, 056 01 24 E, Thus the 
posit ion of 18655 a t  missile intercept would be approximately 10 NM 
south-southwest of FOBET and approximately 3 -7 NM vest a f  the centreline of 
airway A59, and t h e  position of USS Vincennes approximately 17.m south of 
WOBET, USS Montgomery had observed t h e  f l a s h  of missile impact and the  descent 
of the a i rc ra f t  towards the ses in a flat spin v i th  one wing and the tail section 
missing. The wreckage impact point  on the  surface of t h e  sea was  given as 
26 37 45 P,  056 01 E, i , e .  some 11 NM south-southwest of MOBET. 

2.11.8 The climb p r o f i l e  of IR655 (Figure 1) based on AEGI S-system d a t a  
from USS Vincennes shows lR655 at 12Q00 ft a t  approximately 0653:50 which 
corresponds t o  the position report a t  0654:00 from IR655 to Bandar Abbas APP 
"MOBET o u t  of FL120". However, based on t h e  posit ions given by ITSS Vincennes, 
IR655 passed EIOBET a t  approximately 0653 : l o ,  thus ind.icating t h a t  t h e  position 
report  by la655 was given some 5 NM after MOBET. 

2.1 1.9 Most of t h e  recovered bodies and f l o a t i n g  parts of the  a ircraft  were 
found in an area atound 26 43 F,  056 02 B, Taking i n to  account an estimated 
3 kt t i d a l  flow towards the  west  as given by USS Winceanes, t h i s  would i n d i c a t e  
a position of impact w i t h  the  sea in an area some 5 M3 south-southwest of  
VOBET . 
2 . 1 2  Tnf o m a t  ion m a i l a b l e  on WSS S i d e s  and action taken - 
2.12.1 USS S i d e s  d i d  n o t  issue chal lenges  on 243 MFlz, At: the &d of the 
second chal lenge  when USS Vincennes transmitted on 12l+f i  MHz " r e q ~ s t  you a l t er  
course immediately1', DSS Sides instant ly  added " t o  270 immediately". The 
f o u r t h  and last challenge on 121.5 MIlz w a s  issued by USS S i d e s  and was 
addressed t o  "unident i f i ed  u ireraft  squawking 6760 mode 3".  TI?& was t h e  SSR 
code d i s p l a y e d  by LR6 5 5 .  
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2 . 1 2 . 2  Several  o p e r a t o r s  on USS Sides reca l l ed  having seen only TFF mode 3 
codes between 0647 and 0651 hours, and. no IFF  mode 2 codes. Two operators 
reca l led  t h a t  t h e  u n i d e n t i f i e d  a ircraft  w a s  evaluated as a commercial flight a t  
0651 hours and so reported t o  the t a c t i c a l  act ion  o f f i cer ,  who d i d  n o t  reca l l  
having heard t h i s  r e p o r t .  According to  the  United Sta tes  repert there w a s  at 
0653 hours growing excitement and sb-outing in the  Combat Information Centre of 
USS S i d e s  about a commercial flight. A l s o  t h e  Commanding Officer of USS s ides  
r e c a l l e d  having walua ted  a t  0653 hours the u n i d e n t i f i e d  a ircraf t  as  a 
aon- threa t  t s  USS S i d e s  based  on the closest p o i n t  of approach, h i s  knowledge 
of F-14 a n t i - s u r f a c e  aarfare  ~ a p ~ a b i l i t y ,  tack of e lectronic  signature and lack 
of  ~receden ' t ,  n o t i n g  al t i tu iJe  r1000 St, and having s h i f t e d  h i s  a t t en t ion  t o  t he  
I ranian  P3 some 6 0  - 70 t o  the  w e s t .  
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FIGURE 2 :  Track of lR655 
FIGURE 2: Routed'lR655 
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3.1 . I  The flight crew of f l i g h t  IR655 was properly c e r t i f i c a t e d  and 
q u a l i f i e d  for the scheduled international paseager f l i ght  in accordance with 
exist ing regulations. There was no iad icat io~ l  that  the f l i g h t  crew mav nn' 
have been physically or psychologically fit. 

3 . 1  ,? The aircraft wag properly c e r t i f i c a t e d ,  equipped and maintained in 
accordance with existing regulations and approved procedures. The aircraft  was 
serviceable when dispatched from Bandax Abbas , 

3 .I -3 There wae no indication of fa i lure  during f l i g h t  in the equipment of 
the aircraft  including the coarmunications and navigation equipment, 

3 -1.4 The wreckage including the digital f l i g h t  data recorder and theL 
cockpit voice recorder had not been recoveted by 16 October 1988. 

3 ,1 .5  On 3 July 1988 the Bandar Abbas VORTAC was operating normally, 
although i t s  flight check had expired on 21 May L988. A flight check carried 
out on 30 July 1988 found the  facility operational without discrepancy. 

~ 3 . 1  ,6 On 3 July 1988 no "red alert" status was in e f f e c t  and the ATC units 
a t  Tehran and Bandar Abbas were unaware of any a c t i v i t i e s  a t  sea,  

3,1.7 F l i g h t  TR655 departed Bandar Abbas airport  terminal 20 minutes a f t e r  
the  scheduled time. 

3.1.8 me f l i g h t  crew had correctly selected SSR mode A code  6760. 
SSR mode C (automatic pressure altitude transmissionl was functioning. 

3 . I  .9 A f t e r  take-off the a i r c r a f t  climbed straight ahead enroute and t h e  
climb profile was normal. Xt followed airuay AS9 and ~ m a i a e d  w e l l  within its 
l a t e r a l  l i m i t s .  The use of FL140 or FL160.wae normal for flights an airwaya . 

A59 and A59W from Bandar Abbas t o  Dubai.  

3.1  -10 The a ircra f t  weather rada'r was probably not operated during the 
f l i g h t  n o r  would normal procedures have required its operation in the 
prevai l ing  weather condi  t i ans  . The r a d i o  altimeters were probably func t ion iag  
throughout t h e  f l i g h t  . 
3.1.11 No e lectronic  emissions from the a ircraft ,  other than SSR responses, 
were detected by united S t a t e s  warships. 

Z -1.12 Thc f l i g h t  crew carried out normal VRF communications w i t h  ATC un i t s  
concerned. 

3.1 . 13  Ap,art from t h e  capab i l i t y  to commicate on t h e  emergency frequency 
1 2 1 . 5  MI,, I ini tsd S t a t e s  w a r s h i p s  were not q u i p p e d  t o  monitor c i v i l  
ATC frequencies f o r  f l i g h t  identification purposes, 

3 . I  .I& The f l i g h t  crew was aware of the Iran A i r  company instruction t o  
m o n i ~ o r  frequency 1 2 1  - 5  mz a t  all times while operating in the Gulf area. 
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3.1,15 Four ehal  lenges addressed to an unidentified aircraft ' ( 1 ~ 5 5 )  - w k r e  
trarlsmitted by United States warships on frequency 121 - 5  MHz (three from USS 
Vincennes and one from USS Sides). 

3 -1 , I6  There was no response t o  t h e  four challenges made on I21.5 MHz, 
ei ther  by radio or by a change of course. This indicated  that the flight crew 
of 18655 either was not monitoring 121.5 MHz in t h e  early. stages of f t ight .  or 
d i d  not identify t h e i r  f l i g h t  as being challenged, 

3.1  ,I7 The a ircraf t  was not equipped t o  receive cornmications on the 
military a ir  d i e  tress frequency 243' MHz. 

3 .l ,18 The c i v i l  ATS route structure and major airports in the Gulf area 
were d i s p l a y e d  on A E G I S  large screen displays in the Combat Information 
Centre, The information d i d  not include a l l  types of  promulgated airspace, in 
par t i cu lar  a i m a y  w i d t h s ,  low-lwel  helicopter routes, standard departure and 
arrival  routes and airspace res tr ic t ions .  The information disp layed  toge'ther 
with aircraft tracks in real time appeared adequate for the projection of a 
stwo-dimensional a i r  t r a f f i c  situation. However, the absence of a1 t i t u d d  
information on the  large screen d i s p l a y s  d i d  not  allow ready assesment of 
f l i g h t  profiles in three dimensions,  

3 , l  ,I9 Information on c i v i l  f l i g h t  schedules was ava i lab le  in the Combat 
Information Centre of USS Vincennes. However, i n  the form presented, i t  was of 
extremely limited value for t h e  determination of estimated time of overflight 
of individual  a ircraf t .  F l i g h t  plan information and f l i g h t  progress data, 
including information on assigned SSR mode A codes, were not -ava i lab le  t o  
a s s i s t  in f l i g h t  identification. 

3 ,1,20 There was no eo-ordina t i o n  between United s ta tes  warshipa and the 
civil ATS units responsible for the provision of a i r  t ra f f i c  sewices  within 
the various f l i g h t  i n f o m a t i o n  regions in the  Gulf area. 

3 -1.21 ?ran A i r  f l i g h t  crews were well versed w i t h  the  use of English and 
the majority of communications between I8655 and Bandar Abbas TWRIAPP and 
Tehran ACC were conducted in that language. 

3 . 1 . 3 2  The contents of t h e  challenges and warnings 'issued to IR655 on. 
121.5 EIRz varied f r o m  one transmission t o  the  nex t ,  f t is uncertain whether 
t h e  f l i g h t  crew would have been able t o  rapid ly  and re l iably  ident i fy  their 
flight as t h e  subject of these  challenges and warnings, Although course 
information given could have been recognizable t o  the flight crew of  XR655, 
speed information given on the  basis of ground speed may not have been 
recognizable  by the p i l o t .  Searing and range information t a  the  warship was of 
l i t ~ l e  relevance t o  t h e  p i l o t .  Pos i t i on  information in geographical 
co-ordinates was n o t  a prac t i ca l  method t o  e s t a b l i s h  identification. The SSR 
mode A code disp layed  by IR655 could have been immediately recognizable  t o  the  
flight crew, but  was given oniy in t h e  f i n a l  chal lenge ,  

3 .1 ,23 The i n i t i a l  assessment by USS Vincennes t h a t  the radar contact 
(IR655) nay have been h o s t i l e ,  was based on: 

a3 t h e  f a c t  t h a t  t h e  flight had taken o f f  from a joint 
c i v 5 l l m i i  i t a r y  aerodrome; 
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b) the  availability of i n t e l l i g e n c e  information on Iranian F - I 4  
deployment to Bandar Abbas and t h e  expectation of hostile 
a c t i v i t y ;  

C )  the possibility of Iranian use of air support in t h e  surface 
engagements with United S t a t e s  w a r s h i p s ;  

d )  t h e  assoc ia t ion  of the radar contact with an unrelated I F F  
mode 2 response; and 

e) the  appearance of an unident i f ied  radar contact that could n o t  
be related to a scheduled t i m e  of departure of a c i v i l  f l i g h t .  

3 -1 - 2 4  The continued assessment as a hostile military aircraft by USS 
Vincennes and the  f a i l u r e  t o  i d e n t i f y  i t  as a c i v i l  f l i g h t  were based on t h e  
£01 lowing: 

a )  the radar contact had already been i d e n t i f i e d  and l a b e l l e d  as  an 
F-14; 

b) t h e  lack of response from the  contact to the challenges and 
warnings an frequencies  1 2 1 . 5  MT!z and 243 MHz; 

c )  no detection af  c i v i l  weather radar and radio altimeter 
emissions f rom the contact;  

d l  reports by some personnel on USS Vincennes of changes in f l i g h t  
p r o f i l e  ( d e s c e n t  and acceleration) which gave the  appearance a£ 
rnanoeuvering into an attack  profi le;  and 

e )  the  radar contact  was tracked s t ra ight  towards IISS Montgomery 
and USS Vincennes on a course slightly diverging from the 
c e n t r e l i n e  of a imag  A 5 9 .  

3.1 .25 , Reports of changes in flight profile f rom climb ta descent and 
acceleration were heard in t h e  Cbmbat Information Centre of USS Vincennes, as 
r e c a l l e d  by a number of crew mmbess including t h e  operators who a t  that time 
issued the  challenges on 121.5 MHz and 243 MRz containing correct AFGIS s g ~ t e m  
information. . 

3 "1  .25 Z S S  Vincennes AEGIS system contained and displayed correctly the IFF 
mode and code, and t h e  altitude and speed information of the contac t  (18655). 
The AFCTS sysrem recorded a f l i g h t  profile consis tent  with a normal climb 
p r o f i l e  of an Airbus A300. 

3 . 2  Causes 

3 . 2 . 1  The aircraft was  perceived as a military aircraft  w i t h  h o s t i l e  
i n t e n t i o n s  and' was destroyed by two surface-to-air missiles. 

3 . 2 . 2  The reasons f o r  m i s i d e n t i f i c a t i m  of the a ircra f t  are d e t a i l e d  in 
t h e  f ind ings  f paragraphs 3 .! .23 and 3 . 1 . 2 4 ) .  
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'4. SAFETY R E C Q ~ E H D A l T  ONS 

4.1 In areas where military activities potentially 'hazardous to civil 
flight operations a i r c r a f t  take place ,  optimum functioning of civil/military 
co-ordination should be pursued. men such military activities involve States 
not  responsible f o r  the  provision of a i r  t r a f f i c  services in the area 
concerned, c i v i l  /military co-ordination w i l l  need t o  include such Sta tes .  
To this end: 

a) Military forces should, initially through their appropriate 
S t a t e  authorities, l i s i a e  with Sta tes  arid ATS units  in t h e  area 
concerned . 

b) Hilitary forces should be fully. informed on the extent of a l l  
promulgated routes, types of airspace, and re levant  regulations 
and restrict ions.  

cl Advance information on scheduled civil flights should be made 
available t o  m i l i t a r y  units inc luding  the a l located  SSR mode A 
codes when ava i lab le .  

d )  Direct comunicstions between military units and the appropriate 
ATS units, not using regular ATC or the emergency frequencies, 
should be established for the  exchange of real time f l i g h t  
progress information, delays and in£ oma tion on non-scheduled 
flights. 

e)  Military un i t s  should be equkpped t o  monitor appropriate ATC 
f repuencies to enable them to identify radar con t a c t  s without 
comunication . 

f )  I f  challenges by military units on the  emergency frequency 
121,5 MItz become inevitable, these should follow an agreed 
message f o n a t  wi th  content operationally meaningful t o  c i v i l  
p i l o t s .  

g) In areas where such military act iv i t ies  occur, infomation 
necessary for the safety, regularity and eff ic iency of a i r  
navigation should be promulgated in a suitable form. The 
information should contain t h e  type of challenges t h a t  might be 
transmitted, and should include instructions to pi lo t s  of c i v i l  
a i rcraf t  to monitor thea emergency frequency 121.5 MHz. 

h )  To a s s i s t  ident i f i ca t ion  by electronic emiasims, p i l o t s  o f  
c i v i  1 a i r c r a f t  should ensure c9n tinuous opera tion of airborqe 
weather radars and radio altimeters, 

ICAO Note.- The append@ were not reproduced. 
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No. 4 

Boelng 737-200, Ef-AJA, aoeident at Bahar k t ,  
Ethiop7a on 15 September 1988. Report released by the 

Cwil Aviation Authority, Ethiopia. 

S U M M A R Y  

Thc oirplone wos faking-off from auhor Oar with 98 pascngcrs 
on$ six crew members on board. Short) y after getting drborne 4t encountered 

o flock of birds (pigeons] a large number which wos ingested into both engines 
resulting in severe surges md power loss. The two engines subsequently stop- 

ped olmost simrrltoneously or the crew was trying to return to the airport. 

Unoble to reach the runway, the airplane was crush landed in on open field 

about five miles South West of the runwoy. 

Out of the 104 persons on b ~ a r d  35 were killed and 27 were serjously 

injured. The oirplcrnc was demolished In the process of the crmh landing and 

post, crash fire, 

The investigation concludes thot the -accident occurred because the 

airplane could not be safely returned tb the rusruoy after the internal dlstruc- 
tion ond 'subsequent foilura of both engines duriflg take-off orrising from o 

mu1 tiple bird ingestion. 
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ETHIOPIAN A lRLINES HOEING 737 AlRFLANE ACCIDENT 

AT BAHAR OAR ON SEPTEMBER IS, 1988; 

t. FACTUAL ENFORMATlON. 

1. I. History of thcFllght, 

On September 15, 1988, Ethiopian Airlines flight, number ET-609, Q 

Bocing 73 7-200, E thiopion registrotion €7-A JA , departed A ddis A bobo 

at 08:46 hours ' on o scheduled domestic flight between Addis Abobo 
and Asmoru, Ethiopia, with on intermediate stop In Bohcrr Dor. The 

flight between Addis Ababa and Bohor Dor wm reported to be a'  

normal operation. 

On the f l lght  lug from Bohar Dar to Asmclra the crew co~skteo',of 
the captain, the copilot, ond four fllght attendants. There were a 

totol of 104 persons abaord. 

A t 09:SO. the engines were started normally and the airplane was 

toxIed to i ts  take-off padtion, Ourlng this t h e  the flight crew per- 
formed the standard engine start, pre-take-off and tokc-ofl check 
tist Items, The l l lght crew reported thot in order to gain additional 

thrust they elected not to use engine bleed alr during take-olf. The 

auxiliary power unit was opetoting throughout the flight. The captain 

allowed' the copilot t i  conduct the toke-off. The flops kcre set for 

toke-off at porltion one 11 degree]. 

The flight crew reported, and it was confirmea by the digi td flight 

doto recorder IDFDRI ,  that the airplane accelerated at o normd rote 
during the toke-olf roll and pursed V I (take-off-reject) weed. As 

the airplane passedVl and very near V R  (rotation speed) the flight 

CFCW SOW u L1lto~i( j f  of pigeons ''camauflagedt~ with the calou~ of the 

runwny l i f t i n g  up from the Icft side. A t  this tfrne the captain took 

over controi from the copilot and puEIed up. From the CVR and 
DFDH it was learnt thot almost immediately alter rotaikon, the air- 

phne struck the flock of pigeo'nr at an olr speed of 146 knots and 
2 ultitudc of  5,730 feet abovc meon sea lert?l(msl $ The trew also 
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reported hearing loud bongs #rom outside the drplanc. The captain 

then called for "geor up" and the copilot complied. Wfth ln  the back- 

ground sounds recorded by the cockpit voice recorder (CVR) urea 
microphone, a "thud"' could be heard ot a point in the toke-off 

roll thot' was consistent wi th  the description of the Initial blrd . 

strike in the pilotsr reports. The coptoin reported that shortly after 

the bird strike. approxlmctely IQO to 200 ft. obove the ground, both 

engines storted backfiring fstallingl, A t  this tfme, the f l ight crew 
reported thot they experienced a considerable power loss; and the air- 

storted rnushiny dawn ot which time the citptoln Vlre walled4' 

the thrust levers. The engines reportedly responded m d  the airplane 

begon to gain some al tituoc. The gain in altitude encouraged the 
captoin to make a right turn away from Loke fono far the right 

hand dawn wind leg and bock t o  the take-off runway for landing, 

?'he f l ight  recorder dola alsa indicated that durjng the initial 32 seconds 

after the thud, the airplane hod gained altitude from 5,730 feet to 6,OZt 

feet and hod occeltroSed from ' f 46 knots 20 154 knots, 

. - 

The crew report further indicoteo that bath engines continued to surge 
, [bock fiie) and thc exhaust gas temperature guoges IEC TJ were reodlng 

. at the tap cxtrcmu, ond the engine pressure ratio [EPR) guagc readings 

were fluctuating at about 1.6, During this time, the captain reported 

that the hc reduced engine thrust t~ prolang the operational life of the 

engines. The Ircquency of the surges decreased with engines power 

reduction as seen en the C V R  sauna spectral analysis ot this time. The 

\ l ight recorder doto showed that ot about 0:31 the uirpfane began to 

enter into an approxiomte 90 degree r igh i  turn which c~ntlnucd until 

&out 0 5 9  wherc i t  compSeted i t s  turn. During the turn, the .oirp!aneds 

ul t i  tude rernoincd csnsront or 6,020 fcct, while i t s  airspeed increased 

front 154 h a t s  to 162 knots. The airplane began another right turn 

. a$ S : IS and bcguri to  goirl rJ:itudc to 6,4 10 feet at u constant 162 knots 

airspeed until 1:23. fhc airplane completed this turn and entered the 

' 7 ~  thcld o* "bangM ws inZmpke(0d a& the p o i n t  Od inlt(cr( bind 
b W e  and de$bed ad .fime & : 0  I d  ncin. 0 bec.3 dtlbnr u U h  at& 
An t& Ite~oIti be ~redmenced, f he b h i  d W e  dihbt  a p p w  

2:24 un the CvX T&nnbehipt, which id p o v i d e d  i n  .Che bppQd& t o  
$ 1 ~ 5  zepmd, md a a p p s o x i m t d y  5:25 M dhme 83, ipt me DFDR duxa, 
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down wlnd leg partlon of the return to runway 04 ot about 1:48, The 

altitude just after 1 :b8 terndined at 6,4 !0 feet while the ' airspeed 

increased to 173 knots. A t  ?:88 the ground praximity warhlng system 

IGPWSJ! activated* A t  about 2:23, the captain announced "Look wt 

for the field not to overshoot ' I .  A t  3:06 the coptoin again Enstructed 

the copilot, to keep looking out {or the runway. A t  this timc the 

oirplane Is airspeed was 190 knots and i t s  ol ti tudc wos 7, I00 feet. A t 

3: 18 the captain announced "we* hove lost one englneu. The captain 
later stated thot first the Number I engine was *tlost ". All surging 

sounds stopped by approximately 3:24. A t 3:28, the copilot announced, 

the ['other one has quit H. A t  this timc the oirplmels altitude wmi 
7,10U feet and its air speed wos 183 knots. 

Shortly after the surging stopped, a pulse Interpreted m the bus 
transfer of electrical power, was heard in both the oreo mlcrophmc 
and rodlo channels, The CVR and DFDR recording ended sixteen 

seconds after the engine surging sounds ceased, 

Bused on the captain's and the copilot's statements, after the loss of 
thrust from both engines, the copilot' pointed out to the ctlptdn a small 

cleared area slightly ahead and on the right side of the airplane. Then 

the coptoin made the turn toword the cleared area to make on cmer- 
gency gear up Ibelly) landing with the flops stlll ot position 1. (The 
turn to cleared area was confirmed by the f l ight  recorder data). The 

copilot then mode the announcement of the impending impact ond gave 

instructions on emergency evacuation to the possengcrs and cabin crew. 
Thc coptoin continued to Ily the airplane without my change of con- 
figuration and made o posi tivc bejly Iundipg. 

A I t  cr thc uirpione come to a complete stop the copilot &as oble to 

open the sjdc window and escape from the wreckage but the captain, 

duc to an injury sustained on his right leg, manoged to witangle him- 

self and sit orr the cockpit window rim, A t  this time he observed 
thot the wreckea fuselage was on fire ond had separated from the 

cockpit, After 'the copilot ossisted the captoin to get down from the 
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cockpit window they were abie to airect the rescue 0 ~ e r o t i o n  in which 

the surviving passengers and local villagers partlcipoted. 

Injuries Crew Passengers - 0 thers - Total - 
Fatot 0 35 0 35 

Serious 6 2 1 0 27 

~ l n o r f  NO& 0 41 0 42 

Tot oi  6 98 0 lo4 

1.3. Damage to Aircraft. 

.The drplone war dest roycd. 

t.4. 0 t h  Dammy?. 

None reported. 

1.5. PGmmei Inlormotion. 

The crew consisted af a coptoin, a copilot. and four flight attendants. 

Thc flight crew was properly l lc~nsed by the Ethiopian Civil Avlotlon 

Authority and was qualified to conduct the f l lght undef Eihloplon Civil 

Aviation requircmcnts. Both pilots had adequate rest prior to the 

flight. 

1,s. t. Pilot-in-Commmd, 

Cop tain aged 45; held on Ethiopian Airline 

Transport Licence (No, AA-92)  with pilot-in-comrnma rating 

on the fi-737. He was lost medically checked by o CAA desl- 

gfiated doctor on April  f3, I988 and was pronounced fit for 

duty. His Insrrslment anu Proficiency checks were valid up to 

Mmch 3, t9H9. 

t i j s  total f l ight  experience was 19,936 hours including 4,520 

hours o/ [ l ight engincer time an t~rb ine  engined aircraft, 
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His t l i ~ h t  experience on the Rocing 737 was 449 hours of which 

257 hours were comrnond time. 
- - 

His most recent flight time record (all command time on 

8-737) was as follows: 

Last 90 doys 

Last 30 oays 

Last 7 doys 

Last 24 hours 

13 7:s 1 hours 

6693 hohs 

21:13 hours 

353 hours 

Captain ', aged 30 held a valid Ethiopian 
A irline Transport Licence (No. A A - 15 1) with co-pilot ratlng 

on the 8-737. He wos last medically checked by a CAA 

designated doctor on June 26, 1988 and was pronounced flt 

for duty. 

His Proficiency and Instrument checks were valid up to 

December 8, 1988. 

Hls total flight experience was 9447 hours Including 763 hours 

of flight engineer experience on o turbine engined olrcroft. 
/ 

His most recent flight record, all of which wos co-pilot tlme 

on the 8-737, was as follows: 

Last 90 ooys 153:45 hours 

Lust 30 doys 57:20 hours 

Lost 7 doys 15:30 hours 

Last 24 hours 2:08 hours 

1.5.3. Flight Attendontr 

o) Leod Attendant aged 35 was employed by 

Ethiopian Airlines as of March 23, 1974. She was trained 

and qualified to act as a flight ottendont on all jet olr- 

craft operated by Ethioplon Airlines including the 8-737. 
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bl aged 26 wos employed by Ethiopian Af r -  
liner os of April 24, 1980. She wos trolned ond quailfled 
te act oj a flight attendon't on a!) jet aircroft operated by 

E thiopim A irllnes, including the 8- 73 7, 

cl aged 22 years, was employed by 

Ethiopian Airlines as of December 14, 1987, She wor 
trained and quolifled to act os a fllghi attendant on 

the 8- 7071720, 0727 ond 8-737. 

d) opd 21 m, u r S  employed by Ethl~prun 

Airlines as of Dcc. 14, 1987, She was trainerr ond qualified 

to oct as a flight 'ottendont on the 8-70?, El727 ond 8-737, 

The airplane, manulocturer4s; SIN 23916, was a Bueing 737-200 
-monufoc tured by Boeing 'tornmerckal A lrplune 'r USA .no delivered 
to Ethiopian Airlines on Oct, 29, 3987. 

The oirlrome had occrued 1377 hours total time and 1870 cycles 

at the time of the accident, 

The airplane was equipped with two Pratt' 4 W hitney l f 8 0 -  f 7A 

turbofan engines which ore rated ot 16,000 lbs., take-off thrust 
at sea Ievel standard day conditions, The table below, provides 

relevant data concerning each engfnt. 

Engine Lnit .  
----a- Engine R i e ,  

Serial No. P-7095258 . P-7095238 

Datc Installed 13- 11-87 Prior to OCt. 29, 1987, 

Total Time Ehrs) f,3 1396 1,377:33 

Total Cycics 1,704 1,870 

The toke-of f welght of the airplane 'was 4 7,700 Kilagroms and 

Its center of gravity IGGI Was 17.5 percent meon aerodynamic 
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chord IMACJ, 80th were within acceptable Ilmits. A t  the 

ramp, the oirplane contained 10,500 KISograms of fuel, 

The lairplant! was maintained by Ethiopian Airlines in accordance 

wlth u maintenance program- approved by the Ethlaplgn CA A, 
There was no history of any slgniflcant tcchnlcal deltct, SyStbm or 

comporten t mallunc tion louna In the technical records of the olrplonc, 

MctmrologJcul Information, 

Wind - 36018 knts. 

V is ib i l i ty  - More than 10 km, 

Cloud - 1 cb 805 m to NE 5 cu 800 m 
Temp/Dp - 2 4 O /  IS0 

QNH - 1020.2 rnb I30,12 Ins] 

QFE - 818,1 mb 
Rain In sight to NE 1 East. 

1.k Aids to Nuwigation. 

Not relevon 2, 

1.9. CommunJcothns . 
There were no corn munjco tlon difficulties between the airpianc dnd 

Bohor Dor Control Tower. 

Rahnr Dur Airport is locutrrd ot the southetn edge of Lokc fanu 

I l  t o  35' N 4 3 7 O  39'E1. 

It hos a single pared runway oriented 22104. The Take-off Oistoncc 

Available [TODA) tor Runway 04 was 3560M and 3SODM for Runway 22. 

Landing Uistanct Availobie (LDAJ was 300QM in both directions. . 

1.1 1, Cockpit &ice md 'Flight Recordsra. 

The air?iane wus cquippcu with o Sunstrand Model AV557C cackpdt 

voice rccordcr, lC'VHE Serial No. 11073 and a Fairchild FBOO dlgl td 

flight dot a recorder IDFDR,]. Serid' No, Z 26% 
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Four separate microphone trpcks ore recarded on the cockpit mice 

recorder. One rnicrphone troth records the convePsations and vorlous 
sounds that ore heaid in the cockpit, The remaining threc trocks 
record radio communicotlans that arc heard by the crew. The recmi- 
ing was evaluated w d i b l y  and also traced on on ascillogruph with time 

codes. The cockpit conversotion from the time of initial bird strike 
untlJ the recorders lost electrical power, was read out and tronscrlbed 
at the Audio Laboratory ol the Nationol Transportotlon Safety Baord, 
Washing ton,D.C. The Recording quail ty was considered good. The 

cockpl t converso tions and control tower transm isslons were translated 

from Amharic to English by the Ethiopian Civil Avlotlon AuthorJty's 

Jnvestigotor In-Charge of this occiden t and the Deputy General Manager 

of Flight Operations of Ethiopian Alrllnes, A copy of the recorded 
cockplt conversatlan Is provided as on Appendlx 3 to the report. 

The DFDR data wos reod, tabulated, and platted at the Washington, 

O.C. Flight Data Recorder L~bofotory of the National Tfanspartotlm 
Safety Board. The recorded pbrume ters were olti tude, airspeed, head- 
ing, vertical G, time ond microphone key  clicks. Microphone key 

clicks were not tabulated ar plotted since the bus transfer pulse neor 

the end of the f l ight  was cleorly apparent In both the CVR and 

DFDR information. The bus transfer pulse was used to provide on 

accurate time correlation between the CVR and the DFDR. 

The flight path of the oirpjone from take-off until the occldent, 

bosed on uppropriare data that were extracted Tram the DFDR, 
C V R  ond control tower trunsmissibns were plotted on 0 mop of the 
aohar Dor airport vicinity. The method-wed to plot thc course was 

PO identify thc overage olrlspeed ond c~lculote  the dlstortce traveled 

for every 4 second increment of the flight. The indlvlduol aistances 

were scaled to thc - mop ma individually linked heel to tatl using the 

heading jar each 4 second increment, and assuming no wind. After 

the course war rnorkea out the entire path was shif ted based upon 

the reported prcvoiling wino at the time of the accident. Magnetic 

to true North correction at Bahar Oar Is negligib'lc. .A-  copy of this 

map Is ptovidea as Appendlx 2 to this report. 



The wreckage was located &out 10 km Srwth-Picst o; Lchrtr Ocr 
Airpolt. During the ground slide of o ~ p t o x .  1,500rn ti,e ieft engine 

and several smaller parts broke o f f  and rernain~d some distance be- 

hind the maln wreckage. Near the end of the ground rllde, the 

cockpit port broke elf and cpme to rest about 7Qin behind the muin . . 

wreckage. fhc rest a/ the wrcckaQa, nomely the fuselage, bath 
wings, the right enginc and emponogc s~~ivclcd about ?Q0 to the left 

before coming to rest. FIre broke aut cnd strbsequentiy consumed 
the wreckage with the exception of the empanggc which suwEvcd 
lmprrct and fire domcged 

The right engbne whjch remained o!toched to t .9~ wiz j  exhibited 

excessive heat damage. Ex ternall y, the left e~g:ns e;; hibi ted s!?ni- 
flcurrt omaunt of ground impact damage bu: /err visible eliuence cf 

ground or fuel -fed-fire. Most of the engine occessorics JneiudIng 

the entire m d n  accessory gearbox and all of the engine cccessories 
that were Installed on, the accessory gear box were sepat~ted from 

the left enginc. 

The left engine's fan inlet core and the fcn inlc: guide vtlacs :uer;? 

intoci, and werc not ~Esibly domoged. The front cnd 'ear ran cases 
and the ion exit case were also intact. The bot:cm portion cf the 

outer fun front Uischcrgc duet, between the disch3-ge 12rrct I s  I8E and 

the V n  flmges, wos torn open. A i l  rrf :.'re remain!-3 ?an oucts that 

wcre installed to the reor of the reur cu;cr fc3 dircit~rg2 duct WMn 

flange werc separated including the ; ~ r  tcr ~a:; ; c;;~ of  . ,be tuo SEna 

exhaust core ona the fsn ~ X ~ G L ' Z ?  0'::: - $415 t. 

Nearly all of the le f t  cngj5eds frr;nt qmprbj;so4r i3ti:':: turbine bkde 

and m e  airfoils from StogtS tw3 t i ; i ~ ! i c h .  {bur C J ~ ? C ~  b0!med ahoy 
to their root platforms, rxcept: fcr some .it3 siag-9 :rrr5l;rc vcne 

airfoil stubs. 

The lower portion of the right cngirre wcs gdrticlt; .r,l i,,cr!jeit ir 
* 

wotcr. This engine was nlso rubjected to ;: pcc, ii+.: c: :,Zc ccc i~ - f~? ,  

site, thus; i t  wos Cxtmsively damaged Soth by ir:tpuc: snC tkc 
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substquen t ground fire, The non-aturninurn extcrnol cores which 

consisted of the inlet case, -the front and rear fun cases, the Inter- 

mediqte case, and the exhaust cost! were damaged by impact, expo- 

sure to fire and resulting corrosion. All of the aluminum external 

cases (outer ducts1 were melted away except for the very bottom 

approximately 60 degree arc segmenc of the engine. 

The right engine's main accessory gearbox, the various accessory 
gcarbox mounted occessorieii and most of the airplone equipment 
that i s  normally mounted on the engine were separated from their 

ins tolled posi tlons. 

? 3 .  Medical ond Pothaloylcai Infwmotlon. 

From the reports issued by the maarlcal doctor In charge of the 

rescue eliort  it wtls established that the majority of fatal and 
serious injuries were incurred due to impact, Among the survivors 

only one person was treated for burns while 12 charred bodles were 

discovered. Due to lack of the necessary facilltles it war not p o ~ s l -  

ble to conduct pathological and forensic examination, hence the 

possible effcct of toxic gases could not be determined, 

1.14. Flrc. 
-CL- 

Major part at the airplone wos consumed by the resulting ground flre 

fed by fuel carried on board. The ground being swampy and wet 

contributzrr to the slow progress af the fire which provided adequate 

time lor those passengers with minor or no injuries ta escape solely 
f rom the burning wreckoge. The furelage ond wirtgs continued to 

burn for severol hours. None (11 the mecbnired fire fighting equip- 

ment ot rhc airport could reach the scene due to luck of ony access 

road ond the s w r l m ~ y  nature of thc terrain. However, a tcom of 

fire fighting and rescue personnel from the airport cventuolly reached 

the scene cclrryjng portable fire extjngoishws, and. took port- in the 

5 .  Survlval Aspects. - 
fhc accident wm partially survivable. However, post mortem exom ino- 
tion of the victims, particularly those seated S ~ I  the hrwera  section 
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of the cabin revealed multiple fractures and head Injuries. 

1.16. Tests md Research - Engine Disassembly and Exumlnatlon 

1.16.1. Lef t  Enqlnc SIN P- 7095158. 

The ilst stage compressor rotor bloae airfolls of the front 

compressor group exhibited dented and curled leading edges 

that were distributed over a spon from slightly inboard of 

the part-span shroud location to the blade airfoi l  tip. The 

first stage front compressor rotor had 18 fan blades with 

soft body damoge, including three with leading edge material 

tear out. This damage was evident in  the outer 6.5 inches 

of the blade airfoil span. 

The 2nd stage front compressor rotor had 21 blade alrfoils 

with moderate nicks and gauges that were generally located 

near the leading edge tlp. No other significant bird Impact 

or soft objest related domoge was evident throughout the 

front compressor. The concave side of one 6th stage corn- 

pressor blade had minor damage to Its leading edge. The 

trailing edges of al l  of the 6th stage compressor blade 

exhibited a significant amount of minor nicks and dents on 

their concave sides. The blade tips were not visibly damaged. 

A l l  of the 7th stage compressor blade airfoi l  t ip traillng 

edges were curled and hod received extensive hard object 

impact damage; the impact damage was concentrated at 

the tip area, with minor damage between the midspon and 

the platform. Eighteen 8th stage compressor blade airfoils 

were missing from the rear coGpressor front hub (stage 8) 

disk slots. The remainder of the 8th stoge blade alrfoils 

were broken ot their platforms. In some instances, a frac- 

tured surface wos visible, in other instances, the 8th stage 

blade airfoil metal surfaces were smeared- due to secondary 

domoge. Forty -four 9th stoge compressor blade airfoils 

and thirty-one 10th stage compressor blade airfoils were 

missing from their respective compressor dish slots. The 
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remainder of the 9th and 10th stage compressor blade 

airfoils were broken at their plotforms. 

Twenty-one l I th stoge compressor. rotor blade airfoils were 

missing from their 1 1th stage compressor dlsk slots. The 

fractured surioces of the 11th stage compressor rotor blade 

airfoils generally exhibited metal smear. 

A l l  of the 12th stage rear compressor rotor blade alrfoils 

remained in  their respective compressor disk slots. One 

13th stoge compressor blode was mlssing from Its 13th 

stuge dlsk slot. A l l  of the 12th and 13th 'stage rear com- 

pressor blade airfoils were severely battered. 

A l l  of the remolnlng attached l lth and 12th stage, and 

neorly al l  of the remainlng attached 13th stoge rear com- 

pressor rotor blade airfoils were bent over in the direc- 

tion opposite to compressor rotor rotation. 

The leading edges of the 7th stage compressor startoi 

vanes were object damaged. 

The 8th stoge compressor stator front outer shroud was 

penetrated. The front outer shroud of the 9th stoge 

compressor stator assembly was bulged, however, the 

shrouds were not penetrated. The front outer shroud 

of the 10th and the 1 l t h  stoge compressor stators were 

bulged and were penetrated In several locations. The 

leading and tralllng edges of al l  of the vane oirfoils . 
in the 12th stage compressor stator had impact darnoge. 

The combustion chambers were ?ntac t, however, there was 

some metallic slag from debris that had passed downstreom 

from the rear compressor. 

The first stage turbine vanes of the turbine nozzle group 

were heavily domaged due to thermal distress. A l l  of the 
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leading edges of the turbine wmc oirfoils were axtenslwly 
heor aistressed. the trolling edges of most of the 1st 

stoge turbine vone airfoils were dented and burned. 

AII of ;he slxty-four 1st stage reor compressor drlw turbine 
bkde drfolls were burned off ot obout -50 percent of thelr 
jndlvlduol span heights. 

~ l l  of the 2nd, 3rd, ond 4th stagc front codpl.esstrr drlw 
turbine blade airfoils were ovcrhcated to the extent that 

they hod melted, thus, Iwving only blade airfoil "stubn 

sect~onstplutforms at tactred la their respective disk dots, 

All of the 2nd and 3rd stoge front compressor wive turbine 

vane airfoils were melted, except for the wnc outer shrouds, 

These outer shrouds remained in fhdr Instolled posdtior# In 
the rear turbine case. The outer portions of old of the 
front compressor drive 4th stoge turbine vone airfoils, were 

opproxirnotcly one to three inches in length. ~ h k t c  airfoils 
remained In their installed positions In the turbine rear case. 

Bird impact smears were found on the fon inlet guide wne 
hub between fun inlbt guide vanes numbers four cmd fl'lve 

and between vones numbers 16 and 17. 81rd matter hbd 

collected on$ adhered to the underside of (11I of the port-spon 

shrouds of the 1st stagc compressor rotor (fan blodcS). Blrc" 
matter wras observed Cn the ion discharge area of the front 

compressor for the Number 1 engine, in the inlet gu/de vanes, 
the Intermediate case arm, and on the full drcum/erence of 

the outer rmr fan discharge duct's inside wall, 

Ultravialet light inspection showed the pcsence of bird matter 

over mast of the annulus of both :he bygoss duct and the, 
primary flow path. The bird rncttcr wos visible as o ycliow 
green glow. unuer ultraviolet light us v k l l  os being vislblc m 
streaking under white l i g h t  There was u!sa o s!ight build-up 

of bird matter on thc leading edge zurfacc 9 c h  cs struts, etc. 
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In uddi tion, ultroviofe t Eight exam inril ions N t ; e  made on the 

stator vanes and rotor biodes of stag-4~ clnc ;hrough three, 
These exorrlinaticns showed the presence of on almost unlform 

deposi't of bird mottcr over the full circvmfcrcnce af the 

engine gas path. 

Bird motter stre~klng was also observed in the rear comp- 
ressor bleed covitlks os observed through the bleed parts. 
Bird remains were not detectc'b on any ol the rear camp- 

rcssor blade airfoils or vanes. 

After the dilfuser cosc fairings were removed from the core, 
bird motter was observed under the fairings and on the cxtc- 

rlor of the case, primarily rn the upper half, 

The airtoil sections of ten of the twenty-seven 1st stage 

compressor rotor (fan1 blades were severely bent by soft 

body impact typicol of multiple bird Impact. The 2nd 

stoge tan rotor was intact and ww not vbibly damaged; 

except for several odjacent fan blades which hod o signi- 

ficant %' bend in their airfoil sections. The 3rd stoge 

biodes exhibited some minor alrfoEl troillng edge t i p  curl, 
The 4th, 5th  and 6ih stage front compressor rotor blades 

were intact and were not domoged. 

Thc trailing edges of the 7th stage rear compressor rotor 

blade alrfoils had relatively Ilght ' lrnpoc t damage. All of 

the 8th stogc reor compressor rotor blodes were either 

fractured ot the platform or were missing from their res- 
pective campressor disk slots, The blodes were missing 

from twenty-nine and farty-six slots in the 8th stage 

compressor bisk and the 9th rtoge compressor disk. res- 
pectively. A blade was misslpg from one 10th and one 

S l i b  stage compressor disk slot. 



Dumage to the 12th and 13th compressor rotors bk&s 

was about the some as thot which occurred on the 1 t th 
stage cemprchor rotor blades. Nearly all of thr! 13th 
stoge reor compressor rator blooe ofrfoils were bent wer 
nearly 90 degrees in the direction opposite to compressor 
rot or ro totion. The blade airfoils were sekrely bottemd 

Except [or two $lodes, oil of the remaining attached 10th 
stage. sixty-nine df the l l th  stage md nearly all ol the 
13th stage rear compressor rotor blade oirfdils were h n t  
over in tha direction oppcslte to compressor rotor rotatioh 

All of the rear compressor 7th, 8th, 9th. Ifth,  and 12th 

stoge compressor stotor wnas were intact. The lcadlng 
edges of the reor compressor 7th stage stator vane oir f~f is  

were not damogcd or thermally distressed, howcwr, severe 

7th stage vone airfoil trailing edge mcchanicaI and .thermal 

distress wao observed. A l l  el  the rcor compressorbs 8th, 

9th. I l th, and 12th stage compressor stator vane airfoHs 
were severely bottered and torn on both ,their leading edges 
and trdllng edges, and elthibited bottered outer shrouds, 
which were also bulged ond dented. The vane airfall domug& 

was predominantly Iwoted on the wtcr 50 percent of the 
individual blode'r nlrfoll spun. The 8th, 10th and 11th stage 

compressor outer shrouds were punctured and pcnctrotd. 
The remdlnlng outer shrouas 'were buttered, bulged md dented, 

however, they were not penc trattd. 

Swen vones were missing from the 10th stage rear compressor 

stotor. AJI of the remaining 10th stoge rear compressor 
stotor wne airfoils were battered md torn on both their lead- 

ing edges and their traiEing edges. 

The 13th stoge rear compressor stator vane airfoil Boiling 
edges were not damaged. 
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The nine combustion chambers and the first stage nozzle 

guide vane transition ouc t were heat damaged. Mbl tenlre- 

solidified metal splatter adhered to the dorncs of al l  of 

the combustion chambers. 

The l l rs t  stage nozzle guide wanes of the 'turbine nozzle 

showed evidence of over- temperature distress, prlrnarily to 

the coatings on these ports. A l l  of the vanes were intact. 

A l l  of the blade airfoils for the rear compressor drive 

turbine were broken or burned and melted away at 

approximately their 50 percent span locations, such that 

the outer portions of al l  of these blades were missing, 

The front compressor drlve turbine experienced severe 

over-temperature thermal damage. A l l  of the 2nd and 

3rd stage turbine blade oirfoils for the front compressor 

drive turbine were burned and broken at  their approximate 

50 percent span locations. A l l  of the 2nd and 3rd stoge 

turbine vanes were broken at their outer shrouds; however, 

the inboard portions of these vanes were either missing or 

were found with other parts at the bottom of the nozzle 

case. 

Ground fire exposure partially destroyed the physical 

evidence of bird matter within the engine. In spite of 
the l i re  damage exposure that the engine rccelved, i t  

was st i l l  possible to observe staining of both the metal 

and f i  bergloss (diffuser fairing) components, by employing 

visual and ul  tra-viole t l ight techniques. 

Gird rnatter was visually observed within the fan discharge 

area and the rear compressor front bleed manifold assembly, 

however, no bira matter residue build-up adhered to these 

components. 



A rot~dom number af represtntotive blodes from the 7th 

through the 13th stages of the rcclr compressors and a 

rcpre~entotive number of blades from thc front and rcur 

compressor nrive turbines of the left and thc right engines 

were farwarded to Pratt i Whitney Moterials Engineering 
L 

K escorch Laboratory for detailed evoiuatfon. . -The evoiua- 

ti ons included binocular examinations, chem icol and metallo- 
graphic onalysis and peak operational metal temperature 

All  of the fractured mar compressor blades from both 
engines generally featured transverse airfoil fractures 
andlor parollel directed cracks. Most of thc teor com- 

pressor blade airfoils exhibl ted fatigue, which progressed 

from multiple origins. The remaining rear compressor 

blade oirloil fracture surioces wcre heavily bottercd, 
deformed and smeored. ' 

Thc turbine blade drfoils from Ihe froht and rear com- 

pressor drive turbines of both engines wcre severely 

thermoll y distressed. The turbine blade airfoil fracture 
surfuces, generoll y, were typlcal of rapid tensite or Impact 
frac turts. Metallographic exam~natlon of selcc ted 1st and 

4th stage turbine blades showed that these blades expcrlencec 

metal temperatures of 2300 degrees fahrcnheit or higher* 

l. t 7. AJtcraft/EngEnc Perfwrnoncc 

The alrplone monuiacturer estimated that based on the accident olr- 
plane's flight path, the engines wcre producing a total of opproxj- 
mately 12,000 pounds af effcctlve thrust, . Thls thrust was being 
developed while the engines wcre surging, during the t h e  perhd 
from &out 30 seconds to approximotety three minutes bfter rota- 
tion. 



70 ICAQ Circu hr 260-AN11 H 

The engine rnnnufac t urer was requested to  evel lop an analytical 

cvalustion to provide on assessment a[ the higest swge free thrust 

level that dn engine with ~ ~ e r o t i a n a l '  performcnce octeriorotlon and 

first stage f o n  dernogc cornporoble to :he ~ccjdent airplane's engines 

coula produce. The evalunfion basically >hawed that the nominal 

estimated compressor efficiency loss for  the left and right engines 
was 13 percent ano 27 percent respectively. Estirnatcd flow capcity 
loss for the lcf t and right engines were 9 percent and 18 percent 

The cvaiuotiorr a h  suggested that o power reduction to about 140 

Ibr/src. airflow for the left engine and 115 tbslrec. airflow for 

the right engine would be necessary to clear the surge. Engine 

power far thcsc airflows would be approximotcly 60 percent of take- 

off  thrust for the left  engine and 30 percent of  toke-off thrust for 

the right engine, 

I .  1 Bird C h a m  tcristlcs. 

The engine cxaminotions, as well or thc crew reports, 

ruggestea that (1 large number of birds were ingested dur- 

ing the event. The ingested bird matter hod ca)lcctcd and 

odherea to the underside of all the portspon shrouds of the 

1st stage compressor rotor fan blades. This blrd matter 

was onolyaed by on ornltologist from i h i  Notionol Museum of 

Natural Hlstor y of the Smlthsonlan Institution, Wushlny ton, 

D.C. The species of the bird matter was iaentified as u 

speckled pigeon (CQlumbo guinco), . The estimated weight of 

these birds wos bctwecn 10 to 12 ounces. 

The coloring of these birds i s  primarily grey  or silvergrey 

wl t h chcsnui or purple shoulders. 

These birds are rnoinly, perhaps entirely, o ground !ceder 

and feed largely on seeds, including culfivotea groins, They 

are fond of groundnuts when thcsc hre ovailobSe on or near 

the surfocc af ter  harvesting. These birds ore usuolly found 
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in pairs, srnofl parties or singly but lnrgc numbers may. 

aggrtlyote ot good f eediny grounds. These birds sometimes 

lorm lo rg t  arid cahesivr: flocks when not Srecuing. The 

bira's flight is dlrect unct [airfy fast wi th  strong wing beats. 

The bird also walks ona runs nimbly on :he ground. 6 

8 Federd A viation A dmlnlstrotTcm Engine Bird 

The Pratt & W hi tney jTBV - J 'iA turbolon engines were :ypc crrtjlico 
by the h i t e a  States Government Fcdero! Aviation Admrnistrntion 
[ F A  A l  in  accordance w i t h  thc following: 

(11 The J fd0 -17A Is a derivative engine wEth o Ion simllor to the 
JT81)- 1 orginally tested In 1962 per Civil Aviation Rcgulot3uns 

ICARI Part 13.200 thus, no new bird ingestion test was tequlred. 

The tests run In 1962 orrc described in Report PWA 2 130 consls- 
ted of one 4 OL bird dropped in at taka-off, live 4 ox. bkds 

dropped in at toke-off, and one 2 Ib, seagull shot In ot I60 mph. 

(2) The JTBD- 17A engine model was type ccrtilicoted on January 
25, 1982. 

131 The ' F A  A biro Ingestion certillcatfon requirements In  effect for 
new engines on the abow date were from Federal Avjotlon Acgu- 

lotions (FA R l  Port 33.77 Amendment 6. F JT80 size englne 
it would h m  required three 1.5 lb. birds Ingested OF tokcloff 

conditionr md one 4 Ib. blro ingested at moximum cruise con- 

dl tlons. 

 he above b d d  Cj l~aCLeh id t ia  aedmence iner-t uos ohrained 

t aw P i g e e ~  and Cave6 04. the Wulrld bq 8meh Goo&&, pubeLdhed 
g 4he Tltudtee 05 the W h .  I ka.tllmi j l 4 d i 0 4 ~ J  LOUOY~ : 

1367. 
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The current F A A  turbine engirie bird ingestion certification standard 

for new technology turbofonlturbojet engines is contaihed under FAR 

33.77, foreign object ingestion. Compliance with this regulation as 

specified in the standard is demonstrated by engine test where one 

4 Ib. bird '(if i f  con enter inlet) is ingested at maximum climb or 

l i f to f f  speea of typical airplane with the engine operating at the 

maximum cruise or take-off roting (depending i f  the engine has inlet 

guiae vanes or not urra aimed at o critical areo,) The 4 Ib. bird 

ingestion may not cause the engine to catch fire, release hazardou~ 

fragments through the engrne case, generate loads greater than 

ultirnatc loads specified in the FAR or lose !he capability of being . 
sh i l tdo~n.  The engine test must aiso dcrnonstrate the ingestion of 

from one up to eight t J  Ib. birds (depending on inlet area) at 

intial climb speed with thc engine opcroting at the take-off rating 

in rapid sequence to simulate a flock encounter and aimed at selected 

crrtical oreus. The 11 Ib. bird ingestion may not cause more than a 

sustoinea 25 pcrccnt power or thrust loss, require the engine to be 

shut aown wrthin 5 minutes trom time of ingestion or result in  a 

potentially hazardous condition. I f  the I/ Ib. bird will not pass the 

inlet guide vones into the rotor, ingestion of from one up to sixteen 

3 ounce birds (aepending on inlet area) will reploce the Ij Ib, bira. 

1.19. Overview Evaluation of Bird Hmard 

A s  demonstrated by this accident, the collision between birds and an 

aircroft porticulorly the ingestion of birds into turbine engines is a 

serious safety hazard. Bird strlkes also result in considerable econo- 

mic loss for adaitional repair and lost operational time to aircraft ' 

operations each year. Analysis of data developed by the FAA through 

their varlous bird ingestion investigation programs lndicote thgt 77 

to 84 percent of commericcl engine blrd strikes occur during take-off, 

landing and taxi operations; thus, demonstrating that the primory bird 

hazard exists on and in the immediate vlcinlty of commercial airports. 

In response to a National Transportation Safety Board recommenda- 

tion to review the technical adequacy of the then current FAR blrd 

ingestion certification standards, the FAA initiated studies in 1981 
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during 1987 through 1988 shows that 2.0 percent of all the bkd inges- 

tions repor ted far the 8 737- 1001-200 fleet Involved mul t i ~ l t  engines, 

ana 6.6 perccnt involrcd were multiple bird Jngestion into a single 

engine. 

17, A N A& YSIS. 

The analysis oi this accident focuses on the lllght crew coordinotlon, con- 
dition orld capabilities, the oirploneds flight path, the molntenance of the 

airplane. the conoition of the engines, the bird hazard aspects to the engines 

ond the airport environs, the digltol fllght data and cockpit voice recorders, 
the oirplanrtlengine performance and on onalytlcol assessment of engine surge 

m echunisms. 

Genwui. 

The pilots were properly trained and Iicenscd to conauct the flight 

in occordonce with oppiictlble Ethiapiarr Civii Aviation regulations md 

there wos no evidence of medical problems which would have oover- 
sely affected the flight crew's ability to conduct the flight, I t  wos 

also est~blishcd that crew had reccived the requirca duty breok before 

the accident. 

Anolysis of the flight crew's action as chosen suggested that their pcrfor- 
formonce was reasonable ono prudsnt hosed on the performance of the air; 

and oil informetlon mailable to them at the time. 

The olrplane was maintained in accordance wt t h opproved malntenmce 

pogrom and there wos no evidence of prc-existing alrp/one structural, 

systems or engine maifunctlons which could have olfected the' fllgh t 

prlar to the bird strike event. 

in summwly tfre evoluat~on and malysls of  the cockpit voice recorder 
ttonsm issiom rwtuitd that: 

11 The bird strike event could be IdentIIlid omong the background 
sounds recwded by the CVR.  
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23 Sounds believed to be surges from the en~jttes could be heard 
from the cockpit areo microphone. 

3) A h u t  500 surges from each engine were heard on the cockplt 
area mlcrophme recorded t r o d  of the CVR o f t u  the blrd strike; 
these. surges continued for 3 minutes onti 24 sct'cmds. 

41 The surges of one of the engines provided a pulse ~ u r  the recorded 
radio track of the CVR. 

5 )  The surgc rate determined b y  the pulse rate on the radio trock 

wos approximately 2.5 'surges per sechd. The rote reduced to - 
as law as approximately 1.7 surges per second for 13 seconds 
durlng o period In the cockpit conversation concerned with engine 
power and high EGT. 

6) Both engines stopped operating within 1 1  seconds of one anotC1Cr. 

An anomaly was notea In the cockpit voice recoraer transhrlsfions In 
that, "thump1 sounds of slightly different churactty could be heard 
within the communication rodio chonnel. These nthump$u were re- 

corded at the same base frequency or the surge of one of the engines 
. that was heard on the meo microphone track. The *thumps" were 

opporent whether or not rodlo conversation was taking place w the 

microphone hey was depressed. After some considerotlon, these 
'lthurnpu sounds were interpreted as a pulse leak into the redlo 

channel due to ane ol the engine's surging bbstd on the followfng: 

The Uthurnp sounds started at agiproximotely the same tlmc .as the 

audible engine surging sounds af tcr initial bird Impact and continued 
until the radio tronsrnisslon referred to between 3:07 and 3~20. A t  

the end of this trclnsmlssion, these thumps In the rndlo channel hod 

coosed and the surging sound In the area microphone channel was rlo 
longer widcnt. Having established that the F U ~ C Q  track Uthumpsu 

were ossocioted with the surging of only one engine, the surging fre- 
quency of that engine was determined to be opproxJmately 2.5 surges 

per second except for a 13 second perlod between 1 2 5  and 198 dur- 
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ing which the frequency wcls reduced to as low as oppr0nimutely 1.7 

surges per second. Owing that 13 second period cockpit discussion 

centered wound reducing crlglne power dun to h#gb EGT. It wus not 
possible to determine which af the two engines that was surging, pro- 

duced thc impulse in the radio track. 

2.3. ~ j g l t d  hlgkt flat* Recorder (DFDRI. 

In summwy, on analysis of the flight data ~btalned from the OFDR 

indicated thot, following the bird Ingestion event, the airplane gained 

altitude and airspeed until the lass af engine operotlorr, Therefore, 

i t  can be concluded that the airpione hod sufficient power to mdn-  

toin o positive rote of ciimb, and increasing airspeed until both 

engines ceased to opcrute. It ww also wted thot the flight doto 

was in general agreement with eye witness reports, terroln midonce 

discussion within the cockpit, and the final resting place of the oir- 

I t  i s  known that single engines of similar models as those used on 

this type af airplane have experienced some degree oj power loss 

uue to bird ingestions; however, the magnitude and character of the 
rrsclliunl damage that occurred in this ocsident hos never been 

observed prior to this uccid&nt Thus, the circurnstoncm of this 

uccident demonstrated thot the number of birds that were Ingested 
by both engines was well Jn excess of both the Federal Aviation 

Administroilon type certificate requirements that were In effect at 

the time that this model engine was t ype  ccrtiflcuted and the curl 
rent reqc~irernents far new techndogy turbine engines. The obcrva- 

tion of the amount of secondary damage within the reor compresssors 
af both engines suggested thot the continued operotion of the engines 

with the observed level of fan aomoge was unique. 

Previous engine exominofions 0s documented under the FA A study 

inaicoted tho4 a rcla t ionship exlstr between usoft - bodyN damage and 

the number ond sixes of birds that were i t i g ~ ~ t ~ d .  For the engine 
conditions present during the occldent flight, data solfccted under 
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the F A A  stuay indicated that the variation In damage to the fun 

bluues fur any one bird ingestion event could wry from twa Mades 

that were severely curled ot *their lcadlng eogc tfpri to no dsible 
damage if  the bird war brclkm up by on inlet guide vane (IGV).* 

Additionally, ingestion af a bird or birds through the Inner section 

of the .fan path inboard of the port span shrouds would not be 

expected to cause d0muge duP to the increased stiffness of the 
fan blades os o result of thclr increosrd curvature in thb  sectdon, 

The parrage of the bird through two !on stager generally results 
in a reduction of the blrd mass in such o way that no Jecondarv 

bird caused core damogc is, experienced. 

The FAA data reported thnt an average of 35.8 percent of the t ~ l a l  

number of reported blrd strikes for the 8 73 7- 1001-200 series olrplanes 

resulted In some degree of ianfengjne aamoge significant power Iws 
due to bird Ingestion was reported lor 5 percent of the total number 
of bird strikes. 

2.5. Engine Bird l n g a t i ~  Omsity Estimate. 

Based an a normal spatial density of birds In flight, It was assumed 
these birds would be randomly Ingested over the focc of the engines. 

Under this condition, i t  wwfd be conservative to assume thot at leust 
one half of the ingested birds caused no engine damage. 

Using the previous experience of clocumented blade damage far the 

reported site tonge of the Ingested bird, i t  was psslblc to determine 

damage patterns on the fun rators wtrhlch could be correlated to the 
quontjty of ingested bhds w k h  caused this damage. Thls determino- 
tion provided a quantity ot damage producing btds  of 7 to 8 in the . 

Jcft engine md 5 to 6 in the right engine. In thls accident, by opp- 

lying a cahservotive 50 percent dornoge expcctatlon far a tondurn . 
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ingestion event, i t  can be postulated that the estimated number of 

birds that were ingested by the le f t  engine was 14 to 16, while the 

right engine ingested between 10 to 12 birds. 

Previous documented experience with the JT8D size engine model has 

shown that no more than 3 birds of the reported size range have been 

ingested at any one time. This comparative experience demonstrated 

that the number o l  birds encountered in  this accident was unlque to 

the documented experience. 

Estimating the r~uniber of birds which may have entered an aircraft 

engine during a bird flock encounter is sometimes difficult. Not all 

birds entering the engine will cause visible damage to the engine. 

In those cases where the number of birds entering the engine is not 

clear i t  is sometimes possible to estimate the number of birds enter- 

ing the er~girlc by observing and recording bird impact on those areas 

of the aircraft that hove a direct frontal exposure. 'Appropriate 
areas of frontal exposure would be the wing leading edge, the hori- 

zontal stabilizer, and the engine inlet l ip on the same side of the 

aircraft as the engine in question. It would be preferable to use a 

surface on a plane as close as possible to that of the engine, 

As a second method of determining the quantity of birds ingested, a 

determination was made of the number of visible bird strikes on the 

airplane. Examination of the airplonels leadlng edge surfaces that 

remained intact after the post crash fire, revealed a density of bird 

caused dents to the left hand horizontal stabilizer equal to four birds 

within the inlet diameter of the le f t  . c n g i n e . This 'llnear flock 

density was then converted to an area aensity which gave an estlmate 

of expected engine ingestions at 9 to 16 birds. This correlates well 

with the previous estimate for the l e f t  engine of 14 to 16. 

2.6. Andysls of Airport Hward 

Airport observers hod noted the presence of pigeons i n  large flocks 

on the ground and feeding alongside the runway (seed grass) during 

the day immediately preceding the accident and shortly afterwards, 
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This knowledge of the bird hazara wos mode known to oil airmen by 

virtue of) on Ethiapion Civll Aviation Authority NOTAM serks C #077 

dated September '5, 1988. It wus also noted that the~birds hcad 

become acclimated to the airport and were actively feeding in seed 
gross alongside the runway. The grass war ahout 6 to 18'lnches in 
height mu was clumped such that the birds could move freely about. 

The Buhor Par airport has a low utilization rote. since there are 

only 2 cornmcrcJal jet f l ight  operations a week. The aay before 

the accident, it was reported that a commercial jet was warned lrom 

Iunding because the hlrdr could not be moved away from the runwoy. 

In the days immediately" after the occidenf, it war observed that ihc 

biros could be frightened by o vehlcle approach, but would only ~ O V &  

FOO to 200 yards away from the visible hotard. On the day of the 

accident, i t  was reported thot a vehicle preceded the airplane clown 

the runwoy so as to scare the dirds of f  thc runway. I t  was then 

necessary for the vehicle to stand clear of the runway while the dr- 

croft took-oft but the birds that were scarea away could hare r t -  
turned by then. 

Evoluotions of the engine surge mechanisms indlcotcd that the cnglnes 
could huve been' cleared of front compressor and fan surges by rctarda- 
tion of the power Iwers to o paint where the operating lines dropped 

below the surge lines. Howwer, this may have requlred power lever 
retordatlon to the extent that the engines would not be capable of 

developing sufficient thrust ta sustain f urthet Illght, 

Based +on the circumstances of thls accident, it IJ uppatent thot a 

reduction In engine power lwel wlJI reduce the severlty of engine 

surging md will prolong the engine's useful operatlonbl Jlfe, or will 

possibly cornple tely ellminote the ' surging, deptndlng 'on the degree 
of engine domogc, Thus, It is npporcnt that the dcclsion to lower 
power level during toke-off, to reduce engine surging, would depend 
on the a1 ti tude gain, airspeed, terrain and weothcr conditions. 
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Since each foreign object damage event wlll yield a different amount 

and type of engine damage, I t  would be impossible to piovlde fllght 

crews with an Input (LC., EPR setting), which would bring them "safely 

. hornell in every instance, In addition, the airplane manufacturer be- 

lieves that the large number of possible clrcumstances surrounding the 

uccident scenario do not allow for the writing of a procedure which 

would result in the best course of action in all clrcurnstances. 

2.8. Analytical assessment of Engine Swge Mechanism. 

An analytical assessment was conducted by the engine manufacturer 

of the possiblc mechanisms which rnoy have produced the engine surges . 
encountered by the accident airplane's two JT8D- 17A engines. 

Two mechanisms to produce the surges were hypothesized utilizing the 

degree of fan damage that was observed on the two engines as o 

result o l  the ingestion of a large number of birds. Thc engine munu- 

(acturer did not have ony analytical means to determine which of the 

two postulated surge rnechonisms may hove caused the surges. 

Fan damage would be expected to result In substantial losses i n  fon 

efficiency and fan flow capacity. To validate thfs assumption, the 

engine manufacturer determined fan efficiency and flow capacity 

losses by using a dato base which consisted of measured efficiency 

and flow capacity losses that were obtained durlng a series of engine 

tests on o PW2037 engine with various degrees of fan damage due to 

bird Ingestion. For purposes of this study, both flow capaclty and 

efficiency loss were assumed the some as the PHI2037 dato base for 

an equivalently damaged fan. In this Instance, the measured efficiency 

and flow capacity losses were correlated wlth the estlmated percent- 

age of blockage of the fan flow passage oreo due to bent fan blade 

leading edges. For this study, the blockage of the fan flow passage 

oreo was considered to be oriented perpendicular to the blaae chord. 

By using the measured efficiency and flow copaclty loss test data and 

empirically extrapolating these dota, the actual degree of fan blade 

deformotion that was sustained by the accident alrplone8s engines may 

hove been simulated. 
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It wos further rcttfonoljxed by the engine manufacturer that the effects 

of blockage of the oirfuil passage area on tan flow capacity would be 
similar on either single stage fans Iikc the PW2037 orlthe two stage 

JTBD fan. The engine mcnufocturer recognized thot tho effect# on 
efficiency may be somewhat different on a two stoge fan; howeuer, 

the engine manufacturer believes that the dornagt of the f lrst stage 

fan would degrodi! the performance of the second stoge fun such thot 
the overall efficiency effects might bc similar. 

Nominal estimated fan efficiency loss . for the left and rfgh t engines 

were 13 percent and ,27 percent respectively. In oddltian. the estimo- 

ted flow capacity loss for the left and right were 9 percent and 18 

percent respectively. 

It shoutd be noted that these estimates may conloin substontin! ersarj, 
since o fun damage event will result in o unique fan damage pattern. 

Therefore, i t  is apparent that uslng foreign object damage data from 

one event, and comparing thesc eota to another uniqlv went con 
produce significant errors, !n addition, the adjustments for design 

dlfferenccs between the compared engines may. not hove been adequate. 

it h believe@ that the engine monufocturer has accounted for. the 
extremes of these errors by presenting o "Range of Estimateu bond 

for the estimated fan operating line. ThIs band i s  presented as rr 
shaded area on Curve No. 3323 1.7 (Appendla 31 discussed later. 

2.8.1. Mechonlsm A. 

Losses In fan flow ctlpuclty result in a significant rematch 
of the front compressords operating line toward surge. This 

con most easily be visuolbcd by the foliowlng reasoning. The 
fan ond the front compressor ore installed on the some short 

and are jointly driven by the front compressw drive turblne; 
however, only the d r  passing through the front compressor 

posses through the front'ccmprcssor driw turbine. The fan 
air is bypussed around the core engine. A reduction Jn fon 

flow capocity wlll result In less power absorption by the fan. 
I f  i t  were assumed there wcte no chonges En tht cwc engInc 
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opcrution, the front compressor drive turbine would produce 

more power than would be absorbed by the front compressor 

.and the fon. Thls excess power that i s  being developed by 

the front compressor drive turbine would result In a thermo- 

dynonric rematch of the core engine. One effect Is the 

pressure ratio (operatlng line) of the front compressor will 

increase to compensate for the fan loss. Conversely, a loss 

in fan efficiency will result in o greater demand by the fan 

leaving less energy uvailable for the front compressor and 

therefore o sbmcwhat offsetting )owering of the operating 

line. 

The estimated flow capacity and efficiency losses for the 

left ond right engines were input into a thermodynamic 

model of the - 17A engine. Curve No. 33231 7, Appendix 3 

show the results. The thermodynamic model contains a 

full representation of the JT8D- 17A engine including com- 

pressor and turbine representations thot allow thermodynamlcnlly 
correct, o f f  design matching including the ability to 

occornrnwote o 37 point iors of fon efficiency.. The. fan 

moclel npreientotlon i s  surh that ths fon ~ i r f l o w  is dlrectbd 
outboa~o of the fonttront compressor airflow splitter,. .  thus 
byposslng the .'front compressor; whlle the f on oirflow . 

that ir olrected Inboard of the flow splitter is modeled as 
part of the front compressor. For this study only the. fan 

outboord alrflow characterlstlcs were changed since fan 

efflciency changes as on efficiency reduction to the fan 

map values, while the flow capacity loss chunges as a 

percentage reduction of outboard directed fan air flow for 

a given front compressor rotor speed. 

The normal undamaged fan, ond front compressor operating 

ond surge lines, and the estimated range of the operatlng 

and surge lines for the damaged fans of the le f t  and right 

engines are provlded on Curve No. 3323 17, Appendlx 3 res- 

pectively. The normal undamaged engine front compressor 

surge and operating~lines are well defined based on the 
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engine m a n ~ ! ~ ~  turer 's production and experimental engine 
test data. A range Es shown for the damogcq fun optrat- 
ing IIne due to the uncertainty of predlctlng th? upcrating 

Sine. Lines of constant EPR settings ore atso Indlcrrted. 

1"Aese curves indicated that surging would be predicted for 
both engines, using the highest opcrutlng Ilne cstfmotc, as 
the damaged fan's operating line intersects the surge Ilne 
01 the damaged fan, Thls interscctian would be obow 5.6 
EPR far the let t engine and ut'iower EPR lor the flight 

engine. 

This mechanism differs from mechanism. A only in the cause 

af the work transfer to the front compressor. For thJa surge 

mechanism, it is assumed the fan damage i s  suf fkcicnt to 

muse the fun to stall. Fon stall will result In o cailupse in 

f ~ n  !law and work requirement; thus, shifting the fan work 

requirement to the front campressor. As u resuit, the 
. . - .  . . -. - .. -- .- 

Increased front compressor work requlrem ent wlll lncreose 
the corrrpressor~s operating line to the point of surge, 

In dther case (Mechanism A or Mcchonlsm 01, the subre- 
went events would be expected to be the same. 

1f a fan stall Initiated the front compressor surgln$, 5 

presented in mechanism B, eauslng the operotjonoI probtcm; 

a forger reduction In power would probably have bten rc- 
quired to completely clear the fan stall. 

The Font compressor operatfng line plots [ C m e  Na 332317) 
demonstrated Shot a pwer  reductJon to &out 140 Ibslse~. 
drf low for the left englnc. md t 15 lbs/sec. abfloru for the 

right engine, would probably how btcn suffldant to e l m ,  
the surge lines. This 1s m area for both mgEne3 where the 
front compressor w i d  be estimated to be ffec of wrgs 
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based on the unolysis. Englnc power for thest ohflews 
would be upprorimotely 60 percent of take-off thrust for 
the left and 30 percent of takeioff thrust for the right 

engine. 

Following the bIrd encounter and rcsulthg fun damage, the 
engine power lever was lnitlolly odvonced to levels higher 
than normol take-off settjngs (based on the pilots statement] 

ana maintained at a high power Iwcl (bused on analysis of 
the CVR J while the engines surged corrtlnuowly for upproxi- 
motely 3j minutes and appr~xfmateiy 500 times each. This 

continuous surging apparcntl y caused the fat lgue failures In 
the rear compressor. The fatigue failures subsequently led 
to secondary compressor and turbine damage, rapid disinteg- 

ration of the rear camprenor gas path, ond Sass of the reor 
compressorls copoblllty to pump air whlch then lad to turbine 

over- tempera turc, me/ tlng, and destruction. 

It was estimated that turbine destruction ond the sub- 
sequent loss of all thrust occurred wlthln a few seconds: 
of the time after the rear compressor blade fractures 
began to occur. Fotlgued reof compressor airfoils hwe 
been previously observed on )TOO cnglnes that were sub- 
jected to repeated surglng, In such Instances the JTBD 
Engine Manual (Sec tlons 72-36-32 and 72-36-33) requires 
inspection of 8th stoge and 9th stoge blade aklolls for 
fat l gue crocks. 

Therefore, hosed on the Move ewluotionr, It can be con- 
cluded that the engines could haw bean clsora4 of front comp- 
ressor und fun surges by retardation of the power Icuers 
to a point where the operating lines dropped bdow the 

' surge jines. Once surging Is eliminated, thk would also 
eliminate the excitation which can cause the rear com- 
pressor blade fatigue crackjng una failure. 
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An engine computer simulation and analysis of the post 
surge deprcaurizotion (biowdown) was rued to estimate 

air temperotures in the combustion ond turbine iectJoras of 
the orclacnt alrplonc4s engines during the bkd Ingestion 
caused surge wents. The repetitive surging was estimated 
to produce a moxlmum overage rear compressor dhve turbine 

inlet temperature of 2 14 5 degrees Fahfenhel t ( f 880 degrees 
F ohrenhelt is normoll, front compressor drive turbine lnigt 

temperature of t 945 degrees Fahrenheit 11425 Degrees 

Fahrenheit is normoll, ond cxhou5t gos temperature of 1575 
degrees ( 1  005 degrees Fohrenhclt i s  normoll. 

Appendix 4 i s  o graphic presentation which dcpkts surge 
initiation ot 0.0 t sec, and temperatures whlch begin to rlsc 
shortly thereafter and continue past 0.06 second at which 

time oil ovailablc! oxygen within the combustion section 

at surge initiation has been consumed. A t approxlmatcly 
this time, the compressor hegins flowing Jgnlflcant alrf low, 
reducing the air temperature to the orginol I&$. On the 
basis of the observed surge frequency of opproximotcly 2.5 
times per second per englne based on the cockpit voice . 
recorder, the elevated air temperature period 1s less than 

20 percent of the surge cycle while normal olr tempera- 

tures kxlst for the remoinlng time. The air temperatures 

summarized earlier represent the average Integrated volue 

wer the approximate 3J minutes of repetitive surging. 

Failure of the reor compressor section following this repctl- 

the surging would result In o severe reduction of e n g h  

airflow and an Increase of air temperature that wuCd 

exceed the melting point of the turbine airfoil motcrfoL 

First and fourth stage turbine blade fracture segments from 
the accldcnt airplane% engines were metallogruphically 

exomlned to determine the hetai temperoturc. ' 

The engine manufacturer 5 turbine blade matesjol specifica- 
tion data reported that the melting range Is on the order 
of 2300 Degrees Fahrenhet t. 
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The estlmoted stress rupture data lor the first stage turbine 

blades, even assuming zero cooling airflow rather than the 

normal 0.6 percent cooling drflaw, indicated that the blades 

would hove on estimated sevcraf hours of l ife at the 

estim otcd turbjne inlet temperature o l  2 145 Degrees Fahrtn- 

heit. Inlet temperatures would hove to be on the order of 

3500 Degrees Fahrenheit or higher ta attain o 2300 Degrees 

Fahrenheit metal temperature and essentldlly zero life. 

The evidence i s  wen more campelling for the fourth stoge 

turbine blades. I t  is estimated thot turbine inlet tempcre- 

#ores would have to be well In excess of 3500 degree 
Fohrenheit Jn ovder to produce metal turbine &lode material 

exposure temperatures at the 2300 degree Fahrenheit ronge, 
Therefore, based on the obove discussion, it can be concluded 
that the coust of the iurbine melting and failures that occur- 
red to the accident alrplunels cnglnes wus the result 01' the 

cessation of airflow, The cessation of oirtlow was due to 

reor compressor dcstruc tion which was caused by the tepttj tlvc 
surglng. In this instonce, continuing fuel introduction into the 
corn bustion section without the corresponding olrf low from the 

rear compressor would resuE t in an unstable combustion pattern 

in the combustion section. The unstoble combustion pattern 

would result In a fame front which would continue to migrate 

lnto the turbine area due to the reduced drf low.  Thls sJ tua- 
tion would continue wtti! the rear compressor drive turbine - 

(N21 rotor ceased to operate. This would then cut the fuel 

supply provided by the N Z  driven fuel pump md fuel control 

unit, 

2.9. FIndlngz ond C o r s c l u r l ~  

( 1 )  The airplane accelerated at e normal ratc durJng its take-off 
roll, 

12) The airplane encountercld o flock of speckled pigeons lcolurnba 
guineol immediately after rotatiort. 
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(31 The left engine ingested on estimated 14 to 16 speckled pigerms 
which weighed an estimated 10 to J2 ounce!! each while the 

right engine ingested an estimated 10 to  12 pigeons;. 

14)  The number of birds that were ingested by bath engJner wos 

well in excess of both the Federal Aviation Administration t ype  

certificate requirements that were in effect ot the time that 
this model engirle was type certificated as well as the current 
requlrcments for new technology turbofan engines, 

(51 Except far o brlcf power reduction the flight crew essentially 
malmtalned the engines ot full power thrust lewr setting during 

.the entire flight. 

( 6 )  Both of the engfnes individually ewpcrlenced abut 500 surges 
thot continued for 3 minutes and 24 seconds. 

(71 As u result of the bird ingcstlons ond the subsequent compressor 
surging, It wos ofioiyticolly osscssed that the nominal estlmoted 
fan cfficlency loss for the left ond right engines wwe 13 percent 

and 27 percent respectively. In addition, the estimated flow capo- 

clty losses for the left ond rlght engines were 9 percent and 18 

percent respectJvely.. 

[8) The onolytical mresrrnent also suggested that a power reduction 
to obou t 140 Ibslsec. airflow for the left engine and 1 13 Ibslsec. 
airflow. for the right engine would be necessary to clear the 

surges, This vales ate equivalent to 60% of toke-off thrust for 
the left englne ond 30% of take-off thrust for the rlght engine. 

19) ~ ) ; e  turbine melting and ~foilures that were- observed on the acci- 

dent oifplanels engines resulted from the cessotlon of airflow 

due to rear compressor destruction that was caused by the re- 
petitive surges, 
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3. CAUSE. 

The accident occurred becouse the airplane could not be safely reFuned to 
1 

the runway after the Internu/ aestructIon md subsequent failure of bath 
engines to optrote urrislng from mu1 tiple bird ingest ion b y  both engines 
during take-off. 

lCA0 Ref: 245188 



No. 5 

h i n g  7 0 7 - 3 s  Combi, 5X-UBC, accMent 9t 
Fiiumlclna AirporfI Rome, Italy on 16 October 1988, 
Repoit relmsed by the Ministry of Transport, !tab. 

P R E F A C E  

On the 16th of October - 1988 at 23.30 GMT (00.30 local time of the 17th of Octaber 

1988), Uganda Airlines' 338-C (Combi Version) Baeing 707, Registration Lemn 

5X - UBC, crashed during an approach manoeuvre on the extension of Runway 3 4 ~  

in the proximity of Rome's Fiumicino Airport. 

With telex number 44117201 1 dated 18th October 1988 followed by Ministerial Decree 

No. 165144 dated lath lanuary 1989. the Italian Ministry of ~ransion appointed the 

Board Members listed hereunder, to conduct the Inquiry into the ,afore mentioned 
* 

accident: 

This Inquiry was conducted in accordance with Article No. 827 of the Air Navigation 

Laws, based on Decree Number 165144 issued by the Italian Ministry of Transport on 

the 18th of January 1989. 

Investigations and Evaluations were made in order to determine the cause of rhe 

accident and enlightening evidence on the accident was acquirkd during the course of 

the Inquiry. 

The Results of the Inquiry transcribed hereir.. -are in h e  prescribed format in- 

accordance with the ICAO Manual 69201AN1855flV, f 970 Edition. 

VCAO Note.- The lists of board m d r s  and parties who participated in the inquiry were not reproduced, 

89 
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1.1 HISTORY OF TKE FLIGHT 

On the 16th of October 1988, Uganda Airline' Flight UGA 7741775 scheduled to fly 

the Route EBB-ROM-LON-EBB, rerouted their flight plan to EBB-LON-ROM-EBB. 

The Carrier was a Boeing 707/338-C, Registration Letters SX-UBC. 

At LON/GATWICK, the crew carried out the normal pre-flight operations and obtained 

all the meteotolagical information for the flight to Rome. The aircraft Took-Off from 

Gatwick at 2 1 : 10 GMT with 7 crew members, 45 passengers (43 adults and 2 infants), 

2 8.624 Kg. of cargo and I uggage and 20.9 10 Kg. of fuel. 

After a regular flight, at 22:33:37 GMT the crew established their first contact with 

Rome Control on Frequency 124.8, advising that they were at FL 370 in the direction 

ELBIVOR and requesting the latest meteorological conditions at Fiumicino Airport. 

Rome Control informed the crew that Runway 16L was in use and that at that moment, 

the RVR conditions were, point Alfa 20QO metres, point Bravo 1500 metres and point 

Charlie 200 metres. Since 21:20 GMT, the weather reports showed fluctuating fog- 

bank and light winds at the airport, with consequent eonsideiable and sudden changes 

of the RVR values on the runways and a lowering of the ceiling. 

The aircraft was cleared to begin its- descent along the 

ELBAlGROSSETOlTARQUTNIA Route and the crew was instructed !c r22t2r.: 

Approach Control on Frequency 125.5. The aircraft was then cleared for a further 

descent to 4000 feet and for an ILS Approach on Runway 16L. 

In the meantime, visibility was deteriorating and when the pilot confirmed that he had 

intercepted the localiser and the aircrah was at 9 nautical miles horn touchdown point, 



Rome ACC informed him of the new RVR value for Runway 16L (Point A1fa 400 

metres, Point Bravo 1000 metres, Point Charlie 350 metres) and instructed him to 

contact Fiurnicino Tower on,Frequency 1 18.7 for authorisation ta land. 

Due to a sudden decrease in visibility, the aircraft missed the approach the crew. 

informed the Tower at 23:05:42 GMT, that they were effecting a Go-Around. The 

Tower instructed them to switch back to the Approach Frequency 125.5 after having 

*erformed the Standard Missed Approach Procedure. 

After having received the new WR values for the various mways, the crew attempted 

a second apprupch on Runway 25 which for the same reason as above, was also 

negative. 

The Captain contacted Approach Control again and requested the meteorolegical 

conditions for Ciampino Airport (which at that time registered a visibility of 5 Km. 

with mist) and asked if any improvements we're forseen for Runway 16L at Fiumicino. 

The Controller advised him of the meteorologicaZ conditions at Ciampino and specified 

that at that moment at Fiumicino, only Runway 34L registered 1600 metres, 2000 

metres and 175 metres respectively at poinrs Alfa, Charlie and Bravo, the Captain then 

requested Radar Vectoring for Runway 34%. 

Therefore, the aircraft was assisted by Rome Radar up to the time it intercepted th& 

349" Radial of Ostia/KOR to carry out the subsequent VORlDME prmedure for 

Runway 34L. Once again the pilot was given the RVR values for Runway 34L (Point 

Alfa 1600 metres, Point Bravo 2000 metres and Point Charlie 150 metres) and was 

instructed to contact Fiumicino Tower when estabilised on the 349" radial. 

At 23:28:55 GMT, the crew confirmed with the Tower that they were estabilised on 

the localiser for Runway 34L, they were authorised to land and informed of the latest 
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meteorological conditions (visibility 1500 mt. and no wind on Runway 34L). 

After approximately 30 seconds, the Captain who at that moment was f F, decided to 

turn aver the controls to the First Officer in order to look outside to locate the Visual 

Runway Markings and intended taking control again before landing, 

Upon confirmation from the First Officer that he had assumed control, the Captain 

requested an Altitude Reading and while the First Officer was answering " 1500 feet 
d 

maintain.. . " , the Ground Proximity Warning System activated "PULL-UP" an impact 

"TAKE-OFF CONFIGURATION WARNINGa then two more impaccs which were 

recorded by the C.V..R.. 

The first impact occurred in dense fog with the roof of a house 9.52 metres high (1 1.4 

metres s.1.) situated in a flat, residential area in the vicinity of the Fiumicino boat canal 

approximately 1300 metres from the threshold of Runway 34L and about 100 metres 

to the right with respect to the runway exrension's Centre Line. 

After the initial impact, the aircraft struck three more buildings, broke into various 

sections and caught fire. 



1.3 DAMAGE TO. TFE AIRCRAFT 

The aircraft was cumpIeteIy destroyed i n .  the. impact with 'he ground 'and by the 

subsequent fire. 

1.4 OTHER DAMAGE 

The following damage was caused by the aircraft during the final pan of its flight: 

- Three buildings were damaged; 

- A building under conshction was completely destroyed. 

- Sections of fences and a S.I.P. telegraph pole were knocked down. 

- ENEL electricity catlie were severed. 

- Several trees along Via Portuense were damaged. 

- Seved EURQPCAR cars in an open parking lot were mare or less 

seriously damaged because they were either struck by parts of the 

aircraft or because of fire caused by fuel spilt from a section of the RH 

wing that had detached during the impact. 

1.5 PERSONNEL INFORMATION 

lCAO Note.-- List of the pilofs flights to the Romfiiumicino Airport was not reproduced. 

( 

c m m  

BORN IN: KAMPALA CGANDA 

DATE OF BIRTR: 7th MARCH 1945 

AIRLIW PILOT LICENCE NUMBER: 1798 



94 ICAO Circular 260-AWI 54 

CAST MEDICAL CHECK- W IST fi'NE 1W 
1 II 
31ST DECEMBER 1988 

I ll 

LAST IN-FLIGHT CHECK: 

TOTAL YLMBER OF FLIGHT R O m  G C m . U N  DLXING THE LAST SIX 
MONl-H% 

ICAO Note.- tist of the CPpilot's flighls to tke RmelFiumicino Airport was not reproduced. 

16z 30 miout= I 
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1.6 INFORMATION ON THE A I R C I W T  

AIRCRAFT TYPE: BOEING 707-338 C COMB1 

PREVIOUS REGISTRATION LETTERS: 
- - - - . - . . // OWNER AT TIME OF ACCIDENT; UGANDA AIRLINES CORPORAnON 

I 11 URCR*FI. REGETERED IN UGANDA OS: I 5TR OCTOBER 1981 /I 1 11 REGISTRATION LET?ZRS; 1 5 x - u ~ ~  
I /I CERTIFICATE OF pRWORTAlNESS N T B E R :  I l l  

ISSUED BY: 

AIRCRAFT FLIGHT HOURS AT LAST C OF A 
mmwm 

TIIE DIRECTORATE OF CIVIL AVIATION OF 
UGANDA 

DATE OF JSSL'E: 

DATE OF LAST C OF A RENEWAL: 

30TH OCTOBER 1981. 

#Ill SEPTE.MBER 19%8 

ENGINES: PRA'IT A i i  WHITiYEY maE JT 3D - 3B 

TOTAL W3fBER OF HOURS FROM MANUFACTURE TO 
LAST TAKEOFF 

4 P 645770 FA8 48.400 

t 

L S T  C OF A VALID UNTIL: 21ST AUGUST 1989 

DURING THE RJINEWAL OF THE C OF .4. THE. DIRECTORATE OF,CIML AVIATION OF UGANDA 
DECLARED THAT THE MAIPITEYAKCE, 3IODIRCATIONS h i  MAWATORY DIRECTIVES XND 
BULLETINS HAD BEErY COMPLIED WITH IN .4CCORDANCE WITH TWElR REGLKATlO~.  I 
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AIRFRk\tE: 53.098 TOTAL HOURS 

CARRIED OUT TOGETHER WITH TEE LMT 

LAST ISSPECTION "B" 1550 HOUR ISSPECTIOh7 INSPECTlON "C". EKTE?ISION TO 58.199 HOLW 
CHNICAL LOG ON THE 

LAST INSPECTION c 1700 nom ISSFECTIO;\;) 

AVIONICS 

The akcraft's NAVlCOM Instrumentation was tested with positive results on the 7th 

of September 1988 by Uganda's Directorate of Civil Aviation. 

No malfunctions concerning the flight prior to the accident, were recorded in the Flight 

Engineer's Instrument Lug, 

In the aircraft log book under "AlIowed Deferred Defects", the Altitude Alert was 

recorded as being inoperative since the 28th of May 1988. However, since the 

Minimum Equipment List was not recovered from the wreck and in spite of repeated 

requests from the Board of Inquiry, the Ugandan Authorities were unable to produce 

axopy, it was impossible to verify if the above mentioned failure was allowable by the 

prescribed standards of the Ugandan C .  A. A , .  
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(a) Radio-Altimeter 

The Radio- Altimeter consisted of a Receiver-Transmitter System, Type 860F- 1 522- 
7 

+ 

3698-003, Serial Number 105 10 and relative Indicator, manufactured by the Cornpanjl 

COLLINS. 

The ReceiverdTransmitter System transmits data to the Indicator and the Ground 

Proximity Waning Computer. 

As confirmed by Uganda Airlines, ihe Acoustic Warning System was unservicable: 

(b) . W a m h  em 

The SUNSTRAND Ground Proximity Warning System manufactured under licence by 

SMITHS, consists of a Ground Proximity Warning Computer, Smiths Pars Number 

965-0376-084, Serial Number 064. For purposes of technical Information, copies of 

pages from the Maintenance Manual and a General Information Letter are attached. 

The G.P. W.S. was bench 'tested on the 5th of April 1988 by Ethiopian Airlines. 

From the Cockpit Voice Recordings it is assumed that the t3,P.W.S. activated in mode 

5 during the Approach on Runway 16L and most probably in mode 1 before impact. 

(c) -Q ; 

The KOLLSMAN Altimeters, Part Numbers A41 86910021 and ~ 4 1 8 6 9 1 0 ~ 4  and the 

HONEYWELL ADC, Part Number HG180U711 are pneumatically connected as 

shown in the attached diagram. 
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The ADCs incorporate barometric capsules which transmit data to the Altimeters, 

which when operating normally, display the data. The Altimeters also incorporate 

barometric capsules and their data is compared with the data transmitted by tSe ADC, 

and in the event there is a discrepancy of about 150 feet, the data from the Altimeter 

prevaiIs and the piIot is advised by a Baro Flag. 

The complete documentation conmining proof of the tests conducted on the static 

system and the relative components, as required by the Aiworthiness Authorities in 

compliance with the F.A.R., was not found. 

AIRCRAFT LOAD CONDXTrONS 

The aircraft's last Weight and Balance Report was unavailable and therefore, it was not 

possible to verify if the following figures shown in the Weight and Balance Sheet 

compiled before Take-Off, were correct: 

A fragment of the Fuel Log compiled by the Flight Engineer (this document was badly 

damaged 'in the accident), shows the Ramp Weight as, 52.000 lbs. (23.608 Kg.). 

It is therefore assumed; that the aircraft's Take-Off Weight war approximate1 y 1 19,500 

Kg, Iess than the Maximum Allowable Take-Off Weight. 
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On the basis of the instrument readings and the amount of fuel used after the Cockpit 

Vo~ce Recording of 19.000 Ibs at about eleven minutes before impact, ir is assumed 

that at the time of the accident, there was approximately 12.000 Ibs of fuel on board 

and therefore the total weight of the aircraft at that time, was estimated as 101,600 

Kg., versus the Maximum Landing Weight of 112.037 Kg. 

In view of the above and considering the aircraft's load condition as per the weight and 

balance sheet compiled before Take-Off, the aircraft was within the allowable limits 

both during Take-Off as well as Landing. 

In the standard procedure, the weather forecasts ace recorded ten minutes before the 

relative bulletinis issued and must give the various mereorological parameters, which 

are valid for the entire airport area and the outside of the airport as well. 

The accident occurred at 23:30 GMT during the period of time between the bulletins 

issued at 23:20 GMT and 23150 GMT on the 16th of October 1988. For a detailed 

description of the weather conditions at the time of the accident, refer to Part 11 of this 

Report. 
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1.8 AWS TO NAVIGATION 

(a) The Radio Assistance available at Fiumicino Airport is as follows: 

The following Table shows a sumrnarised description of the lighting systems installed: 
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@) All the illuminated radio assistance systems available at me arport were 

operating with the exception of the TolIowing equipment: 

VASE RUNWAY 34L : oF'EL4m BUT AWAClWG FLIGHT TEPTMG 
WoTAM 1A 484248) 

RUNWAY CEMRE m E  : INOPERATEVE (MOTAM LA 2712-81) 

(c) The pmess used in Air Traffic ConmI of tracking a target with a 

radar, evaluates the kinematic parameters (position, speed, acceleration) 

of each aircraft in the area concerned, with the purpose of following the 

flight evolution and predicting the future positions of the aircraft, in 

order tp enabIe the Operators to tram the flight path on their PPI 

monitors as accurate1 y as possible. 

The Multi-Radar Tracking Systems at Fiumicino; Monte Codi, Poggio 

h c a t a  and Monte Stella, are integrated with Ciarnpim's ATCAS 

CRAV System. 

In the ATCAS Multi-Radar System, the tracking function supplied by a 

Data Processing Centre, operates by using signals coming from sensors 

that see the same mrget in simultaneously covered areas and by means 

of a single reference system, is able to show the tracks of all the aircraft 

covered by the individual radars, as if one single radar was covering a 

great area and was able to see all the targets. 

The tracking p m s  initiates a new track, every time three plots are 

detected thrice in succession, with the same SSR Code, Mde A and are 

correlative in every position. 
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The track is visualised every four seconds, regardless of the frequency 

of the actual signal. 

For the Approach (Position TNWARR, Frequency 1253 Mhz) , the 

Controller of 'the ATCAS Radar at Ciarnpino, obviously used the 

information furnished by this system. 

Therefore, the Board of Inquiry thought fit to acquire all the recordings 

of the ATCXS System as.we11 as those relative to the Fiumicino Sensors 

which wqre nearest to the area af the h t  Approach. the technical 

a 
characteristics of which are as follows: 

The exactness of the transcriptions, of the GroundlAirSGroynd Comunications between 

the crew of Uganda Airlines' Flight Number UGA 775 and the Air Traffic ConuoIIers 

on duty at the time, as .well as the telephone conversations between the Controllers, 

was verified. 

Particular attention was paid to the examination of the following: 

- Excerpts of the GroundlAirJGround Communications on Frequency 

135.450 MHz, between Milan ACC and Flight Number UGA 775. 

- Excerpts of the GroundjlAirlGround Communications on Frequencies 

124.8 . and 125.5 MHz, between Rome ACC and Flight Number UGA 

775. 

*lMO N&.- The tgchnical characteristies of lbe radars ware not reproduced. 



- 

- Excerpts of the GroundJAirJGround Communications on Frequency 

1 18.7 MHz. beween Fiumicino Tower and Flight Number UGA 775. 

- Excerpts of telephone conversations between: 

Rome ACC and Fiurnicino Tower, 

Fiurnicino Tower and the Air Trafftc Control. 

Fiumicino Tower and the Fire Deparunent (Radio telephone). 

All the tape recordings and relative excerpts are being heid in the records of Rome's 

Flight Safety Department and are available for consultation. 

The accident occurred just outside the airport perimeter. 

The airport installations relative to Navigation and Approach are sufficiently dealt with 

in paragraph 1.8 "Aids to Navigationw. 

Numerous tuminous sour& of wrying nature were noticed dong the Approach Path 

of Runway 34L. 

In view of the above, the direction of the aircraft's flight path was photographed from 

the top of the building where the first impact occurred and are filed in the records of 

Rome's Flight Safety Department. 
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1..11 FLIGHT RECOEZDm 

The aircraft was equipped with a Flight Data Recorder and a Cockpit Voice Recorder, 
\ 

both of which were recovered frorn'the wreckage on the same day of the accident and 

confiscatied*by the Judicial Authorities, pending the investigation and laboratory tests. 

(0 I;liabt Data Recorder . 

Manufacturer: PENNY AND GILES 

Length .o,f Tape: 25 hours 

Recordable Parameters: Eight. 

The Flight Data Recorder had probably been inoperative for some time. See attached 

Report from the Aircraft Accident Investigation Branch. 

(ii) Cock~i t  Voice Recorder 

Type: C. V.R. Model A100 manufactured by Fairchild Industrial Products. 

On the 27th of October 1988 at Farnborough, in the presence of members of the Board 

of Inquiry and an expert appointed by the Italian Magistracy, the tape was removed 

from the C.V.R. by technicians of the Aircraft Accident Investigation Branch. 

The quality of the recording is sufficiently good and continues up to the last few 

moments of the flight. 
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The recorded conversations were transcribed in order to identify the acoustic warnings 

and their timings. The conversations between the crew members wete w i e d  out 

entirely in the English language. 

The acoustic warning "WHOOP WHOOP PULL-UP" is clearly distinguishable about 

1.5 seconds before the first impact. 

Pieces of the wreckage, which detached from the aircraft towards the end of it's flight 

path, were scattered over an area between the point of the first impact with the roof of 

a house 9.52 metres high (11.4 metres s.l.1, situated in a flat residentid area in the 

vicinity of the Fiumicim boat canal about 1300 metres from the threshold of Runway 

34t and the point at which Engine Number Two was found, at about 900 metres from 

the threshold of Runway 34L. 

SmaIl fragments of metal honeycomb wete found in the vicinity of the first impact. 

Two we skid marks were visible on the roof of the house anand some of the mf riling 
. . . --- . 

had chipped off, which realistically indicates that the RH Main Landing Gear and 

Engine Number Three touched the building. The skid marks were at an angle of 

approximately 1 3 degrees northwards, 

At a location of approximately 85 metres from the first impact, at a height of about 2.5 

metres, the RH Wing Tip hit the second building and debris was strewn from his point 

up to the Europcar Parking Lot. 
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A building under construction, located immediately before the Europcar Parking Lot 

was presumably hit by the under section of the fuselage. This impact caused the lower 

section of the baggage compartment to open and pm of the cargo consisting of sheets 

of printed paper was scattered around, 

In this area, app~oximately 3 metres of the RH Wing in the vicinity of a fuel tank for 

engine numbers three and four, as well as the rear section of the fuselage including the 

horizontal and vertical taiIpIanes, detached themselves from the test of the aircraft. 

The greater part of the aircraft, very much inlined to the right, continued onwards, 

flew beyond Via Portuense and hit the ground with the forward section of the fuselage 

En the vicinity of the cockpit, which detached itself kom the rest of the aircraft and 

came-to a stop at about 60 metres from the road. The remainder of the fuselage 

together uiith about 10 metres of the inner section.of,the RH Wing and the whole LH 

Wing, 'doritinued on, banging along the ground in an almost circular fashion, losing 

other pieces and parts of cargo and came to a stop at approximately 150 feet from the 
. . 

cockpit. Engine Numbers One and Two detached from the LH Wing and came to a 

stop quitea few dozens of metres away. One of the ~ a i n  Landing Gears was found 

immediately after Via Portuense and the other in the vicinity of the main section of the 

wreckagk. The Nose hnding Gear was found at approximately 10 metres before the 

cockpit. 

The largest part of the wreckage was seriously damaged by the fire caused by the fuel 

in the wing tanks. Only a limited section on the RH side of the rear fuselage between 

.fuselage statioris 960 and 1180, did not catch fire since it was partially detached from 

the rest of the wreck, and some rows of seats still attached to the seat rails, were found 

on the inside. 
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A 1  the cargo and other debris from various parts of the aircraft were strewn around, 

particularly in t t p  area between Via Porruense and the main sectioti of the wreckage. 

Condition of Iastruments and Controls on board the wrecka~e 

As previously mentioned, the cockpit had detached itself from the rest of the aircraft. 
I 

I t  was seriously damaged by the impact. but had not caught fire. The cabin floor was 

in a practically upright position. 

For the most part, the instrument panels were not visible, since the mass of the 

wreckage had bent them inwards. However, the Central Panel and a section of the 

Flight Engineer's panel were cIearly visibIe. Subsequently, the panels were so 

positioned, as to be visible. 

A diagram of the instrument panels is enclosed herein, the.*XsU indicate instntrnents 

that had either exited their housings or were completely illegible. 

The following photographs are filed in the records and are available for consultation: 

- Overhead Pane1 (Photograph Numbers 14C, 15C and 17C refer). 

- Electronic Controls Forward Panel and Central Panel (Photograph 

Numbers SC, 6C and 11C refer). 

- Electronic controls Rear Panel (Photograph Number 13B refers). 

- ~ ~ n t r o l  Pedestal (Photograph Number 2 13 refers). 

- Flight Engineer's Lower Panel (Photograph Numbers 9B, 10B and l l ~  

refer). 
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- Flight Engineer's Upper Panel (Photograph Numbers 2B and 8B refer). 

CM 2 Panel (Photograph ~umbers 24B and 258 refer). 

- CM 1  an& (Photograph Numbers 1C and 4C refer). 

- CM 1 LH Panel (Photograph Number 22B refers). 

- Radio Altimeter and Other Insments  ( ~ h o w ~ ~ h  Number 12C 

refers). 

The following tables show the principal imtmments, their readings and the positions 

of the rekative controls. Number one indicates the captain's side and number two 

* 
indicates lthe co-pilot's side: 

1.13 MEDICAL AND PATlWLOGICAL mORlMATION 

No elements, leading to a hjspothesis that any of the crew members, were not in the 

required mental and physical conditions at the time of the accident, or that any such 

factor could have contributed -to causing the accident, emerged from the Coroner's 

Report of the post-mortem examiraations. 

In suscainment of the above and in compliance with the current I.C. A.O. Regulations, 

the results of fie last medical check-ups conducted orl the. crew ,members were 

examined and showed that all of them had been judged fit to fly. 

Besides the seven crew membeis, twenty-six passengers perished in the accident. All 

the deaths were more or less instanmneous and were caused by severe multiple injuries 

'ICAO Me.- The tabbs were nof reprodud, 
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to the body, with the exception of three of the victims that expired after being 

hospitalised. One due to severe head injuries and the other two due to comptimtions 

deriving from second and third degree burns. 

Although many of the bodies showed considerable signs of burns, the toxicological 

examinations revealed an absence of carbon-monoxide leading to the conclusion, that 

there was no fire on board the aircraft before the impact with the ground and that the 

burns on the victims occurred after their expiry or whilst they were taking their dying 

breath. 

From the results of investigations carried out and from the testimony of witnesses, no 

elements emerged to indicate that there was a fire on board the aircraft before its 

impact with the buildings. 

The first signs of f ie  were in the area where the RH wing detached whin it hit the 

building under construction, near the Europcar Parking Lot. 

At the moment of this impact, the fuet in the wing caught f ~ e  and spilt into the 

surrounding area, giving rise to numerous small fires that were fed by the fuel in the ' 

parked cars. 

At 23:3 1: 13 GMT, Fiumicino Tower tried in vain to make contact with Flight UGA 

775 and at 23:32:58 GMT, reported a state of emergency to the Fire Brigade and the 

Port Authorities. At 23:35:20 GMT the Air Traffic Control's Central Office and the 

Airport's First Aid ~eparthent were informed of the possibility of an accident. 
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~t 23:36:50 GMT, the Airport State P dice informed the Tower that one of their cars 

was in the area of Via Portuense outside the airport perimeter, on the extension of 

Runway 34L, where the presumed accident had occurred. 

The fire-fighting vehides, which were thefirst to arrive in the area of the threshold of 

Runway 34L. were unable to locate the Ugandan aircraft because of the extremely poor 

visibility 'conditions and proceeded outside the airport perimeter, through gate numbers 

1 and 2, itito the area of the extension of Runway 34L and reached the vicinity of the 

Europcar Parking Lot, approximately eight minutes after the fust den. 

The fire-fighting operations were conducted with the following equipment available on 

the airport: 

7 Heavy Duty Vehicles of which: 6 PERLINI-B ARIBBI Hydrofoam. 
Vehicles with a capacity of 10.000 liw 
of water + AFFF. 

1 PERLINI Vehide with a capacity of 
8.000 litres of water + AFFF. 

5 Rapid Intervenaon Vehicles of - 4 UNIMOG Vehicles equipped with dual 
which: ' extinguishers, one with n capacity of 450 

limes of water + AFFF and the other 
with a capacity of 480 Kg. of chemical 
powder. 

I B M B I  Vehicle with dual 
extinguishers. 

Other Supporting ,Equipment 

In addition to the above, the following equipment together with 65 firemen, arrived 

from the city: 

- seven fire engines equipped with warm tanks 

- four tank-trucks equipped with pumps 

- six motor vehicles with special equipment 
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- an ambulance 

- a ladder truck 

- a truck crane. 

Five minutes after the frst alert, the Tower informed the F u s t  Aid Depannlent that the 

area of the accident was outside the airport perimeter and at 23:46:00 GMT, a Doctor 

arrived with an ambulance on the scene of the accident. 

At'23:47:00 GMT, the first ambulance left for the hospital. 

At 23:48:00 GMT, the Rome Airport's Operational Safety Supervisor anived at the 

scene of the accident with three ambuIances, sanitary material and emergency lighting 

equipment. 

At 24:10:00 GMT the first ambulances arrived from the city and at 24:30:00 GUT, 

dl the survivors had been despatched to hospitals. 

1.15 SURVIVAL, ASPECTS 

As shown in the post-mortem reports, all the deaths were more or less instantaneous 

and were caused by severe multiple injuries to the body, with the exception of three 

of the victims that expired after being hospimlised. One due to severe head injuries and 

the other two due to complications deriving from second and third degree burns. 

Although the immediase arrival of the Rescue Teams on the scene of the accident was 

hampered by extremely poor visibility conditions, it can objectively be stated that this 

factor did not have negative repercussions on the possibility of survival, as confirmed 

by the above mentioned reasons. 
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With regards to elements effecting serviceability, no specific evaluations could be 

made, due to the condition of the wreckage after the fire had been extinguished. 

1.16 TESTS AND RESEARCH 

The Board of Inquiry had laboratory analyses carried out on the Altimeters and A.D.Cs 

at the facilities of the respective manufacturers, for the purpose of verifying the proper 

functioning of these instruments and the eventual possibility of an indication of 

malfunction at the time of the impact. 

For the same reason a study was conducted using the information contained in the tapes 

of the Cockpit Voice Recorder and the Radar. 

The results of the above mentioned tests have been filed in the records of Rome's 

Flight Safety Department, are available for consultation and are discussed in "PART 

I1 - ANALYSIS". 
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ANALYSTS 

Although this investigation was conducted in compliance with the relative I.C. A.O. 

Manual (Doc. 69201ANf8551IV, 1970 Edition), the fact that the Flight Dam Recorder 

had been inoperative for an unknown period of time and the consequent lack of data, 

obliged the Board of Inquiry to base their reconsmction of the final phase of flight 

UGA 775, essentially on the Cockpit Voice Recordings, Ground - Air -Ground 

Communications, Radar Recordings and Laboratory Analyses carried out on .the 

Altimeters and A.D.Cs at the facilities of the respective manufacturers. 

Due to the circumstances of the accident, the Board of Inquiry foc& their attention 

primarily an the folIowing:. 

(a) The weather conditions at Fiumicino Airport at the time of the accident 

and the information and assistance provided ta the crew. 

(b) Flight UGA 775 crew" sperarional performance during the three 

Landing Approaches at Fiumicino Airport. 

.(c) Proper functioning of the aircraft's Altimeters. 
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2. WEATTIER CONDITTONS 

With regards to ground reports at Fiumicino Airport between 18:20 and 18:50 GMT 

on the 16th of October 1988, an examination of the weather reports revealed the first 

significant decrease in general visibility from 3000 metres to 1600 metres, A tendency 
, , r  . of $'further reduction in general Gisjbiliry to 1000 rnenes and a ceiling of 600 feet was 

\ 

recorded at 19150 GMT. 

For the first time at 2 1:20 GMT, the weather report showed the presence of fog-banks. 

a 1 ight easterly wind and a ceiling of 300 feet. From this moment onwards, the weather 

reports showed fluctuating fog-banks at the airport, with consequent considerable and 

unexpected changes of the RVR values on the various runways and a reduction of the 

ueneral visibility to aperorcimately 300 meres, The ceiling lowered simultaneously, 3 

although it climbed back to 5 0 0  feet at Z3:X GMT. 

The QNH value remained more or less constanr and from 1022 HPA recorded at"21.30 

GMT, it dropped to 102 1 HPA at 2 2 2 0  GMT and maintained this value for several 

hours lam. " 

Under these circumstances. rhe Board of inquiry considers the wearher reports to have 

bad IinIe bearing on information useful to the piIut and in order to determine the 

minimum ' dperatioial valu'es. the only valid elkrnenf in the weather repon, usable 

by the pilot, was to be sought in the 5 ' R  .dues available at that time. 

Wirh regards to the weaher conditions at the time of the accident (7-3:30 GMT (00: 30 

LOCAL TIME]) the METAR and MET-REPORTS of 23:20 GMT and 2350 GMT 

respectively, show chat in the time period between these two reports, the weather 
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conditions changed from a prevalence of fog-banks with consequent very variable: 

visibiIity to irradiation fog with humogeneousIy reduced visibility. 

On the whole, the weather reports provided to the crew were in compliance with the 

current International Regulations', ithoush some straying from the esmblkhed smdhrds 

gave rise to specific recornmendarions from the Board of Inquiry. In fact, after 

confirmation from the crew of flight UGA 775 (223650 GPUlT') of their awareness of 

the weather conditions ac Fiurnicim ~irpori, Rome Radar gave them RVR values (RVR 

Recordings refer) that corresponded to the weather conditions at the time during their 

landing attempts on Run ways 11% and 25 respectively. Eve0 during the third Approach 

(based on a VORJDblE procedure), Rome Radar gave rhe pilot the RVR values relative 

ta Runway 34L. 

In  view of the above, the Board of Inquiv considered that. the use of the RVR data 

for Runway 35L at Fiumicina being limited to Take-Off operations only, as per [he 

AIP Mia, Part MET 0.10 Paragraph 7.1.14. I ,  was an incorrect appIication of  the 

aftore mentioned I. C.X. 0. Regularions which also permits the use 

of RVR data f ~ r  landing operations conducted with non precision instruments. 

An examination of the RVR Recordings, showed that during this Approach, the Air 

Traffic Controller provided the pilot with weather conditions that were less favourable 

than the actual situation (Point Bravo on Runway 34L, 175 metres instead of the actual 

2000 metres). 
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However, at 23:26:04 GMT, just before confirmation from the pilot of being 

estabilished on the 349" radial of Ostia VOR (9 DME), ACC Rome gave the pilot the 

following RVR values for Runway 34L: Point Alfa 1600 metres, Point Bravo 2000 

metres, Point Charlie 150 metres (which corresponded to the relative recordings) and 

instructed him to contact Fiumicino Tower, who while authorising the landing of the 

aircraft (23:28:55 GMT) and providing RVR values (Point Alfa 1500 metres), 

erroneously used the term "visibility" (normally used with general visibility values) 

instead of RVR. 

With regards to the radar assistance provided to the Ugandan crew, the Board of 

Inquiry established that the procedures for the initial approach as well as the two radar 

assisted approaches, were in compliance with the prescribed regulations.. 

The approach to Runway 34L was regular in the downwind and base legs. The radar 

vectoring supplied had the aircraft intercepting the 349" radial of Ostia VOR at 

approximately 9 DhtlE, and the crew confirmed being estabilished on the same radial. 

The assistance of Rome Radar ceased at 7 miles from touchdown point and Flight - UGA 

775 was instructed to contact Fiumicino Tower. At approximately 4.5 miles from ' 

touchdown (6 DME), in compliance with the prescribed procedures, the aircraft 

descended from 1500 feet and continued descending beyond the M.D.A. (420 feet) 

without any confirmed evidence that the crew had located the runway visual markings. 

With regards to the radar. vectoring supplied, the Board of Inquiry observed that it had 

the aircraft intercept the final radial two miles nearer to touchdown point, with respect 

to the prescribed instrumental procedures. 
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A general evalqation regarding the attitude of Flight UGA 775 during the initial 

approach pruced;re, as well as the thre- inrermediate approach procedures at Fiurnicino 

airport, shows a repetitive sraying from the required standard procedures. 

There appears to have been a serious lack of crew coordination, whereby each crew 

member acted independently wirhout being adequately supetvised by the captain. 

Documentarion acquired by the  bard of Inquiry. riows a lack of organisation and 

proper training of the crew and the carrier's Operational ManuaI appears to be 

inadequate wirh respect to the international standads. especially with regards to the 

specific duties of the crew members during the various phases of flight and smdard 

In fact, an examination of the Radar and.Cockpit Voice Recordings revealed that during 
- . . - - - - - - . 

the precision appr- on Runway 16L, the captain decided to attempt the landing in 

spite of beins awae &at the RVR values were below their landing minima. M.D.A. 

The approach on m y  25, was carried out with the crew being unable to find the 

proper p r o c e d d  &EI and the aircraft descended below M.D. A., before effecting a 

Even the flight prepation did not appear to be sufficiently adequate since the caprain 

decided to attempt a third approach without being certain of the ipeciftG inseumcntal 

procedures to folloe~ and under the circumstances, seemed to have adopted the least 

suitable one. 

Because of the e x S q  elements of doubt on the visibility conditions, the landing 

atrempr on Runway 2% should have been avoided and the alternative airport Ciampirro, 
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for which a visib* of 5 Km was given, should have been used instead. 

The Approzch ro h w a y  34L was undenakcn in mereoro\ogical condi~ions that were 

just bare!y cornpa* with a positive outcome and in any case , below the Jeppesen 

minima adopted by he Company (1600 merres wirh respect to the prescribed 1800 

metres), wirh a h d e r  dereriorarion in visibiiity to 1500 metres, during the phase of 

aurhorisation ro Id 

The evidence tolled shows a remarkable delay in !ireparing h e  configuration of the 

.aircraft as required %r h e  Approach and Landing on Runway 34L, wirh consequenr 

excessive speed ( o w  30/40 Krs) wirh regads to the standard requirements. 

h deraikd examidun of the tlizht attimde from the initial phase of h e  third 

.Approach, shows, that, during the radar vectoring, at approximately 10 n. m. south, of 

the Landing Strip, the captain briefed the crew syntheticalIy on essential data of the 

standard VORlDME procedure for Runway 34L, which is as follows: 

- 11 n.m. DME 2500 ft. 

- Descenx and Maintain 1500 ft up to 6 n.m. DME 

- Further Descent up to M.D.A. of 420 ft. 

The CO-pilot was carrying out the functions of PNF and therefore required to call out 

the respecrive Altitude Crossings. 

SubsmntiaIly; the captain requested radar vectoring from Air Traffic ConuoI and 

implicidy accepted astray ing from the prescribed instrumend procedures and in fact, 

the aircraft stabiJised at 349" of the Ostia VOR radial at only 9 n.m. DME and 2300 
f 

feet. The next Descent to 1500 feet was accomplished in the vicinity of 6 miles DME, 

after which as foreseen in the procedure, the crew continued a constant descent to 

M.D. A. The co-pilot only caIled our the I500 feet altirude crossing. 
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After this crossing. the radar recordings show a tlighr pash coherenr wirh the nominal ' 

descent path as foreseen in rhe procedures. even thqugh as previously emphasized, 

there was a delay in the preparation of dte correct configuration of the aircrafr. At 

approximarely 3 n.m. VOWDME. the captain decided to turn over the controls of the 

aircrafr td the Co-pilot. In this delicate phase, close to the M. D.A., swayal from the 

required operational standards was mast evident. In fact up to !his moment, the captain 

who had carried our the functions of PF, asked the Co-pilot to cake over the controls 

of the aircraft, with the intention of resuming command as soon as he had located the 

Runway Visual Markings. 

~ r o m  this new assignment of crew duties, it is not clear which of the two pihts was 

responsabie for the ImVument Readings and consequent altitude call-outs whiic 

approaching M.D.A.. 

Together with this exchange of duties on board the aircraft, ,the radar recordings show 

an accentuated inclination in the aircraft's path aid an increase of approximately 1500 

Wmin in the Rare of Descent which just before the crash, activated the Ground 

Proximity Warning System in the SINK-RATE fashion, 

The captain's request for altitude readings and the co-pilot's obviously erroneous reply 

(1500 minmin,,etc.) 1 3  seconds before the activation of the G.P.W.S., evidences the 

fact that none of the crew members were monitoring the Altitude Readings just before 

irnpac t . 

It is the Board of Inquiry's belief that, the captain had not located the Runway Visual 

Markings - {seeing that he had not resumed command as intended). 

Nevertheless, they noticed numerous Luminous sources along the f inal  approach to 
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Runway 34L, which in similar siruarions could m a r e  difficulty in singling out and 

recognising the specific visual aids on the ground (ALS. erc.). 

[n canclusion, rhe Board of Inquiry feels that it cannot be excluded that one of h e  

rexcps :ha: induced the crew to arrempr the third approach, was that they saw the 

luminous sources on the airport xea below. whilst overflying the landing stlips after 

the attempts on Runways 16L and 25, as reponed to the local ATC by .the 

captain of Flight BM 1348, who declared that during the Approaches of Flight UGA 

775, he was in the area awaiting clearance to land and could see the Runways of 

Fiumicino Airport ciearfy. 

fie difference between the reported ,visibility situation in Altitude and fie. one in 

pr&ximjty of the ground during the phases of descent, are naturally to be amibuted to 

the difference in transparency of a stratus of fog when observed vertically (from above) 

with respect to when observed from the descent path. ' 

 though the Flight Data Recorder was inoperative and had been so for an unknown 

period of time, and a copy of h e  Technical Log Sheet relative to the last flighr 

the examination of the wreck, the testimony of witnesses and the Cocbit 

Voice Recordings did not evidence any technical probkms relative to the airframe. rhe 

power-plant or the flight controls. 

With to the Aircraft Maintenance, evidence was found on the following: 

Calender delays in maintenance. 
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- Uncertainicy as to rhe maintenance me~hgds adopted. 

. . 
- Uncertainity as ta whether the maintenance personnet were certified or 

not. 

- Non standard keeping of the prescribed records. 

The Iast Weight and Balance Report on the aircraft, was unavailable to the Board of 

Inquiry and therefore they were unable to verify, whether correct data was used to 

calculate the aircraft's weight and balance before the last Take-Off. Furthermore, it 

was not possible to determine whether 'the Ugandan Civil Aviation Authorities had 

permitted the above mentioned delays in maintenance. 

Although the instrurnenmtion on board the aircraft was not of the latest tjpe, the 

configuration was in compliance with the required international standards for that 

aircraft rype.'Moreover, the Radio Altimeter was equipped with a single Indicator 

situated on the cenrral panel and was not duplicated on either of the pilot's panels. 

There wis  only one Visual Indicator for the Decision Height Warning, since the 

Acoustic Warning System was inoperative and had been declared so, by the previous 

owner ac the time of purchase by Uganda Airlines. 

Atthough this situation was accepred by the Ugandan Civil Aviation Authorities and is 

not incompatible with the Imlian Regulations, it did noc prove sufficiently suitable to 

the purpose of drawing the crew's attention, during the criticaI phase of the probably 

inadvertent crossing of the bl. D.,\. . 

Funhermore; the Co-piloc's obviously erronequs reply to the captain's request for an 

Altitude Reading a few moments prior to impact, induced the Board of Inquiry to have 
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the respective manufactuxers execute specific laboratory rests on the instruments. The 

results are a3 follows: 

(a) The Altimeter on the piIotYs side was probably operative until the 

moment of impact. 

(b) . No useful information emerged with regards to the Altimerer on the co- 

pilot's side. 

(c) The Radio Altimeter waS found inoperative due to a failure which, from 

an evaluation of the available information, originared in all probability 

from stress caused by the impact. 

(d) There was no evidence of malfunction in the ADCs. 

In paraIlel wich the tars conducted on the instruments, the Board of Inquiry elaborated 

a study with the purpose of evidencing possible anomalies in the previously specified 

equipment. 

Starting with information from the Cockpit Voice Recordings (AItitude Call-outs, 

Ground Proximity Warnings, Glide Indications, ~ a r k e r s  , ' ~ r c . )  2nd the Mclti-Radzr 

Tracking on recordings of ihe Air Plot as welt as Ground Speed Print Qua. 

The results of this study did not evidence any malfunction of the equipment that could 

have induced the co-pilot to caIl out an erroneous Altitude Reading. 
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Furthermore, in view of the information from the Radar and Cmkpit Voice 

Recordings, the fact that both the YOWNAV Instruments were foynd with erroneous 

radial stIecrions, could reasonably be attributed to mechanical stress due to the impacr. 

CONCLUSIONS 

The following was verified by the Board of Inquiry: 

(a) A copy of the aircraft's Certificate of Airworthiness, produced by 'the 

Ugandan Authorities, resulted. vd id. 

(b) The crew possessed valid licences and necessary qualifications as 

prescribed, for piloting the aircraft, 

(c) The Air Traffic Con~ollers on duty were proper1 y qualified. 
I 

(d) The crew had had a sufficient period of rest. 

(e) There is no evidence of technical problems concerning the aifime, 

powerplant, flight controls and on-board instrumentation, except as 

indicated in poinss ( I )  and (m). 

(0 The AirlGroundlXir communications were carried out in a regular 

manner and without dihTculty. 
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(gj The Navigation and Approach Systems in use at the Rome Fiurnicino 

Airport, were available and in function.. with the exception of the VASTS 

for Runway 34L whicy wvas awaiting flight testing and the runway cenrre 

line which was inoperative. 

(h) Since the ~ l i ~ h t  Data R e ~ r d e r  had been unservicable for a period of 

time that was not possible to ascertain, it did not record the parameters 

of Flight UGA 775. 

(i) The meteorological conditions at Fiurnicino Airport at the time of the 

accident, were characterised by formations of fog-banks wirh unexpected 

changes in &e horixontal visibility which maintained low values and 

were generally lower than the operators minima. 

(1) The instrumentation on board was only just in compliance wirh the 

required international ~ta~dards  far the aircraft type. In particular the 

DHIMDH Acoustic Wakning of the Radio Altimeter was inoperative 

since thw time the aircraft was purchased by Uganda Airlines and only 

one visual warning indicator was installed on the central, panel without 

being duplicated on tither of t!~e pilot's panels. 

(m) The Aldtude Alert had been inoperative for apprdximately four months. 

In spite of repeated requests From the Board of Inquiry, the Ugandan 

Authorities were unable to produce a copy of the Minimum Equipment 

List and therefore it was impossible to verify if h e  above mentioned 

failure was allowable by the prescribed standards af the Ugandan 

C.A.A.. 
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(n) The maintenance procedures applied evidenced calender deizys. 

uncertainicy as to the maintenance methods adopted and uncertainicy as 

to whether the maintenance personnel were certified or nor 

(01 There was a remarkable dday on the part of the crew, in preparing the 

aircraft's configuration for Landing on Runway 34L, with a consequent 

delay in the activation of the flaps and an excessive landing speed 30140 

Kts higher than the standard. 

(p) At approximately 7 miles from touchdown the pilot confrrned to ACC- 

Rome of being established on the 349" radial of Ostia VOR; at 

approximately 4.5 miles from touchdown and at an altjtude of 1500 feet, 

the captain advised that approach was being continued and subsequently 

the aircraft proceeded to* descend even beyond the M.D. A. (420 feet), 

without any confirmed evidence that the crew had located the necessary 

runway visual markings and with a complete absence of the 

indispensable altitude call-outs. 

(q) Ar approximarely 20 seconds before the accident in ahe proximiry of rhe 

M . D. A.,  the captain rurned over the controls of the aircraft to the Co- 

pilot, with the inrention of locating the runtliay visual markings and 

resuming command as soon as he had achieved his purpose. 

(r) . The first impact occurred in dense fog with the roof of a house 9.52 

metres high ( I  1.3 mecres s. I . )  situated zt approximately 1300 metres 

from the threshold of Runway WL and a b u t  100 merres to the right 

with respect to the runway extension's Centre Line. 
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(5) ofthe52 people aboard theaircraft 19 swived. For theothers, 

including the crew members, death was more at less instantaneous due 

to severe multiple injuries to the body, with the exception of three of the 

victims that expired after being hospitalised. One due to severe head 

injuries and the other two due to compIications deriving from second 

and third degree burns, caused by the fire that generated after the impact 

of the aircraft. 

& POSSXBLZ CAUSES 

The Board of Inquiry believes that the probabie cause of the accident was the crew's 

lack of adequate preparation in the procedure for a Non Precision Approach on Runway 

p L  at Fiumicino Airport, especially id the matter of crew coordination and altitude 

cdl-outs and their continued descent beyond the M,D,A, wirhout having located the 

runway visual markings. 

Besides, the following factors may have contributed to the cause of the accident: 

- Presumed mental and physical fatigue, accumulated by the crew during 

the two previous landing' approaches, which were aIso carried out in an 

enviromenral siruation that was exrrernely unfavourable and operarionaily 

demanding. 

- A configuration of the Altitude Instruments, which although sufficient 

for the approaches that were carried our, consisted of a single radio 

altimerer with the acoustic warning of the M. D. A. crossing inoperative. 
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The attention of the crew was excessively concentraced on the lurninuous 

sources along Runway 35L, instead of on the instrument readings. 

Furthermore, as integrally reporred in Appendix 1, past of the Board of Inquiry as well 

as the representative of the Ugandan Civil Aviation Authorities, disassociated 

themselves from the majority, during the phase of indentifying the factors that, may 

have contributed to causing the accident. 

(a) It is strongly urged that proper control be exercised on Air Transport 

Operators to adopt correct training methods for their crews and 

especially with regards to the fojlowing factors: 

- Favouring of aspects relative to operational safety rather 

than those of a commercial nature. 

Ensure that crew personnel, that have been idproperly 

trained andlar have not, undergone the required check- 

ours by the airline company, do not fly. 

(b) The strictest vigilance on Air Transport Operators is urged. so that [hey: 
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- Respect maintenance expiry dates, even through the use 

of modern cornputerised insrrurnents to keep records of 

the maintenance operations catried our and the ones to be 

carried our. 

- Ensure that eventual malfunctions af operational 

instruments relative to Airworthiness, be rectified in the 

shortest possible time, even if temporarily considered 

acceptable. 

(c) With regards to minimum on-board equipment, it is sarongly urged that 

action be taken, to amend ae current regulations so that the 

configuration of altitude equipment on commercial aircraft, include at 

least two radio aitimeters and an acoustic warning uf the DHlMDH 

crossing. 

(d) It is recommended that action be taken, so that the: installation on board 

commercial aircraft, of Flight Dan Recorders equipped with proper 

warning systems of evennrd malfunctions, becomes a mandatory 

requirement. 

2. TO THE A l R l G M  COMPANIES 

(a) It is recommended that Company Operating Manuals, be properly 

updated in matters concerning crew co-ordination and altitude call-outs 
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especially for non-precision approaches for which, the srandard adopted 

by the major international companies are, that Ehe PNF, monitors the 

instruments until the landing and calls out the altitudes every 100 feet 

and at the M. D.A., while the PF Iooks outside to locate the visual 

runway references. 

(b) It is recommended that flight crews be properly trained, in order to 

ensure chat the following rnaners are complied with: 

- Before each flight. all essential information regarding the 

infrastructures available at the airpons of departure. 

arrival and alternative airporcs and the relative operatiooaI 

procedures, should be acquired. 

- The Company's procedural minima with regards CQ the 

various landings along the route, should be rigorously 

respecred. 

- The incorporation of rules in the Company's Operating 

~ a n u a ~  that guarantee a change of course to an 

alternative airport, in the event of two missed 

approaches. 

- The requirement of standard a1 titude call-outs, - essential 

to operational safety during the various phases of flight, 

is strictly respected. 
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(c) It is recommended that maintenance operations mt be deferred and that 

the methods used and the qualifications of the maintenance personnel be 

properly ,recorded. 

3. TO 'SHE DEPARTMENT OF AIR TRAFFIC CONTROL 

{a) It is recommended that proper action be taken to ensure that the Air 

Traffic Controllers, while giving meteorological information, strictly 

keep to the use of standard phraseology. 

(b) It is recommended that h e  directives published in he AIP-ITALIA, Part 

MET-010, paragraph 7-2.14.1, are updated to concord with the current 

1.C.A.O. Regulations. 

(c) The promotion in every possible circumstance, of encounters between 
/ 

,4ir Traffic ConuoIlers and Pilots is recommended, in order for them to 

develop n clearer understanding of their respective needs, with 'the 

purpose of consrancly improving the current procedures and increasing 

the levels of operational safety. 

(d) It is recommended that every possible initiative towards the 

improvement in handling situations of unusual operations and 

emergencies. is emphasized during, the training of Air Traff~c Personnel. 
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4. THE ITALIAN IMJN~STRY OF TZWVSPORT 

( a  It is recommended that proper action be taken, so that the competent 

departments ensure the application of the recommendations in I.C. A. 0. 

Annex 14, paragraph 5.3.1, with regards to non-aeronautical luminous 

sources in the vicinity of airports. 

(b) Whilst awaiting the adoption of the above recommendations, it is urged 

that the procedural cham for the Final Approach Leg, on Fiumicino's 

Runway 34L, be updated by emphasizing the possibility of potential 

confusion in differentiating the aeronautical lighting from the other 

luminuoqs sources in the area. 

(c) It is urged that action be taken to emure that the runway exxensions are 

free of obstacles and tasily accessible by rescue teams, thereby 

permitting a correct applicarion of the recommendations in the I. C.A. 0. 

Annex 14. paragraph 9.2.30. 

(d) It is urged ' that action be taken to ensure that airport personnel 

responsable for alerrs, co-ordination and intervention in situation of 

emergencies andfor accidents. undergo proper and continuous mining 

to enable them to acquire familiariy with the airport infrastructures and 

the access to critical areas outside the airport. 
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(e) The creation of a properly equipped and supervised government 

deparrment, with highly specialised and trained personnel that function 

exclusively as investigasors dur in~  inquiries into accidcm and near 

accidents of aircraft. 



No, 6 

Bodng 747-121, N739PA, mident at Lodrdbkt, 
Scotland on 21 Reoemkr 1988. Report 2/90 released 

by the Air Accidents Investigation Branch, United Kingdom. 

SYNOPSIS 

The accident was norified to the Air Accidents Investigation Branch at 19.40 hrs on the 21 
December 1985 and the investigarion commenced chat day. The members of the AAIB team ye 

listed at Apgendix A. 

The aircraft. Flight PA103 from London Heathrow to New YO&, had been in Ievel crbisingA 
flight ar flighr level 3 10 (3 1,000 feet) for approxirrwtely seven rninuces when the last sec&duv 
adar return was received just before 19.03 hrs. The radar then showed multiple primary 
returns fanning out downwind, 31ajor portions of the wreckage of the aircraft fell on the town 
of Lockerbie with other large parts landing in the countryside to the east of the town. Lighter 
debris from the aircmfr was strewn along two trails, the longest of which exrended some I20 
kilometres to the east coast of England. Within a few days items of wreckage- were retrieved 
upon which forensic scientists found conclusive evidence of a detonating high explosive. The 
airport S Z C U ~ ~ ~ Y  and cr;lminal aspects of the accident are the subject of a separate investigation 
and are not covered in this report which concentrates on the technical aspects of the 
disintegration of the aircraft. 

The report concludes that the detonation of an improvised explosive device led directly to the 
desmc tion of the sircraft wirh the loss of all 259 persons on bard and f 1 of the residents of 
the town of Lockerbie. Five recommendations are made of which four concern flight 

recorders, including the funding of a study to devise methods'of recording violent positive and 
negative pressure pulses associared with explosions. The final recommendation i s  that 
Airworthiness Authorities and aircraft manufacturers undermke a systematic study wirh s view 
to identifying measures that might mitigate the effects of explosive devices and impme the 
tolerance of the aircraft's smcture and systems to explosive damage. 
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1 Factual Information 

1 .1  History of the Flight 

Boeing 737, X739P.4, arrived at London Heathraw Airporr from San Franciscc 
and parked on stand Kilo 14, to the south-east of Terminal 3. Many of the 
passengers for this aircraft had mived at Heathrow from Frankfurt, 'tVesl 
Germany on 3 Boeing 727, which was positioned on stand Kilo 16, next tc 

N739PA. These pasengers were rnnsfesred with their baggage to N739PA 
which was ro operare the scheduled Flight PA105 to Kew York Kennedy 
Passengers from other flishts sIso joined Right ~ ~ 1 0 3  at Heathrow. After a 6 
hour turnround. night PA103 was pushed back from rhe stand at 15.04 hrs anc 
was cleared to taxy on the inner miway  to runway 27R. The only reIevan~ 
Yoram waned of work in progress on the outer tzuiwsy. The depanure wa: 

unremarkable. 

FIight PA103 took-off at 18.23 hrs. .As i t  was approaching the Burnham VOR i~ 
took up a r a d s  heding OF 350' and flew below the Bovingdon holding point a4 
6000 fcer. It was then cleared to climb initially to flight level (FL) 120 anc 
subsequently to FL 3 10. The aircraft levefitd off at FL 3 10 nonh west of Pole 
Hill VQR at 15.56 hrs. Approximately 7 minutes Iater, Shanwick Oceanic 
Control transmitted the airmf~'s oceanic clesance but this transmission was no1 
acknowledged. The stconday radar return from Right PA 103 disappeared frorr 
the ndar screen during this transmission. Multiple primary ndar returns were 
then seen fanning out downwind for a considerable distance. Debris from thr 
aircraft was strewn along two & l ~ ,  one of which extended some I30 km to chc 
east coast of Engiand. The upper winds wwe between 250' and 260' anc 
decreased in sttength from 1 15 kt at FL 320 to 60 kt at FL 100 and 15 to 20 kt a 
the surface. 

Two major portions of the wreckage of the aircnfr feil on the town of Lockerbiz 
other Ixge pms. inchding the flight - deck and forward fuselage section, tanded ir 
the counryside to the east of the town. Residents of Lozkerbie reporred thsr 
shonly afrer 19.00 hrs, there was a mrnbling noise like rhunder which rapid! 
increased to deafening proportions Ii ke the mar of a jet engine under power. Thr 
noise appeared ro come From a meteor-like object which was wailing flame anc 
came down i n  the north-eastern pm of the town. A larger, dark, delta shapec 
object, resembling an aircraft wing, landed at about rhe same time in thc 
Sherwood area of the town. The delta shaped objecr was not on fire while in  thr 
air, however, a v e v  large fireball ensued which was of shon duration and carrier 

large amounts of debris in to the air, the Iigh ter particles being deposited severa 
miles downwind. Other less well defined objecrs were seen m iand in the area. 
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1.2 Injuries to persons 

Injuries Crew Passengers Oxhers 
Fatal 16 243 11 
Serious - * 2 
MinwlNone - - 3 

1.3 . Damage to aircraft 

The aircnft was destroyed 

1 4 Other damage 

The wings impacted at rhe southern edge of Lockerbie, producing a crater whose 
volume, calcutated from a photogrammeaic sunaey, was appruximateIy 560 cubic 
metres, ?'he weight of material displaced by the wing impact was estimated to be 

well in excess of 150Q tonnes, The wing impact created a freball, setting Yrn to 
neighbouring houses a d  carrying alaft debris which was then blown dawnwind 
for several miles. It was subsequently established that domestic properties had 
been so seriously damaged as a result of fire andlor impact that 21 had to be 
demolished and an even greater number of homes required'substancial repairs. 
Major portions of the aircraft, including she engnes, also landed on rhe town of 
Locksrbie and other large pans, including rhe flight deck and fonvard fuselage 
section, landed in the countryside to she east of the town. Lighter debris from the 
aircraft was strewn as far as the east coast of England over a distance of 130 
kilometres. 

1.5  Personnet in formation 

1.5.1 Commander Malt; aged 35 years 

Licence: USA Airline Tmspon: Pilot's Licence 

Medid Czrdficate: Class 1,valid to April 1989, with the limitation 
that the holder shall wear lenses that c o k c t  for 
distant vision and possess glasses thar correct for 
near vision 
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Flyir~g experience: T o d  dl types: 10,910 houn 
T a d  on type: 3,107 hours 
Tord last 28 days: 82 hours 

D u e  rime: Commensurate with company requiremenrs 

L3sr base check: 1 1 Xovember 1988 
Last route check: 30 June 1988 
La31 emeryencies check: 8 Kovember 1988 

1.5.2 Cepilot: Male, aged 52 years 

Licence: USA Airline Transport Pilot's Licence 

hiedical Czrrificate: Class 1, valid to April 1989, with the limitstion 
that the holder shall possess correcting glasses 
for near vision 

Tod  all ypes: 1 1,355 hours 
T a d  on type: 5,517 hours 
TotaI last 28 days: Sl hours 

Dup h e :  Commensurate with company requirements 

Last base check: 30 Xovember 2 988 
Last mure check: Nor required 
Last emergencies check: 27 hrovernber I988 

1.5.3 F!ighi Engineer: Mzle, aged 46 years 

Licence: USA Flight Engineer's Licence 

Aimrft radngs: Turbojet 

MdicaI certificate: Class 2, valid to June 1989, with the fimitarion 
that !he holder shall wear correcdng glasses for 
near vision 



lCA0 Circular BUM 54 : 137, 
- - 

Flying experience: Total all tlrpts: 8,068 hours; 
Total on type: 487 hmm 
Totd last 28 days: 53'houts 

Duty time: Commensurate wih company iequimtimtb :: 

Last base check: 30 October 1988 
Last route check: Not required 
Last emergencies check: 27 October 1988 

1.5.4 Flight Attendants: There were 13 Flight Attendants on the -I, . 

dl of whom met company proficiency. and 
medical requirements 

1.6 hi rcraft information 

1 *6.1 Leading particulars 

Aircraft type: Bwing 747-121 

Consmcror's serial number: 19646 

Engines: 4 Ratt and Wney m D - 7 A  rwbofan , 

The Boeing 747 aircraft, re~ i s~at ion  N739PA, was a c6nvenrionally designed 
long range transport aeroplane. A d i q m  showing rhe gcneral'amngement.is 
shown at Appendix B, Figure B- l together wirh the principal dimensions of the 
aircraft. 

The fuselage of the sircraft type was of approximately circullu-section wer most 
of irs length, with the forward fuselage having a d i m t t r  of 11 !*i feet-where the 
cross-section was constant. The pressurised section of the fuselage (which 
included rhe forivard, and afx cargo holds) had an overall Iengh of 190 fetr, 
extending from the nose to a point just forward of the tailplane. In normal 
c ~ i s i n g  flizht the service pressure differentid was at the miximum value of 1.9 
pounds per square inch. The fuselage was of conventiond skin, stringer and 
frame consmction, riveted throughout, generally using counrersun k f lush 
riveting for the skin panels. The fuselage frames were spaced at 20 inch intetvals 



138 ICAO Circular 260-AN11 54 

2nd ziven the same numbers as their stations, defined in terms of the distance in 
inches from the datum point close to the nose of the aircraft [Appendix B, Figure 
B-2: The skin panels were joined using vetticaI burr joints and horizonra1 la? 
joints. The horizontal lap joints used three rows of rivets rogether with a cold 

, 'wnded ad hesivz. 

Accommodation within the aircr3ft was predaminateiy on the main deck, which 
extended throughout the whole length of the pressurised compartment. -4 
separate upper deck was incorporated in the forward pm of the aircraft. This 
upper deck was reached by means of a spiral scaircst: from the main deck and 
i n c o ~ o r x e d  the f l i g h ~  crew c o m p m e n t  together with additional passenger 
accommodation. The cross-section of the forwxd fuselage differed considerably 
from the near circular section of the remainder of the aircraft, incorporating an 
additional smaller radius arc a b v e  rhe upper deck section joined to [he main 
circular arc of the lower cabin portion by eIemtnts of smighr fuselage h m e s  and 
tlrtt skin. 

In order to preserve the correct shape of the ajrcrafr under pressurisarion loadjn$, 
she straight ponions of the fuselage frames in  the region of the upper deck f loor  
and above it were required to Ix much stiffer than thz frame ponions lower doun 
i n  the aircraf~. These straight sections were therefore of very much more 
substantial construcrion than most of the curved sections of frames lower down 
and furthe: back in the fuselage. Tirere was considerable variation in the gauge of 
rhe fuselage skin at various Iocations in the forward fuselage of the aircraft. 

-. 
I ne fuselage smcture of N739PA differed from thas of the majority of Boeing 
747 aircraft in that it had been m d  fied to c v  special purpose freight containex 
on the main cieck, i n  place of seats. This was known as the Civil Reserve Ai i  
Fleet (CRAV mmodificasiori and enabled the aimaft ro be: quickiy convened for 
carriage of military freight containers on she main deck during times of national 
srntrzency. The effect of this modification on the smcture of the fusela, m e  was 
rr;ainIy ro repiace :he existing main deck floor beams wirh beams of more 

subsnn t i d  cross-section than [hose generally found in passenger carrying Bwinc - 
747 aircmfr. A large side loading dowt, generally known as the CRAF door, uvas 
also incorporated on the left side of rhe main deck afr of the wing. ' 

Ee!ow the main deck, in common with other Boeing 747 airckft, were a numbtr 
of additional compartments, the Iruzest of which were [he forward and aft freight 
holds used for the storase of c a r p  and baggage in standard air-rransporrablz 
son tainers. These containers were placed within h e  a i d t  hold by means of a 

freight handling system and were carried on a sysrem of r d s  approximately 2 feet 
. a b v e  the outer skin at the tattorn of the aircraft, here being no cQntinu0us floor. 



as such, below these baggage containers. The forward freight cornpamnent had a 
length of approximately 40 feet and a depth of appruxivlately 6 feet. The 
containers were loaded into the fonvard hold through a lane c m o  door an the 
right side of the aircraft. 

1.6.3 Internal fuselage cavities 

Because of the conventional skin, frame and stringer type of construction, 
common ro all l a r ~ e  public aanspon aircraft, the fuselage was effecti~dy divided 
into a series of 'bays'. Each bay, comprising two adjacent fuselage frames and 

. the. smcrure between them, provided, in effect, a stties of interlinking cavities 
bounded by the frames, floor beams, fuselage skins and cabin floor panels ttc. 

The principal cavities thus formed wire: 

(i) A semi-circular cavity formed in ktween the fuselage frames in the lower 
lobe of the hull, i-e. from the crease beam (at cabin floor levelj on one side 
down to the belly beneath the containers and up to h e  opposite crease bem, 
bounded by the fuselage skin on the outside and the contairrerslcargo liner 
on the inside [Appendix B, Figure B-3, detail A]. 

(ii) A horizontal cavity ktween nhe main cabin floor bejms, the cabin floor 
panels and the cargo bay liner. This extended the full width of the fuselage 
and linked the upper ends of the lower lobe cavity [Appendix' B, Figure B- 
3, detail B]. 

(iii) A n m w  vertical cavity between the two containers [Appendix 3, Figure 
3-3, detail CJ. 

(iv) A f~ r thc r  n m w  cavity around the ourside of the two containers, between 
the container skins and the cargo bay liner, communicating with the lower 
lobe cavity [Appendix B, Figure B-3, detail Dl. 

(v) A continuation of the semi-circular cavity into the space behind the cabin 
wall liner [Appendix B, Figure B-2, derail Ej. This space was rcsaictd 
somewnat by the presence of the window assembly, but nevertheIess 
provided a continuous cavity extending upwards to the level of the upper 
decs floor. Fonvard of station 740, this cavity was iffectively terminated at 
its u3per end by the presence of diaphragms which formed extensions of the 
upper deck floor panels; aft of srarion 730, the cavity comynicated with 
the ceiling space and the cavity in the fuselage crown aft  of thk upper deck. 



Ail af these cavities were repeated at each fuselage b3y (formed between pairs ~f 
fuselase frames), and dl of the caviries in a ~ i v e n  bay were linked together. 
principaIly at the crease beam area [Appendix B, Figure 8-3, region F]. 
Furthermore, each of the set of bay caviries was linked with the next by the 
longitudinaI cavities formed between the cargo hoid liner and the outer hull, jus: 
below the crease h a m  [Appendix B, Figure B-3, d e r d  F]; i.e. this cavity formed 
a manifoId linking togeher each of the bays within tie cugo hold. 

The main passenger cabin formed a large chambe: which communicated direc:!]; 
with each of the sub floor bays, and also with the IongitudinaI manifold cavity, 
via the air condirioning and cabidcup bay de-pressurisxion vent passages in the 
crease beam area. (It should be noted that a sirnil= comunicatien did not exist 
between the upper and lower cabins because [here were no air 
conditionin~depressUris~.tion passages to bypass the upper deck floor.) 

1.6.4 Aircraft weight and centre of ,mvity 

Tie aircraft was loaded within its permisred enm of p v i p  limits as follows: 

Loading: lb kg 

Operating ernpry weight 
Addiriond crew * 
213 passengers ( I )  
Load in companments: 

Total in compamnents (2) 
Total m f i c  Ioad 
Zero fuel weight 
Fuel (Take-off) 
Acrud take-.off weigh t(4) 

>I~ximurn take-off ~e ighc  

3ote 1: Calculated at standard -weights and including cabin baggage. 

Note 2: Despatch information stated that rhe cugo did not include danserous 
goods, perishable c q a ,  live .animals or known security txcepcions. 
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1.6.5 Maintenance details 

N739PA frrst flew in 1970 and spent its whole service life in h b& of Pan 
American World Airways Incorporated. Its Cenificate of ~ i r o r a ~ ; i n a  was 
issued on I2 Felmrary 1970 and remained in force until rhc time of& widen$ 
at' which time rhe h f t  had completed a total of 72,464 hours flying'and 16.497 
flight cycles. Details of th; last 4 maintenance checks carrid our hikg the 
aircraft's life are shown below: 

DATE: SERWa HOURS CY-: 

37 Sepr 88 C Check (Interior upgrade) 7 1,502 16.347 
2 Nov 88 B service Check 71,919 16,406 
27Kov88 Base 1 ' 72,210 56,454 
13Dec 88 Base 2 72,374 16,4$1 

The CRAF mdfication programme was undenaken in September 1987. At the 
same time a m i e s  of modifications to the forward fuselagc from the nost back to 
station 510 (Stction 41) were canid out to enable the aircraft ro 'continue in 
service without continuing requirement for structural ins- in c&n 
areas. 

All Airwonhiness D i t l v c s  relating to the Boeing 747 fuselage stnrcarrc bmwm 
stat ions 500 and 1000 have been reviewed and their applicabiri m this aircraft 
checked. In addition, Service Bulletins relating to the smcm in shis area were 
also reviewed. The applicable Service Bulledns. some of which impicmenr the 
Airworthiness Directives are listed below together with their subject$. The dates, 
total aircraft times and tow aircraft cycles at which each relevant in&don w& 
last carried out have been reviewed and their status on aimaft hq9PA at the time 
of the accident has been esrablished. 

N739PA Smicc Bulletin compliance: 

SB 53-20& Front Spar Pressure Bulkhead Chord Reinforcement and 
Drag SpIice Fitting Rework. 

Modification accomplished on 6 July'1974. 
Post-modification repetidve inspection IAJV (in accordance 
with) AD 84- 18-06 last accomplished on 19 N ~ ~ e m b t r  1985 
at 62,030 TAT hours F o u l  Aircraft Time) and 14,768 f AC 
(Total A M t  Cycles). 
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SB 53-2058 Frame to Tension Tie Joint Mdfication - BS760 to 780. 

Repetitive inspection IAW AD 84- 19-0 1 last accomplished 
on 19 June 1985 at 60;153 hours. TAT and. 14,436 TAC. 

SB 53-2200 Lower Cargo Doorway Lower Sill Tmss and Latch Support 
Fitting Inspection Repair and Replacement. 

Repetitive inspection IA'W AD 79-17-02 R2 last 
accompIished 2 Novemkr 1988 at 7 1,919 hours TAT and 
16,406 TAC. 

53 553-2734 Fuselage - Auxiliary Smcture - Main Deck Flwr - BS 480 
Hoot Beam Gpper Chord Modification. 

Repe~irive inspection per SB 53A2263 IAW AD 86-23-06 
last accomplished on 26 September 1987 at 67,376 hours 
TAT and 15,680 TAC, 

SB 53-2237 Fuselage - Main Frame - l3S 510 thru 760 and 1810:thru 
1900 frme Inspection and Reinforcement; 

Repetitive inspeaion L4W AD 86- 18-01 k t  accomplished 
on 27 February 1987 at 67,088 hours TAT and 15,627 
TAC. 

SB 53-2267 Fuselage - Skin - Lower Body hg i tud ina l  Skin Lap Joint 
and Adjactn t Body Frame Inspection and Repair. 

Terminating modification accomplished 100% under wing- 
to-body fairings and appmximattl>r gO% in f o w d  and afi 
fuseIage sections on 26 September 2987 at 67,376 hours 
TAT and 15,680 TAC. 

Repetitive inspection of unrndified Iap joints IAW AD 86- 
09-07 Rl last accomplish& on 18 August 1988 at 71,043 
hours TAT and 16,273 TAC. 

SB 53A2303 Fuselage -, Nose Section - station 400 to 520 Sknger 6 Skin 
Lap Splice Inspiction, Repair and Modification. 

Repetitive inspection IAW +AD 89-05-03 Iast accomplished 
. on 26 September 1987 at 67,376 hours TAT and 15,650 
TAC. 
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1 . S  Aids  to navigation 

Not rekvant, 

1.9 Communications 

The aircraft communicated normally on London Heathrow aaodrame, tondon 
control and Scottish corrtrol frequencies. Tape recordings-and rranscripts of d1 
rdio telephone (RTF) communicarions on rhese frequencies were available. 

Ar 18.58 hrs the aimaft established two-way radio contact with Shnnwick 
Oceanic Area Control on frequency 123.95 MHz. Ar .19.03:44 hrs the clzmnce 
delivery officer st S hanwick mnsmiaed to the ai-I its oceanic mute ckmnce. 
The aircraft did not acknowledge this message and made no subsequent 
transmission. 

1.9.1 XTC recording replay 

Scottish Air Traffic Conrrol provided copy tapes with time injection for borh 
S hmwick and Scotrish ATC frequencies. The source of the time injection on the 
tapes was derivd from h e  British Telecom "Tnf" signd. 

The tapes were replayed and the time signals corrected for errors at the time of 
the tape mounting. 

1.9.2 X n d  y sis of ATC tape recordings 

From the cockpit voice recorder (CVR) tape i c  was known that Shanwick was 
tnnsrnitting Flighr PA 103's uansadan tic clemnce when the CVR stopped. By 
synchronisino, the Shanwick tape and the CVR it was possible to establish that a 
loud sound was h s v d  on the CVR cockpir ares microphone (CAM) channel at 

!9.02:50 hrs kZ second. 

As the Shanwick conrroiler continued to mnsrnit Flight PA103's cleuance 
insmctions thr-ugh the initid desrructian of the aircraft i t  would not have been 
possible for a distress call to be received from N739PA on the Shanwjck 
frequency. The Scottish frequency tape recording was listened to h r n  19.02 his 
until 19.05 hrs for any unexplained sounds indicating an attempt at a distress call 
but none was hexd. 

A detailed examinxion and analysis of the ATC recording together with the flight 
recorder, radar, and seismic recordings is contained in ~ ~ ~ n d i x  C. 
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1 10 Aerodrome information 

Not relevant 

1 .1  3, Flight recorders 

The Digital Flight Data Recorder (DFDR) and the Cwkpit Voice Rezorder (CVR) 
were found close cogerher at GK Ordnance Survey (0s) Grid Reference I468 19, 
just to the east of Lockerbie, and recovered approximately 15 hours after the 
accident. Both recorders were taken directly to AAIB Farnborough for replay. 
Detaiis of the examination and analysis of the flight record0 together with the 
radar, ATC and seismic wordings are contained in Appendix C. 

1.1 1.1 Digital flight data recorder 

The flight data recbrder installation coflfomed ro ARTNC 57% standard with a 
. Lockheed Model 209 DFDR receiving data from 3 Teledynt Conmls Flight Data 
Acquisition Unit (FDAtT). The system recorded 22 parameters and 27 discrete 
(event) parameters. The flight recorder canuol pane1 was located in the fright 
deck ovwhead panel, The FDAU was in the main equipment centre ar the front 
end of the forward hold and the flight recorder was mounted in the aft equipment 
centre. 

Decoding and reductioln of thp: data from the accident flist\t showed that no 
abnormal behaviavr of the data sensors had been recorded and thac the recorder 
had simply stopped at !9.01:50 hn k 1 second. 

1,11.2 Cockpit voice recorder 

The aircraft was equipped with a 30 minute duration 4 track Fairchild Modd  
X 100 CVR. and a Fairchild model A152 cockpit area microphone (CAM). Thc , 

CVR control panel containing the CAM was I ~ a t e d  in the orperhad panel on the 
flight deck and she recorder irself was mounred in rhc dt equipment ctntre. 

The channel allocation w as foiiows:- 
Channel 1 Flisht Engineer's RTF. 
Channel 3 Co-Piior's RTF.. 
Channel 3 Pilot's RTF. 
Channel 3 Cskpit Area %Iicrophone. 

The erase faciiip within the CVR was not functioning satisfactorily and low level 
communic3tions from earlier recordings were auciible an the RTF channels. The 
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CAM channel was particularly nosy, probably due to the combination of the 
inherently noisy fiisht deck of the B747-100 in  fie cIimb 2nd distortion from the 
incomplete erasure of the previous recordings. On WO occasions the crew had 
difficulry undersranding ATC, possibly indjcadng high flighr deck noise levels. 
There was a tow frequency sound present at irreguiw intervals on rhe CAM mck 
but h e  source of this sound could not tx identified a d  could have k e n  of either 
acoustic or elecrricd origin. 

The CVR rape was listened to for its fall dunrion and rhere was no indication of 
anything abnormal with the aircraft, or unusual crew khaviwur. The tape record 
ended, at 19.03:50 hrs +I second, with a sudden loud sound an the C A M  
channel foilowed almost immediately by the cessation of recordirlp whilst the 
crew were copying their ~ansatlantic cle~ance From Shmaick ATC. 

I-. I 2 JYreckage and impact information 

1.13.1 Genenl d i s ~ ~ u r i o n  of ~ ~ c c k a g e  in the field 

The complete wing p r j m w  smcmre, incorpc?r~rjng rhz centre section, impacted 
ar the southern edge of Lockerbic. Major portions of rhe Srcrafr, including fne 
cngines, also lsnded in the town. Large porrions of the aircraft f i l l  i n  the. 
cououyside to the east of the tow3 and lighter debris was strewn to the east as far 
as rhe Notth Sea. The wreckage was d i s~bu ted  in  two trails which became 
known as rhe no~hern  and southern sails respectively and these are shown in 
Appendix B, Figure B-4. A computer database of approximarsly I200 significant 
items of wreckage was compiled and included 3. brief description of each irem and 
the location where it was found 

Appendix B, Figures B - j  to 0-8 shows phoro~mphs of a model of rhe aircnfi on 
which the fracture lines formins the bund3sies of the sepmre items of saucture 
have been marked. The model is tolour coded ro illw~aie !he: way in which rhe 
wreckage was disaibured between the town of Lockerbic and the northern and 
sourhem.rrails. 

The aircraft wing impaaed in the Shewood Crescerit area of the town leaving a 

crater approximately 47 meees ( I  55 ker) Iong with a volme calculated to be 5EO 
cubic metres. 

Tbe projected distance, rnezured pmlle! From one leding edge to fie other k n g  
tip, of the B e i n g  747-100 was approximately 143 fee:. whereas the span is 
known to be 196 feer. This suggests that impact took place with the wing 
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slrucrure yawed. Although the depth of she crarer varied from one end to the 
other, its widest part was clearly towards the western end, suggesting that the 
wing smrcture impacted whilst orientated with its root and centre section to the 
west. 

The work carried ouz at the main crater was limited to assessing the general nature 
of its contents. The total absence of debris from the wing primary smrcture found 
remote from the crater confirmed the initial impression that the complete &ng b x  
smcture had been present at the main impact 

The items of wreckage recovered from or near the crater are coloured grey on the 
model at Appendix B, Figures B-5 to B-8. 

1 - 1  2.1 -3, The Rosebank Crescent site 

A 60 feet long section of fuselage between hame 1241 (the rear spar attachment) 
and frame 1960 (level with the rear edge of the CRAF cargo door) fell into a 
housing estate at Rostbank Crescent, just over 600 metres from,the crater. This 
section of the fuselage was that situated immediately aft of the wing, and adjoind 
the wing and fuselage remains which produced the crater, .It is colour coded 
yellow on the m d e l  at Appendix B, Figures B-5 to B-8,' All fuselage skin 
smcture above floor level was missing except for the following items: 

Section containing 3 windows between d w r  4L and C U F  door, 
The CRAF dmr itself {Iatched) apart From the top area containing rhe hinge; 
Window belt containins 8 windows aft of 4R dmr apenure 
IVindow belt containing 3 windows foward of 4R door aperture; 
Door 4R. 

Ot'ner items found in rhe u~eckage included bath b d y  Ianding gem, the right 
wing Ianding gear, the left and right landing gear support beams and the cargo 
door (frames 1800- 1910) which was [arched. A numkr  of pallets, luzgage 
conuiners and rheir contents were also recovered from this site. 

. I 1 3 Fornard fuselage and flight deck secrion. 

The conlplzre fuselage forward of approximately sration 450 (left side) to station 
380 (righr side) and incorporating the tlight deck and nose landing gear was 
found as 3. single piece [Appendix B. Figure B-91 in a field approximately 4 km 
miles easr of Lockerbie at OS Grid Reference 174508. It was evident from the. 

nature of the impact dnmase and the -mund mvks that it  had faHen almost flat on. 
its left side but with a slight nose-down artitude and with no discernible horizonrd 
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velocity. T i e  impact had caused almost complete crushing of the structure on the 
left side. The raciome and right nose landing gear door had deuched in the air and 
were recovered i.n the southern trail. 

Examination of the tom edges of the fuselage skin did not indicate the presence of 
my pre-existing snuctural or material defects which could have accounted for the 
separation of this section of the fuselage. Equally so, there were no signs of 
explosive blast damage or sooting evident on any p m  of the structure or the 
interior fittings. It was noted however that a heavy, semi-cliptical scuff mark was 
present on the lower right side of the fuselage at approximately station 360. This 
was later matched to the intake prof-e of the No 3 e n - ~ e .  

. . 

The status of the connoIs and switches on the flight deck was consistent with 
normal operation in cruising flight. There were no indications that the crew had 
attempted to react to npid decompression or loss of conuol or that any emergency 
preparrltions had been actioned prior to the causnophic disinteumtion. 

1.12.1.4 Sonhern trail 

The northern mi l  was seen to be narrow and clearly defined, to emanate from a 
point very close to the main inpact cater and to tx orientated in a direction which 
agreed cIosely with the mean wind aftercast for the height band from sea level to 
20,000 ft. Also at the western end of the northern nail were the lower rear 
fuse!age at Rosebank Crescent, and the group of Nos. 1 , 2  and 4 engines which 
fell in Lockerbie. 

The trail contained items of structure dismbuted throughout its length, from the 
area slightly easc of the crater, to a point approximate!y 16 krn east, beyond which 
only items of low weight / high drag such as insulation. interior trim, paper e:c. 
were found. For all practical purposes this trail ended at a m g e  of 25 km. 

The northern mil contained mainly wreckage from the rear fuse!age, fin and the 
inner regions of both tailplanes together with structure and skin from the upper 
half of the fuselage forward to approximately the wing mid-chord position. .A 
number of items from the wing were also found in the northern trail, includng ail 
3 starboard Kreuger fiaps. most of the remains of the port Kreuger flap> tcgether 
with sections of their leading edge attachment suuctures, one portion of outboard 
aileron approximately 10 feet long, the aft ends of the flap-mck fairings (one with 
a slide raft wrapped around it), and fragments of glass reinforced plastic 
hone:icombe structure believed to be from the flap sysrem, i.c. fore-flaps, aft- 
flaps, mid-flaps or adjacent fairings. In addition, a number of pieces of the 
engine cowlings and both HF antennae (situated projecting aft from the wing-tips) 
were found in this mil .  



.All items recovered from the northern trail,. with the exception of the wing, 
engines, and lower rear fuselage i n  Rosebank Crescent, are ,coIoured red on the 
model of the aircraft in  Appendix 3, Fi - eures B-5 ro B-8. 

1.12.2.5 Sourh,m mil 

The southern mil was easily defined, except within 12 km of Lockerbie where it 

tended to meTge with the northern mail. Funher east, it extended across southern 
Scotland and nonhern England, essentially in a sraighr band as far as the North 
Sea. Most of the significant irems of wreckage were found in thjs wail within a 
ranee of 30 km from the main impact crater.. Items recovered from the southern 
trail are coloured green on the model of the aircraft at Appendix B, Figures B-5 to 

B-8. 

The mail contained numerous large items from the forward fuselage. The flight 
deck and nose of the aircraft fell in the curved part of this mil close to Lockerbie. 
Fragments of the whole of the left tailplane and the outboard portion of the right 
tailplane were disiributed almost entirely throughout the southern mil. Between 
21 and 27 km east of the main impacr point (either side of Langholrn) substantid- 
sections of taiIpIane skin were found, some bearing distinctive signs of contact 
wish dtbris moving outwards and backwards relative to the fuselage. Also found 
in this area were numerous isolared sections of fuselage frame, ciearIy orignating 
from the crown region abve  the forward upper deck. 

All -grid references relaring to irems bearing actual explosive evidence, together 

with those attached to heavily distoried items found to originate immediately 
adjacent to them on the smcrure, were plotted on an Ordanancz Survey (0s) 
chart. Tnese references, 1 1 in to14 were all found to be dismbuted evenly about 
a b u t  a mean line orientated 079OCGrid) within the southern uail and were spread 
over 3. distance of 12, km. Tine distance of each reference from the line was 
measured in a airection parallel to the aircraft's track and dl were found to be 
within 500 rnerres of the Iine, with 50% of them k i n g  within 150 meaes of the 
line. This line is referred to 2s the datum line and is shown in Appendix B, 
Figure B-4. 

1.1 2.1.7 - Distribution of wreckage within the sou~ern mil 

Yonh ar' fie darum line and parde l  to it were h w n  a series of lines at distancei 
of 250,300,600 and 901) meues respecrive!y from the line, again measured in a 
direcrion parallel to the aircrafts rack. The positions on the a i rcdt  structure of 
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specific items of wreckage, for which grid references were known with a high 
degree of confidence, within the bands formed between these lines, are shown in 
Appendix B, Figures B-10 to 13. In addition, a sepmte  assessment of the grid 
references of tailplane and elevator wreckage established .that these iterns were 
disnibuted evenly about the 600 metre line. 

1.13.1.5 Area ber,veer, mils 

Immediately east of the crater, the southern trail converged with the northern trail 
such that, to an easterly distance of approximately 5 km, considerable wreckage 
existed which could have formed part of either trail. Funher east, between 6 and 
11 km from the crater, a small number of sections and fragments of the fin had 
fallen outside the southern boundary of the northern nail. Beyond this a large 
area existed between the trails in which there was no u~eckage. 

1.12.2 Examinanon of wreckage at CAD Longtown 

The debris from all areas was recovered by the Royal Air Force to the Army 
Central Ammunition Depot Longtown, about 20 miles from Lockerbie. - 
,Approximarely 90% of the hull  wreckage was successfully recovered, identified, 
and laid out on the floor in a iwo-dimensional reconsrmction [Appendix B, Figure 
B-131. Basgage container materia! was incorporated into a full three-dimensio~a: 
reconstruction. Items of wreckage added to the reconstructions was given a 
reference number and recorded on a computer database together with a brief 
description of the item and the locadon where it was found. 

1.13.2.1 Fuselage 

The reconsrmction revealed the presence of damage consistent with an explosion 
on the lower fuselage left side in the forward cargo bay area. A small region of 
strdc:ure bunded approximately by h m e s  700 & 720 and stringers 38L gL 10L. " 

h 2 a  c!e~rly k e n  shartered and blasis:ed through by material exhausting directly 
fiom an explosion centred immediately inboard of this location. The material 
from :his area. hereafter referred to as the 'shatter zone', was mostly reduced to 
very small fragments, only a few of which were recovered, including a strip of 
two skins [Appendix B, Figure B-151 forming pan of the lap joint at the stringer 
39L position. 

Surrounding the sha~ter zone were a series of much larger panels of tom fuselage 
skin which formed a 'star-burst' fracmre pattem around the shatter zone. Where 
these panels formed the boundary of the shatter zone, the metal in the immediate 
locality was ragged, heavily distorted, and the inner surfaces were pitted and 
sooted - rather as if a very large shotgun had been fired at the inner surface of the , 
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fuselage at close range. In conuast, i-ie star-burst fractures, outside the beundary 
of the sha l t~r  zone, displayed evidence of more'rypical overload tearing, though 
some tears appeared to be rapid and, in the area M o w  the hissing panels, were 
muIti-branched. These surroundins skin panels were moderately sooted in the 
regions adjacent to the shatter zone, 5ut otherwise were lightly mted or free of 
soot altogether. (Forensic analysis of the soot deposits on frame and skin 
material from this, area confirm4 tire presence of explosive residues.) All of 
these skin panels had pulled away from the supporting smcntre and had been 
bent and tom in a manner which indicated that, as well as fracturing in the aar 
bursr pattern, they had also pewl ld  ou [wards producing characteristic, tight 
curling of the sheet material. 

Sections of frames 700 and 720 from the area of the explosion were also 
recovered and identified. Anached to,fnme 720 were the remnants of a sedtion of 
the aluminium baggage container (side) guide rail, which was 'heavily disrorted 
and displayed deep pitting together with very heavy sooting, i n d i c a ~ g  chat it had 
been very close to the explosive charge. The parrern of distonion and damage on 
the frames and guide rail segmens matched the overall pattern of damage observed 
on the skins. 

The remainder of the structure forming the cargo deck and lower hull was, 
generally, more randomly distorred and did not display the clear indications of 
expiosive processes which were evident on the skin panels and frames nearer the 
focus of the explosion. Nevertheless, the overall pattern of damage was 
consistent with the propagation of explosive pressure frunts away fmm the focal 
area inboard of the shatter zone. T'nis was particularly evident i n  the fracture and 
bending characteristics of scveni of the Fuselage frames ahead of, and M i n d  
station 700. 

The whole of the two-dimznsionai fuselage rzconsrsuctioii was examined for 
scrrcral evidence of the mode of jisinte_mation a d  for signs of localis& damage, 
including overpressure damage and pre-existing damage sucn as corrosion or 
farigue. There was some evidence of corrosion and dis-bnding at the cold-bond 
lap joints in the fuselage. However. the corrosion was relatively light and would 
not have compromised significmdy the sraric strensth of the & m e .  Czrrainly, 
there was no evidence to suggesr that corrosion had affected the mode of 
disinregmrion. either in  the arcs of rhe explosion or- at areas mwe remote. 
Similarly. there were no indications 'of fatigue damage except for one very small 
region of farigue, involving a single crack Iess rhm 3 inches long, which was 
remote from the bomb lmation. This cnck  was not in a critical area and had not 
coincided with a fncrure prh. 
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No evidence of overpressure fracture or distomon was found at the rear pressure 
bulkhead. Some suggestion of 'quilting' or 'piilowing' of skin panels bzt\veen 
smngers and frames, indicadve of localised overpressure, was evident on the skin 
pme!s atuched to the larger segnents of lower fuseisge weckage aft of the blast 
area. In  addition. the mode of failure of the bun joint zt station 520 suggested rhar 
there had been a npid overpresswe load in this area causing the fastener heads to 
'pop' in the region of smngers 13L to 16L, rather than producing shear in the 
fasteners. Funher evidence of localised overpressure damage remote from the 
source of the explosion was found during the full three-dimensionai 
reconsrmcrion. detailed later in pangraph 1.12.3.2. 

An attempt was made to anzlyse the fractures. to determine the direction and 
sequence of failure as the fractures propagated anay  from the region of the 
explosion. I i  was found that the directions of most of the fractures close to the 
explosion could be determined from an analysis of the fncture surfaces and other 
features, such as rivet and rivet hole distortions. However, it was apparent that 
beyond the boundary of. the pexlled region, the disintegration process had 
involved muitiple fractures taking place simultaneously - extremely complex 
parallel processes which made the sequencing of events not amenable to 
conventionai analysis. 

1 2 . 2  Wing s.mcmre &id adjacent fuse!age area 

On compietion of the initial layout st Longtown it becme  evident that, in the area 
from station iOOO to approximately station 1240 the only identifiable fuse!age 
swcrure consisied of elements of fuselage skin, smngers and frames from above 

-. :ne cabin xindow belts; Lne w-reckage from in and around the crater was 
therefore sifted to establish more accurately what sections of the aircraft had 
produced the c s t e r .  .A11 of the material was highly fragmented, but it was 
confirmed that the material comprised mostly wing structure, wiih a few 
fragments of fuselage sidevial1 snd passenger seats. Tine badly b u n t  state of 
these fragments made it clear ihst they were recovered from the area of the main 
impact crat.ert ihe oniy scene of sig~ifica.nt ground Zre. -4mcngst these items 3 
number of csbin window forgings were recovered with sections of thick 
hor;lzontal panelling sttached having a length equivalent to :he normal window 
spacingframe pitch. This mangement, with skins of this thickness, is ilnique to 
rhe area from si t ion 1100 to 1260. It is therefore reasonable tc assume that these 

. fragments formed u rns  of the missing cabin sides from statiori :OW to station 
1260. which must have remained amcned to the wing centre sec:ion at die $me of 
its impact. Because of .the high degree of fragmentation and the relative 
insignificance of the wing in terms of the overall explosive damage pattern, a 

reconstruction of the wing mater;,al was not undertaken. The sections of the 
aircraft which went into the crater x e  colour coded grey in Appendix B, Figures 
3-5 LC B-3. 



ICAO Circular 260-AM 54 1 53 -- 
I. 1 2 -2.3, Fin and aft section of fuselage 

Examination of the Stnrcture of the f in  revealed evidence of in-flight damage to the 
leading edge caused by the impact of smcture or cabin contents. This damage 
was not severe or extensive and the general break-up of the fin did not suggest 
either a single readily defined loading direcrion, or break-up due to the effects Of 

leading edze impact. A few items of fin debris were found between h e  northern 
and southern mils. 

A number of sections of fuselage frame found in the northern mil exhibited 
evidence of plastic deformation of skin attachment cleats and tensile overload 
failure of the attachment rivets. This damage was consistent with that which 
would occur if the skin had-been locally subjected to a high loading in a direction 
normal to its plane. Although this was suggestive of an internal overpressure 
condition, the rear fuselage revealed no orher evidence to suppon: this possibility. 
Examination of areas of the forward fuselage known to have k e n  subjected to 
high blast overpressures revealed no comparable eviaence of plastic deformation 
in the skin attachment dears or rivets, most skin attachment failures appearing to 

have been rapid. 

Calculations made on the effects af inremal pressure generated by an open ended 
fuselage descending at the highest speed likely to have been experienced revealed 
that this could not generate an inrernal pressure approaching that necessary to 
cause failure in an intact cabin structure. 

1 - f 7.2.3 8 aggage containers 

During the wreckage recovery operation it became apparent. rhat some i terns, 
idcn tified as pans of baggage containers, exhibited damage consisrent with being 
close to a detonating h i ~ h  explosive. It was therefore decided to segregate 
icienrifiable container parts and reconsmct any that showed evidence of explosive 
damage. it was evident, from the main wreckage layout, that the explosion had 
occurred B the fomlard cargo hold and. dthough dl baggage container wreckage 
was examined, only items from this area which showed the relevant. 
c hxacreristics were considered for the reconstruction. Discrimination between 
forward and rear cargo hold containers was relatively smightfoward as the rear 
cargo hoid weckage was almost entirely confined to ~ockerbie. whiist that from 
t ie  fornard hold was scatterd dons the southern wreckage mil. 

All irnrnaiistely identifiable parts of he  Coward cargo containers UTE segegceb 
into areas designated by their seriai num'bers and items not identified at that supe 
were collected into piles of similar parts for later assessment. As a result of this, 
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[ ~ G O  adjace:lt containers, one ot r,;etal construc:ion the other fibreglass, were 
identified as eshibitin: damage iikely to have been caused by the explosion. 
Those parts which could be positively identified as beins from these two 
containers were assembled onto one of three simple wooden frameworks. one 
tach for the floor and superstructure of the metal container and one for the 
siipersuucrure of the fibreglass container. From this it was positively determined 
:hat the esplosion had occurred within the metal container (serial number AYE 
1041 PA), the direct effects of this being evident also on the forward face of the 
adjacent fibregl3ss container (serial number AVN 75 1 1  PA) and on the local 

airframe on the left side of.tne aircraft in the rezion of station 700. It  was 
therefore confirnied that this metal container had been loaded in position 11L in 
agreement with the aircraft loadins records. W'hile this work was in pro, =ress s 

buckled section of the metal container skin was found by an AX13 Inspector to 
contain, trapped within its folds, an item which was subsequently identified by 

forensic scientists at the Royal Armaments Research and Development 
Establishment (RXRDE) 3s belonsing to a specific type of radio-cassette player 
and that this had 'ken fixed with an improvised exp1osib.e device (ED) .  

The reconstruc:ion of  these containers and their relationship to the aircraft 

srrucxre is described in detail in Appendix F. Examination of all other 
components of the remaining containers revealed only damage consistent with 
ejecaon into the high speed slipstresm andlor ground impact, and that only one 
device had detonated within the conbiners on board the aircraft- 

1.12.3 Fuseiage three-dinensionai reconstruction 

-, 
i ne tuo-dimensional ~ ~ c o n s m c i i o n  successfully estiolisned that there had Szen 

3n explosion in the forward hold: its location was established and the genexi 
iismzge cnaractsrisiics in the vicinity- of the explosion were determined. 
However, the mechznisms by which the failure process developed from lccd 

i m a g e  in the immediate vicinity of the explosion to the complete str~cturai 
breic-up and s s p r a ~ i o n  of the whole forward seciion of the fuselage, could nor 
'i?2 adequately inves:i~ated without recourse to a more eiaborate reconstmciion. 

To facilitate this additional work, wreckage forming a 65 foot section of the 

fuseiaze (approximately 30 fee! each side of the explosion) was transporred :o 
.A.AIB Farnborough, where i t  was attached to 3,speciaily designed framework :o 
form 3 fully three-dinensionai reconstruction [,Appendix B, Figures B- 16 and B- 
- - 7  

I i J  of the compiete fuselage between stations 360 8: 1 0  (from the separated 



ICAO Circular 2WAM 54 155 

nose section back to the wing cut out). T h e  suppon fmrnework was designed to 
provide ful l  and free access to all pans of the structure, both internally and 

extemaily. Because of height constrainrs, the reconsmction yas  camed out in 
two parts, with the stmcture divided abng a horizontal line at approximately the 
upper cabin floor ieveL The previously reconstructed containers were also 
transporred to AAIB Farnhrough to ailow correlation of evidence with, and 
partial incorporation into, the fuselage reconswtion. 

Saucture and skin panels were attached to the supporting fiarnework by their last 
point of attachment, to provide a h e r  appreciation of the modes and direction of 
curling, distonion, and ultimate separation. Thus, rhe panels of skin which had 
petalled back from the shatter zone were attached at their outer edges, so as to 

identify the bending modes'af she panels, the extent of the petalled region, and 
also rhe size of the resulting apcnure in the hull. In  areas more remote from the 
explosion, the fracture and tear directions were used together with distortion and 
curiing directions to determine the mode of separation, and thus the most 
appropriate point of attachment to the reconsmction. Cabin floor beam segments 
were supported on a steel ntsh  grid and a plot of the beam fractures is shown at 
Appendix B, Figure B- 18. 

The cargo container base elements were separated from the rest of the container 
reconsmction and Emsferred to the main ~ m k a g e  reconsrmccion, where the re- 
assembled container base was positioned precisely onto the cargo deck. To assist 
i n  the correlation of the inirial shatter zone and petalled-out regions with the 
posirion of rhe expiosive device, the boundaries of the skin panel fracnues were 
marked on a transparent plastic panel which was then attached to the 
reconsrmcrion to provide a ransparent pseudo-skin showing the posirions'of the 
skin tear lines. This provided a clew visual indication of the relationship between 
rhe skin panel fractures and the explosive damage to the container base, ~ h u s  
providing a more accurate indication of the lmation of the explosive device. 

1 .I:.; .3 Sunrnaq of explosive fearurts evident 

The three-dimensional reconsmc tion provided addi tionaI infomation about the 
region of tearing ma petdling around the snsrter rone. It dso identified a number 
of other regions of smcrural damage, remote from the explosion, which were 
clearly associated wi:h severe and rapidly applied pressure loads acting normal to 
the skin's interns1 s~rface.  'Resz were sufficiently sharp-edged to pre-empt the 
resolution of pressure induced Ioads into membrane tension suzsses in the skin: 
instead. the effect was as though these areas of skin had been struck a severe 
'pressure hIowf from within the hull. 
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The two types of damage, i.e. the direct bIastJrearindpetalling damage and the 

quite sepxate areas of 'pressure blow' damage remote sites were evidently 
caused by sepmte mechanisms, though it was equally dear that each was causw 
by explos,ve pmcesses, n&er &an more g ~ m I  &sintcgarion. 

The re ion  - of petallins was bounded (approximately) by frames 680 and 7 40, and 
extended from just below the window beIt down neariy to the keel of the aircraf~ 
[Appendix B, Figure B-19, region A), The resulring aperture measured 
approximately 17 feel by 5 feet. Trace major fracrures had propagated kyond the 
boundary of the picalled zone, clearly driven by a combination of hull 
pressmisation ioadin_g and the reiativcly long tern (secondary) pressure pulse 
from the explosion. n e s e  fmcmes  an as foIlows: 

ti) remrards and downward i n  a stepped fashion, jwininp the s i n e t r  381, \a? 
joinr at around srarion 810, running afr along s ~ n g e r  3SL re around station 
920. rhcn s~epping down to s ~ n g e r  39L and running aft to terminate at the 
wing box cut-out [Appendix 8, Figure B-19, hcture 11. 

(ii) downwards and forward to join the sknger G L  lap joint, then mnning 
fornard along stinger 11L 3s far as starion 480 [Pippendix B, Figure B- 19, 
fxcture 21. 

(iii) downwards and rearward, joining the butt Iine at station 740 to run under 
the fuselage and up the sight side to a position approximattIy 18 inches 
above the cabin floor level [Appendix B, Figures B-19 and B-20, f r a m e  31. 

The propagation of remr upwvds horn the shanef zone appeared ro have taken 

rhe form of a series of pml!el fractures running upwards together kfare tnmins 
iowards each other a d  closin~, formine - luge flaps of skin which appear to have 
stparated relatively deanly. - 

Regions oi sldn separation remote from r h k  site of the cnplosion were evident in s 
number of areas. These principally were: 

(i) A large section of upper fuseiage skin extendins from sfation back to 
station 760, and from around stringers 15119L up zs far as stringer 5L 
[~ppenciix B, Figures B- 19 md B-20, region 81, and probably exrending 
funher up over the crown. Tnis panel had separated inirial l~ at its lower 
forward edge as a result of 3 pressure blow type of impulse loadins, which 
had popped the heads from the rivets at the butt joint on frame 500 and lifted 
thz skin .flap out into the M o w .  The remainder of the panel had then torn 
away revwards in the-airflow. 
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X region of 'quilting' or 'pillowin_gl, i.e. spherical bulging of skin panels 
between) frames and stringers, was evident on these panels in the region 
ktween station 560 and 680, just k l o w  the level of the upper deck flmr, 
indicative af high internal pressurisation loading [Appendix 3, Figure B-19, 
region C]. 

(ii) X srnaIlez section of skin between srations 500 and 580, bounded by 
stringers 27L and 34L [Appendix 3,  Fi~ure B-19, re@ Dl, had also been 
'blown' outwards at its forward edge and tom off the structure rearwards. 
A characteristic curling of the panel was evident, consistent with rapid, 
e n e ~ e n c  separation from h e  strucrure, 

(iii) A section of thick belljl skin extending from station 560, sPingers 40R to 

SIR, md tapering back to a poinr ar smnger 45Wssrarion720 [Appendix B, 
Figure B-19 and B-20, region El, had separated from the structure as a 

result of a vet heavy 'pressure blow' load at its foward end which had 
popped the heads off a large number of substantial skin fasteners. The 
panel had then corn away rearwards from the structure, curling up tightly 
onto itself as it did so - indicating that considerable excess energy' was 

involved in the separation process (over and above that needed simply to 

separate the skin material h m  its supporting sm~nmj. ' 

(iv) .4 panel of skin on the right side oi  the aircraft, roughly opposite the 
zxplosion, had been torn off the frames. besinning at the top edge of the 
panel situated just below the window belt and tearing downwads towards 

the belly [Appendix B, Figure B-20, region Fj. This panel was curled 
downwards in a manner which suggested significant excess energ.  

Appendix 0. Figure B-21 shows a piot of the fractures nored in the fuselzge skins 
betwtzn scations 360 and 1000. 

The csjin floor srructure was badly disrupted, particularly in the general area 
above the explosion, where the flmr beams had suffered localised upward 
loading sufficiecr to frscture them. 2nd the tloor panels were missing. , 
Eisewhere, tloor km damage w s  mainly iimited to hcnrres 3r the oucer enus of 
rhe beams and ar the cenueline, leaving sections of separated flmr structure 
compr;sing a number of half beams joined together by fie Somex noneycomo 
floor paneis. 

I 
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1.12.3.3 Gznenl dm.age fesrures not directly ssociated with explosive forces, 

A number of features appeared 10 be a pm of the general structural break-sp 
which followed or, from the explosive damage, rather than being a pan of I?::. 

explosive damage process itself. This general break-up was compIex and, to a 

cerrain exren r. ran torn. However, acdysis of [he fracmres, surface scores. painr 
smears and other ftztures enabled a number of discreel elements of h e  break-up 
process ro k idenri5zd. These eizments are summarissu below. 

(i) Buckling of :he window k l t s  on both sides of h e  aircraft was evident 
between stztions 660 md 800. Tnat on the left si& appemd to be the result 
of in-piane koding in 3 nose up sense, followed by fracrure. The be l t  on 
the right side had a larze ndius curve suzgesring lateral deflection of the 

fuselage possibly accompanied by some longirudinal compression. This 
tzminatzd in a peeling failure of the riveted joint at station SW. 

Ciij On the Iefi side rhree fractures, appxently resulting from in-plane 
bendingli~tlckiing distortion, had miversed the ulndow belt [Appendix 3 ,  
Figure B -21. d~rai l  GI. Of these, the fornard two had broken through the 
window a p m r e s  and the aft fracture had exploited a rivet Iine at rh t  region 
of reinforcement just forwau of the L2 door aperture. On the r igh  side, tihe 

window k l t  had peeled rewards, after buckling had occurred, sepxaring 
from ;he rest oi the fuselage, Following river failure, at the forwarb. edge of 
the R2 dmr zperture. 

{iii j A11 crown skns tbwrud of h e  840 were badly distorted ana a n u m b  of 
pieces were missing. It was clearly evident that the skin secrions from this 
resion it ad siruc k the empennage andlor other structure follow in g 
separation. 

(iv) The f.asilagc kit side lower lobe horn sation 730 back ro the wing bx cut- 
out. zr~d from the window Ievei down to the cargo deck floor (the tircrure 
iine a!ong :;rinser 38L). had oeeled outwards. upwards and semvards - 
s s o m ~ i n g  ?on the rest of the fuselage at rhe window belt. The whole; of 
this sspzarzj  section had then continued to slide upwards and r e m u u s .  
over the r'useizee. - kfore being carried back in the sIipsueam and colliding 
with the outer leading edge of the right horizontal stabiliser. cornplerely 
disruprrng rhe outer half. A frqrnenr of horizontal scrtbiliser spar csp was 

found emb&Ged in the fuselag5 smcrure.adjacent to the two vent valves. 
jusr kIow,  a d  forward of, the L2 dmr [Appendix B. Figure B-221. 
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jv) A large, clear, imprint of semi-elipticd fom was apparent on the lower right 
side at station 360 which had evidently been taus-d by the separating 
forward fuselage section striking the No 3 engine as it swung rearwards and 
ro the right (confirmed by No 3 engine fan cowl damage). 

1 - 1  2.3.4 Tailplane three-dimensional reconsmcuon 

The sailpiane smctural design rook the form of a forward and an aft torque box. 
The forward box was consuucted from light gauge aluminium alloy sheet skins, 
supporied by closely pitched, Iight gauge nose r ibs but without Iaterai s~ngers. 
The aft torque box incorporated heavy cgauge skinlstringer pmeIs with more 
.widely spaced ribs. The front spar web was of light gauge material. Leading 
edge impacts inflicted by debris would therefore nave had the capacity to reduce 
the railplane's structural integhty by passing through the Iigfit gauge skins and 
spar web into the interior of the aft torque box, damaging the shear connection 
between top and bottom skins in the process and thereby both removing the 
bending strength of the box and opening up the weakened Smcrure to the  direct 
effects of the airflow. 

Examination of the rebuilt tailplane saucture at AAIB Fambarough left little doubt 
that i t  had been destroyed by debris striking irs leading edges. In addition, the 

presence on the skins of smear marks indicated that some unidentified soft debris 
had contacted those surfaces whilst moving with'both longitudina1 and Iateral 
velmiry components relative to the aircraf~ 

Tne rtconsrncted left tailplane [Appendix B. Figure 8-23] showed evi~ence that 
disnrpiion of the inboard leadins edge, followed respectively by the fornard 
rorqus box. front spar web and main torque box. occurred as a result of frontal 
impact by the base of a baggage container. Funher outboard. a compct  object 
appeared to have smck the underside of he  l e a ~ n g  edge and ptnemted to the at-r 

torque box. In both cases, the lass of the s h e v  web of tine front spar appeared to 
have ptrmiaed lmd bendins failure of the remaining main rorquz b x  smcture in 
a tip downwards sense. ccrnsisrenr with tine normal load direcrion. For b r h  
events ro have  cured it would be rexonable to assume ha r  the our$oai dunage 
preceded that mcutring i n b u d .  

T'ne right uilplane exhibited massive lading edge impact .damage on the ouxbard 
portion which also appeared to have progressed to disruption of the aft rorsion 
box. .A f rqment  of right tailplane spar cap was found embedded in the fuselage 
smcrure adjacent to the two vent valves. just kiow,  and forwafd of. rhe t2 door 
and it is clear that this area of forward left fuselage had ravelled over she top oi 
rhz aircraft lad contmi$luted to the aesmcrion oi fie outboard righr tailplane. 
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1.12.3 Exmination of engines 

AII four engines had smck the ground in Lockerbie with considerabIe velocity 
and therefore sustained major damage. in particular to most of the fan blades. 
,The Xo 3 engine hsa fallen 1,100 metres north of rhe other three engines, suikinz 
rhz ~ o u n d  on irs r e 3  face, peneraring a road surface md coming to rest without 
any funher chulge of orientation i.e. with the front face remaining uppermost. 
The intake area con rained 3 numbzr of loose items originaring from within the 
cabin or baggage hold. Ii  was not possible initidly to determine whether any of 
the general damage to any of the engine fans or the ingestion noted in No 3 engine 
intake occurred whilst the relevant engines were delivering power or at a farer 
stage. 

St'umbers I ,  2 2nd 3 engines were taken to British Airways Engine Overhaul 
. Limited for detailed exmination under AAlB supervision in  conjuncrion with a 

specialist From the Pran and Whitney Engine Company. During rhis examination 
the follow in^ points were noted: 

(i.1 XQ 2 engine (situated closest to the site of the expiosion) had evidence of 
blade "shingling" in the area of the shrouds consistent with the results of 

' major M o w  disrurbmce whilst delivering power. (This effect is produced 
when random knding and torsional deflection occurs, pernitring the mid- 
span .shrouds to disengage and repeatedly strike the adjacent aerofoii 
surfacts of the blades!.' The interior of the air inrake contained paint smem 
and other evidence suggestins rhe passage of irems of debris. One such 
irem of significance was a clear indentation prduced by a length of cable of 
diameter and smnd size similar to that typic3IIy atrached to the closurz 
c d n s  on the baggage containers. 

(ii) No 3 engine. identiGed on site as containing ingcsrzd debris horn wihin the 
aircrGt, nonefneiess had no evidence af the type of shingling seen on the 
S!zaes or" No 2 engine. Such evidence is usually unmistakable and irs 
absence is a c i e x  indication [hat No 3 engine did not suffer a major intake 
airrloiv disturbance whilst delivering significant power. The intake 
smcture was found to have k e n  crushed langitudindly by an impact on fie 
front face dthough, as stared earlier, it had ssi~ck the ,ground on its rear face 
whilst falling vemcslly. 

(it) A21 3 enpines had evidence of blade tip rubs on the fan cases having a 

combination of circumference and depth &enter than hitheno seen on any 
investigation &irnessed on Bming 747 aircraft by the h a r t  and Whitnej, 
specidists. Subsequent examination of No 4 engine confirmed that it had a 
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similar deep, large circumference tip rub. These tip-mbs on the four 
engines were centred at slightly different clock p~sitions around their 
respective fan cases. 

The Pratt and Whitney specialists supplied information which was used to 
interpret the evidence found on the blades and fan casts including details of 
engine dynamic behaviour necessary -to produce the tip rub evidence. This 
indicated &at the depth and circumference of tip rubs noted would have required a 
marked nose down change of aircraft pitch atritude combined with a roll rate to the 
left. 

har t  anci Whimey also advised hat: 

(i) X a o w  disruption such as that presumed to have caused the shingling 
observed on No 2 engine fan blades was almost invariably the result of 
damage to the fan blade awofoils, resulting from ingestion or blade failure. 

(ii) Tip rubs of a depth and circumference noted on all four engines could be 
expected to reduce the fan rotational energy on each 'to negligible vaiue 
wirhin approximately 5 seconds. 

(iii) .AL?raw dismprion sufficienr to cause the extent of shingling noted on the 
fan blades of No 2 engine would also reduce'the rotational fan energy to a 
nezli$ble value within approximately 5 seconds. 

31edic31 a n d ,  pathologicai information 

The results of the post rnonem examination of the victims indicated that t he  

majorin. had experienced severe rnulrj ple injuries at different stages, consistent 
with the in-fiighr disinte-mtion of the aircraft and ground impact. There was no 
par'noicsicd indication of an in-flight fue and no evidence that any of the victims 
had injured by shrapnel from the explosion. There was dso ho evidence 
which unequivocally indicated that passengers or cabin crew had been killed or 
injured by the effects of 3 blast. Although it is probable thar [hose passengers 
seated in the immediate vicinity of the explosion would have suffered some injury 
as a rssair of bbst. rhis w ~ ~ I d  have k e n  of a secondq or tertiary nature. 

Of t'ne cssualties from tiit aircraft, the majority were found in areas which 
indicatzd that they had been thrown fiom the fuselage during the disintegation. 
Xlthoug h i he pattern of distnbuticrn of bodies on the ground was not clear cut 
there u . 2 ~  some correlation with seat allocation which suggested that the forwad 
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pars of the aircraft had broken away from the rear early i n  the disintegration 
process. The bo5ies of 10 passengers were not recovered and of these, 8 had 
been allocated seats in rows 13 to 28 over the wing ar the froat of the 
econcmy section. T'e fragmented remains of 13 passengers who nlad been 
zllocated sears around rhe eight missins penons were found in or nex  rhe cnxer 
formed by the wing. \\%iIst there is no unequivocal proof rhnt he  missing people 
suffered the same fare. it would seem fiom the panem that h e  missing passensers 
remained attached to rhe wing strucrure until impact. 

, , . -  . - , 

Of zhe szver3l large pieces of aircraft wreckage which fe!l in  the town of 
Lockcrbiz,.o,?e was seen to have the appesance of 3 bail of tire wi!h a m i l  of 
flame. Its r i n d  psrh indicated that rnis was the 30 3 engine. which embedded 
irseIf in a road-in the north-east part of r he town. A small p s i  impact f i e  posed 
n o  hazard io  adjacent property and was later txringuis'ned with water from a 

, hoseree!.. The thee remainins engines landed in the Xethe~lace ares of ~e row*. 
.One severed 3 water main and the orher two, although initi3lly on fire, were no 
risk to persons or property and the fires were smn extinguished., 

A lac, dxk,  delta shaped object was seen ro fall at sku; ihe s m e  rime in the 
Sherwod area of rhe town. 11 was not on f i re  while in rhe air, however, a 

fireball several hundrzd fier across foilowed the impact. Ir was of rel3iively s h o ~  
duration and l q e  amounts of debris were thrown into the air, the lighter particles 
being carried several miles downwind, whiIe.lar,oer pieces of burning debris 
caused funhe: t'ires. including a.major one ar rhe Towniooi Garagz, up to 350 
zer res  from the source. 'It was.de:emined that the major ?art of 'both wings, 
which inciuded the 5rc:dt fuel unks. had formed the crarer. A gas main had also 
h e n  TJ~TJXU durins :he impact. 

At 19.04 hn :he Dumfrizs Fire Btigade Conml received a call fram a member of 
the oubiic which icdicxed that there had Seen a "huge boiler txpiosion" st 
\.Vestacres. imker5ie. however. subsequent cails soon mce it  c k a r  :hat it was an 
aircraft which had crashed. At 19.07 hrs the firs1 appliances were mobile and 3t 

1910 hrs one %as in attendance in the Rosebank ares. bluiripiz Eres were 
identified and it smn became apparent that a rnz-ior disauer had o c c ~ m e d  in the 

[own and the Fire Brigade Major Incident Plin was impiemenred. During the 

iniriai phase i5 pumpine appliances from vrrrious brigades were depioyed but this 
number wxi  uitirnately increased to 10. 

.At 22.09 hrs the Firemaster made an ssessrnent ut' rhe situation. Hz re?orted  hat 

there was a series of fires over an area of the town centre extending 15, by ;X 
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mile. The main conctnuariDn of the fire was in the southwest of the town around 
S h e r w d  Park and S herwood Crescent. Appliances were in attendance at other 
fires in the town, particularly in Park Place and Rosebank Crescent. Water and 
eiecrrieiry supplies were intempted and water had to k brought into the town. 

By 02.22 his on 22 December, all main seats of fire had been extinguished and 
the firemen were involved in turning over and damping down. At 04.42 his 
small Eres were still occurring but had k e n  conf ned to the Sherwmd Gescent 
area. 

1.15 SurvivaI aspects 
. . 

1.15.1 S wivability 

The accident was not sunivable. 

1.25.2 Emergency sewices . 

A chronology of inirial responses by he emergency strvices is lis~ed below:- 

T i  Event 

19.03 hrs Radio message from Police pamol in Eockerbie to Durnfries and 
Galloway Constabulary reporting an aircraft cnsh at tockerbie. 

19.04 k r s  Emergency call to Dudrics and Galloway Fire Brigade. 

19.37 nrs First ambulances leave for Durnfries. and Galloway Royal 
Infirmary with injured town residents. ( 2 -  serious; 3- minor) 

19.i0 hrs Shew& Park and Shewood Crescent resiaznrs evacuated ro 
Lockerbie Town Hall. 

70.25 hrs Nose section of X739P.4 discovered zl Tundergarrh 
(approximtely 4 km easr of Lxkerbie!. 

During the next few days a mzjor emersency operation'was mounted using the 
muidzlines of the Dumfries and Galloway Regional Peacetime Emergency Plan. s 

The Dumr'rizs and Galloway Constabulary was reinforced by contingents from 
Suathclyde and Lothian S; Borders Constabuhies. Resources from HM Force- 
were made available and this support was subsequently authorised by the 
M i n i s q  oi  Defence is Military Aid to the Civii Power. It included the provisior! 
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of miIitrvy personilel and a number of helicopters used mihIy  in the search for 
and Ttcovery of aircrafr wreckage. Ir was apparent at sn t x l y  stage that rhsre 
were no survivors from rhe aircraft and the search and recovery, of bodies was 
mainIy a PoIice task with m i l i t q  assistance. 

hiany other agencies w were involved in the provision of welfare and suppon 
services for the residents of Lockeioie, relatives of the aircraft's =cupants and 
personnel involved in the emergency operation, 

1-16 Tests and research 

An explosive .detonarion wirhin a fuseI3ge, in reasonably close proximity to the 
skin, will produce a high intensity spherically propqating shock wave which will . 

expand outwards from the ccnue of deronation, On reaching the inner surface of 
the fuselase skin, enerTy will pmially be absorkd in shatseing, dzforming tlnd 

acceieraring r h t  skin and srringer material in irs path. Much of the remaining 
energy wiil be transmitted, as a shock wave, through she skin and into the 

ampsphere bur a significant arnaunl of energy wiII be reamed 3s a reflected 
shock wave, which wilI nve l  back inro the fuselage interior where it will inrerac: 
with the incident shwk to produce Mach stem shmks - re-combination shock 
waves which can have pressures and velmiries of propagation _greater than the 

incident shwk. 

The Mach stem phenomenon is significant &cause i t  gives rise (for relatively 
small charge sizzs) to a geometric limitation on tie area of s'dn marerial which the 

incident shock wave cm shatter, irrespective of charge size, thus providing a 
means of calculating rhe standoff distance of the explosive charge from the 
fuselage skir,. Calculations suggest that a charge s i~ndoff  distancc or" 

auioximatziy 2 j inches would sesul t in a shattered region approximarely I 3 to 20 
inches in dimmer, comparable to the size of the sha~erea regian evident in the 
weckag .  n i s  aspect is covend in pate;  delail in [ ~ ~ ~ e n d i x  GI. 

1.27 Additional information 

Recarded r ah r  infamarion'on the aimah was avaiiabit fmm ETOm 4 radar sites. 
Ini tial analysis consisted of viewing the recorded i n f o m r i o n  as it was shown to 

the controlier orr the naar screen from which it was clear thar the flight had 
pmpssed in a normal manner und secondary surveillance ndar (SSR) w a ~  IOSI. 
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The detailed analysis of the radar infomation concentrated on the break-up of the 
aircraft. Tne Royal Signals and Radar EsnbIishrnent (RSRE) corrected the radar 
r e t z n s  for fixed errors and converted the S SR returns to latitude and longitude so 
thal er!  accurate time and position for the aircraft could be determined. The last 
secondary return from the aircraft was recorded at 19.03:36.9 hrs, identifying 
S739PA at Flight Level 310, and ar rhe next ndar  return there is na SSR data, 
only 4 p r i m v  returns. It was concluded that the aircraft was, by this time, no 
longt: z single return and, considering the approximately 1 nautical mile spread of 
retuns across track, that items had k e n  ejected at high speed probably' to both 
rignt and left of the aircraft. 

'Each rotation of the radar head thtreafrer showed the number of returns 
increasing, with those fiEst identified across uack having dowed down v e T  
quickly and followed a uack along the prevailing wind line. The radar evidence 
then indicated that a further break-up of the aircraft had occurred and formed a 

~aral iel  wreckage mil to the north of the first. From the absence of any returns 
travelling dong uack it was concluded that the main wreckage was travelling 
almos~ vertically downwards fur much of h e  time. 

A derailed analysis of the recorded radar infomation, rogeker wirh the radar, 
ATC md seismic recordings is conrained in Appendix C. 

1. 17.2 Seismic data 

The 5-tish Geological Survey has a number of seismic mofiitoring staiions i n  

Southern Scoriar,d. Stations close ta Lockerbie recorded 2 seismic evenr 
measding 1.6 on the Richter scale and, with appropriate correccians For the times 
of the waves to reach the sensors, i t  was established th3t this occurred at 

i 9.03:36.5 hrs k 1 second. A further check was made by ~angu la t ion  techniques 
from rke infomation recorded by the various sensors. 

An a n ~ i y s i s  of the seismic recording. ~ogethe: wirh the radar, XTC md radx 
int'o~lrsrion is conained in .4ppzn~ix C. 

'4 de:zi!td mjectory analysis was carried out by Crmfie!d lnsrirute crFTechno10~ - - 
in 3n -iron to provide n sequence for the aircraft disintegnrion. This nnalysir 
comprised severai separate pmesses, including indiviuual mjzctory caIculation! 
for a limited number of key items of wreckage and natnematical modelling 01 

trajec:ory paths adopted by a series of hypothetical items of wreckagi 
encomyssing the &&weight .& spectrum of h e  actuaI m ~ c k a g t .  



The work c*ed our st Cranfield enabled the reasons far the two separate miIs to 

be established. The narrow northern rail was shown to be created by debris 
released from the aircraft in a venical dive between 19,OGG and 9,000 feet 
overhead Lockerbie. The southern mil, longer and strzighc far most of its lengh, 
appeared to have been created by wreckage released during the initial 
disinre=mnon zt altitude whilst the a i d [  was in level flight. Those items falling 
closes ro Lackerbie would have been those with higher density which would 
travel 3 significant disrmx- along rack before losjn,~ 311 along-track velocity, 
whilst only drifting s smdI distance downwind, owing to the high speed of their 
azscenr. The most westerly items thus showed the greatest such elfecr. Tbe 
southern rrail therefore had curved boundaries at its wesrern end wirh [he 
curvarure &corning progressively kss to the east until the wreckage essensidly 
fell in 3 smipht bmd. Thus wreckage in the southern m i l  positioned well to the 
east could tx: assumed io  have retained negligible velociy along aircraft mck after 
separarian and the along-track distribution could be used to establish an 
spproxirnztc sequence of initid disintegntion. 

T'I~ analysis calculsrzd impact speeds of 120 kts for the nose sec:ian weighing 
approsirnattly 17,500 Ib and 260 krs for the engines 2nd pylons which tach 
wetgheu ., about 13,5@0 Ib. Based on the best available data clr the time. the 
analysis showed that the win? (approximately 100,000 Ib of su-ucmre containing 
an estimated 200.000 Ib of fuel) could have impactd at a speed, in rheorv, as 
high as 650 kts if it had 'flown' in a streamlined attitude such that the drag 
coefficient was minimal. However, because small variations or" q i n g  incidence 
(and various amounts of attached fuseIage) could have resulted in significant 
i~crezses ir, $rag coskYcient, the anaIysis also recugnized'tnas the f i n d  imwacr 
sl>eed of h e  wins could have k e n  lowerf 

Four items of space dejris were known to have re-entered the Emh's atmosphex 
on 21 December i98S. Three of these items were fragments of debris which 
wou!c nor hzve sorgivtd re-env, although their Sum up in the upper zmosphere 
n i g h ?  have k e n  visibiz from the Exth's surface. The founh item !antied in  the 
USSR 21 09.50 hrs UTC. 

Anal psis 

The airport security and criminal aspects of rhe destruction of Boeing 147 
registration K739PA near I ske rb ie  on 2 1 Dectmkr 1988 are the subjects of a 
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separate investigation and are nor coveted in this repart. This analysis discusses 
rhe technical aspects of the disintegration of the a W t  and considers possible: 
ways of mit igat iq  the effects of an explosion in the furbe. 

2 . 3  Explosive destruction of the aircraft 

The geogrzphical position of the final secondary return as 19.02:46,9 hrs was 
calculated by RSRE to be OS Grid Reference 25257772, annotaced Paint A in 
Appendix B, Fiyirt B-4, with an accuracy considered to be better than i300 
rneues Thks return was received 3.121 seconds before the loud sound was 
recorded on the CVR at 19.02:50 hrs. By prajsnng from this posirion along the 
rrack of 321°(Grid) for 3. l f I seconds at the =wundspeed of 434 krs, the position 
of the aircraft was calculated to be OS Grid Reference 14827826, annotated Point 
B in Appendix B, Figure B-4, within an accuracy of k525 m a t s .  B a s d  on thp, 

evidence of recorded data only, Point B therefore represents rhe geographical 
P O S ~ T ~ D T ~  of the ' J ~ T C T ~ ~ C  a1 the moment the laud sound was recorded an the CVR. 

The darum line, discussed a: paragaph 1.1L1.6, was derived from a detailed 
analysis of the distnburion of specific irems of wreckage, including those 
ex h i  bi tin2 gosirive evidence c f 3 cieronaung high perfummce: platic explosive. 
T'nc scxrtr  of these items about the datum line may have been due partly ru 
velocirjes irnpaned by the force of the detonating explosive and parrly by the 
di I r ~ L ~ l r y  FI -, experienced in pinpointing the h a d o n  of the ~ m k a g c  zccus3telv in * 

rehcivtIy I'earureiess terrain and pmr visibility. However, the rmdorn ndrure of 
[he scstrs: creztzci by these two effects w ~ u l d  have tended to counteract one 
anurher, 2nd 3 major error in any one of the eleven = ~ d  references ~ .ould  have 
had !Ir:It o\?erzrll cffec: on h e  wnole line. There is, therefore, g& reasan to have 
confidence in  the validiry of the dztiturn line. 

The ircms used ro define rhr: h l u m  h e ,  included hose exhibiting positive 
evidence of a deronslting high performnncc plastic explosive, urould have k e n  the 

first piects to have been released Etom h e  drcnft. 7Te datum line was projected 
~csrwdrcs until it intersected thz known radar track of the airmfi in order to 

derive the position of rht aircraft dmg rnck at which rhe expiosive items were 
~eieased a6 therefore rhc posiuan ar which the ED had deconatd. This position 
was US w erid reference 146786 md is annotated Point C in Appendix 3, Figre 
9-3. Point C was well within the circle of zccuncy ( 5 2 3  inetres) of the position 
at which dte loud noise was heard on the CVR (Point 3). There wn, therefore, 
be no doubt tha~ the Ioud noise on the CVR was direcdy asociated with the 
detonation of rhe E D  and that this explosion initiated the disintegration process 
md directly caused h e  loss of the xismfi. 
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2.3 Flight recorders 

2.3.1 Digiral flighr am recordings 

.A working group of the European Organisation for Civii Avia~ion Eltcuonics 
(EUROCAE) was, during the period of the investigation, formulating new 
sandads  (hlinirnurn Operational Performance Requirement for Flisht Data 
Recorder Systems, Ref:- EDSS) for future generation f l i ~ h t  recorders which 
would have permined delays between parameter input md recording (buifering) 
of up to i-; second. These standuds are intended to form the basis of new CAX 
spzcifxcarions for flight recorders and may be adopted worldwide. 

The malysi.; of h e  fecordin: fm the DFDR fitted to S729P A, IN hich is detailed 
in Appendix C, showed that h e  recorded data simply stopped. Following carefd 
txaminarion md correlation of the various sources of recorded infomation, ir was 

concluded that this occurred because the elecnical power supply to the recorder 
had been jnremptzd ar 19.02:50 hrs f 1 second. Only I7 birs of data were not 
recoverable (less that 23 rnilIiseconds) and it was not possible ro establish with 

any certainty if this data was from the accidenr f i g h t  or was old dara from a 
previous recording. 

The analysis of the final data recorded on the DmR was possible &cause che 
system aid not buffer the incoming data. Some existing recorders use 3 process 
whereby dau is stored temporarily in a memory device {buffer) before recording, 
-3 

1 ne d313. within this buffer is !ost when power is rernovea from :he recorasr md 
in cumnr iy  ciesi - ~ n e d  recorders this may mean that up to i .?, stconus oi  frnal dm 
conuined wirhin the buffer is iost. Due ro the necessarl, prxcssing of the signals 
prior to input to the recorder, additional delays of up so 301) miiiiseconds may bz 
inroduced. if the accident had occurred when the aimair was over the s e x  it is 
very probable that the relatively few small items of smcrure. luggage ma clothing 
showing positive evidence of the detonation of sn explosive device would not 
have k e n  recovesed. Howdever, as flight recorders y e  firred h i th  underwater 

!oarion beacons, there is s high probability that they would have keri h a t e d  ~d 
r r  ,c,avered. In such an event the fhd milliseconds of ht3. a n u i n t d  on rhe D FDR 

couid be vita1 td the successful determination of rhe cause of an accident whether 
due to 3n explosive device or other catastropiiic failure. Whilst it  may not k 
possible to reduce some of the delays external to the recorder, it is possible to 

reduce any data loss due to buffering of data within the data acquisition unit. 

I; is, therefore, recommended that rnanufacrurers of exisring recorders which use 
buffering techniques give conside~ation to making the buffers nun-volatile, and 



hence recoverable after power loss. A1 though h e  recommendation on this aspect, 
made to the EUROCAE working group during the investigation, was 
incorporated into EDSS, ir is also recommended that Airworthiness Authorities re- 
consider the concept of allbwing buffered data ro be stored in g volatile memory. 

7 - 3 2  Cockpit voice recorders 

The analysis of the cockpi1 voice recording, which is detailed in Appendix C, 
concIuded that there were valid signals available to the CVR when it stopped at 
19.03:50 hrs f 1 second because the power supply to the recorder was 
intempted. It is not clear if the sound at the end of the recording is the result of 
the explosion or is from- the break-up of the aircr&ft structure. The short period 
between the beginning of the event and the loss of elecmcal power suggests that 
the latter is more likely to be the case. In order to respond to events that result in 
the almost immediate loss of the a h m f t ' s  electrical power supply ir was therefore 
recommended during the invesiigation that t h e  regulatory authorities consider 
requising CVR systems to contain a.shon duration (i-e. no greater than 1 minute) 
back-up power supply. 

2.3.3 - Detection of explosive occurrences 

In the aftermath of the Air India Boeing 747 accident (A1 182) in the North 
Atlantic on 23 June 1985, RARDE were asked informally by AAlB to examine 
means of differentiating, by recording violent cabin pressure pulses, between the 
detona~ion of an explosive device within the cabin (positive pulse) and a 
catasuophic smrctunl failure (negative pulse). FoIlowing the Lockerbiie disaster 
i t  was considered that this work should be raised to a formal research project. 
Therehe,  i n  Februaq 1989. i t  was recommended rhar rhe Department of 
Transpon fund a study to devise methods of recording violent positive and 
negative pressure pulses, preferably utilising the aircraft's flight recorder 
systems. Tnis recommendadon was accepted. 

Preliminaq results from the trials indicate that, if a suitable sensor can be 
developed, its ourput will need to te recorded in teal time and therefore it may 
require wiring to the CVR installation. This will funher skengthen ihe 
requirement for bnnery back up of the CVR elecrrical power supply. 

3.4 IED. position within the aircraft 

From rhe detailed examination of the reconsmcted lugsage containers, discussed 
at paragsph 1.12.2.4 and in  Appendix F, it was evident that the ED had been 
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loca~ed within a metal container (serial number .AVE 1041 PA), near its aft 
ou tbard  quarter as shown in Appendix F. Figure F-! 3. It was also clear that the 
container was loaded in position 11L of the forward hold which placed the 
explosive charge approximately 25 inches inboard from the i;clseiage skin at fnme  
700. There was no evidence to indicate that there was more than one explosive 
charge. 

Engine evidence 

To produce the fan blade rip rub aanage noted on ail engines by means of airrlow 
inc!ined to the axes of the nacelles would have required a marked nose down 
change of aircraft pitch attirude combined with a roll n i e  to cS,e left while d l  of ihe 
engines were atmched to the wing. 

The shingling damage ~ o t e d  on !he fan blades of S o  2 engine can only be 
aitibuted to airflow disturbance caused by ingestion related fan blade damage 
occurring when substantial power was being deiivered. This is readily explained 
by the fact that S o  2 engine intake is positioned some 27 feet aft and 30 fee: 
outboard of the site ofthe explosion and that the inte+or of [he intake exhibited a 
number of pror~inent paint smears and general foreign object damage. This 
damage included evidence of a smke by a cable sirniiar to that forming pan of the 
c!osure curtain of a typical bsggsge container. It is inconceivable that an 
i2dspendent blade failure c o d a  have occurred in the short time frame of this 
event. By similar reasoning. the absence of such shingling damage on blades of 
Sa 3 engine was a re!isble indiczrion that it siiffered no ingestion until well into 
;he accident sequence. 

The com~ination of ihe posit~on of the explosive device ar,c ihe for&ard speed of 
the aircraft was such that significant sized debris resui~ing from the e.upIosion 
wouid have been available to be Ingested by S o  2 ensine within m~iliseconds of 
:he explosion. In vlew of the fact that the tip r ~ b  damage observed on the fan 
case of No 2 engine is of similar magnitude to that obsesed  on the other three 
engines it is reasonable to deduce that a manoeuvre of the aircraft occurred before 
most of the energy of the No 2 engine fan was lost due to :he effect of ingestion 
!seen only in this ensine). Since ihis shingiing effect could only readily be 
?reduced as a by-product of ingesdon whilst de!ivering considerable power. it is 
reasonabie to assume that this was also occumng Sefore loss of major fan e n e r v  
due to tip rubbing took place. i-Ience both phenomena must have been occumng 

simultaneously, or nearly so, to produce the effects observed and must have 
occupied a time frame of substantially less than 5 seconds. The onset of this time 
period would have been the time at which debris from the explosion first inflicted 



damage ro fan blades in No 3 engine and, since the fan is only approximately 40 
feet from the location of the explosive -device, [his .would have been an 
insipi ficant time interval after the explosion. 

It was therefore concluded from this evidence that the wing with all of the erigines 
attached had achieved a marked nose down and left roll attitude change well 
wirhin 5 seconds of the explosion. 

3.6 Detachment of forward fuselage 

Examination of the three major smctural elements eirher side of the region of 
station 800 on the right side of the fuselage makes i t  clear that to produce the 
cunrature of the window belt and peeling of the rivered joint at rhe RZ door 
apermre requires the door pilfar to be securely in position and able c* react 
longitudinal and lateral loads. This in turn requires the large section of fuselage .. 
on the right side between stations 760 and 1OOO (incorporaring the right half of 
the floor) to be in position in order to locate the lower ehd of the door pillar. 
Thus both these sections must have k e n  in posirion until the secuon h r n  station 
560 to 800 (right: side) had completed its deflection to the right and peeled from 
the dmr piIIar. Separation of the foiward fuselage must thus have ken  complete , 

by the time all three items mentioned above had fallen free. 

2.7 . Speed of initial di~ in le~rn l ion  

The dismbution of wreckage in rhe bands berwten the datum line and the 250, - 
300. 600 and 90Q metre lines was examined-in detail. Tine positions of these 
items oi smrcture on rhe aircraft are shown in Appendix B, Figures B-10 to 3-1 3. 
I t  should be noted thjt the'posirion on the ground of these items, although 
separated by small distances when measured in a direcdon along aimaft rack, 
were aistrioured over I q e  distances when measured along the urtckaee mil .  
-411 were recovered from positions far enough to the east to be in that pan of the 
souhem mil which was sufficiently close, theorzrically, to a srraizht Iine for any 
cunSarure effect to be neglected. 

The wreckage found in each of the bands enabled an approximate sequence of 
break-up to be established. lr was clear t h v  as the dislanct aavslltd from the 
uatum Iine increased. items of wreckage further from the starion of the ED were 
encountered, The items shown on. the dia,pm as fallin~on the 150 metre band 
also include those fragments of lower fosward fuselage skin having evidence of 
sxp;osive darnage and F E S U ~ ~ ~  to have separated as 3, direct result of the blast. 
Ho~ever ,  3 few ponions of the upper fonvard fuselage were also found wirhin 
~e 230 mere band, suggesting that these items had also sepmted as*a result of 
:he blast. 
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S y  the time the ?C.O meme Iine was rezched much of the smcmre from the right 
side in the rz~ ion  or' the explosive device had k e n  shed. Tnis incl~ded the area 

ce' window klr. referred to in paagraph 2,6 a'mve, which gsve clear indications 
iib13r the fom-ard smczure had detached to the right ar;d finally peeled' away ar 
iudon 800. It also included h e  areas of adjdjacenr siructux immediately ro the rsu 
cr'station 500 a b u t  which the faward smcture would hsvz had to pivot. By the 

:ime the 600 mere line was reached, there was clearly insufticient smcrue Itfr to 
connccr rhe forwa~d fuselage with rhe ~ernaindtr OF ihe aircraft. Wreckage 
between the 600 and 900 merrz lines consisted of smrcrure st-ill funher from the 
siit of the ED. 

-1 

t nere is evidence [hat a manwuvre ~ c u n e d  at the time of rhe explosion which 
u-ould have produced 3 significant change of the aircraiis fiigh~ pzirh, however. it 
is considered that :he change in the horizontal velocity component in the firsr'few 
seconds wuId  nm haye k e n  921. The original goundspzcd of the aircrafs was 
:herefore used in conjunction with the distribution of wecksge in the successive 
bands ro establish an approximate time sequence of b r e ~ k - u p  of the forward 
:':-rselage. Xssuming the origind :round speed of 431 Krs, tine elapstd flight 
iimes from rhe datum to each of the garellel Iines were cdcuisred to be: 

Distance (metres) 350 300 600 900 
Tixe (seconds) 1.1 1.3 3,7 4.0 

Thus, there is little doubt zhar sepuarion of the fowua fuselage was complerz 
within 7 to 3 seconds of the explosion. 

Tze sepsare w5essrnent of the known ~d references of railplane and elevator 
'~ i2ckagC in tire souchern mil revealed that those ire35 were evenly disuibured 
~'kour rit 600 n e x e  iine and therefore thx most of the rzilplane damage  cured 
Ster  sepanrion a l  he  forward fuseiage was cornpiere. 

2 - 8  The manoeuvre following the explosion 

-, 
i nz engine evidence, riming and mode of disintegrarion of the fuselage and 
::iipiane suggests that the latter did not sustain significant damage until the 
: b m ; ~ d  fuselage .. disinteyation was weII advanced ma the pitcldmtl rnanoeuwl-e 

was also *tell under way. 

Examination of the thrw dimensional reconsmciion makes it clear that both main 
and upper deck flodrs were disrupred by the expiosion. Since pitch c o n ~ o l  cables 
are roured through rhe upper deck floor beams and the roll control cables through 
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the main deck beams, there is a strong possibility that movement of the beams 
under explosive forces would have applied inputs to thf: control cables, thus 
operating conwl surfaces in btfi axes. 

2 . 9 ,  Secondary disintegration 

The disuibution of fin debris ktwee'n the mils suggests that disintegration of the 
fin kgan shortly before the vertical descent was established. KO single mode of 
failure was identified and the debris which had s a c k  the leading edge had not 
caused. major disruption. The considerable fragmentation of he thick panels of 
the afr rorque box was also very different from that noted on the corresponding 
smcture of the taiIplanes. It was therefore concluded that h e  m d e  of fail? was 
probably flutter. 

The finding, in the northern mil, of a slide raft wrapped around a flap mck 
fairins suggests that at a later srage of the d i s i n f e ~ a ~ i o n  the rear of the aircraft 
must have experienced a large angle of sideslip. The loss of the fin would have 
made this possible and also subjected the structure to large side loads. It is 
possible that such side loading would have assisred the disintegration of the rear 
fuselage and also have caused bending failure of the pylon artachments of rne 
yemain in: three engines, 

2 . 1 0  Impact speed of components 

The mjzctory analysis c e . e a  out by Cranfizld Insritute of Technolog calculatzd 
irnpzc; speeds of 120 ko for the nose section, and 260 kts for the engines 3r.d 
pylons. These vaiues were considered to be reliable k a u s e  the dng coefficients 
muld be estimated with s reasonsbte d e s e t  of confidence. Based on the k a  
avaih5le data at ihe :ime, the maiysis dso showed :Sat i h t  wing could have 
irnpacizd at a speed, in rheo;?l. 2s high as 650 krs if it 5ad flown in a streamlined 
artimdz such that the diag cxkfcienr H'ZS rninirnzl. However, i c  was also 
recognized that re!ativeIy small changes in the angle of incidence of the wing 
would have produced a significant increase i n  drag wirh a consequenr reduction in 

impact speed, Refinement of timing information and ~ d a r  data subsequent to the 
Cranfield analysis has ena'oled a revised esr imte :o lx xiadz of the mean speed or* 
the wing during the desce3c. 

The engine evidence indicated th3i there had been a luge nose down attitude 
change of the aircnft early in ihe event. The Cnnfield analysis also showed that 
the reu fuselase had disintepted while essentially in a vertical descent between 
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19,000 and 9,000 feet over Luckerbie. Assuming that. following the explosion, 
:he wing followed 3 suaight line descending flight profile from 31,a)O feet to 

i9.000 feet direcr1y overhead k k e r b i e  and then descended vertically until 
impact, the wing would have ravelled the minimum ~isrmce practicable. The 
zound  distance k t w e e n  the geographical position at wnich the disintzgation - 
s i ~ e d  (Fizure B-3, Point B) and the crater made by the wing impact was 2997 
3 1 5  metres (9533 51722 feet). The cime interval k tween  the explosion and the 
lxing impact was established in Appendix C as 46.5 -7 seconds, Based on the 
s b v e  limes and disrances the mean linear speed achieved by the wing would have 
k e n  about 440 krs. . 

Tne impact lwation of Nos 1.1, and 4 engines closely grouped in Lockerbie was 
~onsistent with their nexly vertical fall from a point above the town. If they had 
seprated at ~ ~ O ' U I  19,000 feet and the wing had [hen flown as much as one mile 
away from the overhead position before tracking back to impacr, the total flight 
p t n  length of the wing would not have required ir to have achieved a mean l inev 
speed in excess of 500 kts. 

Any specuIazion that [he flight path of she wing could have been longer wouid 
have required it to have undergone manoeuvres at high speed in order to arrive at 

h e  19,000 feet point. The manoeuvres involved would almost certainly have 
resulted in failure of the primary wing structure which. From distribution of wing 
::byis, clearly dici not mcur. Alternatively the wing couid have mvellzd more 
:ban one mile from Lockerbie afrer reaching the l'9,GGO feet point, but  his was 

considered unlikely. It is therefore concluded that h e  mean speed of the wing 
Curing the descent was in the region of G O  to 500 kts. 

2 . 1 1  Sequence of disintegration 

.4naiysis of wreckage in each of the bands, taken in conjunction with the engine 
evidence and the rnree-dimensional reconsmrction. suggests the following 
sequence of disintegration: 

(i) The in i t id  exp!osion triggered a sequence of events which effectively 
destroyed the srructural inre-mity of the forward fuselage. Little more then 
remained ktween stations 560 and 760 (approximately) than ths  window 
k i t s  and the cabin sidewall smcture irnediateiy above and beiow the 

windows, although much of rhe cargo-hold flmr structure appears to have 
remained briefly artmhed ro rhe aircraft. [Appendix B, Figure B-241 
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(ii) The main portion of the aimaft simultaneously entered .a manoeuvre 
involving a marked nose down and left roll attitude change, probably as a 
result of inputs applied to the flying control cables, by movement of 
smcmre. 

(iii) Failure of the left window belt then occured, probably in the region of 
station 710, as a result of torsional and bending loads on the fuselage 
imparted by the manoeuvre (i-e. rhc movement of the forward fuselage 
relarive to the remainder of the M t  was an initial twisdng motion to the 

. r igh~  accompanied by a nose up pitching deflection). 

(iv) The forward fuselage deflected to the sight, pivoting about the starboard 
window belt, and then peeled away from the structure at sta~ion- 800. 
During this prmess the lower nose section struck the No 3 engine intake 
causing the engine so detach from its pylon. This ftlselage separation was 
apparently complete within 3 seconds of the explosion. 

(v) Strucrure and contents of the forward fuselage struck the tail surfaces 
contributing to the destruction of the outboard starboard tailplane and 
causing substantial damage to the port unit. This damage occurred 
approximately 600 mews track distance after the explosion and therefore 
appears to have happened afrer the fuselage separation was complccc. 

(vi) Fuselage structure continued to break away from the aircnft and the 
separated forward fuselage section as [hey descended. 

(vii) The airmft maintained a steepening descent path until i t  reached,tht verdcal 
in he region af 19,000 feet approximarely over the f ind impact point. 
Shortly before it did so the mil fin be-m to disintepre. 

(viii) T h e  m d e  of failure of the fin is not clear, however, flutter of its saucrure 
is suspected. 

(ix) Once established in the vertical dive, the f in  torque brc continued to 

disintegn~e, possibly permitting the remainder of the aircraft to yaw 
sufficiently ro cause side load separation of Sos 1 ,  2 and 4 en@nts, 
comukte with their pylons. 

(XI BE&-up of the rear fuselage occurred durins the vertical descent, possibly 
as n result of lmds induced by the yaw, leaving a section of &in floor and- 
baggage hold from approximately stations 1131 to 1920, together with 3 
landing gear miits, to fall into housing at Rosebank Temce. 
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(xi) The main wing soucture struck the ground widi a high yaw angle at 
S herwood Crescent. 

Explosive mechanisms and the structural disintegration 

The fracture and damage pattern analysis was mainly of U-I interpretive nature 
izvoiving inrerIockina ..- pieces of subtle evidence such as paint smears, ftacture and 
rivet failure ch~racreristics, and other complex features. In  the interests of 
breviry, this analysis will not discuss the detailed interpretation of individual 
fractures or damage features. Insread, the broader 'damage picture' which 
emergid from the detailed work will be discussed in the context of the explosive 
mtchanisrns which might have produced the damage, w i t h  a view to identifying 
those features of greatest significance. 

It is important to keep i n  mind that whiist the processes involved are considered 
2nd discussed separately, rhe timescales associated wirh shock wave propagation 
and the high velmity gas flows are very shon: compared with the stmctural 
rzsponse timescales. Consequendy, material which utas shattered or broken by 
tiis explosive forces would have remained in pIace for a sufficiently long time that 

the smrcture can k considered to have k e n  intact throughout much of the p e r i d  
that thzse explosive propagation phenomena were taking place. 

1.12.1 Direct blast effect 

3.12.1.1 Shock wave propasation 

f i e  direct effect of the explosive detananon within the container was to p d u c e  a 
high intensity spherically propagating shock wave which expanded from the 

centre of detonation close to the side of the container, shattering pm of the side 
and base af the container as it passed through into the gap between the container 
2nd the fuselage skin. In breaking out of the container, some internal reflec~ion 
s d  kiach stern intencrion would have wcurred, but this would have been limited 
b:, [he absorptive effecr of the baggage inboara. above. and fontrard of the 
chase. The force of the explosion breaking out of the conuine: wouId therefore 
hsve k e n  directed downwards and remards. 

T12 heavy container base was disroned and torn domwards, causing buckling of 
the adjoining section 05 irarne 700, and the container sides were blasted through 
2nd Lorn, pmicuiariy in \he aft Iowet cbrner. Some of the material in the direct 
~ 3 L n  of the explosive pressure front $as reduced to shrapnel sized pieces which 
Geie rapidly acceterared outwards &hind the primxy shwk front. Because of 
:he overhmg of the cdntainer's sloping side, fra,ments from b t h  the device itself 
s d  the container walI impacted the projecting external flange of the container base 



edge member, producing ~ c r o  cratering and sooting. Metallurgical exbnation 
of the internal surfaces of these craters identified areas.of melung and other 
features which were consistent only with the impact of very high energy particles 
produced by an explosion at close quarters. Analysis of material on the crater 
surfaces confirmed the presence of several elements and compounds foreign to 
the composition of'the edge member, including material consistent with the 
composition of the sheet aluminium forming the sloping fact of the container. 

On reaching the inner surface of the fuselase skin, the incident shock wave 
energy would partially have been 'absorbed i n  shattering, defaming and 
accelerating the skin and shyer material in its path. Much of irs energy would 
have k e n  transmitted, as a shock wave, through the skin and into the atmosphere 
[Appendix B, Figure B-251, but a significant amount of energy u.ould have .been 
returned as a reflected shock wave, back into the catity between the container and 
the fuselage. skin where Mach stem shock waves tvould have been formed. 
Evidence of rapid shattering was found in a region approximately bounded by 
frames 700 & 720 and stringers 38L & 40L, together ~ i r h  rhe lap joint at 39L. 

The shamed fuselage skin would have taken a significant time to move, relative 
to the timescales associated with the primary shock wave propagation. Clear 
evidence of soot and small impact craters %*ere apparenr on the internal surfaces of 
all fragments of container and srmcture from the shatter zone, confimirng that the 
this material had not had time to moke before it was hit by the cloud of shrapnel, 
unburnt explosive residues and swry combustion products generated at the seat 
of the expIosion. 

Following immediately behind the primary shock wave, a secondary high 
wave - pmly  caused by reflecdons off the baggage behind the explosive 

material but mainly by the general pressure rise caused by the chemical 
conversion of solid explosive mtwial to high ternperx;l:t gas - emerged from the 
container. The effect of this second pressure front. uynich would have ken more 
sustained and spread over a much larger area, was ro csuse the fuselage skin to 

stretch and blister outwards before bursting and pz:ailin,o back in a star-burst 
pattern. with rzpidly running teas fractures propasacing away from a focus at the 
shatter zone. T'ne reiease of stored e n e r 3  as the skin nptured. combined with 
the outflow oi high pressure gas through the apemrz. ?roduced a characteristic 
curling of the skin 'petals' - even against the slipsre~m.. For the most pan, the 
skins which petalled back in this mariner were tom from she frames and s~ngers, 
but h e  frames and swingers themselves were also frrrcrured arid became sepancd 
from the rest of the smcmre, producing a very Ixge  jagged hole some 5 feet 
longitudinally by 17 feet ciscurnferentiaHy (upwards ta a q i o n  just below the 
window '=It and downwards virtually to the cenrre Iinel.. 
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From this large jagzed hole. three of the fractures continued to propagate away 
from the hoIe instead of terminating at the boundary. One fracture propagated 
longitudinally remvards 3s far as the \mn$ cut-our and another forwards to station 

JSO, creating a continuous longitudinal fracture some 43 feet in length. A rhirci 
frzcture propagated circumferentiaI1y downwards along frame 740, under the 
belly. and up the r i ~ h t  side of the fusziage airnost as f3r 3s the window belt - a 

aistance of approximately 23 feet. 

These extended f n c r u ~ s  a1 1 involved rexinz or related failure modes, sometimes 
exptoiting rivet Iinzs and tearing from rivet hole to rivet bole, in other seas 

tss ing along the full skin section adjacent ro river lines. but separate from them. 
.4lthoueh the fractures had. in gm. foliowed lap joints, the actuaI faiIure modes 

ifidicated that the joints themselves were nos inherently weak, either as design 
features or in respect or'corsosion or the conditions of the joints on this parricul~ 
ai rcnft. 

Sote: The cold bond process carrier! out at mmllfacr:cre on the lap joinrs had 
orem of disbonaing prior to rjre nccicznr . This u'isbonding is o kno~vn fearrtre of' 
early Boeing i47 irircrafs which, by Irself, does nor derract from tE~e strtrcrlrrai 
inregrip o j  rlte hull. The cold bond adhesive ~ v a s  osed so. improve rhe 
disrrihurian ojsltear load across rlte joint. rhw reducing shear rranger via rhe 
fnste.rers and improving rhe resisronce of rhe joins ro fatigue damage; dte 
fasreners were designed ro carry dte $dl s~atic loading req~diremenfs of the join? 

withour any contriburion from the ac'hesive. Thtls. dle loss of rhe cold boqd 
inre=rity ;r:ou!d anLy ;rave been sigr.ificanr i j  it had'resnlred in the growth of 
icri31re crac.irs. or corrosion izduced weaknesses, which had then been e.rpIoirea 
DF rke explosive forces. 1Vo evidence of fari~ue cracking was found in rhe 

bonded joints. Inter-suqbce corrosion was present on mosr lap joinrs bur only 
one rep+ sntu!l region of corrosion Ixxi resulrei in s ignf lcc~t  marerial thinning; 
rhis was remote porn rhe crirical reqion and had nor pial'ed any purr in the 
Oreak-lip . 

Tne cracks propagating upwxds as pm of the petalling prwess did not tx ten i  

beyond the window !ins. The w i t c i ~ g e  evidence suggests that the verrical 
kacruzes merged, tffzcrively c!osing off the fmcrure parh ro produce a reiatively 
clean bounding 2dge to the upper sccrion of the othewise jagged hole produced 
by the petallin2 process. Tnere u e  31 !east two probabk reasons for this. Firsrry 
the petalling frrcrures above the sharrered zone did not diverge, as they had [ended 
to do elsewhere. Inscad, i t  appears fiat a large skin panei seuanted and peeled 
upwards ver/ rapidly producing rears a t  each side &ch izn upwards followine 
dmost pardlei paihs. However, rhere are indications that by the time the h r u r e s  
had run sevenl feet, the velocity of fncture had slowed sufficiently to aIIow the 
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free (forward) edge of the skin panel to ovenake the fracture fronts, as it flexed 
upwards, and forcibly mike the fuselase skin above, producing clear witness 
marks on both items. Such a tearing process, i n  whichian approximately 
rectangular flap of skin is pulled upwards away from the main skin panel, is 
likely to result in the fractures merging. Second! y, this merging tendency would 
have been reinforced in  this particular instance by the stiff window belt ahead of 
the fractures, which would have tended to turn the fractures rowwds the 
horizontal. 

It appears that the presence of this initial ('clean') hole, together with the stiff 
window belt abve,  encouraged other more. slowly mnning tears 10 break jnro ir, 
rather than propagating outwards away from the main hole. 

3.1 2.1.2 Critical crack considerations 

The three very large tears extending beyond the boundary of the petalled region 
resulted in a critical reduction of fuselage s t r u c t d  integrity. 

Calculations were carried out at the Royal Aerospace Establishment zu determine 
whether these fractures, growing outwards from the barndary of the. petalled 
hole, could have occurred purely as a result of normal differential pressure 
loading of the fuselage, or whether explosive forces were required in addition ro 
the p~ssurisation loads. 

Preliminary cdcuIarians of critical crack dimensions for a fuselage skin punctured 
by a 20 by 20 inches jagged hole indicated that unsrable crack growth would not 
have occurred unkss rhe skin s&ss had ken  subrr;inrialiy greater than the smss 
Ievel due to normal pressurisation loads alone. It was therefore clear that 
explosive overpressure rnlJsl have produced rhe p s s  enlaqernen t ~f h e  inirially 
small shattered hole in  the hull. Funhermore, i t  was apparent from the degee of 
curiing and petalling of the skin pznels within the star-burst region that this 
overpressure had been relatively long term, compared with the shock wave 
overpressure which had produced the shatter zor,t. ;r, more refined analysis of 
critical crack growth parameters was therefore carried out in which it was 
assumed that the long term explosive overpressure was produced by the chemical 
conversion of sorid explosive material into high tzmpenture gas. 

An outline of the fracture propagation analysis is given at Appendix D. This 
analysis, using theoretical fracture mechanics, showed that, after the incident 
shwk wave had produced the shatter zone, signiiicsnr explosive ove@ressure 
loads were needed to drive the star-burst fractures our to the boundary of the 

- petalled skin zone. Thereafter, residual gas overpressure combined witin fuselage 
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pressurisarion loads were sufficient to produce the two major longitudinal cracks 
and a single major circumferential cmzk. extendins from the window beI~ down to 

bzyond the keel cenneline. 

2.12.1.3 Damage to the cabin flmr smcture 

The tloor h a m s  in rhe region immdstely a b v e  the baggage container in which 

the explosive had deronatzd were extensively broken, displaying clear indications 
of overload failure due to buckling caused by lwalised upward loadins of rhz 
floor strJcture. 

Yo direc~ evidence of bruising was found on the top pmel of the container. Ir 
rhesefore appears thar the container did not itself impact the floor kams.  but 

insread h e  tlmr immediately a b v e  the container was broken through as 3. result 
of explosive overpressure as gases emerged from the ruptured contairre: and 
loaded the fldor paneis. Data on floor saengrhs, provided by Boeinp, indicated 
that the cabin tloor (with the CRXF modification) would fail at a uniform static 
differe~tial pressure of between 3.5 and 3.9 psi (high pressure below the cabin 
flmr), and that the flmr panel ro flwr &am attachments would not fail before the 
floor beams. Whilst there is no direcr evidence of the pressure loading on the 
floor struc~ure immet5areiy following detonarion, shere can be no doubr that in the 
region of station 700 it would have exceeded the ultimare failure load by a Iar,az 
rnxc jn .  

2.12.2 Indirect explosive h a g e  (damage at remote sites) 

A11 of the damage considered in the tbregoing analysis. and the mechanisms 
aivinz rise to [hat damage, resulted from the direct impact of explosive shock - 
waves zndor the short-term explosive overpressure on strclcrure dose ro the 

source of the explosion. However, there were several regions of skin sepusrion 
rtr sires remote from the explosion (set para 1. I2.3.3) which were much morz 

difficuit to understand. Tnese remote sitesformed islands of indirecr explosive 
damage sepxated from the direct damage by a sz3 of more ,oeneraIised swctur,! ' 

failure characterised by the progressive aerdynarnic break-up of the weakened 

for~ard  fuselage. ,411 of these rernoie damage sites were consistent with the 
irnpacr of very Imalised pressure impulses on the internal surfaces of the hull - 
tffecrively hish energy 'pressure blows' against the inner surfaces produced by 
cxwIosive shock waves andlor high pressure 93s tlows eavelling through the 

interior spaces of the hull. 

The propagation of 'explosive shock waves and supe:sonic gas flows within 
multiple, interlinking, cavities having indeterminate energy absorption and 
reflection properties, and ill-defined structural response, is exmmely complex. 



Work has been initiated in an attempt to produce a three-dimensional computer 
analysis of the shock wave and supersonic flow propagation inside the fuselage, 
but full theoretical analysis is beyond present resources. 

Because of the complexity of the problem, the following analysis will be 
restricted to a qualitative consideration of the pmesses which were likely to have 
taken place. Whilst such an approach is necessarily limited, it has identified a 
number of propagation mechanisms which appear to have k e n  of fundamentd 
irnponance to h e  break-up of Flight PAlQ3, and which are likely to be critical in 
any future incident involving the detonation of high explosive inside an aircraft 
hull. 

When Mach stem shocks are prduced not only are the shock pressures veryhigh 
but they propagate at very high velocity parallel to the reflecting surface. In the 
context of the lower fuselage smcture in the region of Mach stem formation, it 
can readily be seen that the Mach srem will be perfectly orientated 10 enrer the- 
n m o w  cavity formed between the outer skin and the cargo linerlcontainers, 
bounded by the fuselage frames [Appendix &, Figure B-251, This caviry enables 
the Mach stem shock wave to propagate, withour causing damage to the walls 
(due to the relatively low pressure where the Mach stem sweeps their surface), 
and reach regions of the fuselage remote from' the source of the explosion. 
Furthermore, energy losses in the cavity are likely ro be less than would occur in 
the 'free' propagation case, resulting in  the efficient aansmission of explosive 
energy. The cavity would tend to act like a 'shock tu'w', used for high speed 
aerodynamic research, confining the shmk save md keeping it running along the 
caviry axis, with losses k i n g  limited to knetic 'nea~ng due to friction at the walls. 

Para,pph 1.6,3 conrains a general description of c he structural arrangements in 
[he area of the cat50 hold. Before proceeding funher and considering how the 
shock waves might have propagated through this network of cavities, it should be 
pointed out that the timescale associated with the propagation of the shock waves 
is very shorr compared with the rimescale assmiated wirh physical movement and 
separation of skin and smcture fractured or damaged by the shock. Therefore, 
for the purpose of assessing the shock propagation through the cavities, the 
explosive damase to the hull can be ignored and the structure regadd as being 
intact. A further simplification can usefully be made by considering the structure 
ro be rigid. This assumprion would, if the analysis were quantitative, resulr in 
over-estimadons of the shock srrengrhs. Howeve:. for the purposes'of a purely 
qualitative assessment, the assumption should be valid, in that the general trends 
of behaviour should not be materially altered. 
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It has already k e n  argued that the shmk wave emerging from the container was, 
in part, ~efiected back off the inner surface of the fuselage skin, farming a Mach 
stem shock wave which would then hzss tended to travel into the semi-circular 
lower lobe caviry. The Mach stern waves would have propagated away through 
this cavity in two directions: 

( i j  under the k l l y ,  between the frames [Appendix B, Figure 3-3 ,  detaiI A], 
and 

(ii) up the left side, expanding into the cavity formed by the longitudinal 
manifold chamber where it joins the lower,lok caviry. 

As the shock waves travelled along the caviry, little attenuation or other change of 
characteristic was likeIy 10 have occurred until the shocks passed the entrances to 

other csviues, or impinzed upon projections and other local changes in the cavity. 
A rzview of the literature dealing wirh propagation of blast waves within such 
caviries provides useful insights into some of the physical mechanisms involved. 

As part of a rese&ch pmF-rarn camed out inro the design of ventilation systems 
for bIasr hardened installations intended to survive the long duntion blast waves 
fcIlowing the detonation of nuclear weapons, the gropagatiod of Mast waves 
along the primary passages and into the side branches of ventilation ducts was 

studied. The research showed that 90" k n d s  in the ducts produced very little 
attenuation of shock wave pressure; a series of six right angle bends produced 
only a 30% pressure attenuation, together wirh an extension of the shock 
dumrion. It is therefore evident that the attenuation of shock waves propagating 
through the fuselage cavities, dl of which were short with hardly any right ang!e 
turns, would have k e n  mihimsi. 

It was also demonsaared that s e c o n d q  shock waves develop within the entrance 
to any side bnnch from the w~in duct. produced by the i n ~ n c r i o n  of the primvy 
shock wave with the geometric changes i n  the duct walls ar ihe side-branch 
Iaxrion. These secondsq shock waves irrteracr 3s they propagare inro the side 
branch, combining together within a re!arively short distance ItypicalIy 7 
diameters) to produce a single, plane shmk wave ravelling along the duct =is. 
In a rigid, smooth wdled structure, this mechanism produces secondary shmk 
overpressures in the side branch of between 30% and 50% of the value of the 

primary shwk, together wirh a corresponding attenuation of the prirnar~, shock 
wave pressure by approximately 20% to 15%. 

This poienrial for the splitring up and re-mansmission of shock wave energy 
wirhin the lower hull cavities is of emerne imporrance in the context of this 
accident. T'nough the precise form of the interactions is too complex to predict 



quantiratively, it is evident that the Lower hull cavities will serve to convey the 
overpressure efficiently to other parts of the aircraft. Fuaermore, the cavities art 
not of serial form, i.e. they do not simply branch (and, branch again) in a 
divergent manner, but instead form a parallel network of short cavities which 
reconnect with each other at many different points, principally along the crease 
beams. Thus, considerable scope exists for: the additive recombidation of blast 
waves at cavity junctions; for the sustaining of the shock overpressure over a 
greater time perid, and, for the generation of multiple shocks prduced by the 
delay in shock propagation innerent in the different shock path (i.e. cavity) 
lengths. 

Whilst it has not been possible to find a specific mechanism to explain the regions 
of localised skin separation and peel-back (i.e. the 'pressure blow' regions 
referred to in p m  2,12.2), they were almost cenainly the result of high intensity 
shock overpressures produced locally in those regions as a result of the additive 
recombination of shock waves uansmitted through the lower hull cavities. It is 
considered that the relatively close proximity of the left side region of damage just 

below floor level at station 500, [Appendix B, Figure B-19,. region Dl to the 
f m a r d  end of the cargo hold may be significant insofar as the reflections back 
from the foward end of the hold would have produced a local enhancement of the 
shock overpressure. Similarly, 'end blockage effects' prcduced by the cargo 
door frame might have been responsible for lwal enhancements in he area of the 
belly skin separation and curl-back at starion 560 i ~ ~ ~ e n d i x  B, F i p  B- 19 and 
B-20, region El. 

The separanon of the large section of upper fuselage skin [Appendix B, Figure E- 
19 and 8-20. detail B] was almost certainly associated with a local overpressure 
in the side cavities between the main deck window line and the upper deck floor, 
where the cavity is effectively closed off. It is considered that the most pmbnble 
mechanism producing this region of impulse overpressure was a refection from 
the closed end of the cavity, possibIy combined with funher secondary reflections 
from the window assembly, rhe whole being driven by reflective, overprcssms at 

the fofward end of the longitudinal manifold cavity caused by the fonvard end of 
the cargo hold. The Imal overpressure inside the sidewall cavity would have 
been backed up by a general cabin overpresure resulting from the floor 
breakthrough. giving rise to an increased pressure acting on the inner face of the 
cabin side liner panels. This would have provided pseudo mass to the panels, 
effectively preventing them from moving inwards and allowing them to react the 
impulse pressure within the cavity, producing the region of local high pressure 
evidenced by he region of quilting on the skin panels [Appendix 3, F i p  B-19, 
region C]. 
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1.13.2.2 Propagation of shwk waves into he cabin 

The design of rhe air-conditior~in~depressutisation-ven- systems on the 
Bozing 747 (and on most other comerc id  aircnft) is seen as a si yificant factor 
in the transmission of explosive energy, as i t  provides a direct connecrion 
between the main passenger cabin and the lower hull at the confluence of the 
lower hull cavities below the crease beam. The flmr level air conditioning vents 
dong the Iengrh of the cabin provided a series of apenures through which 
explosive shock waves, propagating through the sub floor caviries, would have 
rdiated into the main cabin. 

Once the shmk waves entered the cabin space, the fom of propagation would 
have been significantly different from that which wcurred in the cavities in the 
lower hull. A~ain ,  the precise form of such radiation cannot be predicted, but it is 
clear that the. energy wouId potentiaily have been high and there would also 
(potentially) have been a large number of shock waves rzdinting into the cabin, 
both from individud vents and in total, with funher potential to recombine 
addirively or to 'follow one another up' prducing, in effect, sustained shock 
overpressures, 

Within the cabin, the presence of hwd, reflective, surfaces are Ikely to have .been 
significant. Again, the precise way in which the shock waves intencted is vastly 
beyond the scope of cursent andyrical rne thds  and computing power, but there 
d e ~ l y  was considerable potentid for additive recombination of the many different 
shock waves enterins at different points dong the cabin and the reflected shmk 
waves off hara surfaces in the cabin space, such as the toilet and gaiIey 
compartments and overhead Iockers. Tnese recombination effects, though not 
understood, are known phenomena. Appendix B, Figure 3-26 shows how 
shock waves radiating from floor level might have ken  reflecred in such a way as 

pmiuce shwk loading on a localised area of the pressure hull. 

1 2 . 3  Supersonic gas flows 

Tne gas prduced by the explosive wouid have resulted in 3 supersonic flow of 
very high pressure gas through the smcrural cavities, which would have 
followed up closely behind the s hwk waves. Whilst the p h ysicd mechanisms of 
propagation would have ken different from those of the shock wave. the end 
iesult wouId have been sirnilxr, i.e. there would have been propagation via 
multiple, Iinked paths, wish potential for additive recombination and su'ccessive 
pressure pulses resultins from differing path lengths. Essentially, the shock 
waves are likely to have delivered inirial 'pressure blows' which would then have 
been followed up immediately by more sustained pressures resulting from the 
high pressure supersonic gas flows. 
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1.13 Potential limitation of explosive damage 

Quite clearly the detonation of high expIosive material anywhere on board an 
aircraft is potentially catastrophic and the most effective mehs of protecting lives 
is to stop such material entering the aircraft in the first place. However, it is 
recognised that such risks cannot b eliminated entirely and it is therefore essential 
that means are sought to reduce the vulnerability of commercial aimaft saucrures 
to expIosive damage. 

The processes which take place when an explosive detonates inside an airCraft 
fuselage are complex and, to a large extent, fickle in terms of the precise manner 
in which the processes occur. Furthermore, the potential variation in charge size, 
position within the hrilI, and the nature of the materials in the immediate vicinity - " 

of the charge (baggage etc) are such that i t  would be unrealistic to expect to 
neumlise successfully the effect of evesy potential explosive device likely to be 
placed on bard an aircraft. Hawever* whilst the problem is inaacmbk so faras a 
total solution is concerned, it should be possible to limit the damage caused by an 
explosive device inside a baggage container on a Boeing 747 or similar aircraft to 
a degree which would dlow the aircraft to land successfully, albeit with severe 
local damage and perhaps resulting in some loss of life or injuries. 

Tn Appendix E the problem of reducing the vulnerability of commercial aimafttto 
explosive damage is discussed, both in general ternis and in the context of M t  

of similar size and form to the B e i n g  747. In  that discussion, those damage 
mechanisms which appear to have conuibutzd to the catastrophic smcturat failure 
of Flight PA103 are identified and possible ways of reducing their damaging 
effects are sugsested. These suggestions are intended to stimulate hought and 
discussion by manufacturers, aiworthiness authoriries, and others having an 
interest in findins solutions to the problem; they are intended to s m e  as a catalys~ 
rather than to lay claim to a def nitive solution. 

I t  was established that the detonation of ul IED, loaded in a lugsage contaicei 
positioned on the left side of the fomard carso hold, direcdy caused the loss ol 
rhe aircraft. The direct explosive forces produced a large hole in rhe fuselag 
smcture and disrupted the d n  cabin floor. Major cracks continued to propagafi 
from the large hole under the influence of the service pressure differential. The 
indirect explosive effects produced significant rrmcrurd dmage in remote 

from the site of the explosion. Re combined effect of the direct and indirec 
explosive forces was to descroy the srmctura( inn$ry of the fornard fuselap 
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aliow the nose and flight deck area ro detach within a period of 2 to 3 seconds, 
and subsequently allow most of the remaining aircraft to disintegmte while it was 

descending nearly vertically from 19,000.10 9,000 feet. 

The investigation has enabled a h e r  understanding to k gained of the explosive 
pr&esses involved in such an event and to suggest ways in which the effects of 
such an explosion might be mitigated, both by changes to future design and also 
by seaaspective modificstion of aircraft. It is therefore recommended thar 
R e ~ u l a t o ~  Authorities and aircraft manufacturers undende a systematic study 
with a view to identifying measures thar might mitigate the effects of explosive 
devices and improve the tolerance of the aircraft structure and systems to 

explosive damage. 

3. Conclusions 

(a) Findings 

(i) The crew were properly licenced and medically fit to conduct the 
flight. 

lii) The aircraft had a valid Ceftificatc of Airwonhiness and had been 
mainmined in compliance with the regulations. 

(iii) There was no evidence of any defect or malfunction in the aircraft . 
that could have caused or conhbuted to the accident. 

(iv) The structure was in good condition and the rniaimal areas of 
corrosion did not contribute to the in-flight disintegration. 

(v) One minor fatigue crack approximately 3 inches Iong was found in 
the fuselage skin but this had not been exploited during the 
disintegration. 

(vi) An improvised explosive device detonatd in luggage container 
serial number AVE 4031 PA which had been loaded at posidon 141, 

in the fonvard hold. This placed the device approximately 25 inches 
i n b a r d  from the skin on the lower left side of the fuselage at station 
700. 
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(vii) The analysis of the flight recorders, using currently accepted 
techniques, did not reveal positive evidence oE an explosive event. 

(viii) 'She direct explosive forces produced a lase  hole in the fuselage 
structure and disrupted :he main cabin floor. Major cracks 
continued io propagxe from the laqe hoie under the influence of the 
senlice pressure differential. 

(ix) The indirect explosive effects produced signifrcmt s m c t d  damage 
' in areas remote from the site of the expIosion. 

(x) The combined effect of the direct and indirect explosive forces was 

to deswy the smctural inte-gity of the fonvard fuselage. 

(xi) Containers and items.of cargo ejected from the fuselage aperture in 
the foru~xd hold, together with pieces of detached structure, 
collided with the empennage severing rnosr of the left tailplane, 
disruptiug :he outer half of rhe right tailplane, and damaging the fin 
lading edge smcture. 

(xii) The forward fuselage and flight deck area 'separated from the 
remaining structure within a period of,2 to 3 seconds. 

(xiii) The No 3 engine detached when it was hir by the separating fonvard 
fuselage. 

(xiv) Most of the remaining aircnft disintegrated while it was descending 
nearly vertically from 19,000 to 9,OQO feet. 

(XV) The wing impacted in the town of Lockerbie pducing  a large crater 
and creating a fxeball. 

(b) Cause 

The in-flight disintegration of the aircraft was caused by the detonation of an 
improvised explosive device locared in a baggage container positioned on the left 
side of the fonvard cargo hold at airnet  station 700. 
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4 .  Safet p Recommendations 

The follawins Safery Recommendations were made during the course cf the 
invesrigarion : 

3.1 That manufacturers of existing recorders wnich use buffering techniques give 
consideration to making the buffers non-volatile, and the data recoverable after 
power loss. 

3.2 That Ainvonhiness Authoriries re-consider the concept of allowing buffered data 

to k stored in a volatile memory. 

4.3 That Airuorthiness Authorities consider requiring the CVR sy stzm to contain a 

short duration, i.e. no greater than 1 minute, back-up power supply ro enable the 
CVR to respond to events that result in the almost immediate loss of the aimaft's 
elecrical power supply. 

4.4 That the Department of Transport fund a study ta devise methods of recording 
violent posirive and negative pressure pulses, preferably utilising the aircraft's 
flight recorder systems. ' 

3.5 That Airwonhiness Authorities and aircraft manufacturers undertake a systematic 
study with a view to identifying measures that might mitigate the effects of 
explosive devices and improve the tolerance of aircraft saucture and systems to 
explosive damage. 

ICAO Note.- The appendices were nat reproduced. 
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