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General 

1. The purpose of the Aircraft Accident Digest is to disseminate accident report information to Contracting States. Publit ion 
of the Digest began En 1951. Over the years Stales have reiterated their inleres! in tRs Digesf no! on@ as a Galuable source -of iinfarmafion ' 
for accident prevention, but also as a training aid for investigators and educational material for technical schools, 

Selection of accidents 

2. The Digest contains accident: reports selected by the Secretariat from tho# sent by States. Repork were selected on the basis 
of: 

a) their contribution to accident prevention; or 

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

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

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

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

States' co-operation 

4. States are encouraged to send to ICAO those Final Reports which meet the criteria of 6, I 4  in Annex 13. Tha reports must 
be submitted in one of the working languages of ICAO, and in the format presented in the Appendix to Annex 13, 

Bgedprrrrhrn 

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



1. Le recueil d'accidents d'aviation a pour but de communiquec tous les EMS contractants certains renseignements sur les 
rapports d'aocidents. La publication du recueil a commend en 1951. Au cours das annees, les hats ont manifest6 h plusieurs reprises leur 
infer& pour le rausil, parce qu'tl constitue non seulernent une source prhcieuse d'information pour la prdvention des accidents, mais aussi 
une aide de formation pour les enquhteurs et un manuel educatif pour les h l e s  techniques. 

S6lection des accidents 

2. Le recueil contient des rapports d'accidents choisis par le Sgcr6tariat parmi ceux communiquFjs par les hats. Ce choix repose 
sur les critbres suivants: 

a) i n t M  du rapport pour la prbvention des accidents; 

b) utilisation fructueusa de techniques d'enqu6te utiles ou efficaces; 

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

Le prbsent recueil ne saurait &Ire considbrb comme representatif, du point de vus statistique, de la repartition des accidents 
dans le monde. 

3. Les rapports finals son! gdneralement publi4stelsqu1ils smt repus. Par consdquent, ils pewent presenter certaines difl drences 
par rapport aux normes OACl de rbdaction. Certains rapports particulierement longs sont abr6gb par I'omission da renseignements 
redondants, #appendices, de pikes jointes ou de sch4rnas. De legeres modifications son? padois apport6es B la prbsentation, ainsi qu'd 
la terrninofogie, afin d'assurer la conformit6 avec les dispositions de I'Annexe 13. 

4. Les hats sont invitds A envoyer h I'OACI des rapports finals conformes aux crithres de 6.14 da f'Annexe 13. Les rapports 
doivent are redig& dans rune des langues de travail de I'OACI et present& cornme il est indiquh dans I'Appandice B I'Annexe 13. 

5.  Le recueil est publid une fok par an et wmprand des comptes rendus d'accidents et d'incidents survenus au cours d'une 
annb. 
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PRE AMBULO 

Considemioms de carrIcter general 

1. Ef objeto de la Recopilacidn de accidentes de aviacion es transmitir infonacih sobre accidentes a 10s Estados contratantes. 
La pltblicacidn de esta serie se inici6 en 1951. Con el transcurso de los afios, los Estados han reiterado su inter& por la Recopilacirjn, 
puesto que esta cmstituye no s61o una valiosa fuente de datos para la prevencidn de addentes, sino tarnbibn una ayuda para la fmac ih  
de investigadores, y sirve asimisrno de rna?erial didactico para las escuelas tbcnicas. 

2. La Recopilacibn contiene infomes y accidentes elegidos por la Secretaria de entre los que envian 10s Estados. La seleccidn 
se basa en los criterios siguientes: 

a) su aportacidn a la prevencih de accidentes; o 

b) el empleo con Bxito de tecnicas de investigacibn consideradas rjtiles o eficaw; y 

c) el cumplimiento del Anexa 13 y tarnbien la fona  de presentacibn dei Informe final. 

Desde el punto da vista estadistico, la Rsoopilacidn no &be consideram representativa de la distribuci6n mundial de 10s 
accidentes. 

3. Usualmente 10s informes finales se publican tal como se reciben. Por eso es posible que existan atgunas discmpancias en 
relaci6n con la forrna habitual de presentacilrn de la OACI. A veces, los inforrnes extensos se abrevian eliminando informacih oficiosa, 
apkndices, adjuntos o diagramas. Se pueden introducir paqueiios cambios en la presentacih y la terminologia con miras a dar curnplirniento 
al Anexo 13. 

Cqeracidn de los Estados 

4. Se alienta a los Estados a qve trammitan a la OACl tlnicarnente 106 inforrnes finales que satisfagan los criitlos ~efialados 
en el pgrrafo 6.14 del Anexo 13. Los informes deben venir redactados an uno de 10s idiomas de trabajp de la OACt y del mode indicado 
en el Apbndiie al Anexo 13. 

Publ icah de tas reoopiFaciones 

5. Las recopilacianes de accidentes se publican anualrnente y contienen accidentes e incidentes ocurridos en el transcurso del 
aiio a que se refieren. 
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llyushin lL42M, SP-LBG, accident nar  WarszawMkwie Airprt 
on 9 May 5987. Repcrt released by the General Dimrrtste 

of Civil Aviation, Ministry of Transport, Poland. 

SYNOPSIS 

0k:c ie/ a i rpor t  during its emergency agproach. 

lbout 24 a n u t e s  a f t e r  take-off f o r  dew York, scheduled 

r'li;ht LO- 5 4 5 ,  the crer? of r;he SP-L% reported on she 

failure of 2 ergines a d  elevator coosml sgssen, then  

an r h e  dec i s ion  to come oack to the Q ' i ~ c i e  a i rpo r t .  

Tbe accident rzsulted from the fa i lure  of the L.d, inner 

engice [do 2) .' The 1o;v pressure t u r b i n e  shaft uroke l oose ,  

tbea, as a r e s u l t  of t h a t  f a c t  the ~ u r b i n ' e  reached ir;s 

c r i s i c a l  r,p.x. leaeing to the  burst of the t u b i n e  Cisc 

~ ~ b o s e  f r a p e n c s  pierced the ruselage aft. p o r t i o n  ~ h u s  
- 0 causing dam~ge, znozg'o5hers, co  engine h I ,  50 the ele-  

vator  cont ro l  s y s t e n  a d  giving rise to fire in the baggage 

c oilgertaeot, fhe r e t m  rl ignt  with 2 ergines inoperative,  

%bi le  -the elevator was out of c o n t r o l  and the L i r e  ex- - 

pmded, cook about 31 ninutes. TLe zircraft long i tud ina l  

coctrol 71as ef f  ec tuzted  by means or - the hor izonta l  stabi- 

l i z e r  and elevator  t r i n  tab,  

it a dis tmce  of 6 h from the runyJay 33 threshold o f t h e  

IBgcie eerodrome t h e  aircraft becane full3 u c o ~ t r o l l a b l e  
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s d  struck the ground. The crash resulted in t h e  r e a a i n b g  

zae l  e q l o s i o z  firs. Zhe aircraft  Tdas c o ~ g l e s e l y  6 e s t r o y -  

ed, all the cres; ne3ci rs  fq'l) a C  p-  C S S C C , " ~ Z S  
t 

(172 2ersors  

Cied in the crzsh. 

I 



A.7. H i s t o q  of  he flight 

At 0818 U'lC on Kzg 9, 'Igtl? a P U  "UT1' X'X1-6ZU, SP-LBG, 

ojerated 'as f l i g h t  LO-5055 ,' took off in accordance with-, 
, . 

the  fligut schedule iron ~ i a r s z a i v a - ~ k ~ c i e  f, ' iarsai*~-0~~cie/.  

f o r  iiea York. . . 

Tbe 'crew members viere krepzred f o r  f l i g h t  in ac- 

zor&ace c i ~ h  t he  stand.zrd yroce iu re  t h ~ t  is obligatoxy,  

in fLL "IATt\d c ocsiste2t ~ i t h  Zolish regulz t ions .  

The a i rcrzf t  took off using r ~ r ~ a y  33 while the  aind 

C i r e c t i o n  v;:.as. j00~, aind velocity 22 km/h, ambient tenpe- 

~iture +113~,-sircraft T.O. mass 166675 kgs. being air-  

borne the a i rcraf t  f olloyied the p l a n e d  air nay 5-23 

toylards t h e  VOR G3U. At 0839 the e i rc rz f t  passed over the 

VGR GhU, as regorted by the crex, crossing l eve l  265 and 

cliabi~g t o  leve l  j q O *  

A t  O & I 5  ~ Y I Q  d n u t s s  z f ~ e r  hzvisg passed over the 

VGR .SKU ,he ~ i r c ~ a f t  wzs flging ~omards the VOIi Dm along 

the 3-23 a i r  wag uc is ,  a t  zo altitude of sbout 6200 m. 
' -0  2 

k t  thz t  nonent zn esergeacg s i c u z t i o ~  began, engine n 

f ~ i l e d  thzt f a c t  resulting in d a a g e  t o  fuselage, depres- 
.*o 

s u r i z z z i o n  of the z i r c r a f t ,  dmage to engine A\ 'I, c u ~ o f i '  

of t he  elsvhcor coztrol sgstem . a d  L E z g e  to sha e l e c t r i c  

2o::er nsc:;orP. 

Az O N 2  ;he c:eq:l repor tzd  to be ic dcsser, *;:kile ~ 3 1  

i m e i i z t e  d e s c e ~ t  r*~zs begun to eli z l ~ i c u d e  03 4036 n with 
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s s i z f i l t a e o u s  r i g h t  t u r n  and the a i r  t r eT f i c  c o z t r o l  xzs 

~ o t i l i e d  about the Cecision of return t o  ilarsx;~. dt the  

saxe tine the  crew stopped engine 14' 1 u l d  2 .  The crew nsa- 

bers t5ere convinced thak the  fire was extinguished. However, 

the fuselage rear p o r t i o n  was st i l l  on fire of v~bich f a c t  

the  crew members were unaware because of lack of signaliza- 

tion Jbroken e l e c t r i c  wires/. Upon the  recovery from the tu rn  

the creq begun the emergency procedure of fuel jettisocing, 

At the sane tine the crew s t a t e d  that  the,elevator was out. 

of con tml ,  

During the  return f l i g h t  the  crew s t a t e d  t roub les  in 

t j e  e l e c t r i c  netv:ork as a result  of which severa l  szste=s 

lost their goner  stqplg and the energencg jettisocing o f  

fuel was i n t e r rup t ed  from tine to t i n e .  

The aircrzft  longitudinzl c o n t r o l  was cazried ou t  

orly bg mems of stabilizer and tria tab. S i ~ c e  0849 a 

f u t k e r  loss of height has . . been s t ~ t e d  followed bg worsenhg 

of t he  a inra l ' t  syscaus condition. At 0853 cocs ider ing  t h e  

s i t u a t i o n  on bosrd the a i r c r z f t  t h e  crelv determined t o  land 

on the k o a l l n  zeroarose and inforned the sir t r e f z i c  coq- 

trol zbout that  decision,  

Eomever, a t  0855 after having r e c e i v ~ d  the l m d i n g  c l e u a c e  

md basic idornat ion  concerning the Lodlin aerodrome the 

crew r e s i s e d  the l ~ l l k i z g  at LLoClin giving t h e  reasons for 

lznding in 'Jarszw i. e ,  nentionixlg b e t t e r  rescue e q ~ i p n e n t  

of t h e  Karszame-Okcc ie /Jarsaw-Ckgcie/. aeroarorte * 
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i t  G3OO:52 t h e  c rea  d e c i a e a '  t o  l a d  oc t h e  Okscie zero- 

c r o ~ e  rual;ay 33 x k l e  being s t i l l  u a z a r e  of f i r e  a d  cou- 

v i scea  o f  . 2oss ib ie  e f f e c t i v e  s u s t s i z i ~ g  t h e  z i r c ~ ~ t  i n  t h e  

z i r  bj nesss  of s ~ i b i l i z e r  a d  e l e v a t o r  t r i n  t ~ b  a s  we l l  

es of the  s a i d  b e t t s r  rescue equi2ner t  of t h e  Gktcie zero- 

crome. 

The f l i g ~ t  c ~ r t i n u e c  t o  'VOZ EN0 v i t h  a f ~ r t h e r  l o s s  

of height .  A t  the- sane time t h e  f u s e l a ~ e  r e a r  p o r t i o n  vras 

s t i l l  on f i r e  while t h e  expanding f i r e  caused d m a g e  t o  
. 

e l e c t r i c  equipment thus p rec lua icg  a y  p o s s i b i l i t y  o f  

f u r t h e r  f u e l  j e t t i s o n i n g ,  

'The crew c a r r i e d  out  prepara tory  opera t ions  p e f o r e  

ezier~eocg l a d i n g .  

The s t i l l  e-xisting f i r e  ir  t h e  fuse lzge  r e a r  p o r t i o n  

i .e .   he f i r e  of nhich t h e  creu menbers viere s t i l l  u a i v s r e  

w2s s i g c c l l e d  a d  cor rec t11  i a e n t i f i ; d  by t h e  creT:r as  a 

Sagzsge c o q a r t n e r t  f i r e  not  before , the  nomtnt a t  v:hich 

- bLs ,. s i r c r a f t  r;as abezm t h e  th resho ld  of ru? :ag  jj, 

The s p ~ r o a c h  c a s  begun riich a l e f t  ttn=l, vectored og , 

the q g r o a c h  c o c t r o l  r z a z r ,  i n  t h e  d i r e c t i o ~  of rw:;zy 33 
-. Ziis. Lne l e f t  t u r n  ;:.zs begm z t  0909 a t  a e l t i t u d e  of 

1450 z aad a z i r s s e e d  of 460 a/h. 

',';hen tke  secczd Lzlf of t h e  c u m  nas  c a r r i e d  o u t ,  h 

s g i t e  of the  t z a s - d t t e d  nessage "zro j ing  ' ; ; S Z J S ~ ~ O  C O  S O -  

ill;;.*" / v ; ; ~   ill 60 o u r  ;;ossible/ the  cren viere no t  - S U C C ~ S S -  

2ul i n  c o n t r o l l i n g  further f l i g h t  09 t h e  z i r c ~ d t ,  i~ par- 
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z i c ~ l a  co keep the  des i red  a l t i t u d e  a d  L O  reech  the  rla- 

.- , .G,  - -, ~ t ? ~ i ~ ~ 2 1  =cis. A t  a e i s t a c e  .of 6 kn ~ r o n  the  r q u v q  

- bzrsshol2 t k e  z i r z r z f c  s t r u c k  t h e  f o r e s t  t r e e s  ;./bile f l ; i -g  

&G Z E  r i r s p e e d  of 465 kx /h ,  ~;:ith 2 l e f t  b ~ k  of 11 deg. ,  

-; 3 . -  . . 
b,, Z l i ~ L c  - s a t n  ~ 5 ~ x 2  12  2eg. belo.:; <he h o r i z o c ~ z l  l i z e .  

At 5212: 13 t he  l r s a s t  ceused T i r e  o f  chs +;;hole s i z -  

c r z f c ,  ~ 5 e  crei-: zci *&ssengers i i e a  i~ eke czzsh. 
,-0 ' Thz ~ c c i i e z - c  took > l a c ?  az l i t i t u ~ e  J L  G6 20" bl ad. 

0 ' I c s ; i c l ;~e  021 03 GG" 3. 3 e  k l x e  of ~ c c i i e n c  elevc=ti.cn 

:- 4 r p  
-a ,;L IJ ticovz s e z  l s v e l .   he accic',er?c occcz~.eG ir. t he  CL-J- 

1.2. I n j u r i e s  co persocs 

r 

I n  j u r i e s  

z z ~ a l  

Ser ious  

Linorf  one - 
# 

Uue t o  t h e  i q a c t  a d  p o s t - i q e c t  f i r e  t h e  dmage  t o  

che &ircra;_"t lusel t ige,  *::in~s, e q e n n z g e  s n ~  ufiuercarriage 

ivas 100 p e r  cent .  

1.4. Other 6 z z r e  

Others 

- 

- 

- 

C r ew 

I1 

- 

- 

f i r e  

Passeagers  

172 

- 

- 

a r e a  hec t a r e s .  
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- 
1. C q I i z i ~  , ;3 ;/eers old, 32s in pos- 

s e s s i o ~  of i i s ezce  L-Be7 v e l i C " m ~ i 1  25 August 1967, 

Ez b e l ~  rar;ir,g sor ; l l o % - i z - c o x a C  of t h s  eirzraf: 

G p e  IL-52 .  , 7l;irg ~ z a f i c i e ~ c ;  c h c k  c e r c i f  i c z t e  vklie 

=ti1 Z Seljtezoer 1957. 'Zheoreticsl k z o x l e d ~ e  check 

c e r $ i f i c z t e  v ~ l i e  ut.il 22 Pebruzq  ' l3cL, Cert i f ica te-  

of pro f i c i ency  check on f l i g h t  sinulztor veliC unti l  

24 Pebrua rd  lq62. T o t ~ l  flying tiae 7 9  745 hours 20  in, 

Flying tine .on IL-62L: 5546 h o u s  35 U n ,  in that 3725 

hours  74' min. as pilot-in-command. Last medical' exmina- 

..';i*p in ~ 3 - r n  \GZh:%tna i'io js&osa Xoais  ja Lo tnicxo-Lekarska 

- Chlef ~ i l i t a ~  Cosmittee f o r  Ced ica l  ~xaninatibn of 

Aviation Personnel/ : 26 Februarg 1957.' R e s u l t  : fi t ,  

grot? 111-IV. 

2. C o - ~ i l o t  :, 54 y ezrs o l d ,  l i cence  L-?SC6 

valid util 25 August 1988, he he ld  rating f o ~  c o - ~ i l c t  

of t he  z i r c r a f t  t ~ g e  G-62 ,  Cert i f ica te  of flying pro- 

r'izieccj check  did urt i l  20 O c t o b e r  7987. Cert if icete  

of t h s o r e t i c ~ l  h o m l e d ~ e  check valid u n ~ i l  22 Pebrua,--j 

7938, C e r t i f i c a t e  of s rof ic ieccg  check o~ P l i g h t  sfnulator 

vzlid mti l  24 F e S r ~ q  19a8, Tots1 fl~ing tize 70,957 

h a u s  47 nin. in that  1965 hour s  56 nin on IL-6Z. Last 
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check of rad io  operator's prof ic iencg valid until 14 

Bebruary 1938. T o t a l  f l y i n g  tiae 6374 hours' 59 nin. in- 

c lud lag . jq66  hours 40 nin, on G-62E. Last aecical exa- 

--?-q - nioetibn in YII-: Il Larch 19E7. kesult: l i t ,  group 

IV-V $ 53 c l a u s e  4 Jghysictil condi t ions  as afr;er opera- 

t i o n  of le?t kid;leg/. 

b/ board personnel Jsteaardesses/ 

I . 39 y e a s  ole. iizticgs: - - b o a &  

Gzrsoznel  i ~ s e r ~ s ~ o l :  si:ice *1 &c?zb&r 1963, - ' s e ~ i o r  

s~eaa,*ess sizce 6 October  1360, Lzst pro'iciencj checks 

j j  Lzrch - 2 A p r i l  7937, ezaoiraciol in w i n -  

zizg-pol  1 April 19Z7, t e s t s  /Iakrovicg course/  - Ge- 

c z z ~ e r  q956. T o t z l  I l ~ i n g  ~iae: 63G0 hours, L e s t  n e C i c ~ l  

exn;line;;ios in GXLL: 20 June 1953. 

2 .  36 ;:esrs o l u ,  s e ~ i o r  stewardess s ince  

1 Jmuarg 1975. Last prof ic iency checks: evacuation 

lo-l2'liarch 1987, examination in srrimmmg-pool 11 Larch 

1937, t e s t s  / i z p o v i n g  course/-Fe3ruzq 1957. Total  
? 

f l j i n g  5i3e: 8300 huuzs. Lzst z e c i c n l  e x u i ~ ~ t i o n :  

47 jears o l d ,  stev~ardess  s l c c e  J u l g  

197d, Last ; ror ' ic ienc? checks:  evacuctioc 11-'12 r'ebru3,q 

?9X, e x a k s t i o n  in s~~ixif ig-2011 12 Februcj 7 386, 

t e s t s  JComitzee for $ u a l i f  i c a t i o n /  Ssgienber 7986. 

' ~ ' o t z l  f l y i z g  ciize: 5bOQ ,hsurs. Last aed icz l  exminat ior :  



10 ICAO Circular 259-AN11 53 

't r 29 3ears 012, stezcrdess sir-ce 

15 2b3 1556. Lasi; p r o f i c i e 5 c j  chesks :  e ~ 2 c E = i 0 2  .21-2 j 

1 I exmina t ion  in s:: . irzir~-cool 22 Apri l  1957, 

t e s t s  Jizgrovisg course/  Lzy A966. Tctzl  f l ; l L g  cise: 
- 

2 4 G O  h o u ~ s ,  bzsk a e d i c h l  exmiza~ion :  20 -23 '1926, 

- 
; 24 je&zs 016, j u n i o r  st;:vzrdess siace 

15 Au5us.i; 7535, Lzs t pror ' ic  iescg c i e s k s  : evcc ua t ion  

- - .  . 
k/ ;LL2 0: 2i r~ :~f t :  czr;g\kzs5e:A;er k e f o t l a e  

b/ A i r c r G t  q s e :  IL-52M 
- 

c /  = r e g i s t ; r s t i ~ ~ :  a - L E G  

C/ 2egiz;ered N O :  2578 

E/ A i r f r m e  a b  engines L m u f ~ c t u r e r :  USSR 

.. f/ i i l s :or th iness  Certificate: v d i d  until 20 -October 

g/ Tots1 airfraae hours as of the day of iccident: 

6972 hours. 

iz/ ? o t a l  c m b e r  oi l aa inss :  '1752 

i/ P l y i n g  aonrs r e n ~ i o i n g  ulitil the  major overhaul: 

7028 hours and 948 l a d i c g s .  



1.6.2. ?cr:l;er plant data 

e/ i:uber of engires: 4 
-- 

b/ L i c a  of e ~ g i c e s :  zco-rotor ductec-fa turbine 

esgines . 

c/  Zcgine type: G - ~ ~ A U  

d l  T i ~ e  bet;.:eer overhauls ,JTBO/: 3000 hours 

e/ &sire r u n i r g  tine and houzs remeicicg zo the next  

aejos overhaul, 

Eted Yron the 

1.6.3. hout ine  msinzenulce , geriodical  &spec tions and sll 

, the opera t ions  inposed ~y Service E u l l e t i n s ,  foreseen 

io t h e  a i rc ra f t  maintenance d o c u e n t z t i o h  aefe carried 

o u t  in a c c o r d a c e  ~ 5 t h  vai id  Regulations. 

During the Pre-flight In ipect ion before the l a s t  

f l i g h t  no troubles mere found, la vi r tue  of t h e  
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naintenznce docmenta t ion ,  t e c h i c a l  r e y o r t s  con- 

c e n i n g  t h e  aircraf t ,  prepzration f o r  ? l i g h t ,  state- 

n e c t s  and t e s t imn ie s  of the  ~ e r s o m e l  respocsible 

f o r  .the zircr&t sreparat ion f o r  the l a s t  f l i g h t  it 

nzs found that tho a i rc ra f t  wgs f u l l y  e i r ~ o r t h g .  

1*6*4. 

a/ The SF-L3G was equipped r i t h  2 f u l l  set  of aviocic 

ics t r u e n t s ,  

b/ Before the l a s t  f l i g h t  the  z i rc ra f t  foe1 system 

mas filled with 75 000 kg PSL-a f u e l .  

c/ Zach ecgine o i l  system w2s filled with o i l  grade 

LS-81, as required by the Standard. 

d/ The a i rc ra f t  T.C. mass wes 156 675 kgs, 

the ?LL i r i  2 G S -  

crone ~ 3 6  in its r e ~ i o n  zs veil es zlszg che ' r o u t e  ;78rstiw - 

Grukz iqdz-y;arsz:~ baC no inf luesc  e on the zcc ident . The 

nezrby aerodrome was hood. 

During the take-off ,  en r o u t e  ana in the accident 

place no meteorologic a1 phenomena ;.:ere observed vrhich could 

i n f l u e ~ l c e  the flight sa fe tg .  The z c c i d t s ~ t  occurred. in ful. 
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I. 8, Aids to oavig i t ion  

The aids to naviaacioc along the air  nay '23 ?:ere: 
' . 

- a;;roach c o c t r o l  radzr  I p r i a a q  azd seco:;dzrg/ 

- area c o n t r o l  radar /;rinzry/ in Poz32h . 

- radio cavigation f a c i l i t i e s  on the iyar~zalva-Okscie aero- 

A11 the neatiosed aids zo . -. navigation \*:ere serviceable 

- ILS for rm.vag 3 3 ,  icoperztive because of replac e m n t  * 

of i t s  assenblies 

- con-Eirectian~l r d i o  beacon CEh-:;A0 tha t  gas inoperi t i -re  

beczuse of fa i lu re  of i ts  yoxer sug2lg sgstem. 

?he Z l i g h t  of the S-L;zG was surve3ed /controlled/ and 

zonit ored  /o b s e r ~ e d  / bg radzrs q ~ e r a t i n g  in the ;riarszana 

flight isf o r ~ a t  ion 

A .  9, C o ~ z u z l c ~ ~ i o n s  

j j u r i 3 ~  ~ 1 1  the ~ 3 6  c=e;.; 3 e ~ L o r s  of t h e  S-L;; 

,txiicscion v : i t ' a  the  z z i ~ t ~ i n e 6  the ~ s ; h + ~ l i s b = f i  r ~ C i c  co-- 

;LIT 2x.zfInjc Ccntrol Cest=r i'iersi~rva J;~arsaw/  snE ziti= t L e  

r Contro l '  Cezter iz t o z n a i .  

.? ' ,ze zecrs of r a c i o / t e l e g h o ~ e -  c o m c ~ t ~ i c ~ t i o n s  as used by . 

t he  a i r  t r e f l i c  c o ~ ' ; r o l l i ~ g  p e s s o ~ e l  in o r i e f  t o  c o n t r o l  

the flight of the ST-LZG xere sirviceable and t h e i r  use 

was co r r ec t .  
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7.10, herodrone in foma t ion  

I, 11. Blicht r ecorde r s  ' 

1,+l'l.l. Locztion of f l ight  data recorders:  

A /  b a l o f ; / u i g i t a l  Z l i g h t  data r ecor&er  t y s e  Sr2-64-2 

Jtaye shif t ini ;  nechanism =-74-T/ in .pro t e c  ted 

con ta ine r  was located in the fuselage rear porsion 

in t he  v ic i c i ty  of the s tar t iag  assenblg. 

2 /  B n d o g / d i g i t a l  flight d o t a  r e c  o r 8 e r  opera t iona l  type 

=-64-2 /<;i tb &-14-6/, nor-procec ted, j:Jas in- 

stzlled ir; t he  rezr ~ e c k i c e l  coz$artzent,  

j/ AnzIog f f i g h c  dzta r e c o r d e r  type MSiiP-72-96, pro- 

t e c t e d ,  was l o c a t e d  ic t he  r e m  tech;;ichl compertaznt, 

---. / -. 
4/ Analog Llighc Ceta recorder  sy2e n3-Q j ,  non-prof ec t e d ,  

nLs locsted in the c e n t r k l  p s r t  under $he bzr. 

:/ C o c k p i t  Voice Becorder t g p e  W-U, protected,  was 

. l o cz t ed  in the fuse lzge  r e=  sectign. 

1. l ' l .E .  C o ~ c i c i s = l s  ol f l i g h t  deta reaozbers  s f z ~ s ' z a s  zcci-  

q /  s ? 2 - e 4 ~ - z  /+ I.Abh - zbe MLP-'14-5$ o f  g ro tec ted  kj._;e 

s h o ~ ~ e 6  ~ X t e r a a i  dakge cc  i ~ s  g s t e s t o s  gzrt, !,-;bile 

- concicicz of i ~ l t ~ r ~ ~ l  e l ~ u e n t s  rrzs V~?J good, 

;he nagzetic t q e  being zlso ir e:ccellent c o r c i t i o z ,  
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?ha fli;as d a t a  uere recoraed on ihot t lpe  3 ~ 1 3  

until the noment of f a i l u r e  of e n ~ i n e s  1 and 2. 

2/  The U r o t e c t e d  Iligat hasa recorder  operational 

t2pe EW-64-2 / v ~ i t h  =-14-6/ suffered severe dauage 

as a r e s u l t  of r;.hic'h only one nag~etic tape r e 0  

was found ~ i t h  che dmsged t a p e  bc which mother 

f l i g h t  was recorded. 

j/ 'iha S2-12-96  shored icde-ts on one of i t s  halves, 

in adcition, t he  fixicg ~ z i ? s  located inside eere 

bzoken, Zes ides ,  the nsg~etic tzpe jwgeb o u t  02 its 

ro l l e r s  a d  wes in some g laces  brbken, hotq;ever, ;he 

r aco rd  was cor rec t  un t i l  the end of the f l i g h t .  

4 /  The Tj-63 was conpletely lost, even fragmeuts of 

tha t  flight r a c o ~ e r  coulC nQG be founC, 

The recorded i l ig i i t  data t ~ k e n  - f r o m  both the IS=-64-2 

/::is5 m-14-5/ a d  LSflp-l2-96 gere subjected to a a l y s i s .  

-I/ The results  obcsined Tram the GR$-64-2 f l i g a t  recorder 

Ere ES  foil^^;^: 

zhe seid flight reca rds r  3 k s  f w c t i o ~ i z ;  I r o a  t h e  coZ5st 

of a c t u 3 c i o ~  rill =he z o n e ~ i  69 f z i l ~ r e  is thz sir ice, 

07++ -,ill 0%1:+5 FTZ'/tfre set bb;, z j e  ere; on woazC 

the z i ~ c r z f  t/, 
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- cre;:l o p a r ~ t i o n s  e f t e r  eEr;eTir;g . the  cociri;it; 

- - - sGke-off a d  c l i z b  &long t h e  a i r  ;vag 

- zoceat  of fa i lure .  

At 0877-34 the a i r c r a f t  beg=  he gromd rurl, a t  .08?8:20 

she t o o k  o f l  ot au a&iye=d of 325 tx/h IAS /VR/. 

D u r i n g  the clinb and fu r the r  f l i g h z  the crew d i d  not 

transgress any regula t ion ,  

-he - c r i t i c a l  s i t u n t i o n  occurred a t  0&1:45 being caused 
0 

by t h e  failure of ecgine b 2. 

- Resc t ions  aSr sg[;~r,tons observed 2t the .zoue=r: of 

Ab3ut 32 GO 75 s e c o ~ d s  before  the  nonent of engice f~ilure 

the fuel c o n s u p t i o n  of engine iiO 2 increased for'& shorc 

t i a e  f r o m  2650 to 3000 k g J h ,  then dropped TO 2800 k;/n 

m d  renaized at thzt  l eve l  unc i l  the end of the recork. 
0 

Tke record of t h s  loz-piessure rotor speed of engize ll 2 

repected the ne~t io f i ec !  c h a g e  in the fuel cocsungtion 

I - 2 ,  the  lo-:;-presswe r o t o r  speed i n c ~ e a s e d  zor. 7 s e c o ~ d  

Tram 676 t o  aSji, t h ~ n  dropped t o  66%. 

0,5 s2cond before tbe  engine f a i l u r e  t he  l o ~ ; - ; r e s a ~ ~ e  
- -0 

r o c o r  ssezd or' enzine z1 2 bro_c;;ed cg 2,; i. e,  TO WiiO 

it che aonezt of ;ngine f s i l u r e  che greCiezc of Becreese 

of si;eed of ezgine i;' 2 -as i 8 ~  ini-hic 0.5 secosd, \?bile 
. . 9 - 0  

t n e  sceeC of the  lo:.-2ressure r o t o r  of e r ~ i z s  1; 7 d ~ c c * s d  

L' ~ 1 1 3 ~  83;: GO 66,7j> xithir' 0.5 s e c c ~ d .  
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Sc3e e f f e c i s  of t h z  f z i l u r o  2s reccrcied. bg the  LSA3-6L;-2 

- ~ e c r . e a s e  of p ressu re  d i f f e r e s c e  bet;.reer; t h e  ca'cin z d  

anbient  atnoskbere - s e c o n d z q  i n c i d e a t  

- aanage t o  the  e l e v a t o r  . con t ro l  system '- secondsry i ~ i -  

c i d e n t  t h z t  i s  corcluded f r o a  the  m $ l g s i s  o f  t h e  l z s t  

fragments of the  record  / a t  0841:45/, ';here a s i g n i -  

f i c v l t  Ciscrepancg i s  observed bets::een t h e  recorded 

parameters o f  the  e l e v a t o r  /change1 1' 10/ and the =on- 

t r o l  column p o s i t i o n s  /channel-i iO 451. That f a c t ,  pmves 

t h a t  t h e r e  was no io terconnect ion  between t h e s e  as- 

semblies 

- cimage t o  t h e  recording s y s t e n  of the  UZ-64-2 f l i g k t  

d a t a  recorder  - s e c o n c z q  inc iaen t .  

The above mentioned t roub les  occurred s imul t  iineously n i t h  

t h e  s g q t o ~ ~  t r m s c i i t t e d  bg t h e  sens ing  elements as , f o l -  

- t h e  n o r m ~ l -  ac .ce lers t ion  /noma1 load/ f a c t o r  dropped 

from 0.930 t o  0.640 n i t h i n  $ secord,  than i c c r e i s e d  
I 

up t o  0.960 r!iihin a f u r t h e r  g S. l a 2 s e  of time 
I - t h e  i i r s j e e d  /IAS/ drop was 21 h / h  ~ i t h i c  2 second 
1 - t h e  S ressure  a l t i t u d e  drop x i s  117 n rvithin 2 second 

- t h e  p o s i t i o n  of s p o i l e r s  c h a g e a .  

The s e ~ s o r s  a r e  of b r u s h / F o t e r ~ i o n e t e r  tyke s e n s i t i v e  

t o  v i b r a t i o ~ s  a d  shocks. 
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The above descr ibed sgnp to=  grove the  occurrecce 

of r i t h e r  g r e c ~  s h o c h .  The afcrenect iozed  va lues  of 

v e r i a b l e  p z r a e t e r s  nere  recorded ~3 th? 12st s e c t i o z s  

of the  :USz-SLt-) [i-1L+j/ nag;-ietic t&2e. 

Tie f l i , -h t  ~ i t a  r i c o r d ~ r  tgye 1:SE-12-36 Ti= f  w i c : i o ~ i t g  

fTG3 -'T ";e ronezit 02 z c t u a t i o c  O L  t h e  grotma <ill che 

noaer t  occurrir;,- 1 min. before -;he crash.  
...- .'ne t i z e  his tor^ of f l ight /n;vi&ztion FLremeters u n t i l  

t h e  ecgice f a i l u r e  i s  c o n s i s t e c t  n i t h  t h e  fiat& recorded 

by t h e  GRF-64-2 / Z - 1 4 - 5  /. 
k t  t h e  moment of engine f a i l u r e  a rbgid Crop of speed of 
engin- 11' 2 and EO 1 vras observed aoen t o  zero. - - 

A f t e r  20 seconds elapsed f r o m  the moment of engine 2 

f e i l u r e  t h e  p i l o t  reduced t h e  r o t z t i o c s  of engines EO j 

and 4 t o  792 f o r  4 rrinutes,  then increased  t h e  r o t a t i o s s  

a s  fol lows:  

-70 - engiae a j up t o  892; 

0 - ecgiae  li 4 up t o  92;; 

The l a t t e r  r o t a t i o c s  s e r e  g r z c t i c d l y  c e i c t a i z e d  ~t the  

s ~ i d  lev21 i n  under t o  cont inue che f l i g h t .  

The histo:.y of f l i g h t  a s  c o u t e d  f r o a  the  aomect of 

f i i l u r e  of e rg ine  B O  2 a d  based -?on t h e  recorded f l i ; u t  

d a t a  c a  be r e p r e s e r t e a  a s  fol lows:  

- t h e  a i r c r d t  l o s t  t h e  a l t i t u d e  r a t h e r  quickly ,  

- t h e  z i r c r e f t  &rzduzl ly l o s t  t h e  a i rs?eed ,  
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- zboard the  a i r c r e f t  t h e r e  viere n a y  e l e c t r i c  t r o u b l e s ;  

t h e  recorcied f l i g h t  d a t a  vreze per turbed  ' to  a g r e a t  ex- 

4- ~ e z t .  

The a i r c r d t  s t a b i l i t y  mergin ecabled the  p i l o t  t o  sus- 

t s i n  t h e  aircrzft i n  t h e  air. 

At G9Oq UTC i .e.  d t e r  5 i  .minutes of f l i g h t  t h e  a i r c r a f t  

zzde a m e q e c ~ e d  r s g i d  do~;~- .~zrd  novenent, shoan on t h e  

rec0i.d of the  c o m s ~ 1  load  f a c t o r  ;.:hich cro;_sed 'rig 0.j. 

h l i t c l e  sooner  the  e l s v a t o r ,  that  wzs  ill tnen i n  a 

F'rLa t h a t  aonent t h s  load  f a c t o r  beg= t o  "~0113.;;" t h e  

r q i d  d e f l e c t i o n s  of t h e  e l eva to r .  

Gfcer  t n e  i ~ i c i ~ l  aoanviard o s c i l l h t i o n  of the  &i rc l . a fc  

follo;;.ed by an upward o s c i l l z t i o n  t h e  t ape  r e v e a l s  b i n z q  

s i g n ~ l s  of landicg  f l a p s  and s p o i l e r  extension r o r  4 t o  

10 seconds. k t  t h a t  moment a  nornentzrj "agpezsement" of 

t h e  a i r c r a f t  i s  v i s i b l e ,  then t h e  longitudinal , o s c i l l a -  

t i o n s  a r e  repeated.  

A t  t h e  sane t i n e  t h e r s  a r e  v i s i b l e  sudaen and i n t e n s e  

b u t  s h o r t L l a s t i n g  p e r t u r b m c e s  of the  recorcisd f l i g h t  

i ~ c a ,  cbe rea f t ez  the  s a i d  k e r t ~ z b s c e  q p e a r s  zgzio cut  

i t s  e f z e c t  does c o t  i z f l u e n c e  a l l  t h e  f l i ~ h t  d a t a  t o  t n e  

s w e  excent. 

S imul tmeouslg  t h e  e i r c r a f t  " z a v i ~ g "  i s  s t i l l  v i s i b l a  

b e i r g  sonerhat  agseesed f o r  a x h i l e  a d  a t  chat  v e q  
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nonent the  s i g n a l s  of f l i g h t  a2.~3. under record c i s sp -  

A t  Q 9 l l  5l.C the  f l i g h t   eta recozder  stagged record i sg  

' c ~ t  i c s  n e c h a i s n  :.;as s t i l l  v;orklng because che  rezo2C 

dzca *.:ere s 3 s t e c a t i c a l y  cancel led  on the n s g e ~ i c  tcge.  

jQ secosd Sefo1.e zhe i q a c t  sose  s i p a l s  or' f l i z h t  ceca  

egpe?red but only f o r  &bout 1 secosd / v t s t i g i & l  0 s c i l -  

lo,-regL record/ ,  then chs f l i g h t .  r ecorde r  zen t  o n  f K C  t i on -  

i2,- s t i l l  c a c e l l i r g  ;he o ld  record /from a prccedezt  

f l i g n t / ,  Z ~ S  - Ucb-on l k s t e 6  5 L 1 1  t he  i z g & c t  but L O  

i2: - - -  biz noze2it ef i=1>zct =ti d C F q  the l a s c  z3zuce c l  

A.he zircr21't ;;.zs c o ~ ; ; l e ; e l - ~  cescro;jei  5u r . i~ ; .  <he is- 

;zc ; ;.;i;k ,he r - ~ o ~ c .  1 1 1 5 7 3  ;:'reckage C - a ; - z e r :  '? 
0- - A - W  A -  - - - u J  ?;ere cisbe:se5 

, ~ - j e r  a ;;,-es of j hecccres i f i  - 2 foresr;.  

. - 1.13. !,.edical and patholo.yica1 i:if ormcior? 

- r e l e v a n t  n e d i c a l  docruentacion de l ive red  by the Comnittee 

f o r  XeCical f i m i z a t i o n  of Aviation P e r s o r i e l  

- ? a t i e n t O s  s h e e t s  

- c e r t i f i c a t e s  o f  p r e - f l i g h t  n e c i c a l  e:cminctioo of the  

c2e.c; ze r i~e r s .  
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'Zhs s i t e  of a c c i a e s t  nas  i n s p e c t e e ,  ic  ad<icior?, the s t s t e  

of i n v e s t i g z t i o n  Gas chzcked a t  t h e  ?orensic  Le2icine Cencre 

of t h e  Led ica l  Aceaemy i n  ,arsar7. Thr cre7i rneabers4 f i l e s  

\;.ere e x m i c e e ,  Ses ices  che i c v e s t i g z t i o z  i n  che crev; nes-  

5ers  c i r c l e s .  I n  v i r t u e  o f  t h e  above dsca t h e  i r v e s t i g z t o r s  

S G Z G E G  ; sa t  che c r e a  ceaee r s  ;"ere Zree 02 m y  hez lch  t r o u j l e s  

.,. ,.Lich r, coald  irf luence t k e i r  > r o f e s s i o s a l  p r o f i c i e n c y ,  oe i sg  

z l s o  f r e e  of m y  d e v i a t i o c s  of p s y c ~ o ~ h y s i o l o ~ i c e l  r a t u r e  

i n  ;he p e r i o c  of she c r i c i c r l  f l i ~ h c .  

 he f i r e  oa board <he aircrzi't s ~ z r t e d  a B  e q a a e d  i n  

+-- ,ze bzggage c o q z r t z e c c ,  the  crex  nenbers beiag unawsre of 

cSst  f a c t  because of l a c k  of a z r ~ i n ,  s i g s a l s  u n t i l  0900: 36 

LTC . 
n+= IL, L I A ~ - L  -, -.-3-'- 17,zcc - ilgzinsr; t h e  g ~ s . ~ d  c ;useC a e i : & l ~ s i c ~  

2; -e c c v e r e c  a z r e c  of ;bout ~s 2 r e s ~ l t  sf -,-:hick ubz LA- 

h s s ~ z r z s  i n  z k e  f ores;. The fize I l s h t i n g  t e a s  az r ived  

- - C' =, bne site of e c c i c e s t  zftsr 21 ~ r z t e s  ~s couzted f r o n  ~ 5 s  

1 3 ~ ; z j ~  gf zhe crzsh .  Tn5j.r zcticjn ;:.zs reduced G O  e:czin;uish 

- 7.1:. siir-; ivd kspec ~s 

24 a j u l z n c e s  :.jere 2 r e s e ~ t  zc ';he s i c e  of acc ident .  

hZ-;er having recognized chi! -- s i t u s t i o r  a d  s t a t e d  t!lat 211 

-.he c r e c  ruesbers and passengers  d ied  i n  the c r e s h  :,;JO o f  the 
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z z c u l a c e s  rencinea  s t i l l  st t h e  s i c e  of crash.  The t~ :o  a- 

bulznces v:ere provided v;ith t h e  r e s u s c i t a t i n g  e q u i p e n t  ia- 

tended i n  c a s e  of need f o r  the  t e a s  p z r c i c i y a t i n g  i n  r e scue  

E /  Z x a i a r ~ i o n  o f  t h e  en"ices zechzica l  condition 

- rough e s t i a z t i o n  

- CC-. ,b-i lea evkluecion 

b/ U i s n = t l i a g  che engines 

c /  T e s t s  of r a t e r i a l s  used r o r  t h e  folio-,-:irg e l e a e c t s :  

- f ~ a p e n t  of brokez  s h d t  o f  t h e  10s -g ressme  t o r b i s e  

of e n s i r e  1;' 2 

..- 0 - i s t e r s h z f t  bezr ings f r o n  esg izes  L\ 2 end 4 and, 
. o  

f ~r ccnpar i sos ,  f r o s  e t g i s a s  7 ma 3 

- s l e z v e  o f  l z b g r i o t h  s e a l  ~f t%e izterch-" cJ L, ' o e i i r i ~ ;  

'-0 2 o f  eng-ine ir 
,.o - c ~ s t e r i s s  $121 rocs f r o =  s=l;its :i 2 ad. 1 

' -9  * - slelve  fro^ ;;hs i;igii-i;resju~e rocor  ;',POZ t ? ~ ; ; i ~ e  -, 
- 0 ,  - :oiler cear.1,; of thz :e;r s ~ ~ ' , l j o z t  0 1  e r i g i ~ e  L, L 

- f r t g z e ~ t s  cr' lo.:. _;reSsure cl;r.bine d i s k s  of engine 
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E/ C ~ l c u l s t i o r ;  of tho stcte of stress in the t u r b i n e  r o t o r  

m d  evaluztion of t u rb i rAe  c a s i ~ g s  s t r e n g t h  
, . 

"ff.iechmoscopic test of. - t he  case of guide r i n g  , ' i  of the 

 lo^ pressure t u r b i n e  

6/ Fhysicel/chemical .$ests of c e p o s i t s  on che i n t e m d  

surfsce of the  broken shaft  a d  t e s t s  of f r a ~ n e n ~ s  
- -0 

of the o u t s r  c h a z e l  czsing f r o 3  e u ~ i s e  1~ 2 

a d c a t i o n  a d  izvestig~tion of t he  h i s t o q  of use 

of e3gine tzpe  D-jOCd in P U  ''LOT''. 

i/ Lezsurezert ,of tor=_ue 5pplied so the  h o l ~ i n ~  co;;.n n u t  

j/ Checking the l a b g r i n t h  sleevo f o r  c o r r e c t  n o u n t i ~ g  
-- 

on the ~ u r b i n e  s h e t ,  

k/ Eecores of radio nessages a d  comucicatiocs of the 

1/ hecords caksn froa t he  f l i g n t  da ta  recorders. 

i p* L z\ ~ ~ t a  co~cerling petallic p e r t i c l e s  i n  oil in p r e c e ~  V& CI 

n/ G ~ t e r i z l s  obtain2d from s p e c i s l  tests of angiaes. 

o/ P l i g h t  tests airted a t  the e x a r & t i o c  of g o s s i b i l i t g  

of c o ~ t r o l l i n g  the a i r c r a f t  and la~ding x i t h  the help 

of t h s  elevztor t r i ~  thb. 

,-0 T23 E ~ ~ Z C I ;  ~ 2 u s e  of a ~ 3 k ~ e  GO i z i ; i ~ e  IL 2 F:2S t h e  de- 

s s rzc t ios  ~f the  lei-!-,ressure c u r b i ~ e  r o t o r  as z reslilt of 

3czzking l o o s e  of th9 t u r b i n e  shaft .  
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-*  

Lne S O L Z X ~  of :hat defect \yes 2ho increased r:.etir of t h e  is- 

& bersh~ft bearing,  the s k i c  uear cca~ributi~g TC the in- 

creas ing e c c e ~ t r i c  rotaGion of t h e  s k f  t. .Tha t  ecceu t r i c  

r o t a t i o n  resulted in decreasing the clearsnc e between the 

lo?!-pressure t u r t i r e  shzft and sone eleme,nts of the high-~res-  

sure  t u r b i n e  sha f t .  

The s h ~ f  brake loose because of t k  eagize long- las t ing  
? 

FU r:ith t he  intershaft bearics beicg ::om to zr: h ' reased 

escent ,  In d r t u e  af t k e  ~up~lier's Cocunents /results o f  

e q e r i a e n t s  , ergerience gained in the e r c r s f  t a p e r e t i ~ n /  

s ta ted  such t he  i ~ t e r s h ~ t .  b=zz- 

izg  ir ell t h e  czses was recorded 

fli~ht r e v e - z l ~ d  $he chsages in t h ~  q e t d  a d  f u e l  c o n s ~ z t i o n  

C7- - eagize 14 .-o 2 for 10 t o  15 s2corCs b e f o r e  the ergine. f a i l w e ,  

C' 'cut d e  ~ ~ 2 ~ i 2 g  sigmls about a izcrezsed or C u s e r o u s  

vibrktioa Ytere n o t  recorded. 

IL the ccriticzl f l i g h t  t h e  rtezr o f  t he  izttersebizte 

begring zeeched the l i m i t s  t h u s  czusizg f r i c t i o n  UP the 

5kdt  e l e s e s t s  me,  cocsequently , sigzif icmt h o a ~  ezisslo~. 

?era t ;ue ,  g o t  reCilced bs1or.1 the  lo=& zo be czr r ied  by t h s t  

i- b.,een t he  L.P, turbine a d  t h e  L.F, co=;ressor zssenbly 

Cziven by t k a t  t u r b i ~ e .  The turbia~ s;ee~ i r c reased  u z i l  
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L' i~ ~ c t i t i . ~ ~ ,  ~ n e j  g i e r c t a  the  g ressu r i zed  t a i l  s ec t io r .  of 

e lec  c r i c  b ~ c h e d  c z b l e s  ;:ere ' t r o k e ~ ,  z;sreGIJir che b&g;;2ge 

c iused  i n c o r r e c t  f  u c  t i o c i n g  o r  b r e ~ k s  i n  opera t ioh  of s ~ -  

nerous i a c i c a t o r s  , sensing elements,  s y s  terns a i d  s l ichl ike 

/ inc lua iog  among o t h e r s  the ZiiP-64-2 f l i g h t  ' d a t a  ,recorder/ .  

On t h e  &mud  of i n v e s t i g a t i o c s  i t  has been s t a t e d  t h a t  
.-0s ecgines n I and 2 were not on f i r e  while t h e  f i r e  warzing 

sys ten  could be ac tue tzd  by the  s t r e e a  of hot gzses  f lo7; i rg 

z r o u n ~  the  ? i r e  s e s s i n g  e l a e c c s .  

I. 17. i i? i i i t lozal  inx'or3zzion 

The e x c h z n ~ e  of i ~ f o - m a t i o a  betaeez t h e  a i r  t r a f f i c  

se-rvices coccerc icg  ;he ecergeccg a c t i o n  znd rescue  oge- 

r z t i o c s  ~ ; e s  e f f i c i e n t  s c  c o r r e c t .  It Cici  t o z  i z f l ~ e c c e  

t h e  accident .  

1.18. Vseful o r  e f f e c t i v e  i c v e s t i z s t i c ~  t eck icues  

t he  A i r -  

crafr ;  Fro;;uision Ceztres  - a t  t e c h i c a l  u c i v 2 r s i t i e s  c ~ z s  z:- 

g l i e d  GO evz lza tz  che s t r e s s e s *  i n  rocor  ele;lscts ES we l l  

2s t o  evz laz te  t he  lisit s t r e r g c h  of th; rozor  s t a g e s  m d  

~ , h e  52 j i ~ s s  c a s i u s s  resisc=-ce t o  c o l l i s i o n  z i t h  r o t ~ c i z z  

loose  eleaencs.  
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ked . z d  rzir-tairied i n  accordance :-;ith a c ~ u a l '  k s g u l a t i o n s  

a d  acceptable  aroceduras .  'i'he acciaerr;  w:res caused by che 

engine f e i l u r e  / see  1.16.2/. 

Before t h e  engine f a i l u r e  t h e  crew c a r r i e d  out  the 

n o r z a l  s rocedures  p resc r ibed  by t h s  F l i g h t  K m u a l ,  

A t  CSrCl i , e .  txo minutes a f . t e r  kzvin; .passed over  t h e  

VSR G3U t h e  c r e a  received acous t i c  si ;cals io fo rn ing  about 

- zu;;o;ilot s ; ~ i t c ; ? i n ~  of f  

- Cepressur i ca t ion  of the  czbin 

- f i r e .  

~t the s a c  t i n e  2 p r e s s u r e  crop o'ccurred i n  t h e  COCK-  

. O S  
sit. A t  O N 2  UTC t he  Cree s ta ted  t ke  f a i l u r e  of ecg i ses  II 

2 1 t h s  imposs ib i l i ty  of c o n t r o l l i c g  she e l i v a ~ o r .  
. - 

x i u h  t h e  help of the  c o s t r o l  c o l u m .  

Co~sice:is,-  he c i - r c m s t w c e s  the  cze;.; de tc rz ioed  r;o 

coae back t o  Nzrsz~1. F o l l o w i ~ g  She r ' l i gh t  : h u i i l  ~f t h e -  

I L - 6 Z ,  Chagter 3 "3nergencg Procedurest' t h e  c r e x ,  ef z e r  

hzving r s c e i v e a  che s i p a l  or' f i r e  e x s i n c t i c a ,  begyl she 

enersency descent  then chz f u e l  j e t t i k m i n g  r o r  sone 20 zic. 

ir  o r d e r  co g e t  t h e  p e r c i s s i b l e  l a c i n g  nass.  
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IL s s i t e  of a e x t z a x l y  t i z r ' i c d t  s i t u a t i o c  the c;.ee:; 

c o s t  i i?uirg r e  tu rn  f l i g h t ,  t he  

Since CZ52 ;ill 0300 5Ti' tl i ' c c k . ~ r  l o s s  of h ~ i ~ h t ;  a d  

?.! ,.O,~,.,~:;S --.Om cogc ' , i~ ion  of the  a i r c r  zft s ~ s t e r n s  have caused 

t h e  c o t s i d e r z t i o n  cf e z r l i e r  eaergency l u l d i c g  on the  

Locllin asrockone. The crev! members, e f t e r  e x c h a ~ g e  of t h e i r  
. . 

opia ions  and renarks asked she c l e a r a c e  t o  land i n  Loal in.  . 

'i'he l a d i n g  c l e z r u c e  mas g r a t e d  a f t e r  2 n inutes .  Eo;veuer; 

d t e r  a f u r t h e r  d iscuss io2 ,  t h e  crew took in.to c o n s i d e r a t i o n  

b e t t e r  _ r o s s i b i l i t y  of conducting che rescue ac'cion on t h e  

Ckecie zerocrone a d  c e t e A d n e d  so f l y  G O  \iZrsztv anc G O  l ~ d  

she re  ~ i t h  she  330' heating. That  dec i s ion  coul6 be sub- 

s t w t i a t e d  by t h e  f c c t  t k a t  t h e r z  was no f i r e  ~ a r n i a g  and 

4' t h e t  t h e  clew n a a g e d  t o  c o s t r o l  t h e  z i r c r x f c  by rneaI;s OA 

 he e l e v z t o r  t r i n  tab.  

The f l i g h t  coz t inxe5 ~ o a a r c s  t h e  VOH Fi;O v i ~ h  a  further 

Cescezc ;;bile the  f i r e  i~ the f u s e l s g e  t&il secz ion  was 

s t i l l  e x p a d i n g  / r ichout  being s i c c d l e d  t o  t h e  tree:;/. 

~f r;er ,-caching the  ~ e r o c r o n e -  t h e  crer: DeGul t h e  pre- 

scni -,oed kregara tory  oyergt locs  before an energercy l a n e i z g ,  

choos i rg  rwiqay 33 because of t h e  c i c d  favourable  C i r e c t l o n  

a d  ve loc i ty .  
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The tno f i r s t  1udi.g a l t e r z a t i v z s  i n  5 o d l i n  o r  HZZSZR 

/ c i t h  a s t r a i g h t - i n  a2proech, 150°/ z r e  uno5 j e c t i o n ~ b l e  , 
*' - ,~heraas  the  t z r d  dec i s ion  t o  l a d  on run:ray 33 02 bne C k g -  

c i e  aercdrone h r s  i t s  a d v a t a g e s  a-2 cisadvzsa ;es .  

rn Lhe zdvai tages ae2e as folio:-:s: 

- t h e  5526 ~ i c c  

- ;he 3 b s t i c l e  f r e e  z o ~ s  m C e r  t i e  &2;roecs g2;h. 

-. 
* . o t o :  It sl-oulc be s o t e d  that t h e  f i r e  ~ a r z i n g  s ~ s t e a  vrhs - 

i n o s e r a t i v e  util t h e  a i r c r a f t  71as a O e a  zhe thzes- 

hold of rumiay 33 i .e.  i n  the  g o i ~ s  f r o 3  s h i c t  a qcick 

landing  was p o s s i b l e  orily on r u m J a y  33. 

The d isadvzr tages  a e r e  a s  f o l l o a s :  

- pro lonsa t ion  of f l i g h t  d u r a t i o n  ~y 8 n inu tes  o r  so 

- n e c e s s i t y  of c a r q i n g  out  some a d d i t i o n a l  maroeuvres 

/ t s a r a s /  a u r i2g  the  agproach t o  l a d .  I n  t k e  n e a n ~ h i l e  

chr  f i r e  des t royed f c r t k e r  e l e a a r t s  of s i r f r u e ,  con t ro l  

s ~ s t e n  a d  accessor ies .  

The cause of i c c i 8 e a ~  v;is <he d e s ~ r u c s i o o  o'f ezgiae 

IiU 2 r e s z l z i r g  i n  c i s c o r i i e c t i o ~  o f  che l o u g i t u d i n a l  c o n t r o l  

sgs;en fl-on t h e  con-irol c o l u m ,  cabin de?ressl ; r izacion,  

c i a a z ~ e  t o  t h e  e l e c i r i c  s g s t a n  a d  f i r e .  A t  t he  e r a  nsage 

of f l i g h t  r;he f i r e  caused the  l o s s  of she  a i r c r a f t  longi-  

s u d i s a l  c c n t r c l  and i h e  i ~ p a c t  a i c h  t h e  , - r o u c  & t e r  31 

x i r u t e s  i s  counted "on the  begix i r? ;  of ;he energercy si- 

sua t ioo ,  
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f ron  t h e  waroing/ test ing sgs ten .  U ~ a e r   he c i r c u s t z n c e s  t h e  

crew nea-cers LTere c o t  a b l e  t o  s ~ o p  the  engine i n  d o o c  t i a e ,  

cor.sea_uer;tl-j a encrgercjr s i t u a t i o r ;  ~ 7 . 2 ~  c rea ted  on bozrd 

- - - 
I L C  i s  che i n c e r x l  s t x f a c e s  of che L.L. 

L burbice r o t o r  s h ~ * t  i z  c r d e r  c o  cecect  evcccual over- 

hezc i rgs  ~ L C  o i l  &e?osi ts .  

2.  Ir; ;he course of each i r spec t io r ;  "I;" measure t h e  t i n e  

f r a n  the  noment of s x i t c h i n g  o f f  the tu rb ines  t i l l  the 

nonent of s t o p p i r g  the  HOP.  2nd LoE* ro to r s .  

j. Check v~ i thou t  any delay ,  i r r e s p e c t i v e  of scheduled 

r o u t i x e  inspec t ions  che cocd i t ion  o f .  o i l  sys tem : f i l t e r s  

ir ~ l l  the  engine type D - j @ f i l  v i z ,  : 

- mcin o i l  f i l t e r  =S-jO 

- CX3- j 0  s i g a l l i n g  f i l t e r  

- f i l t e r s  or' t h e  ZZiO-jGii  suckisg  02: pup.  

4, Check che cot te r i t  of n e t a l  p a r t i c l e s  i~ o i l  /ic ~ a r t i -  

c u l a r  Fe a 5  Cu/ i~ BLL "LOT", i a  z i l  ;he engizes  E-SCLU 

a f t e r  each a r r i v a l  st Xirsaa. 

5. Check :he ecgine v i b r a t i o n  l e v e l  i c  f l i g h t  e v e r j  f l y k g  

hour a t  l e c s t  / i r r e s ? e c t i v e  of ~ a d z t o r j  f i l l i n g  is t h e  

Vibra t ion  Sheet i n  e x h  f l i g h t / .  



6. 11;zrodcce the Vibr~tZo3 cneck 't;y the  ratio cf a 2 l i t ~ 5 . s  

i m r e z e ~ t s  in particular su9ports /bearings/ i z t o  the  

s e t  02 .mallf ical /ssi t is t iC dati corcerrin,-  ;he C-j0L-J 

ezgi9es. 

8, Po,-zrci r;Se ds ' ia i le2 s t a c e ~ z s t s  G?, che % c c i c e n t  ~ L V ~ S -  

- bi,,uicg .-r.- C ~ m - . i t ~ ; g e  to t h e  i i a & ~ s c ~ ~ z r  f OT f urti:er re- 

s e a ~ c h  gzogez kct i02  ained &; ok ta l t ic ;  U s h e r  2 ~ -  

c. p--- l i z b i l i t ~  of the L-7u;u enziae, u~ i q r o v i z g  t h e  ~ e t k o k s  

~2 c b z c k i ~ ;  its co~cician mc -,-;orkkg 2arzzeters znd, 

i ' i s z l l g ,  ac  redticisg the xiverse eff2crs of ; o s s i b l e  

ezgine f ~ i l u r z  of the  airf'rane. 

IChO We.- Names af personnel were deleted. 

lCAO Ref.: 11 71S7 



McDonnell Douglas DC9.82, N312RC, accident at 
Detroit Metropolitan Wayne County Airport, Romulus, Michigan, USA, 

MI 16 August t 9'. WSBIAAR-8WQ5 relased by the 
National Transpottation Safety Board, USA. 

About 2046 eastern daylight time on August 16, 1987, Northwest Airlines, Inc., flight 255 crashed . 
shortly after taking off from runway 3 center at the Detroit Metropolitan Wayne County Airport, 
Romulus, Michigan. Right 255, a McDonnell Douglas OC-9-82, U.5. Registry N3 t ZRC, was a regularly 
scheduled passenger flight and was en route to Phoenix, Arizona, with 149 passengers and 6 
crewmembers. 

According to witnesses, flight 255 began its takeoff rotation about 1,200 to 3,500 feet from the 
end of the runway and lifted off near the end of the runway. Afier listoff, the wings of the airplane 
rolled to the left and the right about 35" in each direction. The airplane collided with obstacles 
northeast of the runway when the left wing struck a light pole located 2,760 feet beyond the end of 
the runway. Thereafter the airplane struck other light poles, the roof of a rental car facility, and 
then the ground. It continued to slide along a path aligned generally with the extended centerline 
of the takeoff runway. The airplane brake up as i t  slid across the ground and postimpact fires 
erupted along the wreckage path. Three occupied vehicles on a road adjacent to the airport and 
numerous vacant vchidw in a rental car parking lot along the airplane" path were destroyed by 
impact forces and/or fire. 

Of the persons on board flight 255, 148 paaengers and 6 crewmembers were killed; 1 passenger, 
a Cyear-old child, was injured serioudy. On the ground, two persons were killed, one person was 
injured seriously, and four persons suffered minor injuries. 

The National Transportation Safety Board determines that the probable cause of the accident 
was tho flightcrew's failure to use the taxi checkiist, to ensure that the flaw and slats were extended 
for takeoff. Contributing to the accident was the absence of electrical power to the airplane takeoff 
warning system which thus did not warn the fightcrew that the airplane was net configured 
properly for takeoff. The reason for the absence of electrical power could not be detetmined. 



I .  FACTUAL INFORMATION 

1 .I History of the Flight 

On August 16, 1987, a Northwest Airlines (Northwest) flightcrew picked up a McDonnell 
Douglas DC-9-82 airplane, N312RC, a t  Minneapolis, Minnesta, and operating as flight 750, flew'the 
airplane to Saginaw, Michigan, with an en route stop at Detroit Metropolitan Wayne County Airport 
(~etroit-Metro), Romulus, Michigan, arriving a t  Saginaw about 1840 eastern daylight time. At 
Saginaw N31ZRC became flight 255 and was flown by the same flightcrew which had brought the 
airplane in. Flight 255, was a regularly scheduled passenger i t  ight between Saginaw and Santa Ana, 
California, with en route stops at  Detroit and Phoenix, Arizona. The flight was to  be conducted in 
accordance with the provisions of 14 Code of Federal Regulations (CFR) Parts 91 and 121. About 
1853, flight 255 departed Saginaw and abwt 1942 arrived at its gate at Detroit- Metro. Except for 
taxiing past and having to make a 180" turn to return to i t s  assigned arrival gate, the flight t o  
Detroit was uneventful. 

After the disembarking paswngers had teft the airplane, a Hotthwest mechanic entered 
the cockpit and reviewed the airplane and cabin maintenance logbooks. He stated that no 
discrepancies were entered in either logbook. There was no record of any maintenance having been 
performed on the airplane while it was at Detroit-Metro. 

About 10 to 15 minutes before the flight was due to depart the gate, a company 
transportation agent brought the flight release package to the airplane. He was met by the f irst 
officer who told him that the captain was not on board. The first officer inspected the package 
which contained the dispatch documents, signed the release, and returned the signed copy to  the 
agent. As the agent left the airplane, he met the captain who had been conducting a wal karound 
inspection of the airplane and showed him the signed copy of the flight release. The captain studied 
the release, told the agent that it was all right, and thanked him. 

About 2029, the final weight tabulation (weight tab) was delivered to 'the flightcrew. 
About 2032, flight 255 departed the gate with 149 passengers and 6 crewmembers on board. Flight 
255 was pushed back to  spot four. p (See figure 1.) During the pushback, the flightcrew 
accomplished the BEFORE (engine) START portion of the airplane checklist, and, at 2033:04, they 
began starting the engines. 

At 2034:40, after the engines had been started, the ground crew disconnected the tow 
bar from the airplane, and, at  2034:50, the west ground controlier cleared the flight to "taxi via the 
ramp, h ~ l d  short of [taxiway) delta and expect runway three center [3C] (for takeoff). . . ." The 
controller.also informed the flightcrew that Automatic Terminal Information Service (ATIS) Hotel 
I" Hu) was now current and asked them i f  they had the information. The flightcrew repeated the t a x i  
instructions and stated tha t  they had the ATlS information, At 2035143, the ground controller 
cleared flight 255 to continue taxiing, to exit the ramp at taxiway charlie (C), to taxi to runway 3C, 
and to change radio frequencies and then contact the ground controller on 1 19.45 Mht. At 2035348, 
the first officer repeated the taxi clearance, but he did not repeat the new radio frequency nor did 
he tune the radio to the new frequency. Thereafter, the first officer told the captain, "Charlie for 
three center, right. * 

ATIS " H" had been transcribed at 2028:35 and was being broadcast at  the time af the 
accident. Examination of the cockpit voice recorder (CVR) recording showed that the flightcrew had 
not received information "H" before they began no taxi. However, at 2035: 18, information "H" 
began on the first officer's radio channel, and, at 2035: 55, he told the captain that he was leaving 
the airplane's No. 1 radio "to get the new ATIS." 

- 

t l  Adesignated spot ro~ated on the outer ramp near taxiway Mike. - 
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About 2025, the tower supervisor began coordination to change Detroit-Metro from a 
runway 21 configuration to  a runway 3 configuration. The change was completed at 2028. ATlS "H" 
was the first ATlS transcription to contain and broadcast this information. It also described the 
ceiling and visibility and stated in part that the temperature was 88' F, that the wind was 300" at 
17 knots, and that ". . . ILS approaches are in use to runways'three left (3L) and three right (3R) 
departing runways three.. . low level windshear advisories are in effect.. ." 

The takeoff performance data in the flightcrew's dispatch package was based on using 
either runways 21 L or 21R; however, the flight had been instructed by the ground controller t o  taxi 
to  runway 3C, the shortest of the three available runways. The final takeoff weight for the airplane 
was 144,047 pounds. At 2037:08, the captain asked the first officer if they could use runway 3C for 
takeoff. Because of the runway change, the first officer had to refer to the company's Runway 
Takeoff Weight Chart Manual to verify that their takeoff weight was below. the allowable limits for 
runway 3C. The takeoff weight chart showed that with the flaps set at 1 lo, the maximum allowable 
takeoff weights for runway 3C at 85" F and 90" F were 147,500 pounds and 145,100 pounds, 
respectively. After consulting the manual, the first officer told the captain runway 3C could be used 
for takeoff and the captain concurred with the first officer's evaluation. 

During the taxi out, the captain missed the turnoff at taxiway C. When the first officer 
contacted ground control, the ground controller redirected them to taxi to runway 3C and again 
requested that they change radio frequencies to 119.45 Mhz. The first officer repeated the new 
frequency, changed over, and contacted the east ground controller. The east ground controller gave 
the flight a new taxi route to runway 3C, told them that ATlS "H" was s t i l l  current, that windshear 
alerts were in effect, and that the altimeter setting was 29.85 inHg. The flightcrew acknowledged 
receipt of the information. 

At  2042: 11, the local controller cleared flight 255 to taxi into position on runway 3C 
and to  hold. He told the flight there would be a 3-minute delay in order to get the required "in-trail 
separation behind traffic just departing." At  2044:04, flight 255 was cleared for takeoff. 

The CVR recording showed that engine power began increasing at 2044:21 that the 
flightcrew could not engage the autothrottle system at first, but, at 2044:38, they did engage the 
system, and that the first officer called 100 knots at 2044:45.6. At 2044:57.7, the first officer called 
"Rotate," and, at 2045:05.1, the stall warning stick shaker activated and continued operating until 
the CVR recording ended. At 2045:09.1, 2045: 11.4, 2045: 14.3, and, 2045.17.1, the aural tone and 
voice warnings of the supplemental stall recognition system (SSRS) also activated. Between 2044:01 
and 2045:05.6, the CVR recording did not contain any sound of the takeoff warning system 
indicating that the airplane was not configured properly for takeoff. 

Witnesses generally agreed that flight 255's takeoff roll was longer than that normally 
made by similar airplanes. They stated that the flight began i t s  rotation about 1,200 to  1,500 feet 
from the departure end of the runway, agreed that it rotated to a higher pitch angle than other 
DC-9s, and agreed that the tail of the airplane came close to striking the runway. 

Only a few witnesses recalled any details about the position of the airplane's leading 
edge wing slats, trailing edge wing flaps, or landing gear. Most of these witnesses said that the 
landing gear was retracted after liftoff. Two Northwest first officers recalledthat the flaps and slats 
were extended. One first officer was in the airplane directly behind flight 255 in  the takeoff 
sequence. According to her, "the flaps were extended, which is normal, but I could not. . . state the 
actual degree,of flap extension." She did not destribe the position of the slats. The second first 
officer's airplane was parked on taxiway "A" between the ramp and taxiway "J." The airplane was 
facing runway 3C and about 150 feet from it. (See figure 1 .) He testified that he observed the flaps 
and slats as flight 255 rolled past his airplane and, "The slats and flaps were extended." However, he 
was unable to estimate their degree of extension. 
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After flight 255 became airborne it began rolling to the left and right. Witnesses 
estimated that  the bank angles during the rolls varied from 15" to  90'. Some witnesses stated that 
the airplane wings leveled briefly and then banked to the left just before the left wing hit a light - 
pole in a rental car lot. Most witnesses did not see fire on the airplane until it was over the rental car 
lot. The first officer of the Northwest airplane parked on taxiway "A9?estified that flight 255 was 
intact until the left wing struck the light pole in the auto rental car lot. After the wing struck the 
pole, he s w  what appeared to be "a four- to five-foot chunk of the wing section . . ." fall from the 
airplane. He did not see any fire on the airplane until after it struck the light pole and then he saw 
"an orange flame. . . ." emanating from the left wing tip section. 

After impacting the light pole, flight 255 continued to roll to the left, continued across 
the car lot, struck a light pole in a second rental car lot, and struck the side wall of the roof of the 
auto rental facility in the second rental car lot.' Witnesses stated that the airplane was in a 90" left- 
wing-down attitude when it struck the roof and that it continued rolling and was still rolling to the 
left when it impacted the ground on a road outside the airport boundary. The airplane continued to 
slide along the road, struck a railroad embankment, and disintegrated as it slid along the ground. 
Fires erupted in airplane components scattered along the wreckage path, Three occupied vehicles 
on the road and numerous vacant vehicles in the auto rental parking lor along the airplane's path 
were destroyed by impact forces and or lire. 

On board flight 255, 148 passengers and 6 crewmembers were killed; 1 passenger, a 
4-year-old child was injured seriouJy. On the ground, two persuns were killed, 1 person war injured 
seriously, and 4 persons suffered minor injuries. 

The coordinates of the accident were 42'14' N latitude and 83" 20' W longitude. 

1.2 Injuries to Persons 

See tabje 1. 

1.3 Damage to the Air gane 

Table 1 .--Injuries to Persons 

Crew - Passenqen Other 

Fatal 6 t4& 
Serious 0 1 
Minor 0 0 
None - 0 0 
Total 6 149 - 

The DC-9-82 was destroyed by ground impact and postimpact fires. According to the 
October 1987 Worldwide Aviation and Marketing krvice IAVMARK) Newst etter, the price of a 
OC-9-82 varied between about $20.5 million and $2 1.5 million depending on how it was equipped. 

1.4 Other Damage 

The front and rear walls abow the roof of the auto rental facility were damaged by 
impact forces and fire; the roof was damaged by fire. Threi! light standards in the rental car lots 
were damaged by impact forces. Numerous unoccupied automobiles in the rental car parking tot 
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were damaged or destroyed by either impact forces, fire, or both. Two automobiles and a GMC truck 
located on the road outside the airport boundary were destroyed by either impact forces, fire, or 
both. 

1.5 Personnel Information 

The flightcrew and cabin crew of flight 255 were qualified ir! accordance with 
applicable Federal and Northwest regulations and procedures. (See appendix B.) Examination of the 
flightcrew's training records did not reveal anything unusual. In addition, the investigation of the 
flightcrew's personal background and actions during the 2 to 3 days before the accident flight did 
not reveal anything remarkable. 

The Captain.-- The 57-year-old captain was hired originally by West Coast Airlines on 
October 3, 1955. In 1980, as a result of two mergers, West Coast evolved into Republic Airlines. On 
January 23, 1986, Northwest Airlines bought Republic Airlines and the combined companies were 
renamed Northwest Airlines Inc. The captain remained employed continuously by the companies 
throughout the transactions. During his.31 years with these companies, the captain was type rated 
on seven different airplanes ranging from the McDonnell Douglas DC-3 to the Boeing 757 (B-757). 
He also served as a Federal Aviation Administration (FAA) designated check airman in the 8-727 
(September 1978-July 1979) and the DC-9 and DC-9-82 (September 1979-April 1984) airplanes. 

The captain upgraded initially to captain in December 1972. Except for one 17-month 
period during 1978-79 and one of about 4 months during 1985 while serving as captain on Boeing 
727s (8-727), the captain had flown airplanes with a two-pilot crew. (See appendix B.) 

The captain had upgraded to captain on the 8-757 in February 1986. However, after 
the merger, Norfhwest disposed of the six 8-757s which had been operated by Republic. The 
disposal of these airplanes required the captain to return to the DC-9-82. 21 The captain requalified 
as captain in the DC- 9-82 in May 1987. Northwest pilots are not cross utilized in the DC-9-82 and 
other DC-9 series airplanes. Since May 1987, the captain had been assigned to and had flown only 
the DC-9-82. 

Virtually all of the interviewed first officers and other captains who had-flown with the 
captain described him as a competent and capable pilot. They stated that the captain always used 
the airplane checklist. One first officer stated that the captain had a reputation "as a strict, by-the- 
book pilot who would not tolerate any deviation from standard procedures." 

Three of the captain's present or former supervisors stated that they had never had 
any professional or personal problems with him. 

The First Officer. --The 35-year-old first officer was hired by North Central Airlines in 
May 1979. Republic Airlines resulted from a merger of North Central and Southern Airlines. The first 
officer has been employed continuously by North Central, Republic, and Northwest Airlines since his 
date of hire. 

With the exception of one training report during his early probationary period with 
the airline, all of the captains with whom the first officer had flown graded his performance as 
average or above average. Comments contained in some of his grade sheets described him as 
follows: "competent pilot,". "easy to work with," "good in all respects," and "very personable, 
thorough job.. ." 

21 The DC-9-82 is a derivative of the McDonnell Douglas DC-9-80 series airplane. The airplane is also referred to as MD-80 or - 
MD-82. The description DC-9-82 will be used herein unless a referenced publication, document, or quote specifies another 
name, in which case the referenced name will be used. 
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One captain with whom the first officer recently had flown stated that he appeared to  
be a good pilot. Although he did not remember i f  the first officer had initiated checklists, he stated 
that the first officer did not appear to be a "yes man" and that he remembered the first officer 
handling a very busy period "very well and calling a potential problem [to his] attention." Other 
captains who recently had flown with the first officer described his ability and performance in 
favorable terms. 

The first officer's supervisors stated that they had not had any personal or professional 
problems with him. 

The Northwest records showed that the captain and first officer had flown together on 
August 7-10 and 14-15, 1987. During this 6-day period they had flown 18 trip legs. 

1.6 Airplane Information 

The DC-9-82, U.S. Registration N312RC, was manufactured on October 15, 1981; it was 
delivered to Republic Airlines on December 8, 1982. Since delivery, N312RC has been operated by 
Republic Airlines and, after i t s  purchase of Republic, by Northwest Airlines, Inc. 

The airplane was powered by two Pratt and Whitney Model JT8D-217 turbofan 
engines. The JT8D-217 engine has a normal and maximum sea level static thrust ratings of 20,000 
pounds and 20,850 pounds at 84" F and 77" F, respectively; these ratings are limited to 5 minutes. 

Examination of the airplane flight and maintenance logbooks did not reveal any 
discrepancies or malfunctions that would have contributed to the accident. In addition, the 
examination disclosed that, at the time of the accident, there were no discrepancies or malfunctions 
in the logbooks involving minimum equipment l i s t  (MEL) items. 31 

1.6.1 Weight and Balance 

According to the Northwest DC-9-82 Airplane Pilots Handbook (APH), the maximum 
certificated takeoff weight of the airplane is 149,500 pounds. The airplane i s  limited to a maximum 
tailwind of 10 knots for takeoff and landing and a maximum demonstrated crosswind of 30 knots for 
takeoff and landing. The actual airplane weight for the takeoff at Detroit Metro was 
144,047 pounds, i ts computed center of gravity (c.g.) for the ensuing takeoff was 9.8 percent of the 
mean aerodynamic chord (MAC) of the wings and was within .the forward and aft c.g. limits of 
3.1 percent and 24.4 percent MAC, respectively. 

The CVR showed that the latest runway temperature information known t o  the 
flightcrew was the 88" F reading contained in ATIS "H." The CVR also showed that the flightcrew 
planned to use 11" flaps for the takeoff. Based on the 88°F ambient temperature, flaps at 1 lo, and 
the slats at the takeoff or mid-sealed position, the company's takeoff weight chart showed that the 
maximum allowable takeoff weight for runway 3C was 146,060 pounds and that reduced engine 
thrust could not be used for takeoff. The required engine pressure ratio (EPR) for the ensuing 
takeoff would have been 1.95. The takeoff weight charts provided weight corrections based on 
headwind or tailwind components. On runway 3C, the maximum allowable weights either could be 
increased by 230 pounds for each knot of headwind or had to be decreased by 960 pounds for each 
knot of tailwind. 

31 A list contaming the equipment and procedures required for continuing flight beyond a terminal point. 
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1.6.2 Flap and Slat Systems 

The trailing edge flaps and leading edge slats are extended and retracted by the 
flaplslat handle (flap handle) located on the right side of the control pedestal. 

The wing trailing edge flap system consists of an inboard and outboard flap segment 
on each wing. Each flap segment is powered by an inboard and outboard hydraulic cylinder on each 
wing. The outboard cylinders are operated by the left hydraulic system; the inboard cylinders are 
operated by the right hydraulic system. Although the flaps normally operate on pressure from both 
hydraulic systems, they will operate on a single system at a reduced rate. All flap segments are linked 
together mechanically to provide synchronization during extension and retraction. 

Six fixed position detents are located along the left side of the flap handle, track, or 
race: UPIRET. 0°, 1 lo, 15": 28", and 40". When the flap handle is positioned in any of the detents, a pin 
on the left side of the handle drops into the detent and keeps the handle at the selected position 
while the flaps move to the commanded position. To move the flap handle from, for example, the 
1 1" detent to the UPIRET detent, a spring-loaded lever, or trigger, on the left side of the handle must 
be raised to release the pin from the detent. As the lever is moved forward, the trigger must be held 
in the raised position until the flap handle has cleared the 0" detent. After passing the detent, the 
trigger must be depressed to transit the slat retract gate and reach the UPIRET detent. 

The numbers on the fixed position detents describe the flap position in degrees. When 
the flap handle is  in the UPIRET detent, the flaps and leading edge slats are retracted. When the flap 
handle i s  in the 0" detent, the flaps are st i l l  retracted, but the slats are extended to the mid-sealed 
position. When the flap handle is  moved to the 15" or higher degree detents, i.e. the 28" or 40" 
detents, the slats extend fully. 

A movable, or dial-a-flap detent allows the flightcrew to select takeoff flap settings 
anywhere in the 0" to 13" range or 15" to 24" range. The movable detent i s  positioned by a 
thumbwheel on the flap handle module. It moves along the right side of the flap handle track and 
provides a detent which i s  engaged by a pin on the right side of the flap handle. A takeoff flap 
setting in the 0" to 13" range will extend the slats to the mid-sealed position; flap settings in the 15" 
to 24" range will place the slats in the extended position. The movable detent was not used for the 
accident takeoff. 

The flap positions are portrayed on an indicator located on the lower right side of the 
center instrument panel and almost directly in line with the flap handle. A transmitter mounted on 
the inboard hinge of each outboard flap segment provides flap position information to the cockpit 
indicator, the stall warning computer, and the digital flight guidance computers (DFGC). The flap 
position indicator contains superimposed pointers and a dial which is  graduated in degrees of flap 
travel. The pointers respond to actual flap movement and will normally move in unison. 

The slats are wing lift augmentation devices located on the leading edge of the wings. 
Each wing slat i s  divided into six segments that are fastened together and operate as a single unit. 
Each slat i s  actuated by two hydraulic cylinders. One cylinder is operated by the left hydraulic system 
and the other cylinder i s  operated by the right hydraulic system. The actuating cylinders extend and 
retract the slats through a pulley, a closed cable, and a track system. The slats normally are operated 
by pressure from both hydraulic systems, but they will continue to operate, at a reduced rate, by 
pressure from a single hydraulic system. Movement of the flap handle from the UPIRET position 
drives a pushrod to rotate a cable drum in the lower portion of the control pedestal. Two closed 
loop cable systems transmit the handle motion to a cable drum within the flap and slat sequence 
mechanism which in turn positions hydraulic control valves to extend the slats. 
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Positioning the flap handle to the 15" or higher degree detents will move the slats to 
the extended position. The movement of the flap handle through this selection range rotates a 
cable drum in the control pedestal. The rotation of the cable drum drives a nonadjustable pushrod 
which positions a synchro and a rotary switch containing five microswitches. The synchro provides a 
flap position signal to  the speed command system. Two microswitches are used in the slat position 
indication system; one microswitch provides information to the auto brake system, and the two 
remaining microswitches provide 28 volt d.c. (28V d.c.) signals to the two stall warning computers. 
The output of the stall warning computers drive two electric jackscrew actuators (the autoslat 
actuators) to position the hydraulic control valves to drive the slat t o  the extended position in  
response to the pilot commands from the flap handle. 

Slat position status is provided by four slat advisory lights located to the right of the 
flap position indicator. When the flap/slat handle and slats are in takeoff range the takeoff light 
(blue) will illuminate. The other three positions that can be displayed by the advisory lights are 
disagree, auto, and land. These advisory lights are not lit when the slats are retracted. 

1.6.3 Takeoff Condition Computer 

The Takeoff Condition Computer (TCC) is used by the flightcrew to determine the 
airplane's stabilizer trim setting for takeoff. The stabilizer trim settings are determined by entering 
calculated takeoff values for c.g. and flap setting into the computer mounted on the left side of the 
control pedestal. When the appropriate c.g. and flap setting appear in their respective readout 
windows, the stabilizer setting numeric value will appear in the takeoff condition longitudinal trim 
window and the computer will position the longitudinal trim takeoff position indicator to  the same 
value contained in the trim window. This value may then be set by moving the stabilizer until i t s  
longitudinal trim indicator is  aligned with the longitudinal trim takeoff position indicator. In 
addition, the flap setting inserted into the takeoff condition computer is used as the reference value 
by the takeoff warning system to determine that the flaps are set for takeoff. 

1.6.4 The Digital Flight Guidance System 

Thrust Computer indicator.- he thrust computer indicator (TCI) provides EPR l imit 
values for six flight modes based on temperature. The modes of flight, which can be selected by 
depressing the appropriate pushbuttons on the TCI, include takeoff (T.O.), reduced thrust takeoff or 
takeoff flexible (T.O. FLX), go-around (GA), maximum continuous thrust (MCT), climb (CL), and cruise 
(.C R) . 

Fliqht Director System.--The DC-9-82 i s  equipped with a flight guidance system for 
flight guidance throughout the entire flight envelope (takeoff to landing). The flight director (F/D) 
function of this system provides visual guidance commands to fly the airplane manually or to  visually 
monitor autopilot and autothrottle response to the guidance commands. Flight guidance system 
operating modes can be selected for the F/D function with autopilot and autothrottle functions 
disengaged. The F/D modes selected by the pilots are annunciated on the pilot's flight mode 
annunicators (FMA) located on the top of each pilot's instrument panels. The digital flight data 
recorder (DFDR) records the FID and autothrottle system modes that are annunicated on the FMA. 

Pitch and roll data from the flight guidance computers are displayed on the attitude 
director indicator (ADI). A V-shaped command bar (command bar) directs the pilot to turn, climb, or 
descend. Although the F/D provides visual guidance commands throughout the entire flight 
envelope, the events leading to the accident occurred during the takeoff roll and initial liftoff phases 
of flight. Therefore, the discussion herein will be limited to the takeoff mode of operation which 
was relevant to those phases of the flight. 
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The FlD's "Takeoff"mode uses two different methods to position the command bars 
from takeoff roll up to the altitude at which the FID is  either turned off or fhe pilot selects another 
mode of operation. The method of operation is  based on either the airplane's height above the 
ground or the elapsed time since liftoff. After the airplane has either climbed to 80 feet agl or 
11 seconds have elapsed since main gear liftoff, whichever occurs first, the FlD's commands 
compensate for changes in the airplane's flaplslat configuration. The control laws in the digital 
flight guidance computers (DFGC) continuously calculate the desired reference speed for the existing 
airplane configuration, compare the actual airspeed to the reference speed, and position the 
command bar to provide the appropriate nose-higher or nose-lower cues to the pilot to correct the 
variation between the actual and reference airspeeds. 

The FID operates differently when the airplane is either below 80 feet agl or before 
the requisite 11 seconds since main gear l i f toff has expired. The DFGC laws use longitudinal 
acceleration (in the form of airspeed change) airplane configuration, and angle of attack. The FID's 
system logic is  designed to provide a target pitch attitude after rotation as the airplane i s  
accelerating to the first segment climb speed. It assumes that the airplane is in an acceptable takeoff 
configuration and is rotated at the proper speed for that configuration. While the airplane is-stil l on 
the runway and below the normal climb speed, the FID predicts what the pitch attitude should be 
and positions the command bar to  display this attitude during rotation and liftoff. However, the 
command bar position only displays 37 percent of the unsatisfied pitch command. For example, i f  
the predicted pitch attitude during the takeoff roll was 20" nose-up, the command bar position 
would present a 7" nose-up pitch command to the pilot. The major contribution to the display is 
acceleration. 

After rotation, the airplane's horizontal acceleration declines because the energy used 
to accelerate it i s  traded for climb angle. The FID cue, sti l l  a predictor of proper pitch attitude 
continues to use the airplane's configuration and angle of attack, and it compares the predicted 
flightpath angle to the actual flightpath angle which is  calculated from the existing vertical speed 
and airspeed. The sum of the predicted flightpath angle and the required angle of attack @ased on 
airplane configuration) yield the commanded pitch attitude. As a result, the FID command bar 
generally will require a nose-up attitude which will allow the airplane--with both engines operating 
at takeoff power--to reach V2 41 + 10 KlAS at 35 feet agl and to maintain that airspeed. After the 
airplane either climbs through 80 feet or 11 seconds have elapsed after main gear liftoff, whichever 
occurs first, the DFGC adds a reference airspeed term to determine the applicable pitch attitude 
correction. 

After the FID has been turned on, pressing either of the two takeoff-go-around 
(TOGA) palm switches while the airplane is  operating in ground mode will place the F/D in  the 
takeoff mode; pressing either switch after the airplane l i f t s  off places the F/D in the go-around 
mode. (A TOGA palm switch i s  located on each throttle lever just below the knob on top of the 
lever.) The FMA annunciations recorded by the DFDR showed that the FID entered the go-around 
mode about 4 seconds after the weight of the airplane had moved off i ts  main landing gears. After 
go around has been selected the FID commands a minimum + 6" flightpath angle by inserting a nose- 
up pitch command above the existing command bar position for about 7 seconds. In this case, the 
command bar would rise about 2" above the existing position. Thereafter it will phase in speed 
command data to reposition the command bar. Assuming the flaps were at 11' and the slats were.in 
the mid-sealed position, with both engines operating, the command bars would have commanded a 
pitch attitude which would capture and maintain V2 + 10 KIAS. However, assuming that the flaps 
and slats were retracted, with both engines operating, the command bars would be positioned to  
command a pitch attitude which would capture and maintain 1.5 Vs, %-or about 252 KIAS. At the 

41 V2-Takeoff safety speed. 
5/ The stalling speed or the minimum steady flight speed at which the airplane is controllable. 
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Safety Board's public hearing in Romulus, the director of the McDonnell Douglas Flight Guidance 
and Controls Design Engineering Department testified, however, that the accident flight had 
terminated before the FID presented any commands designed to achieve the 1 .'5 Vs target speed. 

With regard to takeoff procedures, the normal procedures section of the Northwest 
APH states that, at the call of rotate, the pilot flying "will initiate a smooth steady up elevator 
movement normally requiring a positive pull force and approximately a 6-8 second interval to  rotate 
to  a maximum of 20" pitch attitude. Following the V COMMAND bar will give proper V2 pitch 
attitude." 

Autothrottle System.--The autothrottle system (ATS) function of the autothrottle 
speed command system automatically positions the throttles to maintain airspeed or engine thrust 
as required for the operational mode selected and the airplane control configuration. The ATS will 
control the throttles for the following maneuvers: takeoff, climb, cruise, holding, approach, flare, 
and go-around. The ATS i s  engaged by moving the autothrottle switch on the flight guidance 
control panel on the glare shield from the OFF position to the autothrottle (AUTO THROT) position. 
The solenoid-held switch will not remain in the AUTO THROT (engage) position until all interlocks 
and engage requirements have been satisfied. 

' 

The ATS takeoff mode will provide automatic engine thrust control during the takeoff 
roll, liftoff, and climbout. However, with the FID in takeoff mode, the autothrottle switch will not 
engage unless the TCI has been placed in either the T.O. or T.O. FLX modes. Thus, the ATS takeoff 
mode i s  initiated by selecting T.O. or T.O. FLX on the TCI, pushing the takeoff palm switch on the 
throttle, and engaging the autothrottle switch on the flight guidance control panel. When the 
autothrottle switch has been engaged, the ATS will advance the throttles until the EPRs have 
reached the limit set in the TCI. When the airplane has accelerated to 60 KIAS, the ATS will enter the 
clamp mode. Power is removed from ATS's servo motor, movement of the autothrottles i s  prevented 
during rotation and liftoff, and the acronym "CLMP" is annunciated in the thrust window of the 
FMA. 

Automatic Reserve Thrust %stern.--During takeoff, the automatic reserve thrust 
system (ART) provides automatic engine failure detection and a subsequent thrust increase on the 
operating engine. The system is completely self-testing and requires no action by the flightcrew 
except for extending the slats and enabling the system by placing the guarded ART switch in the 
automatic (AUTO) position. Two annunciator lights are provided on the center instrument panel. 
With both engines running and the self-test function satisfied, a green READY light illuminates 
when the slats have been extended, indicating that the system is available for use. An amber ART 
light indicates that the system has detected a 30 percent differential in Nt rpm and the ART solenoid 
in the fuel control has actuated to provide the increased thrust on the remaining engine. The system 
is disabled automatically when the slats are retracted after takeoff, extinguishing the green READY 
light. 

1.6.5 Stall Protection System 

The DC-9-82 uses a two-computer stall warning recognition and protection system; 
either computer can detect an approach to stall and operate the system. The system monitors angle 
of attack (AOA), the rate of change of the AOA, and airplane configuration to provide several 
warnings to the pilots. When the airplane is in a takeoff configuration, i.e., the flaps and slats are 
extended to their commanded positions, the system will predict an impending stall, activate the 
autoslat'extend portion of the warning, and extend the slats from the mid-sealed to the full-extend 
position. If the near stall condition persists or develops again, the stick shaker will activate providing 
the pilot with the standard Federal Aviation Administration (FAA) prescribed warning of impending 



ICAO Circular 259-AN11 53 

stall. This warning has at least a 4 percent speed margin above the 1 G stall speed. 6/ As the AOA 
increases to near the stall AOA, a supplemental stall recognition system ,(SSRS) will illuminate 
"STALL" signs on the left and right sides of the cockpit glare shields, activate a series of aural tones, 
and state the word, "stall." This i s  an announcement that the stall AOA has been reached and that 
there i s  no more ,safety margin. If the condition lasts for 6 seconds or the AOA increases an 
additional 3", a post stall recovery system (PSRS) activates a stick pusher that forces the control 
column forward, pitching the airplane in a nose-down direction. If the slats are retracted, autoslat 
extension and the PSRS are disabled. 

1.6.6 Central Aural Warning System 

The DC-9-82's central aural warning system (CAWS) provides distinctive aural (horn, 
"6" chord, chime, and bell sounds) and vocal (electronically-generated system identification words) 
indications when potentially unsafe operating conditions, unsafe airplane configurations, or system 
malfunctions exist. Each voice message i s  preceded by an associated warning tone. The voice 
message is cycled with a I-second aural tone, followed by a 1- (second voice message identifying the 
unsafe configuration, condition, or malfunction for the duration of the warning period. The-CAWS 
contains 12 defined warning systems; however, given the circumstances of the accident, the 
discussion herein will center on the SSRS and the takeoff warning system. 

The components of the CAWS include the CAWS unit located on the forward right 
radio rack in the electrical and electronics compartment and two speakers located, one each, in  the 
captain's and first officer's side consoles. The CAWS unit contains three internal power supplies 
which are powered individually by 28V d.c. electrical power from the airplane's electrical distribution 
system. In accordance with Federal certification requirements, circuit breakers have been installed 
on the 28V d.c. input lines to protect the airplane's electrical system from overloads caused by high 
electrical current draws. The three circuit breakers are located on the circuit breaker panel mounted 
on the aft cockpit bulkhead directly behind the captain's seat. Thus, the 28V d.c. input to  power 
supply-1 within the CAWS unit is  routed from the d.c. transfer bus through circuit breaker U-31; 11 
the 28V d.c. input to power supply-2 is routed from the left d.c. bus through circuit breaker P-40; and 
the 28V d.c. input to power supply-3 i s  routed from the right d.c. bus through circuit breaker R-41. 
The failure or loss of power to any of the three d.c. distribution buses will be annunciated by a failure 
light on the overhead cockpit annunciator panel. The failure of either the left or right d.c. bus also 
illuminates the airplane's master caution light. 

The 12 warning systems are divided among the three power supplies of the CAWS 
units. Except for the SSRS, there i s  no redundancy, and the failure of a power supply will result in  the 
loss of i t s  associated warning systems. SSRS-1 operates off power supply-2 and SSRS-2 operates off 
power supply-3. When SSRS-1 and -2 are activated by the stall protection system, SSRS-1 will provide 
a tone and the word "stall" to the captain's speaker; it also will illuminate the stall warning light on 
the captain's side of the glare shield. SSRS-2 will provide the same data to the first officer's speaker 
and will illuminate the stall warning light on his side of the glare shield. Although SSRS-1 and -2 are 
activated simultaneously, the word warnings are not, and one word trails the other by a small 
fraction of time and produces an "echo" type sound within the cockpit. According to the Northwest 
APH, flightcrews must check the stall warning system during the RECEIVING AIRPLANE checklist. The 

6/ T~t le  14 CFR 25.201(d)(l) states, in part. that the "airplane may be considered stalled when, at an angle of attack measurably 

greater than that for maximum lift, the inherent flight characteristjcs give a clear and distinctive indication to the pilot that the 

airplane is stalled.' The flight characteristics used to determine the stall speed of the DC-9-80 series airplanes are contained in 
14 CFR 25.201(d)(l)(ii) which states, in part, 'A roll that cannot be readily arrested . . . ' 

21 Grid positions are used to locate each circuit breaker on this panel. Circuit breaker U-31 is on horizontal row 'U' and 
vertical row NO. 36. 
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APH states, in part, that the RECEIVING AIRPLANE checklist will be. completed when originating a 
flight following an overnight layover; when a new flightcrew accepts an airplane; when an 
interrupted flight is resumed when the airplane has been left unattended for an extended period of 
time or the TERMINATING checklist has been completed; when maintenance has been performed 
that requires the repositioning of cockpit switches with no crewmember present; and whenever the 
captain deems it necessary. The APH contains the following note: 

During the aural portion of the test, an echo effect will be heard i f  both 
channels are producing the STALL voice of the central aural warning system at 
the same time. 

The takeoff warning system is powered by power supply-2 and i s  programmed to  
provide a modulating horn for 1 second, followed by a voice warning identifying the system or 
systems, control or cofitrols not properly configured for takeoff. Thus, i f  the slats are not set for 
takeoff and the slat takeoff light i s  not illuminated, the warning system will state the word "slats"; 
i f  the flap handle is  not in agreement with the value set in the flap window of the takeoff condition 
computer, the warning system will state the word "flaps;" and, if the horizontal stabilizer i s  not set 
within the green band of the longitudinal trim indicator, the warning system would state the word 
"stabilizer." If more than one out-of-configuration condition exist, the voice warning will identify, 
in turn, each out-of-configuration control. 

The takeoff warning system i s  disabled in flight by the R2-5 ground sense relay. This 
relay i s  controlled electrically by the operation of the nose gear strut and removes power from the 
warning system when the strut extends on takeoff. 

At the time of the accident, the APH required the flightcrew to check the takeoff 
warning system during the RECEIVING AIRPLANE checklist. The check is made during the spoiler 
check when the throttles are advanced to about 4 inches of throttle travel to check the performance 
of the spoiler lever. The APH states, in part: 

The takeoff warning horn will sound after the throttles have been 
advanced to the takeoff position. Allow the CAWS to  cycle 
through at least one cycle: " STABILIZER, AUTO BRAKES, BRAKES, 
FLAPS AND SLATS." 

The warning is activated by throttle lever position and not by engine power settings. 

The company MEL required the takeoff warning system to be operational for flight. 
Given the checklist requirement that the system be checked during the RECEIVING AIRPLANE 
checklist, the system should have been checked before the airplane departed Santa Ana for 
Minneapolis and by the accident flightcrew when they took over the airplane at Minneapolis. The 
captain who flew the airplane to Minneapolis testified that he had checked the system before 
leaving Santa Ana and found it functional. In addition, a Northwest first officer who rode in the 
cockpit jump seat with the accident flightcrew from Detroit to Saginaw on the day of the accident 
testified that the captain had to add power to make a sharp turn off the runway to a taxiway. He 
stated that during the turn he heard the words "flaps, flaps" annunciated by the SSRS. He testified 
that he did not recall hearing the warning horn, just the vocal warning. 

On September 1, 1987, McDonnell Douglas issued a telex to all DC-9-80 operators. The 
telex recommended that the airplane checklist be changed and that the takeoff warning system be 
checked before departing the gate on each flight. All DC-9-80 operators have incorporated, this 
change in their checklist procedures. 
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On September 23, 1987, the FAA issued a memorandum creating a special team to 
review the performance of takeoff configuration warning systems on all type air carriers so 
equipped and the procedures used by the carriers' flightcrews to verify that the warning system is 
operational. The review team investigated the types of takeoff warning systems that are in use and 
the procedures used by maintenance and f l ightcrew personnel ta check the eerformance of these 
systems. As of the date this report was adopted the review team has not released the results of its 
investigation. 

CAWS Unit Self-Monitor System 

Normal operation of the CAWS occurs when the airplane's 28V d.c. buses are 
energizei and the circuit breakers protecting the input lines to the CAWS unit are closed. The CAWS 
unit has a self-monitoring capability that encompasses a bout 80 percent of its internal components. 
When an internal failure is  detected, CAWS fail lights on the overhead cockpit annunciator panel 
and on the front of the unit are illuminated. If the failure mode within the unit is  corrected, the 
annunciator light in the cockpit will go out. However, the fail light on the unit is operated by a 
latching-type relay and once lit, the  relay latches and the tight remains l i t  until the unit is  removed by 
maintenance personnel, opened, and the ielay is reset. 

Although the self-monitoring programs compare the input power to and the output 
power from the three power supplies within the CAWS unit, the program logic will not classify the 
loss of 28V d.c. input to a power supply as a fault and it luminate the two fail lights. In this case, the 
logic would note that there is no power output from the power supply because inpirt power i s  
missing, and therefore, the internal power supply has not rna!functioned. During the postaccident 
investigation in a like-type airplane and CAWS unit, the P-40 circuit breaker latch was opened 
manually removing 28V d.c. power from power supply-2 of the CAWS unit. The two CAWS fail lights 
did not illuminate. 

During the development of the CAWS for certification by the FAA, McQonnel t Douglas 
and the FAA conducted a failure mode and effects analysis (FMEA) of the system. The FMEA 
analyzed the types of possible system failures, how the failures could be deteaed, and the results of 
the failures. Severity of the hazards to  flight resulting from these failures were categorized into four 
classes: Class I - Safe; Class t I - Marginal; Class Ill - Critical; and, Class IV - Catastrophic. Also, the FMEA 
evaluated whether the airplane could be dispatched with a particular component or system 
inoperative. The failure of the entire CAWS and the failure of just the takeoff warning channel of 
the CAWS were classified as a Class I risk. The FMEA stated tha t  the airplane should not be 
dispatched with an inoperativi CAWS, but it could be dispatched with the takeoff warning channel 
inoperative. 

With regard to the takeoff warning channel, the FMEA stated that the loss of the input 
28V d.c. to power supply-2 will cause the CAWS fail lights t o  illuminate. The director of the 
McDonnell Douglas flight Guidance and Controls Design Engineering Depa~ment  and a supervisory 
aerospace engineer in the 5ysterns and Equipment Branch a t  th'e FAA Aircraft Certification Branch, 
Long Beach, California, testified this statement was erroneous. The FAA supervisory aerospace 
engineer testified that FAA approval of FWlEAs of noncritical systems were normally granted by an 
FbA-designated engineering representative (DER). &I However, in this case, because the incum bent 
DER did not have the requisite experience to approve the FMEA, it was submitted to the Systems and 
Equipment Branch at the Aircraft Certification Branch where it was approved. 

8/ An empjoyee of the manufacturer deput~zed by the FAA In accordance wmth the provls#ons of 34 CFR Pa? 183.1 1 (O(l) to 

review and verify certain elements of the design. 
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The FAA supervisory aerospace engineer also testified that the FMEA would have been 
approved even i f  it had portrayed correctly that the loss of the 28V d.c. input power would not 
illuminate the CAWS fail tights, "because it's a non-essential system. There's other means by which 
the pilot can verify the event that's causing that  warning or would cause the warning had i t  not 
failed. There's other means by which he would normally check his airplane."' 

Finally, with regard to  the cockpit CAWS fail light, the McDonnell Douglas director of 
Flight Guidance and Controls Design Engineering testified that the light was installed as a 
maintenance aid and that " i f  the crew had any squawks about the central aural warning system, if 
there weren't a tight, [maintenance personnel] would have to  climb around the avionics 
compartment and first off run through the tests on the front of the [CAWS unit] and see if there was 
a fault light. . . . We thought it would be an aid to the maintenance of the airplane to  put a light in 
the overhead which would indicate the computer had failed . . . the flightcrew could write it up. . . if 
the light were on . . , and the maintenance crew would know where to go." He testified that this 
was the reason that  the CAWS unit monitors only its internal components. 

1.7 Meteorological Information 

The August 16, 1987, 2000 surface map, prepared by the National Weather Service 
{NWS), showed a low-pressure system just north of central take Superior with a cold front extending 
south then south-southwest through centra t Wisconsin, southwestern Iowa, northwestern Missouri, 
and into the Texas Panhandle. There was an instability line about 60 m i k  to the east and parallel to 
the front from northwestern Wisconsin into north central Texas. Conditions in the vicinity of Detroit 
were characterized by light, souther1 y winds; broken clouds; and haze. 

The following aviation surface weather observations were recorded by the NWS at 
Detroit-Metro before and at the approximate time of the accident: 

Time--1950; clouds--2,500 fee t  scattered, 4,500 feet scattered, ceiling 
estimated 15,OOOfeet broken; 25,000 feet broken; visibility--6 miles, haze; 
temperature--88" F; dew point--68' F; wind-- 180°/ 7 knots; alti meter--29.83 
inHg.; remarks--cumulonimbus west through northwest through north moving 
east. 

Time--2048; clouds--2,500 feet scattered, ceiling estimated 4,500 feet broken, 
10,000 feet overcast; visi bility--6 miles, haze; temperature--79" F; dew point-- 
66'6 wind--280'112 knots; altimeter--29.85 inHg.; remarks--cumulonimbus 
northwest through north moving east. 

At 1930, the NWS radar observation a t  Detroit-Metro placed the airport within an area 
that was 3110 covered by thunderstorms with very heavy rain showers and ,thunderstorms that were 
increasing in intensity. The cells were moving from 260" at 20 knots, and the maximum top was 
40,000 feet 21 miles west of the airport. 

At 2054, the NWS radar observation placed Detroit-Metro within an area that was 
5/10 covered by thunderstorms with very heavy rain showers. The cells were moving from 260" a t  25 
knots, and the maximum top was 40,000 feet 39 miles northeast of the airport. 

The NWS radar observer at Selfridge Air Force Base, Michigan, stated that there were 
no thunderstorms in the immediate vicinity of Detroit-Metro a t  the time of the accident. Between 
2000 and 2010, the Detroit Edison Company's lightning detection system recorded a lightning strike 
about 12 miles north-northwest of Detroit-Metro , and between 2000 and 2100, no other lightning 
activity was recorded in Wayne County. 
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Only one pilot report (PIREP) pertinent to Detroit-Metro was found on the teletype 
summaries at the Detroit Flight Service Station (FSS). The PlREP stated, in part, ?hat at 2006, a Boeing 
727 had encountered moderate turbulence 5 miles west of Detroit-Metro. 

The following winds were recorded by the centerfield anemometer of Detroit-Metro's 
low level windshear alert system ILLWAS). (See seaion 1.10.) 

From 201 5:52 to 2016:49 - 220' magnetic (MI to 230" M at 8 to 9 knots. 

f ram 201 6: 16 to 20 1854 -- 230" M to 280' M at 8 to 14 knots gusting to  30 knots. 

From 2019: 10 to 2020:16 -280" M to  300" M at  16 to 21 knots gusting to 30 knots. 

From 202 1 :39 to 2022:3? -- B O O M  at 19 to 21 knots. 

From 2029:3 1 to 2030:29 -- 290' M at 20 t o  2 1 knots. 

At 2045, about the time of the accident, the centerfield anemometer recorded 300° M 
at 13 to 15 knots. 

OR August 16,1987, sunset a t  Detroit-Metro was a t  2034; civil twilight ended at 2058. 
A t  the time of the accident, the moon was below the horizon. 

1.0 Navigational Aids 

There were no known navigational aids difficulties, 

1.9 Communications 

There were no known difficulties with communication equipment or facilities. 

1-10 Aerodrome Information 

Detroit-Metro, elevation 639 feet msl, i s  located in Romulus, Michigan, ahout I5 miles 
south of downtown Detroit. The airport was certificated in accordance with the applicable 
provisionsofl4CFRPart139. . 

Detroit-Metro was served by four runways: 3U21 R, 3U21C, 3W21 L, and 9R7. At the 
time of the accident, runway 9/27 was closed because of construction and a Notice to  Airmen 
(NOTAM) denoting i t s  status was issued on August 10, 1987. 

Runway 3U21C was 8,500 feet long and 200 feat wide. The first 4,387 feet of runway 
3C was grooved concrete; the remaining 4,113 feet was grooved asphalt, and i ts magnetic heading 
war 33.5'. Runway 3U2 1 R, the principal instrument runway, war 10,500 feet long, 200 feet wide, and 
was constructed of grooved concrete. Runway 3W21 t was 10,000 feet long, 150 feet wide, and 
constructed of grooved concrete. Since none of the instrument approach procedures were used by 
flight 255 during the accident sequence, descriptions of the procedures have been omitted. 

At the time of the accident, runway 3C was being used as the primary departure 
runway. Runways 3L and 3R were being used for landing aircraft. Runway 3t. was not available for 
takeoffs because taxiway Golf was closed from taxiway Hotel south to the runup area of runway 3L; 
however, if requested by a pilot, runway 3R was available for takeoff. In addition, taxiway Hotel was 
closed between taxiways Golf and Foxtrot (see figure 1)  in conjunction with the runway 9/27 
construction project. Motice of the closures were included in the Foxtrot, Golf, ahd Hotel ATlS 
messages. 
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During the accident sequence, flight 255 struck a light pole located in a rental car lot 
on the airport property. The light pole was 42.2 feet high and was 2,760 feet beyond the departure 
end of runway 3C. Based an the applicable provisions of 14 CFR 77.23 and 77.25, the pole did nos 
penetrate any civil airport imaginary surfaces and, therefore, did not constitute an obstruction to air 
navigation. 

The light pole had been constructed in accordance with an approved airport layout 
plan as required by the provisions of Advisory Circulars (AC) 150-5300-4, 40, Utilitv Airports. Air 
kcccss to ~ational-  ran sport at ion. On May 5, 1986, before the light pole was built, the airport 
authority requested the FAA Airspace Branch to conduct an aeronautical study of the construction 
proposal which included the construction of 40-Soot-high light poles in the rental car lot. On June 
12, 1986, the Airspace Branch completed the study and informed the airport authority that, "Based 
on that study we interpose no objection from an airspace utilization standpoint." However, due to 
the bases used to support the light poles, the poles extended 42.2 feet above the ground. 

Low Level Windshear Alert Svstern.-- At the'time of the accident, a low level windshear 
alert system (LLWAS) was operating a t  Detroit-Metro . The LLWAS detects and displays the presence 
of possible hazardous, low-level windshears by continuously comparing the winds measured by six 
anemometers (sensors) located at the center and around the periphery of the airport. The Detroit- 
Metro LLWAS also records data generated by the system's sensors. (See section 1.18.) 

The centerfield sensor is located near the geographic center of the airport. Boundary 
sensors are located near the approach andlor departure areas of the various runways at the north, 
northeast, east, south, and west sections of the airport periphery. 

The LLWAS computer compares the vector components (wind direction and speed) 
collected by the boundary sensors with the vector components collected by the centerfield sensor. 
The centerfield sensor uses a tachometer to generate a wind gust input signal. The computer 
determiner windshear magnitude by calculating the vector differences between the vector 
component values collected at the boundary sensors and the values collected at  the centerfield 
sensor. When the vector difference exceeds 1 5 knots, the LLWAS computer initiates a windshear 
alarm and identifies the boundary sensor(s) where the shear is occurring. 

LLWAS data are portrayed on a display in the control tower cab. The display portrays 
the wind data and gusts collected by the centerfield sensor continuously. The display also shows the 
wind direction and speed collected a t  each boundary sensor; .however, a boundary senxrrls) wind 
data display is  normally blanked out (unlit) unless it is  involved in a windshear alarm. When the 
LLWAS computer generates one or more windshear alarms, an aural tone occurs a t  the display unit, 
and the wind data indicators on the affected boundary sensofcs) begin flashing. The aural warning 
beeps twice after the alarm occurs. The affected boundary sensor($) continue t o  flash for the 
duration of the shear and for about 1 minute after the computed windshear alarm ceases. 

I - The AT< recording of the local controller east ilk-€) position showed that  LLWAS 
alarms had been received in the tower cab between 201 5 and 2030 and had been braadcast by the 
LC-E controller over his frequency, The recording also showed that. at 2019, Northwert flight 1 146 
had reported a variation of plus or minus 20 KIA$ between 500 and 300 feet agl while on final 
approach to runway 2 1 R. ATIS Golf and Hotel were transcribed a t  2020:32 and 2028:35, respective1 y. 
Both messages stated "windshear advisories are in effect." 

Selection of Active Runwavs.--The tower supervisor has the primary responri bility to 
determine which runways are to be designated as active runways, Under nairnal circumrtances, the 
supervisor selects the runways that are aligned closest with the wind. However, in addition to the 
wind direction and speed on the airport surface, the supervisor must consider the weather and wind 
conditions in the vicinity of the airport, weather forecasts, LLWAS indications, availability OF lighting 
and electronic navigational aids, runway and taxiway closures, and the operational impact of the 
proposed change. 
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The tower rupenrisof stated that during the last 1 S to 20 minutes that Detroit-Metro 
had been operating in the runway 21 configuration there wete four or five LLWAS alarms and that 
he observed the wind shift toward the northwest. He stated that, about 2015 or 2020, a United 
Airlines B-727 reported a microburst moving from west to eart with no rain as~ociated with it. In 
addition, at 2019, the tower received a windsheat report froin an airplane on final approach ta 
runway 21. He stated that runway 27 was c l o d ;  that a NOTAM )Md been issued; and that it was 
mare advantageous tO operate, winds permitting, in the runway 3 configuration. Therefore, at 
2025, the tower supervisor began coordination to change from a runway 21 to a runway 3 
configuration. The change was compkted at 2028, and, at  2029, the instrument landing systems 
(~LSJ were changed to the runway 3 configuration. 

The guidelines for runway configuration changes by ATC personnel at Detroit-Metro 
are contained in tower order D W  ATCT 71 10.3, dated April 29, 1981. The configuration change war 
completed in accordance with the subject order. 

t . t l  FIig ht Recorders 

The DC-9-82 was equipped with .a Fairchild model A- 100-A cockpit voice recorder, 
serial No, 25334, and a Fairchild mode! F8QO digital flight data recorder, serial No. 102. The recorders 
were taken to the Safety Board's flight and voice recorder laboratories in Washington, D.C., for 
examination a d  readout. 

1.1 1.1 The Cockpit Voice Recorder 

Except for some minor impact damage and sooting on i ts  exterior dust cover, the CVR 
was in excellent condition. The recording medium was not damaged, and it had not been subjected 
to any excessive heating during the postcrash fire. f he audio quality of the-32-minute, four-track 
tape was excellent. Track-1 of the tape was connected to the captain's radiohntercom panel; track-2 
contained no recorded information (this track i s  usually connected to the flight engineer's radio 
control pand in a three-crewmember airplane); track-3 contained the cockpit area microphone 
(CAM) information; and track4 was connected to the first officer's radidintercorn control panel. 

The recording, which started at  2013:27 while the airplane was parked at the gate 
loading passengers and continued until 2045:24, was transcri bed. (See appendix C.) The captain and 
first officer were in the cockpit and remained there throughout the entire recording. At 2035:35, a 
0.35-second interval on the tape was devoid of any information on all four tracks; the void area was 
caused by a factory splice which connects the two ends of the tape to make the endless loop required 
for a Fairchild WR. 

While the airplane was a t  the gate and while it was taxiing, only the radio 
transmissions to and from flight 255 and between ATC and other airplanes which influenced the 
Conversation between the captain and the fimt officer were transcribed. After the flight switched to 
t h  tower local control frequency, all ensuing recdrded radio transmissions were included in the 
transcript. Flightcrew .members1 voices were identified by persons who were fami liar with the 
captain and the first officer. 

At 202853, the Northwest ramp controller cleared flight 255 for pushback from the 
gate. Examination of the first 15 minutes of the transcript showed that during the initial 8 to 9 
minutes, the captain and first officer were occupied for the most park with mapping weather data on 

company's turbulence plot. Thereafter, they became engaged in a conversation with members of 
the cabin crew concerning whether they would be able to arrive at Santa Ana before the local noise 
abatement curfew and the logistics involved in the event they were unable to leave Phoenix in 
sufficient time to arrire at  5anta Ana before the curfew. Other portions of this ttanscript will be 
referred to herein as they become relevant to the subject under examination. 
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Four SSRS alarms were recorded by the CVR after the airplane lifted off. The portion of 
the recording containing these alarms were used to perform a sound spearurn analysis. (See section 
1.16.2.) 

1.11.2 The Digital flight Data Recorder 

The digital flight data recorder (DFDR) war damaged by impact forces and 
postaccident fire. The dust rover was dented and scraped and the frame of the recorder was 
deformed slightly. The fire damage was confined to  sooting and there was no appreciable heat 
damage. The OFOR was opened and examined. The interior was dean and undamaged and the 
recording medium was in place on all capstans, pul teys, and guides. 

Most DFDRs record up to sixty-four 12-bit words of digital information every second. 
Each 64-word group which i s  provided by the flight data acquisition unit (FBAU) to the DFDR is called 
a subframe, and four subframes comprise a frame. Each subframa in the frame has a unique (Barker 
Code) 12-bit synchronization word identifying it as subframe 1. 2, 3, or 4, and the synchronization 
wads are the first word in each subframe. Each data parameter (i.e., altitude, airspeed, heading) i s  
recorded in a fixed sequence within the subframe. If the data stream is interrupted, the 
synchronization words will not appear at the proper interval or sequence and synchronization will 
be Iat,  thus affecting the ability to decipher data in that subframe or untjl another s~nchronixation 
word is detected. 

However, the Fairchild model F800 incorporates a different recording technique. ~h~ 
FDAU data stream is reformatted from the standard 12-bit word to a 15-bit word. This technique, 
known as group c d e  recording (GCRJ, replaces Cbit nibbles with Ebit input groups. 

At the time of the accident, the DFDR was using the sixth of it six recording tracks to 
record data and the strength of the signal recorded on the edge tracks, tracks 1 and 6, was 
significantly lower than the others. Because of the lower signal strength and the fact that at the 
time of the initial readout the Safety Board's playback station had to reformat the recorded data 
from GCR to the standard 12-bit word format, the synchronization on track 6 could not be 
maintained at an acceptable level. As a consequence of the synchronization IQSS, a significant 
amount of data could not be deciphered and the DFDR tape was taken to the manufacturer for 
readout. 

The manufacturer's playback equipment was able to recover the data in the GCR 
format, and the recovered data war of sufficient quality to per foh  an evaluation of the airplane's 
configuration and performance. However, the readouts also had a number of random 
synchronization losses wherein the periods of losses varied from one readout to the next. 
Consequently, a number of data transcriptions were accomplished in an attempt to recover all the 
data. As a result of these attempts, all pertinent data relating to the accid?nt flight have been 
recovered. 

After the initial readout at the manufacturet"~ facility, the Safety Board wrote a 
custom software package tailored to the specific requirements of this readout. The software 
package allowed the Safety Board to transcribe the GCR words directiy. It enhanced the method of 
establishing synchronization by increasing the number of synchronization references. The package 
not only reduced the out-of:synchranizatEon shifts in the recording, but, when there s h i h  did occur. 
the new software identified and marked the subframe in which the out-of-synckronization shift 
began- Using this software, the Safety Board produced a more complete readout af the DFDR's 
recorded data which was used to reproduce the values cited throughout this report. 
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The DG9-82's FDAU receives informatio? from, the airplane's sensors, converts the 
sensors' inputs to digital form, and transmits the resultani signals to the DFDR where it is recorded, 
Flight 255's FDAU, a Teledyne Control, part No. 2222601 -6, serial No. 1795, was iecovered from the 
wreckage. It was shipped to  the manufacturer's facilities in Los Angeles, California, where two 
separate tests were performed under the supervision of Safety Board investigators. 

On September 4, 1987, a visual inspection of the FDAU found that it had been 
damaged slightly. Power was applied and the unit functioned normally. Thereafter, the 
synchronization values which affect parameters, such as flap position and pitch and roll ,attitudes 
were tested and found to  have been out of tolerance. However, functional terts,of the d i ~ r e t e  
signals which indicate the slat position, the flap handle disagree position, and the FMA mode 
parameters showed that all there discrete parameters were correct. 

The first test did not develop sufficient infc-mation t o  quantifi the extent of .the 
FDAU's synchronization error throughout i t s  full On to 360' range of values. fherefote, .on 
December 17,1987, a second test was conducted at the manufacturer's facility. During this test the 
fDAU9s synchro values were evaluated at  9-increments throughout their entire range. The tes t  
showed that the 0"1360° and 18V values were within tolerance but that the error increased as the 
values moved away from those positions. The maximum error occurred about 45" on either side of 
the O0,and 180' positions. As a result of the test, correction algorithms were developed. The 
correction algorithms were applied to the results of the previous DFDR readouts and the Lalues 
contained therein were corrected. . 

The corrected values were then compared to  known conditions that existed during the. 
accident flight, the landing and takeoff at Saginaw, and the landing and subsequent taxi to the gate 
at Detroit-Metro. To verify the corrected data, the heading, flap, and spoiler position' parameteis 
were chosen for comparison because of their predictability. The original DFDR readout showed that 
flight 255's heading during the takeoff run was between 27" and 28". The corrected d a b  show these 
values t o  be between 32" and 33" and the aaual runway heading was 33.8'- 

The recorded flap angles during the Saginaw takeoff indicated a setting of 9-3 
transitioning to  -0.336 shortly after liftoff. The corrected values show settings of 10.8" transitioning 
to -0.304". Normal takeoff flap settings are P and 1 1'. The DFDR showed the followirig uncorrected 
flap positions for the landing at Detroit-Metro: 13.2", 24.P, 34.S0, and -0.336'. The 'correeed Galues 
were 1 5.19 27.3; 39.3", and -0.304"; detentr are provided for the O*, 1 1: 1 ! 7 , 2 8 ,  and 40" flap settings: 

During landings, the spoilers are automatically extended to the 60' or full deployed 
position after main wheel spinup on ground contact or after nosegear oleo strut compression 
actuates the ground shift relays. The recorded left and right spoiler positions during the previous 
landings at  Saginaw and Detroit-Metro were 51.2' and 51.8' uncorrected and 59.6 and 59.5' 
corrected, respectively. Examination of the above data showed that the corrected data is in closer 
agreement with known or expected conditions. . . 

' I 

All recorded DFDR data cited throughout this accident report are the corrected 
readout values. 

The airplane's pitch attitudes are recorded on two separate DFDR readout channels. 
Although the pitch attitude data for there channels are retrieved from the same sensor)r rources, the 
sensors are sampled separately by each channel during a 1 -second interval and the data tontained in 
the pitch attitude-2 channel is  processed to a higher resolution by the FDAU than the data contained 
in the pitch attitude-1 channel. Examination of the readouts showed 'that their recorded pitch 
attitude values varied about 0.15" until the airplane was rotated for takeoff. During the rotation, 
the recorded values began separating and, thereafter, the pitch attitude-? values exceeded the pitch 
attitude -2 values by 1.5" to 2.9". 
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Correlation of the CVR recording with the recofded pitch attitudes showed that 45RS 
alarms on the CVR were more compatible with the pitch attitudes contained in the pitch attitude2 
channel. . , 

During takeoff, the tail of the DC-9-82"s will strike the runway when the airplane is 
rotated to about an 11.7" pitch attitude. During the 3 seconds before flight 255 lifted off.tAe 
runway, pitch attitudes of about 12.4', 13.2', and 12.9' were recorded by the pitch attitude- 1 
channel, whereas, the pitch attitudes recorded in channel-2 were about 1 O.V, 11.3", and 11 3". 
During this 3-second interval, the airplane would have rolled about 835 beet; however, there was no 
evidence on the runway of a tail strike and the tail bumper of the airplane was not scratched. 

An engineering evaluation of there data indicated that the pitch attitudes contained 
in the pitch attitude2 channel reflected more accurately the airplane's pitch attitudes during 
rotation and the subsequent flight. These values were used by the Safety Board during the 
subsequent airplane performance study, 

The DFDR and the CVR were time correlated by comparing the radio microphone 
keying recorded by the DFDR with the radio transmissions from flight 255 recorded on the CVR. The 
correlation began a t  2035:48 on the C V R  and ended at  2045: 19, when the round of impact was 
recorded; the elapsed CVR time was 9 minutes 31 seconds. Based an the times contained on the 
DFDR recording, the correlation begins at  01 17: t4 and ends when all reliable data is lost at 0125:52; 
the elapsed DFDR time was 8 minutes 34 seconds. Examination of the DFDR recording showed that a 
synchronization loss encompassing all recorded data begins at  0124:44 (2043:18 on the CVR 
transcript) and synchronization was not regained until 012449 (2044: 14.8 on the CVR transcript). At 
2042:11, flight 255 was cleared into position on runway 3C and to hold. The DFDR recording 
indicated that the flight completed i ts  turn to the runway heading a bout 2043: 14, and at 2043: 18, a 
sound of a click was recorded on the CVR transcript and the DFDR lost synchronization. At 2044:04, 
the local controller cleared flight 255 to takeoff; and, at 2044:08, the first officer repeated the 
clearance. At 2044: 14.8, a "sound similar to parking brake released" was recorded on the CVR'r 
CAM followed, at. 2044:21, by the "sound of increasing engine power." Examination of the DFDR 
readout showed that, at 0124:49 on the DFDR recording, the engine power was increasing. In 
correlating the UP DR and CUR, it was 8\50  necessary to take into account that on this airplane when 
the parking brakes are set power is removed from the OFDR and that it will not record useable data 
immediately upon the reapplication of power. 

Examination of the recorded data from the two flights previous to the accident flight 
showed that, except for short time intervals when the slats were in transit to a commanded position, 
the flap handle position was always in agreement with the slat position. 

DFDR data recorded during the taxi out and takeoff at Detroit-Metro showed that 
throughout the entire period the flap setting was -0.304O# the slats were retracted, and there was no 
disagreement between the flap handle and the slat position. During the period surrounding the loss 
of synrkroniration just before the s t a ~ t  of the takeoff roll, the positions and values noted above 
were the same immediately before synchronization war Sost and immediately aker synchronization 
was regained. 

The DFDR data, CVR cockpit communications, AT& communications, airplane 
geometry, and airport environs were integrated by the Safety Board to construct a visual depiction 
of flight 255's departure. The visual displays stam when flight 255 ir still at the depeaurc gate and 
includesthe flight's pushback from the gate, taxi to runway 3C, takeoff, and initial impact. (See 
appendix D.) 
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1.1 2 Wreckage and Impact Information ' 

The first object flight 255 struck after liftoff was a 42.1-foot-high light pole located in a 
rental car lot. The pole was about 2,760 feet beyond the departure end of runway 3C. There were 
no ground impact marks and no pieces of airplane structure between the light pole and the end of 
runway 3C. The wreckage path ran along s road outside the airport boundary and along a heading 
oriented essentially with the departure runway. The last major piece of airplane fuselage structure, 
a section of the forward fuselage containing the cockpit, came to rest about 2,980 feet beyond the 
Iight pole. Virtually all of the wreckage was found between the jighi pole and the Foward fuselage 
secti On. 

The left wing struck the light pole about 37 feet agl and, thereafter, the airplane 
began to disintegrate. The majority of the witnesses stated that the airplane caught fire after the 
left wing struck the light pole. 

The nose and left main landing gears ware found in the extended and partially 
extended positions, respectively. The right main landing gear had broken apart, and it was not 
possible to determine if it was extended or retracted. 

Both engines had separated from their mounts during the accident sequence. The left 
and right engines came to rest about 3,090 feet and 2,393 feet, respectively, beyond the initial 
impact point. The left engine had not been exposed to ground fire, and all engine appurtenances 
external to the core engine had separated during the impact sequence. Most of the fan blades were 
bent opposite to the engine's direction of rotation. 

The right engine was exposed to extensive ground fire which war fueled, in part, by 
ignition of the magnesium castings of the engine gearbox. All of the recovered fan blades had been 
bent opposite to the direction of rotation of the engine. . 

On August 30, 1987, a teardown inspection was conducted at the Pratt & Whitney 
Aircraft Group Facility, East Hartford, Connecticut. The blades on the left engine's low pressure 
compressor's 5.5 stage and second stage rotors and on its high pressure compressor were bent 
opposite to the direction of rotation of the compressors. Also, carbon deposits were found inside 
the engine's front accessory drive case. The blades on the second and third stages of the right 
engine's low pressure compressor were bent opposite to the compressor's direction of rotation. 

Fuselase and Ernpennaqe. --The fuselage structure had disintegrated and was 
scattered thraughout the wreckage path. Only two relatively large pieces af structure remained: 
the forward area from fuselage station (FS) 7 to FS 541 and the aft area from FS 1007 to FS 1338. 

The forward fuselage section and cockpit were battered heavily and the top and upper 
sections broke open and tore away during the accident sequence. The cockpit area also broke open 
and the roof and side walls tore away. This section also had some localized burn damage. 

The eft section contained the main rear wall of the landing gear well a h  to the rear 
pressure bulkhead and the auxiliary power unit IAPU). The front portion of the seaion was lying 
upright with the upper cabin section broken and burned away. The exposed cargo area was emdty 
and gutted by fire. The APU section was not damaged heavily by either fire or explosion and the 
APU was relatively intact. 

f he empennage had broken into two major pieces. The major pieces consisted of the 
top 3 feet of the vertical stabilizer and right horizontal stabilizer and the bast of the vertical 
stabilizer. These two pieces were found about 2,120 feet beyond the initial impact point. 
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The left horizontal stabilizer and elevator had disintegrated and pieces of these two 
structures were scattered throughout the wreckage site. The first pieces from the two structures 
were found about 650 feet beyond the initial impact point along with pieces of the l e f t  wing teading 
edge slat anddat support structure. 

The horizontal stabilizer trim jackscrew was found mounted in position in thevertical 
stabilizer with the jackscrew extended. The jackscrew extension measured 9.87 inches which 
correspondsto a 6.65'airplane nose-up Stabilizer trim setting. 

Left Win¶.--After striking the light pole, the le f t  wing broke apart and pieces were 
scattered throughout the wreckage area. The largest intact piece, a relatively unbattered 17-foot- 
long section of outboard wing with most of the left aileron and outboard (No. 5) slat still attached, 
was found about 1,000 feet beyond the initial impact point. The slats on each wing are numbered 
zero through 5 beginning with the inboard slat and then moving outboard along the wing. About 
19 inches of the outboard end of the No. 5 dat was broken away and the stat could be moved 
manually to  the extended or retracted positions. 

The leading edge of the separated outboard wing section was crushed aft at the point 
where it had separated froin the inboard section of the wing. The separation line was relatively 
siraig ht between the leading and trailing edges of the wing section. The fractured area included the 
integral fuel tank structure and was sooted and discolored by heat. Except for a &-foot section of the 
outboard trailing edge which was warped, sooted, and discolored by heat, the remaining portion of 
the wing outboard the fuel tank had little fire damage. 

The No. 4 slat had broken away from the separated wing section and an outboard 
section of the dat was found near the separated wing panel. The inboard broken area of the slat 
was crushed aft, and the location of the break and crushing aligned with the inboard separation line 
on the wing panel. 

The remaining leading edge slats on the left wing were broken apart and their pieces 
were recovered throughout the wreckage area. Fourteen of the 15 left wing slat tracks were 
identified; the common idler track between the Nos. 2 and 3 slats was missing, The slat tracks are 
either drive or idler tracks. The drive tracks are connected to  the slat positioning mechanism by 
cables and are moved by the cables to drive the slats to the commanded positions. The idler tracks 
are attached to  and move with the slats and provide structural support t o  the slats. The slat tracks 
were examined for damage marks which may have been caused by the track rollers as the airplane 
broke apart. 

The No. 5 slat's outboard idler track had a brinell mark that matched the diameter of 
the track support and guide rollers on the upper face of the lower outboard flange located about 
3 118 inch af t  of the flange's forward end. A similar btinell mark was located on the upper face of the 
lower inboard flange about 3 114inch aft of the flange's forward end. When the rollers were 
aligned with the brinell marks, the position of the drive track corresponded to a fully retracted $\at. 

The No. 5 slat's outboard driver track was intact in the slat support assernbl y with the 
drive cab1 es connected to the transition drum. Roller damage on the track f anges corresponded to a 
near full extended dat, and portions of the forward support rolters were found in the rental car lot 
just beyond the initial impact point. Damage on the No. 5 slat's inboard driver track was similar to 
that found on the outboard driver track. The No. 5 slat's common idler track which supports the Nos. 
4 and 5 slats was undamaged. 

The cables of the transition drum of the No. 5 slats were attached to the dm'm, and 
there was no slippage around the drum groove. The cables were eontinuour from the drum to the 
separation point on the outboard wing seaion. When the drum was positioned to extend the slats 
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to their full extend position, the breaks in the forward and rear cables were misaligned 15 112 inches. 
This misalignment placed the forward cable fracture point outboard the wing separation point 
(inside the wing structure) and the rear cable fracture point inboard the wing separation line. When 
the cables' fracture points were aligned, the fractures also were aligned withathe wing separation 
point and the slat tracks would have positioned the slats in the full retracted position. Also, 
application of tension on the rear cable moved the slat tracks toward the slats extended position. 

The brinell marks on the Nos. 3 and 4 slat driver tracks corresponded to the slats being 
extended fully. The remaining slat tracks did not have notable damage. 

The slat drive mechanism located in the center wing section separated from the 
airplane; however, the slat drive drum and i t s  two actuators were recovered in one piece. The 
actuator rod on the left side was broken, but the actuator rod on the right side was intact. The 
actuator rod for the right actuator was almost fully retracted and measured about 4 inches between 
the centerline of the rod attachment bolt and the raised center area on the actuator's face. 
According to McDonnell Douglas, the measured distances between these two points for the slat 
retracted and the mid-sealed position were 3.6 and 9.6 inches, respectively. 

The inboard and outboard trailing edges flap sections were torn from the left wing 
and destroyed. The two actuators of the inboard flap section remained attached to a 16-foot-long 
inboard section of the left wing which was found about 2,800 fee? beyond the initial impact point. 
When first examined, both actuators were extended 16.3 inches when measured between their 
attachment point to the airplane structure. However, the inboard flap sections of the two actuators 
exhibited a dirt pattern on both the actuator housing and the rod end with clean piston rod exposed 
between the housing and rod end. When the actuator rod was positioned so that the dirt areas were 
continuous, the actuator measured 13 inches between i t s  attachment points. This measurement 
corresponds to the flap retracted position. 

The inboard actuator from the left outboard flap section exhibited a dirt pattern 
similar to that described above. The actuator measured 13 inches between attachment points when 
the dirt areas were continuous which corresponded to a full retracted flap position. The outboard 
actuator of this flap section was not found. 

The left flap track assembly, which was relatively intact and undamaged, was s t i l l  
attached to the inboard end of a section of left inboard flap. A 1 314-inch-long dent was found on 
the inside surface of the track flange about 1 114 inches forward of the track's aft end. The size and 
shape of the dent matched the size and shape of the carriage rollers which ride along the inside of 
the flange and the location of the dent corresponded to the flap retracted position. 

Examination of the flaps, the flap hydraulic system, and the actuators disclosed that 
the integrity of the flap hydraulic system was destroyed and that the actuators' plumbing was open 
to the atmosphere. 

Riqht Winq.--The right wing was destroyed by impact forces and postimpact fire. 
Pieces of the wing structure were scattered throughout the wreckage path. The largest piece of 
wing structure, an 18-foot-long inboard wing section, came to rest about 2,700 feet beyond the 
initial impact point. A section of the inboard and outboard trailing edge wing flaps was st i l l  
attached to the wing section by three of the four flap actuators and their respective hinge 
attachment points. The fourth flap actuator, the right inboard flap section's inboard actuator, was 
attached to fuselage structure. A section of the leading edge slats also was attached to  this wing 
section by five track attachment points. The slat section was in one piece. I t  was burned heavily, 
discolored by heat, and could be moved manually from the extended to the retracted position. 
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Fourteen of the 15 slat tracks were found; the No. 1 slats inboard idler track was not 
found. Only two of the 14 tracks had notable marks. The No, 4 slat drive track had brine11 marks at  a 
position which correspanded to a fully e~tended slat. A small section of the No. 3 slat drive track was , 

broken away at a position which corresponded to a fully extended slat. 

The right inboard flap section's inboard actuator (No. 1) measured 17 7/8 inches 
between attachment points, and the rod was sooted evenly. The inboard flap section's outboard 
actuator (No. 2) was attached to the wing and flap structure as were the outboard flap 5ectionbs 
inboard (No. 3) and outboard (No. 4) actuators. The Nos. 2 and 3 actuators measured 13 1R inches 
between attachment points. The No. 4 actuator measured I4 3/11 inches between attachment points; 
however, sooted and clean areas were found on the piston rod. There was a 1 5/I6-inch clean area 
between the actuator housing and the start of the sooted area on the rod end of the piston rod. A 
measurement of 13 inches between the actuator attachment points corresponded to  the flaps 
retracted position. 

The right flap track assembly had separated from the flap structure but was recovered 
intact. The track assembty damage was similar to the left flap track assembly. The track flange was 
damaged about 314 inches from the a f t  end of the flange and about 2 318 inches of the flange was 
torn away. The size of the damage matched the sire of the track carriage rollers, and the location of 
the damage corresponded to the flap retracted position. 

The Cockwit.--The position of the cockpit controls and indicators were fully 
documented. The following pertinent observations are listed herein. 

The ART switch was in the automatic position, and two zeros were showing in the TCl's 
assumed temperature window indicating that normal takeoff power was to be used. 

f he throttles were f ound in the full forward positibns. 

The TCC had 10.1 percent inserted in the c,g. window; 9.7' appeared i n  the 
longitudinal trim setting window; the stabilizer green band was at 8.5' airplane nose-up;and the 
stabilizer was set at 8.5" airplane nose-up. the pit ion of the TCC flap setting thumbwheel could 
not be established during the on-site investigation because the wheel had broken away in the area 
of the pedestal window. When the unit was examined more closely a t  the Douglas facility in Long 
Beach, portions of the wheel were found intact within the unit. Interpolating between the two 
nearest numbers on the remaining portions of the thumbwheel established that it was set at 1 1" . 

The annunciator pull-todim switch on the overhead switch panel was in the dim 
position and the switch stem was bent aft. 

f he flap handle was in the UPIRET detent and the dial-a-flap movable detent assembly 
was stowed. The cockpit control pedestal containing the flap handle and the flap and slat selection 
mechanisms was removed for tcardown and detailed inspection. The following systems and parts of 
airplane structure were removed for further detailed examination (lee $ecEion 1.16): numerous 
circuit breakers, the CAWS unit, portions of the cockpit instrument and annunciator panel and 
warning light systems, the DFGC, the stall warning computers, the central air data computers 
(CADC), and the proximity switch electronics unit (PSEU). 

1-13 Medical and Pathological Information 

The potmortem examinations of the captain and first officer determined 'that their 
deaths were caused by severe blunt force trauma. No evidence of preexisting disease processes were 
noted. 
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. Toxicological tests conducted after the postmortem examinations were negative for 
drugs and alcohol. There was no evidence that indicated either pilot was using prescription or 
nonprescription medication either at or before the time of the accident. , 

The captain sometimes wore an "in the canal" 'hearing aid in'his left ear which was 
adjusted for high' frequency emphasis. The captain's wife stated that she and some friends had 
encouraged him to purchase the hearing aid not because of conversational difficulties but because 
he required the television to be tuned to higher volumes than others would require. 

The captain was examined for the hearing aid by a private firm on September 8, 1986, 
and the evidence indicated that he received the aid on September 24, 1986. On April 22, 1987, the 
captain passed his first class FAA physical examination. The medical certificate did not contain any 
remarks concerning his using a hearing aid nor did it contain any remarks requiring him to  use the 
aid while exercising his airman's privileges. During the examination, his hearing was evaluated by 
"whispered voice, standing sideways, distant ear closed." The medical examiner concluded that the 
captain could hear the whispered voice satisfactorily at a distance of 20 feet with both his left and 
right ears. Friends and crewmen with whom he had flown stated that they had no difficulties 
communicating with him. 

With regard to the first class medical examination, question No. 21 on the medical 
form (FAA Form 8500.8, dated 10- 75) requires the applicant to supply his medical history to the 
examiner. None of the 24 conditions requiring an answer in question No. 21 addresses either a 
hearing loss or treatment for hearing problems, and the captain did not mention 'his hearing 
evaluation under question No. 23 which asks the applicant to describe any "Medical Treatment 
Within Past 5 Years." 

External examination of the other airplane occupants showed that all had sustained 
multiple injuries. According to the Wayne County Medical Examiner, autopsies of the victims were 
not performed in view of obvious injuries which caused instantaneous death. The medical examiner 
stated that 10 percent of the victims "sustained burns and all fire injuries were post mortem." The 
survivor, a 4-year-old female child, sustained third degree burns, a skull fracture, fractures of the left 
femur and clavicle, and multiple lacerations, abrasions, and contusions. 

1.14 Fire 

The DC-9-82 caught fire after i t s  left wing struck the light pole. The postimpact fire 
contributed to  the destruction of the airplane. 

Survival Aspects 

The DC-9-82 was configured for a two-person flightcrew and 143 passengers. The 
passenger cabin was configured with 12 first class passenger seats: three rows of double seats on the 
left and right sides of the cabin. The 131 tourist class seats, including a designated flight attendant 
seat (29D) consisted of 28 rows of triple seats on the right side and 24 rows of double seats on the left 
side of the cabin. A double occupancy aft facing flight attendant seat was on the aft left side of the 
cockpit rear bulkhead; a double-occupancy forward facing flight attendant seat was located on the 
ventral airstairs aft exit door. 

The wreckage was distributed over a 3,000-foot crash path which traversed a railroad 
embankment and overpass and two interstate highway overpasses. Except for two fairly large 
fuselage sections, the cabin area disintegrated during the crash sequence. The cabin components 
were deformed severely and fragmented by the impact forces. Most of the. interior components 
were damaged to varying degrees by fire. The main entry door, the rear galley and ventral doors, 
and the overwing emergency exits were separated from their frames. All of the passenger seats 



ICAO Circular 259-AN1153 

were separated from the fuselage and were scattered almg the wreckage path. Most seatbacks 
were separated ffom the seat bottoms. 

- The left side of the cockpit was destroyed. The left and right ride sliding windows 
were deformed and separated from the cockpit structure. The windshield and side windows were 
found along the wreckage path. The captain's and first officer's seats separated during the impact 
sequence. 

The survivor was found in the wreckage beneath one of the highway overpasses. 
According to  the company's passenger manifest, she had been assigned seat 8F. 

1.15.7 Crash, Fire, Rescue 

Detroit-Metro airport fire department operates in accordance with Crash, Fire, Rescue 
(CFR) Index E contained in 14 CFR 139.49(b)(5). 3 

At 2046, the airport fire department was notified of the accident. by the local 
controller in the tower, and all available CFR equipment was dispatched and proceeded to the 
accident scene. At the same time, a unit of the Wayne County's Sheriff" Department notified its 
communications dispatcher that an airplane was down a t  Middlebelt and Goddard Roads. Another 
sheriff's department unit responded, took command of the xene, and called for all avaitable units to 
assist a t  the site. 

At 2049, airport fire department personnel arrived at the scene about 2 112 miles from 
fire Station 1 and began to  fight the fires. At the same time, two units from the Romutus Fire 
Department arrived at the highway overpass where the cockpit wreckage was located and began 
rescue and firefighting operations. About 36,000 pounds of Jet- A fuel were on board the airplane 
when i t  crashed. 

A major command post was established at the sheriff's department about 2 miles from 
the crash site and a mobile command post was established at the site. Other fire departments, 
affiliated through the Western Wayne County Mutual Aid Agreement, reported to the scene as 
required by the agreement. At 2 1 02, after extinguishing localized fuselage and spot fires, 
firefighting efforts were ended. A total of 19,908 gallons of water and 775 gallons of aqueous film 
forming foam (AFFF) were expended by the airport fire department; 3,075 gallons of water were 
expended by the Rornutus Fire Department. 

At 2050, Detroit-Metro issued a NOTAM stating that the airport was clwed. At 21 15, 
the previous NOTAM was canceled. and, in accordance with 14 CFR 139.89(c), a second NOTAM was 
issued stating that the airport was below (the Part 139) index without specifying which index. At 
2400, a third NOTAM was issued canceling the 2 1 15 NOTAM and advising that the CFR equipment 
was back in service. There were 75 air carrier operations at  Detroit-Metro'during the period that it 
was below the CFR index. 

Police Response.--The Wayne County Sheriff's Department responded w i th  a i l  
available personnel. After evaluating the crash scene, the Sheriff's Department notified the 
Michigan State Police and surrounding police departments. About 40 police departments 

21 The applitable CFR index in 1 1  CFR 139 49 IS determmed by the longest large alrrraft operated by an air carrher user w ~ t h  
an average of f~ve or more departures per day, served Or expected to be-served by the airport. Index E appl~es to aircraft 
more than 200 feet long. 
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Michigan State Police and surrounding police departmentn About 40 police departments 
volunteered personnel and equipment. Surrounding police departments were assigned t o  maintain 
site security and to  control traffic. 

Medical Response.--At 2054, the Health Emergency Medical Services, Inc. (HEMS), an 
independent corporation contracted by area hospitals to  dispatch emergency medical services, was 
notified. After verifying the alert, HEMS notified personnel to  staff the emergency operations 
center at the sheriff's department. At  2102, the HEMS dispatcher began alerting hospitals'of the 
accident; 11 were alerted. At  21 10, the dispatcher polled all hospitals for a bed count, however, at  
2140, the command post at  the accident site notified HEMS that there were no additional survivors. 
At  2204, HEMS secured i t s  disaster plan and notified i t s  member hospitals. 

1.1 5.2 Disaster Plans 

Detroit-Metro Emergency Plan met the requirements of 14 CFR 139.55. The airport's 
last FAA annual inspection was completed satisfactorily on April 7, 1987, and its last airport disaster 
drill, a simulated major airplane crash, was conducted on September 11, 1985. 

On March 4, 1987, Detroit-Metro's fire department responded t o  an actual disaster 
when a commuter air carrier's CASA 212 airplane crashed and burned at concourse F on the airport. 

During May 1987, HEMS, in conjunction wi th fire departments and private ambulance 
services, conducted a disaster drill in which a simulated tornado struck an elementary sc'hool. 

1.16 Tests and Research 

1.16.1 The CAWS Unit 

N312RC's electrical and electronics (E&E) compartment was found virtually intact i n  
the wreckage path. The CAWS unit, serial No. 131, was removed from the E&E compartment and 
taken t o  Northwest's maintenance facilities at Minneapolis. On August 27 and 28, 1987, it was 
examined by the Safety Board's system group. 

Except for a dent in  the top left corner of the dust cover, N312RC's-CAWS unit was 
undamaged. The dust cover was removed, the interior inspected, and all o f  the circuit boards 
appeared t o  be intact. Another CAWS unit, serial No. 61, was drawn from Northwest's stores, placed 
on Northwest test equipment, and subjected to  a complete test procedure. The test results showed 
that the CAWS was operational. Thereafter, the five circuit boards from the accident CAWS were 
substituted in the test CAWS and a functional test was performed with each circuit board; the results 
were satisfactory. Each of the three power supplies in  the accident CAWS' empty chassis were then 
tested and proper operation of the power supplies were verified. The original circuit boards were 
then reinstalled in  the accident CAWS unit and a ful l  acceptance check was performed; no 
discrepancies were noted. 

The accident CAWS unit was then installed on another Northwest DC-9-82, N309RC, 
after proper operation of the existing CAWS unit had been verified. All takeoff warning functions 
were tested repeatedly and no discrepancies were found. The stall warning, f ire warning, and 
stabilizer-in-motion horn also were tested repeatedly; no defects were noted. 

Since activation of the takeoff warning is a function of the throttle lever angle and not 
Power setting, the amount of  movement required to  trigger the warning was measured between 
the idle stop and the aft face of the throttle lever, at  the level of the pedestal. Measurements of 
1 13/16 and 1 15/16 inches were obtained for the left and right throttles, respectively, and produced 
a throttle split of about 2l3 of a throttle knob diameter. The measurements obtained were slightly 



58 ICAO Circular 259-ANn 53 

reference stabilized power setting for activation of the takeoff warning system. With a field 
elevation of 840 feet msl, a temperature of 6S°F, and an altimeter setting of 30.18 inHg, the engine 
EPR was 1.44 with the No. 2 throttle set at the position a t  which the takeoff warning activated. 

While the accident CAWS unit was installed in N309RC, the system's two SSRSs were 
tested. The results of the test were recorded on N309RCWs CVR for future sound spectrum analysis at  
the Safety Board's audio laboratory. The recordings were made with all three CAWS unit power 
supply circuit breakers clased and then with each circuit breaker open in turn. The circuit breaker 
panel tocations of the circuit breakers and their afiected CAWS power supply and warnings were: 

- Circuit breaker U-31, power supply-1 with werspeed, engine fire, and 
horizontal stabilizer warnings, and the evacuation signal. 

Circuit breaker P-40, power supply-2 with the SSRS-1, landing gear, 
takeoff, autopilot disconnect, cabin altitude, and speed brake warnings. 

- Circuit breaker R-41, power supply-3. with the SSRS-2  and attitude alert 
warnings. 

The results of the tests indicate that when the stall warning test switch was activated 
with all three pawer supply circuit breakers closed, both CAWS speakers operated, both stall 
warnings were heard with the processor controlled (primary) audio stall warning on the left speaker 
and the redundant audio stall warning on the right speaker (see section 1.16.2, sound spectrum 
analysis), and both the captain's and f i rs t  officer's stall warning lights illuminated. With the U-31 
circuit breaker open, the results were identical. 

When the stall warning test switch was activated with circuit breaker P-40 open, both 
speakers operated, only the audio alarms generated by the SSRS-2 was heard an both speakers, and 
only the firs1 officer's stall warning tight illuminated. When the test. switch was activated with circuit 
breaker R-4 t open, the audio alarm generated by the SSRS-I was heard on the right speaker, the left 
speaker did not operate, and only the captain's stall warning light illuminated. In addition, there 
was no combination of open CAWS power supply circuit breakers that would cause the "CAWS Fail" 
light to illuminate. 

The captain's and first officer's stall warning light bulbs from the cockpit glare shield 
were taken to the Safety Board's material laboratory for filament analy3s. The cover plate had been 
knocked from the captain's stall warning bulbs, but the bulbs were not broken. There was no 
significant stretching damage noted on the filaments from either bulb. 

The glass from the first officer's right stall warning bulb war broken but the left bulb 
was intact. The base of the broken butb was removed from its housing, thereby freeing the broken 
pieces of bulb glass. The major portion of the bulb filament was broken off and found lying in the 
glass debris. Examination of the filament piece showed stretching, typical of an impact while the 
filament was hot, on various portions of the filament length. Examination of the filament of the 
undamaged blrl b showed that it also contained some localized stretching. 

1 .t6.2 CAWS Sound Spectrum Analysis 

Three recorded tapes of the audio warnings generated by the CAWS unit's two STRSs 
were used by the Safety Board's audio laboratory to perform the round spectrum analysis. The first 
tape was recorded by the accident airplane's CVR during the accident flight. The second was 
recorded on August 28, 1987, as described in section 1.1 6.1. The third tape was made on Oaober 1, 
1987, by conneaing the recorder to the CAWS unit's audio outputs. 
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The' CAWS stall warning system's vocabulary was obtained by electronically digitizing 
a female subject's voice saying the words of the warning. These words yere  then stored in the 
CAWS* memory chips. The normat stall warning consists of four aural alert tones followed by the 
word "'rtait." 

The .two stall words spoken by the CAWS for the primary and the redundant stat1 
warnings are different. Although they were both produced by the same subject and digitized using 
similar methods, two different samples were chosen for each warning system, The primary system 
word, which i s  generated by SSRS-2 and power supply-3, has a very limited fundamental frequency 
range and, therefore, a flat, almost monotonous pitch. I ts  frequency range is only 42 hr wide, 
ranging from a high frequency of 471.15 hz at the start of the word to  a low frequency of 427.88 hx 
at the end of the word. The duration of the word is  about 0.37 second. When seen on the sound 
spectrum analysis chart, the word produces a level spearurn signature. 

Tbe redundant warning, which ir praduced by SSRS-1 from power supply-2, i s  much 
more dynamic in frequency. Its frequency range is  about 168 hz wide, ranging from a high 
frequency of 586.54 hr at the start of the word to a low frequency of 418.22 hz at  the end of the 
word. The duration of the word is  about 0.32 second. When seen on the sound spectrum analysis 
chart, the word produces a descending diagonal stroke signature. Each of the two "stal I" words has 
a unique sound spectrum signature. Examination of the sound spectrum analysis chart made from 
the CVR recording of the accident flight showed that the the word "stall" produced a flat, level 
spectrum signature. A comparison between the spectrum analyses made from the test runs and 
those made from the accident flight CVR recording shows that the stal l  warning given on the 
accident flight was the primary system only, i.e., it was produced by SSRS-2 which was operated by 
power supply-3. There were no frequency components of the redundant "stall" word present in any 
of the warnings issued by the CAWS on the accident CVR. 

1.16.3 Electronic Equipment 

Numerous components were recovered intact from their racks in the E & E  
compartment and later subjected to standard bench test procedures. These components included 
both DFGCs, both CADts, both stall warning computers, the FDAU, and the PSEU. Except for the 
FDAU and the DFGCs, none of these units exhibited any evidence of discrepancies that would have 
affected i t s  normal operation during the standard bench test procedures. 

The examination of the FDAU indicated that the synchronized signals were out of 
calibration. Additional data war obtained from the manufacturer and the signals were recalibrated. 
(See section I .  f 1.2.) 

The memory readout of both DFGCS revealed the presence of a "flap handle failure" 
message on nearly every flight segment stored in the memories. The DFGCs wit\ iog this message if 
the flap handle position differs from the flap position by more than 34 or if a synchronization leg has 
failed. However, i t  was established that a discrepancy resulting in this failure message would not 
affect the mechanical operation of the flaps nor the proper functioning of the takeoff warning 
system. The DFGC memories would also leg faults detected in the angle of attack signal, various 
C4DC parameters, flap position signals, the ground sensing system, and slat position. None of these 
faults appeared in either of the accident airplane's DFGCs' memories. 

1.16.4 Cockpit Wiring and Circuit Breakers 

Except for the wiring of the microswitches on the throttler which were damaged by 
impact forces, the takeoff warning system's wiring between the control pedestal's mating 
connectors and the CAW was intact and undamaged. The wiring and switches in the pedestal, 
including the stabilizer and flap takeoff setting switches, were tested at  the McDonnell Douglas 



60 ICAO Circular 254ANf153 

facility a t  Long Beach; no discrepancies were noted, The wiring between the PSEU and the CAW5 
atso was intact and undamaged, as was the wiring from ground through the R2-5 relay contacts to 
the CAWS rack. The R2-5 ground sensing relay was tested and found to be functional. The left 
ground shift circuit, which controts the R2-5 relay, was electrically intact; however, the left ground 
shift switch; which is located on the nosegear oleo and supplies liftoff information, wa5 missing. 

The CAWS speakers were wired correctly to  the connectors in the cockpit console and 
the wiring was intact. Damage to the speaker wires precluded determining their condition between 
the conxlte connectors and the FS 110 junction box; however, the wires were intact and undarnawd 
between the junction box and the CAWS rack. The P-40 circuit, breaker was broken free of the circuit 
breaker panel and the bus, but both of i t s  circuit wires remained attached to the remnant of circuit 
breaker by the terminal hardware. The bus terminal had broken free from the breaker hwsing and 
remained attached to  the left 28V d.c. bus. The wiring between the breaker and the CAWS rack was 
intact and undamaged. The other wire af the P-40 circuit breaker which connects to the landing 
gear lever relay was shorted to ground on the initial test, but after the position of the wire was 
changed, the electrical short indication ceased. Visual inspection of the wire disclosed a small chafed 
area in the wire's insulation about 9 inches from the circuit breaker's terminal. A microscopic 
inspection of the chafed area revealed no evidence of electrical arcing os shorting on the exwed 
wire. 

The P-40, type 7274-55, circuit breaker was manufactured by the Klixon Division of the 
Texas Instruments Corporation ('7274" identifies the type circuit breaker; "-55" identifies the 
airplane manufacturer). The investigation disclosed that McDonnell Douglas had inued three All 
Operator letters (A011 concerning operator-report& problems with the 7274 series circuit breaker: 
AOt 9-1281, April 4, 1981; AOt 9-t281A, November 22, 1982; and AOL 9 - IZBtB ,  January 14, 1983. 
The AOls state that the most common af the reported failure modes was an "open circuit, howeuer, 
externally, the circuit breakers would appear to be closed." The reported prabJams appeared to be 
related to circuit breakers manufactured between January 1979 and November 1980. The AOLs 
stated that the causes of these failures included: 

Broken lower contactor spring members. Because of design differences, 
this is confined to circuit breakers rated a t  less than 7.5 amperes. The 
probttrn i s  apparently related to circuit breakers tha t  arc functioned 
manually, making and breaking circuits. The repeated cycling causes 
'the spring member to break. 

Internal insulator hanging up. The manufacturer indicated this i s  
related to circuit breakers containing a ~ a r p e d  case half which was not 
detected at inspection. 

Bimetallic element hang up. This problem i s  due t o  undetected 
assembly operation weld splatter within the case. 

Douglas reviewed the circuit breaker failure data of two DC-9-80 operators and also 
analyzed its rejection history on in-house problems. The tesults of these actions indicated that the 
Klixon circuit breakers rejection rats was about 112 of 1 percent, which according to Douglas 
"constitutes an acceptable quality level of rejections . . ." The rejection rate also paralleled that of 
two other rnanuf acturers. 

Douglas also drew from existing stock a random sample of 31 5 circuit breakers of the 
I -  through 10-ampere rating of the affeaed 1979 and 1980 date codes and subjected them, to a 
"bouglas monitored intensive test program at  Klixan. Not one of these circuit breakers failed the 
tests." AOL 9-1 281 B states, "Douglas feels that there is  nu definable problem with these particular 
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circuit breakers other than the possibility of experiencing an unannunciated open of the circuit 
breaker due to the contacts hanging up." 

Numerous circuit breakers, in addition to the damaged P-40 circuit breaker, were 
removed from the wreckage. Seventy date codes were positivel'y identified, and all but three (dated 
June 1981, December 1981, and June 1982) were found to be within the manufacturing time 
interval designated in the AOLs. The 67 circuit breakers that fell within the date code, as well as 
other circuit breakers that were relatively intact but had illegible date codes, were removed from the 
airplane and taken to the Klixon facilities in Attleboro, Massachusetts, for further examination. 
None of the 69 circuit breakers exhibited mechanical or electrical continuity problems, but some 
particulate matter was found randomly in some of the devices. The observed condition of their 
internal components was commensurate with expected service conditions. 

The impact-damaged P-40 circuit breaker was taken to the Safety Board's materials 
laboratory for further examination. The circuit breaker housing was broken when received, and the 
portion containing the reset mechanism was missing. The breaker's bimetallic strip and one of the 
terminals were contained within the r.emaining housing structure. In addition, the terminal 
attached to the circuit breaker panel bus bar also was recovered. Examination of the circuit 
breaker's contacts under high magnification indicated that three of the four contacts were clean. 
The fourth contact that was connected to the bus bar that had separated from the breaker had dark 
tarnish film on the outer perimeter. Electric resistance testing of the surfaces on the three clean 
contacts showed good electrical continuity. However, there was some intermittency on the outer 
area of the film on the bus bar terminal contact when tested with a 1.5 volt probe. In addition, the 
examination did not disclose any evidence of the anomalies cited in the Douglas AOLs. 

According to Klixon personnel, the tarnish on the P-40 circuit breakers bus contact 
appeared to be typical of a silver sulfide buildup that can occur on the contacts of the breakers 
during normal service. A chemical analysis of the contact at the Safety Board's materials laboratory 
using x-ray energy dispersive spectroscopy (EDS) indicated that the surface of the contact was rich in 
silver. EDS of various areas of the contact revealed the presence of small amounts of (in decreasing 
order) silicon, sulphur, copper, zinc, iron, calcium, and aluminum, in addition to a large amount of 
silver. Further probing of the surface of the contact with a higher voltage probe than used earlier 
(22V versus 1.5 V) revealed that the sulfide was conductive. Some of the contacts on the other 69 
circuit breakers also had a silver sulfide tarnish buildup. However, the tarnish buildup on the bus bar 
contact of the P-40 circuit breaker was among the heaviest of all the contacts examined. 

An examination was conducted at the Klixon facilities, on another 19 CAWS circuit 
breakers that were removed from the Northwest DC-9-82 fleet and subjected to test. After removal 
from the airplane, each circuit breaker was subjected to no more than 10 cycles in a mocked up 
circuit representative of the CAWS input circuit. Three circuit breakers did not conduct current when 
the latching mechanism was closed after several cycles, and another exhibited intermittent 
conductivity which could not be duplicated. An X-ray examination of the three nonconducting 
circuit breakers disclosed that the contacts appeared to be closed. 

The initial test on the three nonconducting breakers was a continuity check in a circuit 
representative of the CAWS input circuit. Two of the breakers remained in  the nonconductive state, 
while the third conducted current in the circuit and exhibited continuity with a 1.5 volt continuity 
tester. Windows were then milled in the cases of the breakers so that the contact areas could be 
observed, and the continuity of the breakers was tested again. It was found that another of the 
breakers conducted current with both 28 and 1.5 volts applied. At this point, one breaker remained 
electrically open even though the latch was closed and the contacts appeared mated, and two  
others, that had originally been nonconducting with the latch closed, now conducted current. 
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Further examination disclosed that the contacts of the open breaker were held apart 
by particulate matter that was comprised chiefly of silicon. Examination of the stationary contacts of 
the now-closed breakers revealed the presence of silver sulfide tarnish. Continuity tests with 28 volts 
revealed that the surface of the contact was conductive, but probing with a 1.5-volt tester disclosed 
areas of intermittent conductivity on the stationary contact surfaces of the now-closed breakers. 
These results are similar to  the behavior of the tarnished bus bar contact of the P-40 circuit breaker 
from flight 255. 

Examination of the contacts of the circuit breaker that was removed from service and 
exhibited intemittency that could not be duplicated revealed the presence of black particulate 
matter on one stationary contact. Additionally, one circuit breaker that was removed from service 
had a stationary contact that had areas of intermittency around the periphery of the contact surface. 
The breaker behaved normally during the 10-cycle bench test described earlier. 

1.16.5 Flap Handle Module 

Following the accident, the flap handle module was examined at Douglas' Long Beach 
facilities and at the Safety Board's materials laboratory. The right side of the flap handle module 
had been displaced to the left, causing permanent deformation. The flap handle's pivot shaft 
supports were broken and the handle and dial-a-flap movable detent had been displaced 
downward. As a result of this displacement, the dial-a-flap pin on the right side of the flap handle 
rested between the cam finger and the movable detent. The left side of the flap handle was 
contacting the fixed detent track, and the fixed detent pin was found in the UPIRET position. The 
left side detent track was neither deformed nor moved from i t s  normal mounted position. 

The module was disassembled and examined for damage associated with the detent 
pins on each side of the handle. On the right side of the module, the stowed dial-a-flap mechanism 
had gouge marks on the side of the cam finger which were consistent with abnormal contact with 
the end of the dial-a-flap detent pin. This pin contact damage continued onto the forward lobe of 
the stowed movable detent. The damage areas on the cam finger and on the movable detent were 
located in line with and just below a position on the cam finger that would correspond to the UPtRET 
position of the flap handle. Examination of the end of the dial-a-flap pin revealed damage on one 
side of the pin end that was consistent with sliding contact damage of the type described above. 

On the left side of the module, an examination of the fixed detent track revealed a 
heavy contact area in the bottom of the UPtRET position. This area contained a circular imprint and 
associated sliding damage caused by contact with the end of the fixed detent pin. A raised lip of 
metal found around most of the pin end corresponded to the distinct circular impression found in 
the detent track. No unusual damage was found in any of the other detent positions on this track. 

1.16.6 Airplane Performance 

The Safety Board's performance study was based on data derived from the airplane's 
DFDR, CVR ,and time-correlated DFDR and CVR information. 

Based on the airplane's final weight tabulation and the information contained in the 
company's dispatch papers, the airplane's takeoff weight was 144,047 pounds and the flap and slat 
settings to be used for takeoff were 1 lo and mid-sealed position, respectively. The position of the 
TCC flap setting thumbwheel further corroborated the intended 1 l o  takeoff flap setting. The 
takeoff speeds on the Northwest takeoff card for that weight and configuration were as follows: 
critical engine failure speed (Vl) was 142 KIAS, rotation speed (Vr) was 144 KIAS, and V2 was 
153 KIAS. The minimum speeds for flap and slat retraction were 158 KIAS and 198 KIAS, respectively. 
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The performance study's computations were based on the following data: takeoff 
weight--144,000 pounds; c.g.--10 percent MAC.; runway elevation--631 feet msl; runway gradient t o  
liftoff--0.05 percent down; altimeter setting--29.85 inHg; surface winds--300" at  14 knots; and the 
temperature at the time of takeoff--79" F. (The temperature in the last ATlS message was 88" F.) 

The DFDR data indicated that the takeoff was made with the airplane's trailing edge 
flaps and leading edge slats retracted. The DFDR data also indicated tha t  both engines were 
operating at or above takeoff thrust until all recorded data were lost. 

The reconstruction of the-actual takeoff showed that the airplane's acceleration up t o  
and through Vr was in  accordance with predicted rates. The first officer called both V1 and Vr, and 
these callouts were consistent with the computed values cited above. The airplane began t o  rotate 
at Vr. Assuming proper takeoff configuration, the DC-9-82 normally will liftoff between 6" and 8" 
noseup pitch; however, in this case the airplane did not. The airplane continued rotating until it 
,reached a 11" to  12" pitch angle and stabilized at that angle. .(The DC-9-82's tail kill strike the ground 
at a 1 1.7" pitch angle. There was no evidence that a tail strike occurred.) 

The airplane lifted off the kunway at the 1 lo to  12" pitch angle as i t  was accelerating 
through 168 KIAS. The computed flaps and slats retracted stall speed for the airplane was 170 KIAS. 
The stall warning system's stick shaker activated 0.5 second after l iftoff and continued to  operate 
until the end of the CVR tape. The airplane continued to  accelerate after l i f toff and began t o  climb. 
At  4.5 seconds after liftoff, when the airplane was over the departure end of the runway at  10 feet 
agl, the SSRS aural alarm activated. There were three more SSRS activations before the init ial 
impact; these occurred about 6,  9, and 12 seconds after liftoff. During the 14 seconds between 
liftoff and initial impact, the DFDR data indicated that the airplane climbed about 45 feet and 
accelerated to  about 186 KIAS. 

According to  Douglas' manager of aerodynamics and acoustics for the DC-9 and DC-9- 
80 programs, the roll stability is decreased significantly when the airplane is flying near i t s  stall angle 
of attack. "It can be flown there, but i t 's a very difficult thing to  do." The recorded data showed 
that, about the time of the first SSRS alarm, the airplane began a slight roll t o  the left which was 
reversed when a bank angle of about 8" was achieved. The airplane then rolled right about 16", left 
about 33", right about 35", and then left; and initial impact occurred about 22" lef t  roll as the 
airplane was rolling t o  the left. The data showed that the spoilers were used t o  counteract these 
rolls and that on two  occasions almost full deflection (60") was employed. The recorded elevator 
control data also indicated that the pilot had applied down elevator at the onset of each SSRS alarm 
followed by an up elevator input as the alarm ceased. 

Except for momentary nose-down corrections, the pitch angle continued increasing 
throughout the flight until it reached between 14" and 15". Stick shaker activation was continuous 
and there were intermittent SSRS activations. The programmed angles of  attacks for stick shaker 
and SSRS activation were about 11" and 13", respectively, and, in this case, the angles of attack and 
the fuselage pitch angles were about the same. Although the airplane was being flown at angles of  
attack between those that activated the stick shaker and the SSRS, i t  was still accelerating and 
climbing. However, the airplane's aerodynamic performance in  this area was reduced by t w o  
factors: the rolls and the spoiler deflections used to  counteract the rolling moments. During the last 
6 seconds of the flight, the roll oscillations and subsequent spoiler deflections adversely affected The . 

airplane's climb performance by degrading the l i f t  component by as much as 20 percent. 

The deployment of flaps and slats on a wing increases i t s  lift capability and reduces i t s  
stalling speed. In this case, the I-G stall speed for the clean wing was 170 KIAS. Extending the slats t o  
the mid-sealed position would reduce the stall speed 40 KIAS; extending the flaps to  11" would have 
reduced the stall speed an additional 6 to  8 KIAS. The reduced stall speeds would have reduced the 
airplane's l i f toff speed, reduced i t s  takeoff ground roll distance, improved its climb capability, 
increased its climb angle, and improved the roll stability. Given these data, the Safety Board 
explored six climb profiles. 
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The first profile reflected the airplane's performance with the flaps at 1 lo, the slats at  
the mid-sealed position, and the takeoff performed at programmed speeds contained on the 
company's 144,000-pound takeoff chart. Under these conditions, the airplane would have lifted of f  
6,520 feet down the runway and cleared the initial impact point by 600 feet. (See figure 2.) 

The second profile reflected the airplane's performance with the flaps retracted, the 
slats at the mid-sealed position, the takeoff performed at the programmed speeds above, and the 
pitch angle during the climb as required to  maintain a V2 + 10 KIAS climb. The result ing 
performance was virtually identical with the first profile. (See figure 2.) 

The third profile was the same as the second except that the pitch angle after l i f tof f  
was maintained at 15" nose-up and the airplane was allowed to accelerate beyond V2 + 10 KIAS. In 
this case, the l i f toff distance was the same and the airplane would have cleared the impact point by 
400 feet. (See figure 2.) 

The fourth profile depicts the performance of the airplane wi th  flaps and slats 
retracted. The airspeeds, pitch, and roll attitudes of the airplane were based on values derived from 
the DFDR readout of the takeoff roll. The profile placed the airplane at 41 feet agl at the impact 
point. (See figure 2.) 

The f i f th profile was based on a performance study which assumes that the captain 
used the stall recovery procedures contained in the APH. (See section 1.17.2.) The study was based 
on the values derived from the DFDR readout of the takeoff roll, liftoff, and the flightpath of the 
airplane until 3 seconds after the initiation of the stick shaker. The study assumes that the captain 
recognized that his airplane was approaching a stall 3 seconds after the stick shaker activated, and, 
in accordance with the procedures contained in the APH, called for maximum power, called for the 
flaps to  be extended t o  ISo,  and relaxed the back pressure on the control column to  stop the stick 
shaker. Based on the delays required for the engines and the flaps and slats to  respond to  the power 
and control inputs, the study indicated that the airplane would clear the light pole by about 
350feet. However, any delay in  recognition and reaction t ime would reduce the margin o f  
clearance. 

The sixth profile reflected the airplane's performance with the wing flaps and slats 
retracted and maintaining an 1 1" angle of attack, i.e., at or just below the stick shaker activation. In 
this case, the airplane would have cleared the light pole by 80 feet. 

The Safety Board's systems group used the  data data to  simulate the performance of 
the airplane's F/D during the accident takeoff and to  reproduce the visual cues provided t o  the 
captain by the system's command bar. The visual cues presented by the command bar are 
superimposed on the presentation provided by the airplane's attitude director indicator (ADI). Thus, 
the pilot can relate the command bar clues to  the actual attitude of the airplane depicted on the AD1 
by the position of the fixed airplane symbol relative to  the ADl's horizon reference bar and pitch 
ladder. The pitch ladder consists of four lines below and four line above the horizon reference lines. 
The lines are parallel to  the horizon reference line, they are spaced t o  portray 5" intervals, and, the 
resultant ladder depicts 20" of either nose-up or nose-down airplane pitch attitude. 

Two simulations were performed: the first reproduced the performance of  the 
command bars during the actual takeoff wherein the go-around mode was selected about 8 seconds 
before impact. The second reproduced the command bar performance without the selection of the 
go-around mode. 
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' The first simulation showed that the command bar mowed upward during the takeoff 
roll. Forty seconds after the takeoff roll began (T.O. +40 sec.) and about 8 seconds before the 
airplane reached V,, the fixed airplane symbol and the command bars'were positioned about 2? 
nose-down and 5" nose-up, respectively, on the ADl's pitch ladder. At T.0 + A4 sec., during rotation, 
at main landing gear liftoff, the fixed airplane symbol and the command bar were positioned about 
9" and 11" nose-up, respectively, on the pitch ladder. About 4 seconds after main gear liftoff when 
the first SRSS alarm activated, the simulation showed that the captain had essentially satisfied the 
command bar cues and no further pitch attitude change was being requested. 

At  T.O. + 60 sec., the FID entered the go-around mode and the command bar 
immediately began to  move upward between the third and fourth SSRS alarm. About 1 second after 
the go-around mode was annunciated, the CVR recorded the remark, "(right up to the vee bar.)" At  
that time, (T.O. + 61 sec.) the command bar was passing through about a 1"-nose-up pitch command 
en route to i t s  final cosmand presentation, the stick shaker was activated, and a SSRS alarm was 
either in progress or had just ceased. At T.O. + 65 sec., the fixed airplane symbol and the command 
bar were about 13" and 15". respectively, on the pitch ladder (see figure 3), and they maintained that 
presentation until impact. 

The second simulation showed that, had the go-around mode not been selected, the 
command bar would have moved downward. About 5 seconds after go-around was annunciated 
(T.O. + 65 sec.), the fixed airplane symbol and the command bar were positioned about 13" and 12" 
nose-up, respectively, on the pitch ladder (see figure 4). At T.O. + 68 sec., about 1 second before 
impact, the fixed airplane symbol and command bar were positioned about 14.5" arid 12" nose-up, 
respectively, on the pitch ladder. 

Also the Safety Board investigated the possibility that the airplane might have 
encountered a windshear during the takeoff. The computed ground speed of the airplane during 
the takeoff roll was integrated with an indicated airspeed plot derived from the DFDR-indicated 
airspeed data. The two plots were virtually identical throughout their entire length. Had a 
windshear occurred, the ground speed and airspeed plots would have diverged from each other. 

1.17 Other Information 

1.1 7.1 Northwest Airlines and Republic Airlines Merger 

On July 31, 1986, Northwest's acquisition of Republic Airlines was approved by the 
Department of Transportation. On August 12, 1986, Northwest Orient Airlines completed i t s  
purchase of Republic Airlines. The new corporate name became Northwest Airlines, Inc., and new 
operations specifications were issued on that date. Although the former Republic and Northwest 
personnel and equipment operate under the name of Northwest Airlines, each operates as a 
separate entity, or company, and a separate set of operations specifications was issued to  each 
company under certificate No. 301-F. The former and current certificate holding office for the carrier 
i s  Air Carrier District Office (ACDO) No. 34, Minneapolis, Minnesota. 

The FAA has allowed each company to use i t s  respective operations specifications, 
maintenance programs, and operations programs that were in effect on August 12, 1986, f.or a 
period of 18 months. Neither carrier is permitted to use a combined program without an approved 
provision to i t s  operations specifications. 
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Figure 3.--Displays theoretical pitch attitude information presented 
by the AD1 and the F/D command bar for the .conditions existing 
65seconds after the start of the takeoff roll and after the F/D has 
entered the go-around mode. Roll attitude information and 
command bar roll guidance informati~n i s  not displayed. 

On October 1, 1986, plans to merge the two company's operations were issued with 
the integration of a consolidated flight schedule. The companies consolidated their route structure 
but continued to segregate their respective airplanes and flightcrews. However, the maintenance 
and flight attendant programs were integrated and the combined procedures were approved by the 
FAA. Flight attendants are now qualified to serve on all Northwest airplanes; this is  the only change 
arising out of the merger thus far to the flightcrew checklists . Communications procedures between 
the flight and cabin crews on all airplanes were changed to coincide with those inuse on former 
Northwest airplanes. However, the pilot groups continue to operate their respective airplanes in 
accordance with their respective operations specifications and their respective labor contracts. 

Before the merger, the Northwest fleet consisted of Boeing airplanes and McDonnell 
Douglas DC-10s. During the merger, Northwest acquired a fleet of 134 DC-9s, 3 B-727s, and 6 B-757s 
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Figure 4.--Displays theoretical pitch attitude information presented 
by the AD1 and the F/P command 6Sseconds after the start of the 
takeoff roll with the F/D in Takeoff mode. Roll attitude information 
and command bar roll guidance is not displayed. 

with 3 more on order. After the merger, the new corporation sold the B-727s and the 8-757s and 
canceled the orders for the new 0-757s. 

1.17.2 Proficiemy Training 

Since the premerger NoRhwest Orient Airlines did not operate DC-9 type airplanes, 
the former Republic DC-9 training staff, except for some procedural changes in chain-of-command 
structure and reporting, remained virtually intact throughout the changeover. f hus, the OC-9-82 
proficiency training program remained unchanged, and the evidence showed that the curricula 
complied with the regulatory requirements. 

The DC-9-82 simulator proficiency training curriculum required students t o  
demonstrate their proficiency in stall recowry procedures and coping with various windshear 
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models. The recommended procedures for accomplishing recoveries from these situations are 
contained in the Flight Maneuvers section of the company's APH. With regard to stall recovery, the 
APH states, in part, that the approach to stall "is reached at the first indication of the stall warning, 
stick shaker, or buffet, whichever occurs first.'* The recommended recovery procedures state: 

a. Apply and call "MAX POWER FLAPS 15" while rimultaneously relaxing 
the back pressure enough to stop stick shaker or buffeting . . . The pilot 
not flying will select tfoflaps and trim the throttles to MAX POWER. Do 
not allow a pitch up to occur with the power and configuration 
changes, to avoid including a secondary stall. 

With regard to  windshear recovery, the APH states, in part: 

a. Advance the throttles to the mechanical stops. 

b. Smoothly rotate to  a pitch attitude that will prevent ground contact. 
Although a stick shaker can be anticipated during this maneuver, do not 
rotate beyond the point that the stick shaker is  activated. 

NOTE 

The airspeed may indicate considerably below V 2  or VREF bug (a  
computed landing approach speed based on the airplane's landing 
weight.) 

c. When descent has been arrested, position the flaps to  go-around (if 
required) and be prepared ta increase the body angle to prevent 
descent. 

d. When a climb is  noted on the altimeter call "GEAR UP" (if required). . . 

e. After the recovery i s  completed, use standard climb procedures. 

With regard to item c above, the rejected landing procedures contained in the APH state that the 
flap setting i s  1 5"; however, it should be noted that this procedure is normally begun with landing 
flaps (28' or 407 set on the airplane. 

On May 31, 1987, the captain completed his DC-9-82 requalification simulator rides. 
Since there was no line first officer available, the Northwest DC-9-82 training manager, who was 
administering the requalification check, served ar first officer. Examination of the applicable 
training documents showed that the captain demonstrated proficiency on stall recoveries in both the 
landing and takeoff configurations on two simulator flights and "stall recoveries using windshear 
recovery procedures" on the second flight; however, he did not receive stal t recovery training with 
the airplane in the flaps up, slats retracted configuration. The training manager commented on the 
training form "Very nice requalification." 

The first officer training records showed that he demonstrated his proficiency in 
recovering from stalls with airplane in the takeoff and landing configuration; however, he did 
receive stall recovery training with the airplane's slats and flaps retracted. The records'showed that 
during his'recurrent training, he had received windshear training. The training records also 
indicated that his last proficiency check was a one pilot-session, i.e., the instructor occupied the 
captain's seat in the simulator. 
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The training manager also testified, "I would comfortably say that every pilot that flies 
the MD-80 has at some point in his training been alerted to  the fact that we have got a central aural 
warning system fail light on the annunciator panel . . . and i f  there i s  a failure in that system we 
would expect to  somehow be annunciated. Although I cannot say that we ,train to  that because 
there is n0t.a requirement to  train to  that." 

The DC-9-82 Checklist 

Copies of the DC-9-82 checklist are kept on board each airplane. (See appendix E.) To 
view the checklist, pilots fold i t  along the dashed line and expose the applicable portions of the l i s t  as 
they perform the required tasks. The checklist normally is mounted to  a clip on top of the pilot's 
control column and, thus, is displayed to  the pilot between the horns of the control wheel. 

Before May 21, 1985, the flaps were extended to  15" after the airplane began taxiing. 
Douglas had recommended that the flaps be extended to  15" to  minimize engine exposure t o  
foreign object damage (FOD), and the company had adopted that procedure for taxi out. However, 
the DC-9-82 generally uses takeoff flap settings of either 7" or 1 lo which required the f l i g h t ~ e w  t o  
reposition the flaps t o  the takeoff setting before taking the runway. Consequently, the BEFORE 
TAKEOFF checklist contained the item "FLAPS" at which time the flightcrew would reposition them 
from I S 0  to  the required takeoff position. Subsequently, Douglas informed operators that  the 
concern over FOD, as well as the effectiveness of the flaps to  protect the engines, was not as great as 
originally believed. Therefore, Republic's Flight Standards Department decided t o  have its 
flightcrews set the flaps to  the takeoff setting instead of 15" when the airplane began taxiing. 
Republic believed that would be more efficient since it would require only one movement of the flap 
handle and would lessen the crew's duties during the before takeoff environment. On May 21, 1985, 
"FLAPS" was added t o  the TAXI CHECKLIST, and crewmembers were directed to  check and verify that 
the flaps and slats were positioned to  the required takeoff setting in response to  the challenge 
"FLAPS." The item "FLAPS," requiring the same challenge and response verification, was no t  
deleted from the BEFORE TAKEOFF CHECKLIST. Having "FLAPS" on both checklists was intended t o  
be temporary for the purpose of providing an orderly transition of the item from one checklist t o  the 
other. 

On December 15, 1986, after receiving FAA approval to  implement the change, a 
checklist change removed "FLAPS" from the BEFORE TAKEOFF checklist. 

1.17.4 Checklist Procedures 

The Standard Operating Procedures section of the Northwest APH contains the  
company's procedures and policies concerning how the airplane's checklist is to  be used. The APH 
states, in part: 

Good cockpit management requires consistent checklist usage. Proper 
use of checklist i s  reliable, and fosters predictable and standardized 
crewmember interaction. 

Checklists are developed to  provide convenient and natural f l ow 
patterns in the cockpit and are sequenced t o  meet operational 
requirements. Checklist items may be performed w i thou t  direct 
reference to  the checklist, however, all checklist items will subsequently 
be read aloud in sequence while visually checking the items to  assure 
completion. Upon completion of  an individual checklist, the pi lot  
completing the checklist wi l l  state "(CHECKLIST NAME) CHECKLIST 
COMPLETE." 
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During all ground operations it is  the Captain's responsibility to  call for 
all appropriate checklists. . . Giving consideration to other required 
crewmember duties and allowing for adequate time for completion. 
The First Officer will query the Captain if there i s  abnormal delay in the 
call for any checklist. 

The checklist items will be read in a loud clear voice and the proper 
response will be equally clear and understandable. Where a challenge 
and response item is  performed, a response i s  required from another 
crewmember, the crewmember reading the checklist wil l  repeat the 
challenge if necessary until the proper response is  provided. Undue 
haste in the execution of any checklist i s  neither necessary nor desirable. 

The normal checklist uses asterisks to delineate the.division of duties between the 
captain and first officer. (See appendix E.) The duties are defined as follows: 

No asterisks - The captain will perform the checklist item and provide 
the proper response. 

* - The first officer will perform the checklist item and state both the 
challenge and proper response. 

**  - Both pilots will perform the checklist item and both will state the 
proper response. 

(AS REQ) - The crewmember responsible for completing the checklist 
item will check, or reposition, the referenced switch or control and then 
STATE THE POSITION OF THE SWITCH OR CONTROL. 

Section 2-23 of the APH amplifies the procedures contained on the TAXl checklist. The 
APH states that the first officer may, once clear of the ramp area, perform some of the checklist 
items, (i.e., extend the flaps, set the trim or EPR bugs, etc.) in preparation for the captain calling for 
the TAXI checklist. Thereafter, with regard to the first item on the checklist, the APH states, in part: 

FLAPS ........................ **(SETIlNG) 

The checkli;t challenge "FLAPS" requires a standard response from both pilots. The 
APH states, in part, that the first officer will issue the challenge after leaving the ramp and then 
check the position of the flap handle. If the flap handle is not set to the takeoff flap setting, he will 
extend the flaps to the takeoff setting and accomplish the following: check that the flap handle i s  in 
the desired position; check that the flap indicator reading.corresponds with the handle's position; 
and check that the slat takeoff light i s  on. After the above checks have been accomplished and the 
flap and slat settings verified, he will call out the flap setting, i.e., "FLAPS 11." The captain will then 
check that the flap indicator agrees with the first officer's call out and respond with the observed 
setting, i.e., "FLAPS 11." 

The  re recording showed that the required flap setting call outs were.not made. The 
recording also showed that the captain did not call for the TAXl checklist and that the first officer did 
not ask him if he wanted to perform the checklist. During this period, the CVR recording contained 
references to only two items on the TAXl checklist. At 2036:37, an unidentified voice in the cockpit 
said, "Vee (V) speeds -- okay"; there was no response to the remark. At 2036:40, the captain said, 
"Trim setting;" there was no response to the remark. 
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The APH's TAXl Checklist Amplification section described flightcrew duties required by 
the item EPR & AIRSPEED BUGS. The section contained guidance relating to  the airplane's TCI. Since 
reduced thrust could not be used for takeoff, only the guidance relating to  hormal takeoff thrust 
procedures are discussed herein. Based on this section of the APH, this checklist item required the 
flightcrew to  either program or verify that the TCI was programmed properly for a normal thrust 
takeoff: "00" should have been inserted in the TCl's assumed temperature window and the "T.O." 
button pressed t o  obtain the takeoff EPR limit setting. 

The next item on the TAXl checklist required the ART switch to  be positioned "(As 
Required)." The amplified checklist procedures stated, in part, that the ART switch should be "ON" 
in the "Auto" position with the guard closed when "T.0" mode has been selected on the TCI. When 
the "T.O./FlexU mode i s  selected, the "ARTS switch must be off." On this takeoff, since the "TO" 
mode should have been selected, the flightcrew should have verified that the ART switch was either 
in "Auto" or placed in  "Auto." If the slats were extended, the green ART ready light would- have 
illuminated when the ART switch was placed in "Auto,"and the autothrottle system would have 
been available when the autothrottle switch was activated. 

With regard to  the other applicable sections of the checklist, the CVR recording 
showed that the only checklist that was called for and pronounced complete almost in accordance 
with the APH procedures was the BEFORE (engine) START checklist. At 2029:10, the first officer 
called the first challenge item on the checklist, "Brakes." The captain did not  respond t o  the 
challenge, but, at 2029: 18, he said, "Lets do the checklist." At 2032:54, the first officer announced, 
"The before start checklist is complete." However, the recording also showed that, at 2032:46, the 
first officer read the last three challenges on the checklist, "ignition, seat belt sign, beacon." The 
captain was required to  accomplish these items and reply that all three of these switches were "On." 
However, at 2032:52, the first officer stated, "They're all on," and thereafter, that the checklist was 
complete. At  2032:57, the captain stated "On, on, on." 

At  2034:08, the first officer stated -"annunciator," t o  which the captain responded 
"checked," followed at 2034:09 by the first officer's verbal accomplishment of the remaining items 
on the AFTER START CHECKLIST. The CVR recording showed that the captain did not call for the 
AFTER START CHECKLIST, nor did the first officer ask the captain i f  he was ready to  perform the 
checklist. The CVR recording also showed that the first officer did not state "after start checklist 
complete." 

The BEFORE TAKEOFF checklist contains four items and this checklist was no t  
accomplished in  accordance with the standards contained in  the APH. The captain did not call for 
the checklist nor did the first officer ask the captain i f  he was ready to  perform it. The first item 
required the first officer to  challenge "Flight Attendants" and then respond "Notified." Although, 
at 2042:36, the first officer had notified the fl ight attendants t o  be seated, he did not accomplish this 
checklist item properly. The remaining three items were accomplished properly, but the first officer 
did not tell the captain that the checklist was completed. 

1.17.5 Human Performance Research Projects 

During the Safety Board's public hearing, the Board sought and received testimony 
from psychologists concerning projects which either have evaluated or are evaluating the effects of  
automation on flightcrew performance and how interpersonal relations between flightcrew 
personnel affect their performance of cockpit duties. 

A professor of  management sciences and computer information (management 
sciences) at the University of Miami, Coral Gables, Florida, testified about the effects that  the 
automated systems in  the advanced modern airplanes cockpits appear t o  have had on flightcrew 
performance. With regard to  the term "complacency," the professor testified that it was an "ill 



defined" term; however, if forced to describe it he would state that it was a "relaxing of one's 
guard. " He testified, "that the notion in automation is that i f  the equipment is reliable, and most of 
it is  extremely reliable, this will generate crrmplacency, a relaxing of one's guard." 

The management sciences professor testified that the research projects had identified 
a phenomenon which the researchers called the "primary backup inversion where the primary 
system, which is  the human and human vigilance, becomes the backup system, and the backup 
system, the machine, becomes the primary." He cited as an example the altitude alerting system 
which, during climb or descent, is programmed to provide an alert to the flightcrew 700 feet above 
or bdow the inserted level off altitude. Virtually al! air carrier procedures require the nonflying pilot 
t o  provide a 1,000 (foot)-to-go alert call to the pilot flying the airplane when climbing or descending. 
He testified that " i t  doesn't work that way. So what do you see on climbing or descending? The pilot 
will s i t  there . . . until the altitude reminder sounds (and then) say % thousand to  go.' That's the 
primary backup inversion. He has used a backup system to human vigilance and made it the pr,imary 
system and then he reacts." 

The management sciences professor described what k t  thought of as six lines of 
defense against an untoward consequence resulting from human error. The first line of defense was 

. human vigilance; the second, another crewmember detecting error; the third, secondary 
indications, such as cockpit displays and instrumentation; the fourth, warning and alerting devices; 

. the fifth, persons other than crewmembers detecting the error, i.e., ATC personnel or ground 
personnel; and the sixth, machines that take action on their own to rectify the error, i.e., the OC-9- 
82'5 autoslat and stick pusher systems. With regard to the first line of defense, the professor testified 
that it was, "of course, normal procedures, and that i s  the crew doing the right thing, supported by 
checklist, training, experience, manuals, discipline, check airmen, and what not." 

With regard to  checklist presentations, the management xiences professor testified 
that he did nor know of any human factors research on how a checklist should be designed and that 
he could not find anything in his library on the subject. "There are a couple of human engineering 
handbooks and under 'checklistkabout all they said was the type ought to be visibie and it ought to 
be easy to handle . . ." 

A ~at ional  Aeronautics and Space ~dministration (NASA) research psychologist 
testif ied about the observations made by a group investigating the effects of interpersonal 
relationships on the performance of cockpit duties. He testified that, beginning in the late seventies, 
NASA began placing volunteer flightcrews from several airlines in "a high fidelity flight simulator 
and trying to replicate every aspect of [thcirj real world [flight e&ironmentj in a very highly 
controlled setting i n  order to  determine some of the factors that did effect successful crew 
performance." The NASA psychologist testified that the project war not completed, that the 
research i s  stiM in progrrrss, and that the research group had neither arrived at nor re\eased arrp 
conclusions. The NASA psycholagist's observations cited herein are limited to those areas which the 
Safety Board considered germane to this report. 

The NASA prychoiogist discussed the effect of role structure i n  the cockpit 
environment. He testified that the term "role structure" refers basically to the degree and specificity 
of the structure of a groups activities. "With cockpit crews you would have a very well defined role 
structure, each position being well defined and having specific responribilities i n  the cockpit." . He 
testified that role structure a very valuable function and that, "the safety of the system, I 
think, in many ways i s  a testament to how well defined and haw functional the' roles are in the 
cockpit. But one of the other characteristics of a well defined role structure is it significantly reducer 
ambiguity about who is going to do what and at what particular time," 

The NASA psychologist testified that the simulation studies have disclosed crews 
whose performances could be classified as "effective" or *less effective," that a number of 
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differences which they have seen "between the so-called effective crews and 'the so-called less 
effective crews are very reliable and appear time and time again." He testified that with regard to 
the highly effective crews, "there i s  much more communication in general . .: but there are also 
differences in the type of communication. . . You see much more task oriented communication." He 
testified that  one of the patterns we tend to see, " i s  what we cal! the information acknowledgment 
sequence . . . We find that (with) crews that arc highly effective . . . we tend to  see many more 
acknowledgments to anything that is said." 

The NASA psychologist testified that the manner in which the subject flightcrews used 
their checklists also was evaluated. He testified that i t  was rare to see a checklist ignored completely 
or not done but that this had occurred from time to time during various phases of flight in the 
simulator. There was a lot of variation with regard to checklist usage and it varied from the conduct 
described above to a "very clearly read challengelresponse methodology." - 

The NASA psychologist testified that evidence suggested that the way the checklists 
were used were directly retated to the number of errors made by the flightcrews. The flightcrews 
that performed their checklist duties "by the book, challenge land) response methodology . . . tend 
to  perform more effectively." He testified that he was not familiar with any body of research 
relating to the construction and presentation of checklists, but it was his opinion that, "there are 
probably many ways to do a checklist correctly. What's important is  that everyone agrees on how it 
should be done, and then i t ' s  done the same way every time by all the people that are concerned." 

An article in the Boei ng Airliner Magazine st concerning ft ightcrew-caused accidents 
and citing the Boeing fleet over a 10-year period as an example stated that: 

16 percent of the operators have crew-caused accident rates higher 
than the fleet average, and these operators account for over 80 percent 
of the total accidents. 

Conversely, 80 percent of the operators had no crew-caused accidents 
over the same period.. . 

The authors of the article contacted a small group of operators, "most of which had 
better than average crew-caused accident .historym with a view to obtaining information on the 
policies and techniques that contributed to their safe operations. They found that: 

Management recognizes the need for aircrews performing in a 
standardized way and the importance of cockpit discipline in providing 
the environment for proper crew coordination. 

With regard to check airman, the article notes that a strong check airman program 
acts as a continuous quality control check on the training department and that methods exist for 
assuring the uniformity of check pilot techniques and instruction. 

In the area of cockpit discipline and procedures some of the procedures used by these 
operators were as follows: 

10, L.G. Lautman and P.L. Gallimore, "Control of the CrewCaused Accident* Airliner Magazine. Boeing commercial + 

Airplane Company, April-June 1987. 
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- There i s  a firm requirement for in-depth takeoff and approach briefings 
for each flight segment . . . One operator requires an RTO [rejected 
takeoff] touch dril l i n  which each control used during the RTO i s  
sequentially touched by the pilotmaking the takeoff. 

Cockpit procedural language i s  t ight ly control led t o  mainta in  
consistency and to  avoid confusion from non-standard callouts, which 
can result from crewmembers using differing phraseology. Callouts and 
responses are done verbatim. The recurrent training program and check 
pilot system rigidly enforce this requirement. 

1.1 7.6 FAA Surveillance 

FAA ACDO No. 34 held the respective certificates and was responsible for surveillance 
and oversight of the former Northwest and Republic Airlines. 

The principal operations inspector (POI) assigned to  the current Northwest operation 
was also the pre-merger Northwest POI, a duty which he assumed in January 1985. He is assigned 
only to  Northwest and is responsible for the oversight of the operational procedures and training 
relevant to  the carrier's total fleet. 

During February 1986, the FAA assigned an aircrew program manager (APM) t o  the 
Northwest DC-9 fleet to  assist the POI. The APM is rated in the DC-9, -10, -30, -50, and -82 airplanes. 
The APM works for the POI and serves as his technical expert on the DC-9 fleet and on how 
Northwest operates it. He has no additional oversight for any other airplanes in  the Northwest fleet 
nor for any other carrier. 

The APM duties include monitoring proficiency checks, training programs, designated 
flight examiners, manual changes, procedures, and surveillance. Currently, five examiners assist him. 
Between October 1986 and August 1987, the FAA conducted 1,493 operations inspections, 819 
maintenance inspections, and 293 avionics inspections on the Northwest DC-9. The APM surveillance 
activities are further assisted by 174 FAA-approved DC-9 check airmen who are qualified t o  conduct 
line checks and proficiency checks in the DC-9 airplanes and simulators. 

1.18 Useful or Effective Investigative Techniques 

Recorded LLWSAS Wind Sensor Data 

On March 25, 1983, the Safety Board recommended that the FAA record output data from 
all installed LLWAS sensors "and retain such data for an appropriate period for use in reconstructing 
pertinent windshear events as a basis for studies to  effect systems improvements." 111 The FAA 
agreed with the recommendations and began installing recording capability on selected LLWAS. 
Detroit-Metro's LLWAS recording equipment was commissioned on November 3, 1986, and the 
equipment was operating at the time of the accident. 

Since using the Detroit LLWAS to  reproduce the recorded wind data would have required 
removing the entire system from operation for 2 hours, the recordings were taken to  the Program 
Engineering and Maintenance Service facility at the FAA's Aeronautical Center, Oklahoma City, 
Oklahoma, where the data were reproduced and read out, and the wind directions and speeds 
recorded by the system's sensors were obtained. The recorded LLWAS data were instrumental i n  
allowing the Safety Board to  determine the wind conditions which existed at Detroit-Metro Airport 
at  the time of the accident. 

I l l  Safety Recommendation A-83-15. - 



2. ANALYSIS 

2.1 General 

The captain and the first officer were qualified in' accordance with applicable Federal 
aviation regulations, company regulations, and procedures to operate the airplane. 

The airplane's maintenance records disclosed that it had been maintained and operated 
in accordance with applicable Federal aviation regulations and company operations specifications, 
rules, and procedures. Except for the possible failure of the takeoff warning system to provide an 
aural warning for an improper takeoff configuration, there was no evidence of any preexisting 
malfunctions or failures of any airplane structures or systems which would have been a causal factor 
to the accident. The analysis of the performance of the takeoff warning system will be discussed in 
greater detai t herein. 

The changeover of Detroit-Metro's runway operation from a runway 21 to a runway 3 
configuration was accomplished in accordance with published ATC procedures. The decision t o  
change the direction of traffic was based on the tower supervisor's judgment that the wind direction 
was changing from southwest t o  northwest. The LLWAS's recorded data confirmed the supervisor's 
description of the wind shift. At 2029:31, about 1 minute 31 seconds after the runway change, the 
LLWAS centerfield wind was 290" M at 20 to 21 knots. On runway 3C, this wind would have 
produced crosswind and tailwind components of about 19 and 5 knots, respectively. The direction of 
the wind continued to shift toward the northwest. About 2045, based on NW5 records 'and LLWAS 
data, the most likely range bf winds would have been from 305" M a t  12 to 16 knots. On runway 3C. 
these winds would have produced crosswind components between 11.9 and 16 knots and headwind 
components between 0 and 2.8 knots. Since runway 27 was closed, the wind shift was producing 
winds which favored slightly the runway 3 configuration. Based on these data, the Safety Board 
concludes that the supervisor's decision was reasonable. 

The light pole struck by flight 255 war 2.2 feet higher than the 40-foot height that war 
approved in the FAA's aeronautical study. However, the 42.2-foot-high pole did not penetrate any 
civil airport imaginary surface, and the impaa point on the pole wa$ 37 feet agl. Therefore, the 
Safety Board concludes that the pole's additional height was not a causal factor. 

When the left wing struck the light pole the wing's fuel tanks were ruptured and released 
fuel. The fire observed by some witnesses during this part of the accident sequence was caused 
when the left engine torched after it ingested the fuel. The carbon deposits inside the engine's front 
accessory case further corroborate this occurrence. 

Given the fact that the deaths of the passengers and crew on flight 255 were the result of 
multiple blunt force trauma, the fact that the airplane disintegrated during the impaa sequence, 
and the fact that the crash forces destroyed the Iivablevolume of the cabin, it war obvious that these 
forces exceeded the limits of human tolerance to abrupt acceleration. Therefore, the Safety Board 
concludes that this was. a nonsurvi wable accident. The survival of the 4-year-old female child can only 
be attributed to a corn bination of fortuitous circumstances. 

The CVR transcript showed that the first officer made the required callouts during the 
takeoff roll. Therefore, the Safety Board concludes that the captain was flying the airplane at  the 
time of the accident. 

2.2 The Accident 

The evidence showed that windshear alerts had occurred a t  Detroit-Metro and that 
windshears had been reported near the airport by pilots during the 30 minutes before the accident- 
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In addition, the evidence showed that f l ight 255's stall warning stick shaker had activated 
immediately after l iftoff and that, thereafter, the flight failed t o  either match or approach i t s  
predicted climb profile. This evidence suggested initially that the airplane encountered a windshear 
that decreased significantly i t s  performance capability. A loss of an airplane's climb performance can 
be caused by a strong downdraft or a rapidly decreasing head windshear. Therefore, the Safety 
Board first sought t o  determine whether flight 255 had encountered such a shear. 

The performance loss of an airplane that encounters a significant windshear during 
takeoff i s  discernible from the parameters recorded on the airplane's DFDR. As the airplane enters 
the shear, a change in  the airspeed vector as measured by indicated airspeed and the angle of  attack 
occurs without corresponding changes to  the measured inertial acceleration parameters. Stall 
warning devices will activate at the expected angle of attack for the airplane's configuration. 

However, examination of the CVR and DFDR data readouts showed immediately that, the 
airplane had not encountered a decreasing headwind type of windshear. The DFDR data showed 
that, at liftoff, the airplane's airspeed was about 169 KIAS and that instead of  decelerating over the 
last 14 seconds of the flight, the airplane accelerated to  about 184 KIAS and climbed about 48 feet. 
This performance was not consistent wi th the expected performance of an airplane that i s  caught in  
a decreasing head windshear. The fact that the airplane did not encounter a windshear was further 
corroborated by the lack of divergence between the airplane's ground speed and indicated airspeed 
during the time it was airborne. 

The correlated CVR and DFDR readouts showed that during the 14-second flight, the 
airplane's stick shaker remained activated continuously, and its SSRS activated four t~mes. With the 
flaps at 1 lo and the slats in the mid-sealed position, the airplane's stall speed was about 121 KIAS; i f  
the flaps were retracted and the slats remained in the mid-sealed position, the stall speed would 
increase to  128 KIAS. Despite the fact that :he 169 t o  184 KIAS recorded during the flight exceeded 
the worst of the two  stall speeds by 36 t o  56 KIAS, the stall warnings persisted. The investigation 
indicated that the only wing configuration that would continue t o  activate the stall warnings 
between 169 and 184 KIAS was a wing that was in cruise configuration, i.e., slats and flaps retracted. 
Consequently, the Safety Board concluded that the airplane had not encountered a windshear and 
directed its. investigation t o  determine the configuration of  the airplane during the takeoff roll. The 
following areas of evidence were available t o  the Safety Board for this analysis: the DFDR readouts 
and, where applicable, the CVR recording; the airplane performance study; and the physical 
evidence at  the impact site. 

2.3 The DFDR Readout and Airplane Performance Study 

Examination of the recovered flap sensors, the DFGC memories, and the fact that those 
airplane systems whose performances would have been adversely affected by a malfunctioning slat 
position sensor(s) performed within prescribed parameters showed that the information received by 
the DFDR accurately reflected the positions of the wing flaps and slats. 

The DFDR readout of the accident flight covered the entire period between pushback 
from the gate and impact, except for two  intervals where the data stream was interrupted because 
the airplane's parking brakes were set. The first interruption occurred after the airplane was pushed 
back from the gate. At  2034:25, the captain told maintenance personnel "Brakes are set," and the 
power t o  the DFDR ceased. A t  2034:57, after the tow bar was removed, the flight acknowledged i t s  
taxi clearance, and, at 2035:03, power was restored to  the DFDR. The second interruption began at 
2043: 18 after the fl ight had taken the runway, turned to  the runway heading, and was holding in 
position awaiting takeoff clearance. A t  2044:04, the local controller cleared flight 255 for takeoff, 
and, at  2044: 14.8, the CVR transcript contained a "(sound similar t o  parking brake released.)" A t  
2044:20, power was restored to  the DFDR. The DFDR readout, showed that the recorded values for 
the flaps and slats were identical at the beginning and at the end of each of these two  data stream 
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- interruptions. The recorded values showed that the flaps and slats were in the retracted position 
and that there was no disagreement between the slat position and the flap handle position. In 
addition, the DFDR readout showed that, from pushback to impact, during'the entire period that 
power was on the DFDR, the flaps were always retracted, the slats were always ,retracted, and there 
was no disagreement between the positions of the flap handle and slats. 

The only position of the flap handle that will place and keep the slats in the retracted 
position i s  the UPIRET detent. Moving the flap handle to any other select position on the flap handle 
track will move the slats out of the retract position to either the mid-sealed or the extended position 
as the case may be. Had the flap handle been moved from the UPIRET detent to  another detent, the 
DFDR readout would have shown the slats in transit and a disagreement between the flap handle 
and slat positions until the slats had reached thei,r new commanded position. Throughout the entire 
readout, the recbrded data showed that the slats never moved from the retracted position and that 
the flap handle position never disagreed with the slat position. Therefore, the Safety Board 
concludes that the DFDR data showed that the flap handle was never moved out of the UPIRET 
detent. 

The Safety Board's airplane performance study also showed that flight 255 was not 
configured properly for takeoff. The recorded DFDR data showed that both engines were operating 
at or above takeoff power and, that although the acceleration up to and through Vr was i n  
accordance with predicted rates, the airplane did not l i f t  off at the predicted pitch attitude. 
Assuming proper takeoff configuration, the airplane should have lifted off between a 6" and 8' 
noseup pitch attitude. In this instance, the airplane rotated to an 1 lo noseup attitude, stabilized at 
that attitude, and accelerated to a higher airspeed before liftoff. The liftoff speed provided further 
evidence that the airplane was not configured properly. With both engines operating at takeoff 
power, a properly configured airplane typically should have been at V2 + 10 KIAS (163 KIAS) by the 
time it climbed through 35 feet agl. However, the accident airplane did not l i f t  off until it 
accelerated to about 169 KIAS. 

The Safety Board's performance study examined the climb profiles depicting the DC-9-82's 
ability to clear the obstacles beyond the end of runway 3C. The profiles showed that only the flaps 
and slats retracted takeoff configuration placed the airplane within dangerous proximity of the first 
light pole. The profiles also showed that with either slats in the mid-sealed position and flaps 1 lo, or 
with the flaps retracted and the slats in the mid-sealed position, the airplane would have cleared the 
light pole by 400 to 600 feet. 

The information contained in the performance study corroborated the DFDR data that 
the takeoff was made with the flaps and slats retracted. 

2.4 The Physical Evidence 

The Trailina Edqe Flap System.--The measurements of the extensions of the flap system's 
hydraulic actuators were inconsistent because the hydraulic lines to the actuators were broken, and 
there was no pressure. available to hold the actuators in place throughout the entire impact 
sequence. However, other physical evidence was examined to determine the flap position at the 
time the airplane struck the railroad embankment. 

The wing's trailing edge flaps are supported and guided at their inboard ends by curved 
tracks that travel along rollers mounted to the fuselage. When the airplane struck the ground, both 
flaps broke from the airplane and damaged their tracks. The shapes of the damagec! areas on the 
flanges of each track matched the shape of the fuselage-mounted rollers, and the distance between 
the damaged points was the same as the distance between the rollers. In additions, the locations of 
the damaged areas on the flanges corresponded to the position that the rollers would have been in 
the tracks when the flaps are fully retracted. 
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had been broken. When The slats were placed in the extended position, the cable breaks were 
1 5.5 inches apart and neither of the breaks then matched the plane of the wing's fracture. ,However, 
when the cable breaks were aligned with each other, they aligned with the plane of the wing's 
fracture and the slats were in the retracted position. The Safety Board believes this evidence was 
most significant in determining the position of the leading edge slat before the initial impact. Given 
the location of the cables within the wing and the speed at which the airplane was traveling, the 
impact with the pole would have damaged the wing and the cables at most sirnu ltaneousl y. Since 
this damage was inflicted by the first object to strike the airplane, it showed that the slats were 
retracted a t  that time. This conclusion is further supported by the position of the flap handle. 

In summary, the most reliable physical evidence of flap and slat position war the damaged 
inboard flap roller tracks and the breaks in the drive cables to the No. 5 slat transition drum. These 
items showed that the flaps and slats were fully retracted when the damage occurred. The slat cable 
damage was caused by the very first object the airplane struck, thus, showing that the 51ats were 
retracted when the left wing struck the light pole. During normal operation, the flaps cannot 
extend without the slats extending first; therefore, it can be concluded that the f aps also were 
retracted before the airplane hit the light pole. The damage to the flap handle and the significant 
impact damage to the UPlRET detent and adjacent area also supports this conclusion, The lack of 
damage elsewhere in the flap handle module further corroborated that the handle was in UPIRET 
detent before impact, rather than being forced to that p~sit ion by impact forces. The most reliable 
physical evidence showed that the flaps and slats were retracted and in agreement with the dull 
fornard position of the flap handle at the start of the impact sequence. 

The Safety Board also considered the statements of two Northwest first officers that flight 
2553 flaps and slats were extended. Their recollections were based on observations of an event 
which occurred after sunset, during twilight, and about 15 minutes before the time of official 
darkness. The Safety Board concludes that the recorded OFDR data, the physical evidence, and the 
resultant aeradynamic performance of the airplane during the takeoff were the more reliable 
evidence of the airplane's configuration. . 

Since only the flightcrew could extend the airplane's flaps and slats after it was pushed 
back from the gate, the Safety Board also concludes that the flightcrew did not extend the flaps and 
slats and did not configure the airplane properly for takeoff. However, the CVR tranxript showed 
that the takeoff warning system, which was designed t o  warn the fl ightcrew that the airplane was 
not configured properly for takeoff, fa i led to provide the proper warning to the crew. 
Consequently, the Safety Board sought to determine the reason for this failure before analyzing the 
operational aspects of the accident. 

The Central Aural Warning System 

Except for the left wing slat's position sensors and the oleo switch on the nose landing 
gear, the Safety Board was aMe to examine and perform functional tests on every recovered 
component which provided information and electrical power to the CAWS unit. The examinations 
and testing showed that, a t  the time of the accident, these components functioned as designed. 
Both throttle switches were mounted in their separate switch bank units and functioned normally 
during these tests. However, destruction of the wiring harnesses precluded positive verification of 
complete circuit continuity. The throttle switches in the DC-9-82 are wired in parallel so either or 
both throttles will activate the warning and no single circuit failure can affect the system adversely. 
Therefore, two separate circuits would had to have been open to disable the system, Since the wires 
are routed in separate bundles to two different connectors, the Safety Board believes that this 
xenario i s  improbable. 

The missing left oleo switch controls the left ground shift system which deactivates the 
takeoff warning system when the nose landing gear extends; thus, a malfunction of this switch 
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could have disabled the takeoff warning system. Nowever, the left ground shift system also 
provided air-ground logic to the DFDR, and the DFDR would have recorded continuously while the 
airplane was on the ground if the switch had malfunctioned. Since the DFDR, as designed, ceased 
recording when the parking brakes were engaged while the airplane was holding in the takeoff 
position, the Safety Board conciudes that this switch also functioned proper1 y. 

A fail light is mounted on the front of the t4W5 unit which will illuminate when the unit's 
self-manitor detects an internal failure. The fail light i s  operated by a latching-type relay and once 
lit, the relay latches and the light remains lit until the unit is  removed, opened, and the relay reset. 
The CAWS unit was virtually undamaged when it was recovered. The latchable relay fault light on 
the front face of the unit was not latched indicating that the unit had not failed any port ion of i t s  
internal self-monitoring test before the accident. The testimony of a Northwest first officer who 
rode in the jump sear from Detroit to Saginaw indicated that the takeoff warning system had 
functioned after the airplane landed at Saginaw. 

The sound spectrum analysis testing conducted in the Safety Board's audio laboratory 
permitted the Board to identify the takeoff warning's failure mode. Of primary importance to this 
analysis was the fact that the two 55RS alarms are connected to  different power supplies in the 
CAWS unit: SSRS-2, the first officer's alarm, was connected to CAW power supply-3, and SSRS-I, the 
captain's alarm, was connected to CAWS power supply-2. The takeoff warning system also was 
connected to power supply-2. 

When both SSRSs operate, an echo effect will be heard. The sound spectrum analysis of 
the actual warning generated by the accident airplanens CAWS unit showed that there was no echo 
effects, thar only one SSRS had provided the alarm, and that, based en the frequency components of 
the word, SSRS-2 provided the alarm recorded by the CVR. This canclusion was further corroborated 
by the facts thar no significant damage was noted on the filaments of either of the captain's bulbs; 
however, stretching, typical of an impact while the bulb filament is  hot, was found on both bulbs of 
the first officer's warning light. 

The evidence showed that the stall alarrn was generated from power supply-3 of the 
CAWS unit's, and that, based on the facts that the takeoff warning system and SSRS-1 did not 
operate, power supply-2 of the unit was inoperative. Had the output from power supply-2 failed 
while the 28V d.c. input power from the airplane's electrical system was still available, the fail light 
on %he CAWS unit would have illuminated, and, more importantly. i ts internal relay would have 
latched and remained latched until released by maintenance personnel; this relay was found not 
latched after the accident. Therefore, the Safety Board concludes that the loss of the takeoff 
warning system was caused by the lack of  28V d-c. input power from the airplane to  power supply-2. 

Power supply-2 of the CAWS unit receives power frcm the left 28V d.c. bus through the 
P-40 circuit breaker. Loss of the airplane's left 28V d.c. bus must be ruled out as the source of the loss 
of power to power supply-2 because i t s  loss would have been readily apparent to the flightcrew. 
Numerous indicating lights and gauges would have been lost. The loss of the bus would have been 
annunciated on the cockpit's overhead annunciator panel, the master caution l ight would have 
illuminated, and the loss of the bus would have caused failures which would have affected 
information recorded by the DFDR. The fact that the DFDR did not record any information indicative 
of there types of failure further confirms that the left 28V d.c. bus was powered throughout the 
flight. Since the bus was powered and the wiring from the P-40 circuit breaker to the CAWS unit was 
intact, buC power supply-2 of the C4WS unit.was not functioning, the process of elimination leads to 
the only remaining component in the input circuit where a power interruption most logically could 
occur-the P-40 circuit breaker. 
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Because the P-40 circuit breaker was badly damaged during the accident, it was 
impossible for the Safety Board to determine positively i t s  preimpact condition. There were three 
possible conditions that would have caused power to be interrupted a t  the P-40 circuit breaker: the 
circuit breaker was intentionally opened by either the flightcrew or maint~nance personnel, the 
circuit breaker tripped because of a transient overload and the flightcrew did not detect the open 
circuit breaker, or the circuit breaker did not allow current to flow to  the CAWS power supply and 
did not annunciate the condition by tripping. 

The 5afety Board considered the possibility that the system was disabled by operating the 
P-40 circuit breaker as a switch and opening i t  intentionally. This might occur if any of the warnings 
operated by power supply-2 were producing nuisance warnings that annoyed or distracted the 
flightcrew. The testimony of the Northwest first officer who rode in the cockpit jumpseat from 
Detroit to Saginaw indicated that power supply-2 was operational a t  Saginaw, when he heard the 
words "flaps, flaps" annunciate. Also, no nuisance warning was recorded by the CUR between the 
beginning of the recording at 2013:27 and i t s  end at 204524.7. The DFDR recording showed that 
both engines were operating during the taxi from the gate a t  Saginaw and to the gate at  Detroit- 
Metro. Therefore, not only was it unl-ikely that  a nuisance takeoff warning would have been 
generated by a prolonged high engine power setting, but power settings of this magnitude were 
not recorded. However the SSRS-1, landing gear, auto-pilot disconnect, cabin altitude, and 
speedbrake warnings also are generated by power supply-2. Thus, i t  was possible that the power 
supply could have been disabled by the flightcrew for a nuisance warning other than the takeoff 
warning. The Safety Board cannot rule out this possibility. In addition, there was no evidence that 
any person who would have reason to open or close the circuit breaker had done so between the 
time the airplane landed at Saginaw and departed the gate a t  Detroit-Metro. 

The second possibility considered was that the circuit breaker opened electrically due to 
an undetermined transient overload condition, and that  the crew did not detect the tripped circuit 
breaker. In this case, there would be no warning that such a condition existed and the location of 
the circuit breaker i s  such that a tripped breaker might not be visirally detected, especially in low 
ambient light conditions. Although flightcrew members normally check the circuit breaker panels 
on entering the cockpit, the sixth item on the BEFORE START checklist requires a circuit breaker 
inspection and both crewmembers are required to accomplish this step and are required to respond 
to the challenge. 

The P-40 circuit breaker, as welt as the other two circuit breakers on the input power 
circuits to the C4WS power supplies, arc located directly behind the captain's seat and can best be 
inspected by the first officer. At 2029:28, the first officer said "Circuit breakers, are ah . . . " At 
2029:30, the captain responded, "Checked," and, at 2029:31, the first officer said, "Auto-land is 
checked radio altimeters and flight director." 

The CVR showed that the first officer, with regard to the circuit breakers, did not respond 
property to the challenge and response aspects of the checklist and that his inspection of the upper 
and lower circuit breaker panels behind the captain was completed within 2 seconds. Given the time 
expended by the first officer, the thoroughness of his check of the circuit breaker panels had to have 
been limited. In addition, the P-40 circuit breaker might have opened after the check while the 
airplane was being taxied. Under those circumrtances, it was very likely that i t s  condition would hbve 
gone undetected. 

The third possibility examined was that the P-40 circuit breaker, for undetermined 
reasons, did not allow current to flow even though the latch appeared mechanically closed to the 
flightcrew. Typically, this anomaly occurs when the breaker is cycled open and is  subsequently 
closed, such as might occur if a crewmember closes a breaker that has tripped open. In this case, 
foreign objects may lodge between the breaker contacts preventing full closure, as was evidenced by 
the examination of two of the circuit breakers a t  TI. Another means by which current could be 



lCAO Circular 259-AN11 53 

impeded i s  the formation of a dielectric film that could build up on the contact surfaces through 
airborne contaminants flowing into the vented circuit breaker case. When the contacts are closed, 
the contact make-point may rest on the surface of the film, preventing current flow. These films are 
typically tenuous in nature, and the behavior of the two circuit breakers that originally were open 
and then were metered after little or no disturbance suggests that the presence of such a film was 
responsible for the open circuit displayed by these devices. 

The stationary contacts of the two circuit breakers mentioned above were similar in 
conductivity to those of the bus bar stationary contact of the P-40 circuit breaker from flight 255, i.e., 
these contacts exhibited random areas of intermittency about the outer periphery of the contacts 
when continuity was tested with 1.5 volts. The bus bar contact of the P-40 breaker had been exposed 
to the environment for several weeks after the accident; thus, the possibility existed that  the silver 
sulfide layer resulted from this exposure. However, other contacts on the same bus, which were 
similarly exposed to  the environment, did not exhibit the silver sulfide tarnish. In addition, the 
contacts from about 70 circuit breakers in the accident airplane were examined and silver sulfide 
tarnish was found on contacts that were not exposed to the environment. Silver sulfide tarnish also 
was present on the stationary contacts of the two breakers that were analyzed at Klixon and were 
suspected of not conducting current due to the presence of a dielectric film. The silver sulfide tarnish 
buildup on the P-40 contact from flight 255 appeared among the heaviest encountered during the 
examination. Therefore, the Safety Board concludes that much, if not all, of the silver sulfide tarnish 
existed en the contact before the accident. The evidence makes it impossible for the Safety Board t o  
rule out that the current flow through the P-40 circuit breaker was inhibited by the presence of a 
dielectric film on the bus bar contact. 

Personnel at Klixon stated that they-are unaware of an instance where a closed and 
conducting circuit breaker suddenly stopped conducting and did not annunciate the condition to the 
flightcrew by tripping. The Safety Board agrees that this possibility seems remote given the design 
of the circuit breaker. Further, there i s  no information currently available regarding the in-service 
reliability of the devices, since service difficulties encountered regarding circuit breakers are seldom 
reported. However, testimony a t  the public hearing by nearly every pilot witness disclosed that 
periodically throughout their careers, they had regained the use of a system or component by 
opening and resetting the applicable circuit breaker. Possible failure modes for this scenario remain 
unidentified since the anomaly disappears once the circuit breaker is  reset. Naturally, the type of 
system involved has some bearing on this behavior, and it may be in some cases that the circuit 
breaker i s  not responsible for the loss of the system. Nonetheless, the existing evidence suggests that 
cirruit,breakers may occasionally disable functioning systems for reasons that are not clear. Since this 
type of failure may not be readily apparent to flightcrews and may occur in critical systems, the 
Safety Board believes that the FAA should conduct a directed safety investigation to  determine the 
reliability of circuit breakers and the mechanisms by which failures internal to the circuit breaker can 
disable operating.systems, and to identify corrective actions as necessary. 

The evidence did not permit the Safety Board to determine which of the three possible 
reasons interrupted the flow of current and caused the failure of the P-40 circuit breaker to power 
supply-2 of the CAWS unit. 

The Safety Board supports the change to the MD-80 checklist contained in the Douglas 
telex as well as the efforts of the FAA to include flightcrew procedures in airplane checklists that wil l  
allow crewmembers to  validate the operational capability of takeoff warning systems. Until such 
time as warning systems can, through the operation of internal self-testing equipment, furnish 
notice to  a flightcrew that they are inoperative, these checklist procedures wil l  enhance the 
flightcrew's ability to detect and deal with a failed takeoff warning system. 

* 

The evidence developed by the Safety Board during its. investigation of the loss of power 
to  the P-40 circuit bresker illuminated another area of concern. The evidence showed that the CAWS 
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fail light was installed on the DC-9-82 to facilitate maintenance. The manufacturer believed that an 
increased level of dispatch reliability could be achieved if the flightcrew were made aware of in- 
flight CAWS anomalies and could notify maintenance personnel before landi;lg. Maintenance could 
then meet the airplane with a. replacement CAWS unit and facilitate airplane turn-around 
procedures. It was for this reason that the self-monitoring capability was built into the unit. 

The CAWS unit's self-monitoring capability was also the reason that the CAWS fail light 
was not designed to annunciate the loss of 28V d.c. input power. Trouble-shooting can be limited to 
replacement of the CAWS unit i f  the only discrepancy that will illuminate the light is internal to the 
unit. However, from a safety viewpoint, this feature could be improved by modifying the design so 
that the CAWS fail light will illuminate not only with an internal failure, but with the loss of input 
power to the unit. This modification would change the behavior of the system so that it would 
perform in the manner reflected by the original FMEA that was approved by the FAA during the 
original certification of the airplane and system. The Safety Board believes that this type of warning 
is important to the concept of centralized aural warning since the loss of one power supply results in 
a number of disabled warnings, some of which may not be immediately recognizable to the crew. 

As the number of required warnings is  likely to increase in the future due to increasing 
complexity and automation, and the concept of centralized aural warnings is likely to be employed 
to a greater degree, a standardized approach to the design and certification of these systems should 
be developed. This should also include a standardized approach to the determination of the type of 
warning to be provided and the criticality of these warnings, such that similar systems in different jet 
transport category airplanes are afforded the same degree of self-monitoring and failure 
annunciations. Currently, there is no structured method by which to approach these evaluations, 
with the final outcome often determined through negotiation between the manufacturer and the 
FAA. Consequently, there i s  a wide variation in the results of these evaluations, not only from 
manufacturer to manufacturer, but between a single manufacturer's product lines. No regulations 
exist addressing the concept of the CAWS or the level of criticality of warning systems. The Safety 
Board believes that the determination and dissemination of guidance for the design of CAWS would 
be beneficial in the certification and operation of future transport airplanes. 

The Safety Board also notes that some DC-9-82 operators have changed their checklist 
procedures. Flightcrews on these carriers are now required to check the performance of the takeoff 
warning system before every flight. While this procedure will verify the status of the takeoff 
warning system and the CAWS power supply-2, it will not apprise the flightcrew of a subsequent 
failure nor will it alert them of input power losses to the other power supplies of the CAWS. 

The takeoff warning system alerts the flightcrew to an existing fault. It is the flightcrew's 
duty and responsibility to configure the airplane for takeoff and to ensure that they have done this 
correctly. Therefore, the Safety Board sought to  determine why the flightcrew had not 
accomplished this basic task. 

2.6 Flightcrew Checklist Performance 

The CVR recording showed that the flightcrew neither called for nor accomplished the 
TAXl checklist. The first item on the TAXl checklist required both pilots, in response to the checklist's 
challenge, to check and verify orally that the flaps and slats were positioned correctly. This item was 
not performed, and the flightcrew did not discover that the airplane was configured improperly for 
takeoff. The omission of the TAXl checklist was further corroborated by the flightcrew's inability to 
engage the autothrottles at the start of the takeoff tiecause they did not, as required by the TAXl 
checklist place the TCI in the "T.O." mode. However, they were able to rectify this omission by the 
time the airplane accelerated to 100 KIAS. Once the takeoff began, however, there was little chance 
they would detect any of the visual cues--the flap indicators in the up ~osition, the absence of the 
blue takeoff light an the slat indicator light panel, and the absence of the ART ready light--that 
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might have alerted them to the fact that the airplane was not configured properly. All of the visual 
cues relating to the flaps and slats were located outside, or on the perimeter of, those areas normally 
monitored by the captain and the first officer during takeoff. The Safety Board concludes that the 
failure of the flightcrew to ac~om'~lish the TAXl checklist in accordance with required procedures 
was the probable cause of this accident. Therefore, the Safety Board sought to determine how this 
omission could have occurred. 

The Safety Board could not determine conclusively why the first officer did not lower the 
flaps. Northwest procedures authorized first officers to extend the flaps after the airplane begins to 
taxi and has cleared the parking ramp and i t s  associated obstacles. The CVR recording showed that 
at the time the first officer was authorized to extend the flaps, several intervening events might have 
diverted his attention. Almost immediately after receipt of the taxi clearance and about the time the 
airplane began moving, the first officer had to select the ATlS radio frequency and listen to  and copy 
the contents of the ATlS message. After receiving the message, he then had to get the takeoff 
performance chart and verify if they could use runway 3C for takeoff. Thus, the.possibility existed 
that he might have intentionally delayed lowering the flaps, perhaps anticipating a different flap 
setting due to the runway change. The testimony of and interviews with Northwest flight personnel 
indicated that the flap extension procedure had become a very strong habit pattern among the DC-9 
first officers. As such, the first officer may never have experienced an occasion when he had either 
inadvertently failed to extend flaps or had failed to extend them when the airplane began taxiing. 
The habit pattern of extending the flaps may have caused a lessening of his awareness of the 
omission, because by the time the first officer completed copying the ATlS message and analyzing 
the takeoff weight data, the airplane had taxied well beyond the point where he would have 
routinely extended the flaps. Based on this well developed habit pattern of extending the flaps, the 
first officer might have believed that this task, which was always completed shortly after the captain 
began to taxi or by the time the airplane departed the terminal ramps, had been completed as it 
always was. 

The flap extension procedure did not require the captain to be either notified or t o  
approve repositioning the flaps and slats. Therefore, unless he happened to either observe the first 
officer move the flap handle, or observe the movement of the flap indicator or the illumination of 
the slat advisory lights, he would not know that the procedure had been accomplished. In addition, 
the same habit pattern concerning the flap extension procedure would apply to the captain. Since 
there was no requirement to advise him, it was even more likely that he would assume that the first 
officer had extended the flaps at the place and time that they had always been extended. 
Consequently, the TAXl checklist became the only procedural means,available to the flightcrew to  
ensure that the airplane was configured properly. 

Northwest procedures defined clearly the flightcrew's duties and responsibilities as t o  
how checklists were to  be initiated and completed. During ground operations, the captain i s  t o  
initiate each checklist by calling for it by name; i f  the captain does not call for the checklist, the first 
officer is required to ask the captain i f  he is ready to run the checklist. This procedure establishes a 
positive entry into a checklist for both crewmembers and provides crew backup to the memory- 
based initiation of a checklist. This design is particularly critical in initiating the TAXl checklist on 
which the flaps are the first item since the actual lowering of the flaps is  solely the first officer's 
responsibility. After each checklist is  completed, the first officer is  required to identify the checklist 
by name and state that it was "complete." The statement that a specific checklist is complete 
provides closure to checklist conduct by acknowledging checklist completion. This statement 
enables both crewmembers to mentally move from the checklist to other areas of the operation with 
the assurance'that the checklist has been accomplished. These requirements were met only once 
during the pretakeoff checklists. The closest approach to these standards was the BEFORE START 
checklist. At 2029:10, the first officer challenged "Brakes," the first item on this checklist. The 
captain did not respond to the challenge; however, at 2029:18; the captain said, "Lets do the 
checklist." At 2032:54, the first officer announced, "The BEFORE START checklist i s  complete." 
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However, even within the performance of this checktist, there were failures to comply with company 
standard procedures. Checklist items which require actions by and responses from the captain were 
read and responded to by the first officer. The captain did not call for the AFTER START, TAXI, or 
BEFORE TAKEOFF checklists, nor did the first officer ask the captain i f  he was ready to  perform any 
of these checklists before reading the items. 

The Safety Board believes that the design of the checklist procedures establishes a process 
wherein both crewmem be6 actively participate in checklist initiation. When by manner of practice, 
the captain yields his responsibility for checklist initiation, or the first officer actively or aggressively 
takes sole responsibility for checklist initiation, the redundancy afforded by mutual checklist entry is 
eliminated. By not adhering to the procedural framework, the crewmembers compromised the 
structure which war designed to support them and thereby placed a greater burden on the memory 
or habit pattern of an individual crewmem ber, in this case the first officer. This breakdown rendered 
the crew more susceptible to distractions or memory lapses. 

The Taxi Checklist.--The Safety Board believes that the initiation of the TAXI checklist 
presented a problem to the ftightcrew that did not exid with regard to the other checklists which are 
performed during ground operations before takeoff and which all have fairly definite keys or 
sequences that the crewmember can use to initiate the checklists. Two of these checklists, the 
BEFORE START and BEFORE TAKEOFF, constitute a condition precedent which must be eliminated 
before further airplane operations can be conducted. The BEFORE START checklist can be keyed by 
the final closing of the cabin door; the AFTER START checklist is  cued by the completion of the last 
engine start; and, the BEFORE TAKEOFF checklist has the runway hold short line or the flight's 
takeoff sequence as cues. By contrast, the TAXl checklist can reasonably be init iated and 
accomplished any time after the captain begins to taxi or during any phase of ensuing taxi to the 
takeoff runway. 

Testimony from other Northwest flightcrew members showed that they usually complete 
the TAXl checklist within the first 1 t o  2 minutes of taxi. However, during this time they are also 
establishing radio contact with ATC, being sequenced with other traffic, and receiving other ground 
control instructions. All of these factors are potential distractors or delayers of the checklist. 
Therefore, crew-coordination and work-load management play a vital role in the accomplishment of 
both routine and intervening tasks that occur during taxi. The Safety Board believes that the 
nonstandard manner in which the crew initiated checklists, with the first officer bearing the load for 
checklist initiation and accomplishment, increased the crew's vulnerability t o  the problems 
associated with conducting checklists during taxi operations. 

Since the TAXI checklist was almost always performed early in the taxi operation, it is 
possible that the flightcrews become conditioned to  having completed the checklist by the time the 
flight has taxied for more than a few minutes. If there are interruptions and the checklist has not 
been initiated normally, when the airplane reaches a point in the taxi where the TAXI checklist 
typically has been completed, it is  possible that the flightcrew will believe that the checklist was 
completed. 

The captain and first officer on flight 255 had accomplished those items on the TAXl 
checklist which could be completed upon receipt of the final weight, such as stabilizer trim, airspeed 
settings, and the insertion of the c.g. and takeoff flap setting into the takeoff condition computer. 
A t  2036: 37 and 2036:40, white the airplane was taxiing, the CVR recording contains two comments 
concerning takeoff speeds and trim settings, the third-and second items, respectively, on the TAXI 
checklist. The Safety Board's CVR group could no t  identify who made the 2036:37 comment, but the 
captain made the second comment. It is  possible that the first officer and captain were either in a 
preparatory stage preceding the initiation af the TAXI checklist or were updating what they thought 
was a completed checklist. However, immediately thereafter, the captain questioned whether 
runway 3C could be used for takeoff and taxied past taxiway Charlie precipitating an almost 
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2-minute digression from matterg relevant to the checklist. By this time the airplane's location on 
the airport was such that the external cues and references avai lable to the ff ightcrew were not those 
normally associated with the initiation of theTAXl checklist at Detroit-Metro. In fact, with reference 
to the time of taxi and the airplane's location, the flightcrew had progressed into a frame of 
reference where the TAXI checklist would have been completed. Since no further action was taken 
concerning any other TAX! checklist items, the Safety Board believes that by this time, the flightcrew 
thought the checklist had been completed. 

The Safety Board recognizes that the TAX! checklist most, at times, either be initiated or 
accomplished while flightcrews are establishing radio contact with ATC, taxiing through congested 
ramp areas, being sequenced with other taxiing airplanes, and receiving other ground control 
instructions. All of these factors are potential distractors and may even reach levels which may 
require a captain to delay initiating the checklist. The sequence of events involving flight 255's 
depaaure from Detroit indicated that these and other potentially distracting factors were present. 
The flight was operating behind schedule wtth the crew facing a curfew problem for their arrival in 
Santa Ana. Weather in the local area could have caused further delay if the storm arrived before 
their departure. There were reports of windshear by other crews and AT15 "hotel" windshear 
advisories. The runway change required the first officer to reference the takeoff performance 

. manual. 

The Safety Board believes that while the occurrence of these events presented the crew 
with distractions i n  addition t o  routine duty requirements, none represented extraordinary 
circumstances. The flightcrew was competent, qualified, highly experienced, and well regarded in 
their abilities by their peers. As such, none of the events they encountered should have been new to 
them and were circumstances with which they had succ#sfully dealt in the past. While it is  apparent 
that some combination of these events induced sufficient disruption to cause inadvertent omis~ions 
by a flightcrew using nonstandard procedures, the Safety Board sought to determine i f  other 
procedural areas might have contributed t o  flight 255'5 Rightcrew's failure to  perform the TAX1 
checklist. 

Cockpit Discipline.-- A NASA psychologist testified that a well defined role structure in the 
cockpit reduces ambiguity about each crewmember's responsibility and when he wil l  do it. He 
testified that the "lack of a well defined role structure is as devastating as one that is overly strong." 
The statements indicated that he believed there is a middle ground which the crew must occupy in 
effecting the desirable aspects of role or command structure. Too many commands or commands 
issued in a too authoritarian manner may inhibit crew effectiveness. . 

The psychologist testified that based on his observations of flightcrew performance 
during the simulator Rights, he found, in general, that "commands were associated with a lower 
incidence of flying errors . . . and often communications of this type seem to assure the proper 
delegation of cockpit duties and facilitate coordination and planning," 

The Safety Board believes that it is the captain's responsibility to structure the manner in 
which his crew will accomplish its duties. While he must be open to information input from his crew, 
he must set the tone for haw this information wilt be proffered. Except for the BEFORE START 
CHECKLIST, he did not call for any of the other checklists nor did he point out to the first officer that 
checklists were not being accomplished in accordance with company procedures. After pushback, 
the captain initiated three conversations which were not germane to duty requirements and which 
diverted the crew's attention from task-related activities. 

The evidence indicated that the first officer was either given, or assumed he had been 
given, the duties of leading the crew's task-related activities up to and including the signing of the 
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flight release, a responsibility assigned to  the captain by regulation. u/ White it is  possible the 
captain intended to discuss this problem with the first officer, he made no move to point out to the 
agent, for the agent's future knowledge, that only the captain is  authorized to sign the release. ,the 
first officer's assumption of the role of leader placed him in a position of structuring the crew's 
approach to activities while at the same time trying to satisfy rtie captain that he was carrying out his 
subordinate role in a satisfactory manner. In the area of checklist initiation, the first officer's 
assumption of initiation responsibilities greatly increased his work and planning load and relegated 
the captain's function to that of observer. The evidence also indicated that deference by a captain t o  
a first officer also can inhibit crew effectiveness because the captain cannot presume that the first 
officer will always assume all of the captain's responsibilities. The captain appears to  have become 
dependent upon checklist initiation by the first officer instead of on his awn active initiation 
responsibilities: Therefore, when the first oSficer became distracted, the captain's passive 
involvement with checklist initiation did not provide a backup to the first officer's memory. 

An examination of the flightcrew's performance patterns during the flight into Detroit 
and during their departure from the terminal and taxi to the takeoff runway showed numerous 
examples of less than standard performance. ; 

m After landing at  Detroit-Metro, the flightcrew taxied by the entrance to 
their assigned gate and had to turn 180" to  return to  the gate. 

The airplane's weather radar is  normally turned off during the AFTER 
IANDING checklist which is  normally accomplished ~1"IoTtly after clearing the 
active runway. However, flight 255's weather radar war still on when the 
airplane was in proximity t o  the gate and after a lengthy taxi. While the 
possibility existed that the flightcrew intentionally did not turn the radar 
off, the greater possibility was that the flightcrew had not yet performed 
the checklist or had missed turning it off during the performance of the 
checklist. 

During the taxi-out a t  Detroit-Metro, ground control directed the crew to  
taxi t o  runway 3C, t o  change radio frequencies, and to contact ground 
control on the new radio frequency. The first officer did not change 
frequencies, and ground control was unable ta contact the flight when it 
taxied past taxiway Charlie. 

The first officer had reiterated the ATC taxi clearance and route and the 
takeoff runway assignment to the captain at least twice. The captain did 
not question either the radio transmission or the first officer's reiteration of 
the transmission, Although the captain had flown to and from Detroit- 
Metro many times, he failed to turn off at Charlie and expressed doubt as to 
where it was located. . 

Ln essence, when these deviations are assessed together with the flightcrew's checkiist performance, 
the Safety Board believes that their performance war below the standards of an air carrier 
flightcrew. 

The Safety Board recognizes that human performance is subject to considerable change 
and variation and that flightcrews are not immune to having "off days" in which their performance 
i s  below the standards they have set for themselves and which others expect of them. Because 

GI Title 14 CFR 121.663 states in part. 'The pilot in command and an authorized dispatcher shall sign the release only if they 
both believe the flight can be made safely. 
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factors which can contribute to substandard performance are often subtle, difficult to recognize, 
and individual in nature, crewmembers may not be aware of the reasons which underlie below-par 
performance. Management cannot monitor, on a daily basis, the individual's ability to deal with job 
requirements. It is  for there reasons that standard operating procedures are developed. Applying 
these procedures as they are written provides a firm foundation on which they can depend for 
support. Routine operating procedures when applied in a disciplined, standardized manner provide 
crewmembers with a firm foundation which they can depend upon for support during those times 
when they are subjert to less than optimum levels of performance. This support is provided when 
the crew fully recognizes the necessity to function as a coordinated team while applying routine 
procedures in a disciplined and standardized manner. 

Fliphtcrew Standardization.--It war clearly evident in this accident that the flightcrew did 
not perform checklist procedures in the manner prescribed in the company's APH. There. are two 
avenues of approach in analyzing the crew's nonstandard application of checklist procedures. Either 
the crew was acting in a totally anomalous fashion or their performance was consistent with their 
routine behavior. 

The captain gave no indication that he was uncomfortable with, or disapproved of, the 
. first of f i~er ' in i t iat in~ checklists without his command or without first inquiring whether the captain 

was ready to  start a particular checklist. The first officer's actions did not seem to generate any 
confusion on the part of either man and tends to indicate the checklists were being opeiated in a 
manner familiar to both of them and accepted by both as a proper alternative to standard company 
procedure. Had either been uncomfortable with this manner of operation one would assume that 
the aberrant actions by either crewmember would have been brought t o  the other's attention and 
corrected. This performance by two crewmembers whose performance was described by peers as 
standard, meticulous, and professional seems to indicate that this manner of checklist performance 
was one to which each had been exposed and become familiar with over a lengthy period. For the 
flightcrew to  gain the level of comfort and acceptance which was demonstrated indicates that this 
manner of application was accepted and used by other crewmembers with whom they had flown. 

The Safety Board could not positively conclude that the performance of the accident crew 
was representative of the standards of performance used by a significant number of the carrier's 
flightcrews. Nor does the Safety Board have direct evidence to  support the contention that this type 
of nonstandard performance is  an industry-wide problem. Nevertheless, the Safety Board recognizes 
there are similarities between Northwest and the published operational procedures, aircraft, and 
checklist concept used by many air carriers. Therefore, the Safety Board believes that the FAA should 
require its operations inspectors and designated check airmen to emphasize the importance of 
disciplined application of operating procedures and rigorous adherence to prescribed checklist 
procedures. The Safety Board also believes that the standards and procedures used by the 
management of carriers cited in the Boeing Airliner Magazine are indicative of procedures that 
would foster an improved degree of standardizaton and safety. 

The Safety Board believes that the use of company check airmen has advantages in that it 
expands the surveillance of the FAA and, as structured within the former Republic Airlines 
organization, serves as quality control to the training department. Check airmen are selected by 
management based upon their high level of professional performance and are given ground school 
and specialized training befo-re designation by the FAA. Evidence indicates that the company had 
established a program to address standardization of crew performance. The Safety Board believes, 
however, that check airmen are also susceptible t o  erosion of standardization. Procedural 
differences that are subtle and which demonstrate no readily apparent flaw may lead to a check 
airman's loss of sensitivity to the relaxation of adherence to standards or at least prompt hesitancy in 
correcting such crew performance. While this loss of sensitivity may have existed within the check 
airmen of the company, the Safety Board does not view this as an indictment of the concept of the 
check airman program. The Safety Board believes that the program is  necessary and is  successful 
because of the air carrier's self interest in conducting safety operations. 
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Checklist Presentation.--While the applicable regulations require that carriers furnish 
checklists to their flightcrews and establish prmedurer for using the checklist, the regulations do not 
establish how the information contained on the checklist is  to be presented. Some carriefi present 
their checklists on an 8- by l I-iwh laminated card; each side oj the card contains werat sections of 
the checklist. The.U.5. Air Force presents the checklists of i t s  Lockheed C-1415 and C-Sr on scrolls. 
After completing the items in view on a lubber line in the window of the scroll case, the user rotates 
the scroll to pait ion the next checklist item on the lubber line for accornpliskment. One U .S. carrier 
uses the laminated card to present all but its before takeoff and landing checklists; the carrier 
presents these two checklists on a mechanical slide checklist. As each item on the mechanical 
checklist is completed, a slide i s  moved over and covets the completed item. In later model airplanes, 
the checklist is displayed electrically. When the desired checklist is selected, all items on the l i s t  are 
illuminated. As the checklist item is  completed, a switch i s  moved and the light beneath the 
completed item i s  extinguished. Both the mechanical and electrical checklists are affixed 
permanently to the cockpit structure. 

The Northwest DC-9-82 checklist is printed on a 6 314- by 1 1-inch card which is divided into 
thirds by dashed lines. When folded, one seaion of the card includes the TAXI, UELaYED € N t l N E  
START, BEFORE TAKEOFF, CLIMB, and IN' RANGE checklists. During the accident flight operational 
sequence, after completing the AFTER START checklist, the flightcrew would have had te turn over 
the catd and would have had to affix it 'to the control wheel to expose the TAXl checklist. 

The presentation and organization of the checklist card doer not, of itself, allow visual 
differentiation between accomplished and nonaccornplirhed checklists. The TAXl and BEFORE 
TAKEOFF checklists are arranged in sequential order of operations and, as such, the checklist card 
requires no manual manipulation to transfer attention from one checklist to the other. Also, the 
checklist card does not provide a visual alert to a nonaccornplished checklist. 

The presentation on the Northwest checklist does not differ in any substantial degree 
from the checklist presentations by other carriers on 8- by 11-inch laminated cards. Both 
presentatiom require some manipulation because a\\ of the checklists cannot be presented tegibty 
on one side of the card. Although the places where manual manipulation on each chart is  required 
may differ, neither presentation requires manual manipulation to  transfer attention from each 
individual checktist segment to another and neither provides a visual alert to a nonaccornplished 
checklist. 

The evidence developed during the Safety Board's investigation showed that adherence 
to flightcrew procedures i s  paramount in accomplishing a checklist properly. The testimony of the 
NASA psychologist corroborated this conclusion a5 did that of the management sciences professor. 

However, the management sciences professor testified that he "did not know of any 
human factors research on haw a checklist should be designed and he could not find anything in his 
library on the subject." The Safety Board believes that the facts and circumrtances of this accident 
contain campelling rearom for conducting human perf ormanc~ research on checklist presentation. 
The Safety Board believes that the FAA should convene a human performance research group of 
personnel from NASA, industry, and pilot groups to determine if there is any type or method of 
presenting a checklist which produces better performance on the part of uwr personne!. 

Training 

The Safely Board notes that both crewmembers received single-crewmember training 
during their last simulator training and proficiency checks. When such training is  performed, the 
instructor occupier the other pi tot seat and also operates the simulator. The Safety Board believer 
this manner of training significantly limits the opportunity for the instructor to observe and to 
critique nonstandard practices because he is part of the operating process. The Safety Board realizes 
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that providing recurrent training to captains and first officers separately was not the policy of the 
Northwest Airlines DC-9-82 training department. Rather, the single-crewmember training sessions 
for the captain and first officer of flight 255 occurred as a result of nonroutine scheduling difficulties 
or other unforeseen circumstances. When training i s  conducted using a complete crew, the 
instructor is able t o  observe the manner in which the two crewmembers perform their duties. By 
observing the interaction of the crew, the instructor is better able to identify problems relating to . 
communication, checklist usage, and standardization. 

Historically, the industry in general, and the FAR's in particular, have emphasized during 
training and proficiency checks individual piloting skills as a measure of performance. This emphasis 
on individual performance pays insufficient attention to the importance of the crew functioning as a 
team. The Safety Board believes that training individuals to an individual level of performance does 
not necessarily provide for an effective. coordinated cockpit team. 

The Safety Board believes line-oriented flight training (LOFT) and training in t h e  
management of crew coordinated activities provides the opportunity to more fully train flightcrews 
in a team-oriented manner. LOFT focuses the training environment on the conduct of the entire 
crew; as such, i t  expands the training incorporated during the performance of individuat maneuvers. 
Training crewmembers in management and communication skills will expand the crew's ability t o  
more effectivelly coordinate information processing requirements. 

Since 1960. the Safety Board has issued 22 recommendations to the FAA whichLaddressed, 
in varying degrees, cockpit resource management (CRM). On April 15, 1985, the safety Board 
recommended that the FAA: 

Conduct research to  determine the most effective means to train at1 flightcrew 
members in cockpit resource management, and require air carriers to apply the 
findings of the research to pilot training programs. 

The FAA, in i t s  December 1986 response to Safety Recommendation A-85-27, stated it had: 

Initiated a program in the area of Aviation Behaviorial Technology which i s  
intended to develop and apply advanced behaviorial analysis and technology to 

, improve flight safety. The program includes projects on optimized line-oriented 
training t o  enhance cockpit resource management, improve cockpitlcabin 
communication and coordination, and improved pilot decision making training 
program. 

The FAA further commented that this program would be a "long-term effort." 

The Safety Board supports these efforts of the FAA and hopes that a priority wilt be given 
to this program that will allow i ts  'benefits to be incorporated in air carrier training programs as 
expeditiously as possible. 

While the Safety Board believes there are benefits to be derived from any meaningful 
discussion on CRM, it also belFeves there is evidence that would indicate CRM training given solely in 
a quasi-classroom environment with diminished frequency wil l  not provide to  f lightcrews the 
appropriate emphasis and hence the long-term fol tow through that is intended. 

Republic Airlines began training crews for CRM in the fall of 1983. It was presented in the 
recurrent ground school and was followed with instruction presented in Recurrent Training Bulletins 
(RTB) 83-3 and 83-4, and each RT8 in 1984. 
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The flightcrew members on the accident flight received 3.5 hours of CRM training during 
their respective ground schools (general) in 1983. This was the Last CRM training that each 
crewmember received. 

The Safety Board believer that the absence of leaderrhip and coordiktion demonstrated 
by the accident crew suggests there is  strong evidence to suppott that the CRM training they did 
receive was deficient and that future programs,must go beyond the scope of a limited and 
traditional classroom forum. 

The Safety Board i s  aware that the Republic Airlines training program will be integrated 
into the Northwest Airfines training program. The carrier thus has the opporlunity to assure that 
flightcrew coordination, cockpit resource mahagement, and standardization of operational 
procedures will be given adequate emphasis during training. 

2.8 Automated Systems Use 

The Safety Board found no indication that the flightcrew's failure to configure the 
airplane for takeoff was attributable to their reliance on an automated system which would warn 
them of their omission. The Safety Board's concern over this matter was aroused when Northwest 
flightcrews testified that some DC-9-82 crews used the takeoff warning system to check their 
airplane configuration while taxiing out for takeoff. Pitots stated that during taxi and after the 
airplane has been configured for takeoff, one or more throttles are sometimes advanced to see if the 
takeoff warning annunciates. If there is  no warning, they assume the airplane to be configured for 
takeoff. The evidence showed that this practice was brought about by the sensitive relationship of 
the airplane trim setting to the adjustable center of gravity index. Crewmembers stated that they 
had experienced occasions when the trim setting appeared to be set properly but was apparently 
rnisset a slight amount causing the takeoff warning to  sound when power was applied for takeoff. 
When this occurred on the runway, the crew would have to reject the takeoff, exit the runway, and 
delay departure while they analyzed the c a w  of the problem. Therefore, to preclude this late 
discovery, flightcrews began checking for a warning before taking the active runway. A Northwest 
check airman stated that he recommended this procedures to flightcrews during line checks. 

While the use of this procedure to check specifically for a slightly-out-of-tolerance trim 
setting before starting a takeoff may be good, the Safety Board i s  concerned that the practice may 
cause flightcrews to believe that they are also performing a functional check of the takeoff warning 
system when, in fact, they are not. If the takeoff warning system had failed as it did.in the accident 
flight then regardless sf the airplane configuration, the flightcrew wil l  receive no warning. 
Operation of the takeoff warning system can only be checked properly by performing the functionaf 
test contained in the checklist or by advancing the throttles beyond the throttle switches with a 
known parameter out-of-tolerance. 

2.9 Flightcrew Actions After Takeoff 

Even though the Safety Board determined that the flightcrew failed to configure the 
airplane properly for takeoff, the Safety Board examined the flightcrew's actions after takeoff to see 
if they could have prevented the accident. 

By the time the airplane lifted off, the captain had rotated it to  a t 1' to 12' nose-up pitch 
attitude. The stick shaker activated at liftoff and continued to operate throughout the flight. After 
liftoff, the captain rotated the airplane to a 13" to 149 noseup pitch attitude, and, 4.5 seconds after 
liftoff, the SSRS alarm activated and the airplane began to roll. The subsequent rolls and control 
inputs required to  recover from them decreased the airplane's dimb capability by about 20 percent. 
Between the start of the first roll and initial impact. the airplane's pitch attitude varied between 13' 
to 14" noseup and these pitch attitudes were either at or just below the angle of 'attack which 
activated the SSRS. 
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The Safety ~oard's performance calculations showed that the airplane would have cleared 
the light pole i f  the roll oscillations were eliminated and the captain could have avoided them by 
lowering the nose of the airplane and maintaining a pitch angle that would have positioned it at or 
just below the stick shaker's angle of attack. Given the configuration of the wing. flaps and slats 
retracted, the stick shaker would have, initiated at an angle of attack of about I 1: 2" below the 
SSRS's angle of attack and below the angle of attack a t  which the airplane's roll stability was 
compromised, Had the captain flown the airplane a t  a constant 11" angle of attack, he would have 
avoided the roll oscillations and the airplane would have cleared the light pole by about 80 feet. 

Three Northwest DC-9-82 captains stated that, during an encounter with a windshear, 
they would consider flying the airptane above the pitch angle that would cause the SSRS t o  begin. 
They stated that  the airplane was not stalled at that pitch angle. One.of these captains stated that 
he "would not be completely uncomfortable in the supplementary salt warning region if necessary 
for recovery." Although the captain of ftight 255 fkw the airptane at and just below the angle of 
attack which activated the SSRS warning, there was no evidence to indicate that the captain af flight 
255 entertained similar conclusions as to the airplane's performance capabilities in this flight regime. 

The evidence does not provide a sufficient basis for the Safety Board to conclude that his 
entrance into this area of flight was intentional. The airplane lifted off the runway with the stick 
shaker activated and at about a 1 l o  to 12" noseup pitch attitude. To silence the stick shaker, the 
captain would have had to  release the back pressure on the control coturnn and allow she nose to 
lower about 2". Given the facts that the airplane had just taken off, that i t s  climb rate was virtually 
negligible, and that the stick shaker was operating continuously, the Safety Board believes that it 
would be almost impossible to expect the captain to introduce control inputs which threatened to 
reverse the airplane's negligible rate of climb. Throughout the entire flight, the airplane was 
operating in proximity to the ground. The Safety Board believes that one possible explanation far 
the manner in which the airplane was flown war that the control inputs of the captain were merely a 
reflex action on his part to avoid recontacting the ground. 

Any evaluation of the captain's flight techniques must start with a conclusion as t o  what 
the captain and first officer believed the configuration of the airplane was. Since they both believed 
that the airplane was configured as required for takeoff before they began the takeoff, the fact that 
the takeoff warning did not sound in accordance with their expectations would have further 
reinforced their belief that the flaps were a t  1 la  and that the slats were extended to the mid-sealed 
position. During the time they had been in the airplane, there had been numerous communications 
concerning windshear and microbursts in proximity to the airwrt. ~lso ,  thunderstorms, which might 
reinforce the possibilities of windshear or gust were in sight north and west of the airport. When the 
immediate nature and strength of repetition, both verbally and visually, of the possibility of 
windshear is  combined with the reasons for the crew's belief in a properly configured airplane, the 
Safety Board believes that it is, reasonable to conclude that the flightcrew thought they had 
encountered a windshear when the stall warnings began after liftoff and focused their attention on 
escaping from a windshear encounter. Windshear recovery procedures do n0.t cal l  for a 
configuration change. Instead, they call for power and attitude adjustments to prevent the airplane 
from striking the ground and, thereafter, to try and establish a rate of climb. The DFDR indicated 
that the captain was trying to maximize the performance of the airplane with pitch attitude 
adjustments. In addition, the rolling of the airplane also would have been indicative of the type of 
turbulence that can accompany a low altitude windshear or microburst. The fact that the pitch 
adjustments exceeded those recommended for use during windshear encounters and placed the 
airplane at angles of attack which activated the SSRS alarm could be attributed to reflex actions by 
the captain to clear the oncoming light poles. 

The stall recovery procedures contained in the Northwest. APH stated, in part, that i f  a stall 
were encountered with the airplane configured for takeoff the pilot flying the airplane should apply 
and call "Max power, flaps 15" while sirnul taneously relaxing the back pressure enough to stop the 



stick shaker or buffeting. The pilot not flying will select the flaps and trim the throttles to maximum 
power. The DFRR recording indicated that maximum power was applied; however, the CVR showed 
that the captain did not call for the flaps to be set to 1 5: The fact that the captain did not try to use 
this procedure could further indicate that he believed he had encountered a windshear. 

The total amount of time that the airplane was flyable was 14 seconds. Even i f  the crew 
had recognized that the  increasing airspeed was inconsistent with a decreasing performance 
windshear, the short period of time for them to complete!y and accurately assess what was 
happening to the airplane was probably inadequate. The combination of airplane rolling, the stall 
warnings, and the possibility of imminent ground contact were probably powerful enough stimuli to 
focus the crew's attention completely on the factors relevant to avoiding ground contact and to  
maintaining airplane control and did not allow them sufficient flexibility t o  expand their attention 
to  include all the faaors that were required to more completely assess the airplane's condition. 

The Safety Board believes that the captain's bracketing of the SSRS alarm was a reflexive 
action to the adverse visual sues presented to him. However, the continued operation at the higher 
SSRS angle of attack instead of the stick shaker angle of attack resulted in the onset pf roll 
oscillations and the loss of critical climb capability. 

All DC-9 series airplanes that have leading edge wing slat systems are equipped with an 
SSRS. The SSRS system is unique in that it provides an indication of the stall angle of attack; 
therefore, it may lead to over-confidence while operating above the normally accepted upper limit 
of stick shaker angle of attack. The Safety Board found that some DC-9-82 captains expressed no 
concern about operating at the SSRS angle of attack. Only one captain who was interviewed stated 
that "he would not try to go into the supplementary stall warning area." It appears that some 
captains did not recognize the SSRS as an announcement of stall. f hey viewed the SSRS alarm as a 
warning with some margin as is  the case with the stick shaker where there i s  a margin. In addition, 
these captains expressed no concern about the loss of lateral control a t  SSRS and the resultant 
degradation of climb performance procedure taught by most airlines for windshear. Actual1 y, the 
crew were maintaining pitch at  or near the SSRS and should have been maintaining a lower angle at  
stick shaker. 

The possible reasons for these beliefs about the SSRS are either that training is inadequate 
or that the simulators do not accurately model the decreased roll stability a t  andes near to or 
greater than the SSRS angle of attack, thus giving a false sense of security. MD-80 flightcrews should 
be trained on the lateral control hazards that exist while operating at the SSRS angle of attack and 
the fact that the additional climb performance capability that exists above the stick shaker angle of 
attack i s  minimal and easily negated when small roll oscillations commence. MD-80 pilots should be 
trained to operate at  or below the onset of stick. shaker activation and to avoid the activation of the 
stick shaker except in those conditions beyond their control. 

The Safety Board cannot determine i f  the selection of the go-around mode resulted from 
an inadvertent actuation of the TOGA switch when the captain advanced the throttler after l iftoff or 
whether the TOGA switch was activated intentionally. However, there i s  no normal, abnormal, or 
emergency procedure in the Northwest APH which recommends that the FIP be transferred from the 
takeoff mode to the go-around mode under the conditions of f ight that existed when the transfer 
occurred. 

The simulations of the FID's theoretical design performance for the condition of the 
accident takeoff demonstrated that, had the FID remained in the takeoff mode and had the captain 
been able to follow the guidance provided by the command bar, the airplane theoietically would 
have been flown at  pitch attitudes below the stick shaker's angle of attack. Flight in this regime 
would have increased the airplane's roll stability. Consequently, the airplane's climb performance 
would not have been degraded by roll oscillations and spoiler deflections and the airplane would 
have cleared the light pole. 



94 ICAO Circular 25SAN1153 

2.10 The Captain's Hearing 

The captain's hearing aid was fitted for his left ear, the same ear that he would have used 
for his radio receiver. The captain's hearing aid was'not found at  the accident site, and it was also 
doubtful that he would have used the hearing aid a t  the same time he would have worn the radio 
receiver's molded ear piece. Therefore, the Safety Board concludes that the captain was probably 
not wearing his hearing aid at the time of the accident. 

Examination of the W R  transcript showed a few instances where the captain appeared 
not to have heard either a radio transmission or an intracockpit remark; however, the instances are 
separated widely and no pattsrn of consistency that could be attributed to a hearing deficiency was 
discernible. 

3. CONCLUSIONS 

3.t Findings 

1. Flight 255 did not encounter windrhear either during the takeoff roll or after 
liftoff. 

2. Flight 255 took off with i t s  wing's trailing edge flaps and leading edge slats 
retracted. 

3 .  The flightcrew did not extend the airplane's flaps and slats. 

4. The flightcrew did not perform the airplane's checklists in accordance with the  
prescribed procedures contained in the Northwest Airplane Pilots Hand book. The 
flightcrew did not accomplish the TAXI checklist and therefore did not check the 
configuration of the airplane. 

5 .  The airplane's climb performance was severely limited by the flightcrew's failure to 
properly configure the wing for takeoff. 

6, The airplane would have cleared the light pole by 500 feet with only i t s  wings slats 
extended. 

7, The roll stability of the airplane was decreased as a result of flying i t  at or below the 
SSRS alarm and near the stall angle of attack. The resultant rolling of the airplane 
degraded i ts  climb performance. 

8. If the airplane had been flown at  or below the stick shaker angle of attack, the roll 
rtabi lity would have been increased and the airplane would have cleared the tight 
pole. 

9. The CAWS unit's takeoff warning system was inoperative and, therefore, did not 
warn the f ightcrew that the airplane was not configured properly for takeoff. 

10. The failureof the takeoff warning system was caused by the toss of input 28V d-c. 
electric power between the airplane's left dc. bus and the CAWS unit. 

11. The interruption of the input power to the CAWS occurred at the P-40 circuit 
breaker. The mode of interruption could not be determined. 
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13.   he light poles at  the impact site did not excekd the limiting standards contained in 
14 CFR Part77. 

3.2 Probable Cause 

The bdational Transportation Safety Board determiner that the probable cause of the 
accident was the flightcrew's failure to use the taxi checklist to ensure that the flaps and slats were 
extended for takeoff. Contributing to the accident war the absence of electrical power t o  the 
airplane takeoff warning system which thus did not warn the ftightcrew that the airplane was not 
configured property for takeoff. The reason for the absence of electrical power could not be 
determined. 

4. RECOMMENDATIONS 

As a result of i t s  investigation, the National Transportation Safety Board made the 
following recommendations: 

-to the Federal Aviation Administration: 

Conduct a directed safety investigation to  determine the reliability of circuit 
breakers and the mechanisms by which failures internal to the circuit 
breakers can disable operating systems and to identify appropriate 
corrective actions as necessary. (Class II, Priority Action) (A-88-64) 

Require the modification of the DC-9-80 series airplanes to illuminate the 
existing central aural warning system (CAWS) fail light on the overhead 
annunciator panel in the event of CAWS input circuit power loss so that  the 
airplane conforms to  the original certification configuration. (Class it ,  
Priority Action) (A-88-65] 

Develop and disseminate guidelines for the design of central aural warning 
systems to include a determination of the warning to  be provided, the 
criticality of the provided warning, and the degree of system self- 
monitoring. (Class 11, Priority Action) {A-88-66) 

Require that all Parts 121 and 135 operators and principal operations 
inspectors emphasize the importance of disciplined application of standard 
operating procedures and, in particular, emphasize rigorous adherence to  
prescribed checklist procedures. (Class i I, Priority Action) (A-88-67) 

Convene a human performance research group of personnel from the 
National Aeronautics and Space Administration, industry, and pilot groups 
to determine if there i s  any type or method of presenting a checklist which 
produces better performance ran the part of user personnel. (Class II, Priority 
Action) (A-88-68) 

Expedite the issuance of guidance materials for use by Parts 121 and 135 
operators in the implementation of team-~rientcd flightcrew training 
techniques, such as hockpi t resources management, l ine-mi ented flight 
training, or other techniques whic.h emphasize crew coordination and 
management principles. (Class It, Priority Action) [A-88-69) 

training, or other techniques which emphasize crew coordination and 
management principles. (Class II, Priority Action) (A-8869) 
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Issue an Air Carrier Operations Bulletin-Part 121 directing all principal 
operations inspectors to emphasize in MD-80 initial and recurrent training 
programs on stall and windshear recovery the airplane's lateral control 
characteristics, potential loss of climb capability, simulator limitations, and 
flight guidance system limitations when operating near the supplemental 
stall recognition system activation point (stall angle of attack). (Class II, 
Piroil ty Action) {A-88-70] 

--to all Part 12 1 Air Carriers: 

Review initial and recurrent flightcrew training programs to ensure that 
they inctude simulator or aircraft training exercises which involve cockpit 
rerource management and active coordination of all crewrnem ber trainees 
and which will permit evaluation of crew performance and adherence to 
those crew coordination procedures. (Class II, Priority Action) (A-88-7 1) 

ICAO #oh.- Figures 1 and 2, and Appendices A to E were not reproduced. 

lCA0 Ref.: 119187 
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M n g  737-2Q0, HS-TBC, mident in the Andaman Sea 
near Phuket Airport, Thailand, on 31 August 1987. 

Wm refeased by the Aircraft Accident Investigath 
Committee, Ministry of Transports 
and Communications, Thaitaftd. 

SYNOPSIS 

A TK4I AIRItAYS COW.4.4Y ~CR~FT,BIEIXG 737-200 OF 1 ?!AT~ONALITY 

REGTS'RATION ?K-T2C, G h ?  THAI AIR 365, ON A S%EElKEIl DUWETTC 

P.L-GER FLIrjFT, CU3lE9 I N  THE rl+WL'Mr SEA hZAR PHltXET AIRPORT GN AUGUST 

31,1987. IT W$S A XQN-SRtfIVXBLE ACCIEBT.  

THE A1RCR.m AKIDE\IT I (30(30~ITZE DEXGKINES THAT TrlE 

PWBAIJ@~~I'SZ 'IF ACCIDRT WBS : TEE FILDT WsT.D T9E AIkCRW fin IT S.$UEn 
C 

WIIE TEE PII-OT FEEEPclED TO DE Tu%PEE2 3h'E OX LAhDIrjG AS ADriISED BY ELI;t"i 

.UPROACl COhTROL. IT U P L N  TWT HE: WAS WOIUIYIW &XI XO'T %R]E k W m Z  HE COLT-D 

IW R;ZFfBE% Oh'E LAEDIK EECAI5E THE PILOT OF &";?Em TWO IN SEQCE?iCE 

GAIT W.mI!JG T9.U ' 1  lS?!3€2 O3T AIiiCRAiK .UZ.G XAS .ABO\Z GI# .@A,?) COIZD SOT 

DESCEXD A S S  THROUGS FiXS TS~Z. THE P T L C  .JIDIID POWE3 AkZ) ~~ TEE CE4R 

..iFTTZ! STICK SPXEi? A C ' 7 T v r i n  TI DID NiSur ZZflTE d WCOVERY BEFORE HITTIXG THE 

554. 
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1.1 F I m R I '  OF THE FLIGHT 

OX :~UGLSI 31,1987, XI' 05:15:00 ERST D?UCi?s' AIR 203, WITTI EIGHT FZIGHT W 

mBEI;Z .4?lD F I F E  THREE PASSEXGERS FLEE O W  TW.$r\T @3IBO::1TW), D L P S T D  FEGY .TZ 

I!OSGlitSBCi Ih~JATKOMiSL AIRFCRT OX AAI IFR kFLiLiIIT TO EE PRJm AIRFORT IN TWIUkB 

A iEQ1 L3XIPAW, .A: TiBClM, f\;l B.%WKOR, W 10 b5UfW"RA 67 13 PI%WT, AT FL 850. IT 

PFrX7CEEDZD VI.4 ITS FLIGI-IT E-'Ll_?&EIl !?!UTE at?, WAS T R A N S 3  TO THE BX%VKOIi AREA 

CO;LT?OL E . T E  h W 3  I'IC 'dAS O E R  BlKM, AT TEE BANGKOK FLIGHT IWQMUTXON B0WJD.W. 

AT O~:IO:QO ms, nu1 AIR 365, wIm xrm mmms AW mi: 
FOLX ~.4smr;mzs ONWI~ZRD, D E ; ~ I # ~  mi'! HAT-y.41 ~ ~ m m  IN m u m  ON AV IR 

FLIGKT TO TfE PH'uXET XIRP0;2T V I A  ??I4 , AT FL IOC. bTURmY AFTER AIWR%E, 

' lTl.41 AIR 3G5 EEGAT TO C9?UA4CT THE Bi'I:YMOK AREA CC,EUmL CENTRE 7 3T WAS ,;T 

13 NALTICAL TIIW FROY EaT-I',ZI \-OR/DE, OW WIAL 299 , ,%T .ALTIV'DE 11,000 

FEET. IT WAS CTEAND TO CZI:% UP TO 280. 

Ti0 AIRCPWT 'KG!!  XAKIm TlE VOIZ/DiME AIPP&ALCH T3 W"O ON RUXnIv'AY 22 AT 

PEL= AIFLFORT. EiOTI! hFRE t ~ N C ~ X N G  ON THE INITIAL APPROACH FIX, 12 K.4tTICX 

!IILES FFXM THE VOP,/D?E. THEY FiXE TK.21 AIR'dA'iS COWilib!! AIRCRAFT, H S - X ,  80EISG 

78'7-200, FLIGHT Pu7.FEER TH4I AIR 365 ON S ~ 1 ~  IKXESTIC PASEXGER FLIGHT A99 

9RIrfij: AIKIEES LTD. 111 RlXAFT, Q-HYL, BOEi?;G 73'7-203, FLIGHT EL9m r3F,CiC';i;?i 

AIR 203 OX '4 SCEDIrLED Ihm.4TIOlj.AL PASSDJGETc I;ZICiiE. 

TIE ~ ~ C E  OF EWWE EEUW DERIVED FROM TiE ECKFXT VOICE EmRDER OF T K l L  

AIR 365 .W TIE PIRKlX APPWACH -0L RECDPDED AIR' Tf2AFFIC 00MNIGATION: 

AT 08:10=00 IIRS, IRAGO% A I R  203 WQCT5TED B.kYGIIOK AREA !IQhTIZOL TO DEVIATE 

m TIE k m  OF ITS P E S m  ~IC;h*ED mCEi OX IhWL%r> 

PL4DIAL 038 IN GRUER . TO AVOID TH%'3EFSmRY iT.dL3S OVE2 

3c.BATTkhZ'E- nmIior{ 4 ~ ~ T R O L  .wmm m A- 

DRAWN AIR 203 TC) V I S E  htlEN IT WAS D OUT OFF 

7TlW3!TD~FTOPJl CLObBS .a! TO IhFCIRhf ~~ OF FITS INB3'3 

RADIAL TO PHtXET lrOR/13-E. 

AT 08:15:00 HRS, DPP4#N AIR 283 REPORTID TO BAlriGKOI-C A l 2 3  COXOL TAT THE 

FLIUHT K-W AT FL 330 &;D WObZD BE ABLE TO c3ABLISH 
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IEl3.F ON THE ~ ~ 1 4 2 8  Ih!UhD TO FIYLlKD VWDPIE, Ah3 

Wt%BTED DEXEXT C E A M V E .  BR~CXOIi . A f E A  CONTROL THEPI 

L'LEARED DRAGON AIR 293 TO P H t ?  L'QR/DEfE 03 E IlWlIA'G 

M I  AL O'LC &W ?"O rS3StX5ii +rD YAIYTAZN EL 190, DIE TO TEE 

FAILKG OF DIRECT WECX CIRCUIT BETh'EEN 3LWK AREA 

C O h W L  am P I T m  MFROr"&CH C O r n L ,  mf 
AT 08:f7:00 HRS, B A K  ARE4 Cr) .WL REQL'EbW DRAGOX AIR 2133 'FO COhTACT 

PHLKET lrrpM,;lCl4 C(3hmL FOR 2 5 3  TO OBTAIN C L E W X 3  FOR 

DMGrSN AIR 203 TO FW- IWL'h! ON WIK 025 TC PWfa 

VOR/DE.  PILOT OF DK4GOX AIR 202 C U E D  O W  TIE EANWOli 

+ m a  corumi mm a m  m ~ m  TO ~-4 :m io~  . m 4  

COX'I'M>L TKiT HE MI BEEK A E V I S  BY PHtKET APPROACH Cr)NEDL 

TiUT K'WAE WAS NO m'FI,ICfI3lG M I F  AT PWm. , 

AT 08:18:00 WRS, DRAGOX AIR 203 RERlRIp) 'SO BA2.mOK AREA ~ ~ T R O L '  F T  IT %AS 

AT 52 KAbTIC,4Z, YI= WE1 P H L W  YOWDPIE iU?), IT W.G 

AIRPORT 30 EiAWfCAL .%LES FROY mfUET VCWDE.. 

A9.9 ' PISBT-TN-CWtHA?n P&XEED Hf S Cl-PILm, C'UKEWI%V 

THE PHI'EIET VGR/D?fE APPPi'ACN P i W C E D m .  

AT 08=23:00 HRS, BANGKOFI ARZ.4 C O h m L  ClXMED 'THAI AIR 365-TO DESCEMJ AAiD 

WTNTAIN FL 140. 

AT G8: 24~00 EW, nFStWX AIR 20'3 FUEPORTEP THAT IT W A S  " O W  OFF 

Y moms AW m ~ w  =ABLISH , ON wta c3r3 

AGAIN. E.?LW-h'GK AXE4 COXi'RD3, .WdZD DRQ3ON ,UR 203 M WhiIi?!! 

ITS PRESEW WDT& .Ld\'D IIMWX AIR 203 CONFTRm TK4T IT k'.S 
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AT 08:25t00 FIRS, DklGCK AIR 203 R E F O R D  DESC?NIING FRO3 .I 1130 dlTD FA5 

I ~ i ~ ~  TO C3ikTACT PxXET .4PFWACII C"ONTWL OK 1 26 .2  !XT. 

AT 08: 2€:00 I=, SP2iGKOK ,WJ3 CC*C)hFROI. ! . z ~  THAI X R  '?C5 'M) MAIhTAIN FL ll:9 

i*ND 43KfIC TK41 AIR 365 TO COhTACT PWKTZT ~P~~~~ COhTROL C:l' 

126.2 m. 19% FCERT E.4fli AGAIN WEh! IT WAS PLEr~JEED BY 

~~ltri~m APMWACE r n ~ , r n ~  TD ~ ~ E S ~ B  BELW FL .xu AND -mt 
IT PASSED FL, 130. 

AT 08:26:41 HRS, DRAWN AIR 203 REPORTED ITS PXITIOK TO PHtm .4PPROAC*H 

C%WL AT 535 ?;_.A'tTICAL ?l.IIL;ES FRM BIir;'EXT I'#R/DlE, FG&CHING 

K 130. IT-V-S CLEARED TO TEIE Piib-ET IXITi.4L APPRUR04C1 FIX (14 

A MIUS FROPI FIIL'KET ' C ~ J D M E ~  PLXD m D E - ~  AW 

MAlhTXX ALTTTUDE 5,500 FEIT, .m% TO-LD TO W E C T  TO U X !  DE 

RI9TqAY 27. TEE QW GIVEN TO DRAWS AIR 203 1010 ?fIUIXAW. 

AT 08:27:18 m, THU -UR 865 PLmE IYITIXZ, a)NTAC'T W I T H  PM%FT APPROACH 

CC?$I'ROJA THAT IT W A S  -4T 50 PI~ZtTICAL HIES FIDX PHUlET WIRJD?E, 

DECEMEfXG FROM FL 160 Tn FL 140. IT y+A!3 IWIRVCIED TO m R T  

AGAIN AT FL 150, AW TCD TC EXPECT Td Lt\! OX lURF;AV 2'7, 

AT 08:27:39 NRS, 1 AIR 365 REPCRTED 2EACHIXG F?, 140 NJD PAS CLE4lED TC 

PHLm VUR/DME CLJL4lWKCE LIMIT OX W1.L EW TG DE3CEW :I&% 

tL9IYrAI N :ILTI%DE 7,900 FEET . 
AT O8:2&:08 HRS, EL41 AIR 365 I lEWRlXD BACK TO B 2 , ! C K  M,NTIWZ. T J T  IT 

W A S  TI) DESCEND TO _u,TITLI)E ?,om m .%hi IT Fils 

P m I K i  FL 130. 

AT 08: 28: JS HIE, ~RAGOP! AIR 203 *dAe AT 27 MLTICAL MIIS m?r r m m  VQR/DHE 
.4T htTITImE 1l,f300 F E T .  THE IXIGIn WAS P E E Y I m  3Y PHIKIT 

APPRC3ACH COmL TO EZCZTE A 12 XALTIC-AL HiUS DME dRC WEh! 

YT ~~ 14 HAITI CILt XIUS FaoH X"!4lKET \QR/DME. 

AT 08: 29: 38 FIRS, 3WGON -AIR 203 WQtXSED Th'FORK4TIOX ON LOC,= Lorn CLOUI) BASE. 

T f I E  CL07JD IWORWTION GIVEN TO Dm-CK)N Af R 203 WAS 2 / 8  CE.XLZtfS 

AT 1,800 F m .  

AT 08:3:51 HR5, THAI AIR 365 VAS CLE:UCD TO D- FROM ItLTITCrPE ?,COO 

TO ALTITtrDE 8 ,  OCO FEET. 



REPORT AG-4IN ON IhIBOIWD FIKAL TO RLWA'I 27. IEACON AIR 203 

A ~ O ' K ? ~  zE D E m  C'f.E,a&Ym. 

- 7 -  

db:, rmb! P K W T  VOnJDlYIE Am IT WAS IWORMED THAT THbr AIR 366 

COhTIIC,L TIEN -4SSIGNEX) TILA1 AIR 358 TO -BE ?RMBER TWC, TO LLhD 

FOLKWIM3 DW005 AIR 203; FROM CVR READ OUT, PIXAX-IN 

-CWDWW OF TttU AIR 365 S A T E D  TO HIS CO-PIWI' THAT "DR2#9?? 

AIR, IT HAS TC) b i E  AN' APPROACE AGAIN". 

AT 08:31:5€ IIRS, FA1 AIR 365 d C l W W m E D  TtiE ASSTGXEXl' OF ~~~ T 70 

Lrn. 
AT 08 : 32 : 28 B, TtWI AIR 365 REFOKED APPROACYIM3 ALTITUDE G; 000 FEFT S J D  

PHXET .QPROACll mNTROL IYFQR?ED T l W  AIR 366 TO STA&?,BY. 

AT 08:32:39 1 5 ,  3FtAGON AIR 203 WAS AT ALTITtZlE 4,30d FEET. IT W E  cFMED TO 

D B C m  FRO!! ALTITWDE 4.000 TC3 ALTITUDE 2,500 FEET. 

L 4 R  ON PHtCXl' APPWACW C O m L  C L E W  THAI AIR 365 TO 

DrnW<, Tfl ALTIl-bPE s,uoo m. TIE DESrnT mwa %*\S 

A-WLEUGED BY THE m4I AIR 365 FIRST OFFICER- WHILE 

SINUZTPA-EOF-k' TIE PII-OT-IN-CD?flW OF THAI AIR 365 U r n  

O l T  MPAWXCH SPEED (REF4-5) 127,TZl . 
AT 08:33:26 HRS, ZiiAGON AIR 203 WAS R E Q C T m  TO m R T  kWEX REAC"dINQ ALTLTtZE 

2,500 FEET. 

AT 0 8 ~ 3 3 ~ 4 2  FX5, TFUI AIR 365 mMED RUCHIm ALTIfhQE 4,000 FEET A,!! If 

WAS k?ZQUESIED TO REPORT ITS DISMCE FfEOH PHtKEl VORfDFZE . 
THE lEElF!TEIl DISTiWCE 3IVEX BY THAI AIR 3GS WAS 16 N4WICAL 

MILES FROH PEWrn VQRI'DXE. 

AT 08-.34:09 HRS, z>%ICtOf\: AIR 203 FER3RTE.D THAT IT WAS AT 11 NAtTf CAL MILES 

FRUH TEE PWKET F'OR/DIYIE ON R;U)I.4t 090 AT .4L,TITLlTIE 2,500 FEET- 

P I R W  APPROACX C O X m L  IXSIRUCTD DRAGON AIR 203 TO REPORT 
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M.41K Ad T NAWIC-AL, MILES M THE PHUriET VOR/I)ME ON F3X.U 

TO RCT-WAY 21 .  

A T  U8:34:33 FIRS, PHL'T.;ET' iSPPmACI4 CLEU&TTL\'I AIR 365 TO Z)?BCENJJ TO 

.4LTI'IZ21E 3, b00 m. THE DESCDT CLEARANCE WAS A C K W O ~ ~ ~ J E D  

BY THAI AIR- 365. 

AT 08: 34:41 HRS, DWC10N AIR 203 ASKED "1;HaT IS TIiE T R G F I C  Dm FmM PFEXXT ?" 

AND THAI AIR 366 REPLIE3 fEEUIr~TXY,  "I3 WR/D:W4'. 

AT 08:34:49 HW, D R A W  AIR 203 LW0R"IED TGAI AIR 365 "COPY WE .W AT 2,5OC 

I.m kE HAYE YOU IN OUR (4-W O'CLOCK". DUGOM-AIR 203 

ALm I-WORMED FHIKET APPEtOACH a N T W 3 L  "kX HAVE THE TRAFFIC 

AE4D OF LE ONE 03CLWX AWCPr 5 lIII.F!3 TC RIGHT". FES3t1 

-IT C O ~ T f O N  OF L W  W U T ,  TrD-PIm OF THAI AIR 

365 5Tz1TED THAT "IT IS REHTND L 5 I " .  

AT Q8:36:25 EWS, PETbm .wPEEOACT? Cr>N"IlWL TtEQlESTED FOSITION OF DRAGON AIR 

203 .AND IT IkFGRFEfl 7XtT DRXWN AIR 202 WAS ~ r I S G  

RIGHT AT 12 NALTLCAL HIUS FRGM PHUKET VOR/DME, AT THAT 

!CW TWE CG-PT*XK TITLOT-IN-CObPIAiW OF +THAI A I R  365 

BHGAV ~ A R L Y  AT THE SMIE TIME SPEAKING IN COLLWUI.~ nrc 
Ir'HLCH HAD 'I'ARIOUS NW!dIXGS. E.Q. 3 U G O K  AIR 203 TFLIED "r9 

Ctrr CY)R\TEtZ OR SNWGZD IK OR MAKE A F-iLLSE PQSITIC)fi REFORT 

IN OR.EER TO GET F I R S  PRIORITY FOR LANDX1L'G. 

AT 08:35:39 HRS, PHIriiLT APPROACH CCbETdSL REQUESTED DRAGON AIR 203 TO OONFTEY 

IT3 If: NAUTICAL MILES DAN? IXSITIQX ttIr?) IT WAS C O N F f m 1  TWIT 

DRAGOX AIR 203 w AT 12 wtm.rcCu. Hrr= FWH PIT~,IE~' v~)R/DY.~  

AT ALTXTTrl)E 2,600 FEU. . 

AT 08:35:48 HRS, PMlKET APPROACH C O ~ L  liEQlESED POSITION OF THAI AIR 365 

AhTD PXLMT-IN-CC)M4ND OF THAI AIR 365 REPLIED HU'RRImLY IN VERY 

FAST ~ O R D S  "8 DME 8 Dm INBOUNn". F R O M  COCKPIT OONVERWTIOM 

AT THAT HUMGhT CO-PILOT OF THAI AIR 365 "OH" 

F O ~ W E l l  BY P ~ ~ - ~ ~ - c o ~ I ~ ' D ' s  VUIm "365 fGEQm= VXSUAZ". 
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AT 08:35:5'7 FIRS, mJKFT APPRUACH COXmL REASSIGMID TlRf AIR 366 BE 

NtMER ONE TO L2FiD AND ~ELZGON AIR 203 To BE NUMBER TWO TO 

LAMI. FILLIT OF MAI AIR $65 I ~ E D ' I A ~ ~ Y  REPLIED m 

AT 08:36:06 RRS, DRWN AIR 203 GAVE WARhjXW TO PHUKFT APFlWACH -L 

"DMaOh' AIR 203 WE ARE 2,500 FEET THE TRAFFIC W IS 

ABOVE LTS AND CAEINOT DESCEND THROUGH OlfR LEVEL WE ARE 

IFR". F R 3 M  COCKPIT CDWEWATfON OF THaT AIR 365 AM lNClEAR 

IDICE FORY CU-PIW W A S  HEARD FROM CVR mRDINGI WRlCH 

SOUNDED LIKE "W*D IETER iiO" TIEN THE P I T - f  N-mHMAND SAID 

"WAIT A ~ ~ x w i ~ ;  WAIT - A M~XTE, IT IS IFR* SMULTA&Y A 

AT 08==:28 HRS, PILOT-IN-COWID OF TIWI AIR 366 PHWTI' W A C Y  

OONTROL "FrW f S aO1m TO LAND. F I R S  ?" SmRTLY m A R D  A . 
STACTAT0 90UM, AND AK INCREASE, IN ,THIS SOUND OF TH16 ENGINE 

W A S  F m f w A N D  THE PILMT C D  GEARS m, CWIm 90bm W A S  

KOMa ?" DL'RIPda WHICH SIbE THE PXLMT FIE+! DRA60X A12 203 

SAID," DRAOOPI' A I R  203 WE ARE T#O-FIVE" @ THAT WAS 
. .  

AN MCLAMATIOH FROM- THE 7TfW'L AIR. 365 . P m  '!by ! " 

AT 08: 36~55  =,. DRAGON AIR 203 RERRTED TD PEIUlQGT APPBACH -L SfGWTING 

mAI AIR 365 CMSl I m  THE SEA 

THE A C C I C W  SITE WAS AT WLTITWDX 08 OR 00 W m ,  U3IsOITUDE 98 27 10 EAST, 

QFROXIK4TELY EIGHT  YAW^ CPL MILE ' m M  R ~ W A Y '  27 ilT THE PINI(ET AIlWKT. 'l?E 

TIME OF THE ACCIDENT WAS' iq.r 08: 36 : 52 FIRS. [DAY Tf HE? 
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2 IKIVRXES To PERSONS 

3.3 D A M ; \ Q E r n A I ~  

rn AImun W A S  DE!3n!oIrn. 

53, IQJ AIRLINE ~ r S P O T t T  F I m  LICENCE. h9.- -&0054 1 EWW:'BY DEPARIIENT. OF . 

AI'IATION OF THAILAND, VALID W T L  7 DEEHl3ER B.E..,2530 (PI.-D.198?1 WITH 'ALRCRAFT 

RATIAW ,IN ~ R A N E ; ~  BINOLE: AND mz~~-q~~iAND;'&-px~m - FUR ~ c - 3  - AND 

HS-748 h PXXMT FOR BOEfM3 737. HE A'LSfO HAD IKiXRUBm RATING. HF: PASSED 

IIlS LAST PROFICIENCY CHECK AND INSl'ECNFXT RATING CHKX ON 22 ' B,H, 

l?LIGK TIME TN US 90 DAYS 244:5(3 W, 

F Z I G ~ '  TIME IN THE LAEX 30 DAYS 8U:OO HRS, 
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HIS LkST HEDLCX ECAMIWTiON WAS mNE OY JtW 8,  B,E, 2530 !A.D. i087) AT 

THE ROYAL TILU AIR FOU AVIATION MEDICINE INSTIT~TE. HIS MEDICAL ~ I F I C A T E  
WAS VALID LWIL PE- 7 ,  B-E. 2530 (A-D. 1987,. WITH LI?IITATIOW E M X ) m  ON 

* .  

CEETIFTCATE THAT THE HOLDER OF THE LTCEJCZ MET We,= O o R R E r Z P T ~  TIEPIE: FOR 

DIST~.~,\~CE AND E 4 R  VISION WHILE PERFORtlIbE HIS DLW, 

1.5-2 T R E W P m ,  AGED 

37, Hns A CJDHMBCI.4L PILOT L I ~ ~  hQ.. C-0337 ISSIiE BY DEPARTMENT OF AVIATIOX 

OF THAI LAND VALID t%TIL MAY 25, B . E . 253 1 t A* D ,1988 1 WITH AIEliWJb' R4TINC;S IN 

~ P ~ ,  'STMU AND WXTI-ENGINE LAND; CWPILOT FOR EWRT Sn3-30 Ahn, HS-748. 

*HE HAD PASED hi APPROVED &UND 'TRAIM~MQ. CUUEE IXAFEN.4TIQN FOR BOEIMG 73'7- 

CONDIKlED BY THAI AIRWAYS CC3WhW- HE ALE0 fIAD P.4SSED d 'FLIw FUR THE 

DEPBRTlZNT OF AVIATION. HE HAD PASSED HIS L4!3T PROF1 CIECNT GFmi Ilal TEE BOEIMtl 

737 ON 21 JINE B.E. 2530 lA*D.19871, HE ~ . A C C W L U T E E ,  FLIQEBT TIHE AS FOLLOWS: 

FLIGHP TIXE IN THE-LLE'SO DAYS . ,IS.. m, ,,:. '.W .:, 
1 .. 

.-QJm -TIHE IN THE LET. 30 DAYS 63: 54 - --HRS, ' -  
. . 

. . -  - - . .  -, 

, n l & ~ ~ ~ : I n - ~ . i j l S P . - 2 4  m, . ,., 120 ' :HR9; .,, 

ntE a F n o l . . h  MEDICAL ISAMINATION. W A S  DONE ON MI* 26, B.E. 2530 (A&. 

1987) .AT THE-ROYAL THAI A I R  F O m  AVIXTf6NmA MEDICXm I ~ ~ ~ ; ' H L S  h " f i  . 

CERTIFICATE WAS WID UNTIL MAY 25, B.E. 2531 {A.D. 1 9 8 8 ~  nnm WAS NO 

1.5,3 TEE AIR TRAFFIC m K J S l 3  AT PIiUKET A m ,  

AGE13 39, HELD AN, AIR M I C :  0 0 ~ L  LfCEtjCE. h.130 ISX'ED BY 

THE DIP- OF NIATIOK OF THnTL4MD VALID UNTIL %Sf 3 ,  B.E. 2531 iA.D.1988) 

WITH RATIKGS I N  AERODROIE C Y I ~ i L  AND APPROACH CONTROL AT P K k T  AIWW, W, 

'!ICkSS W E R f  WCE AS A!d AIR TRAFFIC COhiUXR.  
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HIS L4ST !EDfCAL EXiCY'EKATfON W A S  D O E  ON ?MY 4, B,E. 2529 (A.D.1986S AT THE 

L W I  AIR FORCE AxiI.4TION FIEDICIFE 1P:STITlXE. HIS HEDTCN, CEEIFICATE WAS 

1 A f m r  INFOEb~TION 

6 . 1  T I E  BGEU?? 737-200, IES-TBC, SERI.& NIPEE& 22267, WAS k W A m  BY 

IN THAfUW ON AUGUST 18, B.E. 2523 IA.D,1980). TIE A Z K k W T  WAS O W ,  OPERATED 

OF THE AGCIDETZ. THE AIR- H;3D A VALID CXW~F~CATE OF A I R ~ O R T H I ~  ISLED BY 

-THE DEPARTMFLAJT OF AVIATION OF ~ t ~ 1 . 1 h .  IT A C C W G Z ' I ~  A TOTAL TIW bl? 16.963 : 48 

HR,C, ,IT THE TTXE 6F TIE AC'CIDBNT WITH 20,863 MMBER OF -9lKGS, IT EAB A 

TIHE FROPI UST OTTRHA~X'OF 2,754311 I@!!, SINCE XIWE 16, B.E. 2529'(~.~. 1986). 

THE Lm 100 FIRS PERIODIC I~XPECTTOM tA-CHECKJ WA§ DOhT '3PS ACeGUST 10, B.E. 2530 

1.6.2 TEE .4IRCW WAS EQUIPPED WITH ThD PRAlT AND WHITNElr'. JTBD-7 'KrEZEO 

F,4N ~ f f u ' E S ,  M k m F C E  klD BEEF4 CWXENT bD IN COMPWANCK WITH C3W.W *! 

FIRS', SINCE NEW AND 2,528:19 W, SINCE UST OVERIL4UL. 

1,&*2*2 NUMBER ~ E A ' G I ~ , ' S E F ~ I - ~ ~ P ~ O ~ ~ ~ ~ ~ ~ B E E N  HMi'UFACWRED 

ldoVEPrsER 14, B.E.2523 (A.D.1980>. IT HAD A TWPL OPJXUTIONAL TIME OF 1Q,839:27' 

m, SINm k'd Apap 3,768:04 FIRS, SINCE LIST OVER&%LT.,. 

1.7 ~ R O r n I C A L  IWOrnTfON 

THE WEATKER ~f THE SITE OF TNi OCn-a A3 OBSERVE3 XNFLfGKF BY THE PIUX 

Q~ DRAGON AIR :203 YAS SCATlXRD C'U'MULLS O'biER THE AIRPORT 8,W '17fE AREA TO THE WET 

OF THE AfrnW. THE m-DOWN AREA WA!3 CLEAR WITH GOOD FL1m VImLLIT"L-. 
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METBR 08:30:00 HRS, AT PHUk7ET A I i W R T  WAS AS F0WRWS;- 

I. 8 APW TO NAVIGATION 

PKLKET A I W M '  WAS PBUIPW) 'WITH C O ~ I O N A Z .  ~ R I D I f E ,  DOPPLER V ~ R ~ M I E  
iLsm NDB. THERE KAS, PAP1 AT RUNWAY 09 AND T TASfS AT P M A Y  27. THEY RECEITZD 

PROPEE2 PERIODIC FLIGHT INSZ)ECTIONS, TEm ZS 3D M A R  .. AT .?'HE AIRPORT AND EEO . 
+ 

PRECISION AFPEZOACH FACILITIES. IT -WAS A PT)R/C?lE AW iiDF APPROACH '-IRES. A 

WPPEq WR/DME WAS (%MMISSfONHI AIRPORT. A W M  HAS DImIBIKIZl 733 

& COPJCElWS B W  NO DOPPLEE \'OWDME APPMACH PECEDbE k S  &EN EPTAELISIIED. 

1 * 9 OOMMLWCATIONS 

-WAY W T  mWfU'NICATIUN RETWEEM MTH AIR- AND P E E ! !  APPMACH C ~ R O L  

ma OPERATING NQ&Y. 

1.10 AlZlwDrnME IhrmxuwTION 

PI- AIR;WRT IS A L I ~ W  ALWRT,  OPERA^ mx m m m  BY niE 

D E P A R ~  OF: AVIATION. THE AIRPORT IS LOC:lm OW THE 1- AT AN EXVATION OF 

G9 FEET AXWE MEAN SEA LEVEL- THE RwAY DXRFCTION IS 09/27, IT HAS THREE TAXIWA?Z, 

TAXI W A Y  A, TkYLWAY B. ~WII T.4XXWAY C. THE RIN7iAY mh3Im OF .4SPfmT AND 8 0 N t X E E .  

WEXI? XO UNS'SUAL AT RPOW OR GR13UMl F.4CILIF ACTIVITIES OR CONDITIOhZ 

AT A I m W  I)trkThE dCCIDEKl' OF 3 4 1  AIR 265. 

1,11 FLIQEIT REc0RT)EE 

1 THE HS-TBC &AS EQUIPPED kTTH FAIP.CXILD FLIGHT RECWlERS. TIIlEY WERE 

I N S r U  IN THE TAIL !ECTIOM 01: THE AIRcR.S,FT. THE FLIGHT DATA RELX)RDElZ WAS A 
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mI)EL, 5424, i1TNRER 6357. TT WAS RETRIEVED FROM TEZ SE4 Tk"O DATS AFI'ER 

A ~ J c I D ~ ,  ?Wi CGCICPIT VOICE RECOWER W A S  A HODEL A-100. IT W A S  RETRIEVED ~;RDI~T 

F U '  DAYS S E R  TlIE ACCZDF-i'. WTFF RErX,R3= kS??E E W E  B?' IWAm FOm. 

MEDIUM WAS ALSO IN C W D  CONDITIOP;. 'l"E iltTXTC9E TlUCE. m l i T  S I W  TtIAT THE 

DESc5EBiT OFa IE-TBC TO P B !  AIRFQKT @FUSED TO FZ IilGHER TXW THE ;iL1"1lWDE WHICH 

TI-a? P I L m ' m m  T8 mm !@PwAw WhITWL. ArUUSTMENT OF THE FDR READOUT 
/ 

m r n a  ~ C E  COIXCIDW WITII TIE FILOT'S REPORTED ALTIR,E. 

1.11.2 THE t"P,*fP;Z EQKXPPED WITH FLIGHT REWRDERS. THE: COWIT WTm 

0IECORDING OF THE ~~ 5ZrIUaUDIP;C; TI32 ACCIDmT WA9 ERASED ON E . ~ I R ~ ' s  

REIUW F'LIGHT TO W N G  KO%. 

1112 .WRECKdm 

m AIPLW'?: ~=RASHED ~m m W A ~  AT m w  A 40 D E ~  arm PAIX 

m a  WITH COh5IDEXABLE FORCE, AND d%IBMEfGED M TIis EOTIDH OF 'IJIF: SEA. IT 

DISI-rn OS IFPACT. VERY FXH PARES OF TlIE WRECK;hCZ WEE P m I m ,  m 
@E.rSIm OF LOkm WLW SKI%, PART OF EMP!ZNMAGE WITH REAR PRESSURE BULHHFAD AND 

yERTXC4L .FI?J A T T A W ,  APU AND TAILCOPE, ,WtJ lZHA1?ST DUCT, S W U  PIECES OF 

FUSELAGE, EHlXWCr =IT DOQR, 1 ,  m P I m  h m .  TIRES, 

~ P ~ ~ l E I E a  PIECES OF W S  AND Spg'IL;ER, FACE OF AIRSPEE IJWI CATOR, mR _a! 
~7%. THE h F X I G 4 ~  W A S  IW3ZIEVED F'RUH 80 FEET OF k':.~lm rn ?'WE r n ~  wx UT. 

1.13 FEDIGAL !4c!P PATHOLOG1 CXL, IWORUT JON 

WDIFX 07 FERSNS ON E'QARD 'NEE f Z E C U ~ ~  ??ROH THE = A F!ZY DAYS bfm 

ACCIDENT. THE BMlIES 3?TRE FEVERFLY TRAU"K4TIZED. 30s OF TFE FACES FTRE MUTILBTED. 

1.14 FIRE 

hQ F$XDEiCE OF FDQ IN FLIGHT WAS FOlrND. 
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TIE PILOT OF DRAGON AIR 203 HAX! B E l 3  KEEPING THAI AIR 365.IH SICMT. HE SAW. 
< - *  ' 

TEAI AIR 368 PITC); VI0I;EFTL.Y NOSE EUk'N A , !  SXIEiE: 27IE WATER: HE REPO- HIS 

OSEZJPPTIONS AND TIE LaCATIW OF THE - TO P H C i  XPPWACH C1OTTlEL, WE -ED 

TO THE W l  SITE AND ORBITED THE AEZEA. AFER SfGEiTIN(f 'SOHE FLOATINQ DEBRIS, HE 

DECIDED TO W14. HE hE4T T3 C0hTROL TObm -WARD ON A =-WALE W. -433 SBWQ 

THE POSTTfON OF CMSH STTE TO TIE AIR TRAFFIC COhTROLLER. m, CALLED THE 

YWRBY WILT IEPOLICE WIT. PHUI(PI PTZOIfINCIAL OFFICE AND L0c.4~' FACILITIES 1U ~!~ 

.;1LL OF TEE FATALLY I?L&'RED WERE RETRIEVED W M  THE SEA IN FEW DAYS A F E R  TH14: DATE 

OF X C I D T r  ANn WOffrED TO THE HWI'ITAL FOR :$tffOPSk' AN3 Ih?IENI'IFICATION. 

6 1LW 

1.32.1 AImEIl - -  ALTITUI)E' IHDICATOm WEHI .SElQ TO TEE 

W R A T O R Y  OF U. S. NATIONAL T M N ! A T X O N  SMER EOm FOR RUMINATION. THE 

RESULT OF ELI?!INATIOW WT ETEAL ANY INFCWATTW M)R THE fWEXfCiATION. 

1.16.2 SI~KATION n~am ox AN E N O I ~ R I E S Q  SI~ZATOR AT THE BOEI~G 

~ ~ 3 r l L  NKCa4FT COMPANY, !EATTIE, W L W m X ,  U.S.A, bERE BY THAI 

dh?) BOEfWG COMPW FZIGEIT PIWS.  TIE SIHLUrOR WAS FLOW TO DWLIC.9TE 

TIE FLIGHT OF TIHI .4TR 365. TIE SIMUTATION WAS B4SEf) ON TfIE PRELIMINARY F L I W  

RECORDER DATA PfEUYIDED 3Y TIB U. S. NATIgNAL, TRXNiItTATION f3oARD 

iE. S. K!33 r . DURING TEE SIML4TOR ~ I O F i  COWIGURATIONS AT 98,000 W 

WERE FlLOWM ,%# b, GEAR UP, GEAR mw, Am OEAR DOWN WITH SPEDBMm. EACH 

COEuFICr'URnTION FAs FLOkW WTTH VARYING mm5 OF POWER. Ilowmm, No DIFIZrTrn 

CY)NCLUSIONS ABOUT THE P R O W  CONFICXT&ATIOW OF THE AIRCRAFT PRIOR TU fMPAC1: 

COULD bE DRAWX BY SINFIX CrgHFkWWN OF THE SLMlIUTDR TIPIE HISroRIlB WITH THE. 

FaR DATA. 
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2. AWLYSXS 

2.1 THE AIRCRAFT WAS CERTIFICATEI,, EQUIPPED BM) MAI?~AINXD A-f 333 7V 

T O  k m a r  .m BUNX wm WITHIN ~ ~ E S C R I ~  LIHITS- m 
PILMi-IN-COW AND C(FPTWYT WERE CERTTFIIED 1% ACCORDAN@ WfTN GU-AL &-D 

2.2 % FrXATllEX AT THE SITE OF TME ACCIDWY W A S  FAIR AM3 W.4S NOT IN AhYdA'i A 

FdCTflR IEi THE ACCTDE8T. CTflI!&YSIS OF FDR .%'X, CVR ~ A T A  FR33 THE THAI AIR 365 

ITS mZERPIATS. THE SOUND OF THE EPSGINFS 4IAS At'DIBU ON Clrff. TAPE RECORDING BLT 

THE SOUND OF FLAP AND SPEED 3- ~ ~ S I ~ ~  W BE FMRP, XOR k1.Q A 

COMMAND GIVEN BY TEE CAPTAIS TO FXE33 THEM. ONLY TIE WtWD OF GEAR B X E E X O N  

, AND THE CHIME W A S  HLW IXE!ZBTAT?ZY #RSR PlW'KET APPROACH CONTWL, SVISED TRAI 

AIR 365 TO BE iWNl3ER ONE TO LAND, 

2-  3 ANALYSIS OF THE n ~ w  P ~ F I I Z  FIWM m m m u r  , ~ ' E I )  

THAT THAI AIR 365 FIR5 CBW9C"SED PHIKlZT i f P P ~ A C H  COI'r%&lL- AT 08 : 27 : 18 H2S. k'HF?J 

DESCENT VARIED B E T ~ E X  1,500 FEEL' AND 2,400 FEWPERHIMTE, AND THE SEIZED 

DURIbQ TlE D E X 3 3 T  VARTE3 BEEEN 290 AND 270 K M E ,  TIEE SPEED BECAY 'R? 
'I 

DE- AS THE AlRCR,#T ~~ ALTITUDE 4,080 FEET, AT 08:33:30 HRS; AT 08:34= 

49 iBS,m SD 'd:W 220 IQWlS, AhD THAT STPE5l W A S  MUhTAIL! FOR ABOLT 25 

SEW'NDs LWfL 08:35:10 HRS, IJIm THE AIRClWT REACHED ITS L . W  -4331- ALTXTITDE 

OF 3,000 m. :W!S?A TfIAT FOIRT 1CIIF, SPEED BEGAN DECREASIN AGAIN. AT.WT,T 08: 36: 

A STALL. THE AIRCRAFT IPPACIED THE WATER AT ,9BlW 08:36:52 , . . .  HR3. 

2.4 CONSIDERING THE V A L E  IN wm SHlET PREP- BY 

'I'HAI AIRWAYS (=OHPAEdY P-, THE O O m  W I W '  WfGWT OF THAI AIR 365 

ON ARRIVIFSO AT AIRPO1ZT WAS 98,418 POLm, 

THEREFORE TIM AlR 365 QTcOSS . WEIGHT AT THE TIHE OF ACCIDWT WAS 



ICAO Circular 259-MI53 11 1 

ApPROXIrUTELY m SAME As ITS LArnIh! WEIGHT. THE 1 m t A n O N  OF rn 
BOEIPX-737 AIRCRAFT F ~ ~ Y C E  CHART SKMED A $MA, Spm dlF 106 

AT A WSS WEIGHT OF 98,418 PObWD3 WTH 15 D- OF LANDINQJ FlAPS* LANDIMa 

W, DOWN, AMD SPEED BlWES DWK Il3XlUCTE-D). SlHL!!TOR TESTS! SHOl&D THAT 'IWE 

SlCK SHAEil3R AfXl~rATIOk' SPEED WAS 181 KNOTS AT .UJl W E R Y  RATE OF 1 Q%3T Pm SDXW 

ACGlDlWT AIMXAIT.  W, S I W T O R  T W E  FUW WITH THE 5 - w  UP UXI2WED) 

Sl-lWED TfaT TRE c)m .WERE COh'S.TSIEtZT,Y WIQBZR, B w  169 AND 174 

KNOTS, HOWEYER, THE FLIGHT REOOIUER DATA SHOWED THAT THE STICK SUKER AOIVA'IP, 

AT 163 KPjOTS rWD THE AIRCMFT'STALLED AT 152 KNOTS WHILE IT WAS lN LEVEL FLIGHT 

hT 3,000 FEET. TFEREFORE, IT IS CONCL,t2)'ED TH4T THE A I R C W T  WAS NOT IN &PER 

LQ'rTDING OOWIVJRG~ON, WITH TKE FURS EXmED,' KOR IS IT BELXWED THAT THE 

9KEDBMKES WERE LEED TO SLOW THE AIRCRAFT IN ?REPARATTON FOR ZAMDXNI). . 

UOm OF PHUKFT AIRPORT ON RADIAL 025 WHILE TIM AIR 365 WAS WPROACHXNQ l W M  

BWlXlWT U% W I A L  119. DRAOON AIR 253 WAS WZW A RIGfIT 12 DHE ARC TlRN 

WD W AIR 385 WAS PfAKEW A SlRArUfIT-IN AFPRDACII FIlocmDXhlCT TD ITS A S S I ~  

L'ORIDHE. BLT THE A I W T  WAS AI,vfSED TO BE h2MBB2 P3 W, WE PILOT 

I'HDJ WkZRED LW9IMG GEAR IN ORDER TO LAND* A~~ ~ T R E  APFWACHIW TO 

ON RUNWAY 27 OF P N K E  AIRWRT IN,FOLU3kfLNG SEQUENCES : 

DESCENDING FORM FL 190 INBOUND TO Qm AXRPDRT ON WIA;f, 025 AT 08:26:51 

HRS. IT WAS AT 35 NAUTICAL H1L;FS F R a M  PlRm YOW'DME AND WAS CUBRED 'IQ 

DESCE?3Er To ALTITUDE 4.500 F r n .  

- TI1 AIR 365 FIRST CC,YTACTED P H ~ C '  -Am C r O m L  AT 08: 27522 m* 
~ E ; s ~ I ~  FE~OM FZ 154 TO L~ 140 ~mxm 0 3 ~  ~ 3 ~ 4 ~  119 AT 30 A ~ ~ I C X  HZLES 
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AT 08:=:33 HRS, THAI AIR 365 REPORTED aCKTNCf R, 140. AT 08:27:49 &P,IT 

%AS mm TO P ~ ~ ~ J E ~ E T  vowam mi m DESCEND AW ~AI,WAIX ALTITL~E 7 , ~ : 3 0  

CONSTDEuTIO?a 

- ( FRM FDli REAWW 1 DRAGON AIR 203 WAS AT 35 NAUTICAL, :.IILJE QF 

WAS 280 LWS. AT Od:27::2 HRS, T ~ A I  AIR 365 WAS AT 50 XAUTICAL MILES OF 

PKuWX %RID% LVD SPEED %AS .&SO AT 'LBO - m. SO TELZT AT 08 : 26 : 5 1 HR5, 

6R1EN DR3.m AIR 'LQS WAS AT 35 ?lALTIC& MI- CF P I X ? ?  Y O F U M  , TH.21 -413 
365 3WLrLD HAVE BEEN AT 52 YA1TIC.U mLE5 FROM P I f t D  VOWMZ. IT W#S IT 

X4WICAL MILES BMIBlD D l W E X  AIR 203 . 
2.5.2 

- AT @8:28tlb HRS, Z R A W  AIR 203 W A S  AT 2 NAWIXCAL XUES m H  FMMX - 

IQRIDME, P-BTNCI n 110, m p r m  REQ- AND WAS GIW PEFLXSSIOEJ TO FLY 

TO 12 Dm ARC. AT 08:31:08 B, DR4GONAIE 203 ~~ AT -14 MAWICAL XI- 

FRDM P H G !  ErOR/DE Ah3 WAS CUXED TO DESCEND TO ALTIFJDE 2,500 -. 
--,AT 08:21:35 HRS, TI141 AIR 365 W e  AT 25 NAWfCAL MILES FROM PHCTZZT F'ORiP1W &'Ei 

W A S  ASSIGKP) TQ EE 3Em TWO TO LLW FOLTDWX,W DRAGUN AIR 2%. IT .XAS !'GO 

CiE&%D TC! D E C E d D  I D  ALTITVBE 3,000 FIZT, FRU?! CfOCICPTT COX1.TRSATf 03. DLRIXi2 

THAT T I N  P I L E  OF THAI AIR 388 EASD, ''DMC10N AIR 203, IT TO' L'ZA.XE AV 

- ,IFFlWACH AOAl3" 

- AT 08:33:59 m, TlLlI A.lR 365 W A S  AT 16 X.4mC.41. MILE3 OF P I I I W  'IsQR/D!% .AT 

AETIT'WE 4,000 FEET. 

- A 08:31:Q9 W7 DRAWO?LT AIR 203 mm IT V&S AT 11 NAITXCAL m H  

P l K m  TORIDHE OK m I A L  090 AT ALTITUDE 2,500 FEET. IT WGS REG$.- 

TO KEFORT AGAIN AT 6 XAVTICAL MILES FRDPi P H I ? ?  'bOR/DkTE OM FIX42 FOR MthiAY 27- 

- .AT m a 4 2 3 3  FIRS, P ~ X E T  A P ~ A C H  ~ W L  amm THAI AIR. 365 M a m  =I 

- .4CCORDIW TD FLIGHT CKEW OF DRAGON AIR 203 INI'EWfEW , m~ 
AT THAT TIME THEY SAW THAT THAT AIR 365 WAS HIGH IN ITS WIND S&EEN ~ v I P ;  

~ I ~ T O R X ~ X T ~ ~ F I ~ , ' E : ~ ~ S ~ O F ~ ,  ~ : ~ ~ I A I R -  



365 W A S  FLIW F&T AMJ WOUW) HAYE COmXNLiED mR TO YOR APWA~, 

< F R O M F L ) R ~  ) TXE SPEED OF T I M  A I R  365 AT THAT TIME AT 

OPER4~03fS mWAL THE H O L S I ~  W= OF maw 737 AT A m NEXGWT 

OF 100,000 T)OUNDS AT ALTITUDE 6,000 FlEI W.W AT 210 K W E .  90, THE SPEED W 

IN41 AIR 365 AT 16 XAWICAL JULES FRRH PIlUKET VORtDME, AT ALTITUDE 4,200 

5 H O U  HAVE BEEN DECREASING TO AT 210 KNOTS. THE SPEED OF THAI ~IR.365 

AT THAT Tim W s  60 F m  ITS WN m, AIR 386 

ADVISED TO BE 14- TWO 'PO LAW lWlfiQWING DRAGON AIR 203 BVT SPEED OF 'THAI 

365 WAS VERY FAST , LATER OM IT WAS AHLAD' OF D-N AIR 203 . APPRa.4CG 
I - 

C O ~ L  m'r~3m I ~ I C A L  SEPARATTON FOR m AIR= AT so0 m. IT WAS 
BELOW HINIm? SEPARATION FRESCRIBED BY DOC 4444 tRm& OF THE 'AIR AW 

AIR TRAFFIC SERVICES:. THE HIMMUPI WRTICAL, SEPARATIOH AS m ~ e  BY THE 

D O m T  W A S  1iT 1,000 m. 

- AT 08:34:41 HE, DMWN AIR 203 A!XEl APPROACH m L "  W?IAT IS TftE 

TRAFFIC'S DME F l W M  FHUK'ET" THAI AIR 365 REWEED TO DRAGON AIR 203 DIRFCIZY, 

"13 VCrR". CRAGOX AIR 203 7TBN ThFOO? TWAX AIR 3G5, "COP?! WE AlU3 2,500 

FElT* WE K4VE GOT YOU TN OUR ONE O'CLOCK." 

- AT 08:35:57 I-IRS, THAI AIR 365 RElQRlXD POSITION AT 8 NAWXCAL HIM OF m-KFS 

- ,u 08: 36: I":, DRAQON AIR 203 GAVE CAWTXOY TO PHUKET APPROACH COWROL 

" DRACdN AIR 263, WE ARE AT 2,503 FEET. THE TRAFFIC AWLAD fS ,5BOW US M D  C.M 

NCT ~ESCEND THlWtBB OtR LEVEL . WE ARE 1 FR. " 3URIMO THAT TIME IT- IS 

BELIEXED W T  QO-PIIMT OF THAI AIR 366 STATED TO HIS PILOT-IN-COMMAND, ''WE'D 

B m  GO" THE: P I L U Y - I N - W  SAID ''IT IS IFR, WIT A ?rlINWE, WAIT A 

H I W , ' '  FOLLOkXD BY THE SOW OF STABILIZER TRIM OPERATIW. 



- AT 05:36:28 W, PIU;T OF THAI AIR 365 ~'~~ APPROACH C(3NTBDL "m IS 
WIYG TO LAEvD F I R 3  7" THIS WAS IMMEDITEf_Y FOW*p> BY S E t W  SECONDS OF 

A STZ3CC$.TQ Sob33 I D M I F I D  AS THE SThi STWER, AID THE P Z L O T - ~ f - W C r g ~ ~  

CALLING FCR QB1RS LT AND TEG3 .%,3IP OF THE C ~ ~ ,  ..W All IERXA§E X9 E?-KlI% 

~ L W  k w  H E = ,  F o U W E D  9y THE PrET' S EXLL!~TI~?. "OY f " AND C;RoLhD 

FIFO.YI#I+T WAJLiiIW EOID'D. DURING THAT TIMZ PHL'im AFPRUACH C O W L  ASKED PILUT 

WAS GOIW TO TLW TO XMBW ON FINAL FOR P ! A Y '  27. IT KAD FIm PUORITY XN 

MPMACH SEQUEFi ,AHD THAI AIR 365 HblD SXCONIl PRIORITY.XStui' THE PILOT DF TIWI 

ilIR 366 TRIED TO 0-mAKE DR4GUN AIR 203 BY 1 h w I N G  THE SPEED OF' TEE. 

AIRCRAFT AND REQlESED VISCIAL I .  THIS .4SStHPFION IS St?POKED BY 

FOILOli?CPJG i€IWENS, 

(11 -IT CONYEWATION AT 08:31:35 W, SINCE THE PILOT OF TIMI AIR 365 

SAID, "DRACDN AIR HrlS TO M4XE A! APPRC,AE AGMk'" . ', 

: 2 1 AT 08: 34: $9 IIRS, ,4FI*ER DR4GON AIR 202 RP3RTED SIGHTING THAI AIR 365 AT 

"ONE C'ICLm .4BOtPI: 5 MIm LET TO RIGHT," TTIE THAI AIR S56 CIOPIUlT 

BELIEITD THrZT D W K  AIR ZC:3 W B  BEHINI, TI3EH. . .  

( 3 1  AT 0 8 ~ 3 5 ~ 2 5  IW, DMGON AIR 203 F;EPOXTED IT WAS TlJRNlhG Rim !AT 12 -W, 

THE THAI AIR 365 FLIQHTC!IUX StR!SED THAT DRAWN AIR 203 W E  A FUSE 

WITSON REPO~T TO GAIN WING PRIOTtIF. THIS El'fDD4%Y IWHITED 

THAI A I R  355 PILOT-Ifri-aMMCLW TO h'LrZRIEOLY REWm HIS POSITTO! AS 

8 DME, AT 08:35:48. HOkXMB, TXB TI[~.ITJI'EFXLI, BETWEE4 HIS POSITIOK 

REPORT M 13 DME, 08:34:41, .4M) HIS8 &2 REWKT 'i'0 A SPEED 

OF 270 KMXS, BUT FDR DATA SFWED THE AIRCRAFT'S ACmrAL SPEED AT 220 

KNOTS. THEREFORE, m PILMT-IN-mm IhmmIONAUY Krm m 
~~ WHICH ~ ~ T E I ,  IN' CHANC;E: OF -1hfft SB3UENCE. 

THE WU- "REQUEST VISUAL LANDIN13" NUT BE BY -Am 
C r O m L  B.ECAlEE AT FAT HOMENT FHGKI3T APPROACH WNIlWL WAS IN OWAm 

WITH DUGON AIR 203. SINCE ' D R A W '  Af 9 203 HAD FlKT PRlORITY, PHKET 



APPROACH CoNTEWL SfIOULX, MX' I-?AVE REASSIGNED THAI AIR 365 TO BE WHBER 'ONE TO 

LAND. HE SHOULD HAVE h I'I-KC AIR 365 P- TO 325 ,LIMT OF THE . . 
PM~lCFT YMWDTlE OR HE WOULD IL4W H I D  THAI AIR 365 .AT 14 ME. TAFI 

2.6 ' TKE FAILURE IN THE D f R E C T ' m C k 1 0 N  LI;NR m ' B A U C f I E O R  'AREA m L  

,AND' P m  mKHWL WAS, m, A~ FACTOR IN THE. A m D W I '  *D~.::XD. -RE THE 
I .  

I x,, , 

A C C ~ D ~  MOK PUCE ZHE TWO AIRCRAFT-HAD AWWY -i~ THE:;$~RDL OF 
. ' > .  

PHUKET APPRCIACH m L L .  

2.7 WER'PILUT OF TIMI AIR ~BS'-LOWERJ~. m I K 1  OEAILS; ~ R E - ~ ; I & - w ~  

M I m ~ ~ ~ ~ m  A L T I ~ ~ E  3,000 , ~ ~ ~ ~ - : T N E  : SPEED, - OF ., .,,- ~ ~ ~ & ~ ~ u s f . y  
I . . ... . 

, - . . 
DECREASED mwm U N T I L . ~ A I R C R A ~ ~ : : S T ~ *  

, . IT IS 
- .  

~ B A B I X  THAT THE cu-PIW , , DID . .,.,- .. PR~NIMR THE AIRCKW L- BECAUSE 

NE WAS m-Tf,% OH THE ' C O ~ I ~ I N G  M C .  

2.8 FROH CVR RECORDING, TEE DPILUT OF THAI AIR 365 WAS. IN -3iICATION 

W I T H  AIR TRAFFIC UNITS , SO THE ?I~-I&CX)HXiWl W A S  PILUTINQ THE. 

ATRCRAFF. 

- .. ' * , . .< 

bEIGIR'OF 98,418 POUNDS AT IDLE ,- WITH R~~PS' k% LANDIK),&;,DOWN. 

TEE STICK SHAKER SPEED W A S  AT 161. KNOTS - EJGOM THAI AIR 

365 FDR RE4D OLT, THE STICK SHAKER SPEEP OF THAI AIR 385 WAS AT'naOVT 163 KNQTS 

NEMZLY THE AS THE SIHWATOR FLIGHT TlBT. THE BOEING mWANY m3bMEMCE3) THAT 

MUST LIKELY AIRCRAFT COWIGURaTfON APPROXI%ATEI STXCK SHAKHT SFm AT ELAPS 

UP IS ~~ 159 TO 163 KNOTS AND THERE IS hD FUR3 SELECTION AL?)IBLE 0% 

0% OF TfCU AIR 365. STICK OF THAI AIR 365 B'Mt-G 733 ACTIVATE AT 

.4BOUT 08:36:28 m, AND .ZIR€%ZFT ENTmm I m  SAIL AT mUT 08:36:38 HE,, 

IT BEGBY AcTI'JdTE mt;T 10 SECONIB BEFOE STAU. 

COMPANY. THE FLIGHT T E T  P I W  CnW K%cOm F R O M  STAU &IT ALTXTL'DI 3,000 
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IN OF TH&I AIS! 365, TEE PILOT COliLS ?JOT LVBE SPm, REWVERING DUE 3'0 THE 

2.30- 1 TIFE P I m  OFT'HAl AIR 365 FREOCCW1~ HIS A ~ I O N  kVZTEI AiNXHZR 

AIRCRAFT 90 THAT HE M E  A STALL, E W I W i  IA'T'ER TItM THE TIST PILMT 

DID. I3! SIMCZATOR F L I W .  TEfT. 

2.10.2 A-IEJG 'b FDR RlMXlbT, TRE FLIGHT CXARACIERf ST1 C OF THAI AIR 365 

DrJRIhE STALL FAS DIFFERENT FlWX SX?IUAlUR, THAI AIR 3135 PITCTED 

IZClUNTLY FRnM 320 D m  9 180 DEGREES AHD BACK TO 260 D-. 

2.10.3 RV k!YSfS OF CVR REAWlT IWWdED 'THAT TEE X h w  OF BOTH ENQINES 

IWISE DIFFERED WITH 2.5 SECONDS WHICH MIGHT HAVE: CAUSED THE AIRCRAFT 

PITCH V I O L ~ L Y .  

3.1 FfrnIWS 

3.1.1 THE A I W  WAS CERT-IFIWTED ANI) PIAINTAINEI) ACmRDlNO TO m V E D  mmm 
3.1.2 THE PILOT-IN-OO??XAMl AND CO-PILOT bTER;E WIFIEIS M QUALIFIm FUft THE 

3 1 3  WEIGHTS LXD BALAFU'LT OF PIE A X R ~ R ~ S F ~  kZRE UITHXS PRESCRTBE13 LIYIT. 

.OF ACCIDENT. 

3.1.5 TIE WEAVER AT THE SITE OF ACCZDaT FAIR. 

3, I. 6 TdO WAY RADIO r = O ~ l I C A T I O N S  BEIWEEN P F E I  APPROACH C10X'TPnL AMD BOTH AIRma 

m R !  APPlXlACSJ VA!3 NOT A FACl'OR IN THE ACCIDENT, 

3.1.8 TFEKE 1s .W EVIDENCE THAT FLAFS AND SPEEDER- WERE EXTENDED PRIOR TO TIG 

m m .  

3.1.10 DRAGON AIR 203 W A S  CZEr\RED TO P I & m  AFPROAa FIX AND AIR 365 
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3.1.11 AT INITIAL WmAm, DIWGON AIR 203 'ISSTIMATm TO 3E OT,'IjR PHlm AIRFORT BEFORE 

THAT AIR 365. 

3.1.12 AT FIE P?KTKET A P ~ A C H  C O ? m L  I ? c ~ ~  THAI AIR 368 TO RE XL'MBER TWO TO 

LAMI F0X;toWIXG DRAGON AIR 203. 

3. I. 13 UTKR Oh' m3Ar AIR 365 B E C H  AHEAD OF DR4fO?d AIR 203. 

3. I. 14 ~~ APPRUACH COhmL THEN l?EASS'IGNED THAI AIR 3G5 TO "RE ONE TO LANX 

AND DRAGON AIR 203 TO BE hTXlER 7W9. 

3.1.15 FhWNG BEEM RE4531dN5 TO BE MMBER ONE TO ZP.!, PIWT OF RiAf AIR 365 LOWEiEE 

LANDING -GEMS. 

3- '1.16 AFTER UWZhrG GEAR3 WEKT DOWN, THAI AIR 365 WAS SILL MAIKT.UNIhW ALTITUDE AT 

3*OQO FEET. 

3. I. 17 AFTER PHLm APPIbDACH m L  REASSIGNED TK4I AIR 365 TO BE NI- TO 

LAND AND D R A W  AIR 203 TO BE NlNBE TWO, THE P I m  OF DRAWN AIR 203 GAFX 

CAUTION TO PIfiKJX APPROACH C ~ A N T R O L  B"I' STATING "DRAGON AIR 203, WE ME 2,50C 

FEET, TIE TRAFFIC AHfl4D IS AWvE LTS AND CAW NOT DESCEND T433iX34 OVa LEVEL, 

WE ARE rmry 
3.1.18 PILOT OF THAI AIR 365 -SKED PlW?CET APPfQOAcff CO-L '" IS GOING TO LAND 

FIm 7" 

3.1.19 P@KIT WfWACH rX,NTROL THEN ASKED PILOT OF THAI AIR 365 WEER HE SIGHIT'D 

DFWUM AIR 203. 

3.1.20 AFTER M i I W S  GEARS kEUT m, THAI AIR 365 MAS STILL MNTAINf  Ni ALTUTKrDE 

AT 3,000 FEET AblD THE SPEED G W D U U Y  CE- FROM 210 llPdOTS TO 150 RWE 

rn THEN TIE AI- BW 'PO s r u .  Tm PILOT APPLIED GGARS UP Am TRIED 

TO RECOVER FROM STALL BWT THE &TLl"WE W J.DW 77Z AIRCRAFT TEEN C l U l E D  

3.1,2: TIE TNAI ATR FLIGHTCREW B E W  CONFTSED OVER THE WC?: XXK:ATIOh' OF DRAaON 

AIR DLRIW TfE . ~ A ~ .  

3.1.22 THE DECISION BY THE APPROACH COihXRULLER TU CHANGE TIE &IN 'ZEQGiZE ADDED 

TO THE ah?;CrSIOPJ OVER WHO TO HAVE LANDING PRTORITT. 

3.1.23 THE THAI AIR PILfYF-IN-(DfPlAE?D BECdhIE D I X R A ~ T E ~  AT A CRITICAL TIME IN THE 



THE AIRCRAFT ACCIDENT I W S T I G A T I O N  COMMITTEE DETERMINES THAT THE PROBABLE CAUSE 

ACCIDENT WAS: THE PILOT SLOWED THE AIRCRAFT AND IT STALLED WHILE THE PILOT PREPARED 
7 

BE h i  GNE ON LANDIN AS ADVISED BY PNIk'ET APPRlACH C O m L *  IT iWPE4RS THAT HI HM 

kWk'ING Am Wf %RE WHEMER HE CDUIS EKE NUFIBER ONE LANDING BECALEF THE PILMT OF 

Nlr7m TWO AIRCRAFT IN =mc'E: GAVE k . W I X  TfUT l"lE h i  ONE AIRCRZFT . W A S  - 
. ' r n t E  HIM APlm mum m D m c m m  PASSIM3 mm ' HIS mm.. THE PILOT ADDED porn 

BEFORE HITrThU THE SEA. 

J AIR M T C  ~~L R4D.m STK>UtD BE IMSTAILD AT ? E m  AIRWRT. 

/CAO He.- Names of p e ~ ~ !  were deleted. The attachments were not r e p d u d .  
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No. 4 

B d n g  747-2WB Combl, ZS-SAS, accidenl in the 
Indian W n ,  134 NM NE of Mauritius, on 
28 November 1987. Report &sed by the 
Board of hqulry, Republic ol South Africa, 

Note: Save where otherwise expressly indicated all times- 

stated in thIs report are In Co-ordinated Universal 

SYNOPSIS 

On November 27th 1987 at 14:23, flight SA 295, a Boeing 747-2448 

Combi of South African Airways, departed from Taipei's Chiang KaI 

Shek Airport for MaurttIus' Plafsance Airport with 159 persons on 

board. I n  the main deck cargo hold 6 pallets of cargo had been 

loaded. Some 9 hours out and some 46 mfnutes before the 

estimated time of arrival at Plalsance the flight deck informed 

the approach control at Plalsance that there was a smoke problem 

in the aeroplane and that an emergency descent to flight level 

(FL) 140 had been initiated. The last radio communication was at 

00:04 on November 28th 1987, At about QO:07 the aeroplane 

crashed into the sea. The wreckag'e, consisting of thousands of 

fragments, sank to the ocean bottom at depths of the order of 

15 000 feet (about 4,5 kilometers), although many of the Hghter 
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materials floated away on the currents,  Some of the Iatter items 

were recovered from the sea, or from the sea-shores where they 

had been washed up far from the  scene of the crash, Months later 

one such item was found on a beach in Natal, over 2 000 nautical 

miles away. There are clear lnd\catians that a flre developed in 

t h e  right hand front pallet tn the main deck cargo hold, that the 

f ire got out of control and that it eventually led t o  the crash. 

There were no survfvors, 

The State of Registry, the Republic of South Africa (RSA), was 

notified of the accident by ~lalsance Air Traffic Control 

(Mauritius) at 01: 15 on November 28th 1987. 

As the accident had occurred outside the territory of any State, 

the investigation of the acddent was conducted by the State of 

Registry in terms of paragraph 5.3 of Annex 13 to the Convention 

on International Civil Avfatlon, This was agreed to by the 

Government of Mauritius. 
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I .  FACTUAL INFORMAT ION 

1. I Hlatory af the Flight 

On November 27th 1987 flight SA 295 was scheduled to  

depart from Taipei's Chiang Kai Shek Airport at 13:00 for 

Mauritius' Pldsance Airport on a scheduled inter national 

air transport service. Due to adverse weather and the 

late arrival of a connecting flight the departure the 

was delayed and the aeroplane took off at 14:23 with . 

I49 000 kg of fuel, 43 225 kg of baggage and cargo, 140 

passengers and a crew comprising 5 flight crew members 

l inc~udfng  an extra co-pflot and an extra flight engin- 

eer) and 14 cabin crew members. The calculated flight 

time was fO hours 14 minutes. Accordtng to the tape 

recording of the radio communication with Taipei Approach 

Control the take-off was normal in all respects. At 

14: 56: 04 the  crew communicated with Hong Kong radar and 

thereafter routine position reports were given to the 

fIi$ h t  Information centres (FlCs J at Hong Kong, Bangkok, 

Kuala Lumput, Colombo, Corns Islands and Mauritius. At 

15:55: 18 a routine report was made to the Operator's base 

at Jan Smuts (ZUR). The information given was that the 

aeroplane had taken off from Taipei at 14: 23, was flying 

at EL 310 and that the arrival t h e  at hhuritius was 

estimated as 00:35. The ZUR radio operator informed 

flIght §A 295 chat the selective calling system (SELCAL) 

was unserviceable and requested that the next call be 
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at 18:OO. SELCAL is a coded system whereby a radio 

station can call an individuat aircraft. The flight 

crew's attention is drawn to a call by audio and visual 

means. In fact there was no further contact between ZUR 

and t h e  aircraft, although the latter continued to have 

routine communications with the FICs en route. For 

further details of t h e  omission to call ZUR, see 

paragraphs 1.9 and 2.16 below, 

At about 22:30:00 the pilot calIed Mauritius FIC, using 

HF radio on frequency 3476 KHz, and advised chat the 

aircraft had been at position 07Q0 East at 22:29:00 at FL 

350 and that the time at position 065" East was estimated 

as 23: 12:00. At 23: 13:27 the position report of 065" 

East at FL 350 was given to Mauritius FIC. The estimated 

time of arrival (ETA) over position 060" East was given 

as 23:58:00. As it can be accepted that the aircraft was 

on track, the position given as 065" East would have been 

at latitude 15°40'12" South and position 060" East at 

latitude 18"57'54" South. 

There is no suggestion whatsoever of any distress in the 

routf ne HF radio transmissions which ended at 23: 14: 00; 

'On the tape of the 30 minute cycle CVR (see paragraph 

1,11 below), which had no time injection, much of 

the first 28 rnlnutes period was unintelligible. 
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Sufflcien t data was, however, recovered to Indicate that 

the conversation was on purely personal topfcs and did 

not relate to the flight In any way. The Board acceded 

to a request by the representative of 1FALPA not to 

publIsh details of thfs purely personal conversation. 

That ruling was in  accord with the Board's understanding 

of the general practice in accident inquiries. The 

character of the flight deck conversation changed 

abruptly 28 minutes 30 seconds after commencement of the- 

recording cycle, when the master fire warning alarm 

sounded. Somebody, probably tie pllot, Inquired where 

the warning had come from and received the reply that it 

had come from the main deck cargo. The pllot then asked 

that the check Hst be read. Some 30 seconds later 

somebody on the flight deck uttered an oath. This was 

followed by the CVR 800 Hz test tone on all four channels 

whlch ended in  a warble at 29 minutes 52 seconds after 

commenceqent of the recording. These sounds indicate 

that the audlo input and test signal wiring were being 

affected by the fire. I t  is assumed that the recorded 

cockpit conversation had commenced very shortly after the 

HF communication with Mauritius FIC at 23: 14:00 and ended 

shortly before the VHF communication wlth Mauritius 

Approach Control at 23:48:  51, reporting trouble. 

According to the Plalsance tower tape recordfng ( a  full 

rendering of whlch is given In paragraph 1.9 below) 
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the pilot called Maurltlus Approach Control at 23: 48: 51 

on 119.1 MHz. At 23: 49:07 he said that they had a smoke 

problem and were doing an emergency descent to FL 140. 

The approach controller gave clearance for the descent 

and the pilot asked that the fire services be alerted, 

The contro1ler asked if full emergency services were 

required to which the pilot replied in the affirmative. 

At 23: 51 : 02 the approach controller asked the pilot for 

his actual position. The pilot replied: "Now we have 

lost a tot of electrics, we haven't got anything on the 

. . , aircraft now". At 23: 52:33 the approach controller 

asked for an ETA at Plafsance and was given the time of 

00: 30. At 23:52:SQ the puot made an inadvertent 

transrntssion when he said to  the  senior flight engineer: 

'Fey Joe, shut  down the oxygen leftn. From this time 

until 00:01:34 there was a perlod of silence lasting 8 

minutes and 44 seconds. From 00:01:34 until 00:02: 14 the 

pitot inadvertently transmitted instructions, apparentIy 

to the senior flight engineer, in an excited tone of 

voice, Most of the phrases are unlnteillgible. At 

00:02:43 the pilot gave a dlstance report as 65 nautlcal- 

miles. This was understood by the approach controIler to 

.be the distance to the Airport. In fact ft was the dis- , 

tance to the next way-point, Xagal. The distance to the 

Airport at that point was approximately 145 nautical 

miles. At 00: 02: 50 the approach controller recleared the 

flight to FL 50 and at 00;03:00 gave'inforrnation on the 
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actual weather conditions at Pldsance Airport, whlch the 

pilot acknawIedged, When the approach co'ntrollet asked 

the pilot at 00:03:43 which runway he inrendkd to  use he 

replied one three but was corrected when the controller 

asked him to confirm one four, This is no reflection on 

the pilot for what was one three had recently been 

changed ta one four In conformity with 'a  change of 

magnetic variation. At 00: 03: 56 the controller cleared 

the flight for a direct approach to the Flic-en-FIac (FF-) 

non-dlrectlonal beacon and requested the pilot to report 

on  approaching FL 50. At 00:04:02 the pilot sald: 

'Kayn. From 00: 08: 00 to 00: 30: 00 the approach controller 

called the aircraft repeatedly but there was no reply. 

The aeroplane crashed Into the Indian Ocean at a 

position determined to be about 19°10' S and 59'38' E. 

The accident occurred at night, In darkness ,  at about 

00:07. The local time wan 04: 07, This time was 

determined from 2 damaged wslst watches recovered from 

hand baggage. 

Two. persons who were on the South-Eastern shore of Flat 

Island, situated apptoxlmately 6 nautical miles North of 

h u r l t i u s ,  stated that at about the time of the accldent 

(04: 07 local time) they had seen a red and yellow colour- 

e d  object comlng down rapidly from an estimated height of 

6 to 7 feet above the horizon and disappearing behind 
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Round Island. This evidence emerged only after some 

days, and, when tested, did not tally with the facts. 

The direction was different, and the wreckage of t h e  

aircraft and the undersea photographs established that 

there was no wtorchlngH, i,e. no flames auside the 

aircraft. It wouId appear that they had probably seen a 

meteor1 te. 

f . 2  Injuries to Persons 

IN JURIES CREW PASSENGERS OTHERS 

FATAL 19 190 

SERIOUS nil nfl 

nil 

nil 

MINOR/ nil nll 
NONE 

f . 3  Damage to Aircraft 

The aeroplane was totally destroyed. Thousands of 

wreckage pieces were found scattered on the ocean floor, 

1.4 Or her Damage 

There was no damage to property outside the aircraft, 

* 1.5 Parson nel I rrformation 

* ICAO Note.- Section 1.5 was not reproduced. 
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1,6 Aircraft Information 

The type certification of the aeroplane had been 

approved on December 23rd 1970 under the airworthiness 

requirements current at the time. The aeroplane was 

imported into the RSA in November 1980 as a new aircraft. 

The certificate of airworthiness (C of A)  i n  categories 

(a), (c) ,  Id ) ,  (e) and t f )  was issued on December 5th 

1980 and was based on the submission of an USA export C 

of A in accordance with the bilateral agreement between 

the USA and the RSA, No. recertfficatlon was required. 

Nor were any certification data requested or provided. 

FAA standards were accepted in good faith. The RSA 

C of A was continuously valid provided that the 

conditions prescrlbtd ihereln were observed. 

The aeroplane had flown 26 743,48 hours and 

completed 4 877 operating cycles since new. Ir 

had flown 360 hours since the last Phase A 

inspection, which was . required by the approved 

maintenance schedule to  be carried out at 430 

flying hours IntervaIs, and 81 hours since the last 

terminal inspection which was required at 120 

flying. hous. Intervals, 

An inspection of the aircraft's maintenance records 

revealed that it had been maintained in accordance 
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with the requirements of t h e  approved maintenance 

schedule and the applicable Air Navigatton 

ReguIations. There were no known defects when the 

alrcraft departed on the last flight, A certifi- 

cate of safety for flight was Issued on October 16th 

1987 and was valid for another 70 flying hours, 

that Is untl1 26 814,09 flying hours had been reached. 

Because of the in-fl ight fire which occurred i n  the 

main deck cargo compartment, special attention has 

been pald b y  the technfcal lnvestlgatton team t o .  the 

maintenance history of the smoke detection system In 

that cornpartmen t. 

During t h e  periods August 11th to October 21st 1987, 

and November 10th to November 14th 1987 several defects 

relating to the maln deck cargo compartment smoke 

detection system were recarded In the on-board 

tech nicai defect log. Rectification actions 

included the replacement of no 2B and no 3A smoke 

detectors and a dlf ferential pressure switch. The 

recovered cockpit voice recording provided 

conclusive proof that the smoke detection systems 

of the main deck cargo compartment functlaned, 

The approved malntenantx schedule prescribes that 

the orlfices in  the smoke detection sampling 



manifolds be inspected for obstructions at every 

tenth Phase A inspection, i ,e.  at ' 4  300 hour 

intervals. Such an inspection was carried out on 

February 2nd 1987 at 24 394 total hours i.e. 2 349 

flying hours before the acctden t, 

The aircraft's empty mass and balance were last 

determined on January 23rd 1984 at which the  the 

basic empty mass was 166 129 kg and the centre ef 

(CG) position 34,1226 m ( 1343,41 inchea) 

aft of .the datum. This equals 26.1% of the mean 

aerodynamic chord (MAC) The structural maximum 

certificated mass was 377 842 kg for take-off and 

285 762 kg for landing, 

The aircraft's mass a t  the time of the aceident was 

calculated as 242 855 kg and the CG .posftlon 

estimated as 28,78% MAC. The CG limits at this 

mass are 1316 and 33% MAC. The aircraft was thus 

correctly loaded, 

The underwater inspection of the stabiliser trfm 

actuator Jackscrew revealed that 9 screw threads 

were exposed above the ball nut and 4 threads 

below the nut, No no$iceabk bending of t h e .  jack- 

screw had occurred. This suggests that the break 

in thls area may. hare occurred flush with the ball nut 
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on impact and that the jackscrew may have moved during 

the break-up following the impact. The actuator setting 

as found, equates to a CG position of 27% MAC. I f  the 

break had occurred flush with the ball nut and ff the 

aeropIane was trimmed for level flight, the  CG 

position would have been 21,41Pk* Both CG positions 

are withln the safe cruising trim range. With all 

159 occupants concentrated in the most forward 

passenger compartment the CG posit ion would have 

been 2f,%MAC. 

The quantfty of aviation turbine fuel In the air- 

craft at the time of the impact was calculated as 

approximately 24 370 kg. 

Of the 43 225 kg of cargo and baggage carried in 

the aircraft, 14 588 kg of cargo was loaded on 6 

pallets in the main deck cargo compartment. Thls 

cargo consisted mainly of electrfcal components 

and parts, electronic components and parts, hard- 

ware, paper articles, textiles, medicf nes and 

sports equipment. Some articles from the main 

deck cargo which were recovered showed evidence of 

fire damage. None of the observed cargo from the  

lower holds had any signs of ffre or heat, 
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Extensive investfgatlans have been made Into rumours 

that the cargo included a quantity of fiyewotks. The 

results have been negative. Thd South ~ f r i c a n  Bureau 

of ~ t a n d a r  ds' ( SABS) conducted numerous tesk to determine 

whether signs of nitrates and/or ferrites were present, 

but the evldence is inconclusive. Pallet PR, in  which 

the f ire started, could not have carried a large quantity 

of fireworks because almost a11 the concents of that 

paIlet were amounted for. But even a very amall 

quantlty could have provided a source of ignition 

because of the Lnatabllity of the cheudcals used and 

their responsiveness to heat, 

1.7 Meteorological information 

Very Ifttle fnformstfan on the actual weather cundltlons 

at the a d d e n t  site is available. From the actual 

condition at Meurltius and Rodrlgues together with the 

03:00 satelute: picture, she following weather condi- 

tlons were estimated : 

Upper wind FL 140 : 16015-8 kt 

Vlaiblity : 10 krn or mra 

Cloud : Scattered cumulus and stratocumulus at 5 QOO f t  

No medium level cloud at FL 140. 

The night was dark. The moon had set at 2Ck16 on 

November 27th 1987. 
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1.8 Aids to Navigation 

The aeroplane was equipped with the following navigat- 

ional dds  and associated dispIays : 

3 inertial navigation systems I INS) 

2 weather and mapping radars with 300 nm range. 

2 radio magnetic indicators (RMI) 

1 standby compass 
2 automatic direction finders (ADF) 

3 very high frequency omni range (VOR) units 
3 distance measuring units (DME) 

3 instrument landing system3 I ILS) 

Plaisance Airport wad equlpped with the following 

termfinal navigational aids : 

2 VOR stations 

2 DME stations 

2 NDB stations 

Runway 14 was equipped with an ILS system. 

The ground stations were serviceable. 

1.9 Communications 

The aeroplane was equipped with 2 high frequency (HF) 

and 3 very -high frequency ( V H F )  transmitter-receiver 

.radio sets, Interphone (sometimes referred to as 

intercom) and passenger address systems were also 

provided. 
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The take-of f and departure commu nlcations with TaIpei 

departure control were normal in all reapeas. 

Some 34 minutes after departure from Taipei, SA 295 

cdled Hong Kong Radar at 14:56:04 and obtained direct 

clearance from U A T O  to  ISBAN. Normal position repostlng 

was made over 'ELATO at 15:03:25; SUN= at 15:53:52; 

ADMARK at 1'6: 09: 54 and SUKAR at 16: 34: 47. At 15: 55: 18 a 

routine -report was made to the Operator's base statlon 

at Jan Smuts (ZURI. The crew was asked to report again 

at 18:00 as the selective calling system (SELCAL) was 

unserviceable, The communication with ZUR end'ed at 

15:56:55, T h e  ZUR tape recording ran until about 

16:34. As the follow-on tape was . appa'rently later 

mislaid or inadvertently re-used, there 1s no further 

communication between SA 295 and ZUR on record, The ZUR 

operator confirmed that there was no other cormnuaication. 

The ZUR log shows that at 04:48 on November 28th flight 

tdK 057 had asked the ZUR radio officer when he last had 

contact wlth flight SA 295 and was Informed "1600 UTC on 

27". The ZUR episode is analysed in paragraph 2-16 

below, and the Board's findings are to be found in 

paragraph 4.17 below. From 16:49:41 to  21:43:OQ 

position reports were made to Bangkok, Colombo and 

the W o s .  The first HF call to Mauritius on 3476 KHz 

was made at about 21:46:00 when the crew reported the 

time at the Mauritius FIR boundary as 21:43:00. At 
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about 22:30 a report of crossing longitude 070" East was 

made. At 23: 13:2? a position report of 065" Eaat at FL 

350 was made to Mauritius. From 15: 41: 06 until 23: 14:00 

all position reporting was by means of high frequency 

transmissions, At 23:48:51 the pilot called .Mauritius 

approach control on VHF. The communication which follow- 

ed has been transcribed from the PlaIsance control tower 

tape recording and is set out below, Free transIatlons 

of Afrikaans phrases are in brackets. WtlUe most of the 

words were clearly recorded and could be easily trans- 

cribed, some of them and some of the unintentional 

transmissions from SA 295 cannot be made out clearly. In 

the transcription below the best available interpretation 

has been given to these passages, baaed on the conclus- 

ions of an expert on eletronic recordings, Dr , and 

of an experienced airIine captain, Capt who 

listened to the recording repeatedly and became acquain- 

ted with the volces of some of the crew. 

KEY 

295 : PILOT IN COMMAND OF FLIGHT SA 295 

MRU : MAURITIUS APPROACH CONTROL 

TIME SPEAKER RECORDED INFORMAT TON 

23:48:51 295 Eh, Mauritius, Mauritius, Spring bok Two 
Niner Five 

23: 49: 00 'hrlRU Springbok Two Niner Fife, eh, Mauritius, 
eh, good morning, eh, go ahead 
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TIME: SPEAKER RECORDED INFORMATION 

23: 49: 07 295 Eh, good morning, we have, eh, a smoke, 
eh, eh, problem and we're doing emergency 
descent t o .  level one five, eh, one four 
zero 

23: 49: 18 MRU Confirm yod wish to descend to flight level 
one four zero 

23: 49: 20 295 Ya, we have already commenced, eh, due to a 
smoke problem in  the aeroplane 

23: 49: 25 MRU Eh, roger, you are clear to  descend 
immediately to flight level one four zero 

23: 49: 30 295 Roger,. we wI11 appreciate If you can alert; 
eh ,  fire, eh, eh ,  eb, eh 

23: 49: 40 MRU Do you wish to, eh, do you request a full 
emergency? 

23: 49: 48 295 Okay Joe, kan jy . . . vir ons (Okay Joe can 
you , .. for us) 

23: 49: 51 MRU Springbok Two Nine Five, Plaisance 

23: 49: 54 295 Sorry, go ahead 

23: 49: 56 MRU Do you, eh, request a full emergency 
please a full emergency? 

23: 50: 00 295 Affirmative, that's Charlie Charlie - 

23: 50: 02 MRU Roger, I decIare a full emergency, roger 

23: 50: 04 295 Thank 'you 

23: 50: 40 MRU Springbok Two Nine Five, Pldsance 

23: 50: 44 295 Eh, go ahead 

23:50:46 . MRU Request your 'actual positlon phase and 
your DM€ distance 

23: 50: 51 295 Eh, we haven't got the DME yet 

23: SO: 55 MRU Eh, roger and your actual position please 

23:51:00 295 Eh, say again 

23: 51 : 02 MRU Your actual position 
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SPEAKER RECORDED INFORMATION 

295 .Now we've lost, a lot of electrfcs, we 
haven't got anything on the on the aircraft 
now 

MRU Eh, roger, I declare a full emergency 
immediately 

295 Affirmative 

MRU Roger 

MRU Eh, Springbok Two Nine 'Five, do you have 
an Echo Tango Alfa Plaisance please 

MRU Springbok Two Nine Five, Plaisanke 

295 Ya, Plaisance 

MRU Do you have an Echo Tango Alfa Plaisance 
please? 

295 Ya, eh, zero zero, eh e h  e h  three zero 

MRU Roger, zero zero three zero, thank you 

295 Hey Joe, shut down the oxygen left 

MRU Sorry say again please 

295 Eh Plafsance, Sprlngbok Two Nine Five, 
we've opened the door ( a )  to  see if we 
(can?) ,.. we should be okay 

295 Look there (?) 

(Exclamation by somebody else, and is sald 
over the last part of the previous 
sentence) 

295 Donner se deur t. .. (Close the bloody door) 
1? 3 

295 Joe, switch up quickly,  then close the  hale 
on your side 

295 Pressure ( ? I  twelve thousand 

295 ... ... Genoeg is ... Anderster kan ons 
vlug verongeluk (is enough . . . Otherwise 
our flight could come ta.grief) 



TIME SPEAKER RECORDED INFOfiMATION 

295 , carrier ware only 

295 Eh Plaisance, Sprlngbok Two Nfne FJve, do 
Idid) you copy 

MRU " Eh negative, Two Nine Five, say again 
please, say again 

295 weire now sixty five miles 

MRU Confirm sixty five miles 

295 Ya, affirmative Charlie Charlie 

MRU . Eh,' Roger, Springbok eh Two Nf ne Five, eh 
' re you're reclearad flight level , five zero. 
Recteared flight level five zero 

295 - Roger, flve,sero 

MRU And, Springbok Two Nine Five copy actual 
weat her Flaisance Copy actual weather 
Plafsance, The wind one one zero degrees 
zero five knots, The visibl1tty above one 
zero kllometres. And we have a preclpit- 
ation In sight to the north, Clouds, five 
octas one six zefo zero, one octa flve 
thousand feet, Temperature is twenty two, 
two two. And the QNH one zero one elght 
hectopascals, one zero one eight over 

295 Roger, one zero one eight 

MRU Affirmative, eh and both runways available 
if you. wlsh 

M U  And two nine five, I request pilots 
intention 

295 Eh we'd like to track In eh, on. eh one 
t h r w  . 

M U  Conflrmrunwayonefour 

295 Charlie Charlie 

M U  Affirmative . and you're cleared, eh direct 
to Foxtrot Foxtrot, You report appsoach- 
ing five zero 
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TIME SPEAKER RECORDED INFORMATION 

00: 08 : 00 12.1RU Two Nine Fire, Flaisance 

00: 08: 11 MRU Springbok Two Nine Five, Pldsance 

00: 08: 35 MRU Springbok Two Nine Fire, Pldsance 

(NO ANSWER) 

A NTSB human performance expert commented as follows on 

the pilot's last VHF comunicatlon with the approach 

controller : 

"The air traffic recording Is generally of very good 

audio quality. After screening it, I had a definite 

impression that there were changes in the stress level 

of the speaker (who was identifled to me as t h e  captaln) 

over the course of the tape. From- 23:48: 51 to 23:49:30 

the speaker sounds relatively calm, speakf ng slowly and 

courteously (although the seriousness oi his commu nicat- 

ion Is clear from Its content), At 23:49:30 he fails to 

complete the sentence, and there is a definite ImpreasIon 

that someone or something in the cockpit Is distracting 

him due t o  the growing emergency. From this point until 

the end he - definitely sounds more agitated, Is definitely 

. mare distracted, and appears to be talking more quickly. 

Several of the transmissions, for example from 00: 01 :34 

to 00:02:14, appear to have the high levels of 
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fundamental frequency, speaking rate, and amplitude 

which are generally characteristic of great' psychological 

stress (the statement at 00:01:45 seems so hfgh I t  is 

close to screaming). I t  should be noted, however, that 

these statements appear to be inadvertent transmissions 

meant for the on-board crew and that the speaker may be 

yelling partly to be heard through his oxygen mask and 

above the background noise in the cockpit. In the final 

section, from 00:02:38 to the end, the speaker appear.$ 

to be more composed and responsive than he was In the 

preceding section. I t  seems posslble that he has 

calmed down somewhat and feels that the emergency Is 

more under control at thfs point than ft w a s  at earlier 

points. These comments are based on simply ieviewing the 

tape and do not reflect sdentffic measurement for 

psychological stress. 

1.10 Aerodrome Information 

The emergency servfces at .PIaisance Airport conformed to 

category 8 standards as laid dawn In ICAO's Annex 14. 

At1 navigational, landing and communkatlon aids were 

funktioning normally. At 00:25 everything was ready to 

recefve the aircraft In distress and everybody was on 

alert. The aerodrome was not equipped with surveillanm 

radar and only runway I4 was equipped- with an ILS. 
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1-11 Flight Recorders 

The following recorders were fitted : 

( I )  Penny and Giles quick access recorder (QAR) type 

DSO761 for logging flight data. The QAR was 

mounted in the main equipment bay just forward of 

.the lower cargo hold at station 460. This recorder 

was not recovered. 

( 2 )  Lockheed madel 209F digital fIight data recorder 

(DFDR) Part no. 10077 A500 - 803 fitted with a 

Dukane N 15F210B underwater locator beacon. The 

DFDR was mounted on top of a stowage facility I n  

the left hand rear side of the main deck cargo 

compartment at station 2320, This recorder was not 

recovered. 

( 3 )  Collins type 642 C-I cockpit voice recorder (CVR) 

Part no. 522 - 4057 -002 fitted with a Dukane 

Nl5F210B underwater locator beacon, The CVR was 

mounted next to the DFDR and was the only recorder 

found and recovered from the sea bed. 

After the CVR was found i t  was handled wfth great care 

and all po5-slbk precautions were taken to  ensure that 

. the recorded information would be retained. To prevent 

the formation of air bubbles on the tape and hence a 



deposit of sea water chemicaIs, the transfer from the 

Ilftlng tackle to the transport container was performed 

under the water. Once on board'the ship the sea water 

was replaced wlth de-ionised water whilst ensuring non- 

entry of air into the '-recorder unit, Ice made from 

de-ionised water was progressively added to maintain the 

temperature wlthln the range of 4 to 12°C. The CVR, in 

the transport container, was then flown to the Operator's 

suitably equl pped laboratory for removaI of the tape. 

AH metal tools used for thls process were de-magnetised. 

The tape was removed with the unit submerged in de- 

ionlsed water and cleaned in such water by winding I t  

frm one reel to another after which it was dried in a 

vacu urn chamber wfthx periodic nitrogen purglng . After 

drying the tape was hand cltrried to a NTSB laboratory fn 

Washington DC for copying and analysis, 

Examination of the recorder revealed impact 'damage to  the 

outer casing, I t  had been exposed to heat as evidenced 

by blistering of the paint, The insulation of electrical 

wiring found attached to the mounting' rack plug was 

scorched. The solder of some electrlca1 wire joints had 

melted which was a further Indicatfon that the unit had 

been exposed to heat, The melting point of the solder is 

183°C. The Interior of the unit was covered. with an 

oily swt, ingress of which was , probably through an 

aperture in the front cover. The plastic blanking plug 
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of this aperture had melted. The signal and -control 

wfring was routed along the top left hand side of the 

main deck cargo compartment in raceway 6 and was next: 

to the DFDR wiring. The power supply cable was routed 

along the top right hand side In raceway H, 

The CVR locator beacon was examined by the manufacturer 

who concluded that the unit had been subjected to 

external heat in excess of . 19Q°C, This temperature 

caused the solder surrounding the water switch spring to 

reflow and hold the switch In the compressed position. 

This high temperature also damaged the potting compound 

around the transducer and the  transducer Itself, and the 

refkwed solder in the module caused it to short- 

circuit, The electronics module was also found to be 

internally short-circuited across the battery 

connection. 

The CVR was powered directly from the essential 115v AC 

bus and was wired to record from the audio selector 

panels of the pilot, co-pilot, flight engineer and from 

the cockpit area m2crophone. The CVR was not wired for 

"hot rnlc" recording but all verbal communications from 

the abovementioned crew members via oxygen masks, hand 

held and boom microphones would have been recorded. 

"HOT MICw recording means that the microphones are 

connected to a recorder in  a manner that ensures the 
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recording of a11 cockpit sounds within the range of the 

mlcrop hones regardless of audio control panel selectlans . 

Although the tape was not damaged , much of the Inform- 

ation which was recorded on the area microphone channel 

only, was unintelligible. Only the last 1 mlnute and 

14 seconds of the 30 minute recurding cycle were reason- 

ably clear, Hawever, sufficient data was recovered to 

determine t h ~ t  t.he cmkpit conversation prior to t h ~  

souadlng of the fire bell had been on personal and 

general topics only, "Joen referred to In the following 

transcription was the senior flight anglneer. Free 

translations of Af rlkaans phrases are in brackets. Here 

agaln the best available interpretation has 'been put on 

words which are not clear. 

TIME IN MINS. ORIGIN CONVERSAT I O N / R W R K S  
AND SECS. 
FROM BEGIN- 
NING OF TAPE 

28: 31 Fire alarm bell (was stopped very qukkly by the 
crew) 

28: 35 l ntercom c h h e  

28: 36 Joe What's going on now? 

28: 37 ? Huh? 

28: 40 J o e  Cargo? 

28: 42 J o e  I t  came 'on now afterwards 

28: 45 Strong cllck soundm 

28: 45 ? And where is that? 
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TIME IN MINS. ORIGIN CONVERSATION/RWRKS 
AND SECS, 
FROM BEGIN- 
NING OF TAPE 

28: 46 Click sound 
28: 48 Joe(?) Just to the right 

28: 49 ? Say again ( ? )  

28: 52 Joe Main deck cargo 

28: 57 Joe Then the other one .came on as well, 
I've got two 

29: 01 Joe Shall I ( get/push) the (bottlelbutton) 
over there 

29: 02 ? Ja (Yes)  

29: 05 Cap t Lees vir ons die check list daat hoor 
(Read the check list there for us 
please) 

(Double click sound) 

29: 08 ? The breaker (presumably referring to 
the circuit. breaker) fell out as well 

29: 09 ? Huh 

(Two click sounds) 

29: 11 ? We'll check the breaker panel as well 

29: 12 Cap t Ja (Yes)  

(Sounds of movement can be heard- with 
clicks and clunks) 

29: 33 Capt Fok dls die feit dat altwee aangekom 
het - di t  steur mens (Fuck it is the 
fact that both came on - It disturbs 
one) 

29: 36 intercom chime (while captakn is speaking) 

29: 38 - ? Aag shle 

29: 40 ! ! F (800 Hz TEST TONE slgnal commences) 



TIME IN MINS. ORIGIN C~NVERSATION/MMARKS 
AND SECS. 
FROM BEGIN- 
NING OF TAPE 

29: 41 Capt Wat die donner gaan nou aan? (What the 
hell Is going on now?) Thls is safd in' 
a surprised tone of voice. 

29: 44 Sudden loud sound 

Large and rapid changes in amplitude of 
teat tone start 

29: 51 End of test signal, very irregular near 
end 

29: 52 End of recording. There is about 1 
second of old recording on this side 
of the tape. 

The 800 HE test tone is introduced on dl four CVR 

channels. After ,about 6 seconds rapid -changes in 

amplitude (wsrbUng1 commence, After another 5 aecohds 

the slgnal ends. As noted above ( in paragraph 1.1 I I I *  

these concluding sounds indicate that the audio input and 

test signal wlring were being affected by the ffre. 

The tape ran for exactly 29 minutes and 52 seconds. 

I t  was noted that nefther the last HF communication 

with MRU at 23: M:00 nor the first VHF coarmunlcation 

with- MRU approach control. at 23: 48: 51 was recorded on 

the CVR. 
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W $ f  

1,12.1 The search for the bodies and wreckage was 

commenced on November 30th 1987 after a 

decision was made to abandon the search for 

survivors. Numerous ships,  aircraft and 

helicopters took part in the search. From 

December 2nd 1987 the search was concen- 

trated on an accumulation of debris which was 

drifting in a westerly direction. Spotting 

was by aircraft crews who directed the ships 

to the floating wreckage. Helicopters were 

used to search the coral reefs for trapped 

wreckage. The search for floating wreckage 

cuntlnued in earnest until December 10th 

The floating wreckage consisted mainly of 

articles of light cargo, cabin panelung, . 

cabin furnishing and escape slides or rafts, 

I t  was soon noticed that many of theretr iew-  

ed articles had been subjected to heat or 

smoke. Several cargo articles carrled In the 

main deck cargo compartment were burned and 

some panels in the passenger compartment 

adjoining the maln deck cargo compartment 

were covered with soot; The cabln to main 

deck cargo 'compartment door showed signs of 
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heat damage. None of the retrieved 'articles 

positively . Idantlfied as coming from the 

lower cargo holds had' any signs of exposure 

to heat or smoke. 

On 11 December 1987, 3 ships commenced the 

search for tbe underwater locating beacons 

Ipingers) whlch werd fitted to the CVR and to 

the DFDR. To accomplish this it was essen- 

tlal to  set up . a grid of navigational 

beacons. An oceanographic research vessel, 

which happened to be available at Mauritius, 

was contracted to do a sonar sea. bed survey 

and to map the sea bed. This' survey was 

-conducted from December 12th to 21st 1987 

during which time some ltght pieces .of debris 

were seen on the sea bed by means of TV 

cameras and photographed, 

The plnger search continued until January 2nd 

1988 without success, Another vessel with 

spedal manoeuvring features was hired ,and 

then fitted wlth side scan sonar equipment to 

search for the wreckage field. Because of 

unfavourable weather conditions the search 

could only commence on January 25th. On 

January 28th the main wreckage field was 
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identified at co-ordinates 19" 10'Sfl S and 

59'36'57" E at a depth of 4 400 rn, The 

debris field position was then marked by the 

use of two underwater transponder beacons. 

The wreckage pieces on the sea bed were found 

dispersed In two oblong areas with light 

wreckage some 2,4 kilometres to the North- 

west of the two areas which were displaced in 

the direction of the normal flight path, 

The longitudinal axes o'f the two oblong areas 

were in a general directton of approximately 

320" magnetic, which is the estimated 

direction of the ocean current In that 

region, This does not imply that the alr- 
' .  

craft was not on a more or less correct 

flight path at the time of the initial im- 

pact. The  flight path, If not disturbed, 

would have been in the direction of 250' 

mag nedc. 

The two oblong wreckage areas can be referred 

to as the North-eastern and South-western 

areas, The Nort h-easter n area Is approxf- 

mately 900 m tong and 450 m wide. The 
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centres of the areas are approxtmately 600 m 

apart and their perimeters are *parated by 

a zone of some 200 ' m. Some cargo items, 

mainly computers, and f ragrnents of wreckage 

were observed in th i s  area. 

The North-eastern area contained debris from 

aft of No 4 doora and included the following: 

Horizontal and vertical stabflfzers. 

Some 70% of the aft fuselage structure. 

The d n  deck cargo door. 

Two sectlons of the main deck cargo floor, 

No 433 galley, 

Rear pressure, bulk head. 

The auxiliary power unit with its @part- 

mdnt and the tall cone. 

Numerous items of main deck cargo. 

The South-western area contained the highest 

concentratton of debris from forward of No 4 

doors, wh Ich was ex tenslvely fragmented. 

Major items in this area included three 

engines, four ' landing gear assmblleii and 

numerous Items of fuselage and wing 

structures. 
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The debris in  both areas had drifted white 

sinking, The dispersion of items was 

influenced by their individual s inking 

characteristics and the effect of the ocean 

current.  High density items were found In 

the South-eastern area with a progressive 

spread of items with low sink rates i n  a 

downstream ( ~ o r t h - w e s t e r i y )  direction, 

After Iocation of the wreckage a contractor 

was selected to provide the technology and 

equipment necessary to p hotogtap h pieces of 

sig nfficance and to retrieve selected pieces. 

The then state of the art made this s 

difficult and lengthy investtgation, with a 

large experimental factor. Recovery of the 

recorders was considered first priority. 

Photography and recovery of the wreckage were 

conducted from n specialIy equipped ship, the 

STENA WORKHORSE, by means of a remotely 

operated vehicle (ROV).  Thfs took' place 

under the  control and supervision of the 

jnvestigator-in-charge, and with t h e  

. technical assistance and support of SAA an 

all aspects of the  search, and of BoeIng in 

the identification of items of wreckage, 
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The photographic and video equipment 

installed on the ROV also enabled visual 

inspection of the wreckage. I t  was therefore 

possible to identify and inspect many of the 

wreckage pieces on the sea bed and to decide 

on recovery priority. Some 3 940 colour 

photographs were taken and 806 hours of video 

tape recordings were made. Wreckage pieces 

of tmportance were given deslgnated target 

references and numbered in sequence. 

Attempts were made to retrieve all items of 

cargo and all wreckage pieces showing 

evidence of heat, but unforeseen clrcum- 

stances preven red these optimistic 

intentlons, It was, however, possible to 

retrieve 25 tal-gets, some of which proved 

very valuable for investigation purposes, 

Amongst these were the cockpit  voice 

recorder, rearmost galley support structure, 

sectlona of main cargo deck fuselage and 

crown sk in  and a section of the rear pressure 

bulkhead. 

* ICAQ Note.- Paragraph 1.12.2 was not reproduced. 



Medical and Pathalogical information 

Fifteen lots of human remain's were found and presented 

for post-mortem examinations. One lot contained the 

fragmented remains of two different bodies* The lower 
, . 

respiratory passages of one of these two bodies contained 

soot. The contents of six lots were only described and 

not further reported on, 

The reports on the medico-legal post-mortem exmlnatkns 

on 8 bodies indicated extensive Injuries to the upper 

parts namely to heads, chests and ribs. The cause of 

death of six accident victims was given as multiple 

injuries and of two as multiple injuries plus carbon 

monoxide intoxication, The blood specimens of these two 

bodies were in an advanced state of decompas1tion. 

Analyses for carboxyhaemoglobin were done by gas chroma- 

tography. The carboxyhaemoglobLn saturation was 6 0 , s  

and 67, B6 ( see paragraphs 1.14.2 and 2. f 2 

baIow). No cyanide was found in  the blood from the 

victim that had 67,236 saturation. No mention was made of 
\ 

a cyanide test of the other blood specimen or of any 

other blood tests, The allocated seat numbers of the two 

victims with high carboxyhaemoglabin saturations were 30E 

and 40D. Seat 35E was located in the Business Class, at 

body station 1160, which was fairly far forward in the  

passenger cabin, The respiratory passages of all eight 
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bodies examined, contained soot. Five of the victims 

could be identified. They had been allocated seats 30E, 

37A, 37D, 40D and 42A. 

RadioIogIwl exarnInatIons were conducted on 5 bodies, No 

signs of radio opaque forelgn objects were found, 

1.14. f The first known indication of fire was an 

alarm signal on the flight deck (recorded on 

the CVR) that was identified by the flight 

crew as coming from the main deck cargo 

compartment smoke warning detectors. This 

occurred 28 minutes 31 seconds from the 

beginning of the CVR recording. Approximately 

twenty six seconds later the flight engineer 

stated that the "Other one came on as well, 

I've got twow. At 29 minutes 5 seconds into 

the recording the main deck cargo fire check 

Hst was called for, and at 29 minutes 52 

seconds the  recording ended. This was 1 

minute 22 seconds after the fire alarm bell 

was recorded . 

At about 2 3 ~ 4 9  the pilot contacted Mautltius 

approach control and stated that the flight 
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was tn art emergency descent to FL 140 due to 

a smoke problem in the aeroplane. Two 

minutes Iater, In response . to Mauritius' 

request for a position report, the pflot 

stated 'Now we've lost a lot of alectrlcs, 

we haven't got anything on the an the (sic) 

aircraft noww. About nine mlnutea later, at 

00:02:25 the pilot reported and confirmed 

"We are now sixty five mlIesn. The flight 

was recleared to FL 50, whbh was acknow- 

ledged by the pilot. In the last series of 

conrmundations with Maurttlus, the pilot 

requested runway I4  and in the last contact 

wjth Mauritius acknowledged an Instructbn to 

report approaching FL 50. There was no 

mention of smoke or fire by the crew during 

these last series of tranamlsslons, 

Examtnatlon of the aeroplane wreckage 

disclosed heat and smoke damage that was mast 

prominent In the main deck cargo compartment, 

consistent with the alarm recorded on the 
\ 

CVR. Some heat and smoke damage was, 

however, found in the aft galley area, which 

is forward of the partition that separates 

the passenger cabin from t h e  main deck cargo 

comp8rtment. ~ d d i t l o n a l l ~ ,  lethal levels of 
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carboxyhaemoglobin were found i n  the  blood of 

two passengers from which specimens were 

obtained. See paragraph I .  13 above. 

These findings were challenged by counsel for 

Boeing before the Board, but as appears from 

the Analysls in this Report (paragraph 2.12 

below), t h e  Board is satisfied 

that they are correct. Soot deposits were 

present in the respiratory tracts of the 

eight bodies that could be examined, It was 

noted that the area of greatest concentration 

of structural damage due to heat was In the 

upper area of the fuselage in the r ight  front 

portion of the main deck cargo compartment. 

1.14.3 The main deck cargo compartment in t h e  747- 

2445 Combi (Zone E) is a Class B compartment 

as defined by FAR 25.857ib). The compartment 

is divided into two smoke detection zones, 

each of which is equIpped with a dual 

smoke detection system providing a 

warning to the flight crew, There Is no 

evidence that the flight crew were aware of 

any Indications of fire prior to the sounding 

in  the cockpit of the main d&k cargo 

warning alarm bell. None of the warning 

systems was recovered from t h e  ocean. 
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The B d n g  Flight Manual approved for the 

aeroplane does not prescribe emergency 

procedures for a main deck cargo fire but 

. these procedures are contained in the 

Operations Manual and are included in the 

Operator's emergency check list carried in 

the cockpit. , 

- The check list specifies that the 

flight crew should don their oxygen masks 

(and smoke goggles, if needed) and that a 

flight attendant must don an oxygen mask and 

portable oxygen cylinder and at the captain's 

direction enter the cargo compartment. The  

' flight attendant must then close the 

partition door, unctip the flre extinguisher 

from I t s  stowage, uncILp the cargo net gate, 

remove the 3 .  m long applicator from Its 

stowage and attach I t  to the extinguisher 

nozzle, find the source of the fire and apply 

the extinguishant. The areaplane must be 

landed at the nearest suitable aerodrome. 

The flight crew is referred to the Upper and 

Main Deck Smoke Evacuation check list from 

the  main deck cargo fire/smoke procedure "if 

a smoke condition exists in t h e  passenger 

areatt. This procedure instructs the non- 

flying pilot to determine the status of the 
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smoke in the cabin, and outlines a descent to 

14 000 feet or the Minimum en-route Altitude 

(MEA) "If an Immedtate landing cannot be made 

and smoke condition is extremely severew. 

The procedure also calls for the crew to be 

on 100% oxygen, with smoke goggles on If 

necessary. The pilot not flyfng is to 

identlfy the cabin doors to be opened far 

smoke- evacuation. The aeroplane is de- 

pressurized, is slowed to  below 200 knots, 

and the doors to be opened placed in manual 

mode. The door/$ is/are partially opened at 

the captain's direction. The cap taln 

stated to Mauritius approach control that the 

aeroplane was In a descent to FL 140 due to a 

smoke problem in the aeroplane, but he did 

not say whether the smoke had reached the 

flight deck. Cockpit smoke evacuation 

procedures are not used unless the smoke 

source la inside the cockpit, 

1.14.4 None of the cockpit oxygen masks were 

recovered for examination, nor was any part 

of the oxygen system, Similarly, none of the 

fire f ghting equipment for the main deck 

cargo compartment was found. It was noted 

that two of the cargo barrier net  clips were 
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unclipped at the release fittings. Evidence 

to indicate that fire fighting procedures had 

been commenced Is provided by t h e  splatter of 

barrier net material i . .  from the cargo 

hold) on the  Halon fire extinguisher from 

door 2R e from the passenger cabin), 

There 'were In total eight 2.5 lb Halon 1211 

fire extinguishers installed in the passenger 

and fllght deck areas of the aeroplane. 

Three 3.63 Ib water extinguishers completed 

the portable fire extinguisher complement 

that was avaUable in the passenger cabin and 

cockpit. Of these, one Halon extinguisher 

that was installed at door 2R was recovered 

with the floating debris. The bottle was 

full, but this was the extinguisher on which 

there was some melted nylon present on the 

outside surface. A11 these fire extinguish- 

ers were checked and recertified duslng 1987, 

1.14.5 Supplemental oxygen is provided by separate 

fixed systems for the flight: crew and 

- passengers, and portable oxygen bottles are 

positioned throughout the cabin and cockpit 

for use if needed. Individual oxygen masks 

are automatically released from the passenger 
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service units when the cabin altitude is at 

or above 14 000 feet. The B-747 Operations 

ManuaI warns that passenger oxygen use should 

be discontinued ''below f 4 000 feet when smoke 

or an abnormal heat source is present, The 

use of passenger oxygen wH1 not prevent 

passengers from Inhaling smoke at any 

aIti tu den. 

1,14,6 Numerous articles of cargo carried in the 

main deck cargo compartment and also 

compartment structure, fittings, and 

components were damaged by fire. Many of the 

cargo articles and all the packing materials 

used were flammable. The cargo was largely 

comprised of electrical components and parts 

(mainly computers), hardware, paper artfcIes, 

textiles and sports equipment. Inquiries 

revealed that several computers and some 

computer .circuit boards were fitted with 

either nickel cadmium or Hthium batteries. 

Visits to the places of buslness of 66 

consignors revealed that packing materials 

were mainly polystyrene, polyurethane, 

polyethelene sheeting and paper. Lfg ht 

articles such as computers and parts were 

packed in cardboard cartons whlie heavy units 
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such as machines were either In wood crates 

or wood boxes. The crates, boxes and cartons 

were stacked approximately 2 m high, on 6 

pallets designated PL, RL and SC from front 

to rear on the left hand side of the main 

deck cargo compartment and PR, RR and SR on 

the right hand side. The base dimensions of 

the pallets were 3,175111 x 2,235m for PL and 

SL and 3,175111 x 2,438111 for RL, PR, RR and SR. 

The longitudinal aisle width between two 

2,235m wide pallets 1s 48,75crn (19,5 inches) 

and 9,062cm (3 5/8 inches) between two 2,438111 

wide ones. The left front (PL) and left rear 

(SL) stacks had been covered with poly- 

ethelene sheeting, The stacks had been 

secured to  the pallet bases with nylon nets. 

The palIets on  w h i c h .  particular cargo 

consignments were placed could only be 

determined from the master air waybills as 

only these waybills .had been recorded when 

the pallets were made up, but many of the 

master waybills were consolidaeions of house 

waybills from consignors. This means that a 

consignment on one master waybill was spread 

out on two or more pallets. For example, 

master alr waybill No 4852 was a consolida- 
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tion of 36 house waybills mentioning the 

articles despatched. The packagks contain- 

ing these articles were placed on pallets 

PR, SR and RL. 

From the retrieved cargo Stems and from 

photographs taken of items an the sea bed it 

was determined that most of the cargo showing 

evldence of heat was an pallets PR (right 

front), RL (left centre) and SR (right rear). 

No heat exposed cargo Items on pallets PL 

(left front), SL (left rear) and RR (right 

centre) were found. 

The two pdlets containing cargo consigned 

from Japan were PL and SL. Neither of 

these appears to have been Involved in- any 

way In the fire. 

1.14.7 The Operator was not aware of any dangerous 

cargo in the aircraft and had ensured that 
I 

cargo handling would be In accordance Mth 

procedures laid down by the International Air 

~ r a n i ~ o r t  ~ s s o c i a t i o n '  (IATA) . The Operator's 

manager in Taipei stated that he would have 

been tnformed of any dangerous cargo and that 

he had not received any such information, He 
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further stated that security measures at 

Chiang Kai Shek Airport were above average. 

Security of cargo at Chiang Kal Shek Airport 

was investigated and found satisfactory, 

Tdwan's Commissioner for Customs had 

conducted random sampling of the cargo 
. . .  

consignments from Taiwan before they 

were loaded on the aeroplane, A computer 

selected 10 house waybills and one master 

wayblIl out of 111 bills. I t  was found that 

the items in the consignments agreed with the 

respective documents.' The Chief of the South 

African '~efence Force confirmed that no 

weapons or explosive devices were carried in 

t h e  aeroplane for the SA Defence Force , The 

Executive General Manager of Armscor confirm- 

e d  that there was no consignment of cargo to 

or from Armscor on the aeroplane. 

Lithium batteries and activated carbon are 

listed as dangerous goods fn the TechnicaI 

Ins ttudtions for Safe Transportation of 

Dangerous Goods by Air (Doc 9284 - AN/905) 

published by the International Civil Aviatlon 

Organisation (ICAO). Six consignments of 

electronic equipment contained small Iithium 

battery cells fitted to circuit boards. 
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These cells were considered non-dangerous as 

Special Provisions A45 of Doc 9284 - AN/905 

had apparently been met. A small' quantity, 

300 g ,  granulated activated carbon was 

carried In the lower cargo hold, According 

to Special Provision A51 of Doc 9284 - AN/9OS 

gsan ular activated carbon is considered non- 

dangerous if cooled for more that 8 days 

sfnce manufacture. The manufacturer stated 

that the activated carbon in the consignment 

had been cooled for longer than 180 days 

after production. 

On November 27th 1987 at 23:50 the approhch controller at 

Plafsance Airport, who throughout acted with commendable 

efflclency, declared an emergency and an ALERFA was 

issued, followed-by a DETRESFA at 00:40 on the 28th. At 

about this time two search and rescue ca-or dinetors 

activated the Search and Rescue Centre ISARC). 

At 01 : 2 5 on November 28th 1987 an ALERFA - DETRESFA was 

sent to the civil aviation authorltles and the Search and 

Rescue Centre (SARC) of the State of Registry. PIaisance 

ATC was asked if  assistance was required and was 

informed that a Lockheed 382' aeropIane would be ready to 

depart from Jan Smuts Airport at 08:00 on November 28th 

19 87, 
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At 02:29 an Air Mauritius helicopter and a MaurJtlus 

Police helicopter departed for a search North of 

Mauritius, They were followed at 0240 by a DHC-6 (Twin 

Otter) of Air Mauritius and a Transall of the French Air 

Force at 03340, The search areas were extended to areas 

West, North-east and South-west of the island but nothing 

was found. At 12:47 the crew of a Beech 18 aeroplane, 

who took part In the search on their own initiative, saw 

wreckage pieces 136 nrn North-east of Plaisance. A t  

1520 the SARC issued a situation report giving the 

following informatton : Tosftion of accident site at 

1904s and 5936E One empty dinghy and some debris 

located including one escape chute, something resembling 

a kerosene tank and some luggage. Two ships proceeding 

to the accident sfre, estimated time of arrival 21:OO. 

A search craft has dropped an emergency locator beacon to 

mark the accident site. The search wIll continue at 

ffrst lfght (01:12) on November 29tL French ClSO, 

United States of America (USA) P3 Orion and Air Maurltiw 

Aircraft will continue search for survivon as from dawn 

on 29th. Sea search fa belng carried out by a Mauritian 

navy vessel and other fishing vessels operating In the 

region", 

On November 29th at 0256 the . wreckage pieces were 

relocated by the crew of a Transall aeroplane and the 

ships started with retrieval of bodies and floattng 
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wreckage. This was a slow process as floating objects 

were spread over a large area 

On November 30th at OR30 I t  was dedded, after anxious 

deliberation, to terminate the s e w h  far survivors and 

to concentrate on recovery of wreckage pieces. By tMs 

time mutilated human remains were retrieved but only 8 

bodies were substantial enough for rne&c+Iegal post- 

mortem examinations. The nature of the injuries 

Indicated that the impact forces were far tao high for 

survival. 

The following 6rganisations Immediately reacted positive 

ly to the search and rescue omrations : 

Mauritius Marine Aut horl ty  

National Coastguard of Mauritius 

Helicopter Section of Mauritius Police 
Air Mauritius 
French Air Fosce: and Naval Base at Reunion 

United States Navy at Diego Garcia 

Perth Rescue Colordination Centre Australia 

SARSAT Toulouse 

T,he gratitude' of all c o n c m d  , for the unhesitatiiIgP 

response of these authorities has been noted in 

Foreword to this Report. 

* 1.16 Tes t sand  Research 

* ICAO Note.- Section 1.16 was not reproduced. 
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* 1 r 17 Additional Information 

Investigation Techniques 

1.18.1 On Site Investigation 

The remoteness and depth of t h e  site at  which 

the wrmkage of the aircraft was believed to 

be  lying necessitated the utilization of 

spedaliztd techniques to Iocate and recover 

both floating and sunken wreckage. After 

completion of t h e  search for survivors, the 

emphasis changed to the recovery of bodies 

and floating wreckage which by then had 

dispersed over a large area, Search aircraft 

were used to direct ships to specific areas, 

Much time had to be devoted to this 

operation. Not all floating wreckage could 

be retrieved. Although some floatfng 

wreckage ended up on the bkaches of Mauritius 

and even South Africa, wreckage washed up on 

beaches on Malagasy could not be retrieved 

because of the polkical differences between 

that country and the Republic of South 

Afr Ica, 

First lndlcatiuns from the ATC tape were that 

there had been a fire rdated probIem in the 

* ICAQ Note.- Sw tion 1.17 was not reproduced. 
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ahcraft which was confirmed by floating 

wreckage recovered from the aft secttdn. 

I t  was considered essential to recover the 

CVR, DFDR, and even the quick access recorder 

to obtain as much information on t h e  cause of 

the fire and the subsequent flight path of 

the aircraft. The assistance of the United 

States Navy- was requested. Nearly one week 

elapsed before the necessary agreement could 

be  reached between the Governments of t h e  USA 

and the RSA. I t  took yet another week to 

transport the necessary equipment from Miami 

(USA) to Mauritius by heavy l i f t  ahcraft. 

Thus more than 14 days of t h e  guaranteed 30 

day battery lives of the pingers, as fitted 

to the CVR and  DFDR, were last. During this 

the an RSA effort utflizln g subcontractors 

was initiated and two RSA based tugs were 

despatched to act as search platforms. They 

took 10 days to reach MaurItlus, In the 

meantime Dukane broomstick locators were used 

to search for the wreckage, but without 

success. A further search ship fitted with 

hull under water detectors was chartered, 
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As the area in  which the wreckage was 

believed to be was relatively uncharted a 

German research ship was contracted to chart 

the sea bottom. The sea bed charted varled 

from 5 000 in below sea level to as little as 

300 m. 

A navigation system had to be deployed and 

supported on the islands of Maurltlus, 

Roderigues and Cargados to ensure that 

adequate grid pattern searches were carried 

The pinger search, as i t  was known, was a 

multinntiunal effort and ended 33 days after 

the crash. More than 1 000 square nautical 

miles were searched without success. This 

large area was covered of necessity as it was 

not known whether the aircraft had broken up 

at altitude. 

Three areas of probability were Identffled 

and covered b y  sIdescan sonar search. 

Because of the  depth of the sea bed where the 

wreckage was located, contractors qualified 

and able to search for, ' locate, and recover 
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the recorders and srelected wreckage were not 

readily availa ble, Various *contractors 

worldwide were visited prior' to a 

spedfication being drawn up and tenders 

called for. This included a 'no cure no payn 

clause whkh required the contractor to prove 

hls capability to carry out the task before 

any payment was made. The company Eastport 

Internaganal of the USA was contracted by 

the Department of Transport, and Oparatfon 

Resolve, as it became known, was initiated. 

Thla called for the manufacture of a 22 000 

ft umbilical fibre optlc cable to control -the 

remotely operated vehicle (ROV) , known as the 

Gemin I. 

Problems were experienced wlth the ship to 

ROV navigation system, as well as with ROY 

and deployed sea bed transponders. No real 

the navigation was possible because of 

amustlc interference, ROV thrusters had to 

be swftched off each time a fix had to be 

obtained. Use of INS in future ROVts could 

overcome thfa. Ship navigation was by means 

of GPS which had a limited window in thIs 

portion of the  Indian Ocean (about 4 hours In 

24 hours), 
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Photomapping and recovery of the CVR were 

successful, However, with recovery of 

selected wreckage ( i t  was impossible to 

recover all wreckage), two significant Items 

were lost at 4 000 ft and 400 ft below the 

surface respectively. These were the 

horizontal stabilizers and a secti~n of the 

main deck cargo floor, Smaller items were 

placed In a basket which could be closed 

prior to recovery to prevent loss through 

drlftlng, Bigger items were recovered by 

means of a lift line on a drum on the 

sea bed. 

Ballistic tests carried out In water tanks 

indicated that the drift-down characte- 

ristics of the CVR and she DFDR were 

different with the DFDR being less stable and 

less predictable on locatlan. The CVR was in  

fact located within the predicted area. 

Although the mInImum contract period for 

Operation Resolve was 20 days, I t  soon became 

-apparent that a minimum of 40 days was 

more realistic. I n  fact Operation Resolve 

lasted 101 days. Notwithstanding the high 

cost, Operation Resolve 'was undoubtedly a 

highly successful undertaking. 



Cock pit Voice Recorder and ATC tape analysis 

After recovery, the cockpit voice recorder 

(CVR) was transferred under water, to a 

transport container, The sea water In the 

container was then replaced with deionised 

water and ice to maIntaIn the - temperature 

below 12*C, during transportation to the 

Operator's laboratory. 

In the laboratory the temperature was allowed 

to stabilize at room temperature, approxl- 

rnately 21°C. The CVR was opened. There was 

minimal Internal damage, and the tape was 

transferred, without difficulty, to a reel. 

Cleaning was then accomplished by reeling it 

frm reel to reel in  deionised water, with 

frequent adinky checks. The tape was then 

drled in a vacuum chamber, with dry nitrogen 

purging at 10 minute intervals, This process 

was continued for 24 hours. 

The tape wa3 then carried by hand, cfrcum- 

venting all magnetlc security checks to  the 

NatlonaI Transportation Safety Board flight 

recorder laboratory In Washington D. C. There 

the tape was copied. The first generation 

master copy was made from reel to reel. 
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The CVR tape voice analysis was carried out 

in the RepubIic of South Africa. The only 

recorded data was on the . cockpit area 

microphone channel (CAM) and as most of the 

conversation, before the master fire warning 

bell sounded, was between the 2 flight 

engineers, the quality of the recording was  

exceptIonaIly poor. 

The system of data recovery employed was 

unique In that the  data was digitized and 

then computer analyzed. Approximately 6016 of 

the data were retrieved uslng this method, 

This figure was remarkable conslderlng that 

less than !% was recovered by conventional 

methods, 

A first generation copy of the CVR tape was 

analyzed by the Natlo nal Research Council 

(NRC)  i n  Ottawa, Canada, In an endeavour, 

using techniques developed by the NRC, to 

Identify an explosion signature, The results 

of this highly complex and time consuming 

technique were conclusively negative. 

The Air Traffic control (ATC) tape recording 

was also computer anaiysed i n  an attempt to 



retrieve the data from the very garbled 

inadvertent transmissions made' from the 

aircraft, This was less successful' than the 

CVR tape analysis. 

The manner In which the 3 94 )  still photo- 

graphs, taken on the sea bed, - were utilized 

is worthy of note. The photographs ware 

mounted on stands In the dive sequences, 

From the photographs, the operator's 

experienced maintenance personnel, together 

with rapresen tattves of the man ufactureis, 

were able to Identify most of the components; 

in  splte of the degree of fragmentation that 

had occurred. The video tapes, after being 

suitabiy catalogued, were analyzed in a like 

manner. 

1 n preparation for the possible recovery of 

both the flight recorders, a team of inves- 

tigators visited no less than 5 establish- 

ments in  the USA and 2 in  the United Kingdom, 

to obtain first hand knowledge of problems 

likely t o  be encountered with the recording 

medium after so long an immersion In sea 

water at such a great depth. The successful 

recovery and tape handling methods were 

devised from the information received. 
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2. ANALYSIS 

2.1 When the aircraft disappeared there was scant evidence 

of what had occurred and of where I t  was. Step by s t ep ,  

by palnstakfng and at times very costly efforts, 

important evidence has been recovered. That evidence 

has come from, inter alia, t h e  f indings at the  past 

rnortern examinations performed on the few bodies which, by 

an extraordinary chance, were recovered from t h e  sea; the 

Iocation by sonar side-scan devices, after prolonged, 

expensive and fruitless searching, for the wreckage in 

the Indian Ocean 134 nautical miles North-east of 

Plafsance Tower, lying at depths of the  order of 15 000 

feet (about 4,s kilometers) ; the identification, in  

Operation Resolve, of two distinct fields of wreckage; 

the expert analyses and interpretation of the  ATC tape, 

portions of which were unintelligibIe; the remarkable 

tech nological achievement of Iocatf ng and recovering the 

CVR from the ocean floor and the expert analyses and 

i n  terpretatlon of garbled but significant Items of 

speech and noise recorded thereon; the location and 

recovery of Important elements- of wreckage from t h e  

ocean floor; the production and analysis of some 3 900 

photographs and over 800 hours of video s tudies  of 

selected items of wreckage at these great debths; the 

identiflcatfon and sources of the cargo packed In the  

respective pallets on board the Helderberg at the time 

of the accident; a mass of expert findings on numerous 
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other aspects of the crash, foliowing i e t a l l ~ r ~ i c a l , ,  

chemical, electronfc and? other tests of ' pieces af 

wreckage and Items of cargo; the flIght characteristics 

of the B d n g  747 with heat damaged portions of the 

structure and controls; the significance of the wreckage 

pattern; the evidence of experts on aircraft fires and 

explosions; and volumes of documentary data on Comb1 

aircraft, spontaneous fires and oiher matters relevant to 

this f nqulty. 

2.2 From evidence pieced together it Is clear that a fire 

cmmenoed in the Front palkt on the right hand side 

(pallet NO PR) i n  the maln upper deck cargo,Md. The 

fire developed rapidly and could not be controlled. I t  

generated smoke, carbon monoxlde and carbon dioxide, 

some of whjch penetrated to the passenger cabin and 

posarlbly to the flight deck. 

Mr , the F M  expert explained that there were too 

many unknown variables to determine whether smoke could 

in fact have reached the cockpit. 

He said : "... it depends on the airflow and whether the 

alrflow systems are working or not, as to what 1s gdng 

to happen, whether the smoke is going to propagate lnto 

the - cuckpit or not, or how long it would take, and I 

couldn't tall you whether it would or I t  wouldn't, with- 

out kwsw%~iag al% the mndftlona that were gotng on inside 

that d ~ c r a f f t  at t k a  particular ttmtm. 
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Another FAA expert, Mr , agreed with this  view on 

the complexities of analyzing the air movements in  an 

aeroplane, , particularly when that analysis must take into 

consideration a thermal. driver, such as a fire. If, as is 

believed, the crew were fo1Iowing the smoke evacuation 

check list, the requirement for the recirculating fans to 

be en could have atgnlflcantly increased the flow of the 

products of combustion into the passenger. cabin. The 

flre also caused heat damage In varying degree to the 

aircraft's skin and the supporting (longltudinai) 

stringers, mahly between stringers R4 and- R16; to 

(circumferential) fr mes, mainly between body stations 

1640 and' 1960; to. the empennage flying .control cable 

pulley dusters  above the No 4 galley and as far back as 

body station 2080 ( t h e  controls involved here were the 

elevators, the rudder, the rudder trim and the manual 

operation of the horizontal stabilizer); t o .  part of the  

elevator cables; to the crown of the cargo hold; and to 

the electric wiring running in the raceways on either 

side thereof, including the wires supplying current to 

the CVR and DFDR at the rear e n d  of the aircraft, 

Further, the Eire caused a number of plastic- supports for 

the insulation' blankets to melt, and damaged some of the 

blankets themselves. 

The effects of the  fire eventually .led to the aircraft 

crashing into the sea, with severe Impact damage and 

disintegration of tbe aircraft itself, and of items of 

cargo and baggage. 
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2.3 The two main aspects upon which the evidence does not 

justify precise f indings are the  ignition source of the 

fire and the causal c h d n  between I t  and the aircraft's 

crashlng into the sea. Nevertheless, the evidence has 

provf dad positive guidelines on both these aspects, 

2.4 On the queatfon of the Ignition source, the  possibility 

of an explosion I s  considered to be remote, for the 

(a) The CVR tape was tested in  Canada by the 

National Research Council for the presence of 

an explosion 'signatureu indicative of a distur- 

bance which would be registered by an explosion 

of as Ilttle as 300 gm of explosfve. The findings 

were negative. Forensic tests on many pieces of 

floating wreckage were also negative (see para 

1.26.3 above). 

(b) An explosion of - any consequence would have 

resulted in depressurization, but there was no 

mendon of any such occurrence on the ATC tape 

of the communicattons between the f l ight  deck and 

Flaisance Tower. 

( c )  The CVR tape also contains no mention of any 

explosion or depressurization. 



178 ICAO Circular 259-AN11 53 

( d )  According to the  CVR, the emergency which 

developed in the  afrcraft was not the m u r r e n c e  

of an explosion, but the activation of the fire 

alarm's signal on the flight deck by smoke sensorer 

in  t h e  cargo hold. 

(el For what that may be worth, there was no c1dm 

by any organlsarlon of a terrorist attack on the 

Helder berg. 

( f )  .Mr , an expert on fires and explosions, 

examined the wreckage and photographs for 

indications of "an explosion in terms of high 

explosives", i;e. one that creates a shwk wave 

greater than the speed of sound. He found no 

evidence of any such explosion. 

(g)  Radiological investlgatbn of t h e  bodfed recovered 

from the sea revealed no tadlo-opaque objects. 

Sabotage by means of an incendiary device also appears 

to be Improbable. Here again, no claim by any organi- 

satlon was made. Obviously there was no pressure- 

activated device, for the aircraft had been at Its final 

cruising altitude for some six hours when the fire 

developed, The indications are also against a timing 

device. The aircraft was one and a half hours late in 

taka-off through an unexpected delay that developed 
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after it had been loaded. I f  a timing device had been 

used it would have been calculated to expldde approxi- 

mately an hour after the aircraft had already, landed in 

Mauritius. 

2.6 There was nothing In the cargo contents in pallet PR, 

as declared, that could be described as dangerous goods, 

Some of the computers cons igned in pallet PR and other 

pallets were fitted with nickel-cadmium or lithium. 

batteries, but in the circurnseances those items. were not 

likely to have caused any ignition or explosion, See 

paragraph 1.16.1 above. Moreover a security 

check at Taipei of a representative percentage of t h e  

cargo on board the Helderberg showed that the cargo 

manifests tallied with t h e  cargo itself, Subsequent 

investigation of the consignors of the cargo in  pallet PR 

revealed nothing su$piclous. Nevertheless, . the 

possibility of a inisdeclaration or a false declaration in 

the consignment notes or cargo manifests cannot be ruIed 

out entirely. 

2.7 Practical experience of and research into cargo hold 

fires, as communicated to the Board, demonstrate that 

such fires can originate from any of a wide variety of 

causes, Ignition is certainly not Iimited to items such 

as ' matches ignited by friction, fireworks, cigarette 

lighter fluid, nitric acid, peroxides, or any of the many 

other chemicals which when mixed together can burst into 
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flame or generate temperatures high enough to cause 

fire in other materials in the vicinity. As Mr 

the FAA .expert on fires, put it when consulted by the  

Board: "... (A) fire Initiated from just about any 

source spreading through packing material and cardboard 

boxes can lead to  catastrophic occurrences. . . . (T) hare 

are numerous ways of ignftin g various !materialsm, 

Mr expressed the opinion that the damage to the 

aircraft was entirely consistent with a fire In typical 

cargo packing materials, and that cardboard and plastic 

packing materials could have generated enough heat to 

produce the results that occurred In this particular 

instance. He explained that a fire i n  such packing 

materials can build up rapidly and within three to five 

minutes from the time of ignition develop into a "flash 

fire", i.e. a fire in  which the material has given off 

combustible gas which Ignites at the ceiling level, with 

flames progressing rapidly at the ceiling from one end of 

the compartment to the other, and consuming much of the 

oxygen in that compartment, With such a fire the 

temperatures at the ceflinga generally range upwards 

to 2000°F (about 1093°C) and last for a period of 

anything f r o m  thirty seconds to a few minutes, depending 

on how quickly and violently this occurs, and on the 

amount of material in the compartment. Sometimes the 

fire dies down from lack of oxygen and reaches an 

equilibrium point depending on how much air Is being 
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Induced back into the compartment. The fire can stay in 

a steady state of smouldering for as long as two hours, 

or if enough oxygen is induced back into the A p a r t m e n t  

as part of the air, the fire can go back into a flaming 

mode. Exactly how a fire would burn In a compartment 

therefore depends on a number of variables. The 

generatlon of smoke in a "flash firen or even a "flash 

overm where a number of other materials are ignited is 

rapid and dense.. These have been instances In actual 

fires in aircraft where vjsibiltty was severely limited 

by smoke, In a test of these conditions run by the FAA, 

the obscuration, . e m  the amount of Ilght visible ,over 

a distance exceeding one foot, went to zero almost 

JmedJatdy upon the flash fire in the cmpartm&nt 

and stayed there for a total of two hours of the 

test. The only thing that burnt were the packing 

materials. That was what was making the smoke. Also 

the amount of material consumed at the end of the two 

hours was relatively little and most of it  was in the 

area in which the fire started. 

2.8 Mr , the fire and explosions expert, who was 

called to testify by The Boeing Company, 

df scounted discarded smoking materials as a possible 

cause of the f ire,  and also electrical arcing from the 

raceways in the crown. In his optnlon the fire started 

as a result of something within the  cargo in pallet PR, 
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Having regard, inter alla, to the signs of f lre damage 

in  the cargo hold, to the restricted oxygen supply 

within t h e  pallet, and  ta the amount of oxygen that 

would have been necessary to achieve the energy output 

for that fire, Mr considered that the source 

was not a diffusive fire (Le, one in which combustion 

feeds on an outside supply of oxygen), but a promoted 

fire e .  one in which there is an intrinsic supply 

of oxygen within the material involved In the  

combustion 1. 

In t h e  opinions a n d  experience of the FAA and .of Mr 

the fire could have developed very rapidly 

into a "flash firen even before the smoke sensors 

activated the fire alarm system on the flight deck, or 

at least within a minute of that alarm sounding, 

In the Board's view there is insufficient evidence to 

determine the precise source of ignition. Nevertheless 

certain inferences on the  fire end its effects can safely 

be drawn, viz : 

(a)  Whatever the source of ignition, the cardboard and 

plastic packing materials in palIet PR were 

undoubtedly involved i n  the fire, which caused the 

damage described in the  evidence. 

b) The burning of those materials produced the smoke 

problem mentioned on the ATC tape, and also carbon 
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monoxide and carbon dioxide, whlch, as noted 

earller, penetrated to the passenger cabin and 

possibly to the flight deck. 

NOTE: On the presence of carbon mnoxlde see 

paragraphs 1.13 and 1.14.2 above and 

paragraph 2.12 below. 

( c )  The fire could have developed rapidly, so rapidly 

indeed that .  by the t h e  a craw member or members 

arrJved in the cargo hold, visIbIlity could have 

been severely restricted by the smoke, and by then 

the lights in the cargo hold could have gone out 

through damage to the wlrss in the crown, or were 

of little value because of the smoke. 

( d l  There was no torching, i.e. the fire did not burn 

outside the fuselage. 

(el . The heat glven off by the fire while flashing, 

and reflashing, and the reatdual heat, would have 

prevented the crew from getting close enough to It 

to operate a flre extingulsrher effealvely. 

2.10 The next aspect to be examined ts the causal chaln 

between the fire and the aIrcraftt6 crashing into the 

sea. 
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Certain inferences can be stated with certainty, viz : 

ta) The cause of the crash was the flre. 

(b) The fire got out of control and either remained 

so or was only extinguished after an irretrievable 

position had developed. 

(6) The smoke problem led the crew to decide on an 

emergency descent to FL 140. 

( d )  "Something catastsophlcw (as it was put in the  

testimony of the Director of Flight Operations of 

SA Airways) occurred between the  last wmmunlcation 

from the flight deck at 00:04:02, when the aircraft 

acknowledged ''KayW in  respect of the Tower's 

Instruction to report approaching FL SO, and 

00:07:00 when the crash occurred as indicated on 

the two watches found i n  the  wreckage, 

2 - 1 1  On all the evidence, the total range. of posslbllitfes, 

which were examined at great length before the Board, is 

as follows : 

1. The crew were overtaken by toxic levels of carbon 

monoxide and carbon dioxide, and ceased to control 

the  aircraft effectively or at all, or they became 

diaorientated or unable to see the instruments 

because of smoke. 

2. Crew distraction. 
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3. The aircraft broke up through weakening of the 

structure by fire damage. 

4. The aircraft became uncontrollable through 

expansion beyond the limits of tolerance, or a 

fracture af the elevator control cables, and/or 

through damage to the empennage flying control 

cable pulley clusters. 

5. The aircraft became uncontrollable through 

deformation of the fuselage by heat from the fire, 

Ori the first point, it was suggested by Boefng's coumel 

before the b a r d  that the medical evidence, of fatal 

levels of carbon monoxide in the blood samples taken from 

two of the bodies, was unreliable, The evidence of 

carbon monoxide in the blood of these two persons, 

however, becomes oven&helmingly probable when account is 

taken of the further facts that the fire penetrated via 

the crown of the cargo hold to the passenger cabin, that 

the crew reported a smoke probIern, and that soot was 

found in the respiratory tracts of the passengers upon 

whose bodies post-mortem examinat ions were performed. 

The scientific evldence presented on the laboratory 

investigations In regard to carboxyh~emoglobln levels 

thus becomes particularly cogent. 
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Besides, the analyses for carboxyhaemoglobin were 

carried out by the use of gas chromatography, which 

largely obviates false readings due to decompodtion 

haemoglobin pigments, Medical evidence was led that 

the blood samples were obtained from closed thoracic 

cavities and had not been exposed to outside air or 

water, 

The  high levels of carbaxyhaemoglobin found (60,3% 

and 67, %), together with the post-mortem observations, 

indicate that there were fairly high levels of smoke, 

soot and carbon monoxide In the passenger cabin. 

The allocated seat numbers of the passengers with high 

carboxyhaemoglobin saturations were 30E (business 

class, fairly far forward In the passenger cabin), 

and 4UD (economy class). Other identified passengers 

In allocated seat numbers 37A, 37D and 42A (all in  

economy class) had soot In their respiratory systems, 

and, presupposing that they were in those seats when the 

fire occurred, the indications are that they too were 

exposed to carbon monoxide gas. On the probabilities, 

most if not all of the passengers would have moved as far 

forward as- possible after the smoke had penetrated the 

. passenger cabin, 

It in possible that smoke, soot, carbon monoxide and 

carbon dioxide penetrated to the flight deck. Dr 



ICAO Circular 259-AN11 53 1 87 

the expert on electronic tape recordings, expressed the 

opinion that the captain's voice an the  ATC'tape during 

the emergency indicated that he was not wearlng an oxygen 

mask, I t  was, however, not a dogmatic opfnion, and the 

Board is satisfied that the almost certain reaction of 

the crew, based on the evidence of the check .list, their 

training and their responses to the critical situation 

confronting them, was to don their oxygen masks and keep 

them on at least until FL 140 was reached, if not until - 

the end. There was an adequate supply of oxygen 

available to the flight deck crew, t h e  duration of which 

for 3 crew members on "Emergency" selection was 42 

minutes, It is believed that the inadvertent 

transmissions made on the approach frequency resulted 

from the captain repeatedly having to select between VHFl 

and interphone, durlng a petfod of extreme tension in the 

cockpit, These inadvertent transmissions, the last of 

which ,was made some 4 minutes before the aircraft 

crashed, strongly suggest that the oxygen masks were worn 

by the crew right up to the end, if the flight deck crew 

were using oxygen masks immediately after the fire alarm 

sounded, as required by the check list, they would 

have been breathing one hundred per cent oxygen, and 

would have been largely protected from carbon monoxlde 

intoxication and smoke inhalation. This assumes that the 

oxygen masks were fitted properly to  the faces of the 

crew members concerned. The possibility cannot be 
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Ignored that, because of his akin ailment, the captain 

might fran time to time have found t h e  pressure of the 

mask on his face uncomfortable and have moved it to 

scratch the akin udder It .  In that event, he would from 

time to tlm have been exposed to the risk of inhaling 

carbon monoxide and carbon dioxide. 

Carbon monoxide and carbon dioxide are toxic gases which 

can cause incapadtation, Carbon dfoxide is evolved in 

large amounts in nearly a11 fires. Inhalation of air 

containing thirty per cent by volume of carbon dloxfde 

Induces anaesthesia In  a few minutes. 

Owlng to the stability of carboryhaemoglobln which 

continues to accumulate as the blood absorbs the gas 

f r a n  the lung alveoli, even very small proportions of 

the gas ( not Immediately dangerous), may even tua11y prove 

fatal. Thus one per cent by volume in the alr can cause 

unconsciousnears in fifteen to twenty minutes. I t  has 

been estabUshed that carboxyhaemoglobin levels as low an 

five per cent, particularly at high altitudes, can cause 

severe Intellectual impairment. From the aforegoing it 

can be deduced that : 

(a) There in a teal posalblllty that some, if not 

all, of the passengers and cabtn crew were 

unconsdous OF dead from carbon monoxide and carbon 

dloxide .intoxicatton before the impact. 
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(b) If (as I s  unlikely), the'flight deck crew were not 

using oxygen masks, it Is possible That they  too 

became incapacitated by carbon monoxide and carbon 

dioxlde gases and smoke, 

( c )  I f  the flight deck crew reverted to norm1 oxygen 

on reaching FL 140, when the cabin oxygen was 

switched off,  they would then have been inhaling a 

mixture of 40% oxygen and 6W cabin air, and 

could have been subjected to the effects o-f 

carbon monoxlde and carbon dioxide, with a 

consequent posslbllity of ensuing impairment of 

intellectual and physical capacity. 

2.13 On t h e  question of the poss1bIe 'break-up of the drcraft 

in the air, there are arguments on both sides, but 

nothing conclusive. 

The metln arguments against a break-up in the air are 

that : 

(a )  calculations Indicate that even if the damaged 

area of skfn and underlying stringers and frames 

were to have broken away, there would not have 

been any structural failure of t h e  airframe wtthin 

the normal operatirig parameters of 1,3 to 0,7 g; 

( b )  there have been cases where, relatlve to this acci- 

dent, proportionately Iarger areas of skin,  
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stringers and frames have been lost from areas that 

are more critical to  the aircraft's structural 

survival, and where no catastrophe ensued; 

( c )  the pattern of the wreckage is not consistent with 

structural faiIure unless such occurred at a very 

low altitude; 

( d )  the manufacturer of r h e  engines is of the view that 

they were attached to the  airframe at impact (see 

Appendix C Volume 2 ), although the  fact that 

the  engines were not "shedn i n  the air is not 

necessarily inconsistent with a prior break-up of 

the rear portion of the aircraft. 

Some of the arguments in favour of break-up in  the air 

are that : 

(a) there Is clear evidence of two separate fields of 

wreckage about 200 metres apart; . 

(b) there is evidence that the engine fans were not 

wIndmiIling and had ceased or almost ceased to 

rotate before impact with the sea, whfch would 

indicate that the aircraft was not flying but 

falling- or tumbling or engaged in  some other 

unusual manoeuvre; 

( c )  there can be no assurance that the  aircraft remain- 

ed within the parameters of 1,3 to 0,7 g. 
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There was a wrinkling of the skln in  the aft fuselage and 

empennage, suggestive of structural failure, which could 

be indicative either of in-f ight  break-up or impact 

damage. 

In the Board's view lt would not be helpful to pursue 

these and other arguments pro and con in any detdl ,  

because no sure findings c a n  be made thereon, not even 

on the probabilities; 

2,14 This view also applies to the question of whether there 

was interference with the empennage flying control cable 

pulley clusters or elevator control cables or the 

aerodynamic integrity of the afrcraft. There is cogent 

evldence from the manufacturers of the Pratt & Whitney 

engines, with which the aircraft w8s fitted, based on  

the appearances of the engSne fans as shown In- the 

underwater photographs, that t h e  aircraft must have hit 

the water with the wings perpendicular to the surface 

of the sea. That could mean elther that the aircraft was 

out of control (but there fs atill no indication of 

precisely how that could have been caused) ,  or that the 

aircraft " bouncedw after its initial impact with the 

water and then proceeded to tumble. 

2.15 I t  fs necessary to analyse the actions of the 'crew, 

both those on the flight deck and those in the cabin, 
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subsequent to the sounding of the fire alarm an the  

flight deck. 

2.16 Before proceeding with that anslysls, however, It is 

convenient at this stage to deal with an aspect of the 

flight prior to the sounding of the fire alarm. The 

history of the flight until the Tire warning sounded 

appears, on all the evidence, to have been entirely 

normal, save for the omission to comply with standing 

Instructions of t h e  Operator relative to regular 

comunication between the aircraft and ZUR, the high 

frequency radio transmittjng station based at the 

Operator's headquarters at Johannesburg (see paragraph 

1.9 above). The purpose of the standing 

instructions was that contact should be  maintained 

between the Operator's home base and its aircraft flying 

in various parts of the world. The evidence reveals that 

those responsible for establishing such contact with the 

aircraft from time to time failed to carry out their 

Instructions. Moreover, the tape recordings of the 

activities of the SUR station over the relevant period 

were either mislaid or inadvertentiy wiped out. The 

circumstances were investigated i n  full by the Board, 

which Js satisfied that there was no connection between 

the failure to  comply with the instructions and the 

acddent to the Helderberg, The kind of communication 



ICAO Circular 253-AN11 53 193 

that normally takes place between ZUR and an aircraft 

flying on any of the Operator's routes would 'have had no 

bearing on the circumstances which befell the Helderber g . 
On the  other hand, because of the fire on board the 

aircraft, the crew of the Helderberg would have been 

preoccupied with communications t o  and from Pf aisance 

Tower. That was the source from which assistance would 

be expected, whereas ZUR could have done nothing in the 

circumstances. Insistence on communications with ZUR at 

that time would have been an interference with the 

handling of the aircraft and the  reports of its progress 

to Plaisance Tower. 

2.17 We return now to the actions of the crew subsequent to 

the sounding of the fire alarm dn the flight deck. 

According to the ATC tape, the first transmlsslorr from 

the aircraft to Mauritius Approach Control on VHF RTF 

was at 23:48:51. I t  is apparent that the fire warnlng 

bell and lfght signal preceded this transmission, as 

also the eighty seconds .of cockpit volce recorder (CVR) 

recordings which contained such of the information 

regarding the fire situation as was available at that 

time, Because of the Interruption of the electrical 

power supply to the CVR no further data was retrievable 

from thls source. 
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I t  I s  not possible to establish positively how long 

after the  Elre warning bell had sounded the ffrst call 

was made to Mauritius Approach Control, This period 

could have been anyt hlng between three and five mlnutes, 

I f  the fire was already burning as a "flash flren when 

the alarm sounded, the development of the smoke and its 

penetration into the passenger cabin could have occurred 

very rapidly. 

The mast acceptable explanation of the lntercom chhe 

which is heard on the CVR four seconds after the master 

fire warning bell had sounded Is that a cabin crew member 

became aware of the problem in the main deck cargo area 

behind the forward non-structural cargo bulkhead. 

In Its transmission to Mauritius the afrcraft stated 

that It was already established in an emergency descent 

to f1Ight level: (FL) 140. Some thirty four seconds after 

the bell had sounded, the captain requested the 

flight engineer to read the appropriate check Hst. 

Although he did not specify which check list should be 

used, It Is overwhelmingly probable that It was the 

Main Deck Cargo FireJSmoke : Mlxed Passenger and Cargo 

check Iist. 

2.19 The fitst action on this check llst requires ell cockpit 

crew to don oxygen masks and select one hundred percent 

oxygen on the regulators. The cockpit crew shouId have 

remained on oxygen unt11 the fire was exrlnguished and 
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any smoke had been evacuated. I f  there was smoke 

present on t h e  flight deck, the  crew should have donned 

smoke goggles. I f  there was no smoke apparent on the 

flight deck it is possible that the cmkpft crew, 

consisting of the captain, co-pilot and flight engineer, 

removed their oxygen masks after reaching FL 140 (which 

would have been contrary to their training), or selected 

the "Normalw position on their oxygen regulators. 

Under normal cfrcumstances it would be probable that the 

extra flight crew members,  fee. the third pilot and the 

second fl ight engineer, would have been resdng In the 

special crew rest area. However, the evidence of Captain 

who became familiar with the voices of some of 

the crew, indicates that the senior flight engineer (Joel 

was In  the jump seat behind the captain, and that the 

other fl ight engineer was in t h e  f l ight  engineer's seat 

on the  starboard slde of the  cockpit.  When the alarm 

sounded, it is 'probable that the extra pilot would have 

been sent back together with the second flight englneer, 

with Joe and the co-pilot remaining on the fIight deck 

with the captain. I t  would have been more IikeIy that 

the captain elected to send a flight engineer and/or 

pilot aft rather than leaving the situation to the 

evaluation of a member of the cabin crew. 

2.20 Only sixty five seconds after the fire bell had sounded, 

the cabin intercom chime sounded again, I t  is considered 
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that this was a further attempt by a cabin attendant to 

contact the flight deck. On the probabilities I t  would 

not have been the  third piIot or the second flIght 

engf neer sounding the Intercom chime, because they would 

not hare had time to go initially to the cockpit to 

receive instructions from the captain, then proceed to 

the aft bulkhead adjacent to the maln cargo area, then 

enter the cargo hold in order to evaluate the situation, 

and then only report to the captain on the intarcum. 

2.21  The CVR record does not contain any further reference to 

the check list, From the fragmentary evidence available 

it is clear that electrical supply problems were occupy4 

ing the attention of the flight dkck crew. I t  has been 

estimated by the Operator that a possible total of elghty 

circuit breakers, of which fifty eight were located in 

the cockpit, could have been "trippedR as a result of the 

fire damage to electrical circuits fn the main deck cargo 

area. This is borne out by the VHF RTF conversations 

with Mauritius Air Traffic Control, during the course of 

which the comment was made from the flight deck 'We have 

lost a lot of electrics, we haven't got anything on the 

. . . aircraft no$"' This transmission at 23: 51:08 

followed the aircraft's etffirrnatlve response at 23: 50: 00 

to the question by the Air Traffic Controller on whether 

or not they wanted a full emergency declared. 



While the captain did not send a "Maydayw call, there is 

no doubt that he considered the situation to be extremely 

grave. There is a natural reluctance on the  part af 

professional p1Iots to declare a "Maydayn except as a 

Iast resort. 

2.22 At 23: 52:40 an estimated. time of arrlvaI (ETA) at  

Mauritius was given as 00:30, i,e. some thirty eight 

minutes ahead. . This was a fairly accurate prediction. 

Some ten minutes later, however, st 00:02:43 the 

aircraft gave a distance out from Mauritius of sixty 

flve nautical miles, This figure could not have been 

accurate or derived from a DME as the aircraft -at that 

time would have been one hundred and s ix ty  nautical miles 

from Mauritfus and possibly below the DME radio horfzon. 

The most likely explanation would be that the sixty five 

mile f igure was the distance to run Indicated by the 

Inertial navigation system (INS), whlch couId have been 

operatfng off its own internal battery power, fn the 

absence of the main bus electrical power, had this 

been loat, . In the opinion of both the Manufacturer and 

the Operator, the circumstances were not such as to have 

caused the loss of the essential AC and DC power on the 

aircraft. 

Sixty five nautical miles was actually the distance to 

the next way-point, Xagal, 
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The fact that the  aircraft as yet had no 'DME reading, 

but  was in  VHF contact with Mauritius, could b e  

explained either by loss of power to  the  DME or by t h e  

difference in  altitude of the antenna for the  two 

different facilities. The VHF RTF antennae were located 

some two thousand feet above sea level, whiIe the DM2 

aerial was slted virtually at sea level. 

2.23 At 00:02:50 ;Maurltlus cleared the aircraft to FL 50; 

this Ins tructton was acknowledged. The Board believes 

that the aircraft would have started a descent 

immediately from FL 140, had it  been at that altitude. 

ThIs was estlmated to be some three minutes before impact 

with the water. A descent under control to FC 50 in three 

minutes would by  itself have required a rate of descent  

of some three thousand feet per minute, a fairly high 

rate under normal circumstances. The actual descent from 

FL 140 to the water in three-minutes would have been much 

more rapid, 

2.24 After the Maurltlus weather was copied at 00:03:00, some 

four minutes before impact with t h e  water, there was 

actcording to the ATC tape a noticeable reduction in the 

tenslon on the  f l ight  deck. The hpress lon is that the 

. crew felt that the situation was now under control and 

that a safe Ianding at Mauritius was possible. This Im- 

pression might appear to be supported by the last few 

contacts wlth the aircraft which were almost normal, w o -  
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cernfng the runway to be used and reclearance down to FL 

50. The last transmission from the captain + was a rela- 

tively relaxed 'Kaf in response to the ATC indication to 

report approaching FL 50. Some three minutes later the 

aircraft crashed into the sea one hundred and thirty four 

nautical miles Nort h-east of Mauritius, Notwithstanding 

these Inferences of a greatly relfeved crew, the bask 

anxiety generated by the situation must still have been 

f e l ~  A posslble . sequence of events in such a context 

would be an over-rapid descent developing while the crew 

were concentrating on their problem, with the downward 

inertia forms overcoming any attempts to pull out and 

the aircraft crashlng Into the sea In a tail-down attf- 

tude, nbouncIngu and tumbllng and even breaklng up 

into two main portions. Such a scenario could account 

for the finding of the manufacturers of the engines that 

the wings sliced Into the water st an angle of 900. That 

would have been in a secondary or even subsequent impact 

with the s a  

Because of the p r w n c e  of cloudy condltfons at FL 50, 

the captain rightly decided to use runway 14 at Plaisance 

Airport, which would have Involved alignment with the L S  

IocaIizer approxfmately on the reciprocal of  his approach 

to the Afrport, rather thah trying to save time by coming 

straight in on rumay 32. The Indications are that at 

that time the captain considered the aircraft to be under 
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contro1, Even if at that stage the captain was under 

some degree of euphoria through carbon monoxide intoxi- 

cation, his responses were logical and conslsten t, That 

supports the inference that he believed that the aircraft 

could be landed at PIaisance. I t  would follow from thls 

that the situation in the dscraft must have deteriorated 

rapldly after the captain's last acknowbdgement at 

0@04:02 Thb is the conclusion of the two senior and 

experienced 747 pilots who sestlfied before the Board, 

and It is to some extent confirmed by the absence of any 

further message from the aircraft, If the aircraft had 

broken up, there would hare been little or no opportun- 

ity of transmitting an explanation of what was happening 

The same applies Ef the crew had, without realislng what 

was happening to them, been overcame by carbon monoxide 

and carbon dioxide Intoxication. However, I f  the 

aircraft had k e n  difficult to control, it is po8sible 

that a message would have been transmitted by the pilot 

who was nor handling the aircraft. earlier indicated, 

the reasons fox the rapfd 10s of control can only be 

speculated upon. 

In the aforegoing analysis of the actions of the crew, 

there ls no Indication . of any culpable failure of 

judgment, or corn p e t e n e  or appropriate respansa, 

2.25 The inability of the Board, far want of adequate 

evidence, to arrive at a, pracIse f1ndng on what must 
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have occurred after the flre broke out, does not mean 

that this Inquiry has been sterile. On the contrary, 

.sufficient evidence has been recovered to 'enable the 

Board to determine that the fire broke out in the 

forward pallet on the right s ide,  the drcumstances 

being such that a s id lar  fire could occur again in 

another aircraft; that the fire got out of control, and 

generated consequences, either' by way of damage to 

the aircraft, or .by way of loss of control of the- 

aircraft, OF by way of incapacity (whlch term includes 

distractton) of .'the crew, which caused the  aircraft to 

crash into the  sea. On these flrm bases, tbe Board is 

able to make recomendatlons of a practical nature which 

are aimed at ensuring that such a situation will not 

happen again, 

The USA Federd Aviation Administrationls Response to 
the Helderberg Acddent and the Board's Approach 

3,1 The Background 

3.1.1 The Board's attention has been dlrected to 

documen tation emanatfng from IFALFA's Dangerous 

Goods Committee in June 1987, and to certain 

other memoranda from pllots' organizations In 

which it was contended that the use of Class 8 

cargo compartments could be hazardous. Those 

contentions were not generally accepted, but it  

is no past of this Board's functions to comment 
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on those issues in the light of knowledge and 

experience at that time, 

In over 20 years of operations by Combl aircraft 

the  Helderberg acddent fs the first in-flight 

fire which resulted in the toss of the afrcraft. 

As a direct result of the accident, the FAA 

undertook an in-depth review of the adequacy of 

existlng regulations, policies and procedures 

pertaining to the certification of main deck 

Class B car go compartments with volumes excwdin g 

200 cu ft,  Class B cargo compartments have been 

fn use i n  transport aircraft for approximstely 40 

years. Over the years, however, the size of the 

compartments and the size of the cargo packages 

have increased subatantlalIy, The Helderberg 

accident has focussed attention on the fact that, 

although the sIae of the compartments and of the 

cargo packages have been Increased, the criteria 

far certlflcatlon of Class B cargo compartments 

have remalned virtually the same and are 

inadequate* The Helderberg accident has 

established further that even compliance with 

existing cetttficatton, criteria wtll, not always 

prevent the development of an uncontrolled cargo 

fire which could result in  system and/or 

structural damage and/or ' crew Incapacitation, 

whlch In turn could lead to loss of the aircraft. 
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3.1.2. The certification criteria for Class B cargo 

compartments are based upon the assumptions of 

timely fire detection, fire locatio" identjfi- 

cation and manual fire suppression and extingu- 

ishment by a single crew member. For type 

certification, the  FAA criteria consfder only the 

required minimum flight crew, i,e, two pilots and 

a flight engineer, 'Therefore, the flight 

engineer was the crew member expected to exdngu- -  

i sh  the  fire (although in practice use could be 

made of a cabin crew member). Those criterfa 

clearly are no longer adequate since the assump- 

tions have been proved by the Helderberg accident 

to be invalid. In Class C cargo compartments, 

by contrast, cargo is not accessible by a crew 

member. A Class C cargo compartment Is self- 

contained and I s  equJpped with cargo ltnefs for 

containment of any fire, control of vent1Iatlon 

a i d  drafts and fire detection and suppression 

systems to control and extinguish the fire-. I t  

I s  significant that there Is no known loss of 

aircraft due to fire in a Class C cargo cornpart- 

men t. 

3.1-3. While the Helderberg accident is the only loss of 

a Combi aircraft due to a fire in a main deck 

Class B cargo compartment, i t  is beyond question 
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that there can be others unless effective steps 

are taken by the appropriate licensing author- 

ities to remedy t h e  position, e. g, by prohibiting 

the transportation of cargo In a Class B cargo 

cornpartmen t. 

The - inadequacies of Class B Cargo Compartments in  

Combi - Aircraft 

3 .2 .1  The ex i s t ing  certification standards with respect 

to Class B cargo compartments specify that a fire 

must be detected rapidly and that, following 

detection, a crew member must be able, withln 

five minutes, to leave hla or her station, don 

protective equipment, enter the cargo compart- 

ment, locate the fire extinguisher, attach an 

extension nozzle {applicator or wand) to It, 

locate t h e  origin of the fire and extinguish it,  

The type certification standard In effect for 

rhe B-747-244 Combi aircraft required that smoke 

detection be obtained within flve minutes of fire 

initiation. Durfng one of the certiflcatfon 

tests, detection was received withln 27 seconds. 

The fl ight engineer was able to configure the 

aircraft in accordance with the  emergency proced- 

ure, then walk to the cargo compartment access 
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door, don his protective breathing equipment, 

enter the compartment, open the  cargo net  

access, pick up  the portable fire extinguisher, 

connect the extension nozzle, and walk to t h e  

middle of the compartment in three minutes, 

thlrty seconds after the initiation of the  fire 

~Imula~ ion  in the compartment. In  practice, 

however, conditions in the cargo hold could be 

more dlfflcult because of factors, such as poor. 

visibility In smoke, bulky and high pallets,  

delay In finding the source of the fire, and the 

aircraft belng In a steep nose-down attitude. 

Prior to the Helderberg accident, inadequate data 

was available to support the effectiveness of the 

sequence of fire detection, auppressIon and 

exfnguishment techniques within the prescribed 

time in the face of an actual In-flight fire in  a 

main deck . Class B cargo compartment. The 

effectiveness . of these flre suppression 

techniques relies essenttally on rapid detection 

and extfnguiahment of the fire by a crew member, 

The inadequacy of the detection, suppressfon and 

extinguishment systems relied on when this 

accident occurred is demonstrated in the 

evidence, and in what the Board observed during 

its inspection of a simulated fire-fightlng 

attempt. 
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3.2.2 Both the detection and suppression technf ques 

relied upon can no longer be accepted as 

adequate. The smoke detectors in a Class B cargo 

compartment are Iocated in t h e  crown of the 

compartment, I . e . ,  on the ceiling, and are 

ineffective to detect smoke which exits a pallet 

of cargo at the floor level until sufficient heat 

has been generated to force the smoke to the  

crown of the compartment where she smoke 

detectors will then activate the warning bell in  

the cockplt,  I t  is true that in  t h e  Imfted 

testing which was conducted i n  the B-747 Combi, 

and which 1s referred to In sectlon 1.17.6 

I ,  a significant portion of the 

cold smoke rose towards the ceiling. That result 

must, however, depend on the cunditiona I n  the 

cargo compartment at the time. Thus, only after 

sufficient smoke has exited a pallet and the 

thermal energy of that smoke has exceeded the 

force of the downward air current Tvlthin the 

compartment would the  smoke rise to the smoke 

detectors. By this tlme, that Is before the 

ala rrn bell has been acthated by smoke detectors, 

the material in the pallet could be pre-heated to 

a point where a fire has developed and grown 

rapidly. The members of the Board have witnessed 

a demonstration of t ha ftre suppression and 

extinguishment techniques in a Class B cargo 
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compartment, from which I t  fa readily apparent 

that, even under ideal circumstance$, the abllfty 

of a crew member to locate and fight a fire in 

the compartment successfully is severeIy limlted. 

At worst, the task could be impoasibIe. After 

enterlng the compartment, donning the protective 

equipment and preparing the extinguisher and 

wand, a crew member is required first to f ind the 

source of. the fire. The ability to d o  so is .  

rendered extremely difficult if sufficient smoke 

already has been generated to reduce the 

visibility within the compartment, and/or if  

there is no or reduced illumination, and/or 

extreme heat, and/or difficulty in  passing 

between pallets or in passing pallets on the 

outboard side, and/or if the fire origin is 

located in the internal portion of a cargo 

pallet. These difflcultles would be Increased if 

the aircraft were to be making an emergency 

descent at an angle of the  order of f O O  (as 

occurred in the case of the Iielderberg). The 

crew member entering the cargo hold would then 

have to more wuphilIm, Additionally, the fire 

exttnguishlng agent available to fight the fire 

lasts for only twelve seconds and If the 

extinguisher is used  to its Iimit t ithout 

extinguishing the fire, the  crew member is left 
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with no other specific means to  suppress the fire 

and ensure the safety of the flight. In this 

coanectlon a fire extinguisher normally stowed 

adjacent to the No 2 right hand daor in t h e  

passenger cabin was recovered from the sea. It 

had not been discharged and there were molten 

drops of nylon adhering to it whlch could only 

have come from material In the cargo hold. The 

probable inference 1s ,that it had been taken to  

the cargo compartment (which wouId have been 

standard pxmedure) but had not been used because 

the crew member concerned had been overcome, or 

because catastrophe had occurred before It cautd 

be used. 

[ t  is significant that, in tests conducted by SA 

Airways on March lst, 1988, at the request of the 

Board, with a Combi aircraft stationary on the 

ground, and no pa8sengers or obstacles, a FuIIy 

trained cabin attendant took 5 minutes 15 seconds 

to falbw the prescrlbed routine and to be ready 

to locate the  fire and commence fire-fighting. 

Even though the pallets were located within the 

envelope, on several occasions the 

cabin attendant's portable oxygen cylinder 

snagged in cargo netting used to  restrain the 

cargo on t h e  pallets. 
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3.3 The National Transportation Safety Board Safety 

Reammen dation 

3.3.1 As a result of the information available from the 

preIimlnary investigation of the Helderberg 

accident, the National Transportation Safety 

Board (NTSB), on May 16th 1988, issued Safety 

Recommendation A-88-61' through 63 recommending 

that t h e  FAA : 

1, Require that all cargo carried in Class B 

cargo compartments of United States 

registered aircraft be carried In fire 

resistant containers until fire detection 

and suppression methods for Class B cargo 

compartment fires a r t  further evaluated and 

revised as necessary. 

2. Conduct research to establish t h e  fire 

detection and suppression methods necensar y 

to protect transport aircraft from cata- 

strophic fires In Ciass B cargo 

cornpartmen ts. 

3. Establish fire resistant req uf rements for 

the ceiling and sidewall liners i n  Class B 

cargo compartments that equal or exceed the 

requirements for Class C and Class D cargo 
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compartments as set forth in the applicable 

FARs. 

The  NTSB Safety Recommendation of May 16, 1988 Is 

appended to this Report as Appendix E Volume 2 

3,4 The Evaluation of CertificatIan Criteria and 

Findings of the FAA Review Team 

3.4.1 The results of the FAA's review of existing 

reguIations , policies and prtxedures for certifi- 

cation of main deck Class B cargo compartments 

are contained in a report entitIed "Evaluation of 

Transport Airplane Main Deck Cargo Compartment 

Fire Protection Certificatibn Proceduresu. A 

copy of this report, dated June 1 1988, is 

. appended hereto as Appendix F Volume 2 

The FAA Review Team met with representa- 

tives of The Boalng Company, &Don neI1 Douglas 

Corporation, Alaska Airlines, Federal Express 

and the Los Angeles Fire Department. 

The report concluded that aircraft equipped with 

main deck Class 5 cargo compartments complying 

with existing regulations "do not provide an 

acceptable level of safety In terms of smoke and 

fire protection", 
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3,4,2 The significant findings and conclusfons of the 

FAA Review Team have already been arummatized 

above in paragraph 1.16.2 , For 

convenience they are set out here, viz : - 

" 3.4.2.1 Existing rules, policies and procedures 

being applled to the certffcation of 

Class B cargo or baggage compartments 

in . terms of smoke and fire protection 

are inadequate. 

3,4.2.2 The use of pallets to carry cargo in 

. Class B compartments is no longer 

acceptable. 

3.4.2.3 While entry Into the cargo compartment 

is available, not all cargo is 

accessible. 

3.4.2.4 I t  I s  unlikely that personnel would have 

the means avaiIable to extinguish a fire 

(particularly a deep-seated fire). 

a)  The reliance on crew members . to  

fight a cargo fire must be 

discontinued. 

b) The qriantlty of fire extinguishing 

agent and the number of portable 

extln g uls hers are inadequate. 
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c )  The level of visfbllfty available in 

a smoke filled cargo compartment is 

not ' adequate for locating and 

fighting a fire with a portable fire 

ex tin g uis her. 

3.4,2.5, Most existing transport airplane smoke 

or fire detection . . systems ,, , are 

incapable of giving timely warning." 

These flndings and conclusions were extensively 

criticlsed, mainly by members of the air trans- 

portation industry, The Board of Inquiry has 

given f ulE consider ation to these crltidsms , 

but, upon the  basis of the  results of the 

Investigation of the Helderberg acddent and the  

evidence received during the Public Inquiry, the 

Board unanimously agrees wlth the foregoing 

findings and concIusions of the F U  Review Team. 

3.5 The F M  Notice of Proposed Rule Making 

3.5.1 Following the Issuance of the report of the FAA 

Review Team on June 1, 1988, concluding that, 

notwithstanding compliance with existing 

regulations, aircraft with main deck Class B 

cargo compartments - Combi aircraft - "do not 

provide an acceptable level of safety in  terms of 
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smoke and fire protection", the FAA issued a 

Notice of Proposed Rule Making (NPRM) on July 8, 

1988, which proposed a new Airworthiness 

Directive (AD) to require design changes in 

existing aircraft either to modify CIass B cargo 

compartments to the Class C configuration or to 

require the use of flame penetration-resistant 

cargo containers in Class B cargo compartments. 

A copy of the  NPRM is appended to this Report as 

Appendix G, Volume 2 

3.5.2 The NPRM and proposed AD were the direct 

outgrowth of the Helderberg accldent and 

subsequent revfew by the FAA of existing 

certification standards for Class 13 cargo 

compartments. The AD, as initiaf?y proposed, 

would have required affected operators : 

" To mlnlmixe the hazard assoclated with a 

maIn deck Class B cargo compartment Ore, 

. . . (by accompIlshf ng) the following : 

A Within 180 days after the effective date 

of this AD, or prior to carrying cargo 

In a maln deck Class B cargo compart- 

ment,. whichever occurs later, aecomptish 

either of the following : 
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1. Modify all mdn deck Class B cargo 

compartments of volume exceeding 

200 cu. ft. to comply with the 

design standards specifkd in the 

FAR 25,857Cc) for a Class C 

compartment. In additton, the 

cdlfng and sidewall liner panels 

must meet . the current FAR 

requirements, 

2. Allodlfy all main deck Class B cargo 
* 

compartments to require that , .. n 

a placard be InstaIIed in 

conspicuous locations that car go 

carried in the compartment must be 

loaded in an approved flame 

penetration-resls tant container 

meeting the requirements of 

currently effective >FARs, 

The FAA recognized in the NPRM that alternative 

means of compliance, or adjustment of the 180-day 

period, which provided an acceptable level of 

safety, might be used when approved by the FAA. 

The NPRM invited comments from interested parties 

by not later than November 7th 1988. 
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3.5.3 Extensive comefits were received by the FAA from 

various industry interests In respdnse to the 

Concerns expressed by operators generally 

were based on the contention that Class B 

cargo holds had not yet been shown to be unsafe. 

There were also representations relating to the 

very high capital cost of retrofitting of Class C 

cargo compartments in place of Class B,  the 

increased operating costs and consequent 

jeopardy to certain highly economlc and useful 

cargo operations with Cornbi aircraft, and the 

very short time aI1awed for the introduction of 

the proposed remedial measures. The operators 

also expressed the view, generally, that 

existing fire detection, suppression and 

extinguishment procedures, with some irnp;ove- 

ments ,  would be adequate to prevent a 

recurrence of a Helderberg type a'ccident, 

Pilot associations, generally, urged a 

complete ban on Class B cargo compartments 

In  Comb1 atrcraft. 

3.6 The Final Airworthiness Directive issued by the 
FA4 - 

3 . 6 , l  T h e F A A i s s u e d a  final A D o n A u g u s t  10, 1989, to 

be effective September 25, 1989, The FAA secent- 
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ly revised the effective date of the AD to May 3, 

1990. The AD requires certain operational and 

equipment changes and design modlf cations to 

maximize fire detection and control. The 

preamble to t h e  AD recites that It is prompted 

by the loss of the Helderberg which apparently 

- developed a major fire i n  the main deck cargo 

compartment. The FAA determined that thfa 

condition, "if not corrected, could result in an 

uncontrolled cargo fire that could cause system 

and structural damage leading to the loss of the 

airplanen. 

3,6.2 In issuing the AD, the FAA again emphasized that 

under existing reguIatfons aircraft equipped with 

main deck CIass B cargo compartments "do not 

provide an acceptable level of safety i n  terms of 

smoke and fire protectionn for the reasons that : 

1 ,  The existing rules, policies, and procedures 

being applied to the certlflcatfon of Class 

B Cargo or baggage compartments in  .terms of 

smoke and fire protection, are Inadequate. 

2. While entry into the cargo compartment is 

available, not all cargo is accssslble. 

3, I t  is unlikeIy that personnel would have the 

means avallabk to 'exclngulsh a fire 

(particularly a deep-seared f1re). 
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4. The quantity of f ire extinguishing agent and 

the number of portable extinguishers are 

inadequate. 

5. The level of visibility availabte tn a smoke 

filled cargo compartment is not adequate for 

locating and fighting a fire with a portable 

fire extinguisher, 

6, Most .existing transport alrllne smoke a n d .  

fire detections systems . . . are incapable of 

giving timely warning. 

7. Current designs do not provlde adequate 

means to  monitor conditions in the cargo 
compartment after fire warning and ffre- 
flghtlng procedures have been implemented. 

8 Cargo compartment lining does not provide 

adequate fI re containment. 

9. Current designs do not provide a means to 

shut off ventilation air into the cargo 

compartment to limit oxygen to the  fire.' 

3.6.3 - After further consideration of the  AD proposed In  

the NPRM, in  the  light of the extensive comments 

received from industry interests, the  FAA has 

determined that the following design changes and 

procedures are appropriate to achieve major fire 
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safety Improvements for Class B cargo 

compartments : 

1, Provide a smoke or flre detection system 

that meets FAR 25:858 (Amdt. 25-54), FAR 

25.5309, and also provide an aural and 

visual warning to the station assigned to 

individuals trained to flght cargo fires. 

2,  Require a compartment fire extinguishing 

system that provides an extinguishant 

cancentsatXon to knock down a fire and 

suppress it, allowing time for a trained 

individual to find and extinguish a fire, or 

to verify that the f ire is extinguished; and 

provide a means of shut off ventilation 

system air inflow to the  compartment from 

the flight deck, 

3 .  Requfre individuals trained to f g h t  cargo 

fires. 

4. Provide a cargo compartment Ifner that meets 

FAR 25.855 (Amdt. 25-60). 

5. Provide two-way communicatfon means between 

the flight deck, the station assigned to the 

trained individual, and the  interlor of the 

cargo compartment, 
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6. Provide Improved iIIumtnation within the 

cargo compartment. 

7, Requlre cargo loading envelopes and Ilmfta- 

tions to provide access to all t h e  cargo for 

fighting a fire. 

8 ,  Provide a cargo compartment temperature 

indication system to the flight deck and 

dedgnated   tat ion.^ 

3.6.4 In addition to the foregoing design changes and 

procedures, the FAA has determined that the 

following features are necessary to ensure that 

an acceptable level of safety Is attained : 

" 1, Additional portable fire extinguishers 

appropriately located for use fn the 

compartment and a means to effectively 

discharge portable flre extinguishers into 

each contatnet or into each pallet that is 

covered. Thls will provfde sufficient 

extfnguishing agent and will ensure a means 

to properly use that agent in containers or 

covered pallets. 

2, Protective garments and protective breathing 

equipment for individuals fighting a cargo 

fire. Thls will provide protection for the 
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fndivfdual assigned to control a cargo 

compartment fire, 

Fire thermal protective covers for cockpit 

voice and flight data recorders, windows, 

safety devices, wiring , fl ight controts 

(unless It can be shown that a fire could 

not result in jamming or loss of affected 

control systems), and other equipment 

necessary for safe flight and landing that 

is located within the compartment. This is 

necessary to ensure that Items which are not 

critical for continued safe flight, but are 

essential for the overall safe operation of 

the airplane, are not damaged i n  the  event 

of a cargo compartment fire." 

3.6,s The final AD adopted by the  FAA was revised from 

the NPRM proposed AJ3 to  Include the accomplish- 

ment of the design changes and procedures set 

forth above as an alternative means of 

compliance. The FAA . h a s  determined that 

if  the foregoing design changes and procedures 

are incorporated, "they will adequately address 

the  unsafe condition." 
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3.6.6 The position of t h e  FAA on the  revised approach 

to  this acknowledged "unsafe conditionn is stated 

as follows : 

I t  is not the FAA's intent to deny the use 

of pallets in  'Canbl' aircraft. The issue 

is the  fire control and containment 

capability with cargo Ioaded on pallets. 

Wth the present 'practice, in which the 

cargo. is loaded on pallets, a deep-seated . 

fire could develop and result in the 

compartment being filled with dense smoke. 

By revising the final rule, as described 

above, the FAA has addressed these concerns 

by requiring a means to discharge portable 

extinguf shers into covered palkts,  improved 

access, lighting, and protective equipment 

for the Individual fighting the fire. 

3.6+7 The final AD, effectfve M a y  3, 1990, a copy of 

which Is appended to this Report as Appendix H 

Volume 2 , provides for alternative 

means of compliance "to minimize the hazard 

associated with a maIn deck Class B cargo 

compartment fire". The alternatfve means of 

compliance, fn summary, are : 

3.6.7.1 PARAGRAPH A. Within one year after the 

effective date of the AD (May 3, 1990) 
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or prior to carrying cargo l n  a Class B 

cargo compartment, whichever occurs 

later, incorporate the manual revisions, 

procedures, systems and equipment set 

forth in paragraph A of the AD. See 

Appendix H Volume 2 

3.6.7.2 PARAGRAPH B. Alternatively, within 

three years after the effectfve date of 

the AD (May 3, 19901, or prior to 

carrying cargo i n  a Class B carga 

cornpartmen t, whichever occurs later, 

either modify the Class B carga - 
compartment to comply with the 

requirements for a Class C cargo 

compartment (paragraph 8.1) or modify 

all maln deck Class B cargo compartments 

to require that a placard be Installed 

in the compartment, that cargo carried 

in the cargo compartment "must be 

loaded in  an approved flame penetration- 

resistant container , , . with ceiling and 

sf dewaIl liners and floor panels" 

meeting the requirements of applicable 

FARs (paragraph 8 . 2 )  or in addltlon to 

the requirements of paragraph A, modify 

Class cargo compartments and 
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associated systems to include the 

systems, means and equipment as set 

forth in paragraph B,3 of the AD. See 

Appendix H Volume 2 

3-6.7.3 The AD provides that if the requirements 

of either paragraph B.1 or B.2 are 

accomplished within I year after the 

affective date of the AD (May 3, 19901, 

compliance with paragraph A of the AD 

is unnecessary. The AD thus gives ,the 

Industry the optlon of converting 

existing main deck Class B cargo 

compartments to Class C standards or 
restrictfng the carriage of cargo fn 

main deck Class B cargo compartments to 

approved flame penetratfon-resistant 

containers with ceiling and sidewall 

liners and floor p a d s  meeting the 

requirements of applicable FARs. 

AIternatlveXy, if Class B cargo 

compartments are not upgraded to Class C 

standards or restricted to cargo carried 

in approved contalnats, substantial 

Improvements in fire detection, 

suppression, desf gn and procedures for 
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extinguishment and protection must be 

adopted, 

L6.8 I t  Is obvious that the FA4 has given serious 

and in- depth conslder ation to the acknowledged 

unsafe condidon posed by a fire in a main deck 

Class B cargo compartment. There can be no 

quallficatIon of the FAA determination that an 

unsafe condition presently exists with regard to 

Ctass 8 cargo compartments, The original NPRM 

was designed to address this unsafe condition by 

eliminatln g main deck Class 8 cargo compartments 

or restricting their use to flame penetration- 

rebf stant containers, with appropriate ceiling 

and sidewall liners and floor panels. The final 

AD modifies the original proposed AD by giving 

the aircraft operator the option of retaining 

main deck Class 5 cargo compartments by improving 

ex i s t ing  fire detection, suppression, extinguls h- 

ment and protection faclllttes and procedures. 

3.6.9. I t  is the  unanimous view of this Board, however, 

upon the basis of the evidence presented during 

the -course of t h e  Public Inquiry as to the 

circumstances surrounding the loss of the 

Helderbetg, that there fa no acceptable 

compromise for the acknowledgkd unsafe condition 
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of main deck Class B cargo compartments. 

Passenger and cargo should not be'mlxed on the 

same deck Ievel . of the alrcraft In an adjacent 

compartment and in the same atmosphere under 

any circumstances. The licensing authorities 

throughout the world are urged to re-examine and 

re-assess whether . there is any acceptable 

cmpromlse to the outright prohibition of main 

deck Class B cargo compartments in passenger 

aircraft. The Board is of the view that in the 

light of present experience and knowledge the 

prohibition should r d n  if the acknowledged 

"unsafe conditionw of W b i  aircraft is to be 

elidnated, 

3+6.10 The Helderberg acddent has demonstrated that the 

procedures and regulations that heretofore were 

considered adequate can no longer be accepted. 

The circumstances of the Helder berg accident also 

have demonstrated that there is no acceptable 

compromise to the outright prohibition by the 

appropriate licensing authorities of the carriage 

of cargo and passengers on the same cabin floor 

level of Combi aircraft, 
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4 FINDINGS AND CONCLUSIONS 

4.1 At t h e  time of take-off from Chiang Kai Shek Airport, 

Taipei, the aircraft was serviceable, with no reported 

carried forward defects. I t  was correctly loaded and 

carried sufficient fuel, 

4.2 The alrcraft had current Certificates of Airworthiness 

and Fitness for Flight. 

4.3 The cockpit and cabin crews were all properly licensed, 

experienced on the route and quaIffIed to carry out the 

flight and had had an adequate rest period. 

4.4 The aircraft was configured as a seven-pallet Comb1 Mth 

six pallets in  place. 

4.5 The ftlght proceeded normally untfl some nine hours after 

the aircraft had left Chiang Kai Shek Airport in  Talpel, 

when an Intense fire developed In the right-hand forward 

pallet (PR), 

4.6 The substances invoived In t h e  combustion Included 

plastic and cardboard packing materials, but the actual 

. source of Ignition cannot b e  determined. 
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4.7 I t  is virtually certafn that there was no sabotage. 

There was no explosion in the aircraft, and the presence 

of a pressure or the activated incendiary device was 

extremely unlikely, 

4.8 The fire generated considerable smoke, carbon monoxide 

and carbon dioxide, which penetrated to the passenger 

cabin and possibly to the cockpit, 

4.9 The fire caused extensive beat damage to the fuselage 

structure, the insulation blankets, and electric wirlng 

in  the main cargo deck area, including the wires serving 

the power supply to the cockpit volce recorder. 

4.10 At the time of the accident, the aircraft, a Bming 747- 

244B Combi, complied with the certiflcatIon requf rements 

of a Class B main deck cargo compartment, save that 

adequate fIlght tests do not appear to have been 

conducted in terms of FAR 25,855(e) ( 2 )  to show compliance 

with the requirements of FAR 25,857(b) (2)  for Class B 

cargo compartments concerning the entry of hazardous 

quantities of smoke Into compartments occupied by 

passengers. In the light of further experience since 

these requirements were formulated they can no longer be 

regarded as adequate fspm a safety point of view, 

The FAA has pointed out that "the cbnfiguratlon was shown 

during fllght tests to  exclude hazardous quantities of 
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smoke from the occupied compartments using criterfa for 

testing which had been developed from years of transport 

experiencen. In the Board's view, however, the effects 

of thermal expansion were not adequately demonstrated in 

the tests, 

, q, 11 The fire/smoke detectton systems I n  the Boeing 747-2448 

CombI main deck cargo compartment were inadequate. 

Arthough the evidence Indicates that the firelsmoke 

detection systems functioned, the extent to which the 

fire developed and the fact that smoke penetrated the 

passenger cabin suggest that the fire was not dlscovered 

early enough to prevent these consequences; 

4,12 The fire fighting faduties provided far the mafn deck 

cargo compartment were Inadequate, 

4 -13  The afrcraft crashed into the sea same three minutes 

after the last transmisdan From the captain, acknow- 

ledging clearance for a further descent to flight level 

50. 

4.14 The aircraft was not under control when ft  crashed into 

the sea. 

4.15 Theon ly  possiblecauses for t h e ~ o s s o f c o n t r o l w e r e ~ ~ e t  

or more of the fol1otowlng : 
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(a) pilot incapacity frum carbon monoxide and carbon 

dioxide poisoning, and/or smoke Idhalation, or 

disarien tation consequent on reduced cock pit 

visibility In smoke, or pilot distraction; 

(bl damage to the structure and/or to the control 

systems of the ahcraft dfrecdy or indirectly 

caused by the fire, 

4.16 irrespective of which of these causes might have been' 

operative in the crash Itself, there is a strong 

possibfuty that the quantity of carbon monoxide and 

carbon dioxide released by the fire caused loss of 

consciousness In or the death of some, if not all, of the 

occupants before the aircraft crashed into the sea, 

4.17 There was no connection between the accident and the 

omission of Station ZUR to comanunicate with the  

Helderberg at the pra-arranged ttme. Nor Is there any 

significance in the fact that the ZUR tape covering that 

time was mfslald or wiped out by later use. 

4.18 The Board agrees with and supports the findfngs and 

conclusions of the F M  Review Team in its Report of June 

1st  1988 (Appendix E Volume 2 1- 

4.19 Despite intensive Investjgatlon the Roard was unable to 

find or conclude that fireworks or any other illegal 

cargo were carrled i n  the aircraft. 
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5 ,  CAUSAL FACTORS AND RESPONSIBILITY 

5. 1 The accident followed an uncont,rolIed f ire  In the forward 

tight paIIet on the main deck cargo cornparent. The 

alrcraft crashed into the sea at ,h igh  speed following a 

loss of control consequent on the  fire. 

5.2 In terms- of Section 121 1) of the Avlatbn Act, No 74 of 

1962, as amended, the Board is required' to datermIne not 

only the cause of, but also responatbf\ty for, the 

accident (compare paragraph 3,1 of Annex 13). There is, 

however, no basis in the  evidence from which the Board 

would be justified In assigning responsibility for the 

accident to any person or body, and, therefore, the Board 

is unable to do so, 

6 ,  RECOMMENDAT IONS 

6,l  The Cmbi type of conEIgurat~on, with passengers and 

cargo on the same deck and provision for fire fighting 

on the cargo deck based on, inter alia, crew access to 

the seat of the fire and hand fire extingutshers to 

fight the fire, should be prahlblted as creating an 

unacceptable rInk to life and property, at least untll 

such time as adequate provision is made to overcome the 

present shortcomings In  fire detectlon, fire fighting: 

equipment and fire: fighting procedures. 
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6.2 For as long as Combf operations are permitted, effective 

fire detection and fire fighting systems, as rafd down in 

the FAA AD No 88-18- 12 Rt of August 10th 1989 ( ~ p p e n d i x  

H Volume 2 ) , should be strictly enforced. The 

recmnmendations In paragraph 6.1 and in this paragraph 

are designed to sHmlnate any risk to Iife and property 

emanating from a main deck cargo fire, whatever the 

source, whereas the purpose of the FAA AD, though et step 

In the same dlrectbn, is, as stated therein, "To 

minidza  the hazard associated with a main deck Class 8 

cargo compartment fire. . . ', 

6.3 Since it has by no means been established that the 

aircraft was carrying dangerous goods, I t  Is not for the 

Board to comment on the variaus ICAO and IATA documents 

on the subject. See for example Annex 18, ICA0 

Technical Instructions for the Safe Transport of 

Dangerous Goods by Air - DOC, 9284 - AN/SQS; ICAQ 

Dangerous Goods Training Programmes - Doc, 9375 - AN/913 

Books 1 - 6; and IATA Dangerous Goods Regulations; and  

see also RSA ReguIatIons for the CarrLage in Aircraft of 

Dangerous Goods, 1986. Nevertheless, In the Board's 

view continuing vigilance and research are required 

to eliminate all possible sources of packaging and cargo 

ignition, whether from dangerous goods or otherwise'. 

Moreover, If Combi operations are to be perrnltted to 

continue, consf deration should be given to revising the 

categories of dangerous goods . to distinguish between 
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those made up Into pallets and those loaded in approved 

flame penetration- reslatant containers. 

6.4 Cock plt Voice Recorders 

(a) should retain flight deck comunlcations and sounds 

for t h e  last hour, and not be limited to  30 minutes 

only; 

( b )  should be fitted with a "hot mfcn system, f,e. 

a system in whlch the microphones art connected 

to a recorder In a manner that ensures the record- 

ing of all cockpit sounds within the range of the 

mIcrop hones regardless of audio control panel 

selections; 

( c )  should be equipped with addittonal area microphones 

at the flight engineer's and supernumerary crew's 

station. 

6.5 At Ieast one pilot and the flfght engineer should at a11 

thes use head-sets and boom microphones. 

6.6 Both CVRs and DFDRs 

(a) should be fire-protected in the aircraft, as 

should the wiring to the units; 

b should where practicable have a back-up system of 

battery power in the event of failure of the 

primary power source; 
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( c )  should be fitted wlth a pinger system in which a 

flxst plnger operates for 30 days and a second 30- 

day plnger only commences operating 'after the 

first pfnger ceases to function; 

NOTE: - The suggestion that, on long transocean flights, 

the CVR and DFOR should be Eloatable, overlooks 

the fact that In a short ' t h e  the recorders may 

dtlft away over long distances from the site of 

the aircraft wreckage. 

6.7 The BoeJng 747 emergency check lists for "Upper and M n  

Deck Smoke Evacuation - Mixed Passengers and Cargow and 

for 'Main Deck Cargo Flre/Smoke - Mixed Passengers and 

Cargo" respectively require to be integrated. No provf- 

sfon appears to be made for the situation in which there 

Is an uncontrolled fire in the main deck cargo hold 

a smoke problem in the passenger cabin and/or cockpit. 

The matter to be cleared up is whether the crew should 

follow the. smoke evacuation check Hst If the .fire is 

still burning. 

6 ,  8 Mans should be estabHshed by ICAO b y  which aasiatance 

fn respect of underwater location searches for DFDRs and 

CVRs can be accelerated. The existence of standard 

procedures and agrmments in respect of necessary actions 

and the fundihg thereof could be of great benefit and 

should be encouraged. 

lCAO #ofem- The fweword, parts of tfie synopsis, 1.5, 1.12.2, 1 .I 6, 1 .I7 and the appendices were Rot reproduced. Name of persamsl 
were deleted. 

lCA0 Ref.: BW7 
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No. 5 

Boeing 707-3856, HL-7406, accident in the Andaman Sea 
between Udis and Tavoy, Burma, on 29 November 1987. 

Report released by the Department of Civil Aviation, 
Ministrj of transpart and Communications, Burma. 

1 . Factual Informat ion. 

1 .'I . History a £  the f Light, 

Korean Airlines Boeing 707-3B5C Registration No. HL-7406 f l i g h t  

number JXE 858. Journey Baghdad t o  Seoul via intermediate stops at 

~ b u - ~ h a b i  and Bangkok. Departure Baghdad 2042 UTC on 28th November 

1987, with 99 passengers and 12 crew, arrived Abu-Dhabi at 2240 UTC 

on the same day. On board were Mr. Nachiya Shinichi  and Miss Hachiya 

Ffayud who left  the aircraft along with other disembarking passengers 

at ~ b u - ~ h a b i  . These two passengers were seated in sear Nos.B and C 

of seat row 7 in the economy class, forward passenger.cabin. KE 858 

departed Abu-Dhabi at 000 1 UTC on the 29tha:November 1987 bound for 

Bangkok with 104 passengers and 1 1  crew. The KE 858 flight plan route 

was a i m g  airways R-219E,R-468 and R-68 via reportink points which 

included Muscat, Bombay and Vishakapatnam-Upon entry i n t o  Wgoon FIR 

over TOLIS at 0431 UTC at flight level 370 KE 858 reported position 

to Rangoon ACC on' 10066 KHz, giving its next position estimate. at 

URDZS t o  be 0459 UTC. 

A t  0500 UTC the conrroller at Rangoon ACC noting that KE 858 

did not report position as expected, initiated a call on 127,l MHZ 

to which KE 858 replied that it estimated URDIS at  0501 UTC and at 

the same t ige  giving the spot  wind a£ 140: / 15-20 Kts and temperature 

at flight level 370 to be minus 4bVeenrigrade and it's estimate time 

f o r  TAVOY to be 0522 UTC. This was the las t  message received from 

KE 858. 
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Due failure t o  report by KE 858 over TAVOY at the  expected t h ,  

Rangoon ACC c o m n i c a t e d  with Bangkok ACC t o  f ind'out if the KE 858 

were in contact with them on any other frequency; the answer was 

negative .Rangoon, the:*:, reques ted and .obtained f xoiu Abu-Dhabi the flight 

plan detai ls  of the aircraft . 
Having determined that t he  aiscraf t failed t o  arrive either a t  

it's destination or f l i g h t  planned alternate; Rangoon ACC alerted 

Bangkok, Kuala Lumpur and Singapore of the KE 858 situation and continued 

action appropriate t o  the phase of emergency, 

Search and Rescue operations were. initiated immediately when the 

calculated aircraft's endurance was exhalsrgdand no report of i t s  

arrival was received from other stations. 

Search and Rescue aircraft and vessels were deployed to search 

along the route from it's last reparred position a l l  the way t o  the 

RGNlBKK FIR border and in a l l  areas of probab i l i t y  ; Notices t o  Mariners 

were issued in respect of the missing aircraft and all f i s h i n g  vessels 

and o the r  local craft within  reach were alerted to be on the 'Look out .  

Although t h e  main wreckage was nor found,partly damaged and partially 

submerged l i f e  raft  floating in the Andaman Sea approximately 74 rnilhs 
~ o r t k  West of TAVOY was picked up by a local schooner enroute Mergui 

t o  Rangoon on the 13th December,l987.This l i f e  raft was handed over 

to Korean Authorities f o r  investigation and was later . , ident i f i ed  t o  

be the -25lnan l i f e  raft installed in the No .2  stowage compartment in 

the forward passenger cabin of HL- 7406.There were no survivors. 

According to the eyewitnesses who were f ishing in the sea North 

West of Tavoy, they had seen a bright flash in the sky followed by a 

trail of smoke falliig into the sea and black smoke rising f r o m  the  

spot some distance far away to tth South East from h i s  posit ion at - 
about the time-of KE, 858 disappearance. 
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1.2 Injuries topersons.-  

T o t a l  persons on board 115. 

1.3 D a d g e  to'aircraft. 

~ n j u r i e s  

-Fatal 

Serious 

Minor / None 

The aircraft was assumed t o  be destroyed-Apart from one unused life 

raft  and part of a folding meal table from t h e  passenger sear back which 

were retrieved from t h e  Andaman Sea,the main wreckage of aircraft was 

not  found. 

Crew 

I f  

- 

- 

1.4 Otherbdamage. 

None. 

Pagsengers- 

104 

- 

- 

Others 

- 

- 

A 
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1.5 ~ersonhel  Information. 

There were (3) flight crew, (8) cabin crew and (104)passengers on 

board the aircraft. Out of C104)passengers, (9)were Korean Airlines 
Dead ~ e a d i n g  crew. 

-Duty flight c r e w  status. 

The f l i g h t  crew were properly certificated and qualified for 

the flight. 

.6 Aircraft information. . ---- 
Korean Airlines F l i g h t  No. KE 858 aircraft particulars : - 

Aircraft type -3oeing 707 3B5C 

Registration -HL-7406. 

Aircraft Serial No. -20522. 

Date of manufacture -21.6.1971 

Engineer Licence 

Medical 

Certificate 

Last proficiency 

check date 

Total flying Hrs. 

Flying Hrs,B-707 

Flying hours last 

30 days before the 

accident. 

F-27 (2873 .74 )  

No.15012 

(Valid until 

31.3.88) 
-,.-- -- 

18.6.87 

11,161:05 

5 , 4 1 6 ~ 3 3  

143:42  

No. 14670 

(Valid until 

30.6.88) 

- -- - . 

13.1 1.87 

3,882 :47 

134: I4 

78 :48  

No. 14183 

(Valid until 

31.1.88) 

25,6.87 

3,083:,12 

2 ,765~21  

118:44  
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Date of f irs t  flight by XAL -4.8.1971 

Certificate of Airworthiness -No.S706,valid until 11.2.1988 

Date Of C of A last renewal - 12,2.19a7 

Total airframe hours  - 3b,047:49 
Total number of landings - 19,941 

Engine type - Four P &\'WA JT 3D - 313 

~ i r c r a f  t maintenance history. 

Four Pratt and Whitney JT3D - 3B engines. 

- 

The aircraft was maintained in accordance uitb the mai~teaance 

sched~~ le  approved by Korean Civil   viat ti on BureauC~cAB). 

The last routine maintenance is as follows :- 

Last 'h?' - 25 Nov. 1967. 

Last "C" - 26 Nov. 1987. 

Last SSI - 2 ~ p r i l  1986 

Last %"check (Overhaul) - 21 Dec 1984 

Last maintenance release issued - - 2 9  Nov 1987 

Hours since Last "C" check -977 :49. 

Hours since Last "D" check -5754 : 49 
Previous accident involving structural damage : 

This aircraft had wade two nose up landings b e f ~ r e  th i s  accident:- 

1st. Nose up landing :13 Sep. 1977. 

2nd. Nose up landing : 2 Sep. 1987. 

0 .  . N  
1 

. . . *  

2 
, ,  

. . . .  

' - 3  
. . . .  
-,*. 

i b - .  

Date 
, , 

installed 

1 3-7-8 3 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

28-7-87 
. . . . . . . . . . . . . . . . . . .  

. . .  ..S/N . . . .  

~ 6 4 4 0  I 7  . . . . . . . . . . . . . . .  

P644022 
, - -  
. . . . . . . . ,  

PC68029 . . . . . . .  

P645227 

TBO(RHK) 
. . . . . .  

. . . . . . . . . . .  

10,000 

10,000 

3-10-87 - .  . 
. . _ . . . . . . . . . . . . . - * . . * . . I . . . * * . . .  

13-1-87 
. . . . . . .  

Total 
..time.. 

5 1 , 5 5 3  

52,280 
, .  

2 

10,000 . . 

10,000. 
. . . . . . . . .  

Total 

27,0375 
. . . . . . . . . .  

15,352 
. , 

42,105 
. . . . . . .  

47,849 
. . . . . .  

Date of 
.cycleo...last+E~- 

18-2-87 

-- 
27-7-87 

. . . . . . . . . . . . .  

TSO 
(TSEHEI) 

6 30 

365 

15,684 
. . . , . . . , .  

21,777 
. ,  

7-4-87 
. . . . . . . . .  

17-3-87 
* . .  

- 
657 

5754 



ICm Circular 259-AN11 53 239 

Atter these nosg up landings, repairs and NDT inspections were 

carried out  bp KAI. in accordance wish the overhaul manual, and the erigineering 

order approved by t h e  Boeing Ccr. and inspected by KCAB. 

1 ,7, ~eteoxo~ogical Information. 

The prevailing weather conditions at  f l i g h t  level 370 on 29th 

November, 198 7, over Andaman. Sea was reported as : Cirrus cloud of 1-2 /8, 

wind 120/20 Kts, temperature-44 C and visibility was good. A seasonal 

depression was moving East to West at the t i m e  of accident but was 

'assessed as not hazaxdous t o  the f l ight .  safety of KE 858. 

1.8. 'Aids  to Navigation. 

VOR~DME and NDB at  Rangoon was operating normal-No radar 

facilities at Rangoon. Navigational Aids  at TAVOY was not on the air 

at the time of accident as it operates on request ; 

There were no c o r b n i c a t  ions difficulties between ~ a n ~ o d n  Area 
Control Centre and I 3  858. Radio Contact between Rangoon ACC and KE 858 

was well established on enroute HF frequency of 10066 KHz over reporting 

point TOLIS and again over URDIS on VHF 127.1 W. 

Not relevant to accident. 
1 . I  1 .F l igh t  Recorders. . 

A Flight.Data recorder serial ~ 0 . 3 8 1 8  (FA 5 4 2 )  and a Cockpit 
Voice Recorder serial No.327CAV 5578) were installed i n  the aircraft 

U-7046 but: they were not recovered from the se.a. 

Two crew members, from a fishing boat of 54 feet by 14 fee t ,  

who happened t o  be at a position around lattitude 15' 01' Worth-Longitude 

96' 54'East at t he  t i m e  of the accident, had reported to have witnessed 

a bright flash in the sky followed by a smoke rrail  falling i n t o  the 

sea and black smke rising from chis splash spot some distance far away 

from them and approximately in the South East direction. me approximate 
- .  position of splash spot was determined to be lattitude 14' 3 3  North 

and Longitude 9 j  23. East. A 25 men cabacity l i f e  raft, in a partly 

damaged and part ial ly  'submerged condition, was retrieved from the 

Andaman Sea ( 14) days after the accident at approximate position of 
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Latt i tude  14- 5 1' North and Longitude 97 16- East. Damage t o  the life. raft 

was assessed by the Korean Authorities t o  have been caused 'by an 

explosive blast. 

1.13.Medical and -- pathological~information. 

It is assumed that: there were no survivors, as no bodies were 

recovered from the Andaman Sea. 

1.14. Fire. 

The eye withnesses, who were fishing in the sea about 96 miles 

North West Tavoy at the time of accident, had repdrted to have seen 

a bright f lash in the sky followed by a trail of smoke falling into 

t h e  sea and black smoke rising from the splash spot approximately 
- in the South East direction far away from their position. Witnesses 

being simple fishermen w i t h  no knowledge of aviation d i d  not realise 

the gravity of the situation and being in a small country craft not  

equipped with two-way radio, they were neither able t o  report nor . 

query from shore of what they had seen. This information was brought 

to the attention of the local authorities of their home port  only 

after their return t o  shore two weeks later. 

Inspite of intensive search, neither survivors nor bodies 
were found. It was a non-survivable accident. It was possible that 

the servere blast, explosive decompression of the cabin and fire 

cauld have caused instant death to the  passengers and the crew. 

The aircraft was equipped with an emergency locator beaconCELB), 

type Rescue-99 "but no signals were received from it. 
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2. Analysis 

2.1. KE 858 estimated time over reporting point U R D ~ S  i n  B u m  FIR 

was late by two minutes. *is could be due to prejail ing wind conditions 

o f  140' 120 Kts encountered at FL 370 over the Andaman Sea. 

2 . 2 .  The Accident fnveseigation Commission, based an the available 
in£ ormation, determined the  probable splash was at lattitude 

1 i , 3 i  North and longitude 97' 2$ East in the Andaman Sea about 60 nau- 

t ica l  miles North West o f  TAVOY. 

2.3.  Korean Authorities, suspecting sabotage after the aircraft became 

missing, started checking on passengers who disembarked at Abu-Dhabi - 

and traced the  suspects  Mr.Hachiya Shinichi and Miss Hachiya M a p m i  

to Bahrain where they were apprehended while going through exit forma- 

lities at t h e  airport. It was reported that they were found to  be 

holding false Japanese Bassports. While being held for interrogation, 

both comtitted suicide by taking poison capsules hidden in the cigarettes 

and Mr.Hachiya Shinichi d ied  .~iss ~ a c h i ~ a  Mayumi who survived the 

attempt was extradited to Korea. 

It was reported that in her testimony to t h e  Korean Authorities;. 

Miss Hachiya Mayumi recounted their action which l e d  t o  the cause of 

destruction of Korean ~irlines Boeing 707 aircraft registration No.HL- 

7406 of f l i g h t  No. KE 858. During t h e  period while tbey were awaiting 

embarkation at Baghdad ~ i r p o r t  , composition C 4 type sxp losive hidden 

-in a battery operated portable transistar radio which was used as a 

timing device was activated to go off (9) hours later. Together with 

th i s  transistor radio, a liquor bottle containing liquid explosive 

(type PLX) was taken on board and placed in the overhead baggage rack 

above seat row No. 7 in the forward cabin section of the economy class 

compartment where they were seated. These timed explosives were left 

in t h a t  place when they disembarked a t  Abu-Dhabi. 

It w a s  relported that Mr. Hachiya ~ h k i c h i  and Miss.Hachiya 

Playumi were found to be  Mr. K i m  'Sung -il and Miss Rim Hyon-;?mi of 

Korean origin, 

2.4. According to laboratory report released by the Korean Autho- 

rities, explosive power of C  omp position was f .34 time that of T.N.T. 
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2.5. The Comission d e t e h n e s  that the probable cause of the 

accident was that the aircraft was destroyed by the  explosion of time 

bomb planted in the passenger cabin, and.'due to severe blast of the 

bomb followed by explosive decompression of pressuxised cabin and 

f ire  could have caused instant death to the passengers and the crew. 

3.1 , pindings 

I .  The aircraft was properly certificated and maintained in accordance 

with Civil Aviation Law and Korean Civil Aviation Bureau(KCA3) 

requirements. 

2. The flight crew were properly certificated and qualified for the 

f l i g h t .  

3 .  ~ o a d i n g  and centre of  gravity were in accordance with the  company 

~rocedures and within the prescribed limits. 

4 .  Adequate numbers of survival equipwent were instal led.  

5 .  The radio and 'liquorbott le con ta in ing  the hidden explosives were 

left in the overhead rack at number 7 seat row by two saboteurs 

disguised as passengers who disembarked at Abu-Dhabi airport. 

6. Inflight explosion of  time bomb (C 4 composition and PLX liquid 

explosives) detonated by the battery radio. 

7. Laboratory test explosion of G 4 composition explosives by the 

Korean duthorities confirmed that explosive.power of C 4 composition 

i s  1.34 times that of T,N;T and capable of 'bursring the aircraft 
structure.. 

8 .  prevailling weather at The time of accident was nut a contributory 

factor. 

g , Ma radio communication problem w i t h  XE 858 and Rangoon ACC . TAVOY 

VOR was not on the air st that time. 

10. ~ i r c r a f t  was destroyed by the bomb explosion, 

11 . All crew and passengers on board XE 858, totalling 1 15 perished an 
29-1 1-87 due to bomb explosion. 

12. Security check on embarking passengers at KE 858 first departure 

airport  needs to be more stringent. 

3.2.probable Cause 

The cause of accident was in flight explosion of time bomb 

in the aircraft by the two saboteurs disguised  as passengers, 
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To prevent the recurrence of 'such a tragic accident, authorities 

concerned responsible for the enforcement of aviation securJity should take 

stringent measures in checking embarking passengers. 

ICAO Note.- Names of p e m 1  were deletM. The allachmm wwe not reproduced. 
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