
3. CONCLllSIONS

3,1 Findings

I . Tile £1 iglltcrew was Cf'rt i n cated mid qual i n ed £01' tile £1 igllt
alld tile ail'plalle was dispatclled ill accol'dallce witll compallY
pl'oceduI'es alld Federal ,'egulatiolls.

2. It'eatller Mas 1I0t a £actol' ill tlds accidellt.

3. Ail' Tm£nc COlltrol sel'vices M'el'e suppol,th'e o£ ti,e £IiglltcreM'
alld M'ere 1I0t a £actol' ill ti,e accidellt.

~. Tile ai"plalle f'xperiellced all ullcolltailled £:Iilu,.e o£ tile No. Z
ellgille stage 1 £all l'OtOl' disk asse.bly.

S. No. Z f'lIgille £mg8ellts sel'el'ed tile No.1 alld No. 311ydraulic
syste. lilies. alld t/Je £ol'Ces o£ tile f'lIgille £:liln,.e £,.actn,.ed
tIle No. Z IIydl'a"I ic syste.. , I'ellderillg tIle air'plalle 's tllree
Ilydr"lIllic-powered £lig/lt COJI tl'oI syste.s illoperati~'e.

Typical o£ all M'ide-body desigll trallspol't ail'plalles. tl,ere al'e
110 altel'lJath'e pOM'er sources £01' ti,e £Iigllt cOlltrol syste.s.

6. Tile ai"plalle was .a"gilJally £Iyable usillg aSY".etrical tlJrust
£1'0. ellg i lies No. 1 alld 3 a£tel' the loss o£ a II cOllvellt iOlla I
£1 igllt cOlltrol syste.s: 1101I'ever, a sa£e lalldillg was vi,.tually
i.possible.

7. Ti,e airport emel'geJlcy respoJlse was timely aJld iJlitially
e££ecth'e: IJOMe~'er. cO"lIstalks 011 ti,e ail'neld alld ti,e £ailure
o£ tIle Kovatcll P-18 water supply vellicle adversely a££ected
n I'engllt illg operat iOlls.

8. Ti,e FAA IlIIs Jlot adeqllately addressed tI,e isslle o£ iJl£aJlt
occupallt p,'otectioll. Ti,e FM IlIIs peJ.. itted s.all ddld"ell alld
ill£allts to be IIeld 01' l'estrailled by lise o£ seatbelts d"l'illg
turbulellce, l:U1dillg, alld takeo££, posillg a daJlger to
tlle.sel~'es alld otllers.



101

9. Sepllt'at j 011 of' tile t j tall jlllll ;1 J JQY stage 1 Fall l'OtOl' disk was
tile result of' a Fatigue crack t1lat il/itiated £1'0/11 a type 1
11II1'd II Jplill //leta JJ ""g jell J deFect 011 tile su,'Face oF' tile d j sk
bore .

10. TI,e liard II Jplm me ta 11 lIt'g jell J def'ect I.-aS f'ot'llled j" tI,e
titallin. alloy .aterial duritiS .:Ulnf'act",.e of' tile illgot £,"0.
M'IJidl ti,e disk MilS forged.

11. TI,e liard alp/III lIIetaJJIlt'gicaJ deFect I\'aS IIot detected by
II J tl'.lso"ic and lllacl'oetcl, j "speet ;01105 pet'f'ot'llled by Gellet,.d
Electric Ai"craf't E/lgi/les dudtlg the .:u.nf'actndllg p"ocess of'
tile disk.

12. Tile .etallnrgical £law t/mt f'on.ed duritlg il.itial .:u.nf'act"re
of ti,e titalli". alloy Mould IJa~'e been appal'ellt if tire pal't Imd
been .acroetdl illspected ill its filial pal't slmpe,

13. Ti,e cavity associated M'itll ti,e Iml'd alplm .etallurgical defect
was created durillg tile filial .aC#lillillg alldlol' sllOt peellillg at
tI,e time ot' GEAE '05 mo'Hlllt'actul'e of' tI,e disk. af'tel' GEAE '05
ultrasonic and .acroetell .anufacturing inspections,

14. Tile IlIu'd alplla defect at'ea cracked witll tI,e appljcation of
stt'ess du";ng tI,e disk's initial exposul'es to t'1l11 tlll'ust
eng ine power cond i t ions and tile crack gl'ew unt i I j t entered
.aterial unaffected by ti,e I,al'd alplla defect,

I~. Genet'al Electric Ait'craf't Engines mate";al and pl'oduction
I'ecol'ds I'elevant to CF6-6 stage 1 t'an disk SIN ,,{PO 00385.
Milich Mas the failed disk, Mel~ inco.plete,

16. Regat'dillg tile existellce at Celleral Electric Ail'craft Engilles
of' two SIN .lIPO 00385 disks. an outside labol'atot'y Imd
possessioll of tile disk, w/liell was t'ejected fot· all ultt'asollic
indication at the ti.e that the disk that eventually sepal~ted

was rece iv ing its fj na I pl'ocess i ng on tile pl'oduct ion line,
Tllel'efot'e. tile two SIN MPO 00385 disks wel'e IlOt switclled at
ti,e .anufacturing fac i I ity,

17. Celleral Electric Ail'craft Ellgilles disk .allUfactul'illg l'ecot'ds
and assoc iated vendot,- suppl ied documents. togetllet' wi tIl tile
system t'01' modntail/ing and auditing tl,em. did "ot assUl'e
accurate tr'aceabi/ity of turbine engine r'otating co.ponents,

18. United Aid ines fan disk maintenance recol'ds indicated tllat
.aintenance, inspection, alld t'epail' of tile CF6-6 fall disk was
ill accol'dance It'itll tI,e Feder.'ll Aviation Administration
appt'oved United Ait'lines' .ailltellallce pt·ogm. alld tile Celleral
Electric Ail'craft Engines' sllop .anua/,



102

19. A detectable £.'1tigne crack abont 0.5 i,.ell lOllS at tile surFace
of' the stage 1 Fall d j sk bOl'e of' the No. 2 ellg j lie ex isted lit
tI,e time of' tI,e most ,'ecellt U"ited Air'lilles inspection ill
Ap";/ 1988 but Ras lIot detected hefol'e ti,e accidellt.

20. Tlie discoloratioll lIoted 011 the surFace of' the Fatigue crack
MilS created during ti,e FPI pl'ocess per'fOl..ed by liAL 760 cycles
pdOl' to tile ace/dellt, mid tile discolol'ed area .arks tile size
of ti,e crack at ti,e ti.e of tid!> illspectioll.

21, Tile illSpectiol' panureten. establis/led ill tile lltlited Aid/,les
/D./i"tel/allce progt"llll, tl'e Ullited Ai,'Jilles Engineering
Illspectioll Docu.ellt. and ti,e (;elleml Electdc Aircraft Ellgilles
sllOp .al/ual illspectioll pt'ocedures. if pt'opedy folloKed at ti,e
.ailltelmllce£.'1ci/ity, al'e adeqllate to idelltify llliserviceable
l'otatillg pal'ts pdOl' to all ill-service fai lure,

3,2 Pl'obable Calise

TI,e National Transportation Sarety Board deterlllines tlmt tI,e
pl'obable calise of tllis accidellt K"aS tile illadeqllate cOllsideratioll givell to
lu..ml factol's li.itatiolls ill tile illspectioll mid qlla/ity cOlltrol procedllres
llsed by VII i ted A i I" I i lies' ellg i lie ovedmll I fac i I ity K-I, i ell l"eSll I ted i II tile
failure to detect a fatiglle crack odgilmtillg fro. a pl'eviollsly lllldetected
.etallllrgical defect located ill a critical area of tile stage 1 £.'111 disk t/mt
was lIlanuractul'ed by Genel'al Electric AiI'crart Ellgines, TIle subseqllellt
catastrop/lic disilltegl'atioll of tile disk resulted ill tile I iberatioll of debl'is
ill a pattenl of distriblltioll alld lI'it/l ellel'SY levels that exceeded the level
or protection provided by design reatures of" tI,e Ilydr.'1ul ic systems tlmt
opel'ate tile DC-lO's flig/lt cOlltrols.


