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13car M r .  Shaffer: 

The Natioiial Transportation Safety Board is no\v investigating 
the  JT9D- 3 ciigiiie :fail.nre and in-{light f i r e  involving A i n e r i c a ~ i  
Ai.rliiics, P;oeing 747, N74.3PA, wliich occurred  duri.iig takcoff f r o m  
t ~ i e  sail Fj:aJICi,sCO In:terna.tioiial Airl iort  011 ~eptcmi,c:r 18, 1970. .A 
fa i lure  occ~urred i~i i  the Mo. 1 eiigiize 13 seconds after li.ft.-off, followed 
by a l i r e  waj:oing. Tlie f1.iglit re turned  to tlic aispo't after slii~tdowii of 
the cngiiie and extinguislii~ig of,,tli.e eiigiiie f5re. 

During the r e tu rn  to  the a i rpo r t ,  the i l ightcrcw cxpci:ienced 
di.ffi cul'iy in exteiicling the landiiig gear  aitd the ivtiig flaps aiter p:u:ts 
of the failed engine severed  the hydraul ic  and imcumatic systems'  
supply l ines .  Tlie cap4:ah elected t o  "go around" and exteiidcd tlic 
l a r i c h g  gear  by the Alternate sys tem.  
ful  Innding, and t he re  w e r e  iio in jur ies  to  the 1.5 cre\niieiiibers or the 
127 passci igers .  

The aircra-fi: uiiadc a success-  

Our pr eliii3.iimry iiivestigatioii of t h e  eiigine failnue rcvealcd that 
a scp>~:atioii  o c c ~ ~ r s e c l  to the ui.1-n poi:tion o l  t h e  second- s.i.age turbine 
disk. It has  been confirmed that fail i ires of at least four of seven 
first-  stage turbine Hades  coi~itxibuted to the fractnre. of iiuinerous 
secoiid- stage turbinc vane feet. 
of the broken vane feet, an aft def1ecti.011 'of the nozzle s q p o u t  resulted, 
causing i i i terfcrence with and rubbing of the sccoiid.,- s tage turbine disk.  
P rogres s ive  wealiening of tlic disk rini arca resu l ted  in the in-fl ight 
fa i lure  of t h r :  rim. Wc! Iiavc a l s o  confirmed that althcugh failvrc mode 
of this sccoiid.-stage tur1,iiie d i s k  r im \vas siin:.lzr to  that of the Air  
F r a n c e  JT9D-3.A engi~ic  failure of August 17 ,  1970, the ia i lnre  
mecli.anisin >.vas cntircl; different. 

As  a r c s u l t  of the cuin~il.ative elfect 



.As a result: of our ilivcs.ti,oatioii and ineetii3.g with Pratt Pr Whitney 
cngineering staff personnel and your Eastern 13 cgioii Flight Standards 
per soriiicli inunccliate inspcction action ?vas initiat:ccl. This  was con- 
siclerecl fuiiy responsivc to thc imniecliate needs of th i s  sitnatioii. The 
Safety E oa rd  co~nr-ne!~ds the Administi. ator Is forimal.izing th i s  c o r r e c -  
-tivc action in the f o r m  of your cngineering al.erts of Septoinber I 9  and 
2.3, 1970. 

In view of the potelltially catastrophic  r e s u l t s  of the f a i l w e  such 
as csper icnccd  b y  Anicricaii Airl.ines, the Board r e m a i n s  concerned 
a l ~ o u t  this  inat tcr  in the longer range sense and would urge  the 
Aclniinisi:Tator t o  initiate furt1ic.c c:ipecliti'ons actions in ordcr  t o  pre- 
clucle r e c u r r e n c e  of similar fa i lures .  Accordingly, the Board of fors  
the follo-wiiig observ  a t' 1011s. 

It is gerieral.1.y recognized that thc .TT911 ciigiiie is norinal ly  
operating nea r  criti.ca1 tuxbine teimper ature conditions, T1ii.s is 
par t icu lar ly  t ~ u e  \vhc~i. opci:ating in hi.gh ambjeiit t e inpcra tures .  
Severa l  JT911 engines have reccii l ly becn relnoved f r o m  se rv ice  aiid 
reluriiecl t o  Pratt 8, Whitncy for overhaul, bccnuse of failed fj.rst- 
s tage turbine blades as well  as broken secoiicl.., stage vane feet. There 
is evidencc k1i:~t thesc fa i lures  hac1 occuxrecl as  the r e s u l t  of operation 
at higher .-.tlian-clc s i rab lc  te inperatavc s. 

In the  case  of the nxost r ecen t  Ainericaii Air l ines  tiirbine disk 
rim separation, t he re  'was evidcnce that  at least six first- stage 
tnrbiiie b lades  had sastaiiiecl varying dcgr c e s  of f r a c t m c s  soine 
time pr ior  to the filial faj.lure. OLUY technical staff fi.nds it most  
difiicult t o  r ecoiicile the fac t  that the ai.rboriie vibration monitoring 
e q u i ~ ~ i n e n t  installed in  the a i r c r a f t  was either inadequate or was not 
effcctive1.y ntil.izcc1 in detecting th i s  condition. 
other cngine iiistrun,entation, nain.ely: fuel f l o ~ v ~  engine p r e s s u ~ e  
rat io ,  aiicl exhaost gas  '%eii-$crature SlioulcI have been capable of 
collectivcly reflecting appropriate  changes in  the enginc's operating 
parameter s, if sucli iiistrumeiitation were proper ly  cal ibrated and 
the rcspectkve readings were  recorclcd aiid closely analyzed. 

W e  also f ee l  that 

III this area, we rccoiniiieiicl thc following be considered, 

1. Initiate appropi:iat'e action towarc1 the opera tors '  
niai.iitahi,>g a program of current: engin: condition 
monitoring. 
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2 .  R eview cngiiic iiistrl.iiiicntatioii cal.ibration aiicl  
existing instrumcnt  t o l c r a ~ i c c s  to  assure the m o s t  
pr e c i s  e engine op cr  ating par aniet er iiicli cation s . 

Fur the r ,  it a l ~ p e a r s  tliat the rcliabil i ty of the Boeiiig 747 auxiliary 
power units i s  somewhat marginal .  ~ h c n  engine starts iiiusi: be ae- 
coniplishccl by the use of g r o u i d  units, p i icunat ic  duct p r e s s u r e s  may  
often be l e s s  t:haii wliat i s  required,  cvcii when multiple miits arc  used. 
The r e su l t  i s  usually a s t a r t  that may iiivol.ve a teii iperature r i s e ,  
a1qxoaching the "r ccoverablc stall" coiidi.tion. Since exhaust gas 
te inperature ,  althoiigh abovc noriiial uiiclcr Cliese conditions often do 
not esccccl the publishecl liiiiits, n o  rccor51 i s  iiiacle of these occur- 
r ences ,  and there i s  no possib1.e way to  determine how maliy t i incs  
an engine ho t  section has bccn exposecl t o  liigher-.tliaii.-iioriisal tern-. 
pei:at:~ires. 
c~~~iiull.a,tive and conceivably alfect  tiiibine bladc reliabil i ty.  

Tiic cffccts of t l iermal  transients a r e  lino\vn to be 

As  aiiothci: mcasiixe towarcl improviiig tlic sc rv icc  rcljal~il . i ty of 
f i rs t . - -s tagc tuxbiiie blades,  i.t i s  recoiiiniended that appropriate  action 
be iiii.tiatec1 to: 

1. Iiiipxove tlic re l iabi l i ty  of auxiliary power units in 
order t o  rcducc the pi obabi1it:y of high theriiial 
traiisiciits while start ing eiigiiics wi'cli marg ina l  a i r  
s 11pply. 

2.  Ensiwe tli.at fliglitcr e w s  inai.ntain acleciuate pii.eu.inatic 
a i r  duct p r e s s ~ m c  during engine s t a r t s .  

Rccorcl any almormal starts when an approach to  a 
"recoverable  sta1.l" is expcrienccd. 

Establ ish p rec i se  l imitations regarding the  iiiuiiibrr 
of "+pproaclies t o  recoverablc  s ta l l"  coliclitions 
which may be tolerated witiiout cuiiiulative ~.clver  se  
effccts Lipon turbine blade durability. 

3 .  

4. 

The Safety Board is aware tliat the manufacturer  ha:; developed an 
iiiiproved type first..., s tag- turbine blade (vented) whic!i i s  cspectcd to  
provide irnproved cooling charac te r i s t ics  and bc  imore rel iable  when 
operatiiig at hi,gli teiii1xxattii.e~. 
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W i t h  r e s p e c t  t o  t:li.e i.iiiprovcc1 f i rs t . -s tage t~irbj.n.e b lades ,  the 
Safety l3 oarcl Y ~ C O ~ ~ ~ . T J ~ C J I C ~ S :  

1. ~ i ~ c o ~ . ~ ~ o i ! i ~ ~ t i . o i i  C J ~  the "vente 2" f i x  st.,- stage tui:binc 
bI.a?e i.n a1.l JT9D sci:ies engines be the subject  of 
regulatory action as  soon as sulficient pi:oductio~i 

orclcr s a r e  forniul.atcc1 by the inaiiufacturer . I - is a s s u ~ e c l  and sei:vice bulletins aiid cngiiieering 

Water iiijectj.on is  present ly  being usee1 on an opti.ona1. b a s i s  by 
indivicliial operator  s. 
45, 000 poiincls of t h r u s t  vej:sus 43, 500  p~unc l s  Lor takeoff, 
operators elect to use watei: only \vh.en takeoff weigh{:, ~ru;~\vap 
I.cngi:hs, and ambient I :cii ipe~aturc concli.ti.ons ree1uil:e the rimximum 
t l luus t  r a t ing  of 45, 000 pounds. 
iiijccI:ion on those a i r  c1:aft s o  cclll<.ppc!cl would be be11efjci.a.l~ i.11 pro.- 
vjcliiig f o r  t~ii:bjiic hl.;..cle coo~i.Jlg. The Safety 13oaid recogliizes that 
t h c r a  arc  sonic opei:ators whose e n g h c s  a ~ e  n o t  equipped lor water 
iiijcction. at  this .Eime, aiid t o  recl"il:c u s e  of YGL~CI: injectioii for all. 
t.. c~ 1- ,.coffs ~voiil.cl constil:i~te ,an ecclno~.iiic buIclen. 
t ha t  the benefil:s inay justj.fy the expense. 

Sjnce water in,jccl5on a l 1 . 0 ~ ~  ntilizai:%on of 
soine 

W e  beli.eve th.at tl1c: rise of water 

F-Io~vcvci:, w e  believe 

The Boarcl, l:li.ei~efor e,  r eco~iimencls the lol1.01ving: 

1. Consicleuation slionl.cl be given t o  reclui~:e the u s e  of 
water iiijectioii. for all. takeoffs regarc11.css of takeoff 
t h r  xis t 2: e qci I: e imeiit s . 

2. 1Jpoii i.nst:allation of t h e  irrq~rovccl, " v e ~ ~ t c d "  turbine 
blades in all. engines, the  n~anc!atocy u s e  of water 
i.nj e c'cj.on could 1> c I: e s ciii clcsl. 

Teclinical i1etail.s of the iteiiis outlined above 1i.ave been discussecl 

Our 
by ineinbers of both your Eastern aiid Wcstei:n Region engineeri.iig 
staffs aiicl OUT Bt11:eau of Ruj.ation Sa.fet:y investigative personnel .  
s t a f l  m e ~ ~ i b e r s  ,wi.l.l. be ;rvail.able fox i~.~r t l ier  d iscuss jons ,  i f  c1esi.r.d. 


