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The N a t i o n a l  T r a n s p o r t a t . i o n  S a f e t y  Board's i n v e s t i g a t i o n  o f  t h e  U n i t e d  
A i r l i n e s  Dc-10 a c c i d e n t  a t  Sioux City, Iowa, on J u l y  19, 1989, i s  c o n t i n u i n g .  
The i n v e s t i g a t i o n  t h u s  f a r  i n d i c a t e s  t h a t  most o f  t h e  f a n  r o t o r  assembly 
separa ted  from t h e  No. 2 eng ine  i n  f l i g h t .  The s e p a r a t i o n ,  f r a g m e n t a t i o n ,  
and f o r c e f u l  d i s c h a r g e  o f  f a n  r o t o r  p a r t s  severed o r  loosened h y d r a u l i c  l i n e s  
a s s o c i a t e d  w i t h  a l l  t h r e e  h y d r a u l i c s  systems, which r e s u l t e d  i n  t h e  l o s s  o f  
a l l  h y d r a u l i c  s e r v i c e s  i n c l u d i n g  t h o s e  t o  t h e  f l i g h t  c o n t r o l s .  F o l l o w i n g  t h e  
l o s s  o f  t h e  h y d r a u l i c  s e r v i c e s ,  t h e  a i r p l a n e  cou ld  be c o n t r o l l e d  o n l y  by t h e  
f l i g h t c r e w ' s  use o f  d i f f e r e n t i a l  t h r u s t  f rom the Nos. 1 and 3 eng ines .  The 
a i r p l a n e  crashed d u r i n g  an a t tempted  emergency l a n d i n g  a t  S ioux  Ci ty .  O f  
t h e  296 persons on board ,  111 d i e d  f r o m  i n j u r i e s  r e c e i v e d  i n  t h e  c rash ,  and 
185 persons su rv i ved .  

An e x t e n s i v e  search  o f  the  fa rm land  be low where t h e  No. 2 eng ine  f a i l e d  
has c o n t i n u e d  s i n c e  t h e  c rash ,  but. c r i t i c a l  f a n  r o t o r  p a r t s  f rom t h e  No. 2 
eng ine  have n o t  y e t  been recove red .  The m iss ing  p i e c e s  f rom t h e  General  
E l e c t r i c  ( G E )  model CF6-6  eng ine  i n c l u d e  t h e  f r o n t  p o r t i o n  o f  t h e  f a n ,  f i r s t -  
s tage  f a n  d i s k ,  many f a n  b lades ,  f r o n t  f l a n g e  o f  t h e  fan f o r w a r d  s h a f t ,  a 
p o r t i o n  o f  t h e  second-s tage  fan d i s k ,  and 18 o f  t h e  20 b o l t s  and 17 o f  t h e  20 
n u t s  t h a t  a t t a c h  the  f a n  d i s k  t o  t h e  f r o n t  f l a n g e  o f  t h e  f a n  f o r w a r d  s h a f t .  
A l t h o u g h  t h e  Safety Board  has n o t  y e t  determined t h e  reason(s )  f o r  t h e  
r e l e a s e  o f  t h e  f a n  assembly f r o m  t h e  No. 2 eng ine ,  t h e  c a t a s t r o p h i c  
c i rcumstances  o f  t h i s  e v e n t  c a l l  f o r  e v e r y  e f f o r t  t o  be made t o  p r e c l u d e  a 
s i m i l a r  occur rence.  

One p o s s i b l e  fan  s e c t i o n  f a i l u r e  mode be ing  e v a l u a r e d  by  t h e  Sa fe ty  
Board ' s  i n v e s t i g a t i o n  t h a t  matches a v a i l a b l e  evidence i s  t h a t  a s e p a r a t i o n  O f  
a s e c t i o n  o f  t h e  f i r s t - s t a g e  f a n  d i s k  occur red ,  wh ich  severed t h e  f a n  
conta inment  r i n g  and c r e a t e d  h i g h  imba lance i n  the  rema inder  o f  t h e  1 s t - s t a g e  
d i s k .  The fo rces  a s s o c i a t e d  w i t h  h i g h  d i s k  imbalance wou ld  have t o r n  t h e  fan 
s e c t i o n  l o o s e  f rom t h e  f a n  fo rward  s h a f t  and the  eng ine .  However, i t  i s  
i m p o r t a n t  t o  r e c o v e r  t h e  c r i t i c a l  m i s s i n g  p ieces  and examine them t o  
s u b s t a n t i a t e  t h e  a c t u a l  f a i l u r e  mode i n  t h i s  acc iden t .  
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R e c e n t l y ,  t h e  U n i t e d  A i r l i n e s  (UA) San F r a n c i s c o  maintenance f a c i l i t y  

r e p o r t e d  t h a t  w h i l e  p e r f o r m i n g  a r o u t i n e  magnet ic  p a r t i c l e  i n s p e c t i o n  on a 
fan f o r w a r d  s h a f t  f rom ano the r  C f 6 - 6  eng ine ,  i n d i c a t i o n s  o f  m u l t i p l e  r a d i a l  
c r a c k s  were d i s c o v e r e d  emanat.ing from t h e  h o l e s  o f  s e v e r a l  o f  t h e  20 b o l t  
h o l e s  l o c a t e d  i n  t h e  f r o n t  f ace  o f  t he  s h a f t  f l ange .  The r a d i a l  l e n g t h  o f  
t h e  c r a c k s  v a r i e d ,  w i t h  a t  l e a s t  one about 1/2 i n c h  l o n g ;  t h e  c racks  a l s o  
ex tended a x i a l l y  a p p r o x i m a t e l y  1/4 i n c h  i n t o  m a t e r i a l  a round t h e  ho le .  The 
s h a f t  f l a n g e  has  G E  p a r t  number 9010M20G05. Engine r e c o r d s  i n d i c a t e  tha t  i t  
has accumula ted  45,182 o p e r a t i n g  hours ( h o u r s )  and 18,111 o p e r a t i n g  cyc les  
( c y c l e s )  s i n c e  new, and 13,490 c y c l e s  s i n c e  i t s  l a s t  d e t . a i l e d  p a r t  
i n s p e c t i o n .  

The s h a f t  f l a n g e  has been re tu rned  t o  t.he G E  f a c i l i t y  i n  Evendale, Ohio, 
f o r  i n v e s t i g a t i o n  and m e t a l l u r g i c a l  examina t ion  t o  c o n f i r m  the  c racks  and t o  
d e t e r m i n e  t h e  cause o f  t h e  f r a c t u r e s .  G E ' s  p r e l i m i n a r y  magnet ic p a r t i c l e  
i n s p e c t i o n  o f  t h e  f l a n g e  i n d i c a t e s  t h a t  a t  l e a s t  e i g h t  nonad jacen t  ho les  have 
c r a c k s ,  most o f  which e x t e n d  from the  h o l e s  i n t o  t h e  f l a n g e  between the  12 t o  
3 o ' c l o c k  p o s i t i o n s '  w i t h  the  l o n g e r  c r a c k s  a t  t h e  3 o ' c l o c k  p o s i t i o n  
e x t e n d i n g  c i r c u m f e r e n t i a l l y  t.oward the  n e x t  a d j a c e n t  ho' le as w e l l  as a x i a l l y  
i n t o  t h e  m a t e r i a l  around t h e  h o l e .  More r e c e n t  m e t a l l u r g i c a l  examinat ion  has 
c o n f i r m e d  t.he e x i s t e n c e  o f  t h e  cracks b u t  has n o t  c l e a r l y  i d e n t i f i e d  t h e  
f r a c t u r e  mode o f  t he  c r a c k i n g .  

Engine r e c o r d s  i n d i c a t e  t h a t  t.he f a n  f o r w a r d  s h a f t  i n  the  No. 2 engine 
o f  t h e  acc ident .  a i r p l a n e  had GE p a r t  number 9080M28G07, and t h a t  i t  had 
accumulated 40,621 hours  and 15,792 c y c l e s  s i n c e  new, and 23,235 hours and 
8,359 c y c l e s  s i n c e  i t . s  l a s t  d e t a i l e d  p a r t  i n s p e c t i o n .  The approved l i f e  
' l i m i t  f o r  t h e  f a n  f o r w a r d  s h a f t  i s  30,000 c y c l e s .  I t  has been r e p o r t e d  t h a t  
no f a n  f o r w a r d  s h a f t s  have, a s  y e t ,  been r e t i r e d  f r o m  s e r v i c e  based on t h e  
c u r r e n t  1 i f e  1 i m i  t , 

'The GE CF6-6 shop manual recommends t .hat  t h e  fan fo rward  s h a f t  be 
d i m e n s i o n a l l y  checked and g i v e n  a f l u o r e s c e n t  magnet ic  p a r t i c l e  i n s p e c t i o n  
any t i m e  i t  i s  removed f r o m  t h e  l o w - p r e s s u r e  t u r b i n e  (LPT) s h a f t  assembly. 
GE does n o t  s p e c i f y  o r  p r o v i d e  a t i m e  o r  c y c l e  i n t e r v a l  f o r  an i n t e r i m  
i n s p e c t i o n  o f  t h e  f a n  fo rward  s h a f t .  Engine d i sassemb ly  f o r  o t h e r  
maintenance o p e r a t i o n s  may be such t h a t  t.he f a n  f o r w a r d  s h a f t  i s  n o t  
n e c e s s a r i l y  removed f rom t h e  LPT s h a f t  assembly d u r i n g  an eng ine  shop v i s i t .  
However, UA shop p rocedures  r e q u i r e  t h a t  any t i m e  t h e  f a n  fo rward  s h a f t  i s  
exposed, even i f  no t  removed, a v i s u a l  i n s p e c t i o n  o f  a l l  v i s i b l e  areas must 
be accompl ished. 

B o t h  GE and UA have i n d i c a t e d  t h a t  t h i s  i s  t h e  f i r s t  i n s t a n c e  o f  cracks 
r e p o r t e d  i n  t h e  f r o n t  f l a n g e  o f  a fan f o r w a r d  s h a f t  i n  any CF6-6 engine. 
M e t a l l u r g i c a l  e x a m i n a t i o n  and a n a l y s i s  o f  t.he c r a c k e d  f l a n g e  have n o t  been 
completed, and t h e  cause o f  t h e  c r a c k i n g  i s  n o t  y e t  known. F u r t h e r ,  u n t i l  

' 1 2  o ' c l o c k  p o s i t i o n  is n o t e d  a s  t h e  p o s i t i o n  o f  t h e  b o l t  h o l e  d i a m e t e r  
n e a r e s t  t o  t h e  o u t s i d e  c i r c u m f e r e n c e  o f  t h e  f l a n g e  u h e n  l o o k i n g  a f t .  l h e  
3 o ' c l o c k  p o s i t i o n  is d i s p l a c e d  9 0 °  c l o c k w i s e  w h e n  l o o k i n g  aft a t  t h e  f r o n t  
f a c e  o f  t h e  s h a f t .  
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the missing critical pieces of the No. 2 engine are found, recovered, and 
examined, i t  will be difficult to determine if fan forward shaft distress was 
involved in the separation of the fan rotor. However, the Safety Board is 
concerned that the possibility exists that the fan forward shaft flanges of 
other CF6-6 engines may have experienced similar cracking and that 
progression o f  existing cracks to failure of the flange during engine 
operation could cause catastrophic release o f  the fan section. 

The Safety Board believes that the absence of definitive findings to 
date concerning the fan section failure which preceded the DL-10 accident of 
July 19, 1989, and the catastrophic nature of a fan section failure, 
dictates the need for the Federal Aviation Administration ( F A A )  to initiate a 
directed safety investigation o f  the LF6-6 engine that includes close 
scrutiny of the design, certification, manufacture, inspection, and 
maintenance of the fan section of the engine. 

On September 22, 1981, fan shafts of the empennage-mounted No. 2 engine 
(Rolls Royce RB 211-228 turbofan) of an Eastern Airlines Lockheed L-1011 
failed as the airplane was climbing through 10,000 feet following departure 
from the Newark International Airport, Newark, New Jersey. The fan assembly 
was released from the shafts and broke apart as it traveled about 9 feet 
forward through the engine inlet duct, causing extensive damage to the 
airplane’s structure and flight control systems. Three of the airplane’s 
four hydraulic systems were lost when tubing was severed; the fourth 
hydraulic system sustained damage to tubing but retained fluid integrity. 
With an alternate power supply for the fourth system activated, sufficient 
flight control authority was available to land the airplane without further 
incident. The Safety Board acknowledged in its report that, while the 
accident demonstrated the potential for a catastrophic accident as a result 
of a separation of a major engine component, it also demonstrated the value 
of system redundancy in the design philosophy of modern transport-category 
airplanes. 

The Safet.y Board recognizes that current certification rules view engine 
failures that result in the liberation of high-energy rotating parts as an 
intolerable event for which total protection cannot be practically provided. 
However, the Safety Board believes that the lessons learned from the L-1011 
fan separation in 1981 and the DC-10 accident can be used t o  improve flight 
control systems so that the airplanes are more tolerable to massive 
failures. The Safety Board understands that the FAA under the aegis of an 
Aviation Safety Advisory Committee is undertaking a review o f  certain 
transport-category airplanes to identify possible design modifications to 
flight control systems and t o  engines. The purpose of the modifications w i l l  
be t o  provide greater redundancy or protection of essential flight control 
systems and to provide for improved containment. of engine failures that 
involve the release of high energy rotating parts. The Safety Board strongly 
urges the FAA to expedite and fully support this effort and to take actions 
as appropriate to require such design modifications when identified. 



1 4 

Therefore, the National Transportat ion Safety Board recommends that the 

Conduct a directed safety investigation (DSI) of the General 
Electric CF6-6 turbine engine t o  establish a cyclic threshold 
at which the fan forward shaft and the fan disks should be 
separated and inspected for defects in the components. The 
DSI should include a review and analysis of: 

(a) the certification, testing, and stress analysis data that 
were used t o  establish the life limits of the fan disks 
and far1 shaft components and the recommended inspection 
frequencies for these components; 

(b) the manufacturing processes associated with the 
production of the fan assembly and fan forward shaft; 

(c) metallurgical analysis of the front flange of the fan 
forward shaft in which cracks were recently discovered; 

(d) the maintenance practices involved in the assembly and 
disassembly of the fan disks and the fan forward shaft 
for the potential to damage the components during these 
processes ; 

(e) nondestructive inspection of spare fan disks and fan 
forward shafts beginning with those components with the 
highest number of cycles in service; and 

(f) nondestructive inspections of fan disks on installed 
engines that may be performed by an approved inspection 
procedure. 

Federal Aviation Administration: 

(Class I ,  Urgent Action) (A-89-95) 

Following completion of the directed safety investigation of 
the General Electric CF6-6 turbine engine discussed in 
A-89-95, issue an airworthiness directive to require 
appropriate inspections of the fan disks and the fan forward 
shaft at appropriate cyclic intervals. (Class I ,  Urgent 
Action) (A-89-96) 

Evaluate, because of similarities in design, manufacture, and 
maintenance, the need for a directed safety investigation of 
all General Electric CF6-series turbine engines with the 
objectives of verifying the established life limits f o r  
rotating parts of the fan modules and establishing appropriate 
cyclic inspection requirements for these parts. (Class 11, 
Priority Action) (A-89-97) 
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KOLSTAD, Acting Chairman, and BURNETT, L A M E R ,  NALL, and DICKINSON, 
Members, concurred in these recommendat.ions. 

(5,: James L .  Kolstad 
Acting Chairman 


