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On August 13, 1989, a DL-10-40, o p e r a t i n g  as Nor thwes t  A i r l i n e s  f l i g h t  
308, was f l y i n g  f r o m  Los Angeles,  C a l i f o r n i a ,  t o  M i n n e a p o l i s ,  M innesota .  
Wh i le  c l i m b i n g  t h r o u g h  38,000 f e e t ,  t h e  f l i g h t  crew heard  a l o u d  bang t h a t  was 
i m m e d i a t e l y  f o l l o w e d  by  heavy v i b r a t i o n  o f  t h e  a i r f r a m e .  A f t e r  n o t i n g  
i n d i c a t i o n s  o f  a m a l f u n c t i o n  i n  t h e  No. 2 engine, t h e  f l i g h t  c rew s h u t  down 
t h e  eng ine .  The heavy v i b r a t i o n  c o n t i n u e d  u n t i l  t h e  f l i g h t  crew made an 
unschedu led  l a n d i n g  w i t h o u t  f u r t h e r  i n c i d e n t  i n  Denver, Co lorado.  

I n s p e c t i o n  o f  t h e  P r a t t  & Whitney (P&W) JT9D-20 eng ine  a f t e r  t h e  i n c i d e n t  
r e v e a l e d  t h a t  one o f  t h e  f i r s t - s t a g e  compressor f a n  b l a d e s  (S/N E82506) had 
separa ted  about  8 i n c h e s  above t h e  b l a d e  p l a t f o r m .  Fragments f r o m  t h a t  f a n  
b l a d e  (No. 8 )  had e x i t e d  t h r o u g h  t h e  l e f t  f a n  cowl i n  t h r e e  p l a c e s  and had 
p a r t i a l l y  p e n e t r a t e d  t h e  v e r t i c a l  s t a b i l i z e r .  The uncon ta ined  f a n  b l a d e  
s e p a r a t i o n  had a l s o  damaged t h e  eng ine  f a n  module, t h e  l o w  p r e s s u r e  t u r b i n e  
module, t h e  h i g h  and l o w  p r e s s u r e  t u r b i n e  s h a f t ,  and o t h e r  i n t e r n a l  eng ine  
p a r t s .  

The r e m a i n i n g  p o r t i o n  o f  t h e  No. 8 f a n  b l a d e  was removed f r o m  t h e  eng ine  
f o r  examina t ion  under  t h e  s u p e r v i s i a n  o f  a S a f e t y  Baard m e t a l l u r g i s t .  The 
m e t a l l u r g i c a l  examina t ion  r e v e a l e d  t h a t  t h e  b l a d e  s e p a r a t i o n  had stemmed f r o m  
a 0 . 3 4 - i n c h - l o n g  f a t i g u e  c r a c k  t h a t  began i n  a w e l d  a d j a c e n t  t o  a p a t c h  a t  
t h e  t r a i l i n g  edge o f  t h e  f a n  b lade .  The h a l f  moon shaped p a t c h  had been welded 
t o  t h e  t r a i l i n g  edge o f  t h e  f a n  b l a d e  by  e l e c t r o n  beam as p a r t  o f  a r e p a i r  
p rocedure  t o  r e s t o r e  t h e  c h o r d  l e n g t h  o f  t h e  b lade .  The e x a m i n a t i o n  i n d i c a t e d  
t h a t  t h e  f a t i g u e  c r a c k  had o r i g i n a t e d  f r o m  a sma l l  (abou t  0 . 0 3 - i n c h  deep),  
d i s c o l o r e d  c r a c k  r e g i o n  i n t r o d u c e d  d u r i n g  t h e  r e p a i r  p rocess .  Records 
r e v e a l e d  t h a t  s e p a r a t i o n  o f  t h e  f i r s t - s t a g e  compressor f a n  b l a d e  o c c u r r e d  a t  
107 eng ine  s e r v i c e  hours  and 32 c y c l e s  a f t e r  i t  had been p a t c h - r e p a i r e d .  The 
i n v e s t i g a t i o n  i n t o  t h i s  i n c i d e n t  i s  c o n t i n u i n g .  
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The S/N E82506 f a n  b l a d e  had been p a t c h - r e p a i r e d  by  t h e  C o a t i n g  D i v i s i o n  
f a c i l i t y  o f  Un ion  Carb ide  C o r p o r a t i o n  i n  Kansas C i t y ,  M i s s o u r i .  The f a n  ~ 

b l a d e  had been s u b j e c t e d  t o  f o u r  n o n d e s t r u c t i v e  t e s t s  a t  t h e  f a c i l i t y  a f t e r  
t h e  r e p a i r :  X - ray ,  f l u o r e s c e n t  p e n e t r a n t ,  u l t r a s o n i c ,  and eddy c u r r e n t  
i n s p e c t i o n .  The t e s t s ,  per fo rmed i n  t h e i r  p r o p e r  sequence, had n o t  i n d i c a t e d  
any c r a c k s  o r  anomal ies .  The p r e e x i s t i n g  d i s c o l o r e d  p o r t i o n  o f  t h e  c r a c k  was 
o f  such a magn i tude t h a t  i t  s h o u l d  have been d e t e c t e d  by  an eddy c u r r e n t  
i n s p e c t i o n  d u r i n g  t h e  r e p a i r  p rocess .  The S a f e t y  Board has n o t  de te rm ined  why 
t h i s  p r o c e s s i n g  c r a c k  was n o t  d e t e c t e d  a t  t h a t  t i m e .  

Un ion  Carb ide  has p a t c h - r e p a i r e d  more t h a n  1,000 f a n  b l a d e s  o f  v a r i o u s  
s i z e s  and shapes. Not  a l l  o f  t h e  r e p a i r e d  b lades  r e c e i v e  t h e  same number o f  
i n s p e c t i o n s  and i n  t h e  same sequence. P a t c h - r e p a i r e d  f a n  b l a d e s  a r e  
i d e n t i f i e d  on t h e  s u r f a c e  o f  t h e  b l a d e  p l a t f o r m  by  a DC number ( f o r  example, 

S h o r t l y  a f t e r  t h e  i n c i d e n t ,  P&W i s s u e d  S p e c i a l  I n s t r u c t i o n  No. BOF-89, 
d a t e d  September 5, 1989, r e q u e s t i n g  t h a t  t h e i r  cus tomers  p e r f o r m  a one- t ime  
eddy c u r r e n t  i n s p e c t i o n  f o r  p o s s i b l e  c r a c k s  i n  t h e  f a n  b l a d e s  t h a t  had been 
we lded by  e l e c t r o n i c  beam a t  a s p e c i f i c  r e p a i r  f a c i l i t y  ( b e l i e v e d  t o  be Un ion  
Carb ide )  I 

The S a f e t y  Board r e c e n t l y  became aware t h a t  on September 22, 1989, d u r i n g  
an eddy c u r r e n t  i n s p e c t i o n  a c c o r d i n g  t o  S p e c i a l  I n s t r u c t i o n s  BOF-89, 
Nor thwest  A i r l i n e s  pe rsonne l  f ound  a c r a c k  on a p a t c h - r e p a i r e d  f a n  b l a d e  on 
t h e  No. 4 P&W JT90-7F eng ine  o f  a Boe ing  747 f r e i g h t  a i r p l a n e  (N6716). The 
c r a c k  was on t h e  l e a d i n g  edge o f  t h e  f a n  b l a d e  a d j a c e n t  t o  a w e l d  f o r  t h e  
r e p a i r e d  p a t c h  a t  a p o s i t i o n  about 4 i n c h e s  f r o m  t h e  b l a d e  p l a t f o r m .  The f a n  
b l a d e  (P/N 771421, S/N 884533) was removed f r o m  t h e  a i r p l a n e  and sen t  t o  t h e  
P&W f a c i l i t y  i n  East H a r t f o r d ,  C o n n e c t i c u t ,  f o r  f u r t h e r  a n a l y s i s .  

DC-4321) I 

Fan b l a d e  S/N BE4533 had been p a t c h - r e p a i r e d  a t  t h e  Un ion  Carb ide  
f a c i l i t y  and had t h e r e a f t e r  accumulated 3,937.27 eng ine  s e r v i c e  hours  and 
1,218 c y c l e s .  The l a s t  808 o f  t h e s e  eng ine  s e r v i c e  hours  had been accumulated 
on N6716. 

When P&W r e c e i v e d  f a n  b lade ,  S/N BB 4533, f o r  a n a l y s i s ,  t h e  e x t e r i o r  
s u r f a c e  a r e a  a d j a c e n t  t o  t h e  c r a c k  had a l r e a d y  been e tched .  The e tched  
s u r f a c e  r e v e a l e d  t h a t  t h e  c r a c k  o r i g i n a t e d  a t  t h e  we ld  on t h e  l e a d i n g  edge o f  
t h e  b l a d e  a d j a c e n t  t o  t h e  p a t c h .  The c r a c k  i n  t h e  f a n  b l a d e  was f o r c e d  open 
m e c h a n i c a l l y  and t h e  exposed f r a c t u r e  s u r f a c e s  were examined. The examina t ion  
r e v e a l e d  t h e  presence o f  a 0.025- inch-deep, b l u e - c o l o r e d  f r a c t u r e  s u r f a c e  a t  
t h e  l e a d i n g  edge o f  t h e  b lade ,  i n d i c a t i v e  o f  a p r o c e s s i n g  c r a c k  i n t r o d u c e d  
d u r i n g  p a t c h  r e p a i r .  On December 14, 1989 t h e  S a f e t y  Board o b t a i n e d  one h a l f  
o f  t h e  exposed f r a c t u r e  s u r f a c e  o f  t h e  c r a c k .  Examina t ion  o f  t h i s  h a l f  by  
S a f e t y  Board m e t a l l u r g i s t s  d i s c l o s e d  ev idence  o f  an a p p r o x i m a t e l y  0 . 0 1 - i n c h -  
deep f a t i g u e  c r a c k  r e g i o n  stemming f r o m  t h e  d i s c o l o r e d  f r a c t u r e  s u r f a c e  t h a t  
was a t t r i b u t e d  t o  p r o c e s s i n g .  
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Airworthiness Directive (AD) 76-24-03 issued by the Federal Aviation 
Administration requires airline operators to visually examine P&W fan blades 
for foreign object damage at intervals of 600 engine service hours. The 
Safety Board believes visual inspection is suitable for detecting damage such 
as nicks, dents, pits, gouges, scratches, and other surface anomalies, but is 
impractical and inadequate for detecting cracks 0.025 inch or smaller. 

The Safety Board is concerned that other P&W fan blades patch-repaired by 
Union Carbide may have similar or even smaller cracks that were introduced 
during patch repair and that these cracks have remained undetected during the 
inspections at Union Carbide. Such cracks could grow by fatigue in service, 
producing blade separation and resulting in personal injury, loss of life, and 
substantial damage to the airplane and engine components. 

Therefore, the National Transportation Safety Board recommends that the 
Federal Aviation Administration: 

Issue an Airworthiness Directive requiring a one-time eddy 
current inspection of all patch-repaired first-stage compressor 
rotor blades (fan blades) in Pratt & Whitney JT9D Model engines 
according to Pratt & Whitney Special Instruction No. BOF-90. 
(Class I ,  Urgent Action) (A-90-7) 

Determine the minimum size of patch repair processing cracks 
that could initiate fatigue cracks in Pratt & Whitney JT9D model 
engine fan blades and determine the limits of the eddy current 
inspection or other inspection techniques to detect such cracks. 
If the minimum size of the patch repair processing cracks is 
smaller than the detectability limit of the inspection, issue an 
Airworthiness Directive to require on all blades that have been 
patch repaired, recurring inspections capable of detecting a 
propagating fatigue crack before it reaches a critical length. 
(Class 11, Priority Action) (A-90-8) 

KOLSTAD, Acting Chairman, BURNETT, LAUBER, and DICKINSON, Members, 
concurred in these recommendations. 

4 y :  James L .  Kolstad 
Acting Chairman 


