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SAFETY RECOMMENDAT I ON (S) 
A d m i n i s t r a t o r  
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~ - .  un uecernber 4, LYI+  , t n e  lUationaL ' n - a n s p o r t a t i o n  S a t e t y  
Board f o m a r d e d  t o  t h e  FAA S a f e t y  Recommendations A-74-115 
and 116, which d e a l t  w i t h  o u r  i n v e s t i g a t i o n  o f  t h e  d u r a b i l i t y  
o f  d r i l l e d  f a n  b l a d e s  on CFG eng ines .  Now t h a t  our  i n v e s t i -  
g a t i o n  i s  completed,  t h e r e  are t h r e e  o t h e r  areas which w e  
b e l i e v e  warrant c o r r e c t i v e  a c t i o n .  These areas are: (1) 
Engine  i c i n g  c e r t i f i c a t i o n  tes ts ;  (2) ex tended  o p e r a t i o n  of  
CFG-50 powered a i r c r a f t  i n  moderate  i c i n g  c o n d i t i o n s ;  and ( 3 )  
performance d e g r a d a t i o n  o f  l a r g e  t u r b o f a n  eng ines  caused  by 
b i r d  i n g e s t i o n .  

I c i n g  C e r t i f i c a t i o n  

A f t e r  t h e  i c i n g - c e r t i f i c a t i o n  tes t  of  t h e  CFG-6 conducted  
i n  1969,  t e c h n i c a l  q u e s t i o n s  were r a i s e d  abou t  t h e  l a c k  o f  f l i g h t  
v e l o c i t y  s i m u l a t i o n  d u r i n g  t h e  test  program. Al though f l i g h t  
v e l o c i t y  s i m u l a t i o n  was n o t  p o s s i b l e  a t  Peeb le s  P r o v i n g  Ground 
where t h e  tes ts  were made, General E lec t r ic  Company e n g i n e e r s  
contended  t h a t  t h e  e n g i n e  i n l e t  a i r f l o w  d u r i n g  t h e  c e r t i f i c a t i o n  
t e s t  a c t u a l l y  produced a more s e v e r e  eng ine  i c i n g  c o n d i t i o n  than  
would be encoun te red  i n  f l i g h t .  T h e i r  c o n t e n t i o n ,  however, was 
d i s p u t e d  by o t h e r  t e c h n i c a l  e x p e r t s  who had reviewed t h e  t es t  
r e p o r t .  S e r v i c e  e x p e r i e n c e  w i t h  the  CFG-G s u b s t a n t i a t e s  Genera l  
E l ec t r i c ' s  c o n t e n t i o n .  

However, t h e  S a f e t y  Board b e l i e v e s  t h a t  technical d i s a g r e e -  
m e n t s  which p e r t a i n  t o  v i t a l  a i r c r a f t  systems shou ld  be  r e s o l v e d  
by d e f i n i t i v e  tests d u r i n g  t h e  expe r imen ta l  phase  o f  c e r t i f i c a t i o n .  
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I f  a m a n u f a c t u r e r ' s  tes t  f a c i l i t y  i s  n o t  s u i t a b l e  f o r  i c i n g  s i m u l a t i o n ,  
t h e  t e s t s  shou ld  be performed i n  a f a c i l i t y  which can s imulate  i n - f l i g h t  
i c i n g  c o n d i t i o n s .  

Prolonged Exposure t o  Icin):  

Dur ing  a Genera l  E lec t r ic  eng ine  i c i n g  c e r t i f i c a t i o n  t es t  and d u r i n g  
a F rench  A-300B i c i n g  t e s t  f l i g h t ,  f a n  b l a d e  t i p s  on CFG-50 e n g i n e s  were 
damaged. The CFG-50 tes t  e n g i n e  was damaged when 1 2  l b s .  o f  i ce  was re- 
l e a s e d .  The i c e  had accumula ted  on the  unhea ted  f a n  s p i n n e r  d u r i n g  a 
hold  p a t t e r n  c e r t i f i c a t i o n  t es t  a t  t h e  Peeb le s  P rov ing  Ground. The 
s p i n n e r  ice  accumula ted  d u r i n g  two p r e v i o u s  tes ts  which l a s t e d  abou t  1 hour .  
These p r e v i o u s  tests had been s u c c e s s f u l l y  completed i n  s e v e r e  i c i n g  
c o n d i t i o n s  b e f o r e  t h e  e n g i n e  w a s  damaged. 

Data  from t h e  A-300B i c i n g  t e s t  f l i g h t  conducted by the  French  on 
March 28, 1973 ,  i n d i c a t e  t h a t  b o t h  e n g i n e s  were damaged a f t e r  h o l d i n g  f o r  
GO minu tes  i n  moderate  i c i n g  c o n d i t i o n s ;  power was reduced on t h e  l e f t  
eng ine  f o r  more than  1 2  m i n u t e s  w h i l e  f l y i n g  o u t  o f  t h e  i c i n g  c o n d i t i o n s .  
A f t e r  t h e  reduced power o p e r a t i o n ,  a power l e v e l  o f  96 p e r c e n t  f a n  rpm 
was ach ieved  w i t h  a s a t i s f a c t o r y  l e v e l  o f  v i b r a t i o n  f o r  t h e  rest o f  t h e  
f l i g h t .  F rench  a u t h o r i t i e s  b e l i e v e d  t h a t  i c e  shed  from t h e  f a n  s p i n n e r  
was r e s p o n s i b l e  f o r  t h e  damage t o  f i v e  fan  b l a d e s  i n  t h e  l e f t  eng ine  and 
two f a n  b l a d e s  i n  t h e  r i g h t  e n g i n e ;  however, t hey  a l s o  s t a t e d  t h a t  t h e s e  
i c i n g  c o n d i t i o n s  were s u b s t a n t i a l l y  more s e v e r e  than  c o n d i t i o n s  encoun te red  
i n  normal o p e r a t i o n .  The S a f e t y  Board b e l i e v e s  t h a t  o p e r a t o r s  of a i r c r a f t  
equipped  w i t h  CFG-50 e n g i n e s  shou ld  be a l e r t e d  t o  t h e  p o s s i b i l i t y  o f  e n g i n e  
damage a f t e r  pro longed  exposure  t o  modera te  o r  s e v e r e  i c i n g  c o n d i t i o n s  
w h i l e  a t  a hold  p a t t e r n  power l e v e l .  

B i rd  I n g e s t i o n  

The S a f e t y  Board has  noted  t h a t  l a r g e  t u r b o f a n  e n g i n e s  have i n g e s t e d  
g r e a t e r  numbers of  b i r d s  and h e a v i e r  b i r d s  than  r e q u i r e d  f o r  e n g i n e  c e r t i -  
f i c a t i o n  by F e d e r a l  A v i a t i o n  Regu la t ions .  
a c c i d e n t s ,  b u t  e n g i n e s  have been damaged s e v e r e l y ,  B i r d  i n g e s t i o n  by more 
than  one  e n g i n e  on a wide-bodied,  m u l t i - e n g i n e  a i r c r a f t  h a s  been r e p o r t e d  
f i v e  t imes ;  i n  a f o r e i g n  i n c i d e n t ,  one eng ine  of  a DC-10  w a s  s h u t  down and 
a n o t h e r  l i m i t e d  t o  76 p e r c e n t  f a n  rpm a f t e r  e n c o u n t e r i n g  b i r d s  on t a k e o f f .  
Al though b i r d  e n c o u n t e r s  have caused  hazardous  f l i g h t  c o n d i t i o n s ,  l i t t l e  
knowledge of  t h e  e f f e c t s  of  such  e n c o u n t e r s  i s  a v a i l a b l e .  Wi thout  a c c u r a t e  
q u a n t i t a t i v e  d a t a  r e g a r d i n g  b i r d  i n g e s t i o n  and r e s u l t a n t  e n g i n e  per formance  
d e g r a d a t i o n ,  c u r r e n t  b i r d  i n g e s t i o n  c r i t e r i a  f o r  l a r g e  t u r b o f a n  e n g i n e s  
canno t  be a s s e s s e d .  The re fo re ,  t h e  S a f e t y  Board b e l i e v e s  t h a t  q u a n t i t a t i v  
i n f o r m a t i o n  abou t  l a r g e  t u r b o f a n  e n g i n e  per formance  a f t e r  b i r d  i n g e s t i o n  
should  be o b t a i n e d  and used t o  e v a l u a t e  t h e  adequacy of  c u r r e n t  b i r d -  
i n g e s t i o n  c e r t i f i c a t i o n  s t a n d a r d s  f o r  t h e s e  eng ines .  

These i n g e s t i o n s  have n o t  caused  
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In view o f  t h e  above ,  t h e  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 

recommends t h a t  t h e  F e d e r a l  A v i a t i o n  A d m i n i s t r a t i o n :  

1. Requ i re  t h a t  c e r t i f i c a t i o n  d e m o n s t r a t i o n  of e n g i n e  a n t i -  
i c i n g  p r o v i s i o n s  be  performed i n  a t es t  f a c i l i t y  which 
can a e r o d y n a m i c a l l y  s i m u l a t e  i n - f l i g h t  i c i n g  c o n d i t i o n s .  

2. Warn a l l  o p e r a t o r s  of  a i r c r a f t  equipped  w i t h  CF6--50 e n g i n e s  
t h a t  e n g i n e  damage cou ld  r e s u l t  when ice  i s  shed  from t h e  
f a n  s p i n n e r  a f t e r  p ro longed  e x p o s u r e  t o  modera te  o r  s e v e r e  
i c i n g  c o n d i t i o n s  a t  a ho ld  p a t t e r n  power s e t t i n g .  

3 .  Gathe r  a c c u r a t e  e n g i n e  per formance  i n f o r m a t i o n  from s e l e c t e d  
i n - s e r v i c e  cases o f  b i r d  i n g e s t i o n  by l a r g e  t u r b o f a n  e n g i n e s  
which r e s u l t e d  i n  e n g i n e  shutdown,  s e r i o u s  t h r u s t  l o s s ,  o r  
e x c e s s i v e  v i b r a t i o n .  Th i s  i n f o r m a t i o n ,  i n  combina t ion  w i t h  
t h e  most r e c e n t  o r n i t h o l o g i c a l  d a t a  and advances  i n  e n g i n e  
t e c h n o l o g y ,  s h o u l d  b e  used t o  e v a l u a t e  t h e  adequacy o f  b i r d  
i n g e s t i o n  c r i t e r i a  f o r  ' large turbofan  en,' mines. 

Our Bureau o f  A v i a t i o n  S a f e t y  s t a f f  is a v a i l a b l e  f o r  c o n s u l t a t i o n  i f  
d e s i r e d .  

REED, Chairman, McADAMS, THAYER, and BURGESS, Members, concur red  
i n  t h e  above recommendations. HALEY, Member, did not par t ic ipate .  

. (/ Chairman 
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