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SAFETY RECOMMENDAT I ON ( S )  

23 h, 2 4  - -  

On December 4, 1 9 7 4 ,  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 forwarded 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  our  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 CF6 eng ines .  Now t h a t  o u r  i n v e s t i -  
g a t i o n  is completed,  t h e r e  are t h r e e  o t h e r  areas which we 
b e l i e v e  w a r r a n t  c o r r e c t i v e  a c t i o n .  These a r e a s  are: (1) 
Engine i c i n g  c e r t i f i c a t i o n  tests; ( 2 )  extended o p e r a t i o n  o f  
CF6-SO 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  e n g i n e s  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  t e s t  of t h e  CF6-6 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. Although 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 rov ing  Ground 
where t h e  tes ts  were made, General E l e c t r i c  Company e n g i n e e r s  
contended t h a t  the e n g i n e  i n l e t  a i r f l o w  d u r i n g  the c e r t i f i c a t i o n  
t es 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  t h e  CF6-6 s u b s t a n t i a t e s  Genera l  
E lec 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  t e c h n i c a l  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 should be  r e s o l v e d  
by d e f i n i t i v e  tes ts  d u r i n g  t h e  e x p e r i m e n t a l  phase  o f  c e r t i f i c a t i o n .  
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L 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  
t h e  tests shou ld  be performed i n  a f a c i l i t y  which can s i m u l a t e  
i c i n g  c o n d i t i o n s .  

Prolonaed Exposure t o  I c i n g  

During a General E l e c t r i c  eng ine  i c i n g  cert 
a F rench  A-300B i c i n g  test f l i g h t ,  fan b l a d e  t i p s  on CF6-50 
damaged. The CF6-50 test  e n g i n e  w a s  damaged whe 
l e a s e d .  The i c e  had accumulated on t h e  unheated 
hold p a t t e r n  c e r t i f i c a t i o n  test  a t  t h e  P e e b l e s  P r  
s p i n n e r  i c e  accumulated d u r i n g  two p r e v i o u s  tes ts  
These p r e v i o u s  tes ts  had been s u c c e s s f u l l y  completed i n  s e v e r  
c o n d i t i o n s  b e f o r e  t h e  eng ine  was damaged. 

Data from t h e  A-300B i c i n g  t es t  f l i g h t  conducted by t h e  F r e  
March 28, 1973, i n d i c a t e  t h a t  bo th  e n g i n e s  were damaged a f t e r  ho 
60 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  
eng ine  f o r  more than 12  minutes  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  
Af te r  t h e  reduced power o p e r a t i o n ,  a porver l e v e l  o f  96 p e r c e n t  f a n  r p  
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  of  v i b r a t i o n  f o r  t h e  rest o f  t 
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  
vas r e s p o n s i b l e  f o r  t h e  damage t o  f i v e  f a n  b l a d e s  i n  t h e  l e f t  e n g i n e  a n  
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  
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 t  
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 rc r  
equipped w i t h  CF6-50 e n g i n e s  should be a l e r t e d  t o  
damage a f t e r  prolonged exposure  t o  moderate o r  s e v e r e  i c i n g  c o  
w h i l e  a t  a hold p a t t e r n  power l e v e l .  

C i rd  In,qes t i o n  

rhe  S a f e t y  Board h a s  noted t h a t  l a r g e  t u r b o f  
g r e a t e r  numbers o f  b i r d s  and h e a v i e r  b i r d s  than r 
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  
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  
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 e n g i n e  o f  a DC-10  was s h u t  dow 
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  encou 
Although b i r d  e n c o u n t e r s  have caused haza rdous  f l  
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  
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 re 
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  
i n f o r m a t i o n  a b o u t  l a r g e  t u r b o f a n  e n g i n e  performan 
shou ld  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 o f  c u r r  
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  caus  
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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, 

2. 

3 .  

Require  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  o f  eng ine  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 e s t  f a c i l i t y  which 
can ae rodynamica l ly  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 .  

Warn a l l  o p e r a t o r s  of  a i rc raf 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  result  when i c e  is  shed from t h e  
f a n  s p i n n e r  a f t e r  prolonged exposure  t o  moderate  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 hold p a t t e r n  power s e t t i n g .  

Gather  a c c u r a t e  e n g i n e  performance 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  c a s e s  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 .  This  i n f o r m a t i o n ,  i n  combinat 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 echno logy ,  shou ld  be 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  ' l a r g e  t u r b o f a n  eng ines .  

Our Bureau of  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  if 
d e s i r e d .  

REED, Chairman, McADAMS, THAYER, and BURGESS, Members, concurred 
i n  t h e  above recommendations. HALEY, Member, c?id not par t ic ipa te .  

6/ Chairman 


