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Detai 1 s o f  Examination : 

See a t t ached  s h e e t .  

WENS-2028 5 ~ 5 7 8 6  

Conclusions : 

Radial f r a c t u r e  through f ron t  compressor f r o n t  h u b  was due t o  low c y c l e  f a t i g u e  
(LCF) which  progressed  from o r i g i n s  a t  a c i r c u m f e r e n t i a l  groove a t  r e a r  end o f  
one t i e  rod hole. Groove was up t o  0.125" wide a n d  0.025" deep and had a very 
rough,  smeared appearance t y p i c a l  o f  abus ive  machining. 
microscope CSEM) examinat ion revea led  7300 (+ lo%)  f a t i g u e  s t r i a t i o n s .  Work 
a f f e c t e d  m a t e r i a l ,  up t o  0.025" deep a n d  as  Kard a s  H R C  55,  was p r e s e n t  a long 
s u r f a c e  o f  groove and a d j a c e n t  machined s u r f a c e  o f  t i e  rod ho le .  Presence o f  
worked m a t e r i a l  below finish machined and honed ho le  s u r f a c e  ad jacen t  t o  groove 
i n d i c a t e s  t ha t  damage occur red  p r i o r  t o  f i n a l  machining o p e r a t i o n s .  
away from groove conformed t o  hardness  and composition requi rements .  

Scanning e l e c t r o n  

Hub m a t e r i a l  

JT8D-7B 1 P-654892 
P A R T  TIME 

. , -  
Machining: PhA - North Haven 

O P E R A T E D  B Y  

12,634 Hours/9,360 Cycles Pan Am (PA) 
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De ta i l s  o f  Examinat ion:  

Front  compressor f r o n t  h u b  f r a c t u r e d  r a d i a l l y  through bore  and rim i n  two l o c a t i o n s  
r e l e a s i n g  two s e c t i o n s  compris ing approximate ly  120° and 240' o f  c i r cumfe rence ,  
r e s p e c t i v e l y  (Figure 1 ) .  Binocular  examinat ion o f  one r a d i a l  f r a c t u r e  r evea led  
f a t i g u e  which p rogres sed  from a c i r c u m f e r e n t i a l  groove a t  r e a r  end of  one  t i e  rod 
ho le  (F igu re  2 ) .  
0.035'' ou tboa rd  toward rim (Figure 3 ) .  
r ap id  t e n s i l e  b reaks .  Ma te r i a l  i n  groove a t  o r i g i n  e x h i b i t e d  a very rough,  smeared 
appearance w i t h  numerous a x i a l  c r acks  (Figures 4 and 5 ) .  
mensional i n s p e c t i o n  o f  r e p l i c a s  o f  groove measured a maximum groove w i d t h  o f  0.125" 
and depths  o f  0.010-0.025" below t i e  rod h o l e  s u r f a c e .  
groove and  r e a r  edge break  o f  t h e  t i e  rod h o l e  were a p p a r e n t l y  machined flush w i t h  
t i e  rod h o l e  s u r f a c e .  S u r f a c e  o f  t h e  h o l e  o u t s i d e  o f  t h e  groove e x h i b i t e d  p a t t e r n  
t y p i c a l  o f  honing o p e r a t i o n  as  r e q u i r e d  by t h e  p rocess  s h e e t .  Scanriing e l e c t r o n  
microscope (SEM) examinat ion o f  f r a c t u r e  s u r f a c e  r evea led  s t r i a t i o n s  t y p i c a l  o f  
low c y c l e  f a t i g u e  (LCF). S t r i a t i o n  count  a n a l y s i s  r evea led  7300 (+10%) s t r i a t i o n s  
of f a t i g u e  p rogres s ion .  X-ray emission s p e c t r o s c o p i c  (XES) examination o f  groove 
and s u r f a c e  o f  t i e  rod h o l e  r evea led  small  amounts o f  i r o n ,  poss ib ly  from con- 
t amina t ion .  There was no evidence o f  contaminat ion  from c o n t a c t  w i t h  t i e  rod 
Ci .e.  nickel o r  cadmium from p l a t i n g ) .  

Fa t igue  extended approximate ly  1.25" inboard toward bo re  and 
Remainder of  f r a c t u r e s  were t y p i c a l  o f  

Opt ica l  comparator  d i -  

Some narrow a r e a s  between 

Q u a n t i t a t i v e  chemical a n a l y s e s  r evea led  t h a t  h u b  m a t e r i a l  confomed t o  PWA 1215 
composition r equ i r emen t s .  Hardness o f  hub m a t e r i a l  away from groove,  H R C  34-36, 
conformed t o  s p e c i f i c a t i o n  requirement  of H R C  39, maximum. Diameters o f  t i e  rod 
ho le s  a d j a c e n t  t o  f r a c t u r e d  hole  conformed t o  drawing requi rements .  An a c c u r a t e  
measurement o f  f r a c t u r e d  t i e  rod ho le  d i ame te r  was n o t  p o s s i b l e  due  t o  deformation 
which occur red  d u r i n g  f r a c t u r e .  

Meta l lographic  examinat ion o f  s e c t i o n s  through f a t i g u e  o r i g i n s  r evea led  t r a n s -  
g r a n u l a r  f r a c t u r e  pa th .  
a t  f a t i g u e  o r i g i n s  e x h i b i t e d  work a f f e c t e d  m i c r o s t r u c t u r e  a t  s u r f a c e  o f  groove 
and a long  machined s u r f a c e  o f  ho le  u p  t o  0 .25"  from r e a r  f a c e  o f  h u b  ( F i g u r e  6 ) .  
Work a f f e c t e d  ma te r i a l  extended u p  t o  0.025" below s u r f a c e  o f  groove. 
o f  work a f f e c t e d  m a t e r i a l  was a s  high as HRC 55 ( H V  conv . ) .  
through groove e x h i b i t e d  numerous a x i a l  c r acks  i n  h e a v i l y  worked m a t e r i a l  ( F i g u r e  
7 ) .  Micros t ruc tu re  away from t i e  rod ho le  s u r f a c e  was t y p i c a l  o f  PWA 1215 t i t a n i u m -  
base  a l l o y  processed  below the  be ta  t r a n s u s  t empera tu re  and conformed t o  t h e  re- 
quirements  o f  M a t e r i a l s  Control Laboratory (MCL) Manual S e c t i o n  E-72. 

Axial  s e c t i o n s  through t i e  rod ho le  s u r f a c e  and groove 

Hardness 
P lana r  s e c t i o n  

PRATT & WHITNEY AIRCRAFT CONTROLLED 



FIGURE 1 M A G :  0.3X 

J T 8 0 - 7 B  FRONT COMPRESSOR FRONT H U B ,  7 4 9 7 0 1 C ,  S/N 5 A 5 7 8 6 ,  H E A T  C O  
2 0 2 8 ,  AFTER TOTAL P A R T  TIME O F  1 2 , 6 3 4  H O U R S / 9 , 3 6 0  CYCLES (TIME S 
O V E R H A U L  4 9 0 9  HOURS/2782 CYCLES) SHOWING L O C A T I O N  OF R A D I A L  FAT1 
T U R E  W H I C H  PROGRESSED FROM O N E  T I E  R O D  H O L E  (ARROWS). H U B  H A D  B 
E D  7 7 2 5  HOURS/6578 CYCLES IN NATIONAL E N G I N E  P - 6 5 5 0 1 9 ,  T H E N  FOR 
2 7 8 2  C Y C L E S  IN PAN A M  E N G I N E  P - 6 5 m  PRIOR TO FRACTURE. 

D E  WENS 
INCE 
G U E  FRA 
E E N  O P E  
4 9 0 9  H O  

0 
8 2 - 2 0 0 - 0 0 6 1 - 2  
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R A T .  
URS 



UNITED 
TECHNOLOGIES 
PRATT&WHITNEY 
AIRCFiAFT 

F I G U R E  2 M A G :  1 . 8 X  

C L O S E - U P  O F  R A D I A L  F R A C T U R E  S H O W I N G  F A T I G U E  ( B R A C K E T S )  W H I C H  
P R O G R E S S E D  F R O M  O R I G I N S  ( A R R O W S )  A T  G R O O V E  A T  R E A R  E N 0  O F  T I E  
R O D  H O L E .  

8 2 - 2 0 0 - 0 0 6 1 - 2  82A6005-002 
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F I G U R E  3 M A G :  3 . 2 X  

C L O S E - U P  O F  R A D I A L  F R A C T U R E  S H O W I N G  F A T I G U E  ( B R A C K E T S )  W H I C H  
P R O G R E S S E D  F R O M  O R I G I N S  ( A R R O W S )  A T  G R O O V E  A T  R E A R  E N D  O F  T I E  
R O D  H O L E .  

82A6005-003 8 2 - 2 0 0 - 0 0 6 1 - 2  
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C L O S E - U P  OF G R O O V E  A T  R E A R  E N D  O F  T I E  R O D  H O L E  S H O W I N G  L O C A T I O N  
OF F A T I G U E  O R I G I N S  ( A R R O W S )  A N D  R O U G H ,  S M E A R E D  A P P E A R A N C E  O F  
G R O O V E  S U R F A C E .  

8 2 - 2 0 0 - 0 0 6 1 - 2  82A6005-004 
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1 0 X - L E F T  
M A G :  2 0 X - R I G H T  

C L O S E - U P S  O F  G R O O V E  S H O W I N G  N U M E R O U S  A X I A L  C R A C K S  ( A R R O W S )  
R O U G H ,  S M E A R E D  A P P E A R I N G  M A T E R I A L .  

I N  

8 2 - 2 0 0 - 0 0 6 1 - 2  82A6005-005 
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E T C H A N T :  K R O L L ' S  
R E A G E N T  + 1 %  H F  F I G U R E  6 M A G :  2 5 X  

P H O T O M I C R O G R A P H  O F  A X I A L  S E C T I O N  T I I R O U G I I  T I E  R O D  H O L E  N E A R  F A T I G U E  O R I G I N S  
S H O W I N G  L A Y E R  O F  I I A R D ,  WORK A F F E C T E D  M A T E R I A L  ( A R R O W S )  A L O N G  S U R F A C E  O F  
G R O O V E  ( B R A C K E T )  A N 0  A O J A C E N T  F I N I S H  M A C H I N E 0  HOLE S U R F A C E  ( B R A C K E T  A ) ,  
S U G G E S T I V E  O F  A B U S I V E  M A C H I N I N G .  P H O T O M I C R O G R A P H S  O F  S E C T I O N  B - B  A R E  

I 

I SHOWN I N  F I G U R E  7 .  
82A6005-006 

8 2 - 2 0 0 - 0 0 6 1  - Z 



E T C H A N T :  K R O L L ' S  
R E A G E N T  t 1 %  H F  F I G U R E  7 

1 5 X - L E F T  
M A G :  1 0 0 X - R I G H T  

P H O T O M I C R O G R A P H S  O F  P L A N A R  S E C T I O N  ( S E C T I O N  B - B  S H O W N  I N  F I G U R E  6 )  
T H R O U G H  G R O O V E  I N  T I E  R O O  H O L E  A T  F A T I G U E  O R I G I N  ( A R R O W  A - L E F T )  
SHOWING D E F O R M E D  A N D  W O R K  A F F E C T E D  M I C R O S T R U C T U R E - ( B R A C K E T S  - RIGHT) 
A N D  M U L T I P L E  A X I A L  C R A C K S  ( A R R O W S  - L E F T  A N D  R I G H T j  S U G G E S T I V E  0; 
A B U S I V E  M A C H I N I N G .  

' 

8 2 - 2 0 0 - 0 0 6 1 - 2  
82A6005-007 
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