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On September 27, 1991, a M i t s u b i s h i  MU-28-60, Canadian r e g i s t r y  C-FFSS, 
on a cargo f l i g h t ,  sus ta ined  s u b s t a n t i a l  damage when a p r o p e l l e r  b lade 
separated i n  f l i g h t .  near  U t i c a ,  New York. The a i r p l a n e  was c l i m b i n g  th rough  
19,000 f e e t  when t h e  p i l o t  f e l t  a s t r o n g  v i b r a t i o n ,  f o l l o w e d  s h o r t l y  by a 
l o u d  "bang." The v i b r a t i o n  inc reased and became so severe t h a t  t h e  p i l o t s  
exper ienced c o n s i d e r a b l e  d i f f i c u l t y  c o n t r o l 1  i n g  t h e  a i r p l a n e .  Desp i te  t h i s  
d i f f i c u l t y ,  t h e  a i r p l a n e  was s u c c e s s f u l l y  landed a t  t h e  U t i c a  a i r p o r t ,  w i t h  
no i n j u r i e s .  

Pos tacc iden t  examinat ion  o f  t h e  a i r p l a n e  r e v e a l e d  t h a t  one o f  t h e  f o u r  
arms o f  t h e  p r o p e l l e r  hub f o r  t h e  No. 2 engine had separated, r e l e a s i n g  one 
o f  t h e  f o u r  p r o p e l l e r  b lades  i n  f l i g h t .  The r e l e a s e d  b lade h i t  and damaged 
an ad jacen t  b l a d e  on t h e  same engine and r i p p e d  a 1 2 - i n c h  h o l e  i n  t h e  
p r e s s u r i z e d  p o r t i o n  o f  t h e  fuse lage.  The severe v i b r a t i o n  r e s u l t i n g  f rom 
l o s s  o f  t h e  b lade  caused s u b s t a n t i a l  t w i s t i n g  and w r i n k l i n g  o f  t h e  wings and 
a p a r t i a l  s e p a r a t i o n  o f  t h e  No. 2 eng ine  n a c e l l e  f rom t h e  engine t r u s s  
mounts. The r e l e a s e d  b lade and assac ia ted  b lade  clamp, p i l o t  tube, and 
separated p o r t i o n  o f  t h e  hub have n o t  been recovered.  

M e t a l l u r g i c a l  examinat ion  o f  t h e  broken H a r t z e l l  p r o p e l l e r  hub, model 
HC-B4TN-5DL, was conducted a t  t h e  S a f e t y  Board 's  m a t e r i a l s  l a b o r a t o r y .  The 
hub arm f r a c t u r e  was l o c a t e d  about 2.3 inches  i n b o a r d  o f  t h e  ou tboard  end o f  
t h e  hub arm. The f r a c t u r e  was caused by a f a t i g u e  c r a c k  t h a t  i n i t i a t e d  f r o m  
m u l t i p l e  s i t e s  on t h e  i n s i d e  d iameter  s u r f a c e  o f  t h e  a r m  and progressed 
th rough 70 pe rcen t  o f  t h e  arm c ross  s e c t i o n  b e f o r e  f i n a l  separa t i on .  The 
f a t i g u e  c rack  i n i t i a t i o n  area was approx imate ly  i n  l i n e  w i t h  t h e  i nboard  end 
o f  t h e  p i l c .  tube t h a t  i s  assembled i n t o  t h e  hub arm bore  w i t h  an 
i n t e r f e r e n c e  f i t .  Dur ing  o p e r a t i o n  o f  t h e  p r o p e l l e r ,  a s l i g h t  s t r e s s  
i nc rease  i s  expected t o  occur  a t  t h e  p o s i t i o n  cor respond ing  t o  t h e  assembled 
inboard  end o f  t h e  p i l o t  tube, and t h i s  may have caused t h e  f a t i g u e  o r i g i n  
area t o  be l o c a t e d  a t  t h i s  r a d i a l  p o s i t i o n .  

The i n s i d e  d iameter  s u r f a c e  o f  t h e  separated hub a r m  con ta ined  s c r a t c h  
marks t h a t  extended over  about o n e - h a l f  o f  t h e  h o l e  w a l l  c i r cumfe rence  and 
f r o m  t h e  f r a c t u r e  s u r f a c e  t o  a p o s i t i o n  s l i g h t l y  i nboard  o f  t h e  p lane  o f  t h e  
f r a c t u r e .  The f a t i g u e  o r i g i n  a r e a  was l o c a t e d  w i t h i n  t h i s  area o f  sc ra tches .  

5798 



2 

Examination of the three remaining intact arms after removal of the pilot i 
tubes disclosed evidence of scratch marks similar to those found on the 
separated arm. 

As the propeller rotates, the predominant load experienced by the hub 
arm is from the centrifugal loads on the propeller blades. These loads 
result in radial tension throughout the hub arm. In addition, drag and 
thrust loads on The blades produce bending in the hub arms. During normal 
operation (in forward propeller thrust), these bending loads result in 
maximum tension in the aft leading-edge quadrant of the hub arm. During 
reverse thrust, the maximum tension would be in the forward leading-edge 
quadrant of the hub arm. However, the fatigue origin area was not located in 
either of these quadrants, but was, instead, found in the forward trailing- 
edge quadrant of the hub arm, suggesting that the circumferential location of 
the fatigue initiation region was not influenced by bending loads but may 
have been determined by local stress raisers such as the scratches on the 
inside diameter surface of the separated hub arm. 

The separated propeller hub was manufactured in 1977 and was overhauled 
in 1983 and 1988. Records from the first overhaul are not available. The 
records from the second overhaul indicate that two of the four pilot tubes 
had been replaced at that time. Because similar scratches were found on all 
four hub arms, it is unlikely that the scratches were introduced during the 
more recent overhaul. Also, the scratches extended inboard of the position 
contacted by the pilot tubes, and it is unlikely that removal or insertion of 
the tubes could create such damage. However, the scratches could have been 
created by some manufacturing or repair process any time that the pilot tubes 
were not present in the hub arms. The Safety Board believes it more likely 
that scratches were produced during original manufacturing of the hub. 

General corrosion damage and corrosion pitting were also noted on 
various portions of the inside diameter surface of the remaining portion of 
the separated hub arm, including the area from which the fatigue cracking 
initiated. The general corrosion damage had partially obliterated the 
scratches from the inside diameter surface. Scanning electron microscopic 
examination of the fracture revealed no evidence of corrosion pits at the 
individual fatigue initiation sites, indicating that corrosion may not have 
substantially contributed to initiation of the fatigue cracking. 

The Safety Board believes that it is more likely that the fatigue 
cracking on tlte separated hub initiated from the scratches than from 
corrosion damage. Regardless of the cause of initiation, the failure of a 
hub arm on a HC-64 propeller hub could result in a catastrophic accident. 

The separated hub, model HC-B4TN-SUL, had accumulated a total of 4,432 
hours of operation since new. Information provided by Hartzell indicated 
that the highest time model HC-B4 propeller hub (manufactured since the 
1960s) has accumulated about 15,000 hours of operation. The Safety Board 
believes that all HC-64 Hartzell propeller hubs that have accumulated at 
least 3,000 hours should be subjected to a one-time inspection for cracks. 
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H a r t z e l l  recommends t h a t  t h e  H C - B 4  p r o p e l l e r  be overhauled eve ry  5 yea rs  o r  
3,000 hours,  whichever comes f i r s t .  Pe r fo rm ing  t h e  hub i n s p e c t i o n  a t  t he  
n e x t  recommended overhaul  c o u l d  a l l o w  passage o f  t o o  much t i m e  b e f o r e  t h e  
i n s p e c t i o n  i s  performed. There fo re ,  t h e  S a f e t y  Board b e l i e v e s  t h a t  t h e  hubs 
shou ld  be i n s p e c t e d  t h e  n e x t  t i m e  t h a t  t h e  p r o p e l l e r  assembly i s  overhauled, 
o r  a t  t h e  n e x t  annual i n s p e c t i o n  ( o r  e q u i v a l e n t ) ,  whichever  occu rs  f i r s t .  I f  
t h e  i n s p e c t i o n  af t hese  hubs r e v e a l s  a d d i t i o n a l  hubs w i t h  c racks ,  then 
p e r i o d i c  i n s p e c t i o n s  o f  t h e  HC-B4 hubs may a l s o  be necessary.  

The i n t e r f l  r ence  f i t  between t h e  p i l o t  t u b e  and t h e  hub arm inc reases  
t h e  p o s s i b i l i t y  t h a t  removal and reassembly o f  t h e  p i l o t  tubes ( t o  do a 
d i r e c t  i n s p e c t i o n  o f  t h e  i n s i d e  d iamete r  s u r f a c e  o f  t h e  hub arms) c o u l d  
damage t h e  h o l e  w a l l .  However, t h e  S a f e t y  Board b e l i e v e s  t h a t  hub arm cracks 
c o u l d  be d e t e c t e d  w i t h o u t  removal o f  t h e  p i l o t  tubes t h r o u g h  t h e  use o f  an 
i n s p e c t i o n  method such as u l t r a s o n i c  i n s p e c t i o n .  

The des ign  o f  t h e  HC-B4 hub and t h e  manu fac tu r ing  processes used t o  
make i t  a r e  v e r y  s i m i l a r  t o  t h e  d e s i g n  and processes used t o  make t h e  
H a r t z e l l  t h r e e - b l a d e d  hub ( b a s i c  model HC-B3) and t h e  H a r t z e l l  f i v e - b l a d e d  
hub (HC,-85). H a r t z e l l  has made more t h a n  27,000 t h r e e - b l a d e d  hubs and more 
t h a n  1,300 f i v e - b l a d e d  hubs. Because o f  t h e  s i m i l a r i t i e s  between t h e  types 
o f  hubs, t h e  S a f e t y  Board i s  concerned t h a t  hubs o f  t h e  t h r e e -  and f i v e -  
b laded des ign  c o u l d  a l s o  be s u s c e p t i b l e  t o  c r a c k i n g  because t h e y  c o u l d  have 
damage s i m i l a r  t o  t h e  s c r a t c h  marks and c o r r o s i o n  found on t h e  separated 
f o u r - b l a d e d  hub. A f a i l u r e  o f  a hub arm on a t h r e e -  o r  f i v e - b l a d e d  hub c o u l d  
a l s o  r e s u l t  i n  a c a t a s t r o p h i c  acc iden t ,  and t h e  S a f e t y  Board b e l i e v e s  t h a t  
i n s p e c t i o n s  o f  t h e s e  hubs may a l s o  be necessary t o  de te rm ine  i f  t h e y  have a 
c r a c k i n g  problem. 

There fo re ,  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  
Federa l  A v i a t i o n  Admini s t r a t i  on: 

Develop, w i t h  t h e  a s s i s t a n c e  o f  H a r t z e l l  P r o p e l l e r ,  I n c o r p o r a t e d ,  a 
n o n d e s t r u c t i v e  i n s p e c t i o n  techn ique  capable o f  d e t e c t i n g  hub arm 
c r a c k s  stemming f r o m  t h e  i n s i d e  d iamete r  s u r f a c e  o f  t h e  hub arm a t  
t h e  approximate l o c a t i o n  o f  t h e  i n s e r t e d  end o f  t h e  p i l o t  tubes on 
H a r t z e l l  model HC-B4 p r o p e l l e r  hubs, and i s s u e  an a i r w o r t h i n e s s  
d i r e c t i v e  r e q u i r i n g  t h a t  HC-84 hubs w i t h  3,000 hours o r  more be 
i n s p e c t e d  u s i n g  t h i s  techn ique  t h e  nex t  t i m e  t h e  p r o p e l l e r  assembly 
i s  overhau led  f o r  any reason, ,ir a t  t h e  n e x t  annual i n s p e c r i o n  ( o r  
- q u i v a l e n t ) ,  whichever  i s  f i ;s t .  (Class 11, P r i o r i t y  A c t i o n )  

Determine, based on t h e  r e s u l t s  o f  t h e  i n s p e c t i o n s  reques ted  i n  
Safety  Recommendation A-92-81, i f  t h e  hub arms on H a r t z e l l  model 
HC-B4 p r o p e l l e r  hubs w i t h  3,000 hours  o r  more shou ld  be i n s p e c t e d  
a t  p e r i o d i c  i n t e r v a l s .  I f  such i n s p e c t i o n s  a r e  warranted,  i s s u e  an 
a i r w o r t h i n e s s  d i r e c t i v e ,  as a p p r o p r i a t e ,  r e q u i r i n g  p e r i o d i c  
i n s p e c t i o n s .  (Class 11, P r i o r i t y  A c t i o n )  (A-92-82) 

(A-92-81) 
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Determine if Hartzell model HC-63 and -65 propeller hubs, based on 
similarity of design and fabrication processes with the HC-64 
propeller hub, should be inspected for cracking in the hub arms. 
I f  such inspections are warranted, issue an airworthiness 
directive, as appropriate, requiring periodic inspections. 
(Class 11, Priority Action) (A-92-83) 

Chairman VOLT, Vice Chairman COUGHLIN, and Members LAUBER, HART, and 
HAMMERSCHMIOT concurred in these recommendations. 

By: Carl W. Vogt 
Chairman 


