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SUMMARY

lmportance of  bear ing road in aeroengines ancl  i ts  predict ion

i n  l h e  e v e n !  o f  " B i r d  s t r i k e "  i s  d e a l t  w i t h  i n  t h i s  p a p e r '  A

s h o r t  s u m a r y  o f  a n a l y t i c a l  r e s u l t s  o b t a i n e d  f o r  a  c r i ! i c a l

f l i g h t  c o n d i t i o n  i s  p r e s e n t e d  t o  h i g h l l g h t  t h e  u t i l i t v  o f

r ; p a c t  s o f t w a r e  i n  i e L a t i o n  t o  e n g i n e  b e a r i n g  d e s i q n '

Key l lo lds:  Engineer ing,  Engines
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INTRODOCrION

Many cr i t ica l  fa i ture mocles of  aeroengines necessi tate
nin in isat ion of  ax ia l  thrusr  t . "d"  . ,  

-  
" "qf . .  ; ; ; ; ; ; ; ; ;par t icu lar ty  in  the case of  overhuns r . "  , t t " ,  l * r i " ! " i(F is .1)  I t  is  a qood ctes iqn p lac l ice to ensure t ta t  i r redi rect ion of  these rh,ust  roais  on tne bear ings,  d;e a;d i f ferent ia t  gas pressures ins ide the ensine,  c lo ; . i  ; . ; " r ; ;aE any f I ight  phase.  nhi le  th is  can be .o^pr i "O " i t t ,  

- io ,

: l i : : j  ."rr enqine confisurations and ?risht 
-p;i""",

t ranslent  revelsat  of  these axia l  roads in  the . ; " , t  ; i  ; i ; ;s t r ikes o"r  enqine roroJ con.ponenrs becomes exLrere lvd j t f i cu lL  to  handre .  rhese  , " , " . "u r "  u i r " . i  i ; "  i ; ; ; ; ; ; i i
:11._-r:] l ibr1-rty of bearine rocators and shaft to;kins

rn extrene cases,  rhese txansient  roads cout ;resut t  in  bear ing fa i lures,  d isc overspeeding,  rotor /s tator
b l a d e  r u b  a n d  s p t l n e  j o i n t  o v e r t o a o r n g .  A  r e a l i s t i c ,  i f  n o tnost  accurate,  assessnent  of  these t ransient  ax ia l  toads onthe low pressure nain shaf t  is  an inpor lant  " . " ry ; ; - . ; l
: : : 1 9 " _ - . - " - 1  

f o r  e n s u r i n s  b e a r i n s  i n . . q ! r . y  a n d  _ i n i r i s r n s
o r n e r  s e c o n d a !  y  f a i t u r e  n o d e s _

I l "  . " I t . ]  l o " d  e x p e ! j e n c e d  b y  t h e  b e a r j ,  e s  d u e  L o  , B j r d
a  d . r e c f  I u n c L i o n  o I  e n g i n e  , o t a L i o n a l  s p e e d ,

a ixcraf t  forward speed,  b i rc l  shape,  i ts  o. i . " tu t i " ,  " ' i "_J l
w r s .  e n g r n _ e  . x i s  a n d ,  m o r e  i m p o r L a n t l y ,  i s  d e p e n d e n t  o n  t h en u _ r D e r _  o t  t a n  b t a d e s  i m p a c . e d  a n d  L h e  L h i c k n . " s /  c a m b e r
: ? : r : . 1 . r  

o !  f h e  b l . d e s  . l o n q   s  s p d n  r r o m  L i p  ! o  h u b .
t l q . z  r s  d  s t a n d a r d  p u b t i s h e d  a n d  w e I I  k n o , n  c o n ^ ; p r  o f  r h e
bi rd-debr is  d is t r ibut ion and resul tant  rorce vectors onr o t a r j n g  b l a d e s .  F i g . l  a x p l a . n s  t h e  i n l t u e r c e  o f  b j r d  s h a o e
o n  t h e  p e a k  i r p a c t  f o r c e  o n  r o j  o r  b l a d e ,  a s s u m " d  r o  t e  r i o i a
a n d  t h e  b i r d  n a t e r i a r  t o  b e  s e m i - s o t i d  . ,  " . ^ . _ r r , i a ' r i
behaviour .  In  pract ice,  however,  the assumed bi rd
c h d r a c L e r i _ s L j c s  - i s  n o L  s t ! i c r L y  v a t r d  a n d  L h e  r o L a t i n q  b t d d e
r n d e e d  d € f o r n s  € s  a  t o w  d s p e c r  - r a L r o  c a n r , L e v e r  p l a L e  o !
Y a r y l n g  t h i . k n e s s .  r - i 9 . ,  i s  a  L y p i c a t  e s a m p t e  o r  a r  d c L u a l
r a n  D l a d e  r e s t e d  u n d e r  s _ m u l a t e d  o i ! d  : 1 9 e s t i o n  . o n d i t . i o n
c o r r e s p o n d l n 9  L o  ' . T . k e - o r r , ,  p h a s e .  o n -  c a n  c t e a r l y  i d e n r l t y
t n e -  b e n d i n g  a n d  t d i s t i n g  c o m p o n e n r  s  o r  t o l d t  b - L a d "

H h i c h  r e d u c 6 s  t h 6  i n p a . r  t o a d  t r a n s t a c e d  a s  a x i a l
I n r u s t  - t o a d  o n  L h e  f d n  b e d r  i n o .  T h e  p x a c t  m a g n r L U d e ,  i L s
t ime var iant  and peak value cannot  be est imated by
convent ional  nethodotogies,  and only exper imenta i
neasurenents on engines or  use of  impact  sof t ;are wi l r
enable the est inat ion of  these t ransient  para." ters.
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ident i f ied very ef fect ivety us inq impact  codes such as
DYTRAN.

coNcLvsloNs

Dytran sof tware has been used to predic!  rhe ax ia l  rhrust
load.  on aeroenqine bea. inqs.  rn a typ icat  btade_t ip b i rd
st r ike case,  at  take-of f  condir ion by a nediun s ize b i rd,
Ehrus!  reversafs of  magni tude equal  to  approsinate ly  2
tonnes have been predic led.
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DIRD IluPi\CT AT 'alP LOC/ITION

DIRECTION OF BIRDIIIT

DEFORIIATION
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FIG. 7a DEF0RMATION PATTERN IN BLA,DE AEROFOIL
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FIG.,I2.RESULTANT AXIAL FORCE ON LP SHAFT
BEARING
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SUMT4ARY

This paper addresses lhe issue of  sever i tv  of  i inpacl  dalnage

; ; ;  io '  B i rd-st r ike under the presen!  prov is ions of  Mar-

" i i "a . ia  soor  D/E.  rhe need for  rev iewins the standards wi th

; ; ; ; ; ; ; ; "  t .  fa i rure noctes in  Ai rcrar t -Fuserase-nounteo

. . . " * " i " . "  h a s  b e e n  e x p l a i n e d  l n t l u a n c e  o f  s t r r k e  o n  a i t -

i n t a k e  o n  b i r d  s h a p e  p a r a m e t e L s  i s  d j s ' u s s e d '

Key l , ro ldE:  Engineer inq,  Elg j 'nes,  Cert i f icat ion Standards '
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