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SUMMARY

This paper addresses the issue of  sever i ty  of  inpact  danage
due to Bi rd-st ! ike under the present  prov is ions of  Mi t ,
s tandard 500? D/E.  The need for  iev iewing the standards wi th
reference to fa i lure nodes in Ai rcraf t - ruselage-nounted
aeroengines has been expla ined.  In f luence of  sr r ike on a i r -
in take on b i rd shape paraneters is  d iscussed.
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INTRODUCTION

Aeroenqine 'B i rd-Str ike '  which,  on stat is t ica l  basis ,  account
for :  nore than 20 percen!  of  aI I  a i rcraf t  b i rd h i r  inc idents.
{F iq.  l )  has becone a najor  FoD cer t i f icat ion requi rement .  Mi I
s tandard 500? D/8,  which forms the tRefere.ce Document,  for
the developnent  of  an engine for  any nanned a i rcxaf t
appl icat ion,  deals wi th the subject  qui re r igorously  and
st ipulates st r inqent  requi rement  to be met .  l t i th  these
speci f icat ions as the basis ,  the fo] Iowinq rest  condi t ions
becone operat ive for  any analys is  and conponent /engine tesr
progrann'e,  leading to quat i f icat ion of  typ ical ly  5000 to 8000
kgf  thrust-c lass engines.

Large Bi rd
( 1  t o  2 )

Major  Structura l  Danaqe

Total  Thrust-Loss Al lowed
Total  Debr is  conta inmen!
With in the Engine
Safe Engine shut  Doen

Structura l  Damage Al lowed
Total  Debr ls  Conta innent
wl th in lhe Engine
No Deler iorat ion in  Engine
Handl ing Character is t ics and

l I  t a  2 )

snta l l  B i rd
l I 2  t . o  2 A )

T h e s e  b r o a d  e x p e c r a t i o n c  a r  c r j r i c a t  L L i g h r  p h d s e s  a . e
b a s e d  o n  a  s i m p l i s t i c  c r i t e r i o n  o f  ' E n q i n e - I n t a k e  A r e a , ,
wi thout  due consic lerat ion to the f rontat  archi !ecture of  the
e n g i n - ,  I  o c a t r o n  o r  r h e  e n g i n e  i n  I  h e  a i  r c r . f L ,  L h .  s L r  u . L u r a l
deta i ls  and the aerodynamic in ter face of  the in take-duct  v ls-
a-v is  the a i rcraf t  fuselage and Nings.  Important ty ,  these
Mi l -s tandards do no!  even d i f ferenl iare berween s inqte enqine
a n o  t w i n  p n s i n e  c o n l i g u r a r l o n s .  F i g . 2  - o m p a r e s  r h ;  c - i E i c a l
conponents of  an overhung fan srage r i th  those of  a s t raddle-
nounted fan rotor  s lage.  one can v isuat ise a nore robust  and
st i f fe !  fan nodule in  the case of  s t raddte fan rotor :  s tage as
conpared to that  of  an overhung case,  but  rhe number of
crr t ica l  par ts  increases in  the for iner .  t t i th  reference to
!ota l -systen re l iab i l i ly .  a  ! !ade-of f  s tudy,  between sever i ty
of  b i ld  h i t  on the rotor  b lade in the overhunq case and the
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nunlcer  of  cr i t ica l  par ts  in  the case of  s t raddle
has to be made.

SIIAPE AND ORIENIATION

the "squash-upr i  phenonenon of  the seni - f lu id nass of  b l rd,
which u l t i inate ly  d ic tates lhe lnpact  forces and hence the
fa i lu le nodes of  engine cor0ponents,  is  dependent  on tbe
cr i t ica l  a i rcraf t  forward speed.  the engine rotat ional  sPeed,
the b i id  shape and or ientat ion at  the l ine of  ingest ion.  A
carefu l  anafys is  of  th is  phenomenon indicates that  for :  a
theoret ica l  e l l ipsoidal  b i rd shape (Fig.  3) ,  assuning
i n q e s ! i o n  a L  t h e  t j p  o f  t h e  r o t o !  b l a d e  i n  a  d j r e c t i o n
paral fef  to  the engine ax is ,  there a le possib i l i l ies of  b l rd
squash-up,  leading to forward bending of  b lades.

The b i rd can be inpacted by several -  rotor  b lades upto
even 10 to 12 in  nunber and in ext rene cases can jus!  nanaqe
to d i lect ly  h i t  the stato!  b lades behind the rotor  s lage,
{h ich is  a renote possib i l i ty .  The tesul t ing inpact  forces on
the blade are dependent on lhe actual monenlun change of the
bi rd debr is .  The evaluat ion of  these t ransient  ntomentun
changes ancl  inpact  force t ransients is  based on the assunpt ion
that  the b i rd has a re lat ive angle of  enl ry  on the pressure

sur face of  the rotat ing aerofo i l  E igs.  (4,  5) .  This  is  the
typical  case for  the b i rc l  f I jghL path a long Lhe engine ax is .
I f  the b i rd is  ingested at  an angle to the engine a)a is ,  ahich
is  a nore prevalent  case,  the b i rd h i ts  the lo tor  b lades in  a
di rect ion c loser  to the chord (cc)  and,  in  ext rene cases,  can
even h i t  the suct ion sur face of  the rotat ing b lades.  This
would resul t  in  a tota l ly  c l i f ferent  fa i lure node of  the
blades and a lso changes the bear ing loads.

INFIUENCE OF AIRCFA9T INIAKE

Though the angular  ingest ion
hypothet ical ,  as far as the engine is concerned, i t  aPpears
to be a very dist inict  possibi t i ty.  This is evident fron a
scanning and analysis of the bird-st l ike data fron the
operat inq f leet.  The type. nunber and locat ion of engine
inside the aircraft  fuselage (Fig. 5) dictate the or ientat ion
of the bird vis-a-vis the engine axis.  ruselage nounl ing
nornal ly results in higher percentage of anqular ingest ion as
compared to a direct axial  "bash" on to the wing nounted
engine. In addit ion to lhe ]ocat ion of the engine, the
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