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Dama8e to enajnes f rom cot t is ion v i th  b i rds is . r  problem to *h ich asdl_ut ion has yet to be found, arthoush for . , , .  t " . l - :n-"""r"-" i i " . r"
i l ] .  : "" .  made in this direct ion vrrn no l j rsn ol .success. Bird, r ' o c '  ^ n  , h p  r o r a r i n p  f i r s t  a , . i a l  c o m p - e s s o r  " , " * ; ; - ; ; ; . " " J i ; " .  ' , .d e  I  n n a  t  i o n  

. o f  i n d i v  i o u a l  b t s d e s  r e a a r  n g  , o  6 n e n d : n g  o . f  m e t a _  d e b r r sano severe darnage to the entire conpresso). asseoblv.

i reps !o )r ievent - these occurrences. have inctuded strengthening ofi tsel f  and redesiAninEto have adequare ".*"ui" *i'=iiti;:":'tr;"ff:: i:'*.iiTi,l:il:;,lar lure- However this runs count
unere the b.lade sections are i""d::-t: 

nodern canpresEor desiSn trend6
nore flexibte ".r";;;;;: 

-,- ","qrns iov,ards a ro\ter t/c ratio and a

; :H:::f : : :". i :":-: : : l  
"1,3""0 that voufd prevent the bird carcasef ) :oo reaching the engine " lo fu.  "n-- - - '

!n  seneral  th€se s.h-- - - , . , - -^  . - . - ! . : : ' :  
or - these a le sho'n on ] '1s.  1.ir"":::fi j,;:iT,::i*; ::::. i":::.;; 

"'"".' i::;.T.'ilil,'l'i,E;"1;"
il:,;l:il;,:::^:::111 31 5",,"-",iT,;"..;i:;.;",;l",iilil ilil.ii
::::"1:,:1. ::""1::sor b.rsde6- ni"ir.'.-i,,."oil"l"jll''open to doubt, and t;.;;;-;",";3';:#;":';::']:l"Tlf ff:":, i:that  the s l iced
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portions of the carcase do not di6per6e but travef on a substantially
undi8turbed course. I t r thexnore, the presence of Gl ic ing gr ids across
the intake carry vith them aerodyn&nic penaltie6 which siAnificantly
reduce the eff ic iency of the intake. Moie s€l ious st i1l  are the
daJrAer6 of fatigue failur:e of the Arid Etructuie itself snd the
possibi l i ty of  ice accret ion.

THE DEVICE

The device to be descr: ibed in this paler has been devised by Bri t ish
Aerospace (Va:. ton Divis ion) and depends on ths pr incipfe of at tenuat ing
and Epreading the bir:d carcase so that the debris can be 6af€fy
ingeated by the engine whi lst  minimisina the perfornancer structuraf
and icina problems. It consists of pfacing over. sn appropriate area
of the intake duct a suitably shaped surface Located so that bird
inpact on, or passing acro6s i t  is l ikely.

lni t iaf  ground tests have been conpleted in which birds have been f i red
sgarnst a variety of dariaging surfaceE. The results of these tests
have been aralysed by Ro116 Royce l , in i ted, v i th a viev to est imatina
potentiaf en8ine damage.

TIIE DA}.,lAG]NG MECHA.}IISM

The phi losophy behind thls apprcach has beeD to f ind a mechanism vh1cn.
taking advantaae of the kinet ic energy of the bir .d Yri . l l  i ropale l t  to a
suff ic ient extent to precipi tate a signi f icant degfee of eviscerat lon
r€sult ing in a break up of the carca6e, decant ing i t6 body f lu id,  and
Bpreadina the resuft ina debris both in the direct ion of motion and
lateral ly,  (Fig. 2).  DamaginS surfaces of var ious types vele desianed.
1lhe6e ranAed fr6'n an emery-cLoth covered surface to surfaces |nade of
expanded netal ,  a cheese grater twe of arranaenent,  and a bed of nai ls
cut off Equare and protruding a 6hort distance above the surface of the

THE TIST PROGRAI'II'IE

The test instauation is 6hor{n diagranmaticalfy in Fig. l. Fre6hly
ki l ted chickenG were l i red fron a convent: ional air  operated gun which
was trarned on the Epecinen damEer surface. Th€ surlace vas set at
AngIeB of 10- and 25- to the afproach vector of the birdr these aales
be1ng repr 'egentat ive ol  Bwan-necked intakes ir1 current ni l i tarv aircraft .

Beyond the demager test piece and perp€ndicular to the direct ion oi  the
approaching bird a large plate represent ing the engine intake vas set
up who6e front face consisted of a honeycombe of square tubes arranged
to catch the debri .s.  This as6eobly is knoirn a6 the debris plotter.
Three 610!. notion caneraB (jOoO franes/sec) u6ing cofour film trere
employed to record the tests,  one viewing the bird before inpact aid
tvto the pa66age of the debris between the danager and the dobr:ls
plotter,  both from the side and fron above. Marker boards were posit ioned
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in the f ie ld oi  v ier of  the canerc so that the veloci ty of the bird
and the spread of the debris could be ascertained.

Chickens ,r i th a nas6 of 1J 1b vere f i red and vere chosen to be
represeniat ive of the smatler gul l6,  pigeons'  crow6' cu.1e{s and
naUar:ds l ikely to be encountered. I t  was planned to achieve a
veloci ty for the tests of about 1!C knots since analyses of bird
str ikes j -n the United Kingdom foi  mi l i tary alrcraft  6how that aolne
4@ of a1l st t ikes occur at speeds at or belot that f igure and these
have been found to inflict pafticularly severe engine dari6ge.

Ro116 Royce cooperated rlth British Aerospace by carrying out the
test analysis vhich '/as accomplished vtiih the aid 6f a nathenatical
niodel that has been develop€d for the purpose. The analyticaf data
required for this i6 based on the t ine history of the na36 dist t ib-
ut ion of the debris srr iv j .ng at the engine face. After each bi id
f i r ine the debriB r las recovered f ton the ptotter ce11s and nasses
and distr ibut ion recorded.

The darnager ttrpes wsro a6 6hol'n on fig 4t A plain aluniniut plate
was used as a control  ca6e.

j-) A rough emergy cLoth

i i )  .q course expsnded netaf gr id

iii) A fine expaided netal Burface

iv) * t  dia nai16 set at  a pi tch of ?".  Two variant6 of thi6 \ , t€te
tested and rere cro?p€d oft Gquare at hai.ahts of A"' and 1n
above the face of the base plate, which repreEented the Eurface
of the intake duct.

v) A p€lfotated netal sheet having scoop shaped protru6ions sinilar
to a domest ic ch€e6e Erater.

vi)  A sect ion of 6teel t read plate frequent ly found in enSineering
"Bc tor i  es, pouer stat ions etc.

By reference to the slow tlotion filns it vas po6sible to observe
the attenuation of debr'i6 caused by various danager types and to
ident i fy the t imewise di6tr ibut ion oi  discrete nas6es enter ing the
debris pfotter.  l ro these f i lms and with reference to the debri€
plot individual na56es !{ere assiSne{i to these pieces of debris and
their  veloci t ies calculated. I i  , ra6 afso po66ib1e to assi8n a
spat ial  nnpact posi t ion foi  those pieces of debris t{hich had re-
bounded fron the plotter srd whose masseE had been recorded 6ub-
sequent to the teet f i r ins. In sone instances the debriB had been
retarded by the danager to such an extent that it fe1l short of
the plotterr  and where thi6 uas the case i t  vas ne8lected durinA
the subsequent analysiE.



"as thus been possibte to catculate 'h t  h ' ,  ter,ns for rhe danaged
blades rnvolved in rhese rncident: ;  and assess the percentage stress
in thcn conta.ed to the . latun vhich related to a known ]ev;t  of

l 'hree catego. ies of damsge have beel al located:

l)atel , ;ory 1 Najor l i r imary ard ,rxtensive secon{tarJ danrage I  resulr lna
in fai lufe of en8ine to cont inue to run.

:]:!Sggff_e This is a cate8ory b€tseen 1 and j for lJhlch no
operat ing experience is current ly avajtable and is
one in rrhich the dama4e woutd be exlected to be
sonewhat less severe than in Category 1.

Cat.sory 3 l : in1mal eneine danage, ianging from snaf l  nicks to
tears jn bfades. In a1t cases the engine uould
cont inue to run ln a sat isfactory nanner.

By combining the test reslr l ts with those fro service incidents i t
has been possible to assess th€ effect ivenes6 of each darager type
lnve6t igated, and Fig. 7 sho,r.s th€ average stress foi  at1 6hot6
;r i larnst a tart icular type of danager clea.r ly indicat ing the relat iv€
neri ts of , .ach type.

Of the 8 types t- .sted, 7 fel l  wi thin 2P4 to )Ui l  of  th€ datu,n stress
lmplyin8 moderate danage, and the possibl f i ty that the eneine uoulo
f a : 1 .  l o \ J e v p r  - h e  c t a , 4 r a g e r  c o n s r . r j n g  o f  J "  h i g h  r a i l s ,  p r o d u r a d
sLresses at the cate8ory I  Levet inptying only minor damage and
cont inued operat ing capabi l i ty.

CONCLUSIONS

It is seen that a successful danager is one which breaks up the bird
and at tenuaEcs I  e  oebr is  in  an a l ia l  d i rect ion.  F ie.  g s iows
d. iaArannat  i  ^a l  fJ  -he ef fec l  tne oanagers hsve . in  d is ;ers inR the b i ru
debr is ,  saveral  of  the danae.r .  tFs-oo arF l ike ly  -o r "auie engine
danage,  whi ls t  one showed a s igni f icant  reduct ion in  b lade inDa; t
r t r e s s  l e v F l  e g r i n a r e o  t o  a l l o w  . 1 F  e n g j n e  L o  c o n t i n u €  t o  o p e ; a t e
sat is factor i ly .  I t  is  concluded on th is  ev idence that  a 1+ 1b b i rc- i f h r  s a f p ! y  b e  i n g e s t e d  a t  . 8 O  k n o t s  r y  t h e  e n g i n e  u n d e r  c o n 6 i d e r 6 _
t lon xhen protect ion devices of  the fofegoinA type are f i t ted"  Tt
is  reconmended that  fur ther  f i r ing tests n ight  be contenplated to
cover  other  test  condi t ions and perhaps sone ad hoc instaUat ions.
Test  f i r . in l ls  aAainst  real  engjnes vout . l  a tso add conf idence to the

]n conclus ion I  would l lke to thank Br i t ish Aerospace for  Der iGsion
t h i s  D a p e r ,  s n o  r o  . h a n k  r y  c o l l e a e d p s  f o r  r h e i r  h e l p

1n p.epar ing i t .
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