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SUMMARY

Tldi p.pcr.is inreDdcd ro Eivc non cnEinccb b in\iAhl inro lhc Drobtcds
encomrereo wh.n d esiSninS a civit acro enainc to hc.t rJic bird ine.rr ion rt, rcar.
rr Svcs a orct Introducrion ro 0'e princintes o( lhc ier cnfirE md ro rhc
componcnrs which de mosl vulneralrtc ro dh{re, oulin.! ltR ccni[carion
relual'on\ $hi(h hu\r bc sari\fie.t dd dclcribes rtn dc\ien mclhods ord reruns
Invorvcd-. It @n.rudeb rtrat, trhite grcat sreps havc bccn haLtc i0 imlrovinr thi
mecnerd InrcSr'ty ol cnSines to makc rhem caD.blc ot inffltilq biril ot
mdea!rnSryhiBhcrw.i8ht, rherc na t.w ofdiminishinAreturn\ in aIlcraiion wtJch
\uos thal il hay |rc @reali\ti.loqpecr tunh.r imDrdvcmctrt\ in alir sdtcw in thh
!c'd Io Dc achiev.d by enEin.cring atonc. Tho probtem mu\t bc .ecoFriicd a.9 a
common one rorcnSrne nuufa.ture6, cnSinc operarors dd ajrtnrr;iu.g.rs to
ombatlocelher-
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r. INTRODUCfiON _ PRINCIPLES OF PROPUHION . HOW IT WOR(S,SUCK 
SQUEEZE, BANG, BLOW'

ffi ffi n:"$"',Hd*fffiB:*l*":'"+l*frrlffi
tr;tlpjf#tr$ilft ltd*i":ft$#iiH:i#f R.:i:r
""'"*o.j,,l.ii"*fj"s;i#o,,lfiif"'..iFJ"ij 

$i# ffffi ff Tpi:u:g *"*s

#$:r;*ru*'**'nnti$*uN*iffi
ffi ftlt#f $jdlftTffifi$ffi *,H#tr#.l#
ft4:ilg';gi$r+*r*;ft xi,+:tr#$+rir,friT$.tfr{
H.H;u"t, 

tn"n a biId flies into the ftont of the engine, rhings can go

2. BIRD INGESTION
"SUCK 

CTHUMP'), SQUEEZE, BANG, BLOW

Fl:i$.ir$i".,-,fi .xi:H"{ffi #S#}*3jtriiHL?i,Jr#i
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than $e air and i( enters the fan al a rclatilely slow speed These rwo
eftects mean l}lat it aoolies verv hiqh local pres;ures lo ihe surfa.P of thc
acrofoi l .  These can bi  as hiah ai lsMla l - l  l \ i )  and di5lof l ion of the
aeroloil and somerimes failurdof (he blade can be $e resulr '

Fizure 2 shows how the tan slices a bird and 6gure 3 show\ how t}te high
prissurehas caused the blade lo bulge forward Thesc bulges di<ruPl the
;irflow and cause thrust loss and blade vibra tion. wi(i roo much ilrrusl
loss . it more than onc enqine has been hil, l}lc aircraft rould have
difficuirv contjnuine t}le niqil. Too much vilrratjon mighr also damaSe
rhc ensihe struchrrCor cause bladcs to fail.

In an exrremp casc, Ure bulge migh( cracl and part of the blade.migh( be
rclersed. Ultimatelv, we muct caler lor the very remole e!cnludllry LnaI a
bird removcs a whble blade by providing a conlainmenr \ysrcm wlr ich
rvill.atch the entir€ r€leascd aero[oil.

To en(urn Ihrt  the industry knows whal sLandard\ lo applJ.  in Ihe de-ign
ofeneines, lor instance, in l (  rms ol  bi ld serghl '  pha\r '  o l  , l lgnl  ctc,mPre
"rc re-eulat jons which, u) ina lhe experi .nce of t }e year<, \er us mrnrmum
(rdnd;ds of inte$i(y whl ich musr be demou'r l f l tcd during enginc
certification.

] .  CML LNCINI INGESTION RECUIATTONS.

lhe bird ineesl ion reaul i t ions tol  c iv i l  aerc cngines hi \e Srddual ly
becomc moie severe 

-over 
rhe vcrls as ahe mdnula'lurer's and ure

iesulator's oerception ot the Lhl.iat hr5 changed ll slaned wiah a CAA
ldiqebird ( , i lbJ requlal ion in lq56 a smai l  14ozl f locldn€bird r€qurremenl
rFAa-1960, CAA:]964J, movinq on (o a l ' r lb medium brrcl  uocrrng
reouircment in the earlv 705 (fAA l9/0'  FAA l9/4),  u\ur l lv d ' iven by
sigiifi cant in-sewice ev;nts.

In 1975 a ONA DCl0 cra\hed at JFK Airporl  Nry WhFn Creal
Blacl.-Baclcd Gulls were inqesled inlo the number two cngine.- lhrs
rrissercd a series ol evenrs-whirh led lo ahP loss ol thc aircralt Dul
th;iikfullv, no oa\sensers or crew. Ai a direcL result of lhis cvenl' a greal
deal of riork fras bedn done which has lead to ahe propos-ed rcv'-ced
reer.ialion summarised on fiRure 4 ln praciicc Lhe ncw larEe' lrrgn
dr"rust eneines IRR TIent, PW4084, CEq0) have already been desrgn'o ro
drir levelbf inregriry before fic new reSulation has enlcred l]llc rule book

I Iow do we mal@ sure that a new engine can meet dre requirements?

4. DESIGNING FOR BIND IMPACT

Ihere are manv DarLs o[ thc engine which can be <rrucl bybirds ranging
hom dre obvioui, Iile the lan, inlale and spinncr' to the nor so ouvrous
lilc lhe Elecoonic Enqinp Control box and lhe combusllon chamDer' rt ls
il i;; ;hi;h';;a"a'G; bieeesr desisn challense' beins crucial ro the
ensine s Derforinance in lefrs of efficienry and weiSht so' to garn an
apireciatlon of the magnitude of l}lc lask il is worlh looking at how we
d'eiipn and rest the lanblade.
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t!,^lffi &T""#: *Utt &:iifri:J$,*f,lj"i:,,T:"f;"*ii:,,;iI:
["n"rff_q#,#tu?:ffi ##'firfjiatrd;ii]ffi i
Hfr{}ffijrfSH*g:#fl ,gl,:tl,xtr:i.""ii'*:",,;l*nil"*m
requrrements. The sEessing and mechap16rimina'y pr,ase, Li-ni?rijao;;+;;filii3,flrBff 'il#"ui# t'un
Not only are thesteady stresses due to bla(sEesses due ro. brade' vibration iai;;Gj",f,tft'?lT1,ff.1lTli",iE

#ifiiHJi,,:T"fl'*.:,.,s:.:fl;'"1F,'"i.j1q ll"F"{i'titui'l*l
$:.irq:fi {ltrf .d:,f :t,"."T,'"" i::i {:T,Jo' a:"+*i*"i:i,:lraxu_re at th€ teadingedge, in.ihe blade panelsor ar Oe roo-t nxine. ii aliiqrves a predrction"ol rhe deprh of r}le lea-din8 edge Oenr *t ict JiEr_;iii
li""$#,'li::',iSlT,"S'r{"ff ""*,gif;it"H"j flux":""1{";ilii:; il;

Irl[["]if*1ii;fr ",i",H^"$i'"Hi jf :LT#i:ti""Jifi ::Tigcan retaxknowing the sums are right.

5. BIRD IMPACT TESTING

,Ai a Frsl step a newblade undergoes what RX- cals a single arm,tesrinHilT."."['J;l'fr1:'&TI#:ixHtg":tw,il"i,llif $ru,"lgiilirne.correct sl'ce mass, is cur hom rhe Oira,. t'tre i"iiairiianeti iira*
;""'^'::?"",[-?:X:T;H['*;l'"uf :."sive'hesamei;liaciitsiain's'

f,frlY"J:;r:sj*,?J[t]ren be testea in t]re ris ifdesircd. A rcal, dead,

ili{:*:*i$q.l1lq-"riilA:ii;flii:#;,S"H{1"fi "J.+Flrr:$nf
il,ui,fl,""ilm! ;.i",:i"T:fl:n:i,:!9,,:l$i*r"::,li;,::m*:ano sEatn gauge.output etc. are recoided durini r}|e impict of rtre birdi
iitS';3"""'iiilq?i"e il:i#.x;.glr,""i:$.1* r..* i'ft.ith ;G;;d:;
6. CONCLUSIONS

.The^threat imp,osed bybirds has been perceived differently al differentumes. the reatisation that more stringe'nt requirements we-re needed to;:t$i"$:ffi?'i:i:Yii:?*llri,,'rl*;ry*,iH:$ jf Ht;s.T
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In addi( ion, bird popuiat jons are nor stat ic and there is a erowine
perceprjon rhar rhare is an increa\i0q rj<k ot su|ferina nruhinldeneini
l"iluras due ro strikinq flocls oI Iaree]irds - lhe erou,inqcan;da Co:ose
population is usually q'uoled as an eiampleol $is.-

However, it js worih stopping lo ihink abou( how effecrive fur drr.r cngine'bird proofing measure! would be.

Iigure 6 shows $e bird weiehl d;sribution reroded durine the FAA
Laiae, Hiah a\,Dass Ratio cnsi-ne srudv of I990. lr shows how &e Dav off
lora move frirm 1\4lb \o 1t,)b in'&e medium bird repulario; is a
resDectable reduction in the DroDortion of the bird DoDL ation nor
roiered bv thc rcsulation. The law of diminishinp r€turris is also .leadv
in operal i 'on. A fu-(her increase in the medium Sird we;ahr to sav,416
\a'ould replescnt, in engineerinS rerms,. a hugely difficuli la\|, h;ving
slqnlllcan( eCOnOmK ano Cnl.uonm€ntal nenalUes becausc ol Ihc t:xlra
eigine weighr and extra fuel bumed, but wou-ld have a felarjvely small
improvcmenr in t} |e resulrdnt safcw of lhe airrrdf l ,  cov.r inc onlv aboul
56more of Lhe bird Donuladon thar; rhe 21lh n'le 

"

This leads to *" *."*n, that it mav not be Dractical to c)rDcct our
aspirations for turther tuiprov€ments iri birdstriki safety 10 bc saiisfied by
engmeennEalone.

The best wav fon€rd must be based on the rcalisation that rhere is a
pannership between manufacturcrs, regularors, airpofl operJlors, pilolr
ano Drro control cxperts to cnsure tnat:

-  adequatc measures are lalen ro Drc!cnr birds (csDccj l l l r  lhosc larcer
than die cer l i f icat ion wci8hlsl  gaJrcr ing ar al l  a irporr!  rb reduce f ie
ffequency ot encounters

- dre best thinling on airpon eDvironmental control is appljcd

, bird scdring tcams are consrdnt ly on wd(ch, providing waming" whcn

- allconcemedin the industry are educated about theproblem

In thi\ way, we car all work loqrther to leep bird inaesrion a relarivelv
raic cvcnl and to ensure that ha?ardoLrs, mult i  engine-evenrs wi i l  remain
in the Exremely Remote catcgory.
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