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ABSTRACT'

Ancnft rcpcat€dty prov€ thlr bids and aircrafi crnnot oecrpv the sam lrsptlce rt oe sme !'6e:

over 3000 Lidsniiis per ve.|. caus. 50-80 miuion US dollns in dama-qe lo USAF uircr0rt To

te worldwide avirdd fl@t ftis problem is €sdmat d to cosr more than one billion US <lollurs Per
ycr. Facion for consideation il estlblishinS birdsrike rcsistrnc' Equirementt 'rnd in vdidldn-!

$mpliance with tlese requn€ments trre prcsented. Also prcFnted urc some emerging

iechnololier $dt show pr;mi$ in eombining xere*ience lnd bio_seienLe forreducingthe

fft queney of birdstrikes.
LXey WorAs: rrunspurencics. Eneinet. Avoidunc€. Eneinmirg. Testing, ConEolMerhods'

Virowlves. lnfmsound. Ulft$und. Bid Impaet. Artifi.ial Bidt
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INTRODUCTION

Colisions be&een bnds lnd aircraft demoDstrate .r consequence of shding ihe,air. This
realization is usuauy followed by.r desire to reduce rhe frequency.nd rhe ;onscquences of such
Ini.l-uir collisions. A series of words can be used to sutmrizelhese eollision\: Rarc_eosrty,
prediet$le. redueible rnd tolerable. The intenrof rhis pnper is |o estlblijh! blsis tbr
' onvendtion, Jbour esLrbliihine rnd \atiddone b rd\Eire ,cj!J r. . rcquir.mrnr\ { brier
. l^ - r$ron rbor ' r1(hol rhe\e ' ie \ ( r ipu\ .  eUns " i  

 

p tJ .e,ne(ornptc\  \ ,  I rhr \ rx .^  rn
pe^peltNe. -Ihc alrhos stund teady to panicipate i; rhese conv€Brrio;s cnrtro poinr rtrc way
rowud speeitic technicrl rciirences tbr ldditionalin deFh infonnldon.

Blre

Birdsrikes !rc &re oc.u(enc€s. Mo$piloLs will Du$uethcirerreerrvirhourcn.ounicrin! J
nrn i l i - Jnr  h  r . l vn le  e \cn '  S( r .ou ,  I  r . i \ r r i t .  J .e :neJ .uk . t  In  o . t  r ren fe .  per  In r  r , r  t r i ; l
hour\. lli*oricrl rccord\ uccumutated in rhe tL)?0 s showed thar rbotrr 15? ot r 

 

birdstrikes
cncountered weE bnd wciehts oflcss dan.l pouids (l.8Ks). So_ rhc probrbihy of
eneountennga bnd oisiSnificanrsize is ra ersnrll. More rceent rnllyses ofoperurionrl
sutistics shdv h in(ds in rhis wei-lhr ro $our ,1.5 ro s pounds (2.0 ro 2.3 Kg). Two hcrors
!rc bclieved ro beconrriburine ro rhi\. One is r ftnd ro conduct low_rllitude flying incoridoA
wherc nois will b.le$ objeetonabre to toeeteivilirn popularions. Thisrsurrs in inc.cJscd useoi
( o d i ' r r " 1 J r i r e . ' l p l y r o b € o o f u t n c i i \ r ' t - t J r H . b . r t ,   r " r h e r  t . . ! r o r r . r h c , n . , ( ^ r n ;
fo fu l r l ron \  o l  rhe \e  l r r ! (  b i rd \ .

Collly

A \igrificrnl bifdstrike, while rare. eln bevcrycosrty. TheUSAFexperieneesrboutlotX)
b i rds$kesperyer r -  The*  bndsd*esresu l t inu lossof  dbout  l -2u i ru ru f rperyer rmdr lo \so f
aboul I 2 nirercw nembe^ every l-5 yeas. USAFcosts for bndsnke darlage are ubout 50
niilion U S dollaG per year. Cosrs for birdstrike dama8e encounrered by rhe wortdwi{ie rviadon
fleer areesdm|red a!ovcronc billion US dours per ycar. Dlnrge eosrs are a rurerion oi rhrcc
po'nary !fi$les: Bnd weighr. impaet spced_ .nd imprei locuton on lhe lirertrri.

t'redieuble

while birdsrikei re rurc, rhey dre pred ier$le N !c $e eonsequence\. The uitutuft fl ilhr purh
swecps through r given lolume ofi.sp!.e. Bnds have seasonal !s we| .s dlyri'ne !n.r nishrdne
popularion disuibudons within rhis dnspace_ Birds.ho have a probability disrribudon by*eiBhr.
The probability of collision vith a eiven weilhi bird is thererbrc predictrble_ The ancoi! iime end
spee.l in variousrlfiude blnds c be piedicred fora more ptceise esrimrte of rhc i!n8e of
probrble irnpaei weiSht and sp.ed con.litions,

BIRDSTRIKES
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IlE oroblblc imDaet loeltion on the aireruft h clos.lv rclat€d to ihc ptojecEd frcn! are! oi rh€

uoniorenr. ot.omtm. Whil. ther Jre.s vJry witndilferent tvt{' of liNnrl J nomind

.isd'budon ot birdsEiles as \een bv the lJ S Ar irom I ere to I e93 i{ A louows:

Ensines Zl%

Moliplc tt'&
Llndinscear 5%

AnJlvti(ll tooh lor prcdicrin! bolh the Prcbrbiliry und rhe stturtuol consequen(r ol r bnd\mk'

," ,l"lrrOr. . ,rt"t. p"""i"g thii l$k The looh rbrpredi(rin! iruiru'rl (onsequen(e' re uho

b(iomrn! \ufti(irnt rbr u€ in de\itn,n-! lomponenr' to rolerJre su(h btrd{nrke en'rrK\'

Redu.ible

Btdsrirescutrnot be eliminlled but rhe prob.bilitv of oe.unen'e ern be modined to the benent

i"i m a",;'""",r "r,r'" "i".,f tlnd ctew. Infonn tion is avliluble on hubilrr modifieltions in the

;icinhv of the lirtictd to rerult in eiher inct€using or delteusin! bird Populldons For exdnple'

ciiii"irin-c ".e.r,rtio" r'"iel't "eur the runwavs cn reduce ultodiveness to bhds und lllowinE

i',,rr,ri' "i -ri,ar"g *""i"*r the runwavs iun inerease thc lnrutivcnes ro birds' F lcons bird

ll.i"i-Jr'""4 "i,i* s*.,o^ 'u(h J;sherr-rru(ker\ Jnd Apro'iv€ s^ unnons Jr e JvJiribre-

lor(onrrolot Jirlleld birdi An <\(elten( $ut(e oi erpe ire on hrbirlt mJnJsertrnr 'j rneuJ^r

Bid Airerun Snike Hlad (BASH)Telln. Thi\rerm. euftendv led bv Drve Amn$on cun De

conucted at Elephone 505-8461698 (f!x 505_lil6_2710) ut1he Air Forue FlightSfcrv Agencv
(HO AFSMEFW) Kinlind AFB. New Mcxico. STl l7-5671'

The ircvioble str8Sesdon for Noidunee rluough pilot ftrneuvering oilhe lirururt is nol! verv

oncdeul roludon.lnernft specd. uirercw hl)zllrd deterion dme. und 'rirerew'drunti rcletion

iirmr rupi<lly eonrurnc <listcniet Ercrier thln nomal \ isul r(uirv dr{t!n(e' Thistluieul ,
rJn'h;s itrto rhe Pilot nreding io re the bid Jnd b<8in rn evrsiv' muneuver ch'n rhc Dnd

would uppcar as a very sman obj€ct. This also Presuppo*s that thc bid *ill not ulso go 'nlo ir

uatuot. oi evusive. ehange ofcouse. which happens to mltch thu! of rhe pilol'

Thrcugh inleer.oon of!€rc-suien( rnd bio i(ienlt sme n'q terhnologic\ ureehe'Sine rbr u\(

in rcdwine r;c birdsrr*e probubiliry On. Pl$ti$l rppliution isro Inodifv the birditrike 
-, .-

Fcd'crion;odel with moE &(uBic disribndon mrPPin! of bird. poP! luriont Jloe V'-Lll't fl'E

(oddots. These m.pPinssinltudc infomrrion on rusonllund time_of dJv bndueuv'tre\' rnet

birdsrike prob.rbititi prdliclion mo<l€h hlve b€corne bown '$ BifthEite Aloiduee Models ttnd

arc u*<r for ornparing atrcmate fli8hr conidors us to fteir reludve dsk lbr bird$rikes'
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As an exumple, les tho 5% of USAF birdsEikcs e wift Turkey vultures rca$ln€s aura) yet
ther imp!.ts .esult in abont 40% of the danage. ft was felt that if the typical daily lnd !€rsonal
flisht putten of these birds were known, thcn $iscorld be talcn irto account in plmning a fli8ht
cotridor or in compdirS alternate coEido6. Eighl birds we.e capbred nnd fiued with
,niniaturized radio EaNmitt rs. Data bcinS i.cumnlarcd will b€ used to modify lhe BndsEitc
Avoiduce Models. With thk b.tter undeuanding offie vuhtre flieht plltlems. both lhe bnds
und xncrlliwillbe befter off rnd thismayrciulr in r US AF dro.Be reducdon ofubout$5M Per

Two new rpproches lo bnd$rike reduction de being explored. One involves beiter inlbrmaion
lo. use in leuhime uvoidance of a particrld birdstrike evcnt ftal is likely lo be siSnificur Thc
other involles.ctive deicn€nce of bird activity from the aircrl]ft fli8bt prth. Both uppro!.hes ire
*illin theirintan.y. A seeondary 8o!lmderlying this reslreh is forsolutionsro be bcneficirlfor
both th. lirctatt and the birdsand thar the resurch, or the result. not be iniurious to the bnds. lhe
envnondent. or people inmy wry.

Radlr r kingofbirdsh lons beetr u toolused by ornitholoBists in rheirsludies- Rudu6. borh
drbome und giound based. lhar are used fo! rircrali flight pa$ infom.tion, dete{ bnds. This
inrbnnalion ii notedierlo flight managcrent and is tillei€.lout as unwunled elDtter. The
rechnolo-qy beine explorcd is to talte this bnd dclcction infomation aid process it along wnh
lireratl flisht p h infonhution throush an nificial intellige.ce network lo predict birdsl kes thar
re about ro oeeur. For fiose $ hrv€ a hieh probabiliry of b€irg a srious in.ident the :rinrew
eould be given a waming to tlke evasive rction. For impad wilh single birds rhis is I hirly
struighr foNard erldlation. For collision with a flock of bnds, it ir nor so clear cu( I t ro what
will eonsritute! wious snurdon. To buildlhis unde^imding, €quipment is bei,tgdcveloped tbr
use iD dre iield to mersure sprridl chfrcteristics of Eprcsnlative bid flo.ks. This inrbnnlrion
cun be used in rhe prob bilisric bidsfike eouision prcdict,on dodels to de€mine qulntities oi
hirs likely ro be encountered by vrious lthenfi rrers of conecrn. Analylical tmls usd in
smeturrl unalysh of the birdstrike cvent .af, then b€ used to prcdier when siSnificanr
eonsquen.es *ill be experierced. This cao then be dsed as criteria for the anificiul intlliScnc!

Anorhersourue of infonnation for real time dvoidance is throush useofinfrured dereetion. As
wih udur, sone infr,lred syste,ns must liltcr o bird itnaee informldon. This inlbrrution eould
be us€d rsdikussed rbove. Feasibility demonstr$ions have lhedy been eonducted-

Tlre otherlppro.eh to birdstite rcducrion is6kinsletion whieh will cruse birds ro rvoid the
llight plth of rhe ancruli. lt is believ€d firr if Eiven the .hance birds will rvoid conlionudon vnh
in uirurul-t und thar mos! collisiors are a rcsuft of rhe bird not knowing ubo thc airerufi in time
ro!fl our oirhe fli-!ht pJrh. T€(hnique{ su(h us suobe liShrr rnd rchrin! S€o,netrir pJrrrm\' ro
inlrcr* rirenft visibility hale b€en experimented with for some dm. The resdls ee
inconclusive. Thew techniques rll hale a prercquisi€ for lheir effectiveness anil th$ is the bird
lnusrfirsl look in thedirection of the lircraft
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Rer .h hrs shown thrt while birds rc insen\irive ro ultu\ound or sound dtlicque"'es rbove

H*fil*1il:ff1 g:,i:::i:ilii:l$;:li i;,:::.":ll:''": i:*-inTiil'"',
n****itn'i:tf".:'"':*1;:;i1g :*il [:T'. Hr*;i#:fl
Ttc ilsl Fobable dpplicition or rhis infiasound *aming tr

\iitfr for usc at rn airtield

$hilcineplocess is nol un{ledioo{l il hd treen obstN€d rhrr hirdsern der'ct nnd !!oid hilh

,i ,,,,., - ,", , ,r;.Jn4 bJ ra,',, ;"" I lt'. :;il1.11,j",:"; jil Jii,l."'l
i; iJ,,;::;':1'",'lli:l ; :,lii.T'l:"::l; i ."".'.,''" . :..' ''' '^ "'"n
s{e oirhis rrdnr betrm would onlv bc as necessfv !r Lru\e btrds in lhe dingtr reN ro s€rrch 

rr

;*:lrru }h{* * }jff"',iiy.i::,:[fl ffi i:il:.ill{:'11".*lxi:::l'lrJi:'
r]il:ffi :'.l; Ji*rit;fi l$*l*i;::T:lL::"'x::i":t'i::r""'Jl::;
niyinvolunrarily fulloutoi rhe dinger zone'

Anorrrer so'rce of rcddr on dc,en€if or biil rdi!irv ii ,hc di}'ff:},]:il'i:ii':ll:Hi;'

liff[[],"i,,"!f:111:li'JJifi:P;:li:iil*::]",;.irinrcresringerunp'�cs: n'con

:ii*ri r:i:.lll*mr tril'."li.,1::'"'1,a"1tif.:I"t :f, "J*i1ii;;';r'
ffill:x'.H:i.1":,il,::.:il:fi 1ii,."",:''JJi:,Tl1;",i5 ;: itili *i;l,i;li;t
fi [:i:l]:,$L:.[1,T:.i'li:'.ifi :]lj.."lj: ::1"T;",,.''.blc' o,iers er'"i''

Iolq$l!

whei,he inevitdbrcproorreocdtrs tr,c, svo obrc{srrdor u'*?t 
l!:.::T.1'::!*'":::::'"'"";;;.;.;: '; l;;;,1.;, ';-., 'n..;"' "".,-" ',.- '".:,: '::t:::: i: ' l ;: i,;: ';;,1

iT"Tl ;:lll*:;:1i"i',,;l;i:, .,,,;; ii ;l'.'' :""" ::1-":,":::" :"'�1"'ti.' ''
:,::I li:lfll:r.,;:'.1;"i"'i''. ."-i"'"".i"r'c ",t::: ],,:t;t'::^:':.u,,'" "
.": ' ;: i l  : l" i :, j ' i  ;,:;, : ; ;; :;;-.;, ". ' 'Jr"') ' '  rh,"'-Lc' ' �  -1,,. "i", l, :::illl': li' ;;J;r,i,;.. ;'"; : ;;r,"t'-: :: . .,'; t'' t'. i;il ll' i : '1  j l i , l iJ i - l l l " l : . . i " " i , i ,1 ' - " , ' . ,  

" , , " : ; ' ; r , ,  
rn ,J1 r ' 'J \  '  ' i rb 'ar1 '1L'

(or wnlrh depctrding on nnpactdncclonr'

iil?:lil,i-T'"'::::H."H-J"i:i1i:ii"i:L:;i'l':",fiJII"1lri.,i'ii'ill.i,lil]iiill'i''
protaoitity ofoeeurence in *rli|8rhe level ofreqdned rolcflnee
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Axowable daru€c is ulwars c ropi( ofdi$ussion. lr is ea\y ro rdJ.e r poqtion hcr theF br.,noarmage . -ddesrc !o jur( te.nof f  rh.bndd.br isusonewoutd rheinse debr i \onrn
ruromobil.. Tl s is r po\ibon wh i(.h (cries wir,h ,r J penr xy tor r ehr(le perfomJk e r\ well J\
ll:j,u:Tnt 

rcr'md r,recyLr.!os. sinceonryrfe* aiErafr wi en$;nl.rthe hirh€nerey
f j qu€srion rbour rhe coqrs or run,e inp ,his nsk or e;!ounrr;: fte

arqusron w r eenemly re$lve irselt inro des@( of drtuer rhJt ihould be roterJred ior errh ofInerrcnrar-l!(mg. €' The,edeereer ot &maee wiI reft*r I he de(rer\inx probrbiririe\ of
InrF$,ng budsEike enrrSies rs weu ds rhc mis,on{ependenr ni-lhr"ons.qu;nrr. ofrhe d"mage.

For some criticrl sEucnues and surfaces thislneansd€sign tor, rnd resr to verify. rn rbitityro
rrrrin fli8hr rlter i bird impc 

 

weighr oieighr pounds ,.l.f,Ke r. For rhe m4o;iry oi rhe.iruofl
ll:ljlj..: 

"".*:'l::l5" rd. xnd tes o,e,iry. Jn Jbiriry ro {u\l'in fljrr,, ur;r j bird impctrr,!nr or roupoundyl.sKgl For rh. cnFine\ rhe rc{t di, emenri \ ybutree,wrirlydriien
Dy enB,ne 'n ter  \ ize rnd inc lude b i rd qerChrs up ro e i fhr  podnd:  rJ .hK8) r \  $el lJ \ ,nuhrpte 1.5pound(U.7Kgrrnd25, l  tXg,Ui .at .  ro. . "n in," r i in . f l (h  jub,y\ rem q, I  hJte ( r i renJ,ehred
tofie damrse thatc n bedltowed. These crireria for vmous mpact vetghrs. rnrr locarions. can
unee fromirequiremmr: To hrve noeffed on flighr. ro bernl rbtr ro ily d redu(ed.peed\ ror 1
eNtr ourrbon D€l'.vrd re$onJble lo loure u tJnd,ng tjetd. ro u((eprin! rhe birasDLtr J\ J non.

The speed ar which rhes requiremeirs musr be mr is generully ticd ro the ndeipated speed i.
the bjdsrike environment. {For USAF drcrafr abour ?0% of birdsEikes oceur ;r altinr;es bclow
500 f€l und rbour 90% occur at attitudes below 20{10 fcet.) For some rircrufr. such rs for( omme(rJr,rr !o rn'1 prsen! u,e, rhe serlhl rdLon penrhy torr(hierin! loterrn(e rj
Fou(4 Dy 'mpo\rnx u kqurmenr to.L!y betow J (enJin :peed \hrn in rn Jtururie bJnd rhur
plJre\ the ri^rJfi in Ure hilh ri{r bird\d*e en\ n onmenl

s:u ,url] r:\rf{:ompdrer (odes ue be\.omine Jvlirrbre ror ur in.rejxninr \ubjylemj ro
lol€rcre rhe bird5Eike energy. These(od.shavr be. ome qune cffi(irnt i;rep;odJ(ine rhe non-
lD€ material behavior characcristics ftat occur durirS a bndstrikc evcnt--an evenr tirrt may lasr
only (r {'lrl *cond\rnd rertt in generJrion and di(,p.rion of J bid{rike fon.e JDprolhinB
I I r '.uI r0 pounds 

. The ur of rhrse L oder h\ €re ly reduled de hNori(rt Jnd (o\i ty de,ii. rc,r.
T,r:,'gl 

"1.]" whire rhe need for resr firitirie\ to ruppon rhs (ur.Jndrry ,pp, oo r, r,^ 
-

drnrnr\ned uEyrrc still u{ed forde,irn v.tidadon rnd nirhr tenrfr:rion resring.

TESTINC AND CERTIFICATION

A Il exrhal (omponenh ha\inE cfoturd{ccin8 prcj.cred ucr rre \ubje(r ro birdjnkes. hij
Frenrb|e ro Rperl rho,e who re re\ponJible for \urh sDb{ysrem\ro fnify (omptiunLe wirh
oK(E*e totctunre requircments.
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i;*.fi',,'::.':::fi:T:[:i:'.:"#:i',::,1'l:iJ:'J:[il:""::'ff:i:l'::::il;ilJ:'i"'"'"'fi'
;i"lx;!i:u*lt*l*rm;:{' n:l *':::ffi ii.*ll:t:li:'"l:iT

,;"":ri;:.i: :;:;.:,1:l,I ::T::iiiiri T;r:i{l]: :i:n:i,}j,' r}"#*t' r"
,;lti ;::l::l:,1:ii:;":: : :lill,i:'J: "'i; - n r 1L' b,d b'e

I;lliJR:ii:'.,",l:lrxi:'.fiilji:[!ii:'iliii:"*'r"'li,:J.':':;Y;:i::']'lr::""Tii1]l
ilrlfitr*';Tiltit$,ffi $rn*1*;;**ru[rr*k:
The ur€olrnifi.inl. wild.ordo e$ie bir'ls isr choie! rhrt Inu\r be b'sc'l on se!etrll!'tors

*i:l;x:*j*;m*t:i:tdqd.l.rlt$i,','mrif *'
::i',:.':L:xi:lL,:5lii:::"J"i'1,''..iiii:*ll:"t,iT}**l'Jm:ll;"1*1,.,,
i$ri:i'rdi*trul]"l:',:*'ii[rit[il n*t"'mfrul4*:-
$,T"'.ffi $J[:;il'$: ;;lY,:",;.J.;:n*',*:'-:'.:fi i: ]ii:l'ili$:J::.''
bnds ior ceiitlcdt'on lestng

,'";,i :i l',1-:": i;;,;,::]::l i,{i :i i.;]j:d]l':;::l;l:';,';r i:J llll ;
::il ll.;;: ;":'"ill: :;li: fl:; ilil l;r rili:i:;; r'::ll",li: ;' I l ; 

*

il :I$+;;$rii;!$i[T;"i1;$[i*i$'.**r*'
fi.'IXi:;::::.'ji jHlilhliilili,lii.ll'llllli; ;", ","ft re {irh,he'�en

i,,l'.,i,llTlj:$:i's.xl;li':i'Jt'i:l"Ll:uliil:il$["T;iHi:ii'[:l]:iff:'j:jl:
l}i,'.*u"'::','**.';l*,i:it',"l'Ji::.:':H::::.i1',:':l:'i,'-li,l'1ll"ii'ii;"^1"""''""'
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!-dimcnsional, time_based, defl€ciion maP of the item beitg impactcd can b€ cralcd This

c; be codp@d |o the prcdicted dcflection map. Undet cenain conditions' rhis comlanson

*i"* "i l""r'". *"'* ,r'" predictive toob ;nd can sisniiicanttv rcducc the quantitv of

f&ilidcs for totatitg lareets thc automadc tuing Fquencc includcs addidonal conEoh to assurc

tinn ti'" a"tit"a ro"u'ti- On on€ facilitv for rotating tsgets fte laDching s'que'cc is so

ii" ,r'"i" "ti*" u" *"a*,"a eher€'tie bird s@s beiween rwo bladcs and the bnck or the

c hits thc bird. Genetally fte rotaling itcm is com@ted to the driv' mechanism thrcugh ,
li" -*ri"sr. r- s",;. .r u'es ;HdnB ruser tests muhiPle h utu h tubes se u*d and in

.,i." .i'i"e- lo"d.d .."h."i'ms ]re Nd in lcu ofthe ci'(lnnon to lcun(h fie prcjectile(s)'

$dond t ?e of fuciliry is dso used Some drcr!ft cenifiention proSram involve res$ng uen8 !

{t-ri!ck ;here .ockci motors accelenrc lhe t€s! it€m to a desir€d sPeed Un't€r thesc

ioMitions te bnd irnp&t toleonr . enifnr rion (Jn be J(omplished n littlc or no rddnioncl

co{ by usp.ndingfi; bird clrc$s in u posidon wheR n is hir bv rh' rest irem

h is \otr€dmcs deDed thar rhe lJck ofarflow in the ftrsr rvpe orfJuilirv is su(fi(ienr 'ec\on ro

iunrfvc!€uurctrnl lo uq $. s.cond tt?e of f(ilitl AnJ lvsis ot results ttom botn l'?e I q

iniliiv,ho;s liflte basis for $is dgument True lhe aerodvtramii loading doe{cdd to rne roree\

onf tenmbr instes ledbut th is is$el lwi th inf ie*ar le o i  (o(es kom rhe bt rd rnPer '  ' rue '

,r'.*Jy"".iJn"" ri"ro a"e5eren iorces rh 

 

uxnchanse the Erje(o'v of rh-e bird bur,ror

bixls oil sir 'ufficienr ro dJru8€ rhe {@(rue. thi\ !our( !lLernion ij iniiSnilJrnt unFsr

iri.. l' '"t" "*;ai"e .^"n iLr.h as ro 0rsue ttrat ttre exre'nal tojeetoiv of impact debis <loes

'l"il"i"rr". *rd' * "'ir"" or control surf&e. then the cost of rhe second €chnique solelv ibr

birdsFrke cenification, is not waEanted

Frcilirics for teatirB of nonrotating Micles me locat€d in the Us at:

" Arnold Engine€dng Dovelopm€nl Cent r
Bid Irnpact Tcsl Rangc
Amold AFB. TN 37389, USA

- Bocing Cotmercidl Aitcnft Co.
Birdsnilc Test Facility
P.O. Box 3?0?
SeldeWA 9lil24. USA

- Ldkheed'Mdtin Aircraft Systeos
SEudurulTest and Fluid Dynamics Lab
P.O. Box 748
Ft Wodh TX 76101{748, USA
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Aircrafi Prcducrs (Qualificarion tesring)
P.O- Box 2200
Huntsville AL 35804, USA

300 Colle8e Park
Daytotr OH 45469-0101. USA

Fr.ilities for r€sting ofro(lring dicles de loeated in the US ar:

Bird lnpac! Tesr R!n8e (WUPOM)
wrighr-Patterson AFB. OH. :15433,6563, USA

- Each enSine dalufactur€r has a flciliiy for use relative ro $eir enSines

CONCLUSION

This pap€r was asefrbled as a deans to stan convesatjons. Coneersations ro explore
posibilities- Posibilities of shding in rhe developmen!. validadon an<l applicarion of €chnoloey
to inprcve flight srfety by redueinC rhe cosdy consequences of nid-air eollirioni belween birds

E h or rhe aurhors h 

 

many ye .s of experien.e in improvine .ircnft biJdstrike tolerunee und
would wel.one a chance o explore possibililie! for upplying or exrending th€ underlying
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Robert lvlecNny, relephonesl3_255 5060 (fax 513-476 '1215) Bob hls been i'rvollcd in rhrs

,rtl..t.- t"i*-.ZO y".t His pdmdv topic ol expenisc is thc delelopmen! und validdi'on

or .omoJrer  rooe.  io r  Jns  J  / rn !  'n . ru tJ l  re \pon 'e  'o  'hc  b  rJ \ r i \ c  r '  e I  rnd  i1  r "d r r rn !  lhc

:".,;;:.. ' ;;;;.";p."";"rl.u'ortrtr:senergl f ' :h"p-^'l":.v. '1,':1'11'i l- l:. ' i-T'
+ " A o n O . ' e l o o m . n r o r ' . , P a D r l r y l o i n F L j ' n m o l d x i r ' r J l r * i n d h i e l l v r m \ r n c r u l o g
idcoryootion of inesrdl fa'ne

Jefiiey Shor! relephone l0l 903'1387 (fax 301 903'1397) JcfihdsbeeninvolvedinlhissubFer

;;;;;;'".;;;;;.;'. His deas or expenise incrude lirbase bird hxzudcontror' bird aloidance

."d.ii"". "tO -httit "rtit,rstrike dsis Forrhepastrrvo vors hc hr todsdlis 'rtentrm d

.-pl"i"!'tr. l*rirlr,v "r t'"oudve r€ehnolosies rorreducins birdsnike ptubdbilitv

JdmesTeq. ielcPhone 5l3_255 2714 (fix 5l3'u5 'l5ll) lnn hdsb€cn nrvoLled in this subicet

,"t r"t -i." ro y".t His primrv ue! otcnphasis is in 'ldclopins ud trmsrmniis utilities.ro

mtctthe increased enerlv absorpiion requiFm'nt without rn undcsirablc ind'eje or'lecrcxse In

orl..:;"'*";i.'i.;. F;; ;. !r'sr trrree vurs ne nrs iocusea his rttention on engine birdsdike

ALlruthors $ork for the USAFWTilht Laborrrory rt Wrirhl-Pancr\on An Forde tsi\e ncar

Dryron Ohio. A nrdiling rd.lress for inv oilhe aulho$ soukt be:

WL/FIVE-I
]10 Eighrh sT.. sTE I
WPAFB Oll .15.133-?5!2. LJSA

ATTN:
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