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Summary

Bkd stikes reported during the years l990lo 1994 world'wlde to the eng nes oi UK
registered turb lne powered a i r l ines have been analysed Brdsofweighlbeowl00g,such
as the many sing e sw fvswallovmartin reports have been excluded. A rcratl movement
data has been used to obtain rates lor 1462 aircraft srrikes and the 367 englne strikes

(25% of incidents afiecled the engine), together with damage rates. The term damaged
has on y been used whe.e repa r or replacemenl was necessary. The a rports where lhe
94 cases ofdarnage occuned and weight of bird species involved have been deta ed.

The results show that rear mounted eng nes are 4 to 5urnes less likely lo suffer a strike or
damage than wing mounted englnes. The eng ne str ke rate does not appearto corelate
wilh eng nefan area. There is some evidence rhatthe nosier engines have lower strike
rates. The in-service abillties oi engines to cope with birds shows considerab e variatlon.

I4ore information irom wider sources and research on engine loMard noise/frequency
soectrum mav be useful.
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1 INTRODUCTION

2 SOUFCE OF INFORMAfION

A paper '�Br d Stikes lo Tr anspor t Aic r an Jer Engin€s was pr€sented by rhe AJllor ar
l'e w_orld Conlerence on &d udaros, pdr's. Oclober r977 ano was a:so p-b hhed as
CAA Paoer 77021 rl used setecled Euopean data trom 1973 ro.1976. V;.y ot lne
engrnes n setuica al Ihar trne t-ave now disappsa'ed a.d new en9in6 lypes ;es,glpo ro
much mororigo.ous aituodhiness srandards are in widespread us;. tr;;s lheref;G reh
appropfiatero re-examino certain aspects o he probtem,

Thi5 paper |snoton6(!y comparabte with lhe previous paper 6s rhe orig.nat papor used
dala f'om rllbnd sr"hes loengines. whereas t-rs paper has exctuded;mat b ros, ro
lhose below 1 00 gms. Thus swifts, swalows, marlins, spafiows etc which are mGl]y
singlo slrikes and nol a threat lo jel engines, have been exctuded. The use ot lhis ;e ght
disciminanl has also exctlded slarlngs which can bealhreat as thev dolorfi verv
dense llocrsrhich ae ahaza.d lo e.giles. Howeve,. ence mosl s;rt-9 cl.,tes;re
s nole bnds, 'o' sinphclys sa\F,lfev favp atso oeen eictrded.

The, i . 'ormdlro- .onbinpo r . lhs Daoe rso, tyasgooodslheslanod,oo!repor lng.
lhe 5anple q zes dre <ma[.

cer la inatrc |at l lypes andrhJse.gne<€reuseo byony onpaihnedndlhFrecorowt b4
anecred by thar airl:nes route stLclJre a.d,eponi-g standard sone a ,Lra?arg,ne
cotrbrnal ons a e used by, or -ave beer Lsad by, many ai,h-es and lhe dala.s t.Ls

Allhough a larger sample size would be highty desnabte, examination ot the record ol
engrne samag€ and engine movements provides an indication ofrhe service capabitityot
the engineto cope wilh realtife bnd ingeslton comparedwith certilicalion tests. Thel;m'damaged' has beencontined to an evenl where repair or reptacement of pans has been
necessary. Cases ofbtade damage$at is dressed out or canied ovei to afuture
opponlnily have nol been counled as danage. In some cases a bnd stike reDort form
,as o r ) -conpeled by rhe arc.ew dlwh.L point  l t -e  er tF. r  o | lhe darage was.ot
xnow- subsequenl elqLnies to ve fy lt-e ertenl o, lhe oah€ge have someuaes dra^n
a blanl as lfe ai'qa'1may have been sotd or lhooperabr ceased tradi.g. -resecaser
have nol been ct.ssified as oaTaqed, hJs lhe .ales are a mrn mum.
-l-ere rs consider abte variatron ,. fl-e degrep ofdamdge and lhe amoLnt ot usabte ln.ust
avai db A howeve', i. a nun oer ol caqes power t-as to be fedu( ed ro . eep angr.e
vbralion wilhrn lirits TLrhe.mo,e,In many ncidents lhe brd spFci6q an; lFu; weighl s

The akporrs where damage has occuiied have been Listed bulwil be deoendent on the
amounl oflse by uKajrtines, whtch is difiiculr to quanlify.

The b id slrike information has been extracled f.om bird slrike forms (CA12g2),
occlrence reports andthe EAS|Ssystem used by one ofthe aiiines. The 5 year period
from 1990 to 1994 has been used

Airnatl and henceengine movemenr dara has been obtainedlrcm pubtished Annual
CAA Papers which nctuoe arcraft rvp€ a.d ulitisahol
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3 DTSCUSSION

a ll is suggesled 1hat lhe lollowing lactors inlluence the reporling ol bird strikes' andrhe

eftecls. on enginesl

Ar rhe reoodino ot a slr ke is deP€ndenl on 'l- ' 1 ,

h\ ,n enome strike js dependenl on i)
iD
ir)

iv)

cl ensine damase dePends upon 
l,
i0

rv)
v)

operatof s repoding standard

ch;umstances, ie roule line, or

engine foNard noise signaiure

€ndne desqn and cedilication

engine operating conditions

b Marv oflhs above arsint€t{elaled and ilis very ditlicullrc separab lhsvaious racLors_" ni,i,J,pi,."a" r.,€pa,a'",h€,acrors'pl%:#:i:,[1i:if#'l[?i;li:"1;'j
hh€lvto;ass unnoticed lhtough large ian engr'e!

llil'lli,i" r,i"i,.;.* "p".ai,nevicro wtoe on a varretv otl::':;:!ii;:ff:"*
fie airctafl is used bv sevelal operalors lhus ted

reporting standard (see Table 1)
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ln ord€r_to tekE appropriat€ accounr ofihevaristion In ths numb€r ol €ngines fit€d to theatrcran, rns paperi inrho majn. us€s sngh€ movements (t6 a B7a7 makas 8€noin6mov€moms In oneflbht), ihs rar6s b€hg per 10o.ooo engine movgments,

Tw€nty riv€ p€rc€rn or rhe Incidents resuhed in an €ngine strtks.

4 RESULTS

Airc.afl Noise (ses Tabt€s i and 5)

som€ limited wo( canied our in ihe USA indtcar€s ihat v€ry quiet aircran may noiprdid€thebirds wirh €nough aurataie ro get out ot the way rn time. Th€ 11i95fatal
acc|oeft ro rhe Boehg 707 based USAFAWACS ancrafi, which,s very notsy, may r€sutr
in tudher work. Of ihe avaitabl€ nots€ mo€suremenrs, tu most useftri are i'h; sidetine
no,sei ra*eotf noise berng measuredwh€n rhe aircratl is at toootr. Howover, he nois6
€ve|srharwootd b€ mosl r€tevant are lomard noise, wnichis not nomalv mgasured,

It could be exp€cted that rhe notsier akcrafl woutd have a tower srrike rare ihan avsrage.Examination of Tabl€ i shows lhat th€ airc.aft with above averag€ ancran strike €tes;r€
Airbls A320.CFt!t56 and v25oo. BA€ 1 46. 8727-JT8D, BZSZ-Fa2r t , BZOZ. Cr6 Lt Or rIns|ar€nd Mcoonn€tt Douglas OC10.CF6. Ths quietost atrcr.fttrom 6 sidelne noisepohr orr4ew are tsAe 146. Fo,\hs F100, ALbLjs 4320. 8737_CFM56, 8757-88211,
E/o7-HEzlr. In6 noFlesl aircratt, Concorde. in this sampt€ has azero strikorate, rtil
were ro have an a!€rage srrike rare, €ix strtkes coutd ha!€ been sxpected. (An Atr
Francg Concord€ has sufi€rsd Canada goos€ strik€s to th6 €nghes dqrino Irris psriod.)
I n€re appsaG to b6 som e coretaton betw€€n sidetine nois€ and a{crafl str eiate. A
larggl dara sampt€ sprir inro rako-off and approach strrkes. together with forward noiss
r€v€rs, may hetpto confirm the hypolhesis. Frequency spectum nayatso be a tactor torinv€stiga(on.

Freld research on bnd r eac on m ay he p lo mak€ th€ resuls m ore m€aningfut Iwoutdunoeflrnelhe need tor exemptary bird connotat anporls used by very qui€iancrafi.

Engine Loca on (sse Tabtes A and 3)

ll app€€rs lhatwing mou ed €nginos €rs beM€€n 3 and 4 trmos more tikoty ro sufler 6
svrke |han ln6 bsfler prot€cted 8fl mountedengines. Th6 samptesize ofsdkesto
c€nrrs mounted sngines is too smal lo b6 usetul. slrtkes on wlng mounted engines ar€easl€r lo d€ied than aft m ounted €nginEs. Wh€r€ damag€ is concerned rhe ratio is
5,5r . I neso r€suns are simitar to thos€ tom th€ eartier paper. tr is fonunaF rhar
execuliv€ l€t aircr€fi whtch ofl€n use smal€rairpons where  ru€ may b6 don€ about btrdsvrxes, are a 

 

afvc€ntro enoin6d

Engine Frcntat Area (ses Tabt€s 2 6nd 5)

ll colld be exp€ct€d rhar the ra.g€r lho fan ar6a (and alrcrafl) |he more rik€ty rh€ eng:ne
w-ould-be€(pecl€d.to suriff a bnd srik€. Th€ssare profl€d in rg r. nere appearito
oe rn|g or no con€|ation, thue it nigln bs conclud€d that thsr6 ars oth€r hightylnnuenrial
racror. ons possibts tacror ls rhe tow toMard noise rsvets ot tie n€wer vet q;i€l
englnes. This isdtscuss€d In Dara c.

Englne Reststancs to Bhds (se€ Tabte 4)
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r..n.. ot rne auo'e enqr es l_p dr lo! 4Lron o'lha p ig _6 provroes

iJii,a",ji" p,ti".,.",.. o",d",,." -,, " 
,,#"":;1,:i,i""..11"i:""'"1,"-" " ".

eno ines .  However ,  i l  i s  odd lha l i . lh is  sample , In l

iiioengine rhe prooaoltilv oidamage is more lh'n 3 timeslhatoi awins molmeo

.reo.nilne tn iome cases the sample sizes are smal

e Brd SDeclcs Slrlck (seeTablc 6)

From Table 6 il can be seen thar lew ol lhe b rd species lhal caused engrne damage

#" i;#;;;"61;;"u.i r.ets (+ Lo") ouLLs as'suat accounred ror over 50o/"

li** 0"."s" **.-*r,o.rhe bnd sPecres wder<nown 
iJi;:T;ffJ"fl::," "",

s cnll canllv The maiorilv oi b rds are wilhin the p

i')lii,iill iir"i[. iiii,irl*,nare tnat s'rr has $;h a wide ranse or weiehl b!t.rhe^

i;",;";, ,1:;'"""",,::"'r',",. " ",ry r .r.' ":li t1- t_*:^:::.:^": ^"'" 
"

;fi;;;;;;,.*;;;ii";8% "i ensine damase ca'es there s 'o idea or the brrd

I Arpods Where Domage Occu(ed (seeTabLe 7)

Table 7 is afecled bythe.!mber ollllghts bv UK arcraft atrhe particular airpon Thu'

"iu<.i,p"ti" ir."r"6r" "r,".s thd mo't oirhe damaoe evenls are allhe blsresl

o  eqr  " rpor r  '  r_ 'e  ohsov  r  a i r (  ' f t  "  "  n leo  i 'a l

i''ii, ; ";1,; ';: '"';* ,i r" i ri oor" - ' ''"i " "r c-r oora t o- ot' ur " '-"
al rorelgn anPo.ls

5 CONCLUSIONS

As has bean shown n olher Papers a.d repons l*':*:i'ilx"ti[',:"l,i':il""r",,.
ava i lab le  on  enq ne  damage d  e*  emPle  s  zee ae

:r;:i ;ii;i:'ru::;' ;::,1 :lr,il ill ii.Lillt iil t';lr,"iil i i""' ""
standards, roures lsed elc

l*:,""::::e "::,T":i:"ilr1:"'i1'fl iJ;" -lii,'""",i:: j:; :','J:i"-
rrriouqh rhe JT8D -<"d n ool'r o'3lo'< is aboL' I 5 l

fl ff i:i ::,:iTi::11il":";1ff ff ::"tr::$:':."':i:ff :'*1i:11:'lT:':J:
:l,h;;i*"* .;wfi '"1:: Jf :::;:T,'3#: l;;3:"#: -:'"f, ::ff J::[r"
service damage.ecoros.

The co(elation belween englne fan area and englne strikes may slggest lhal e rhet

,"i#"t!iiiit"! i"";" tt';,sh smarrbirds have been excLlded) rake pLacewilhlhe

;;u;;il.ff;i"6;".; reratNeri rdmmon'rhe-mar:ly^::":l','.:N'.::,Xl:
;:: -- ;;.:;;;;' ; ;; ! i",. ".'' ."-'' "' "" :"1,-1-':^"l:."^.1 "::, : 1"":
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JTAD

JTSD

JTSO

Eiimn atieirostriLes ni,ctatrst,i*e

3

2

2

Movements Rate Per
10,000

34.640 7 20

175,A4 53  33

34,054 2 5A

2 A34

$A24 o o

423,030 18 3.0

424 a36 110 26

5,490

so,63a 19  37

a47.992 247 29

954,333 250 26

P3A32 u  27

242j5A ffi 2 a

2252 2 {3.e)

94S,910 231 3.0

101,924 56 5 5

167,746 34 2A

77 AOO 22 2a

51,54A 20 3.9

335,536 30 2.1

DC9/MO30

0c10

_ABLE l.B|RDS (over lOOgl ALLSTRIKES TOAIRCFAFT

rNole: Re'named oramalsamated ai.lln€ names cou ed as one opeator'
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TABLE 2. BIRDS (over100g) ENGTNESTRTK€S

Aircr,ft Type Engine Nunbrr ot Eng;; Engim 
-stikc 

F 
- 

Eng
Type Engin.6/ Mwemants srr-ites perroo,ooo oamige

Locaiion* Engtne
Movemenrs

JT3D

JTSO

JTAD

JTgD

R8211

JTAD

964,632

1 497,420

155,600

43,092

1,2

(4.s)

0 .0 )

2.2

2,2

1 .2

(0.6)

(2.3)

Englnq

0

1.62

1 m

:

ocg/Mo30

1 C

3

16

1

62

21

2

2

2

0

'12

1 1

1 C

93

'Nore:W - Wtng, A-Afi, C Cenral
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3. SUMMARY OF ENGIT.IE POSITION

TASLE 4 . SUMMARY OF ENGINE OAMAGE

som6 p€rc.nraqes and €les wlll be affeclod by lh€ Panicular routes us€d and hence wi€ghts ol
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Common N.me ScientiticNan6 weight NumberolDanago

TABLE 6 . ATROS CAUSING ENGINE DAMAGE

7309

2159

27s9

i2og 2kg

2

l

2

21

2
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TAALE 7 ' AIRPOBTWHERE ENGINE DAMAGE OCCURFED

I 2

2

1- -:

zaNinl!9s , - l

*", *:.T:i.j,*l:fi:Xi:j",lj,;l:i]",::il$:---oa'". movemedsa'�ihosea*ons rhe

Iee€slle , - l
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IABLE 5 . ENGINE FAN ARE1A ANO NOISE LEVEI.S

Frcm FM_AC 3&1 F Nois. L€wts tor (./S Cenificated and Foroign A/crair ot s Jun€ 1992, sid€t,neno6e at 4s0m (concod6 at 65om',
FroD Janes All wodds AircEfi, the6 is some v€naron d€pendrng upon arcrat *r€s.

Engln.

2,35

2,O1

0,42

0.81

0.41

3.80

3.78

2,7A

378

1.02

3,63

o.8l

3,4

(EPNL)

929

s2,8

112,0

47,6

93.2

103.5

101,8

97.2

91.7

103,7

^fi 402

JT{IO

JTSD

JT9D

RB21I

R8211

R8211

R8211

JTsO

103.1

96,4

101.7

106,3

015.3

100.2

107,4

'107,3

99,a

93.0

102.8

t{coon@lt Dougtas DCg

Mcllonn€rOolgt€sDC1O
106.6
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