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Irt!oduction

1.1 An earl ie!  version of this Paper ua6 presented under Agenda I ten 7

to tu" ei.""ttl M€etiBg of the IcAo Ai-rrtorthiness conoittee in Montieal

o! 'lst Matcb 19?5. ihie version i6 6li8ht1y eodified to take account

of later trunerlcel infornatiotr tbe text lenaiBing ulaltered'

1.2 r 'o!  solc year6 the Bird Str ike Conoit tee Europe has been col lect ing

statistical i.nfoiroation f!o[ its lr€Dber6. AD aspect of najo! cotrcern haa

beeD engine strikes, and thi6 PaPer shoit6 soee trends froil analyses made

in thia aroa.

1., It 6houlcl be appt'eciateal that the information in thi6 Paper i6 o[ly

a€ goocl a6 the reporting stanalald of the countries froo $hich the inforn&tiorl

{aE obteilled. tr\Dthelmore the semple 6izes ate in sone cases still quite

6Da1I.

1.4 h viev of the above, def ini te conclusioEs cannot be draen; houever '

al,though as yith nany Airttolthide66 Gubiects' the fiaures do- not always aSree

in a tidy nanner' posslble tlends even at thi6 earfy sta8e shoufd not be

ignored.

goulc€ of Info lation

2.1 Date fron tr'rancer Gemany, Netherland6 and U.K' fo! the years 197J and

1974 have been udecl in conpiling this Pape!' as sho{n in Table 1' thi6 tas

ln oraler to provi.de a uide variety of aircraft and engine types u6ed by

countries tith a fairly high annual flying iate.

2.2 In olcler to take account of 2, J and 4 engined aircraft the data has

beea changed flon the rnore u6ual doYerdents (tvo per f1i8ht) ' to engine

f l ishtu ( i . " .  engLne f l igt t ts -  Bove,oents x nurdber of engines per aircraft) .
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2.1 The veight of  bird ha6 been i8nored'  s ince in nurope onfy 1% of

ca-.es ,hure th;  bird is ident i f ied, involves a bird {eight greater lhan

1 . B l  K g  ( 4  r b 6 ) .

2.4 The terf t  "dan,agel ranges froo bent or torn blade6 suff ic jent to

r lq" i"" '  ""pi t" l . "nf ,  io "n"oi t t i ""d enaine fai lure'  cases ! 'here blade

damage i6 dressed out,  or carr ied over to the next overhaul '  have not been

i""iia"a itt the cateSoiy "danagealr'. Thus there is con€iderable vaij'stion

in the degree to rhich usable thrust has been lost '

l .  Di6cus6lon

1.1 I t  is suggested that bird '  str ikes reporte' l  as having strucl i  engines

axe based on the fouo{ing factor6:-

1) a str ike is deperdent on

reported rate ia dependent on

Re6ults

4.1 lactor 1 (q) -  Engine locet iod

- (a) engine locat ion

-- -  (b) engine frontal  area
' ' - _ ( c )  

c i r c u n s t a n c e B '  i ' e '  r o u t e ,  t i m e
o f  d a y '  e t c '

- (a) operatore report ing standard

- ..-(b) ho" easy to detect

--. (a) a str ike

--(b) engile 6trengthl) danage is dePendent on

t.2 Much of the dals used in thi6 Parcer is ftod nany operators'

from several countrles ancr u€ang nany different routes' .Thus 
it is

i'.ii."li--toit-ii- i"j, "'a al (ai aoa- (t) can probablJ be isnored' allovins

this Papex to exarine the othex factors'

4 .

4 . 1 . 1  T h i 6  i 6  s h o e r n  i n  T a b L e  ? '  t h e  r e p o r l e d  s t r i K e  r a r e - p - " r  n i  l l i o n

eneine f f iahts.  The c;; ' ;v i "  ioz'  ' r r8p Ln 7J?'  J ' I9D in ?471

;f i - i " ;aE and cr '6 in Dclo shoy above averase str ike rate6'

These are at l  wldg nounted podded i [stal lat ions'  (e] 'cept for

the DClo uhich i6 Z + 1) '  The di f f icul ty of dra{ lng concfusiolrs

i6 deeonstrated by the considerabfe di l ferences betveen the

"""i."" tvp"" of iloeing 70? and the Dc8' rrheie sinilar rate6

could be expected'

\ . l . 2 w h e n a u t h e e n S i n e t J p e s a r e c o n b i n e d i n t o T a b f e J ' j . r r e s p e c t l v e
oi aircraft  typ- a clearer pattern emerges'  I t  caD be seen that

th€ {ing eounted engues have an averaSe strike rate around

4 tioes that for aft mounted engues'

\ .2 Factor 1(b) -  Engine frontal  area

Froo Table , and fig. 1 it can be seen that in general rheie there

is a reasonable sample size the t ten' I  of  increasing str ike rate { i th

;";;;;;;; i. ipp"'""t' rt is verv probable that the laiser the

i ." i" l l-"it-""t"trv' i i t i , ttt ' . i t ist ' bv-pais ratlo fan ensinesr the 1es6

f i tefy i i  is that a no[_' lanaglng Etr ike ui l l  be not icedr in tact lne

tira 
""". 

"*it thxough the by-pass leaving no noticeable trace'
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Facto! l (b) -  Ensine strefeth

It  can be seen froo Table 4 that the percentage of reported

str ikeE which cause dana8e is subject to considerable var iat ion'

this Bive6 a mea6u?e of each aircraft /engine combinat ionr6

re6ietance to bird st . ike danage.

Subject to the caut ionary note of para 1.2 about smaLl samples

it can be seen tbat the nean is Jol, and that the RR Avon in

both Coret and Caravelle' Conway in Boeing 7O7' P & l.{ JT9D in

747 ald GXCF6 in the DclO are si8lificantly above the mean

figure. The Avon and Convay are both .elatively old en8ine

de; igns vhich were produced before the current Airvorthinesa

Requirements on nediuo (1t Ib) bird te6t ing ere introduced'

I tovever the JT9D and the cF5 are very reccnt desi8ns which i t

|Iight have been expected vould have a bettei' resistance to bird

atrike daoage.

Ttle P & V JT8D appears best able to withstand the effect of bird

atr ike6.

4.4 Damage Retes -  a conbinat ion of af l  factors '

4.4.1 Fron Table 2 i t  can be seen that the vorst danage rates reported are

the cf5 and the JT9D, ' rhi l -st  the best rates are the Spev in Tr ident

and R8211 in Tri6tar. The aft oounted JT8D io the Boei'^g 727

and the Douglas DC9 have an identically lou rate' whilgt the safte

engiDe ving Bounteal in the Boeing ?17 s}ro\ts the highel' rate due to

i t6 more vulnerable instal lat ion.

4.4.2 TabLe 5 shox6 the damage rate per f l i1 l ion engine f l ights for each

engine type. The rate of 79 x 1o-o ( i .e.  ? '9 x 1o-))  for the

JTtD and cf5, fa116 ltefl lrithin the Reasonabty Probable rate in

Bri t ish Civi t  Ai .vorthiness Rcquirenedts'  i .e.  betveen 1 per 10OO an(

1 per 1OO'O0O f1i8ht6, vhilst other engines are nainly ve1I l'ithin

the Renote area.
ConclusioEs. Although in sone instanced theie is as yet jnadequate

;id€"ce.Th" data froB 1g?3 arrlC' 1974 does 6hos sone trends that at this early

stage shoufd not be ignored.

5. ' l  l t i rg rDounted eogines are l l )ore 1ikely to suffer bird st t ikes than aft

eounted engins6' perhaps by a factor of about +.

5.2 The str ike rate i6,  in general !  alependent upon engine intake area'

;lthough it Eay not be linear. It is Possj.ble that the probability of

undetected strikes increases wlth intake aiea.

5.t Soee engine alesigns aPleer much nore prone to danage than others! and

reiat ivefy low lesistance to bird str ike danage is not conf ined to the older

designs. Tlro of the oost recent desiSns! 9!!l9fg! to later, but not the

Latest Airr olthine66 criterla appear to frav?-Tire iri'ghest \"ulnerabifity' nanely

the Cenerat Electric Cf6 and the Pratt and lrhitney Jf9D' and these rates are

sell. vithin the Rea6onabfy Probabfe area of BCAR- The litdited data

avaiLable fo! the Rolls-Royce RB211 does not as yet shor thls trenct'
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5.4 The Pratt a]ld uhitney JTSD alpears best abfe to vj'thstand bird

stri.ke6. it vould be itrtereBtiD8 to have the l{anufacturerI6 codments as

to tbe !6asor for this.

5.5 The results of this Papei suPport the Bece66ity of continued

oollectioo of bit:d strike data in order to Bonitor trendB in respect

of daeage to edgines anal hence deci.de vhethe! aBy specific or Seneral
action is treealcal to avoi.d uBdue heza-rd to alrcraft fron this cau6e'
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Sou.ce of lnfordation

'No te  1 .1
t  t . z

Data for 197, onl-Y.

Data for 1974 only.

Ai!ciaft
Type

Ellgine
Tt!e

Gelnanyt tr rance Netherlarrd6 UK

ItS Codet 4

BAC 1-11

BoeinS 707

707

707

" 737
" ?4?

Caravelle

Dou8las DC8

n DC9

r Dc10

BAC VC10

HS tlident

L1011 fr i8ta!

nR Avon

RR Spey

P & U J T ' D

RR Convlay

P & W J T 4 D

P & W J T 8 D

P & U J T 8 D

P & W J T 9 D

8R AvoE

P & V J T 8 D

P & W .lT8D

P & U J T 8 D

GE CT6

XR ConwaY

RR spey

RB 211

+

+

. t

+

+

+

+

+
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A i /  c _ a f r  T r n e  -  P  .  . n i a g .  o f  D a n a F i n g  S  r i k e s

l i r 'cra f t
llvte

lngine
rYpe

f,n01nc
L o c a t i o n

j , lo .  of N'o.  o l

1 0 0  "

1 0 0 '

5 7 '

ti '

5O
49

16

3t'
2A

19

1 9

i 8

14 .

1 0

i l i i  Comet 4

.3o.,ing 707
r]ouelas DClo

t:rravel le

Boein8 7O7

tceir,t 7+7

B l i  1 -  t l

R-\ Trident

DougLas DC8

ts.einA 727

BrcLnE 737

BAC VC10

louglaE DC9

Caravclle

r l O T  1
TriE lar '

RR Avon

P & W J T 4 A

GE Cf5

RR Avon

RR ConwaJ

P & l{ JT9D

RR Spey

RR Spey

P & Y .rTlD

P & V J T ] D

P & T J T 8 D

P & }I JTSD

RR ConYay

P & W Jt8l)

P & ,.1 JT8!

RB 211

1 '

7 "
9 '

1 2

17
'11

1 5

57
i 6

1 0

2

+

6

1 8

1

t
1 1

3
5
1
,]

0

0

, o fAt,/llDAN 2 1 8 67 '"41',1

l iotes: 4.1 Engine locat ions A

'4.2 Small  6amp1e size,

= Aftr  l /  = Wing nounted

the results should be treated
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Figure 1
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