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Tne 6ccon!at) , ! r , t  ?aper is a colJ of the Introduct ion to the V6rious Parts

of the l .F-nual foi  the Design of ! i t 'd Inpact Resiste.nt Structures and

I\ .ansparencies, This provides a useful  6umr.ary of the or iglns axd 6cope

of the f t r l€r ia1 contai led therein and desci ibes th- '  intended rre?_ns of

circnlat ion of the eanual.
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strL,c tur.e6 aux in-oacts d '  o isesux, '  _

Dassaul ! -Bregu e t  l - ! iat ion: Dni,61?j/g1

- .A i r c ra f t  c roup :

1 . IlR'1,'ORD

the attached docuf ient js r :nt  ct  lhe io1lcv, inr hrt l  c i  this Jianual :  _

' 1 . rr l ' tsnuel de re6i6tar,ce de6

Pe-r't6 I and II

Publ i6hed by Avjons t&rcel

rrBird St. ike De6ign l . ! ,nua1! l

Plrbl i6hed by Br i i i6h Aerospace cn;/Bu\hoz1o

The6e Docuoents were lrepared
Brit ish Governnents vith the
for 6uch infor&ation.

the Structules Woikiq€ Glou! of
nade avare that thi6 L,ork Fould
of the cloul) lhich i6

un.aei 6eparate colr tracts

6ane sin of sat j .Bfying the

to the fuench and
neeC cf Industrv

the Bird Str ike Connit tee Euxope,Lrex€
alao 6at i6f) .  ane 6l ' the pr inci})€l  aiE6

rrto a66i6t national organieatior€ in the production of
de6ign tuidarc€ Eaterial foa bird iEJ|act r_esistant 6trucrure6,,.

the trYench and British Goverrrnen
to thi6 de.islr *r0""".,..".]"rTJ: ; :il::::i ::::.i;T"*"""
3:l: :a:*", 

Autho.it ie6 and pub)ic al ike in proDotins the de5r8n-. oriq ihpact l .eEistsht 6lructrrre6.

&ue, tt tras be"ooee[ agreed that a lillited DurDbe, of the copi,es of the

lijl f11::-::"rd 
be nade a..ailabre ,*,"rn *.";;.;":"';;,",*.r*- . . ves  lE :  r r s r lELang

;;::-":::ahine66 
authoririe6 vho ha{e deEigo and Banufactu.riag iidu6trie6

::l::.* 
control. tri6 r,oul.l be 04 tlie u-Dder6t€.oding that the6eAutholltie€ vourd bave thp 

',* r'na! rhese

i. ati^ u_ - 
resIlonsibility of brilr8ijrg the conleat6 ofth. Xalu6f to thei. Indu6re Enela Indu6trv

ttsnuil io trr"i" "i.,'j"l'c 
Lr J oa a f!'ee user ba6i6r vhile keepiaa the
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,.,:.\.,El.rii:d ,."" n._..,,.-,,",,, ;:."- 
t':;T;.t::"::"f;:::.r::":-.:il;:.

J,t tl:e 11;al!,e ,,i.ure, 
i,!c, : l,-o_-ei:

rrliai.a!iL!r"ilj€] irdtish_.;. .;,: ,,.,,,,.,-," lt' l'" 
I'L iro!€lli 'f t&e de€ign a,'id

sxr r :c: i t  r ; ,  8. . , - . .  j { : .  dr i i .  , j , i r :L 
t  .qlerr l !  i l , :  16cal hcrder6 (...1:t{:; *: e!-.r,else jb €}*€ti'{ ;;-ilrff:,

SSCI had hr)J.j ,.:o ;i:*.:g!.. r. a,.l(

',6.!Dz.r." Eiir.r,-,o 1""; *"u oorrp)o*, 
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t '  3o{ i t  h*6 beeD decidFd i!61,

i i !s: i ' ;  . : , . i ;  ; .ef,, : ien.e' *r,,  , ,". , ,  

t-t t '"  tceo',,rnjcd by a t iet "rt: :"L::. t

i,arrr6r,i4r i.:.iir,, ,.ns r.stfer ,.,,r... L.l""t 
a-'rri rriilah pisr:t6 \{ tii a rier to

cri*,I,.r r: 
lo! :r'- ';:e :)'o!oae o' thid intro<luctory

li!r'.ll j .rhi c!€4::.81i 6rtj(en{i; l�xe;::,[:'J:T;::"*:r, ;:i;:;i'iii1,:::::;.,J. ; :.,':::"::;":::,"
! - I re hegl Et. l ier, ier, t  o. f ,  tL6 biql j€ 

hc'eE tqdt 5! t : l -€lr ' l€ ar ld i6 bel ie-ed to be

!t r!.i 3 th!..t iF.ict r:d F!.rtield"i*, 
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i iorcr'r,Je'tr.,t-,,rrr.r.,",*.L': 
ap$ee:.uii" '? of the !bc'c! a-nd Brit ieb

sf p:o!,i l trn* *r-n, "i-"r*r;;t 
t*o fre€l: '  c"ailable i, '  the ihtlrests

6$. i l r l io 's,  
i la ' f t  Li l l i  tb* $ost ef f ic ieDt de.r.a, '

iIO?i: :li6 j-,:fcre€,!iau 
i! ihe:ye j\

pDrpoa€p: it i6 Dqf. r-or*rnTT 
u tt lroride'l f6,. cieEi6a Suida-Dce

p"''pe6€E '..itboui: *l,u jl'ck- 
tbat ii $houtd be a6ed for c€rtifj.catio.

r.r f&' r,c, shoL,o .i:!r€.t 
uJ: of o ccrfi.,ls':orn teot paoai's-E'e udes6

a) adeguata cou6erya.{ji 0.rc €:
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irt thc desigil i6 6i&i:r.e.i. tr
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2. sllFtARY OF CONIEh'rs oF TIiE FRENCH Ai{D BR:TlSII IIAAIJAI,S GIV1NC CUIDA\CE
ON TUX DESICN Or !IR! X E Alr  r l l - }  I5 IA}T STRUSIURES AND TR.ANSPAXENCIES

F!€nch Hanual

t ' l laouel de r€sj:tance des struct
d 'o i seaux , ,  A ' ' -B .A  DT f , r -6 r7J l8 r ,  

: u res  aux  i ' pac ts

e rgan ized  i o  f i ve  chap te rs  vh i ch  csn  be  i ndepen_

L )
T h e  f i r s t  f o u r  c h a p t e r s  e s s e n r i a l i y  c o v e r  t € c h n i c a l  o a ! t e r s  a n d  d e a lr r i t h  l h e  b i r d  i o p a c c  r e s i s t a n c e .

T h e  f i f r h  o o e  i s  a  c o l l e c
r e s t  r a c i l i t i € s '  b i r d s  e ' d  " ' . ' i - : : ^ : t  : ' : : ! a l  

i o r o r o . t i o n  s b o u t  r e s u l a t i o ' s '
u o p a c !  s t e t i s t i c s -

E a c h  c h a p t € r  c o D t a i E s  i r s  o w n  b i b ! i o g r a p h y .

T i t l € . t rd  re fe reuce

llie FreDch oanual is
deu t l y  deve loped .

2 .  ! , I .  L € a d i n g  e d g e  r € s i s t a n c e

. _  . . -  .  
o : : " * t . a . i o r  o !  t h e  p a r t  a f  r h e  e a s s  o f  r h e  b i r d  i n v o l v e dI E  t h e  l e a d i n 8  e d g e  i m p a c t .

-  F o n n u l a s  g i v i n g  t b e  l i r  .

-  R i o e t i c  " n . . r n  " . r a " r r , n t t  

v e l o c i t y  a :  p e n e t r a r i o n  ( C E A T '  R - A x ) .

p e n e r r a t i o o  i o t o  t h e  t e a d i n g . u ; " : o t  
o " " t t u " t t o n  a n d  f o r  a b s e n c e  o f

-  A D a ] y s i s  o f  r e s u l t s  o f  r e s t  c o D d u c r e d
l e a d i D g  e d g e s  a o d  a i ! c r a f !  c o e p o o e D r s .

-  I n s t r u c t i o n s  f o r  u s e  o f  t b i s  k r n e t i c  e r r e r g y  c r i t e r i a ,-  U a t h e E a t i c a l  l o o l s  , o r  t h i s  u s e .
2 . 1 . 2 .  S t r r . : c t u r a l  r e s i s t a n c e  a g a r n s t  o b l i q u e  b i r d  i b p a c r

-  H e t h o d o l o S y  f o r  e l a l y s i s  o f  t h e  r e s !  . e s r l t s .- Ele'eDtary theory gi\, ing kinetic enerSy, folces and EotioDof the bird afrer rhe i@pact.
- Slruc tural resistaEce :

. Tes rs anallsei l  :  aircra

. rype or  desrrucrr " , ,  " r : : i : : l " " "o ts  
-  cEAr 's  prares

.  La*s giving

EDergy for pierciDS s]( io
EDergy for peel iat  of  skiD
ED€rgy for destruct ioo of structure by lareial  act ion
EDergy for destruct ioD iE the plane of --ebs,

in CEAT on corvette type



-42*

1 : , r  r !  ! i : '  I  h e  r , t . ) : .  i  f l e r  t ! , s  l , r ; ! ; r !

! j r ' , : l , i L , r L j ; , r r  ' . .  r . l , . t  r a s s  { . f  ! i ' . ! c  - .  ? , : j e c r o r l

[ - t ,erget i-  5r i r r3, :r . :  r i_ th€ r ]r ! , : r :  r .E

r n s t n r c t . i c n 5  i r ' .  r , r  c  o f  t c r ; r  i , : . | l  i  !

l ' r r l a { - i .  r r 5 ; . t  - r , i , . ,  g l  - r . a n s p a . . l r , r j c r

D e s ! r u c t i o n s  -

;'; er .: i

I

'  t o D r f i l a t i o : ,  . l i  L  f f  i  r . ,  i  i . r i i r l r :  :  l - i E t  o f  r e f e r e n c e s .
_  i i . , d e s  o f  r i . r u i ' . r ! : i r . :  - i . i . r , ! .

_  L r : i } . r  i i : l  i E s a s i j i : i r . ' ' : :

. .  L : : l ' . ,  i : r , - - , i -  i ' 1 , : : I I ; : r i  s  i . : t 1 ; s r  l r a D € i s ,  : - c r r r l j . c s .  p o l y c a r b o n a r e s )

i l , !  , :  ! . r ! i i t c a { i j r i : .  i ' f  .  b  ,  r ' . 1 . r r i  c f  L h i s  c h a p r e r  i s  b a s e d  o n  c h e  g e n € r a I
.  . , i  I ' r r i  i  a i .u r : i  r ra&i: ,e}1d t lp, . .  .c ' rpl  i . rg

r l .  \  L r . i . r  r :J end thi-c iness I
- .  . ;  .  l

i  r _ , .  r i : s I 1 r s  ; ! e  . � i r , ; n e d  i . n  f r ) o  t a . : - s  :

i . )  " r - ] r . s e  , 4 , i c n  a ! r  r ' e  , ' i  t - h  r b i .  8 t s r . e i a l  1 a u ,  e v . r .  i f  r c  i s  u E d € r  a

: i g . : : ( i r i r - . , 0  t . r u .

i . l  : \ . r e  r i r r c l r  d o  a o i :  e e : € e  l . ' i r l i  [ ; r i s  ] a L '  I r e s t  r e s u l r s  o t  :

I " . ,  i . '  e .  1 , 8 , ! . r .  F d  " .  . € r ! 1  , .  , . ' (  . . ' I . . . . )  
.

' r -  .  l e ( r ' n i q .  ' I  " a t

r , .  r . . ; r :  . :  1 .  r  r t € r  r . . .  .  !

! l t ,1dshi e: 'd i r . i  | ] { |J€ss

ldge r iel iL€r d.,s i8o

E f f € c l  c f  t . : n e 1  s i ? e  ; n d  c o n L c ! ' r

TrsnsFarelrcy thic! .4.s.  : r !  7-: i  ng

? " I. r, !1a1,-Ilujl,!9Ij3e_j:1 pres srj1,l:
"  F-a,: ]  iest ucrks 3i  IJac Al l iey a|1.!d J.  HiLchel I

-  i e - r . a F  0 f  b i r d  i u p a e t  ] . o a C t n : ,  i n v e s r i B a ' , : i o r s

lr ' !  i l lg lr !  Dlra!0i .E l -abcrat o] . !  ar ' , ry:gl t t  Palterson Air  Fo.ce 8ase,

- 6. , ' . i r :odyna.E! ic , i ieo::y of soj t  bodies

:ni  r  ia l  isp.a61 (Uueoir ioir  ' ressu:;e)

St i iedJr l lov

l :q! ,at i6u of s. i i i :e at rh€ iDa!et: :ai

(  j . r t  lucn.a ci  1:he porosi ty]

i jcundar ies { , f  t l le lh€or) '"
'  g r . p e r i n e n t a l  ! e s u ! ! s  o r  r i g i C  t a r g e t s

-  E f f e c t s  o l  n t r L  : i g i d  t z ; ; ; e ; s

: c o f . i , ( -  -  o ?  f o t  1 " 1 . . . .  . - . :  : ' : ' s ! i c ,  i n  c r e a o .  f l o u .

i

! 1 .



2 .  1 .5  Genera l  I n fo r6a t i ons

- ReSula!ioDs (€!8ines Grcl,uded)
-  E i rd  iEpac r  t es t  f ac i l i r i es  a r  CEAT
- fhe birds !

- Classif ication according to their oass
-  B i rd  i opec r  s la t i s t i cs  and  b i rd  s r r i ke  repo r t i ng

(operaEiooal data col leccion)
- ! tulr i_laDguate I ist of birdna-ses
-  l i ! d  s r r i ke  p lobab i l i r y  oode l

2 .1 .5  Up-dac iag  and  ex tens ion

T h e  E a i n  a r e a s  e n v i s a g e d  f o r  u p _ d a r i n g  a n d  e x t e n j
-  T h e  u s e "  i n  t h e  p n e u o a t i c  g u n  E e s t s r  o t  f r o ? e n

€ r a l

b i  r d s  r e c e n i l y

d o E e  s  t  i c  b i r d s  ( C h i c k e n s ) .

-  c o c p o s  i  t  e  D a L e r i a l  s t r u c c u r e s ,
r e s i n  i o p r e g n a c e d  g l a s s  f i b r e  f a b r r c s

T e s c  r e s u l c s  o n  m o n o l i t h i c  a n d
-  p r o p e r t i e s  o f  a l u e i n i u &  a l 1 o y s
-  S h o c k  a b s o r b e r  o a t e r i a l s .
-  D e t a i  i € d  i n f o r o a t i o n  g i v e n

t e s t i n S ,

t h a ! ' e d  i n s r e a d  o i  b i r d s  j u s E  k i l t e d .
-  T h e  c o n p a r i s o o  o f  t e s c  r e s u l r s  b e r l r ' e e n  ! i I d b i  rds  ( , ' cu l  t s " )  aDd

i n c l u d i n g  l e a d i n S  e d 8 € s  :  € p o x y
o r  a r a o i d  f i t a c  f a b r i c s .

E u l  t  i  l a y e !  s h e I l s  i n c l u d i n g  N i d a .
a t  g r e a t  v e l o c i t y  o f  d e f o ! - n a t i o n .

o n  a l 1  F r e n c h  f a c i l i c i e s  f o r  i . B p B c r

_  l r f o rEa t i on  oo  coopu te r  code  ava i l ab le  i n  F rance .na  "on . " .o lngthe  i opac r  o f  a  so f .  body  (b i rd )  on  aD e las t i c  ra rgec .s ing  a  f i n i re  e resen i

: larysis.t iviag 
a chronorogicar dyna:ric descripcioo of rbe froe and pressulesrD  the  b i rd ,  and  rhe  oo t i on ,  s t resses  and  de fo roa r ion  o f  t he  i npac teo
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r '  - : i .  ; - j j . : . . ( r  ! ; : r . . . 1 j , . ; . !  . : : . r ! )  :  r L .  : ,  . r t - - j i . . r  ( _ ' ( ] o 3 t i . r r s  a r e  p r e s e n r e d

i , : '  : : l ] . ,  ; - i : l  i i : , r e :  i , : : , f . J  ' ) .  , r L )  i : .  t r . :  . x z i , l t g . c A e s .  T h e  b i r d  i n p a c r

. r r i  r : r i , i . i . r ' i i : :  . : r , i _ t . , i t : i r  , , , -  r . r : a : e ; r i : . I i . - i l , : . ;  a r . e  r : e s c r i . L e d  t o g e c h e r . l J i t h
,  . , : r ' : i r . s r ' . r ,  . r .  r n . .  t : ; - { , - r ' L  ( , i <  r : l r r . : . ) r  r : i  l .  . 5 . . l ] f i : e r e d  i t !  r h e  a F p l i c a t i o n

r ' '  : . : t ' : . , \ t !  € i t B €  . . , 1 ! a .  i n r , s

l r ' 1  , r r i o I € ; r i  i , L r . f -  ' r s F t . ! i  s . f L r r . ! . . j r ;  . r e  1 F - v i e r e d  i i i r h  f e s p e c r  r o  b i r d
. . , 1 , : . . .  j  ; r i  : t a r . . . :
' l ' . r  

a 1 . i : , r ! l ? : e r " . � J  r i c s : . :  r  E ,  .  L  :  . r  i :  ;  .  <  e  :  .  :  i  : i E  ! ; : i c  i r o p a c r  r e q u r r e o e n c s ,
'  :  i l i " , , .  r r  r  r  a i  . r . : ! :  :  . , , . r i s r  1 r d  i f , , , - . ,  : : f . " -  L t e  i o F a c !  r e s i s r a n c e  o f
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3. LiST OF CONIII{TS PIJU CROSS RTFEREIiCES TO BOTU
T h i  -  t :  - ^

. .  . . =  
. : r .  r ou8h l ,  f o l l oss  rhe  geDera l

A b b t 6 v i a r i o n s : Platr of the Brit ish oauual.

3 . 1 . 1

H.ANUAIS

F.U" ( frelcb Eanual)  .  taDu€
o'or"l .*. 

tu"t""Dce des s!tuctures ar,* iepacrs
ti .K"U (Bri.r isb Baoual) * Bi.d srr ike d€sigo eaaual.

- 
The purpo6e of the F.H. ard

iofcrnacioo *t"n """ o"'"r] tou' l  
" t" to Provid€ a coopeodi. 'o of birdsrl ik€

protec!ion ro aircraft "r;;";" ' .  
o""tt t"rs to Sive ioproved bird srt ike

No  i ! f o 'Da ! i on  oo  eng ines  . ra1  

conPooeo ts '  iDc lud in t  t t ansparenc ies .

be lov ) .  
-  - -  i nc luded-  (Fo r  re i l u i reoenrs  see  pa rag raph  3 .2

3  I  l he  b i rd  sEr i ke  p rob te lo

3  l "  t  BackSround  ao  an "  U i .a  s r r r ke  p rob leo
T h i s  p . r a g r a p h  r e c a l  I s p a s r  a n d  s e r i o u s  a c c i d e n t s  \ J i t h  l o s s

s t r i k e s .
o f  e i r c r a f r  a n d  c o s r  o f  b i r d

- . ^ . , ,  _  c n a p r e r  1 . 2  p . 7
lbt  covered

3 . 1 - 2Reduc ing  the  b i rd  s r r i ke  haza rd
!,ist of the *,.u.iou" ,Iill---

app l i cab le  a "  . t . " . r aa  
-0 . . i *  nods  cu r red t l v  ebp loyed ,  och€ r  l haa  rhose

I ' l ' "  
-  'n"o ' " '  t '3  p .9  ana chaprer  8  p .295

r o t  c o v e r e d
R€I0ark
| o r  o o r e  d e t a i l s  t h e  r e a d € r  c

. l ' l ' , :n'"n 
"" , ;;;:; i l ;". i:,;"::;"1, : '" 

"" '- '* 8loupsor ,he
" . s  A e r o d r o E e n ( S c u d y  

o f  s c i e

t h e  a i r f i e l d s  
i c  e x p e t i o e u t s  t o  d r i v e  b i r d s  o u t  o f

. i s k ) .  
a n d  P r o c e d u r e s  t o  r e d u c e  t h e  b i r d  s t r i k e

U .  c  " A - D a I y s i s , ,  
( A D a I y s i s  o f  h

u . c , , 8 i r d , " " " , " ; . ; ' i ; r . r " : o b i r d  s t r i k e  E e p o r r s )

"."',...","",.".i.. J;;;:";::"::::::,"::,i;. ::":::::::::"1..p r l o t s  ! o  a v o i d  b i r d  s t r i
e f f i c i e r c y )  

k e  -  r o q u i r y  i n E o  a P P l i c a c i o n s  a n d

I J . c  " R a d a r  
a n d  o l h e r  s e r r s o r s , ,

,o.- . ' .".. 
- European "", r.*, j: i ::r":t"n 

'acchius bv radar or oEhe.
\ r " E  r a s t  v o r k i n g  g r o u p  b e i n g  , , s r r u c t u a a l  

t e s t i n g  o f  a i r f r a o e s , . ) .
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3 . 1 , 3  E i r d  :  t r i k e  s t a t i s c i c s

! , M .  P a r r  5  , 3 , t 3
U . K , H .  N o 6  c q e s 1 . 6

O o l 1 ,  6 ; " i 1  r i r : c r a f I  s t a ! i e t : i e s  . r . .  p u b ] . i ! ] : i i d .
I .H .  Pa r t  5  chapre r  3 . t  p . ! , 2 {  ro  5  t9g .K .U .  chap re r  2  ! "  i 2  t . o  { t
-Statis t ica 1 f,€fe!encer Bitr l  iography
! " H .  p a r r  5  I 3 . l !  p . S i : 4
(BscE Forkiag paFer and s?fiA/2N statist i .cs)
U .K . l { .  chap - ! :e r  ?  p .4 !_18  and

_c tass i f i caE ioD 
o f  b i rd  uass6 r  

rhaFre r  I  p .2A2-2s , j  i  C l -a  , !  F  c  t i n  j  c :  j _  r r . i € ! )

t . ! t ,  p a r r  5  $  3 . 2  ; . 5 . i [
Ir,K"M. l{ot covered

-Slr j .Les versus al! icude
! , U .  P a r . 5 f  3 . 1 3 ( 6 )  t a L j  e  i P  . 5  . 2 ?
U . K . M .  c h a p t e r :  2 " 3 . 2  p . 3 3

-S t r i ke r  ve rsus  f  I ; . gh r .  phes€

l a ! l e  2  t  ,  j .  2 8 ,  5 . 2 9

-S t r i kes  ve rsus  b i rd  oasses  4 iass i f i ca t i cn
! . H .  p a r i  5  S  3 . , 3 ( b )  r a o r e  3  p . 5 . 3 0 . c . 3 . 3 3
U,K .M.  Nor  coeered

-Iepact posi t ion oD aircraft
! . f 1 .  Pa r r  5  ,  3 .  t 3 (c )  Tab le  4

.  U . l ( ,M .  chap te r  2 .3 .2  p ,38
-lnnual strike rate
F ' l { ,  pa l t  5  $  3 .  ! 3 (d )  p .5 .37
U . R . M .  c h a p  r  e r  2 . 3 . 2  p . 3 r ,

-D i rd  E t r i ke  ra te  each  Eon ;h
U. l ( . ! , { .  chap te r  2 .3 .2  D .34
F .H .  No t  cove red

-3 i rd  spec ies  s t ruck  each  Dor , !h
u . ( . ! t .  chap te r  2 .3 -2
E'u. Not "ou.."o

-lt ]o 
",rt*" by aircrafE r).?e

. . ^ .  ! t .  c h a p t e r  2 . 3 . 2  p . 3 6 _ 1 7
F . l t .  I o t  cove red

-Iitl*,.a 
and serious da,raBe ro I ishr__ ._ . - .  chap te r  2 .3 ,3  D .  . r8_ . t9

! .H.  (?he publ  ished " , . r r1 , , " " - r r " r ro"

a l r c r a f t

I  i 8 t ! r  a i r c r a f t )  .

:

:;
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: , 1 .4  i l a ta  €oL lec l i o r  f o r  b i . rd  s t r i ke  i nc iden rs  rud  p robab i l i t y  Eode ls

l . i . { .  f a r t  5  chap te r  3 . t , 4  p .5 ,38

(Iofsi,-Eation for IBIS : ICeo Bird str ike iEforEatioo sysceo)

U .K .U .  chap te r  i  p .270  -  273

3 .1 .5  B i rd  s r r i ke  g tobab iL i t y  oode ls

f. .  Part 5 chagter 4

U . K " H .  c h a p t e r  2 . 4

p . 5 . 4 1  r o  5 . 5 2

p.40  to  46

Ttie Frobabi l i ty oodels explained in rhe teo Danuals !esults froo

USAI solk"s and l lay apply to al l  cases, Eoseve! lhe appl ical ion to civ i t

a ! r c r a f t  s t r L i c t u r e s  i s  d i f f i c u l r  b e c a u s e  r h e  b i r d  d e o s i t y  i n  s p a c e  n e c e s s " r y

f o r  c a l c u l a . t i c n s  i s  n o t  ' r e l l  k n o m .

T h €  F " i l .  ( p a . !  5  c h a p c e !  5  $  4 . 1 )  e i v e s . h e  l a { s  o f  d i . 6 l r i b u l i o a  o f  r h e  b i r d

$ a s s e s ,  o b t a i n € d  f r o r  A M L  T R  8 0 1 0 0 3 ,  a n d  a  o e t h o d  ! o  r e - e D r e !  i r L o  r h e  o o d e l

v i r h  t h e  . " ' a E i o u s  s t a r i s ! i c a 1  r e s u l ! s  D u b l i s h e d .

3 ,  1 . 6  t i u l r i - l a n g u a g e  l i s r  o f  b i l d  n a n e s

F.H .  Pa r r  5  chapce r  3 ,2  paSes  5 .40  ro  42 .

U ,  K . l t .  No t  cove red

Th€ BSCE su1t j . - laaguage l ist  of  bird oaEes

species involwed in bird str ikes duriDg the Last

DeaD 6ass ar ld category.

coDiains t l .e.  bird

y e a r s ,  v i t h  c h e i r

oea! eeights are dotTb€ l . is!  of  ICAO is oote extensi.ve but the

i n d i c a t e d  "

Ior lhe Europ€an reader rhe Council  Directive oI 2 Apri l  t979

the  conse rva t i oE  o f  s i l d  b i rds ,  re t  79 l409 IEEC,  g i ves  the  l i s t
p ro tec  ted  b  i r d  sDec ies .
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3.2 Regulariour

The frelch oaaual giver (?art 5 chapte! I  pages 5_3 to 5-i0) lhe r€l| t
of th. bird iogact regulatioo3 spplicrble to civi l  aqd fr.etr.h Eil i tarJ.
ai lcrafi  a.ad a rur@ary of rh. U.S. rrquireoeoce cooceraiag the $indshield
8!d c.'Irop)r cyst€e3.

Tlese require-neacs coEcern oEly the sEruccural poibr o! vlelJ.
i1i m-.4"ugl gives g suroliary of the reguireoerts sljpl i.able ro

5 l ruc td r i  ( chap te r  4 .2  p ,  77 ) ,  ro  t ransparenc ies  ( chapre !  1 .4 .3 .p .140 )
aad ,  iD  chap ie r  5 .2  p  194 ,  a  geEera l  v i es  o f  rbe  &nage  to le rance  o f  t he

' airctaft ei.rh r€gard to bi ldst! i&e, eith coDsideratioB.to rbe sysre-os
iocludiBg exleroally EouDted equi?oeDL (cfrapter 5.1.2 p ZOS).Bu t  t he_  cond i f i oas  fo r  res i . dua l  s t re lg th  o f  t he  su r rc r ra rngs t ruc !u rc

are oote seyer€ tbau lhose of the teg!1ations.
L i s red  be lou  a !€  che  Ee fe rences  o f  reg ,J laC ioos  app l i cab le  ro  c i v i l

ai!ctaft.

a) Europea.a regulal ions JA! 25

S t rucEu le  JA3 '  25 .571  e  ( l )

JAR 25 ,G31  aDd  ACJ  25 .631
Residual srreDgrh

tl iudsbields"* 
25.775 (b) and

svs tees  JAa  25 .1309  d  ( l )

lAA regulacioDs (parr 25)
--i-

ACJ 25 .571 (a )  pa rag laph '2 .7 .2  (a )  and  (b )
ACJ  25 .571  (b )

( c )

and ACJ 25. 1309

b)

Sc tuc tu .e  25 .571  e  ( l )
(EopeDnage-strucru-e) 

25.631 (6 pouod
Residual streotth : Notes fAA ANHll2
and He.ooraDdu.o oi A{U ltO Letle! of
tsindsbie lasar. 

,r,  (b) and (c)
sys tees  25 .1309  d - l

c) For IDtoroatiou I E n g i D e 3  r e g u l a c i o n s

E c-3-4 paragraph
Freoch LIR OOI 3_4
Part 33 - 33.77 (a)

b i rd )

: 8 0 4 0 - l - 2 5 . 5 7 t l 6 3 t

DecerDber  29 ,1980.

JAT

(iu

FAR

20  page  l2

paragraph 20 page

aad  ( f ) .
l 3 )
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3 . :  l i r d tepact loadiDg

u.4 .  x .
Par t  4  pages  4 - l  cc  4_ l tO
cnaFter 3 pages 49 to 74 .rad

3 .3 .  t  E i rd  ood€ l l i og
chaptdr € Fag€s 300 co  3?1.

u ' R " h .  t \ . r r e ! . 3 . 3 . )  p a g e  5 l."r4. Ior leadihg ea.tes par, ;
rot Pressule calculations
ror tests ?art 5 chapf€r

chapt€r 3
. part 4

? .2 ,  paSes

page I I.3
chapter  3 .3 .4 ,  4 .  i  p .  , t r .  73
t r 5  ( o  l 7

1""* 
O, e:eoeorary eva lue i  ion

r. H. Leadlns "or"u-ilififil.,

.obr ique 
iop6qg " ; - ; . ; , " ; : : " '  

3  pase t3

uorks  or  M.  "^  " " "  ; ; ; " ; ' ; : ,Par t .2  
chapce i  2 .3  p .2 -24  rc  z - js

F a p e s  l - q  - -  
n d  J ' M i t c h e I l  p a r t  6  c h € p r e r  2-  P a t e s  4 - 5  t o  4 - l l .  

-  ! " o P r e r  2

; | ' : : : ' .  
.n "0 . " ,  3 .3 .2  pases  53  ro  57o e r h o d s  o f  e s  t i E a  ! iPondins Lo .n."" . ,  , i " l . " l " i ] l l . t : t - ' :  

roadins a!e prcsenred
rhe  eop i r i ca l  " . r ; ; j ; ; " ' .1 ; , j :a r r  

i  ano  2) .  
'  - - - ' !<a !  cor res-

resu l ts  as  ,n "  " . .u  " r -a^  " . j ' ; : r : ; .  
*  s ives  approx ioacer )  the  5aqs

t "  
: : ' "" . ' t : ' ; ' " ; i  t

.' o"'j"l,"nt., ̂""i.)"J','"::i:"'::l "'"."' "" "t;;;; r,r !ve- s j r.,
l . i-^. '"::  i  

chaprer 3 n;;"; ' ;_,, , .  o_,,0" . ^ . f i .  c h a p c e t  3 _ 1  p a g e s  5 7  r o , / 4
3 .3 ,3 .  i  Re fe rences

---

, 1 . 1 . . . " . r ,  
4  c h a p c e r  3 _ r  p r e €  1 .  J ?u . ( . d .  c h a p c e !  3  p a g e  7 3  a n d  s u

r e s c r i p t i o .  . ^ r  ^  ,  
e D a r y  c h a p t e r  8  p . 3 0 0  t o  3 2 r .

F,H-  p . - - & cbapte r 3_2 p""u,l-.-..-..-.-..-.-_
u . R . l r .  c h a p r e r  , " 0  ,  "  i - i " '  

q - 1 3  1 - t 5
PaSes  58  to  E53 .  3 .  3 .3  Hyd rod ) ,Dao ic  

theo rv  o r
;:-:-- 

- -'*:::=: 
bcdY is;e:i

,4 ' t l
-  . 3 1 ? .
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The F.M. gi .ves a cooplete d€velopoent ot LLjs EhestT :
- lo i t ia l  iopact I  the shock (Hugooi6r.  ?ressure) and the ie. leasc r- ,ar.es

(p .  4 .  19  to  4 .29)
- l o f l uence  o f  spec ia l  f ea ! ! ' i e j  I  ya ! . , 65  t l , e  p to jec t i . r e  - , r , 11 ,a ! r , r , :

o f  l he  p lo jec t i l e  a t  rhe  i opacc  po jn t  .

ob l i que  j . opac t  -  E las r i c i r y  o f  f he  l a rgeL  na te r i a l  lF . { . : 0  r , r  t r .  - 1 t )
-S  ready  f l o t {

Subsonic aod supersonic f lae in &or6ai i rapact (p
S t e a d y  f t o e  i n  o b l i q u e  i E p a c t  ( p . 4 . 4 8  [ o  4 . 5 8 )

- T h e  l e r b i n a r i o D  o f  i E p 3 c E  ( p .  ( . 5 9 )
- T h e  s c a ! e  e q u a t i o n s  o r  c h a r a c ! e r i s t i c  e o u a t i o n s

i n c l u d i o g  :  s h o c k  c o n p r e s s i o n  p , 4 . 6 0

i s e n t r o p  i c  c o c p r e s  s i o n  p . 4 " C 3

p o r o s i t y  e  l f e c r s  p , 4 .  6 5

D a t e r i a l  p r o p e r r i e s  p .  q .  t l

- B o u o d a r i e s  o !  l h e  l b e o r y  p . 4  .  t 3

3 . 3 . 3 . 1  E x p e r i a e o c a l  r e s u l r s  :  I o p a c r  o n  r i g i d  r r r B - r s

! . 1 9  1 6  4 . 4 7 )

o f  r h €  b i r  i

F . U ,  P a r t  4  c h a p r e r  : _ 4  f a g e s  4 . 8 5  r c  4 . 9 ?
U . K . M .  s e e  c h . p r e r  I  p a 8 e s  3 0 0  _  3 0 l

r n r s  p a r a g r a p h  a p p l i € s  t o  e x p e r i n e n t a l  i n w e s t l 9 6 g i o r . , ,  o o
Ini t ia l  i$pac! pressure -  steady f lo l ,  pressur€ -  D' :rar ior al  i6pa. i .
Bird iopact force -  Tioe prof i le.

s  r f . ^  - --  - - . c ! L  o  r  ( n e  c a r g e !  c o o p l i a n c e

F . M .  p a r t

iBcludiES

U . R . U .  s e e

1 0 3

4 .  t 0 6

7 l

4  c h a p t e r  3 . 5  p a g e s  4 . 9 3  t o  4 . 1 0 6
Loca l t y  r i g j . d  t a rge !  pages  4 ,95  !o  4 .
l oca l t y  f l €x ib1e  ra .Be t  pages  4 .103  to

chap te r  2  pa rag raph  3 .4 .4 .  paSes  68  -

chap te r  8  pages  30  2  -303 .



3 .3 . . : .  € .  Co&pure teode to evaluaEe the presss ra  d i s ! t i bu t i oBs i .D 6!eady

f los f,or the bild i-orpact oD r r iSid ta.get

F . t  .  ?a r !  4  chap te ,  3 .6  Fage ,  4 .  lO7  to  4 .1 lO
U.  K"  l , l .  i r s . . . v€ r€d

3.4. Struc turs I design inforl lat icn

1.4. 1 , ieadiog edge structures

3 , l r , l . l .  Qe te r "n i l a t i on  o f  t he  pa r r  o f the loas g
tbe leadi ug edge iopacr

F , H .  p a r r  i  p a r a . 2  p a g e s  1 . 5  L o  l . i 4
i l .K. l t  1l  or co\ 'eled

3 . 4 . 1 , : .  R e s i s a a n c e  o f  t h e  l e a d i n 8  e d g e s

of the bird involved in

The tuo oanuals cover only convent ional oe!aI l ic structures
'  B ; ! d  P e n e t r a t i o n  s p e e d  :  E E p € r i c a l  f o r o u l . a e

R A i E  f o r r o u l a :  F . M .  p a r t  I  c h a p c e r  4 . 1 . 1 .  p a g e s  t
U . K . U .  c h a p ! e r  4 . 3 . 2 .  p a 8 e s  8 1 .  r o

C IAT  fo rDu ta  :  F .M.  pa r r  I  pa ta .4 .2 .2 .  page  l . l 8
U . K . U ,  c h a p t e r  4 . 3 . 2 .  f i g  4 . 9  l a g e

of pene!:-ar ioD inlo the leadiEt eoge

u . K . M .  N o t  c o v e l e d

l . l i ,  P a r a  l  c h a p r e r

SuEDary of i leBs of

a.)  The teo t)?es of

E o  1 . 2 7

. 1 6  t o  l . l 7

jo'

98
1he al .o Eanual3 give :  the l i roirat ioos for use of th€se fonDulae

c h e  e f f e c t s  o f  v a r i o u s  d e s i g n  p a r a ' e l e r s  a a d  l h e  e f f e c t  o f  d i f f e r e n t s
L .  E .  s k i t r  n a t e r i a l s .

_  ( i ne t i c  ene rgy  c r i t e r i a  f o r  des t rue t l on  aod  fo r  abseocei

4 . 3  p a g e  I  .  I 9  t o  |  . 5 4

lhe f lench Danual

L . E .  d e s r l u c r i o n s  c h a p . 4 . 3 . l  p a g e  l . l 9

a n a l y s i s  o f  t e s t  r e s u l t s  I . i t h  b i r d  p e n e t r a t i o n
p a S e  I  . 2 8

b )  P r i n c  i p l e s  f o r

c h a p t e r  4 . 3 . 2 .

l

I

l
i
l

t
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c )  l t u -Ee r i ce I  ! i a l ues  o !  t h r  , r i neu i c  €Deyg ]  c r i ( € r j ,  , o r  T , .E .
deslruction end for absesce of F€Detrario..r
These  va lues  tesu l c  f roe r  ena lys i s  o f  l r enc l !  End  b ! i t i sh
res ts  add  (a i r  be  app l i ed  ro  L .E .  \ . . i t l !  sF l i r ! e t  ! ) . a r€6
( f "H .  page  1 .34  -  t ,& , ! i "  Fa te  ?&?)

d )  i n - t r . r , cL ioos  fo r  use  6 t  rhese  6 r i t c l i a
chapre r  4 .4  pa le  I . 4 i  r . o  I  " {B

c) MatherDarical rooi s

c h a p t e r  4 . 5  p a S e  i . 4 9  r o  1 . 5 {

Ihis chapte! giv€s the geGe€t^.. icaL oeaf.3 r. coi lpure rhe
io te rsec t i oo  be t ! , een  the  l ead iES  edge  sk i r i  aDd  the  cy l i i l i e i  c r r cuns -
c t i bed  to  l he  b i rd .  Fo r  rhe  sk i ! ,  r he  cases  o f  cy ) i ad r  i ca l  an i  s r ra j . gh r
I iDes  gene la ted  su r faces  a re  coos ide red .

-  Add i t i ona l info.oation for rhe desi gn

-  r i n g s  I  U . R . [ t .  c h a p t e !  5 . 3 . 2 .  p a g e s  t 9 5  -  l 9 S
-  e o p e n n a S e  i  U . R " M .  c h a p r e r  5 , 3 . 3 .  p a g e  j g g  -  2 0 ? .
F.M. :  the struclural  poir . ! t  of  1. iel .J is , i r .c l . r :nert  iu r , . : r  I  , ,
C o n s i d e r a r i o n s  f o r  c e r t i i i c a r i o D  o f  t h e  € y s { : e & s  a r . .  r r c , r

3 . 4 , 2 .  R e s i s t a o c e  o f  o e t a l l i c  s l n r c r r , . e s  r $  o b l i q u e  b i : d  i m t : c i

! . 1 ,1 .  pa r t  2  page2 . l  r o  Z . tZ5
U.R .U .  chap le r  4  pa te  t04  to  i : . 5

cbaprer 5 page 202 to 2O4
on  th i s  sub jec ! ,  l he  F redch  and  B r , i r i sh  oanua l i  a re  qu i te

d i f f e re r t  :  eh i l e  rhe  B r i t i sh  o
the Ftench Eanual consi.arers theanual 

coDcentrates oo spe€d of penecration,

,ith ptogressive "r";;r";";-;";""":::::.'il:::.":r":::':.:::::;:T,".
Ihe i . teos of the tro nanuals are dealt  v i th s€paiately.
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3 , 4 . 2 .  I  .  U . ( ,  | 4 6 n u 6 1

-  F la t  pa [e ] .6  :  chap te r  4 .3 .3 .  pages  l 04_ l  I ?

6pced  o f  pene t raa ion  pages  l 05 - t06

e f f . c i  o i  va r i ous  des igo  pa .a !€ce rs  pages  l 07_
l l l

coDpar i soD i r i t h  t es !  da ta  pages  I  l 2 - l  l 6
-  Cu rved  pan€ ls  ( concave )  chap te r43 .4pages  l l 7_122

spe€d  o f  p€De l ra t i on  pages  )  l g_ t2O
.  coEpar i son  e i t h  tes r  daca  pages  t2 l_122

-  A i r  i n rakes  chap te r  4 .3 .5 .  pa8es  t?3 -127  and  chap te ! j . 3 ,4pages
202_203

-  F roDr  fuse laSe  chap te r  4 .3 .6 .  pages  I28_ t33
-  Canopy  roo f  s l ruc ru rech4 r te r  4J .7pages  133 -135  and  chap te r  5 .3

pages  2O3_204
-  Sys lebs  fa i i i ng  chapre r43 .Spa8e  136

3 ,4 .2 -2 .  I rench  Manua l  (pa r r  2 )

-  I tethod of analysis of inpact

!

i
I

t o  2 - 4 8  )

Iocluding :

a )  A s s u - E p  t i o i r s  ( $  2 - )  p a g e s  2 . 6 , 2 . 7 )
B i rd  i opac t  t es t  cond i t i ons  a t  CEAT _  B i rd  K ine t i c  ene rgy
d is t r i bu r i on  -  The  oechan ica l  e f fec !s  o f  rh€  iEpac t  resu l !
froo.the Dorroal cooponent of the Bird l : inetic energy.

b )  U t i l i zac ioD  o f  rhe  concep !  o f  ene .gy  ($2 .2  pages  2 .8  ro
2 .23 )

- tua1ua!ion of bi.rd kiDeric ener8y effectin8 a surface
- Reoainiat kinetic energy afler absorprion of the DorEal

coroponeat of the init ial kitet ic eDergy
- Effect of the scale on lhe test results

c) The concepr of forces during the inpact (! 2.3 pates 2,24
t o  2 , 3 9 )
- EleDenrary evaluation of the bird iopact forces
- Bird l ike a f luid. pr€ssures in a sboclc on a plane or

a spherical .surface (coovex and concave)
- Use of this concept of force for deriving eoergy

! e s !  r e s u l t s  ( c h a p r e r  2 ases  2 -5



_ ?:._
d )  A n a l y s i s  o f  t h e  b i l d  s . a t ) o , ,  i

2 . 4 8 )  
t l r e t  i r r p a c r  i f : ' 4  P a g e s  ?  { o !

P l e s e o f a t i o D  o f  F r o b i e D s  _  C E ? , T  o b l i q u e  i t o p a c t  l e s t  c nt t i f f e n e d  p a n € 1 .  -  T h e  p r o b l G b  a t  [ i h e  d € l e r l i r , e r i o n  o f  l h eletaainiDg Easses - En€t8y sch€dule"

Lats for deri.* ina energ], fo!
-  p i e r c i n g  s k i n s  ( g  3 . 3 . 1  p a g e s  2 . 7 4 ,  2 . t O l )

( t es t s  oE  convex  su r faces  -  conca ! ,e  su r faces  (a i r l n rakes )
t e s t  o n  p l a ! e s )

,  < E  I  r D B  o r  s k r n s  ( 5  3 .  3 .  2  .  p a t r s
-  D e s t r u c l i o n  o f  s t l i n g e l s  ( g  3 . f .

e ) ,  r 6 L e r a r  a c t r o r ,  a n d  b )  d i t e c r
rhe veb

- t i ' d % . t o ?  
r c t . j i r )

2 . i 0 2 , 2 " t 0 5 l

3 .  paSes 2 .  105 and
i E p a c !  i n  r h e  p l a n e

2 "  i 0 6 )

o f

- Eva]ua!ion of rhe
-  subs ran t i a t i on  o f

a f t  e r  pene t ra t i on

- _ --_:_::a:
di- s rr ibur ioD

the  dew ia t i on
i h e  b i r d

i h €  b i r  d

. r , e  L J a p e  o J  d e s t r _ u c ! t o n 5  v e r s r, s  r h e  e n € r t y  : , c h e C ! . 1 e
Ig:$:!ig{._l:-i- itg. resc lesurrs ror rhc ro!ecasi .r:,]:�1 1:_1:t ::jj: __11

3 . 4 , 3  - I l a n s p  
* e D c : ,  d e s i g n

Transpalency desiBD based on I
i o  bo r t r  o . x . r t .  ; ; : ; : ; " " ; " " " t 1n8  

r s  co 'p reh€ ' t s i ve rv  cove red

arso  o f  t he  us  , , cu ide  a r ^ " .  , l l " - . t t t l " r . oak ins  
pa r t i cu la r  use

c€aopy syste.s', ,**oa-"*-ro-ri lr the 
desisn of aircraf t  l ; i .rdsi l ield/

The  t so  oau r . ra l s  a r€  fu l  l l ,  cons i s  reDr
F . M .  p a r t  3  p a t e s  3 . 1  t o  3 . ) o
U .R- l r .  cbap te r  4 .4  paSes  t39  c
Eo  z l? .  

o  i 92  and  chaPte r  5 .4  pag€s  20 ;
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r^ct

-  Casq ib  eh i ch  the  resu l t s  do
fo r .u la  ( '  4 .3  paSe  3 .43 )  

Do t  aSree  ! ' i ' h  rhe  Senera l

(t)rks of Rangas aod pignan _of RA!_ and of Hac Nau8hton
and  Per fec t )

-  Goodvear . , s  b i rd  s t l i ke  t€s ts  (po l yca rbona te  c r  s r r€ched
a c r y l i c s )  ( S  4 . 4  p a S e  3 . 5 1 )

-  Canopy  des ign  s rud ies  (g  4 .5  page  3 .58 )
-  Equ iva len t  t h i ckness  fo r  ou l t i _p l y  c lansparenc ies  (g  4 ,6p a S e  3 . 5 9 )

-  Design technique suEmary

r)i

F.M.  pa r r  3  chapre t  5  page  3 .60
U . R . l . t .  c h a p t e r  4  $  4 . 4 , l 2  p a g e s

chapre r  5  $  5 .1  pages  207
-  I j  a te ! i a1  p rope r t i es

t o  1 8 8

f ra.oe)

broaching

to  369

sindscreen Dater- ie1s

r 8 l

t o

F . M .  p a r r  3  !  5 . 1  p a g e  3 . 5 0
U,K .M.  g  4 .4 .12  page  l8 )  g i ves  coDf igu ra t i oDs  sho r " , i ng
typ i ca l  i epac  t  res i s taoce

-  $lndshied thickoess :  Air fraoe (oi  tesi
r i g i d i  ! y  a n d  d e s i A D

F . l t .  5  5 .  2 .  ! .  p a g e  3 , 6 1
U . K . M .  j  5 - 4 . 4 .  p a S e  2 l O

E dge Ee-ober attachDents and
F . X .  $  5 . 2 . 2 .  -  5 . 2 . 3 .  p a 8 e s
U , X . M ,  $  5 . 4 . 4 .  p a g e 6  2 l O  _

- Bird i t |8ressiot1 problees

U . R . M . 5 5 - 4 . 5 p a | e Z l g

F.I l .  No! covereal
-  l ]  i n d s h i e l d  s i z e  a n d  c o n t o u r

b o l t

2t7

F . M .  S  5 . 3 .  p a g e  3 . 5 9
U . R . M .  $  5 . 4 . 3 .  p a g e  2 0 8

- Environoenral effects on plastic
F,M. Not covered

U . K . M .  f  5 . 4 . 5 .  p a g e  2 2 3
- transparency thickDess sizing

F . V ,  S  5 . 4  p a g e  3 , 7 0
I l ,R .M.  i  4 .5  page  187

li'
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Cooposi te iaateEiai  s j : ructure (Raoo!oe.)

U ,  R . I r .  c h a p r e , 4 3 9  p a g e s
F , i r .  h o t  v c F  c o v e r e d  b u t

? h f .  I . i i ,  r c . o r l n j c , , c 5  ! l ! 6 -  r r s e  o(ri. s. s,ru ",'.,," " ;";;"r;";Jj^:l'- 
Io-L'r I?j D-c r arnae i r a Do, or.*e r a

, r  
h i . s  f * ru r r r ;  t .  .  " r r " ; , ; ; ; ; ; uu ,  

adop t  t be  sabe  pos i r ) . oD  r ,€ca .se
, r$ . ;  l onp r !e r  code  H4CtA ,  deve i

,, 
rihic) Fesearch,.;;;; " 

";; ':::, 

":J":i:, ::t:::si 
ry or Dal !or

- i L :  : , r t y  L i r i . g h L  p . r t e r s o n  j  o ' " - . ' _ " "  
" . " " n  a l r €  t l i 8 h L  D l r a o i ( s

,  r ! - ) o r .  . .  , . :  . " " , ; " : ; ; " , : " " :  I  
r s .  i n r e n d . d  t o  B i v e  e r r i c i e u r

; , : esen r  r i he ,  rh i s  code  ,a : ; ; : , : j  
coep . rex  s t ruc ru res ,  A r  rhe

t . I l opv  sysee ' s , t  r r r , r r rn r " . i ' : :  : "  
t t "  s tud i€s  o f  b i rd  impac rs  c r i

. na r . \ , s i $  ! oo1 .  ' r "  " . " r ; ; ; ; " ; . ; " : :  
" . : " " '  b i rd  i npac t  t es i

r , 'essures, .zrd i :he larse " " " r - ' . ] j i i j t ' l '  
i ! 'pect  rorces 6nd

re, :  r .a l iser i .  rn ,  t r , , i "  p . .o l rnJ : : t :1" :1""  
or  th€ carser  is  Dor

ebrve  { ' ' o r ke  i , , i t i " t " c  ; ; ; ; : ;  
couPr ios ,  see  pa ras raph  2 .  } . 6

1 3 6  -  t 3 7  a n d
env isaged  in

5 i  |  -

) e e  a b o : ) e  !  2 "  i . 6 "
a! rerr l . l  l  y sounteo

chaprer 5,3, page 2o1
the  ne rd  re lease  o f  t he  F .H-

equipmenr

r  . , \  r r o t  c 0 1 . . r e d  f b y  c o n r r a c r )
; . 1  H  r  (  :  ' -_ .  r .  / .  p a t (  2 0 5  ( s e €  €  l
T L 6  d e s i g n e r  s h o u l d  c o n s i d e r  c h e
r , I 1 a e r c a r r i a g e  

"  l i g h r s ,  p r e s s u : e

s o  c h a p  a e r  5 . 2 )
c o n s € q u e D c e s  o f

,  -  _ i , c s  r  a n E e o n a s  
,

a  S i r d  i o p a c t  o o
drop tanks,

2 5 1

2 .  I  pages

s 1 , s t  e o  f ; i r i n g s .

.  ,  
r ,  f a i l u re  ana l l , s i s  o f  rhe  (

: . a .  l es r i rS  and  fac i l i c i es  
" '  i once rned  sys te&  l rav  be

i r - l t -  pa r r  5  chapre r  2  paSes
U.F . I t .  . hap te r  6  pages  2 i8
.  T h €  l r a i n  D e . _ t , o d s  o f  b i r d l D p a c t  t e s r i D g

5 - l i  t o  5 - i 7
to  269

S led  res  { : i n8  U .X .H .  ,
F ,M.  No t

SDioorb bore coEpr"essed

2 3 1

U}(.H, { 5,4 pages 233
F.l l" rart 5 chapter 2
5 1 7

,  v e  l o c i  t y  o e a s u t -

the accuracy of ." ; ; : ""n0 
(on1"

6 .3  paSe

air gun

!

i nc lud ing  desc r ip  r  i on  o f  sabo t
u, r-. I tarual) factors affecring
l iA ! -  iopac t  res t  fac i l i r ies
l ' .  \ - .  F a c i l i r i e s  , r . * . U  O  O I  pases  250

: Ha rf ield - H€ybridge
Srisrol - Bucknall

8!.I  :  t i l rorr

R6 l l s  Royce  i

&i.t- coropressed gun ;

t n
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