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l i Je  shou ld  no te  tha t  c j t  the  present  t ime noz  Law has  no t  an  express lon

w h i c h  t e n d s  t o  b e c o n t e  s t a b l e .

T h i s  a r i s e s  f r o r n  t h e  f i r s t  e v a l u a t i o n  o f  t h l s  l a w  u n f a v o r a b l y  e s t a b l i s h e d

w i t h  t h e  r e s u l  t s  o f  t r r r e e  i n r p a c t s  t s e e  f  1 g ' 6 )  '

y e t  a t  p r e s e n t  t l m e ,  n o  g o o d  e x p l a n a t i o n  h a s  b e e n  f o u n d ,  n e l t h e r  c o n c e r n l n g

t h e  r a t l o  o f  t h e  c o e f f i c l e n t s  o f  r r " 1  a n d  n o 2  L a r ^ i s  n o r  t h e  v a r l a t l o n

of  th i r tesn  percent  be tween the  two groups i  o f  th icKnesses  fo r  no2 Law.

3 .3  0eve lopmant  o f  tes t  Program

The exper lenc€ ga ined dur lng  th ls  tes t  campalgn  led  to  fo recas t  a  mod l f l ca t lon

of  the  tes t  suppor t  in  o rder  to  t ry  to  ob ta ln  e  b r i t t lengs6 o f  the

spec lmens by  the  lso la t lon  o f  the  webs subml t ted  to  the  b l rd  lmpact '

I n  a  p a r a l l e l  d l r e c t i o n ,  f l n l t e - e l € r m e n t  c a l c u l a t l o n s  w 1 1 1  b e  u n d e r t a k e n

wt th  the  in ten t lon  o f  ver l f y lng  the  boundary  cond i t lons  and compare  them

w l t h  t h e  c o n d i t i o n s  o b t a l n e d  i n  t h e  a i r f r a m e '

T h e  p u r p o s e  o f  t h i s  w o r K  i s  t o  e x p l a i n  t h e  t e s t  r e s u l t s  a l r e a d y  o b t a l n e d

o n  p a n e l s  a n d  t o  r e s u m e  t h e  i n v e s t i g a t l o n  o n  t h e  a i m s  o f  t h e  s t u d y

a s  l n d l c a t e d  1 n  b e g l n n i n g  o f  t h l s  s e c t l o n '

e ,

ng

t y
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H O R I Z O N I  A L  T A I L  P L A N E

5 , 1  G e r , e r o l i i . i c :

I n e  i l . l u s t r ; : t : r _ : n  o f  t f  t e  i r [ f  o r . r r r o t i c r r r  g i v e n
" s t r u c t u r a l  t e s t l r r g "  i r ,  l 4 t f r  L J  S  I  E ,  w r l J  t - r e

c0nce r r r i r r g  t he  f  . i [ ,  b  i l i j  i n rg tac :  t c  L r r r  t he  I ead i r rg

t a i l - p l a n e  o f  t t r e  A i r b u s  A  3 0 t r  F J .

[ )V  F  renc  h  STPA t  o  wo  r k i  ng  g rc jup

p | e s e n t e d  b y  t h e  n e x t  f l l m

e d g e  a f  t l - r e  h o r l z o n t a l

,nt

the

rBtened

180  k t

rt shootlnt

l e d  :

w e  r e r n i n d  t h a t ,  a t  t h e  r e q u e s t  o f  S T P A ,  f i v e  8 l b  b i r d  i m p a c t s  n a v e  b e e n
c a r r i e d  o u t  o n  t h i s  l e a d i n g  e d g e  b e t w e e n  O c t o b e r  a n d  N o v e m b e r  1 g z s .

T h e  s w e e p e d  r a n g e  o f  t h e  v e l o c i t y  s t r e t c h e s  f r o m  5 4  t o  l g 6  m l s  w l t h
t h e  c o r r e s p o n d i n g  e n e r g i e s  v a r y l n g  f r o m  4 , g 0 0  t o  6 0 , 5 0 0  J o u l e s .

I n  t h i s  v e l o c l t y  s w e e p i n g ,  i t  h a s  b e e n  t r i e d  t o  r e a c h  t h e  ] i m 1 t  v e l o c l t v
o f  p e n e t r a t l o n  i n t o  t h e  l e a d i n g  e d g e .

w e  p o i n t  o u t  t h a t  t h e  b i r d s  u s e d  w e r e  d u c k s  w h l c h  m a s s e s  v a r i e d
f r o m  3 , 3  t o  3 , 6  K g .

T h e  b l r d  p a c k . a g e  f o r  t h e  3 0 0 n v n  g u n  i s  s h o w n  b y  f l g u r e  3 .

5 . 2  A n a l y s i s  o f  t h e  r e s u l t s

T h e  e x a m i n a t i ; : n  o f  t h e  f l l m  s h o w  p e n e t r a t i o n s  w h e r e  t h e  b l r c J  c u t  t h e
s h i n  o f  t h e  l e a d l n g  e d g e  a l o n g  t h e  p a t h  o f  t h e  s h o o t l n g .

I n e s e  p e n e t r a t i o n s  a r e  l i k e  t h o s e  o b s e r v e d  f o r m e r l y  o n  t h e  w i n g  l e a o i n g
e d g e  o f  t h e  l " l y s t e r e  2 0 ,  b u t  t h e  c l a m a g e s  a r e  a h l n  t o  t h o s e  o b s e r v e d  o n  C E A T
l e a d i n g  e d g e s .

P r e v i o u s J . y ,  i n  f ' 1 a y  1 9 7 4 ,  t l - r e  l e a d i n g

o f  t h e  A i r b u s  h o d  E r e e n  s u b m i  t t e d  t _ o  t f r r e e

o f  1 8 0 - 1 8 2  n ' i s "

T L ^  II n e  o a n r d g e - s  c ) c r u s e d  b y  t h e  b l b  b l r d  a t

a r e  a p p r o x i m a t l y  t h e  s a m e  a s  t h o s e  w i t h  a

T h i s  f a c t .  w a s  p r e v i o u s l y  o b s e r v e d  o n

a i r p l a n e  :  t h e  F a l c o n  1 0 .

e d g e  o f  t h e  h o r i z o n t a l  t a i l , p l a n e

i m p a c t s  o f  4 1 b  b i r d s  a t  v e l o c i t j e s

€  c o m p a r a b l e  v e l o c i t y  [ 1 8 6  m . / s r

4 I b  b i r d .

t h e  t a l l - p 1 a n e  o f  a  r n u c i i  s [ r a . l  . j ,  ]
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5 . 3  R e m a r h s  o r ,  1 . n e r  i i l r t r , i r . i c : r  g r ; - i i l p 3  t l ' t e  . l  j r i r j t . . v e l o c i t y  o f  p e n e t r a t l o n

-  1 1 -

A  s y S t e m a t l .  , . / . 1 ) F : f  i l r l i . l l " , i n l  . l  ' , ,  i i : ! , t i g o f . i L i r r  r i [ , i l r r l

p e f r n i t t e d  t f r e  [ ,  ]  : . .  1  .  " , "  . r  l L r r i i , r j i a  C c , i r L u l ' r , i i l g

Ih is  fo r rnu  Ja  " , : ,
- 1 / t  - ' / ' a

=  : 1 . ,  /  v  l " l  C t r S  0

L r i r  d  i m p a c t s  o r ,  l e a d i n g  e d g e e

t  n e  I  i m i t  p e r r e t r o t  j . o n  v e l o c t t y .

8 5 0
e x p

w l t h  ." - - '  
V . .  :  [ r e n e r - r a t i o r r  V a ] o c i t y  I m / s ]

p

s k i n  i n i c , h n e s s  I m r n i

0  =  l e a d i r r g  e d g e  s w e e p  a n g J e

11  =  b i r c l  we ig i r t  i r r  Kg

r  =  l e o d i n g  e d g c  r c d i u s

1 2  +  3 0 r  +  1 0 0 0

I h i s  f o r m u l a  i s  r l o t  v e r y  c J i f f e r e n t  f r o n r  t h o s e  p r o p o u n d e d  b y  t h e  R  A  E

(Techn ica l  Repor t  72058 )  .

T h e  R  A  E  f o r r r , u l . : ,  w i l f r  l f r e  s a m e  u n i - t s  a n d  t h e  s a m e  n o t a t i o n  a s  a b o v e  l s

a s  f o l l o w s  : 1234

r +  3 0 r  +  1 0 0 0

F o r  t h e  ] e a d i i , ! .  u d E e  c r f  L f r e  A i l b r - : s  h o r i z o n t a l  t a i l - p l a n e  w e  h a v e  :

s w e e p a r r g l e : Q = l : 8 . 5 o

a v e r a g e  s i . i r r  t i i  l c l  n e s s  e  =  1 , 1 ' /  m n t

w e i g l - r t  t , f  L f r . ,  b i r d  =  i 3 , 8  K g

- 1  / \  - t  / a

[]

5 7 , 4  m / s

5 3 . 7  n /  s

A r e a  w h e r e  t h t - :  i  c i t l i i . r 5 ,  i s  6 5 m n r

L t A I  r , r r r , L i l r  g i v E s

k  A  L  1 , , :  l r ' " r i c  g , i r . i e s

Area wf re re  i .  f - r  r ,  I  o t - i iug  i  s  9 i , ln rn r

L E A T  i r - r r i - l r t r l a  g  i ' " ' e s

R  A  F :  f  r , i  n , r - t 1 e  1 , i ' , , e s

B u t ,  i f i  t f t u  , ; t . . ! :  i J i l r : i ' ; . :  t . f r e ,  f  i l r ' l i r l s

a t  t h e  v e 1 c r c i t ; '  u , i  i . J  l T ,  ' ' : 1  .

I n  t h e  c l : . u r , . :  t r i r t ' i  f : -  t  i r . :  i - r r . l  , i u l '  i S

\ / e l o c i t y .

V  =  5 3 , 8  m , z s
p

t /  =  4 9 . 4  n i s
p

i s  6 5 m m ,  t h e  s K i n  h a s

l l r t r r , t . ,  n t r ' l  v  t h e  s K i n  w a S

n o t  b e e n  p l e r c e d '

damaged  a t  t he  90m/s

p

p
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C o n s e q u e r r t i ; ,  i  i  : , ' : ; l l i ' . ,  t - l i . : ' i  l l 1 5  t r r r r r r r r r r n t i e r l  { n r r n g l 6 g  a r e  n o t  a p p l l c a b l e  J U S t  a g

t h e y  e r e  - F c t r  t f r r :  t j  . 1 ,  i ' i l  r l  i m p o c t s '

I n  f a c t  t l - r e .  j r r , i ; , , ' l  L r l L s  b o i l r  i n  C E A T  a n d  i n  R A E  w e r e  p e r f o r m e d  w l t h  b l r d s

0 f  a  m a x i m l l i r ,  * - e i t i r ' r  , {  l . r i  i g .
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lne  breah lng  energy  fo r AIRPLA

w i t h

F o r

w 1 l  i  b e

At

T h i s  f o r m u l a  a p p l l e s  w h e n  w B  a r e  s u r ' B  t h a t  t h e  w h o r e  f r e s h  o f  t h e  b l r db e  r e t a i n e d  b y  t h e  l e a d i n g  e d g e .
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a c t i v e ,  1 t  w l l l  b e  r r e c e s s a r y  t o  o e t e r m i n e  t h e

o n  t h s  l e a d j , n g  e d g e  { s e e  w .  p .  n o  1 3 t h  B  s  t  E )  .

w N  =  t 2 . i  e L

w N  =  b r e a K l n g  o f  p e n e t r a t l o n  e n e : _ g y  t J o u l e s )
B  =  s k i n  t h i c k n e s s  I n r n j
{  "  l e n g t h  [ m m J  o f  t h e  l n t e r s e r t l o n  b e t w e s n  t h e  l e a d l n g

t h e  b i r d  c y l i n d e r .
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AIRBUS /

FOge rrt

FALCON 1

k1 ne t  1c

btrd nnes I'IYSTERE

t h a t  t i m e  t h e  e v a r ' u a t l o n  o f  t h e  r e n e t r a t l o n  e n e . g y  1 s  g L v e n  b y  t h e
w N  =  t 4 A

i , ( r ,  *  P e n e t r a t i o n  e n e r g y  I J o i . . l ] e s l
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L- t , . :C : i . '  j [ ]  f r i igen "

I s h o o t i n g s
n " 5  a n d  1

I

s l r o o t i n g  n o 2

1 A

1 2 . 6  -  1 3 . 5

1 2 . 9  -  1 4 . 7

1 1 1 7  . 8

llLcoN 10 h , r r  i i o t ' . 1 - r l  r - o i l - r .  l ; n e
L  ee , -J  j .  r ig  edge.

1  . 8  a n d
1 ?  a

[sTERt 2r] . A 1 4 . 2

IAT s lmple leadj - r ,g €rJ! i_ ] r r

IAT leaOing edges i ,v i . r - f  ,  c  j  eave:

--

1 R 1 2 . 5  -  1 3 . 3

1 A 1 4 . 6

u r e  I ,

of  energ5 i  p r  r j t - ra , r  i r  i i .  r_ t r j  t  r .  r .  i_  i re

s  f i g . B  u p p c r .  p ; j  t , 1 4

f  e n e r ' g 5 ,  p r . i r n i l r t r ,  : a L . l  :  " r l  t l . r

f i g . E  j c , v . t , t  
f  . - : r  I

1 )  C
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e  -  s k . i n  t h i c i t n a s s  I m i n ]

A  =  l a a d t n g  s d g e  s w e e p  a n g l e

l ' 1  -  b i r d  w e l g h t  l x g )

1 "  s  i  ead i  ng  edge  raC  1u  s  (n rn  )

F o r  A I R B U S  h o r . l z o n t a l  t a i ) _ p 1 a n e  :

0  =  3 8 0 , 5  n \ / o r . Fa v e l a g e  s k j . n  t h i c h n e s s  e  o  1 , 1 7  m m

3 7 . 4  m / s 53.  I  n , /s
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i lv nl, , 's

i,renc t i'a i_ i i., r:

g0 m;,b

{s i . j . r - r  o r r l y  pe r -Fo : -a tedJ

i v e - l a c i t " y  n e a : .  l l m i t  l

exp  E r . imer - r t d  l
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