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The d i f fe rences  beCr€en tbe  sys tehs  bu i l t  in  the  ,o r1d

:lF'i:ii"* """i.T"::'?".'i1ff .;;1.'"":T:::i.i.'?"ti....i#i:
catched a t  the  €nd o f  the  tube :va 1ve n is "rt"i,.a. i"..- at]?-".:::".*:.:'".,::" ;J'T"'.,"1?'l:tne geonetry of  the quns.

_ " , , ^ : i : :  
h a s  c h o s e n  r o r  t i r d  s r r i t e  t o s t s  r n e  i o l t o L r r q

; ; ; ; ; ; ; i i ' I "  : '  : " " " i " , * " " " " " " i ' :  qo !  
r j j j na  v r th  the  ro rcs ;
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af iect the results of rhe test.  
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to develop a Deq kind of gun basei l  on tne ror:or i r !

-  a  " fas t  opcn inq  va1ve"  basea i  on  a  p tas t ic  sheet
opened by  a  de tonator

-  a  p r o l e c t r l e  c a r r i e r  c a t c b  a t  t h e  e h d  o f  t h e  t u b e .
Hhrch  is  capab le  o f  re ta in rnq  . t r r " , . r ,
h c c n a n r c a l  s h o c k  a b s o r b c r s  u  " u . .  o r  z  i o
r a u n c h e d  a t  a  v e l o c i t y  o f  4 o c  n / s

-  t r o  . .  I , i e r  i - p o _ n 9  t -  i r . r . r r r r \  o . r i n ., h - : , o . i  o :  - t p  . d L  |  . n  " , a - .  1 " . " " . .  r " i ,o f  t h c  c a t i e r  t o  b e  s e n d  i n  t h e  e n q i n e

-  a  v e i y  q e r l  L . n r n  h a t e r i a l  f o r  t h o  i r s i d e  ( a 1 1  . l
i , ^  o u r  - r  . d 6 r  ,  , r p r o . d  r t .  , " . . 1 " r  . .  ; .
t h e  g u n

-  a  gu .  reco i l  absorber  in  o .der  to  i rp ro ! .  th ! :
i h D : . r  ! . e c i s  j  o .

. - . . - ' r " ^ . . ' '  '  r :  v  .  d  r /
o  
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- ' - ,  ,  . .  r , .  i . d  " ,  4  .  -
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. t  j o  j n .  . n . n

l l i  1.  0, .  toleiher cr a spc.: iat  suppcrt  toi  ; ; ;1;  ; ; ;l . s e s r r o n  t e s t s  o n  r i a p R  { l  )  e n q r n e  ( f i q  ; )  .

Al1  the  c i j l , i  guns  are  eqx jped ( i th  a  , , , i re  to  u i .e , ,p io j  ec t i le  ve t  oc i t !  neasuremenf  b ;sed on  t r . .  " " . " " r . " " r f ' . r
: l : ,- ! , .".  :p"l!  b). the proj.crjre r.t"."n t"" ;n 

";."";;
p o s r r l o n s  l n s i d e  t h E  q u n  :  t h e  i n p a c r  v e t o c i t y  i .  . . " " r i " avr th h igh specd v ideos . r  ca lculated t r . . " "qrr ,  ,Jr r . " " . i i " i
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( 1 )  H B P r i  e n g i n e  :  ! i q !  s i a : s s  R a l i u  e r t g r n e
( 2 ) T .  o r r  f ,



2:aJf!9 EqgugDle

T h e  c r f i  p h i l o s c p h y  i n p t i e s  t h e  u s e  o t  a  . F . . j a l
a ! l o n a t i c  s y s t e n  c a p a b l e  o f  h a n a g : n q  t h .  w h o l e  f i r i n q : : . j , e n . c

the  h igh  speed needed fo r  the
unders tand i .q  o f  the  tes t ,  and there fore  rhc
in tens i ty  o f  l iqh t  pur  oh  tbe  ta rge t

t h e  d i f f e r e n t  e l e c t r r c a l  s o u r c e s  n e e d e d  t .  f e e C
the de t_onators

t h e  n e t e o r o l o g i c a L  o r  e n g i n c  p a r a h e t e r s  a n a l ! s r s

As the  good eor l< ing  o f  a1  I  serv  i tudes  pu t  a round th .
e i g i n e  t o  t o  a n a l y z e  a i t e r  t h e  s h c t  i t s  b e h a ! : . r .
r s . o n s r d e r e i  r o  b c  t h e  n o s t  i r F . : : a n t  t h t n g  t o  e n s u r e  t . : . r e
t h e  t c s t  s i a r t :  t h a  s e q u e n c c  a u : o n a t o n  i s  a l s o  e l u i l r e i ; i r h
a l l  t h e  a l a r n s  n e e d c d  t o  s t o p  r h e  f r r i n g  s e q u e n c e  w h e l  t t : i n q s
q o  w r o n g .  t h o s e  a l a r F s  c o n . e r n  ! h e  h e h a v i o u r  o f  t h e  e ! : , i . e
b e f o r .  t h .  t e s t  a s  r . l l -

4l=.-. u!!IlI4=!1!rp! !a!!!E]{

c I - f r  t e s l s  e i g i n e e r s  . a l l   j i t : ! 1 e  b i r d  s t r i k e s  r l i c  . j : e
. , 1  t q c  o r  n o r e  b i r d s  i n p a c t i n g  t h e  s a n e  r . .  b l a d e  a t . r u r . - .  t i r !

'  l - .  '
t h a .  F r e d r c r : b l .  r s  n o s t  o f  t h e  . n . - i r e

I  r ) ,  t .  ,  I  t : 6  . :  j  n r p .  b  |  : . . d  .  . . -
s a n e  L l r C e  a t  t h e  s a n .  h e i g t t ,  r j t r  n D : t  o f  t h c  t i n e  v e r J  t a a
r . s r l i s  o ! l d i . c a  d L r e  t o  t h e  r e l a t : ! r  e . . t n e s s  o f  .  t , t . i i t e  ; r  r . :

'  ' t , .

c I P r  S I C L A !  . i  ! . !  t r r  r , ,  t a : L :  s l r . h  a  p r c b i e n  . . i  l . : :
r e c c n r l y  t . L ( d t o  t i . d  a ! , p r o F . i a t e  a r r r e . s  i l  o i i e r  t c  a v i r ! :  i n e
c a s .  o i  t i r ! . .  o r  n c : .  l m p a c t s  o i  t i !  s a r e  b 1 a d c ,  a s  i r  r !  t r . , t
. . r n s i i i e . e i l  . s  r . p i e s e . t a r i v e  b )  r h c  . i v i t  . r v i a t j o n  . ! t h . r  i r : e 3
l 2 )

3-l 6lu4�jes

u n d e r s t a n d  t h .
t o  e s t  t h a t e  t h e

( 2 ) T .  " r r  r . . , r  k n o r l e d g e ,  n o  c a s e  o :  n e d i u m
inpact  on enqine in  serv ice ver .  . . r rceo

o i  s t u d i . s  h a v e  t . r n  l a u n c h e d  b y  C t  i i r  r o
lay  su . i ]  nu l t i l i l e  inFac i :  cou ld  hapFen a i i t  i r f
r i s k s  f o r  n e r  c c r : i f : c a t i d n  t e s t s

s i z e  b i r d  r u l t : r ' l e
d u r 1 n 9  t h e  1 a  s t  t e n



I t  ras  f i rs t  necessary  to  unders tand hok  the  per fo rnances
.  t .  l j r : n q  s l - t .  .  .  a q r e n  e  , r r o - -  o .  i n . l L d p l .  . o j  i
a f iec l  the  ar r i va ls  o f  the  b i rds  on  the  fan .  Th is  has  ! ,een
i : l .ne  by  anaLys ing  bo th  the  cFf i56-2  and c !M56-3  L , i rd

' . r . ! 1 d ' i o n  r e s l s  a n d  b y  a n d l y s j n q  t h ^  p  , o m d h - F s  o ' i r "
fo rner  ins ta l la t ion  in  o rder  to  have good hcan charac ter rs t l cs
o i  i t .  we no t iced  tha t  rha teve t  the  f i r inq  seq lence w i l l  be ,  a
dece lara t ion  c f  the  fan  ve loc i ty  occured approx iha t ly  ehen the

_  l  h c l  t h  F d n

r a L e  i s  q u r r .  _ o r < - a - t  d u r r r g  t h p  o t l a r  s r r i k  s
v . s r  o t  l \ r  t r r a ,  L 1 ^ a  t h a  t p s L  w d q  . r ' - . - s f  r l  ,  r i

d e c e l a r a ! i o h  c n d e d  l , p l . r .  t h e  l a s t  s t r i k e .

A  cur .en t  dece la ra t ion  ra te  tas  inc luded be tveen 1500 an . l
' 0  0  t F :  .  l 0 1  d r  F n g t n e  r u n n j n o  d  1 \ 0 0  r o a ,  "

. l r f fe rence tJe tween the  es t ina tcd  ]oca t ron  o f  the  rnpac t
' a l  t h c  r e r l  l o ' a t  o . .  o  l

'  t n i s  , e d  t h e  c r ! !  t o  o n s  l ' '
r . y  - n y  d v o  l  t : 1  "  b r . o  s  r ' 1 6  L " :  o ' \  ' o  l v

:  r i  r :
L e  r n i s  r e d - -  .

I  a r  " -  , o . 9 a  |  - o .  i  .  i  d  '  r r . o  q . r - .  l o '  .

A  s e . c r d  f a c t  a r i p e a i s  q x i t c  r a p i d l l  r n  o u r  s t u d r e s  :  t h e
( - !  . f  i . i r  i n q  t h .  b i r d s  i h p . r t a n t  a s  t h c  k n r t l e . l g e

. | b e . r ' . ' t ' ( f D ] 1 . ' ' ' '

a t ! e r l d  l o  t h e  F h i l o s . I i h y  . o n s i s t i n g  i n  f i r j n q  a l l  1 t s  b l r d s
: 1  1 - h { :  s t r r .  t i n r  (  a l r i i i u g h  i t s  i n s t a l l a t r o n  a ! t h o . i z e s  s u . h  a

' ' 9 "  -  :  r o  r " '  1  j \ n o r $ r ' |

h a t i r . n  o n  a n  a i r  f i e 1 d .  c I P r  e n g i n . c . s h a v c  t r i e c  t o  d e t - e n r n !
t h .  r c . 1  . . n . c n t r a r i o n  o i  L o t h  I  i t t l .  b i r C s  a n d  n e d i u n  t j i . C s
r n : n  h i g h  . i , n c e n t r a ' - i c n  c . c u : s  :  t r o n  t h e r e  i l  { t r s  P o s s i b t c  

r . o

. : t j n a r e  a  r i j c r a l i o n  L ' t  i t  a n i  t r a n s l 4 r e  t h i ' .  t o  t h e  c . s .  o t

T h e  : e : , r ] t s  o } ] t r i i . d  . r h . k n  t r d ' -  q ) r E i  a l l  t h e  b r r i .  r e . i
I  i r l i l  a ' -  - h .  s d i . r  l : n ! .  t h e  d . c . l a r i i ' - i o n  r n r e  t a 5  n . r .
r r ! : . r ' . a n :  a n C  h o r c  h J z r : d . u c  t h a n  i n  t h . r  . a s e  ( h e i  t h e  b r r d :
( . r L :  s h . r  o n e  a i t . i  t l . . r h e r  :  t h i s  c a n  b e  . x p l a r n e C  b ) ' .
, ' r . . o v c r y  : . c t o r "  o i  n n  i n p a . t e d  b 1 a . i e ,  L h 1 . h  r h e : r  h u . t ,  b e n t
- i l  d . a r  f r o a  i t s e l f  u p  u n d e r  t h e  a c t i o n  o i  t h e  c e r t r i t u g a l
J . r . i . s .  T i  t h e  b 1 a d .  i s  h u . t ,  e v e n  b t  a  v e r Y  1 i t t l e  p a r t  o l  a
I  r r a  d u . j n . J  t h i s  a . t j o n ,  t h e  . i a d a g e s  a r e  o i t e n
i f . i  t h c  a b r a t r o n  n o r .  r r F o r ! a n t .

!:?. rppli

a l i l  the  r
t h a t  t h e  r e l i i

t e s t e d  b e i o r e

c . n s . i o ! s
de!o1op. . l  i t s
n r i n j n i z i n q  t h e

_  p i ,

.  j : i

l o i

t h e  u n c e r
c h e c k e d  L y  c a 1
e f f o . t  s h . u t . t  t

T h e  r  e s u  I
s t r l k e  p l e c i s i

Proqran l i rh  aA l  I  c i  t h i  s  ] c d  l h e  c r P !  t o
r h i c f  r i n i n i z e s t h e  r i s ] i  o f  h u l t i p l e
! t r y  o f  a r r l v a l  o f  t h e  b l r d ,
r e . i o i n c n d a r  r  o n s .  ( 3 )

str ike by contrc l  ing thc
s i L h l n  t h e  r e g u i  a t r o r

{ r )  the  I r r ' |F  and l ra r l l  requr reren ts o n r  s e c o i d  i r l r n : l
( 4  )  T h r s  t e s  t
t h e r o f  o r e  d o c s
o f  t h e  a i r  r n _ - a



i  m . t h e n a ! i c a I  s i n u l a t i o a  v a s  d e v e t o p e d  t o  a n _ 1 y z e  t h e
! l : l : : : 1 . .  

p o s s i b l e  b e h a v i o l r i s  o r  d  s e q u e n c e .  , r . h e  p a r a i e r . r :
cohsrdercd ?e.a :

-  r h e  p r o j  e c t i l e  r e p a r t r t r o .

-  the  f i r ihg  segueDcc :  th is  inc lude thc  poss ib i l i t ! .
o l  t i e  d o r n  t h e  f i r e  t o  t h e  v e l o c i t y  t r  t n e  t " n -

-  the  decc tara t ion  ra te  o f  the  eng ine  and the  t in . � .
tne i  r !  occurs

-  tne  parameters  desc . ib inq  the  repetab i t i t y  and th .
p i e c i s i o n  o f  t h e  p r o j e c r i l e s ;  o f  t h e  g u n s  a . l
o f  the  sequence :  a r1  those
parahoters  were  ca lcu la ted  or  es t ina ted  th roLr . r l l
c . l i b r r ' i o '  . p  -  I n , r o n F d  o n  J . l  . -  I
e l e n e n t  s  c r  t h e  i n s t a l l a t i o n

r_z lpPl]! a!]!Ls

r , i l  i h c  r e s u l t s  o b r a i n e . t , i t h  t h e  d i f f . r . e n L  s t r l i e s  s h , r ,' : 4 t . . ' 1 . -  
i a b  - .  y  a .  ,  I  r a  :  t o r d _ .  b , _  r - . ,  \  : )r r p o i ' r .  a . r  .  - \ - v  

,  r  . . r , - .  . :
FaraJneters  on  rh ich  ihFor ta . t  in r , rovenenr  couIC b€  naa i  an tt e s t e d  b . f o i e  a  L i 9  ! . o D  c a h F a i . J i .

. c o  
,  : :  :  , r  . . .

,  n . ;  o  .  a , . :  , r  ^ . . i  . : 6  |  : rn r n r h r z i i ' g  t h e  u . c e r t a i n r y  o n  t h .  I o 1 1 o r i n g  p . r . . " , , t . . . '  ,

-  r r . J  e . t i  t .  v . 1 o . i t y

-  r : r r e  5 p e n t  b e r , e e : j  r h e  a J t i _ r i z a l i o .  o r  i j r .  . i r . : l
r l r  e  s t r  i  k .

l . . n t  r s . t i . .  o t  r t i .  ! r - r L . ! i e  ( 3 )

rhc  u . .e . ta  i  f t y  e r le iop .  n r .  q i i v .n  , r t  t_h .  n .n . r t  :  a : r lc t e c k e C  b t  c a l i b . a r i c r  u h i . . j r  r a s  r r - e  o . ! J  * a !  r . r  5 h . ,  , h e : e  d r lo f f o . t  s n . u l . t  b c  r a d e  t o  i i ! r o l e  i h e  s v s r e n .

,  .  
T n .  r . r s u t t s  c b i a i n e d  , e | !  v e r y

s t n l r x e  p r e c i s i c n  e s t i n a t e d  r / -  l L
( 4 9 0 C  . F r  )  .  T f  i s  t e . h n o l o q f  , . s

'  b : o  .  .  . :

s a t i s f a c l o r i  w r  L h  r  i j  :  . j
a  r . o r a t  i . l  t a i

appr  r  ed to . -he . - f . r l , , r  . , r

r n e  e n q r n c  r L . i i . q  a n C
t r ' .  aerod tn . rF ic i  I  .  f  fF , - : r  . :

1 4 )  T h i s  r e s t  1 s
t h € r . J . r . . l . e s  n  r ' -
c t  t h e  a r r  i . t . l . .  . r

r e a r  1 2  e c  , i t h . r t
. ] X e  r r  a . . . ]  i ; ] t
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s 6 a q u 1 1 s  f o r
ewen i t is  qui
a sFecies $hr

Ana 1ys i !
the b i rds ar
fne tests.  I t
t h e  e f f e c t s .

===-.=#:

The  ho le
for  the f ive
as there is
rne hew UHEFT
r u r b o r e a c t c r ,
the b i rd tesr

Foi  .c t

cahpa lgns  hav
tJ r rd  inpac t  c
s t a t i c  t e s t  r
rne  prob len  t r

5:11441

The f i rst
o f  t h o  t c s t s
propel  l  er  b1.(

tests on a coi r
two propet  ler ;
d e s i q n  h a t e r i
w i : h o u t  a  t u r b

The te s t
a x i a l  s h o t  o n

propel ler  p i tc
a . n 1 . r e .  k i t h o r
shoan that  a

o .  o i  t t . 6  r o . r  - / . i r . , S  d , s . u s s r o r  r o . . i  . J  t n l' r r . k .  t a s l  . r o i n -  r -  ! . d )  n " ! . ,  o . . j s - .  . n  c  r p d . . .
d 1 d  r h e  o i  i  r . d . i d g a s  o r  d  r  i . o  o ,  t . , o

1 . . \ ' , L o  t i r F  i n r o  d r , r r . r e .  ^ L I r  r s  r o r  a a  e ^ - e p : 1 o n  a r d

-  nos t  c f  the  b i r .ds  cohcerned by  the  br : rd  s r r i ke
were  pro tec ted  in  France,  and thore fo .e  n . l
ava  i1ab1e fo r  tes t  purposes ,

-  i t  ? a s  i c a l l y  c t i i f j c u l t  t o  i j n d  a  d . z a i n  o f  i e a l
b l rds  hav ihg  tho  gord  we iqhr  ,heh the  po . res t
ca l lb ra t ion  c ihpa i .J .  nee. t  qu i te  a  hun j rea  o f
b r  r d s  r .  b e  f i r c d .

-  e v e n  r f  r t  i s  a u l h o r r z e d ,  f i n i i . g  a n d  k i l j i n q  r e a l
b r . d s  w r t r r . u r  g u n s  j s  q u i t e  i h p o s s i b t e  t o ; . .

.  c E P r  s t a r c  c I  h j n . j  h a s  c h a n g e d  a t r e r  t h e  d i s c u s s i o n s  i thad dur ihg  the  c f  56  I  l . i rd  tes !s  ( r r r l  c r r i l ]pG] -  ELECTRIC a : lsN i icu i ,  The exper ienc .  o f  c r l i rFA l -  rL rC l ,p rc  shors  r -ha t  rhe

. : i l c l ien  ras  .o t  as  so  good as  i t  d r f ie ren t  techr i .a l
r e a s o n s  r e l a t c . j  t o  r h e  t a c !  t h a r  i t  j s  h o t  a  r e a i  t , i r . j  a s  i t

t  . . , . r . : .  . \ L r s  L e r ,  r o :' : i r  , '  d , o I  .  1 . . '  |  - 5 . 6 ^ t p n . ' s  j r o r o e
a  b i r d  p r o j r c t i r e  d e n s i r t  t o o  f a r  f r r n  t h e  r e a l j t r .

-  c o n p a r a t i v e  t e s r s  ( e : e  p r . q r a r e d  r h e n  t o  c o n . a i e  t n e
o a r a g e s  . i o n e  b f  d l f f e r . . r  i i . . t  o f  b i r d s  :  s e a q u l l  a n ;  . h t c k e i
u e r c  i e s r e l  a t  s \ r ' . a ) , i i  : n i i  . t  c ! p r ,  . r r  c a i , r  h a s  t i c  d b j t r t i  o f

: . .  !  . o  .  c  . .  . :  - \ .  . - .  o .  ' 1 . . i ,  i  o . o  r r  i . . .' n ,  I  / ,  .  , i .  I  p  l r . .  t :' .  
. "  

, ' '  ,  j p . r ,  I  r -  . h .  : . c  ] .  .  o r  r . . .  . . " .
: . . . o 1  - 1 .  . . ,  s  1 . :

" l  " . " , .  "  : ,  
.  :  . r , . f .  r o

J : r n  s i r r f - i r  l i t r  b d s . .

T h e  S l i E a ( A  t e s t s  r . r .  d o n e  c .  a  q t r c l e  r c t a t i n g  f a n :  a
s . n r - d o z a i h  o f  b i r d s  e e . c  s h o t  o n  t h e  t i F  o t  t h e  ; n  L l a d e s
i  r  o r p o r - J  , o , .  - , .  . d  D 7  L r , r .  t e n .  | . ^  l d o . e .

j o e r j r o  d  s  

 

t . e  D t a d " .
b : t  n o r e  i n  t . m s  o i  n u r i e r  o f  b l a a e r  n u r L ,

The cEPr  tes ts  re re  . . l r ,e r : .  on  s ta t i c  b lades  gr id  under
a r i a l  l o a d . :  t h e  d a n n < r g e s  e i c o u n t e r e d  , i r . "  r i r i n g  

- i  
" " . g " t t

inpor tahr  as  o ie  b lade sDpFo i red  the  "1 i6 r "  l i . j  i n
th is  case and no- ,  when us in { l  ch icken ( f iq  9 ) .  The c rpr  tes rs

p r o v  i  t l d .  t r e  q . d 9 . , l  H r s  .  b e i i p r  p r o t F  r r l p  i r
. o n  d L A  t  r s  r . y . .  r  - " p r  r '  d n d

-Abe CEr, r  ln iq le b i rd eas rhe comon chlcken :  the reasonsput  forward b!  the center  wheh soFeonE askcd n,hy,  !€re hosr t ,
P o l i t l c a l  r e a s o n s  I

5.11
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A11 those e lenents  have dec idea l  the  cente !  to  use  na tura l
seaqu l ls  fo r  o f f i c ia l  tes ts  as  th€  nosr  represehta t ive  b i rds ,
e v e n  r t ! s q u i t e  d i f f i c u t t  t o  f i n d  a  1 . 5  1 b s  o r  a  a  1 b s  b i r d  i ;
a  spec ies  ehere  the  averaqe ,e igh t  rs  2  1bs .

, ^ ,  - T l "  - l : l -  
r e c p n r  d p v ^ l o p r e n r s  i n  p r o p u r s i o n  L e  h r o r o t r  d . p

y a d r s  t o  c o r  ^ '  n e r  d ' r o . o p * ^ n r  l o s r -

: : ^ ' l : ' " , . i ^ .  1 '  
L r d  r n q J r a t i o n  L h , c n  a n  o '  " " . c t i y  r r r . ,  - o

:  n e i t h a r  a  r L , , o p r o p , n 9 r n a .  r o r  atu l lo reac tc : ,  the  prop fan  is  the  h .x t  ch : r1e ;ge  t .  ,ac .  fo rt h e  b l i d  t e s t s  c e r t i  f i c a t i  o n  -

. - - -  i ,  -  
. *  r r o  y p d r s .  t h -  . E l r  r s  b , ^ p d r i r  I  I  r . s' o  t l _ s  n , -  k i , o  o r  p r o o r ,  - = ,  L o  j  ) o  , r r r r l

canpa iqns  have noe been rea l i zed  r i ; s t  to  check  t r . "  " r r " . i  " t
: l : 9 .  i . l . . l  o n  r o r a r i o n a r  p r o p e r l e r  b r a d e  i n  c o r p a r i s o n  * i t ;
s t a L r  t F  r  r e s u i r s  d n d  s - c o - d l j  ( o  d - r e , . : , ,  . .
r n F  o r o b l 6 .  ' o  b ,  s o t \ . d  r \ e r  - . r  " . t t  r , ! 6  - o  , F  -  o .  L r t E t R

5:t lqalJeilsf !!qqr4ra is!!

. l l -  t . r s _  . . p ' r .  o  - . , b
. ' - ! : '  t s  - J -  ( o  a n d t \ z a  , r .  o p r d !  o . r  o r  r ,  - : t -
P r o p  i  t a .  b l o d c  d , .  L o  d  I

: i : : _  f , : "  
! r  " 3 r  

, : : p - . , .  r r .  R A . . r o .  r :' p o .  r .  o r  i d , . . , .  p i  _ , 0 _ 6 o ,  _ r . .

l : ! , l l . p - 1 - , : l ;  , r a . . . . . . : " . .  , r ^  ,  , ,  . ; . ; .
a e s r o n  r d t p - r  , t  L 6 . p  t 6 .  l ^ 1  . .  L n .  r o ,  . . o . . . :  , .  .  ,  i lu i t h o u t  a  t u r b o s h a f t  { i j 9  r o )  .

.  1 h e  t e s t  i n s t a l i a t i o n  w a s  n o L  p . e c r s e  e n o u g h  t o  a l l c (  a n
? l i l _  

' " " ,  .  ' ! .  "  n 6 u  \ l  . . , 1 .  a . !  . o  b a
P U _  , 1  l h a  p ' o t  -  , . I  p r d

p r o p !  l  r a  o  . . h  
1 0  l p r o  a  d  )  j  r r  o l  . t r o r  ^ - r

- ^ ^ .  l - . . 1 1 - " " , '  
n d J o ,  t r o l b . e _ .  H  ; 6 v e .  . 1 , .  r . . - .  - .  L  n . .

:;;:i'", r":

a r e  s t r l l  c o r t r n u ! n q  t o  d n d - y z e  n o .  h o ,   - e
s n o t  D i g h t  i n r l u F n  e  t h o  r e s u L r s

par t i cu la r .  the  in f luence o f  lhe  gun d ianre ter
a  s t r i ke  has  to  be  s tud iea t  a  1 i t t1e  b i t  hore .



Tie  s t l r . l i es  l cd  f io i  tbes€ rcsu l ts  tc i . .  co ic luded by  th !
i n r . . d , . . t i . r n  o f  a  " b i a d r  d i i " r "  a a . l  a n  a n r r L e  c a l c u l a t i o n
no i lL r le  rs in .J  th . r  p rope l ie r  ve loc i ty  in  the  a ! to ra tc i  :  a  f i t s t
. l . i . n : l . a t . r  o a  t I ] i s  t . c h n i .  h a s  i r e i i  b u i l t  1 n d  t . s t e i  f o .  t b c
q{ar i l i ca t i .n  . , t  the  T i i , l . JSr l i I -  c .n r ,os i te  i - ' r . , ie11er  t .  fo re ig r i
. L j e : :  d a M r a E e : r ,  T h e  F r o : . 1 1 . .  w d s  ! ' r  o F . 1 1 " . 1  t h i s  t r i e  b !  .
' I ' y l r l l  i ! r b n s h a f t  e n g i r .  i l  o r d . .  t o . h . . k  t t r e  l i r c l a  p r o ! r ! l s i c n
s y !  t . r  ( l i q  1 : l )

1 . n r s  n c H  c a r l i i 9 I  . f  I . j t  t e s t s  l ) e r f o r n e , l  o n :  f . r r  b 1 a ' l e
F r . f . 1 l e r  j . i  c l r r e n t r ) ,  r : i i i : r :  . i  . i E ! ' r  l k A I s A l , L  p r o p . r l l . r
t e s t  f a . i l  i t y  H a  i i g  i  t h e  I o D  r b s t a 1 1 3 t ] o n  a i i o ; s  n o r  a i
a x i a l  s ! . t r  o .  a  d e . j . j n a ! e C  r r i - - d 2 1 6 ) .  1 ' h e  . u t . r n a t o n  : n d  t h e  g ! .
l r q , r ,  J  n s e . i  ! e . e  p r . . . i s c
! i  t r  a  i  i  t  t i c  - t d n .  o t  l i a  r t j ' .

l i i  i  en . i . rL iaqrn :J  resu i t  : ;bor , r  t i re  a r | !  tha t  th .  .h .ose i
cJr . . r r1  . iechs  t !  r re  t l re  g . i . i l  . r ' r . .  l l i i . j r  s t ! .1 res  s i : i i ! -d  r . .n  b .
. l  ; , .  r  r  r : L I ) r o ! e  ' . : l : .  ! . - 1 ; i  r l i i r  - f . ,  t l  .  ! i . r ' r r s r . i  . i  1 t , r : ;  n e r

5 .?  .p ! , r i c r t iq t r  t ! .  the  aq l l i  e lg r . j ] le  r€s t raE

n . . i  l i r . r  l i l i  L l l  l a  i ) r r . t r . 1 : , ,  s l i l a : 1 1 , 1  d . i  . i i l  j i r \ !  I a r i c t r e d
i t . f  i n  r - | E  r . r ! ! l : r D r  . - v o l u t i . i r  :  t n 1 .  . . , i g i , r .  n l : t

i ' F  : . i t  a . r e , l  i i r j  i  . t . ,  .  r ,  r ' r  : l r l l r t  t h , r " .  r t  n i l  l  i , ^  n : . . : r : . ! r !
- - o  -  . r : ; :  a i r e  ( , ) r | . r :  r ' .  r ,  ' - r s  . r t ! r , r . r  t r r t l r  l : h .  b r r  l  : t f i f e

; r t  | , f  i  i e : i : i :
r i :  i . :  r ! i :  l . r :  I . i  . : 1 , , , .

i . ' - t : i t r l r r  r t  i -  r i , i  r - - : r i t  r  . ! . , . . r i r . i  ! i  ' i . , . i . ; r F e j r t . :
' - . i ' - r : i . n . ! . ' f  i . i r i : r ,  ! r ' : r  a i  r i : . r , ;  r : i  I r r . : e . 1 - l i : : ! L r ' i , : r : j  i | .  d : l
l a i  r r : : . . : . r t c  ! |  , .  r . . r r .  r i  . , , , j r i r d r . r . r i i ! . ,  p  I  . r  t  !  1  :  .  .  i  !  .  i  :  i
L r : j r  . : : : r : . ! i  t i r .  r . r r r :  . i r r 5  . :  j : l  ) r i : i i . j  l . r r ,  t  t l i .  . | | : .  . , r  i h e
: !  i : ,  . r ! , i t ! , 1 ! r  a r r i . . r r t  l , r . r - r :  f l , r  f r r : : r  . i L r  r r r  t i L .
i  : r  l , i . r r , 1 i : L l  . 1 i . r : r .  i l : . r  ,  : r i .  j t ,  j l .

, i : . r ' J i ,  1 i , : : . 1 5 i f l - r l  r  i  r r  l i i  r , : r i ,  ( r r r  r : :  . 1 . .
: r !  i  - : ,  . r , :  r i r ' 2 , . ,  l f .  : r . l  l , .  i i  r : l  . ,  r r  i t i i , L .  . : r i . : . -  , i . i r i i . !  a
: r r  . l  r ' 1  i n J ' r . , : i  i r  r .  _  r ' i  i , u i r . i . r r l r : .  1 . ,  i r ' ' : a . ! . : :  i

I  r : r  .  r  r i  i r  l , r r  t .  . . ! ' r i  r  t n . : ,  l i  t l .  l L r t r : : .  | . : ,
I i  i : : .  l d . : r s  . . r i i  l , e  r r . ! ! : 1 r . 1 € . r '  l r . . r !  t h e  l i l r l , ; r  e r : t l . i  : . i i 1 N l
r i l i  ) . . '  i r . c 5 l . , r ,  , r t l r , r -  , , r , :  1 l r u  a . . ! - l i r i t  r . - L  r r ! !  . . r n : r . 1  i i .
r 1 ; r l .  r r : l : f . . r  , ; i t r . ) - t  . l i  i  . f . : i _ l  i : . : s t

YL: Sa!e!!6
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T x  r i q  e n g i n e  t e s t  i a c i l i t i e s
( P h o t o  c E P r  6 7  2 8 0 )
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Flqure l

} {ediun b i rd cerh i f icat ion test  on the cF} i56-5A1
Dannages encountered
( P h o t o  C E P r  3 ?  1 o  6 1 )
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Typical  cEPr a i r  gun
( P h o t o  C E P r  8 ?  j 4 8 5 )
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Fan speed dur ing a bediub b i rd test
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