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INTRODUCTION

The aircraft  oow ir  rh€ design or prorotype srage incluCe angr€atet a$ount of s! !u.rures in ara-nid-epoxy (KEVLA|i)  composire
See for e:raxopte :

t h e  F a l c o n  9 0 0  o f  c h e  A v i o n s  f l a l c e l  D a s s a u l r - B r e g u e r
Aviat ion company.

r h e  A i r b u s  3 t 0  o n  , h i c h  c o n p o n e n r s  i n
s t r u c r u r e  h a v e  b . e o  t : r r e d  s i n c .  i  L s
(Ap r i1  t s r  I 982 )

Such  oa le r i a l s  se rve  as  a  subs t i t u te
alloys vhich are rradiEionalty useat ro
as  nose  cones ,  l ead ing  edges ,  f i L l e ! s ,

C e n e t a l l y ,  E h e s e  s r r u c E u r e s  a t e  c o n s r d e r e d  a s
. 0  t h e  o v e r a l l  s t r e n g t h  o f  r h e  a i r c r a f t .  H o u e v e r
fair ings ro cover equipmeor, par!  of  sysrems, and
lhey are involved i I1 rh€ safely of che aircrafr ,

t6

r n a t e r i a l

iD f igure I

in f igure I  bis

l

i

a , j v a n c e C  c o n p o s i r e

f i r s i : l i g h r

f o !  t h e  l h i n  s h e e r s  o f  l i s h t  a l u n r n r u l o
b u i l d  m e E a L  f o n n e d  c o n ? o n e n r s  s u c h
a n d  y i e t d  a  g a i n  i n  \ , r e i g h t  a n d  c o s ! .

s e c o n d : r y  i n  c o m p a r i s o n

s l n c e  r h e v  r r e  u s e d  a s

r n e  a a r n  s  r l u c r u r .  i E s e t i

Thus is ser rhe problen of rhe
coEPos tte s!ructutes.

The KEVL.AR fabrics are kno!,7n
t h e  b a l l i s r  i c  s h o o ! i n g s .

In FraDce, in the f ie ld
co$ducled on lhese fab! ics
fragrnents in roror burs! of

b i l d  i @ p a c t  r e s i s  t a n c e  o i thcse t l l \ /L_{R

f o r  t h e i r  e o o d  q u a t i c i e s  o f

I n  t h i s  c a s e  t h e  p r o j e c r i l e  c o n c e r n e d
l r r d  i B p a c r ,  t h e  p r o j e c l i 1 e  i s  a  s o f t
r h e  c o n s  i d e r e d  i h p a c E  v e l o c i L i e s .

of aeronaucics, an

to ioves t igale rhe

turbine enSines.

e x p e r i m e n t a  1  r e s e a r c h  h a s  b e e n
c o n r a i n E e n t  o t  b L a d e s  o r  d i s k

vras a sol id  body.  on ihe conr l r ry

b o d y  v h i c h  b e h a v e s  l i k e  a  f r u i d

CoDsidering the developmenr i r
and rhe scarciry of bird ihpacr i":::T::::.:tr:::".::::":;:"
S T I  A has sponsored in C E A T
lhe behaviou! or KEVTAR ",,","r."'".;:r,:::";:t"T::til::::'"

T h e s e  s E r u c t u r e s  a r e  e i c h e r  m u r _ :  . r
h c l L r d i n g  h o n e y c o r o b  c o r = .  

l L r - P r v  m o r o t r t h r c  o r  n u - L i - - r ' e r (  sand\ ,1ch)

h -  t h e  s e c o n d  r y p e  o f  s c r u c r u r e -  c : ^ h  j r | r
pl ies of KrvlAR fabric.  

e ' .  each KEyLAR la) 'er can consisi  oi  several

r  KIVL{R :  Du pont 's registered tradeoark fo!  i rs alanid f ibre
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2.  PROBLEMS TO IWESTIGATE

T h e  b a l l i s t i c  s t u d i e s  h a v e  e s r a b l i s h e d  a  r : e l a i i o n s h i p  b e t r e e n
Penetrat ion velociry and lhe nass of rhe unit  area of rhe KI1:L-$
T h i s  f o r n u l a  h a s  b e e n  a d j u s r e d  t o  b i r d  i e p 3 c t  w i i h  c o n s i d e r a t i o o
!o the fol loving assuropt ioas :

larsl  ie1 co rh€

o rrecr propo!t ion

F r o 6  r h e s e  a s s u n p t i o n s ,  t h e  r e l a t i o o s h i p  f o u l d  f o r  t i e  s o l i c
o e  a p p l i e d  u n d e r  a  d i f f e r e n t i a l  f o r m .  I t s  i n t e g r . a r i o n  o v e r  c h e
surface lhen yields the equat ion bet lreea the kinet ic energy of
and the nass of the unit  area of the struclure. (*)

This lype of fornula causes lhe fol loving pr:oblems to be resolveo r

a) Choice of IaEVLAR

- lc\rLAR 49 with a
- k:EvL{R 29 i,i!h a

rhe

shie

g i

j

-  T h e  b i r d  i s  a  f l u i d  t l o w i n g  i n  r h i n  r r i c k l e s
- The srrenglh of lhe conposrle marerr.aL is in

the nornal colxponent of rhe bird kinet ic energ_v.

rm!ac!

o f

b )  E f f e c r  o f  r h e  n a s s  o f
penelta! ion :  Honol i thic

c )  E f f e c r  o f  r h e  s t y l e  o f

h r g h  r a E e  ( 5 , 1 2 )  o f  e p o x r .  r e s i o
1 0 \ ,  r a r e  ( 2 3 2 )  o f  d a m p i o 3  r e s i n

cne unlt  area of the iarget cn
s  c r u c t u r e s ,  s a n d $ i c h  s t r u c E u r e s

f a b r i c .

w i  c h

!

I
I

f
t
I
E

l ;

t
I

d )  E f f e c .  o f

e /  E ! t e c t  o f

t h e  b i r d  o a s s  a n d  t h e  o b l i q u i t y  o f  a h e  s h o o c i n g .

lne curvatule radius of the target surface (convex s

Sma11 radius

Large radius

L e a d i n g  e d g e s

l - 2 - 3  B a L t i s t i c  s l u d i e s ,



r  a :  u f  1 f ; l  S l l a l :mr !  USED

' i r i i  i n v e s r i g . L r i o n  o f

aov.. : :  l t l i , ise type

'rrra, i1:  
l

lhe behaviour oi  l i : , I - . r t i

ot  st tuc!ure e-r i r , -  i  r ,g L; r :

3d

-  : . .  t . , r I l  D .  c o n J i - - r . C :

p e e d .

w i l

r r  r  r i r \ ;  r - c r  < - a ^ i - o - .  .  -  -

s p e c  r a e n s

o f  r h e  i n f l u e n c €  o f  r l i e  a i i : i u . : . .  -
j m D J c E  v - L o c j  r )  -  i . . .  ' . . ,  . . .

a  p l a n e  t e s t  s p e . i .  r n .f t lon

Ti l i ]  i i1 i . .5  r  igacion

s u c l ' r , r i  ! r r c  r s s r  -

xr l l  , re  cJro ' rcr  ed on

l f r : : . ] l r  :  s]1rcr is the monol i thic speclnen.

o,r  t ! . r  for\rard iace cf cre s?Lr:  ; ,  , .  .  r .

. e f  i h .  i i r s t  p L l r  o f  f a b - r i c .

. : i ro" 's  Ehe sandwich specineD (Dt , , r i : ,

Ih :  sr r : i : i r4s having a radius of  cur '3cr ; ! :  " , :  l

l i jur . r  4  . ; |o ' , rs  the specinren repr :e jan! .L iva : .  I

( s e 3 L  i  . r . i ,  ! : i )  .

F i g i . r e  )  s i r o v s  r h e  s p e c i n e n  r e p r e s : E r a r j v e  , J
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4. TEST !{EAXS

6

F i ; L r e  o  i s  a  g e n e r a i  v i e L  o r  r h e  ! e s r  t a c . t i  c y  a n -

io CEAT.

The soooth bore gun of l5&nn dianerer vi l l  mainly

The bird nasses ale :

I  P  t o  f ^ r . i v j  r - ^ 1  i . l r t o n s

0 . 9  k g  f o r  n i l i l a r y  a p p l i c a l j . o n s

shoot iogs wi lh 3.6 kg birds in 300rDm dlameter gun

E h e  l e s !  r e s u l t s  o n  l h e  s p e c i m e n s  o f  l e a d i n g  e d g e

T u o  h i g h  s p e e d  c d D e r a s  l i l 6  r h e  i o p d c E  :

T h e  f i  r s .  :  ,  s F -  . c r r F r ,  i c u l a r  ! o  E h e  b r  r d

T h e  s e c o n d  i s  s e c  a r  i 5  d e g l e e s  i r o E  r h i s

o f  t h e  f o r r r a r d  s u r f a c e  o I  E h e  t e s l  s p e c i o € n .

Slrain an sfress Beasurenenls are planned.

T u o  f r a s e s  a r e  s u p p o r E i n g  c h e  r e s c  s p e c i m e n s  :

-  I o r  a l l  l h e s e  t e s l s ,  t h e  p e n e l l a r i o n

and iD lhe event of pieic ing the tror ion of rhe

w i l I  b e  s r u d i e d .

air  Dressurized gun3

are pl3nned !o check

p a t h

p a ! h  a n d  r e c o l d s  p l c c u l e s

F i 3 .  7  :  f o r  s q u a r e  p l a t e s  ( 4 7 5  x  4 7 5  E I ! )  i n  n o r m a l  i D p a c r

F i g .  B  :  i n c l i n a b l e  s u p p o r t  f o r  o b l i q u e  i m p a c r .  ;  d n d  i o i :  E h l s

F i g .  9  :  a o a P c e r  t o r  c u r v e d  s p " c i m e n s .  ( l _ : r e  r  ' d "  '  o l

5.  I } IPACT TES1 CONDITIONS

The pto8raE cotrsider the lhree fol loulng i ropact c o n d i  r i o n s  :

on sandn' ich she1l s ! ' i lh

-  N o h a l  i E p a c t  o n  c o n o L i t h i c  a n d  i a n o \ . ' i c h

-  n l : 1  i  d ,  ' .  i - - . ^ r  ^ -

a large radius of cuivacure.

-  l n D d c l s  i n  w h i c h  t n e  b i r d  r r a j e c r o r y  c r o s s c s  L n e  c e n L r a l  P o i n c

o f  c u r v a t u r e  o f  l h e  t e s t  s p e c i m e n s  u i E h  s m a l I  r a d i u s  ( l e d d i n g  e d g e s )

a n d  l h i s  l r a j e c E o r y  r e m a i n s  p e r p e n d i c u l a r  t o  i t r e  s u r f a r e  ( e f i r c t  o f

sseepback angle !}ot  Lnvest igated),

kinecic energy wi l l  be def i

l "  i  r , r  r , . r - r  ^ . - . r ' r r i - .
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5, DE}-]NITIO]]  C! TEST SPTCIME].IS

The iot lowing rabLes gtve the def inj-r i r r .  and rhe o,r . .br i r  o, :  i r ' "  . r"- ;

s p e c i l o e n s  i n i  c  i a I l y  p r o v i d e d .

-  F l : n ,  m i n ^ r  I  r F i .  r , . r  " ^ - ^ l

-  S a n d w i c n  . - : l  s p e c i r n e n s ' . r i t h  h o n e y c c s b  c n l e

- Cruved aest specimer:s

I  la j"er of  hcneyco!1b cor:e

2 layers oihcBeyconb core

i .  FI! .ST RTSI]LTS OBTAI:{EI

T a b  1 .

T a b l e

T a b I e s

T . r b i e

3

pport

l ined

The f i rsr caropain of test ing concerns or ly t Ie nor.- i !aI  r . iDi ! :  rr .

d o n o l i r L i c  p l a E e s .  ( s q u a r e  p l s r e s  -  I e n g r h  o f  s i l e  :  " ; " < u )

T F o  s t l ' 1 e s  o f  K e v l a r  4 9  f a b r i c  e e r €  i n v e s r i g : i ! d  :  t 3 : i r  : ,  : . 4  |  r : r , l

F c r  " a c h  s t y l e  E h e  k i n e t i c  e n e ! g . . r  o i  p e n e l r a l j i n  i s  d i r . . , I '  i . r ' l i  : i I ; ; - : l

t o  E h e  B r s s  o f  t h e  u n i r  a r e a  o l  r h e  C r y  f a b r i c .

T h l s  d i s p o s i c i o n  o f  p l i e s  h a s  a  s i g r : i f i c a n i  i n i 1 u . . . r  : r , r

o f  r h e  p l a r c .

T h e  d i s p o s i i i o n s  c a l i e d  i s o r r o p i c  a r : e  l e s s  t e s i 3 [ 3 r ] r  : f . a : L

A l t h o u g h  l h e  s t a t i c  s t r € n ! . t h  o f  a  K e v l a r  F a b r i c  c t  i . l l : : ,

l h a n  t h a l  o i  a  S a t i n  8  s t y l e  i a b r i c ,  ( o r . L y  b y  s o n e  p e i . r . l l i - ,

for a sane nass of uni t  area )f  dry fabr ic,  shol is a greatE"

a b s o r b  t h e  k i n e t i c  e n e r g y  o f  r h e  b i ! d .  T h i s  p r o p e r t w  i s  i r e

o r  r e a v i n g .

A t  t h e  i a l e  o f  r h e  p r e p a r a r i o r  o i  E i r i s  r e p o l r  (

are l rot  ful iy conpleled.

L j 3 ) ,  l i i : , 1 .  l _ ,  r - i r :

o f  S e a i r  I  s c y f e  r s  n t : e  r . t i : :  ' i

r e  i : r .  t h .  S - L I :  o  t .

: .  : i t i l ;  : . 1  : . - i a

: i -  i r . -  l - : .  I  . . .

; r : .  :  i  i : :  , . '

The \ ,roven armour of a iabr iu

o f  a  f a b r i c  o f  S a r i n  4  s t l r l e .  I

bui ld compl ica.ted shapes.

I i n a l l y ,  t h €  m o s t  s u r p r i s i n S  p e c l r L i r r  c h a r 3 c t e r i s r i e ,  i  r  ; , : , .

let l 'een lhe kinet ic energy of b:  !d con!ainoen! ai i ld lhe i : i ; , , , .  i ;

absorbed in rhe piercing.

f o r  l h i s  p h e n o t r e D o n  n e  a r e  n o :  a b l e ,  a !  t h e  p r e s e n t  t i i i r e ,  t ; i  l i r t , r ' a e

a  r e " I l y  s " L i s i a c t : r y  e x p l a n a r L , .  .



I .  BATL IST IC  STUDIES :

SNPE FORIiULA FOR THE iI/IPACT OF SC�LII B(]l]IES ON KFVLAR@

KI r . l p t r c  rN rnov  oF  PENETRATIoN

L/2 fl''l'

n D  -

P

. f *
= o(-A- A +C(^A'- V A :rO( A-- - 1  

D  
" P  

2  D  "  P  
' l  D

f l nss  o r  rHe  uN l r  AREA oF  THE TARGET

ARe l  o r  t ue  PART  oF  THE PRo .JEc r l t -E  IN

i^JI TH THE TARGET

A
P

o/
1

AND Q(  :  ExpeR tue t l t nL  c0EFF tc lENTs

CONTACT

c(1

ltlepunnte

i
t

Remenr

fxlr'rplr

I  C(?  lS  VERY sMALL IN c0 l lPARls0N i i lT l - i

:  FoR  KEVLAR 29  w l r l - '  2 J l  t l r  we l c r r  c r

I N  C O M P A T I B L E  U N I T S  :

^ (  =  7 1 7  1 1 1  f " 2  " J )- - 1

O( = 300 615 s-2 <c-1 )
2

@ D U  P O N T ' S REGISTERED TRADE MARK
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2, TRANSFORIVIATION CF Ti,1]S FORI\1I-]LA III Ii]t. iASE ]! A ; r i r l
jffilI 0N A PLANE SURFACE 0R 0r,t A c0r,t\/il sirRFA.i
(l!! l{!r Bi IIs TANGTNT PLANE AT TilE l l,,pAi.l pirj i \ l t.)

AssuttpT t  oNs I

I ")  Tte prruernrrroN Is DUE .t  o rHE r i0RflAL
O F  T H E  B I R D  K I N E T I C  E N E R G Y  I  I / 2  I "  \ I

} , IHERE C( IS  THE ANGLE BETWEEN THE BIRI )
THE NORIV1AL TO THE SURFACE.

ci- l j .L iJ l l t f . i \  . i

;  i  s?0 i

\,I i ,ai."_ I i. i  ;r],1

2" )  THe e ino
RAD I  US R

THE AREA

I S  R E P R E S E N T E D  B Y  A
( R  =  L J , L ] b / 5 M  F O R  I  q

y { l l n  t f l L

t r l l -

C I R C U L A R  i . ,  I  i i , t t r l i :
P O r J N t  6 i t L l  ,

F l il.1

: r f '

I

:T P cos or

J " )  The  e t t o  RE I IA INs  lN  TH Is  ey i . . n rDRIcA r -
DUR I  NG THE PENETRATION.

Tte ronr,tuLl BEc ot"1E s i

1/2 11 U2 cos2o( = C( A
D cos cr.

Fon r ronmnl  lmpAcr  x  =  0

i I I T H  T H E  P R E V I O U S  R E I , I A R K  C O N C E R N ]
VALUE ASSIGNED TO R,  i {E  CAN I lR ]TE
O F  A  F O U R  P O U N D  B ] R D  :

. , , 1
,  f " /  ^ L  . i+  \ - \  A  h i)  r , .  , , ^;.  " . .

I/2 t't \2 = g' Ao pz * U2 Ai RV#- ik.;r,- lr- h:,1

D
1 / 2 M U 2  = K  A

Nc O( ANL {dranl  :n:
F0R A  N0 l i i . r r i :  I  i 1F i1 i : ' l



3. AIilis OF THE INVESTIGATIONS

i
i

I
I
L.

I

To  vEn rny  rHE  L INEARITY  oF  THE K lNET lc  ENERGY

OF PENETRATION I , I ITH RESPECI  TO THE J ' IASS OF THE UNIT

AREA FOR
E I T H E R  T H E  K E V L A R  +  R E S I N  T A R G E T

OR THE DRY KEVLAR ALONE

2') IN ogr-roue t pncr

To  ven r r y  rHE  INFLUENCE oF  THE SH00T ING ANGLE,

THe rgtRo pREcEDING Assut '1PTI0N LEAD T0 A TERI4

IN  COS3o( ,  WHEREAS FOR THE METALL IC  PLATES

AN INFLUENCE IN COSzC(  ONLY WAS FOUND,

1") IN ronNnl tmprcr

3 ' )  IN r l u r r cE  oF  THE s t zE  oF  THE ' rARGET



iL
. 4

LU

, ^ l

:1i
: lal
-:l
0-i

I
tl
/ l

ii- t
trl

I
UI
i l
;l
:l
vl
7 l

i0l
f>t

- , . .
t, ::r.

:

! ,

l'-* '1, -----'i-r-*1
, . . 1 1 1 : l' n  i  .  I

i; i",,' i',. i: i:.,
r ! : . i  i  i  i" , 1  t l " ' ; '  F  * '

, ; -  i  i  I  i

i--.-:-,. .r-:".--,

a.

d)

i".,'

;j

{_rj

;d

{tt
a:i.

;-

'J;

*]

. - l
 i :
,il !""

::: : t

.1\ 'f
:a' q/

. . . - . .

L : )

ni

I
l
I

i



s

.$

,f'

-+"
?
r.o

"a
+

'.1-

+

' . . .a

o

7 i
c}

.)
F-- :  ,s l

a -

g

\]"

LJ-.

?;
i -

in

Z
F
\

U

: , ,

t.'l

ti-1 '.
* N )

c!

X

\/ !<l'
z

C "f,i'

lJ f<")
c{

i -  , n

O $z

F

fi l"'L1

O , 3
C

O U

, c )

:.. --

+
.q
.L
"(r

t
- a

)-
o-

" E o

-o >. >..
F o r o

U
trr
Z

I

t!

u.
tlJ

_J

lrr
z

r)
; o.. <i

-t
u J g u )
Z  e *
o- f ' N

. , *

X :  L L I
r-u (J \Z

> u  , .  . !
^ = o\-,/ ru nr

l *

F J Y A
;

I
I
3
Oz
CN

ul
F

-l

o-

u-l
z
._.{

-J

*l
il
col
<l
r-l IJ

=

T

U

z

,

I

i
t

L

e

r<



a

t:, : \.
t-z

;

O

it)

L*l

C:
L:]

il_

-J-

i.J

{-)
X
r1l
=

*{

CI

C^. ,A

a.

u r Q .
Y s

lf,

0
t

n

t\.-

^ - /

c + - j

d.!

t-
{'.i .--l

{"-l
'7 V'

rn '7

o. :L

0

,m

:f,
L]

O

"1

fr

a

E
CA

I

l'ir

:* {.1

i_J l'"
al ,',i.
i1L 

':1

.."i !.1l



5

6

o

c

i,.]

;

t o

,z

z

t a l
+

FO

Lll

o-

J

o

cl

5
z

F

J
o., i i  u.r
\  \ d .  t l' - > <
x LIJ

LU 6 ->
: 4 u J O

U
v . - )
^ '  Z -  ' t l

, t t A Z

? - C
| | r'w "f-

He
rO
L\

G1

qJ

h
"n

-v.

0)

-1

.n

o
"J

E
E
r-\
a.\

q)

U

F

-o

-c

g l

!i}

F-

u ) *  v

lJl

: - l

;l
> l
u l
ul
>-l
!rl
z-t
.) l-rl-l
*t"i
. . ,1
;l
-J

UJ

z

cnl
'71

;l
>l
:-: I

HI
o-l- l
,...1
,-Jl
url
>l
u l
"-) I

ui
- r l
ol
t
oz

=i
-l
--l

al
r-l

I



:

I

O

.-I

.;

. :

LU

n

-n

C

c-o

01

F

^l

5 l

,YI
v j
>l
uJl
zl
' \ |uir l
r , ]
nl"l
Ql
al
l ! l
>l
1t- l

,.Iul

,n
I

I
,^l
;1
;l
>lq
url

"1
a\l
;l
>l
ral- l
-)l

ul
I

T I
- l
\ / |
:-|

3l
o l'71

<l
ol



CJ
l !

I
4

c
a
C
C



_. .i,{ .{,.  ̂ r*r:.:!>1:i:4e1;.

,' 1r';;'lap;;l:'. .,=:.:ll+i:=i:
' ! r  ,  ] � . ;air a:--

,l:\ \ 
' 
"i'Sl,

i jjf,r '=,i.

llt* 
"i[

;(ii' j'fjr,;,; , ;
,\l:t ,,* 

''.

l i  
'B l

i  
- - l l

##j

O

ci

z
(f,

t:-

. n : - t '
= r . . *
! - - < :
< a c u r
q, -! .a :>

Fi , re,, o':
t i  { . .  i i  t .

u t r i J l _



L]J

lJr

t.L

Z

J

:"

t : ;

,;}

{1
l'

"1-\

':..-

-a:

, "J

i-ii
i : -
t,')

i.;l

)7^

;

:"::,

:_:
-.,1

:2:'
t.t.i

5

t!i

l*'i ' j

11.... L

i til

t ,
1.. :

1r,:1
t ' i

! : :

l i

i i
i-{:

,

:



;,.i.ii,,lil ..'-. t,,,,iiiffI
. ; : - . '  ;  

' . . '  

-  
" ; " .  '

1 ' r ' ' ,  t  I l ,

-o
E
o
U

q)

o
E

"li' '' 
' 

i
- t i  ,
, 1 1  i , '  : , - , , 1 ; , . ' .
1 .  ,  i .  _ - r .  ;  .  

i i  i . i : :  I. , . :  !  . .  : j , :  .  t .  , :  : - :

: : ; ,  i  j , : i - ' - .  r '  .  .
, :  :  :  : -  : : :  '  :

; j  I  . ' , , ' , . ' ' -
. l i -
l i

i r

|  ' :

q,t

n

."1

.:



z
LL.l

* ,, { ' t.- ' t*
r ' .  i ' : , -  t  i ,

, ,  {  ,  - '  i  ' . i  -

0 ( ! }  I  :  
; : ;  . : : . r ,  : . : . 1 : . i . . .

""1

:

f0

{)
C

o

o-
U)

(l

UJ

:)
( i

T
{ )

t
A
z

qJ

:

'ri

l i'[t" 
..:'-

' \ '  i  '  b  : : :  . ;  - . -  -  ' - ;

,, '  -." [ . ..]. .. jr . .; -. '
'  ,  i .  - : .  :  '  , : ' .1 :  l ; ' r - - , : ;  : , ' . r .
o  : :  i . . : ' . " . . : . .  '  : ' . . . . .
. :  I . t l ' : '  . '  . , , .

_ i,1,.
O i- L:;

ii
{ J  i ' j

.1" i-,.,O :  i  i [ : . r  . : : ;  r  S
' :  i- .  [ ,1=ti. 'u ' , ,  €l
E i; ft+I !l Fit'..iti;:r*iffi,;
I lit+.#j##::
\J .':.it.F|,-r---d,*rt6al4r,.

O : - ; -:r*':- 1 r:'-:,'--:-l:.l i.-"



_fi

(,1

{)
c
C

1.!)
t,
iJ
f:

0

. :
*x
tn

0)
r

rli

0)

a
0

L,L

n

E
n

c
('

0

[J

:

c



t t 1  -

a
trr

: t
.J

r  l l

Ll- I

f i
(,
L u l
r - l

I
f - 1

u t
< j
- 1 I ! r

' , . .

' . .

"\t

'i

t ;

0)

z

.J

:r
:

a

x



F

\
A

J

n
z

z



i - '



i-:;:::'
-!:::1'

;
.-

U

(/)

v)
?.

a
(-l

o

O"

:

o

o

E
(n
t/)
o
o-



. . . ) . ' ' .

y,.F
!j'.;!!

l.

;
f

&
f
U

i,l
li1

o
a

a

LlJ

0

(/)

z
a
(i

a

a

c
E
a
a
o
a

o

; i : :  -  t : :  - r . .  , : , l



€ ) r

':" .-,,E- i:i

z
{i
"J

r:.

. ...t



DU PONT'S REGrsrLqtD TRADE NlAiiK

ll occr'ral ltl u h!**.fi xl rv,tt ,a{! crssa'T !EU6l rvuiro(

r N xli en:l rfi]sa r{rn)o!{r ur ca,Afirod lqJ r.:|x uloirl^r€r

'  \ ' ) ' )  '

O-ro

n
'7

-

f-

=

n

7\
rrl

_o

.)
1

v.

--t
rn



I

I


