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SUMMARY

Considering the development in Aeronaut ics of Aramid epoxy (Kevlar)

structures, the Fiench STPA has sponsored in CEAT an experimental
invest igat ion to know the behaviour of these structures in a bird
lrr ]pact.

The program of the invest igat ion has been presented in the lTth

B S C E .

We recal l  this program, i ts develoPment and the contr ibut ion of
the French Aircraft  manufacturers.

The results of normal impact are ptesented both for th€ Kevlar 49

and part ial ly lor the Kevlar 29.

The obl ique impact tests,  the experimental  di f f icul t ies encountere' l
and their  solut ion are also shown.
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AVIONS MARCEL DASSAULT-BREGUET AVIAT ION
( J B / Y C )

BEHAVIOUR OF ARAMID EPOXY COIVIPOSITE STRUCTURES TO BIRD IMPACT

1 .  I N T R O D U C T I O N

I n  W o r k i n g  P a p e r  n o 6  o f  t h e  l ? T H  B , S . C . E .  M e e t i n g ,  w e  h a v e  p r e s e n t e d  t h e
French experimental  research program on the behaviour of aramid epoxy
(Kevlar *)  composite structures exposed to bird impacts.

This program is sponsored by the French STPA in CEAT.
The Aircraft  manufactuiers :  Dassault-Breguet ComPany (AMD-BA) and
Aerospat iale Company (SNIAS) have contr ibuted to this research bv the
s u p p l y  o f  t e s t  s p e c i m € n s .

Ihese specimens were in relatron with the problems encountered in the
ceit i f icat ion of composite conponents ior the fol lowing aircrai ts :

I - A L C O N  c 0 0  ( A M D - B A )  f l g u r e  I
A T R  1 2  ( A e t o s p a t l a l e )  F i g u r e  2

' foday's 
recture wl l l  present anci  discuss the results of this experi i i ' :1tal

r e s e a r c h  o v e r  a  t w o  y e a r  p e r i o d  ( O c t o b e r  i 9 8 3  -  D e c e m b e r  1 9 8 5 )

,A.t  this date the prosram concernrng the normai impacts is completed'

F o r  t h e  o b i i q u c  r r n p a c t s ,  r h e  A M D - R A  t e s t  s p e c i m e n s  h a w e  r e q u i r e d  a  l a r g e

: m o u n l  o l  w o t k ,

T h c  d e l a y s  f o r  d e h v e r y  o f  t h e  C E A ' I  r e c r r n g u l a r  P l a t e s  ( p a r n t e d l  a n d  t h e

.." t  ptogt"-  of  the CEAT gun, have deferted the performance of the

s v s t e m a t i c  t e s t s  i n  o b l i q u e  i m p a c t .

.  - L l  P : r  
' i  D ! . g : s r a r o d  T r d  l  \ r  r
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; .  DEFINITION OF THE TEST SPECIMENS

The specturens described in Tables 1 and 2 have been bui l t  by CEAT (on the
S T P A  p r o g r a m )  a n d  t h e  s p e c i m e n s  i n  T a b i e s  3 ,  6 , 7 , 8  a n d  9  b y  t h e
AMD-BA company.

The designat ion B2310 concerns specimens of the STPA program.

The designat ion B2410 represents the AMD-BA contr ibut ion to the fabr icat ion
of test specimeds.

The specimens suppl ied by Aerospat iale are def ined in Table 5.

-  Table ]  and Figure 3 represent the CEAT monol i thic plane plates

- Table 2 :  CEAT plane plates sandwich, Figure 4 with one layer of
honeycomb, Figure 5 vr i th two layers.

-  Table 3 :  concerns the sandwich curved specimen with one layer ol
honeycomb mater ial .  These cyl indr ical  specimens, having
a smal l  radius of curvature are representat ive of leading
e d g e s  ( F i g u r e  6 ) .

-  Table 4 :  def ines the sandwich curved specimens with a great radius
of curvature (Figure 7) representat ive of the skin of
a radome.

- Table 5 and Figure 8 represent the AerosPatiale leading edges.

- Table 6 presents the AMD-BA sPecimens used to invest igate the

inf luence of the iesin and for the f i rst  tests with Keviar 29'

-  Table 7 def ines the AMD-BA monol i thic plane specimens (ai iangement

o f  F a b r i c  p l i e s  F i g u r e  t 3 ) ,

-  The AMD-BA sandwich plane specimens aie repr:esented in

- Table 8 :  specimens with impact surface Painted
- Table 9 :  specimens * ' i th a thin sheet of 2024 aluminrunr

al loy on the imPact surface (Figure 9)

- Figure I0 represents a CEAT monol i thic square Plate moCii ied by

bonding of a 2024 plate at the top edge.
This type of specimen has been used in the f i rst  ot ' l ique inrpact tests '

-  F i g u r e s  1 1 - 1 2 - 1 3  s h o w  t h e  a r r a n g e m e n t  o f  F a b r i c  p l i e s  :

-  Figure 1l  in sandwich specimens (one honeycomb layer)
-  Figure 12 in sandwich specimens (two honeYcomb lavers)
- Figure 13 in monol i thic plane Plates

The di f ferences betw€en the var ious atrangements also ref iect the

dif ferences between the manufacturers concepts.

-  Table l0 :  gives the mechanical  Propert ies of the fabr ics used'

- 9 -
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3 .  TEST MEANS AND IMPACT CONDIT IONS
@cil i ty and pressufized air guns of
CEAT. The 150mm diameter smooth bore 8un oniy has been used.
The test specimens are supported by two frames I

- Figure 15 : for square plates in norbal imPacts
- Figure 16 : recl inable suPport lor oblique imPacts

Figure 33 : shows the test equipment at the nozzle of the gun. including'
from right to left :  the device for bird velocity measulement' the test
specimen and the high sp€ed camera (2500 frames/second).

The  mass  o f  t he  b i i ds  i s  1 .8  kg .

The bi ids are eith€r freshly ki l led or frozen and thawed chickens.

Table 12 : gives the number of shots performed for each type of specimens.

4 .  RESULTS OBTAINED

4.0 Prel iminary note
AII lesults are expressed in terms of bird kinet ic energy versus

the cooposite.the number of fabr ic pl ies oI

The kinet ic energy integrates the var iat ions oI the bird masses.
The ielat ion between the mass of the unit  area oI the dry Kevlar pl ies

and the number of pl ies is shown in Figure 30 (bottom curve).

4 , 1  N o r m a l  I m p a c t

4 . 1 1  K e v l a r  4 9

4.111 Kinet ic energy of penetrat ion

- Figure 17 gives the l imit  k inet ic eneigy of penetrat ion

for the mo-nol i thic Plane Plates in Sat in 8 and Figure 18 for the

Satin 4. one wi l l  iemark the proport ional i ty of  the kinet ic energy

of Penetrat ion to the number of fabr ic Pl ies and the sensit iv i ty to

the airangement of the fabr ic Pl ies.

The Sat in 8 style fabr ic absorbs more kinet ic energy than the

Satin 4 styie.  This property is due to the mode of weaving :

the vroven armor oi  a fabr i ;  of  Sat in 8 styl€ is mor:e deformable

than that of  a fabi ic of Sat in 4 style.

-  The t ime lhe resin impiegnated fabr ics staid i '  the

vorkroom has led to the select ion of epoxy-resin 145 5 (red)

i n s t e a d  o {  t h e  1 4 5 . 2  r e s i n  ( y e l l o w ) .

-  Figur"e 19 gives the results of tests perlormed on monol i ih ic

s q u a r e  p l a t e s  ( 6  f a b r i c  P l i e s ) .

The CEAT ptates used as reference are assignet i  index rrC" '

The curing pressure seems to have some inf luence and the results

with the r"esin 145.5 cured at 2.2 bars are about the si lme as those

w i t h  t h e  1 4 5 . 2  r e s i n  c u r e d  a t  3  b a r s .



o+ff*ii#uu
- The irnpact tests on the sandwich specimens (Figures 20

and 21) have exhibited surpl ising characterist ics to wit,  for
a small number of fabric pl ies, the strength of a sandwich sPecimen
is equivalent to that of a monolithic specirnen v.'ith less plies :

3+3 pl ies is equivalent to 4 pl ies rDonolithic
4+4 pl ies is equivalent to 7 pl ies monolithic

This part icularity is more obvious on the Satin 8 fabrics.
The presence of honeycomb layer(s) r€duce the bird imPact
strength of the composite.

- Figure 22 shows al l  results obtained with the Plane and
curved specimens (monolithic and sandwich).

The 1evel noted rK{ indicates the strength of the Kevlai alone.
The level noted nsn is that of the entire specimen.

4 . r 1 2 @

-  Figure 23 (for the monol i thic Plane plates) and Figur.e 24
(tor the sandwich specimens) show another disconcert ing chaiac-
ter i6t ic of the Kevlar structures

Contrary to the metat l ic structures, the kinet ic energy absorbec
in the piet'cing o{ the plate is lower than the limit energy of
penetrat ion and this,  one t ime out of two, by a latge amount.

In these f iguies the rat io (W-iw-) of  the absorbed energy to the

l iDit  energy of penetrat ion, i3 i#dicaied in terms of the rat io
(Wo/Wo) of the ini t ia l ,  bird kinet ic energy (Wo) to the l imit
p e n e r r a r r o n  e n e r g v  r  w p / .

The points are grouped along two straight l ines :

( 1 )  . . . ( w ^ i  w - )  =  0 . 5 3
( 2 )  . . . ( w : / w : )  =  0 . o  ( w - l i t - )

d P O P

The character ist ics of these l ines are the fai ture pattern of the

plate :

(1) corresponds to a star shape fai lu ie
(2) corresponds to a I 'paPer leal ' i  shape (noted ' rbook page")

Figure 25 shows these fai iures for th€ monol i thic Plates'
Figures 26 and 27 foi  the sandwich plates.

These fai lure patterns
specimens (Figure 28)
( F i g u r e  2 9 ) .
For the di f ferents tests corresponding
Table 12 gives the euant i t ies (Wo/WO)

are also found in the sandwich curved
and in the AerosPatiale leading edges

to these f igures,
a n d  ( w  / W  ) .a p

Today we have no sat isfactory explanat ion for this phenonenon '

I t  seems that l ine (2) corresponds to the l imit  fai lurcs'
For the results corresponding to l ine (1),  i t  is di f l icul t
to incr iminate the boundary condit ions.

-  1 1
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The vibiat ion of the plate during the bird impact could
provide an explanat ion for the glane sPecimens but the existence
of this vibration cannot be foreseen. In addition this er.planation
does not seem to be sui table for the sandwich curved specimens'

The proper: ty descr ibed by I ine (1) is a drawback in the use
of the mater ial .  Consequent ly the phi losoPhy apPl icabl€ to the use
of such structure iE ei ther to contain a bird or to let  the bird
penetr.ate and to have underly ing parts ei ther suffecient ly strong or
piotecied by a metal l ic shield.

4,I13 Compai ison with 2024 Aluminium AUov

As one can see the performance character ist ics of these
Kevlar structur 'es, with regard to bir 'd impact,  are not remarkable.
The comparison, at a sarne mass of uni t  area, with plates in 2024
aluminum a11oy is given in Figures 30 and 3I '

The columns in blue represent the bird kinet ic energy l imir  of

penet iat ion of plates of equivalent thickness (middle curve of
F i g u r e  3 0 ) .

metal  withstand twice the same energy
been obtain€d on the same test

Figure 3l  also gives the veloci t ies used in the
corresponding kinet ic energy of the 1'8 kg birds.

tests and the

4.IZ Ke'r lar 29

The Kevlar 29 fabr ics are used as shleld against the sol id
project i les (bul lets).  But the weavers do not have in their  l ist

of  products labr ics of Sat in 8 and Sat in 4 styles.

For the direct comparison of performance between Kevlai  49 and

Kewlar 29 in the case oi  bi id impact,  the BROCHIER comPany has had

for this purpose to weave and impregnate with 145 2 r 'esrn two rol ls of

mater ial  each 100m long, the f i rst  one in Sat in 8 style wlth f i lament

yarns of 440 decitex, the second one in Sat in 4 style with f i lament

yarns of 1100 decitex.

The mechanical  chaiacter ist ics of these fabr ics are given in
-fable 10.

The Kevlar 29 yarn costs less than the Kevlar 49 yarn'

Consequent ly prel imrnary impact tests on Kewlar 29 plane plates

have b'een quickly undertaken. AMD-BA company had bui l t  three

specimens in sat in g (Designat ion Bz 459 A) and CEAT t1po spe' imens
(besignat ion t  2167 ior Sai in e taUric and 2466 for Sat in 4) '

l i g u r e  i 2  . h o * s  t h '  r e s i  r F s u l t s  a n d  t h e  c o n ' p d r i s o n  w r t h

ttewlar 19. The kinet ic energy of penetrat ion is about the same as

that of Kevlar '19 but i t  seems that tbe absorbed energy ai ter

piercing is greater.  We have also to point out that the permanent

i . to.-" t i ""  oi  the plate result ing trom the impact is '  in the same

condit ions, more than twice that oi  Kevlar '19 Plates'

t lnfortunately,  these f i rst  resolts did not lLr l i i l l  the expecteci

promises l1om the former tests with sol id project i les'

F ^ -  i L 4  + h i n  n l ? f e c  f h p

as Kevlar.  These resuits have
s u p p o r t  ( F i g u r e  1 5 ) .

-  1 2
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4,2 Obl ique Impacts

4 . 2 1  @

I f  the absorpt ion of the bird kinet ic energy has been the
unpleasant surpr ise of the normal impact tests,  the shots with obl ique
incidence have showed another disconcert ing property of the Kevlar plates.
we have cal led this pl 'operty :  the sl id ing of the bird.

The f irst obl ique impact tests have
plane squar:e plates mounted on the support
F igu re  33 .

The phenomenon appeared since the

from

been performed on monol i thic
shown in the r ight pai t  of

very fir.st shots :

For an angle of incidence of 45o the kinet ic eneigy of penetrat ion
is about the same as the one in normal impact.

Both the support  and the length of the plate have been
incr iminated. Specimens, as shown in Figure 10, have been made and tested
on the reclinable suppor:t shown at the left part of Figur.e 33'

The results were the same but when a sheet of Vacpack f ihn is set
on the surface, the component of the bird kinet ic ener:gy normal to the plate

is at penetrat ion equal to the energy of penettat ion in normal impact.

Figute 35 shows thes€ { i rst  results in the form of normat kinet ic

energy of tenetrat ion wersus the number of fabr ic pl ies. The coloured

contour of the columns indicates the values of the l imit  penetr:ai . ion

energy in normal impact.

Figure 36 represents the resuits of the tests with Vacpack f i lm
( i n d e x  t r V t r ) .

N o t e :
The Vacpack f i l r ! ]  is a mater ial  used to remove the composite preces

the mould aftera cur inq.

The consequence of these f i rst  tests was that i t  was decid€d to

paint the impact sui face of the sPecimens l ike the aircraft  skin.

The corbplet ion of the CEAT rectangular specimens was delayed

and the corresponding obl ique impact systematic tests deferred.

Meanwhite, for the design o{ the wing root fair inBs and of the

nose of FALCON 90O aircraft ,  tbe AN{D-BA comPany had to fabr icate rectan

g u l a r  p l a n e  s p e c i m e n s ,  m o n o l i t h i c  a n d  s a n d w i c h ,  ( s e e  T a b l e s  6 , 7 , 8 , 9 )

ind also sandwich curved sPecimen (Table 4) which were the f i rst  to be

f a b r i c a t e d .  T h e  r e s t s  p e r f o r m e d  o n  t h e s e  s p F c i m e ' l s  r e p r e s F n t  I h c  r r a j o r

p a r l  o f  r h e  o b l i q u e  i m P a c t  t e s t  c d m p a i n .

-  i l
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F o r  s p e c i m e n s  2 0 a ,  Z 0 b ,  2 3 a  a n d  b ,  3 4 a  a n d  b ,  t h €  l e f t  g r o u P  o f  t i o
columns refer to a test in the top and bottom attachment condit ion,
the r ight gioup to a test in lateral  at tachment condit ioo. In 3l l  t tese
tests the bird had penetrated.

s n c . i h e .  l l  2 f t p r  i m n i . t  i s  s h d w n  i n  F i e u r e  1 3 .  I L r ,  { a l l u r e  a t  t h e
upper part  is due to the preserce ot lhe support  (as in l igure l / )  : rn, i
indicates that the specimen is too short .

I igure 42 shovrs, with the same convent i . ins as in the precedrng
f igur€, the eneigy absorpt ion for the sandwich sFecimens with a 20i i
aluminum ai loy skin, Thc yel tow index I 'C" indicates a bird contairnect
o r  p e n e t r a t i o n  l i n i t .  T h e  b l , r e  i n . j e x  I C '  i n d l i ; l e s  r n  r b s o ] u r e  b i r . l

T h e s e  s h o w  t h a t  s p e c i m e n s  3 2  a n d  2 9 ,  i e s P e c t i q e i y  t e s t e d  s r i h  t . , F
and bottom and with laterai  at tachnenis,  a1R 1f,e onlv oi i r 's r()  f r . -- t '
containcd th€ bird ( in the trv ' r  iesi  .onf igur.r i i , r rs).

gut the mater ial  of  the honeycorib core (51)56 alurnirum al]or-  r  was

not sui tat ' le for a nose cone on account of the l ightning_str ike haz3rd,
Therefore a curved sp- 'c ir l ren (Figure 43) has been bui l t  c i  same composr-
t ion as specimen 21. The inf luen.e of r :he culvature cornpensates fo.  th '

l ight det ic iency resuit ing l ror l r  the asso. ialron o{ .6nnr t i ick she.t  and
glass leinforced polyester honeycornb.

Figure 44 shoqs the frames of the shot 's Ti i . tur"e al ,d r i  ctrr  bt  s 'er

r h a r  t h -  h r r d  g l a n c ,  s  " f '  : \ e  s l ' ' r .

I t  must be said that the appl ical ions oI al l  these specjme's nav€
not been deweloppcd because the t l termal coef{ ic;ents ct  exPal ls i ' )a n:

Kevlar (negat ive) and :r lumin'rrr  ai lo-v (posi t iue) 3re too di I{"r 'er l i
f rom each other.
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5 .  CONCLUSION

The pr€sentat ion oJ these results does not go withorrt  some disaPpointment

or ai  least r€grets because great hoPes had been placed on Kevlar to

withstand bird imPacts.

The character ist ics Jound concerning the energy absorpt ion reduces th€

benef i t  of  the use of this mater ial .

Oo other hand we do not know the degree of general i ty oI  the results given'

f 'he scatter ing o{ specimens is prat ical ly unknown'

The sun also rs not a verv tai thful  tool '  The obtainment of the hoped

;. i . . ' " ; - ; ; . ;d; ' -" i "  r .# the art  or the luck of the gunner than f l 'om

., ' " . . i r i .ofa science'  Thus the l imit  values can be tainted with some

In addit ion foi  the obl ique impacts each specimen has been subjected to one

";" ; ; i ; .  o;  can reasonablv wonder whether the results obtained are not

a mere col lect ion oI Pecul iar cases.

T h e b e h a v i o u r o f t h e s p e c i m e n s a s a l o c a l l y d e f o r n a b l e - t a i g e t ' p e r h a p s d u e
L the thinness of th€ plates'  wi l l  c ieate exPerimental  di l f icul t ies in

the systematic obl ique impact tests on the CEAT rectangular Plane

rp.. i* . r ' . ,  both in the t ;st  stage and in the analysis of test results '

Without er 'cessive Pessirnisn, one can fear that the outcome wi l l  be pool '

. "J-1i" ." f" ."  the use of these results in the design of a new structure

*l l i  "" t lnt t .  obsolete the peiformance of bird impact tests on actual

specimen ieDresentat ive of the aircratt  Part '

Ho1lever the experjmental  work achieved should be considered as giving

"r. t" f  aot" for ihe clar iJ icat ion of future probleos'
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