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Abstract

In this paper, the energy observed due to impact of conical projectiles on
composite laminatesis investigated. Four types of energies observed were studied.
They are strain energy due to deformation of plate, large deformation near the
impact zone, delaminating energy and energy losses due to friction.

The equation of motion of plate was devel oped for orthotropic laminated
plate and solved with its boundary conditions. Large deformation of delaminated
zone was derived assuming deformation shape formulation to calculate the
penetration depth and delaminating radius. Delaminating energy was cal culated
by solving the delaminating failure criteria with equation of motion. Friction
energy was cal culated assuming constant friction coefficient.

The results show that the energy of deformation of plate is smaller than
that for the large deformation and delaminating energy. And as cone angle
increases the energy observed will be increased and the depth of penetration
decreases. Numerical and experimental results quoted in published papers show a
good agreement with that of the presented work.

Keywords. composites, delamination, impact, penetration.
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Introduction

To anadyze the impact
response problems, it is obvious that
an accurate account of the contact
behavior is one of the most
important steps. The classical contact
law between elastic spheres and an
elastic half-space derived by HertZ"
has been used by many authors for

studying impact response  of
homogenous isotropic materials!?.
In studying impact response of
laminated composites, however the
[g]robl em becomes more complicated

One may easily redize that
Hertzian contact law, which was
based on assuming a homogenous
isotropic materiadls, may not be
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adequate in describing the contact
behavior on laminated composte
due to their anisotropic and non-
homogenous properties.

Moreover, most of the
limited composites used are quite
thin and cannot be represented by

half-space in the existing
analytical work!*® leading of limits
were assumed known, and the
responses of the laminates assumed
elagtic.

Tan and Sun ™ and Guan
and Yang ' gave the development
history of the contact problem
through the low velocity impact.
These models with their
developments were used by authors
to evaluate the response and
compared it with experimental
results.

Although some of the high
and bdlistic velocity impact damage
mechanics are similar to those at low
velocity, the response of a structure
composite is different and more
complex. Furthermore, it is aso
more difficult to test at high and
ballistic velocities.

Since the contact time
between the projectile and the
composite is considerably less a
ballistic velocities, the impact
loading induced localized response
with no globa deformation. This
concept was demonstrated by
looking at delamination in beams of
various lengths impacted at low and
high velocities!®”?, It was found
that the damage size decreases with
increasing the length of beam for
low velocity impact. At high
velocity, however, the leve of
damage was independent of the
length of beam.

Since the high velocity
impact energy is dissipated over a
smaller region, an additional damage
mechanism is presented at high
velocities known as the shear plug.
Due to the stresses created at the
point of impact, the material around
the perimeter of the projectile is
sheared and pushed foreword
causing a hole or “plug”, dightly
larger than the diameter of the
projectile!”.

The fiber properties have the
mgor effect for absorbing energy
due to high velocity impact, the
experimental results indicated that
the rate of energy absorption of the
panel increases drastically with the
fiber modulus, but the very high
modulus material tends to exhibit
poor impact resistance due to its low
working strain. Aramid fiber seems
to exhibit the best combination of
high modulus  while  sted
mai ntaining reasonable high
breaking strain ®.  While the
absorbed energy was found to be a
linear relation with the thickness of
the composite laminate insuring that
the weight efficiency of the fiber
compositeis greater than the metallic
target like sted . For this important
effect of the fiber mechanica
properties, and the fabrication of
hybrid composites from multi types
of layered fibers was used®. The
technique of interlaminate
hybridization was found to enhance
delamination under impact loading.
Delamination was found to be an
effective energy absorbing in
hybrids. The impact energy
absorption capability depends on
which side face the impact direction.
In general, the unsymmetric hybrids
have better impact properties than
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their aternating seguence
counterparts. In most cases, failurein
these materials involved perforation,
delamination and some tearing of the
more brittle layers in conjunction
with deflection of the tougher layers,
provided the tougher side faced the
impact direction. When the more
rigid side was struck first, this stiff
layer was perforated with a lesser
degree of plagtic deformation.

When the kinetic energy of
impactor is greater than balligic
range, the perforation takes place.
Now the ballistic limit of velocity
will be the additional parameters
added to the parameters study in the
high velocity impact. Ballistic
velocity is the impact veocity that
gives the ability for full penetration
without remaining energy. The
energy required achieving target
perforation and balistic limit
remaining invariant of specimen
geometry °™ To avoid the
perforation especially for the
designing of persona body armor,
aramid or spectra fiber composte
was used, for this application the
repeated impact was used to know
the striking velocity™. The ballistic
limit was increased with Area
density™*¥ and the striking velocity
decreased with the number of
repeated  impact, while the
delamination zone was increased.

3. Theory

Based on the conservation of
the tota energy, the part of the
kinetic energy of the projectile is
absorbed by the plate, and assumed
to be classified into four types which
are: -

1- The sdtrain energy due to
dynamics of plaeés theory
(Contact energy) U .
2- Strain energy in the large
deflection penetration zone U 4.
3- Delamination strain  energy
Udel.
4- Friction energy Uk.

The  energy balance
according to this classification for
the impact becomes

%MPVD?:+UC+ULd+Udd
1 ’ .
+UF+EMpr0 Ya (1)

Strain energy due to deformation
of plate
The equation of motion for
the laminated composite plae
su[tlJJ;l]ected to dynamic load (impact)
is

Tw

Duge *“Dwmy +40.+ D“)ﬂxw @
W T,
P gy’ D22y4 ﬂt2 =q

w(X,y) is the deflection along
the z direction. q(x,y,t) is the
intensity of transverse distributed
load per unit area acting on the thin
pIateDll, D1, D12, Des, Do, Doy are
the flexura rigidity coefficients of
the laminated plate.

For especially orthotropic
laminates (D]_e = Dy :0), the

governing  differential  equation
becomes.
4
Du%”zwmoes) Dzz— hgw-quo
...(3)

Theforcefor thisplateis
dynamics impact force, whichis
obtained from the modified Hertzian
contact theory.
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Contact Law

The relationship between the
impact force P and contact
deformationa is given by Hertz
Contact Law!™

q=nw> (4
where the contact
deformation is the distance between
the center of the projectilés nose
and the mid-surface of the beam and
n is the modified constant of the

Hertz Contact Law proposed by Tan
and Sun'.

—4 ry \ l
n_E\/R_p[(l- n,)/Ep+1/E

cZZJ
....(5)
where R,, n, , E, are the
locd radius, Poisson’s ratio, and
Young’s modulus of the projectile,
respectively. Bz is the transverse
modulus normal to the fiber direction
in the surface ply facing the
projectile.

The solution of the dynamic
of plate equation (3) is by using the
finite difference method, the Details
of the solution is derived through the
Ph.D work by Ali Al Hilli [16], this
solution was required for the
equivaent elastic wave speed and the
natural frequency to optimize the
best time and distance increments,
the details of finding the natura
frequency for rectangular clamped
plates (CCCC plates) is shown [14].

The strain energy for these
cases was evaluated numerically
from the integration of strain energy
through the plate area using!*”

o, F0E o, TuTn b ()

12 2 2 ’
%= y* a

, oy
a
u
u

9 +D ae'ﬂzwg
PR TY

Strain energy due to deformation
of delamination zone, (assumed
deformation shape formulation)
Assumptions

i- Delamination occurs at dl layers.
ii-The delaminations areas ae
approximately circular and this area
covers the large deformation zone.
Consider the large deformation
circular zone shown in Fig 1.

For layer i
Yio Y
fi d/2 0

r. hole radius of layer i through
penetration

yi: height of cone penetrate the layer i

R;: radius of curvature of layersi in
the delamination zone, which is
assumed to be constant.

r=a- R sin(f/2) Then

__a-f
R sin(f / 2)
f/2: half cone angle of theimpactor.
Consider awasher element in the ply
i (deformed ply) hasaradiusr then
r=a- R sin(q)
Using the volume constancy of the
delamination area after and before
the penetration, then

fl2
pa’h= CpPrhR dg

0
a-r Oaaf L o)
n(f /2)3@2 tan(f /2)
Multiply by sirf(f/2) and rearrange
the equation

_G=G
a=—+%=
: ..(8)

a’= ngi

c, =-2rf - 4r, cot(f /2)
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c,= [{rif +4r cot f /2)f
- 4{sin(f /2)-f - 2cot (f /2)}
" 2r cot f / 2)]1/2
c,=2sin(f /2)-f - 2cot(f /2)]
The equation (8) has two unknowns
which are the delamination radius
“a@ and the hole radius of the ply
“r”, then a second equation is
needed to cdculate the unknowns
which is the failure criteria of the
delamination zone.
Energy observed due to
delamination itself

The failure criterion for
delamination is given by™: -
.2

2
0 +§&g ..(9)
Ss g

P e
Foelam=§—"%
delam gsng

Where s, and ss are the
normal and shear interface stresses,
respectively, and S, and S are the
corresponding strength, delamination
occurswhen Fy,,.. 3 1.

From curvature of plate

showninFig. 1.
__a-f
Ri=
sin(f /2)
The strain can be calculated using
1
Kqg=—.
R
For Cartesian coordinates,
x=r cos(b) r = x%+y?
y=rsin(b) b=tan'1Y
X
Now that
2 2 2
k=W g, =2 TW angky =W
%2 W Ty

And in polar coordinates
_ - TPw _ 11w
kr— ﬂrZ’anqu_-r_ZW
From geometry
w=R; (L- cog(q))
r=a- R sin(q)
lep =& T O
N L@

q=sin'1&a_ ro
g R g
dr=- R cos(q)dq
ﬂ_\N:M, then ﬁvzo and
Ir sin(q) a2

fiw _ +csc?
o (a- r)(csc(q) cot(q) (Q))
T°w

Y (a- r)(sec*(q +esdd tan®(q - 2cs(q) cot(g)
Using dep by step chain rule
Tw_1fw fla ang Tw_fw fq

x g X Ty 99 Ty

&

q - 2x(1/ 2)

fa_ - 2y(W2) This

Ty a:;l 2 2
IX2+y2R\/1_§ XR+y

[SEARTe

gives

ﬂqz - X and m: -y

b\ r /Riz_ r2

Mo X (o )escld ol +c*(a)
r{Re-r

And
w__ -y
Ty r R,-Z- r2

x r Riz' r2
Then
Tw _ - X

(a- r)(csc(q) cot(q) +csc? (q))
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ﬁv:iaa_wgmand Where , \
B2 16T g T g1 Mmoo 41D

O — Em(l'nm) ?nm " U

T 1 gug fo O mdion, © O
o2 Ta&Ty 5 Ty A
g 2(1- nyy)f

M)( P)esdd) cord +osc2(@)= -k,

Nm and En, are Poisson’s ratio and
2w y glasticity  modulus  of matrix
T Y (- 1)escld cotld) +ese(d)= -k, respectively. Substitute equation (11)
i in equation (10) and rearrange, it

Tw_ 1 gdwg fq gives
XMy Taefxg Ty E1 o glxz
TIZW_ Xy _ :le Efl-n,) {-4a-r) r( lcsd cofd +cs| )‘ﬁ Ny EI J
ﬂ—w—w(a— r)(csc( cot(9) +csf;2(q))_. Kyy i y¥ T ] th); oo Vern 0 g:i}yz_‘
. b ¢ o ﬂﬂ?z%
From plate bending theory g 21 n)f
i U ...(12)
el :e Uy ky | From maximum principa stress and
:ey;/ |e y+z: yy shear stress
! and

|
|gxyp |gxyp %EkXyb
With assumption of zero mid-span

strain
N u
P& TRt Substitute in equation (9), it yields
! €y y= Z: Ky y another equation containing radius f
19vp ﬁkxy" and delamination radius a. Solve with
12 b . equation (8) to get the delaminationa
i and the hole radius of ply i due to
- 1)lesda) cotg +so*(a) Ly2), penetration. The same steps can be
r2(R?- r2f [E repeated for all penetrated plies.
27 The strain energy for the
Isy U 1ey _l_J deformation of large deformation
s =fall e,
xyp xyp ULd:4aQ eoug; +2D12M@+D22?+ +D66ﬁ l;drcn
For interface and assuming plane ..(13)
sirain problems While the delamination
|s u |e u energy is
IS y [D] Ieyy (10) \qZW lﬂWOZ (14)
Itxy|o 199p Ve _pD.a c%ﬂr rirg - rdr

Friction energy

This observed energy is
required to calculate the friction
coefficient between the impactor and
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the plies. The friction processis very
difficult due to delamination, change
in area of the contact, and load with
time and thermal effect on the
friction. Also after delamination
there are other losses in energies due
to friction in delamination of plies.

The friction coefficients
between the composite and the
projectile materiad are measured
using friction disk with the details
shown in the next chapter.

The assumptions used in the
friction work are that the friction is
independent on the hea generation
through the penetration. This

Using the momentum
equation for the projectile

tp
n(\ﬁ-Vr):dq- Fcos(f / 2)- nfrsin(f / 2)dt
0

...(15)
The energy absorbed for friction is
h/cos(\f/Z) ...(16)
UF = d:dS
0

4.Results and Discussions

The  theoretical mode
developed in this work using the
conservation of energy is divide the
absorbed energy into four branches
which are elastic-dynamic
deformation of plate, contact energy,
strain energy of the penetration zone,
delamination energy and friction
energy. The details of the results for
every type of these energies are
presented.

The composite materids
used in this work have the
mechanical propertieslisted in Table
1. The plates which are studied for
the theoretical model has 80*80 mnt
in area and the thicknesses are the
remaining parameters  studied
throughout the work. The equation of

assumption is fair especially because
the penetration time is very small to
transfer heat through the surfaces.
The Friction due to delamination is
small with low movement compared
with the friction due to penetration
which vary clear in the geometry of
the penetration and friction, and
because the delamination energy was
considered, then the friction through
the ddamination was considered
through the analyses of the
delamination [figure 2] . Then the
analyses of frictional energy is based
on the variation of penetration loads
through the penetration.

motion for the composite plates
requires the impact excitation force.
So the modified contact Law was
used. Fig.3 shows the contact force
verses the middle deflection of the
plaae. The contact law was
independent of the thickness of the
plate; therefore the figure contained
the curves for composite used
without reference to the thickness.
Then this represents the contact
stiffnesses for these materids. It has
been shown that the contact stiffness
is higher for the high modulus
materials such as Kevlar composite.
And because the modulus for the
resting materials was in the same
order then the contact stiffnesses for
these materials were closdy related
together.

The first mode natura
frequency of the plate is determined
for the materias studied for different
thicknesses as shown in Fig.4. Use of
the first mode of fragments natural in
the impact anadysis is due to large
deflection that occurs through the
impact. The natural frequency
increases  with increasing the
thickness and this gives the ability to
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use longer increment time for the
finite difference simulation. It was
shown that the naturad frequency
increased with increasing the
modulus of elasticity because the
stiffness for higher modulus materia
was higher.

The equivaent dastic wave
speed for the composite materialsis
shown in Fig.5. The eastic wave
speed in proportional to the modulus
of elasticity and inversely
proportional to the density of the
material, because of that it is shown
that the Kevlar composite has higher
wave speed then the other
composites

From the elastic wave speed and
the natura frequency of studied the
materials the time increment for the
finite difference solution of the
dynamic equation was estimated
using the domain and the details are
given in appendix A. Through the
solution of the (Matlab 6.5) program
built for this purpose the time and
displacement increment was
caculated. The program gave the
ability to draw the deflection that
occurs at the end of the period of the
elastic dynamic deformation which
occurred when the maximum
stresses  calculated through the
running of the program (through the
contact force that penetrates the plate
elastically) reaching the ultimate
stress for the front layer for the
composite plate.

The results of the maximum
force for different thicknesses of
plate ranged from 1 to 10 mm and
for different incident velocities
ranged from 50 to 600 m/s for the
materials are shown in Figures 6 to

Figures 13 for different composite
mateias.

The figures are plotted in the
three dimensional forms where the
vertical axis represents the maximum
contact force before the failure
penetration takes place, the left axis
represents the variation in thickness
and the right axis represents the
variation in the incident velocity. It
has been shown that the Kevlar
composite caried the maximum
value of maximum force due to
impact as shown the largest value for
ginits Fig. 13. The maximum force
to be carried by the composite for the
eastic impact zone increased with
increasing the plate thickness
because the resistance to the
deformation due to contact is
increased with the thickness, which
was call ed, the stiffness.

It has been shown that the
contact force increased with
increasing the vdocity of the
projectile; this is because increasing
the velocity means increasing its
momentum. Consequently the of
force and momentum the latter will
increases.

Figure 14 shows the
deformation shape of clamped two
layers 3-end satin fiber reinforced
polyester plate (80*80mm) impacted
by 7.5g rigid impactor with
Vi=100m/s and r,=lmm. This
ensures that the first mode natural
frequency is in agreement with the
choice of the optimally when the
increment time for the finite
difference and for showing the
deformation shape occurs for the
plate in the elastic zone. It has been
shown that the shape of the
deformation is equivalent to the first
mode shape for frequency of
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clamped composite plate ™. The
maximum deflection islocated in the
middle of the contact point with the
impactor. And the  specid
orthotropity for the woven style for
the fiber is affected for the symmetry
of the deformation through the two
principal dimensions of the plate.
The other phenomena can be shown
is the polar symmetry that occurs
near the contact point. This gives the
reason and fixation of the presented
assumption that the delamination
area is circular for the woven
composite plate subjected to latera
impact force.

The contact energy absorbed
through the impact of the contact
force shown previously is shown in
figures (15 22) for the materids
studied.

From all these results it has
been shown that the Kevlar
composite has higher contact
energy absorbed because it carries a
higher value for contact force as
discussed earlier. The carbon fiber
composite is the second for
absorbing contact energy; the E-
Glass composite was the third. The
arrangement is the same for these
materials for the mechanica
properties as discussed earlier.

The contact energy and
contact force are in the order for the
E-Glass and Carbon Composites
while the Kevlar composite has
higher values for contact energy and
force. The contact force and energy
increased with increasing incident
velocity because of increasing
momentum. And increased with
increasing  thickness of  the
composite plate due to the increase
of the stiffness.

The remaining absorbing
energy were solved together because
those energies give the fina results
for the impact. For example the
number of layered delaminated
which is entering on the
delamination energy should be
investigated. Other type of absorbing
energies is the penetration for large
deformation energy, which must be
solved with the delamination energy
to caculate the delamination area
and penetration radius. And previous
type must be solved with the friction
losses to estimate the fina shape
after impact and the type of
penetration  (partid  or  fully
penetration). The results below for
the energies are coupled together to
give these results. The delamination
energy for the materials used gives
the delamination radius as a side
result for this analysis. The
delamination radius versus loca
projectile radius is shown in Fig.27
for different projectile cone angle.

It has been shown that the
delamination radiusis increased with
increasing penetration radius and
half cone angle of the projectile. As
the projectile penetrates the ply, the
local penetration radius will be
increased and this givesto increasing
the large deformation zone and then
the delamination radius will be
increased. The cone angle of the
projectile has an affect on the
penetration hole positively and
because of that it depends directly on
the delamination radius The
comparisons of the contact force and
energy for different materials with
constant thickness (4mm) and with
constant incident velocity (250m/s)
are shown in Fig.23 and Fig.24
respectively for contact force. And
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for the energy is shownin Fig.25 and
Fig.26.

The types of absorbing
energies for the plate are shown in
Fig. 28 for materia Plain-woven
2.5*2.5 E-Glass reinforced polyester
for 4mm thickness. It has been
shown that the contact elastic energy
is negligibly small compared with
the other types of absorbing
energies.

The delamination and large
deformation energy increased as the
impact velocity increased until
reaching the fully penetration zone
after that the delamination and large
deformation energy stay constant for
al velocities upper the velocity for
just penetration. This velocity was
caled the balistic limit velocity for
the plate.

Before the full penetration
the vel ocity increases the penetration
depth will be increased causing an
increase in the del amination area and
large deformation zone, which cause
increasing the delamination and
large deformation energies. It has
been shown that the friction energy
continuously increassed as the
velocity of impact increases, this is
because of increase in the
momentum of the impact and so the
impact force will increases causing
anincrease in the friction energy.

The kinetic energy and
absorbed energy verses incident
velocity for 10 layers (4m thickness)
is shown in Fig.29. It has been
shown that the absorbed energy
increased as the incident velocity
increases in a rate smaller than the
rate on increasing Kkinetic energy.
The kinetic energy was increased

with the square power of the incident
velocity while the absorbed energy
increases as the momentum increases
and the friction force increases. It
will be noticed that the absorbed
energy depends on theincident vel to
cheek the model an impact tests
were carried out. The impact tests
are done for the fabricated specimens
will be tested. For this reason the 10-
layers plain woven E-Glass reinforce
polyester composite plate 4mm
thickness and 100* 100 mm squared.
The  clamping reduces the
dimensions to 80*80mm. The results
for these tests are shown in Fig. 30.
The material used in the tests is the
same as that shown in the anaytical
solution shown in Fig. 29. A fare
agreement was presented for the
velocity near the baligtic limits and
the experimenta amount of the
absorbed energy will be greater than
that for the analytical solution
because excess amount of energy
absorbed due to matrix cracks and
fragmentation which are not
included in the present model. The
results of the test shown in Fig. 30
shows that the resting velocity
increased as the incident velocity
increases because the resting energy
is not absorbed and increases with
the incident ve ocity. The penetration
time measured decreased as the
incident velocity increases due to
high velocity with constant thickness
giving the shortest time. The
absorbed energy increases as the
incident velocity increases due to
increase in the deflection,
delamination and fragmentation.
These results are similar to the
anaytical results.
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5. Coclusions

The new andyticad model
for impact mechanics of conical
prjectile on composite materials was
derived. This anadytica modd is
based on the energy balance through
the impact. Through this balance
four types of energies are assumed to
be absorbed through the impact,
these are  contact energy,
delamination energy, large
deformation energy absorbed near
the contact zone and friction energy.

The main conclusions of that
can be drawn are:
1. The carbon fibers reinforced
composites have a higher energy
absorbed due to impact than that of
the E-Glass reinforced composites
and lower than that of the Kevlar
reinforced composites.
2. The contact force and energy
increases as the thickness of the plate
increases, and both the mechanica
properties and the incident velocity
increase.
3. The wave speed increased as the
Y oung’s modul us increases, then the
Carbon fibers composites have
higher wave speeds than that of E-
Glass composites and lower than that
of Kevlar composites.
4. The delamination area increases
as the cone angle of projectile
increases and the radius of projectile
increases.
5. In genera, as the incident
velocity increases the energy
absorbed due to impact increases.
6. The contact energy is found to be
negligibly small and its effect
decreased as the incident velocity
increases.
7. The delamination and large
deformation energies are found to be

increased as the incident velocity
increases near the ballistic limit
velocity and when the incident
velocity increases above these limits
the two energies are kept constant.

8. The friction energy has small
effect for the velocity range lower
the ballistic limits and its effect was
increased as the velocity increased
above the ballistic limit until it has
the main effect for the totd
absorbing energy.

9. The absorbing energy due to
impact is found to be higher for
composite materials that have the
higher mechani cal properties.
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Table (1) Themeasured mechanical properties

for the composit

es manufactured

Composition

Woven composite ply

Fiber Matrix Syle

Sult E1=E2 G12

E-Glass Epoxy

Plain (2.5*2.5)

5394 | 2611 |0.096| 473

E-Glass| Polyester

Plain (2.5*2.5)

46.61 | 2226 |0.112| 474

E-Glass| Polyester

Plain (12.5*12.5)

4345 | 2051 |0.093

E-Glass| Polyester

5-end satin (5*5)

41.08 | 2138 |0.045| 455

E-Glass| Polyester Random

3239 | 3184 |0.231 1293

Carbon| Polyester Plain (7*7)

546 | 3023 |0.061| 583

Carbon| Polyester | 5-end satin (5

*5) | 59.85 | 3512 |0.085| 550

Kevlar | Polyester

3-end satin (7*7)

166.8 | 9517 |0.043| 852
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Figure (1) Schematic drawing represent the impact delaminated large
deformation and penetration zone.
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Figure (2) thenormal force and friction through
theimpact penetration load
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Figure (3) Contact force g ver ses plate meddle deflection (wy,) for the
composite used
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Figure (4) Natural frequency versesthickness of platesfor
the composite materials used
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Figure (5) Approximate Elastic wave speed for the composite
materials used

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Eng.& Tech. Journal ,Vol.28, N0.8,201(

Evaluation of Observed Energy From
Adiabatic Impact on Composite
Lamenates

Figure (6) 3-D for cethickness velocity
for Plain 2.5*2.5 E-Glass epoxy.
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Figure (8) 3-D forcethicknessveocity
for Plain 12.5*12.5 E-Glass Polyester
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Figure (10) 3-D forcethickness
velocity for Random E-Glass Polyester
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Figure (12) 3-D for ce thickness velocity
for 5-end Satin 5*5 Carbon Polyester.
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Figure(7) 3-D forcethicknessvelocity
for Plain 2.5*2.5 E-Glass Polyester
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Figure (9) 3-D for cethickness velocity
for 5-end satin 5*5 E-Glass Polyester
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Figure (11) 3-D forcethickness
velocity for Plain 7*7 Carbon Polyester
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Figure (13) 3-D for ce thickness velocity
for 3-end Satin Kevlar Polyester.

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Eng.& Tech. Journal ,

Vol.28, N0.8,201(

Evaluation of Observed Energy From
Adiabatic Impact on Composite
Lamenates

Figure (14) Maximum elastic deformation of clamped two layer s 3-end satin fiber
reinfor ced polyester plate (80*80mm) impacted by 7.5g rigid impactor with
V;=100m/sand r ,=1mm.
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Figure (15) 3-D Contact energy (Uc)~
thickness- velocity for Plain 2.5*2.5 E-

Glass epoxy.
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Figure (17) 3-D Contact energy (Uc)~
thickness- velocity for Plain 12.5*12.5 E-
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Figure (16) 3-D Contact energy (Uc)~
thickness- velocity for Plain 2.5*2.5 E-Glass
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Figure (18) 3-D Contact energy (Uc)~
thickness- velocity for 5-end satin 5*5 E-Glass
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Figure (20) 3-D Contact energy (Uo)~
thickness- velocity for Plain 7*7 Carbon
Polyester.

Figure (19) 3-D Contact energy (U¢)~
thickness- velocity for Random E-Glass
Polyester.
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velocity
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Figure (21) 3-D Contact energy (U.)~ Figure (22) 3-D Contact energy (Uo)~
thickness- velocity for 3-end Satin Kevlar
Polyester.

thickness- velocity for 5-end Satin 5*5
Carbon Polyester.

Figure (24) contact forcefor materials used
for platefor different thicknesswith 250m/s

incident velocities.

Figure (23) contact force for materials used
for plate with 4mm thicknessfor different

incident velocities
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Figure (25) contact energy for materials  Figure (26) contact energy for materials
used for plate with 4mm thicknessfor used for plate for different thicknesswith

different incident velocities. 250m/sincident velocities.
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(m)Penetration radius
Fioure (27) Delaminatina radius ver sus local proiectileradius.
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Figure (28) The absorbing energies duo to impacting 60° cone angle 7.5g rigid
projectileto a (80*80) mm2 Plain-woven 2.5*2.5 E-Glassreinfor ced polyester for 4mm

thickness
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Figure (29) Thetotal Kinetic Energy of the projectile and
the absorbing ener gy versusthe impact velocity.
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Figure (30) The Impact experimental results of the 10-layers plgp (h=3.9mm),
impacted by 60° 7.5 g steel projectile for variousincident velocities
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