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A Damage Analysis of Glass/phenol Laminated Composite
Subjected to Low Velocity Impact
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ABSTRACT

Woven fabric laminated composite(Z 2 ZE & A 2), Low velocity impact(A & F4),

Traditionally unidirectional laminated composite which are characterized by high specific stiffness and
strength were used for structural application. But theses composites are highly susceptible to impact damage
because of lower transverse tensile strength. The main failure modes of laminated composite are fiber
breakage, matrix cracking and delamination for low velocity impact. The modified failure criterions are
implemented to predict these failure modes with finite element analysis. Failure behavior of the woven fabric
laminated composite which is used in forehead part of subway to lighten weigh has been studied. The new
failure criterions are in good agreement with experimental results and can predict the failure behavior of the

woven fabric

composite plate subjected to low velocity impact more accurately.
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Table 1 Material properties of the Glass/phenol

Material properties Quantity
, E, 19.74 GPa
Young's
modulus E, 19.74 GPa
E, 8.88 GPa
. Ve 0.138
Poisson's
ratio Yy 0.318
Vo 0.318
G 3.69 GPa
S v
hear G 2.80 GPa
modulus L
G, 2.80 GPa
X, 259.6 MPa
4 259.6 MPa
. ¥ 354.3 MPa
Ultimate z, 37.3 MPa
strength
Sxy 91 MPa
S, 91 MPa
S 91 MPa
Density P 1770 kg/m’




Fig. 1 Finite element model of the woven fabric
composite plate for impact analysis

3. &M Zunp H nF

31 53 3% ¢ W9

7 oA 6.69], 13.037 2812 31.70] & &7
€ Y= Glass/phenol HEAZ A9 &A4ko]
g FEs4a dAMdE FIEAGYY. FE AqUA
6.69] & £ A9 ZARYE HFHe &0
W AE 7] A& 13.031 7131701 o] 7 oA
St utet Heg FA 3o HA EHol A
A}

Fig. 2 © 7t 33 A did 33 4%
Ao e HFH Tl Hd H@d Azt
of W& o8 Mxg Yehgi gt 3 A
6.697 o} tidte 2@ s Ao A A
zZtolE 0.19mm ©)¥ 74 olyA 13.037 o H¢
0.18mm &2 T3 stc), W) £7 oA 31,70
9] 49 1.22mm o= Axt 2z Yk A}

Fig. 32 7} 54 duAo gt 493 #ga
& MY Aoy FEA AloloMe ALY
etz ol $499 F$oz Hd 2@
Zol £33 duA 6.69] oM HHL Ao 2
e zol= 5788N o2 ZAFATW =7 quiR
13.03J &} 31.70] o 79 Z+z} 2266N =} 3990N ©
2 A3 oast wAaEA dd.

&40 ANAE 24 oA 6.695 9 7oA

£ $7 A¥ne dRd 2L AR 23}
t 2PAAT A3we T Pl FA noh
Be &4 F9ol B4 54 duA 31707 o
A deAAE i oAt BT e F 5
Atk f@as A4A 52 HEL B A &
Hol wAsts ane Az B4 AR sdobn
@k SR olede A%, AA 24 WYl 1h

st}

o, 4% & g T U= % non-positive
definite ] 54 7HAA HEZ, e FaA Z

b

3
A FolA &9 e R 2fAs BASA 9
)

91-

@ A 4o F=
W Az} BYL A
SoBgR AvE FUSHa e ol
o= A mue shEel @ FEsh B
Astg FASA Ho) AP 49 T Aol
AP 07 S5 Ao,

0.000 rcne
-0.002
g -0.004
gl
<
@
£
[
8 -0.008 [~ ~—=—FEM for6.69J
a -+ Exp, for 6.6
o —©—FEM for 13,034
0.008 || —EXP. for12.03J
— - —FEM for 31.704
—EXP. for 31.704
-0.010 L L 1 1
0.000 0.001 0.002 0.003 0.004 0.005

Time (sec)

Fig. 2 Displacement time history of the Glass/phenol
under impact energy 31.70J
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Fig. 3 Impact force time history of the Glass/phenol
under impact energy
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(a) Matrix cracking (b) Delamination

Fig. 4 Failure mode of the glass/phenol under impact
energy 6.69J with FE analysis
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Fig. 5 Failure mode of the glass/phenol under impact
energy 13.03J with FE analysis
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Fig. 6 Failure mode of the glass/phenol under impact
energy 31.70J with FE analysis
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