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JEMRFIRGZE 2, i 2 FroR o FESERR B, Se R
Truegrid 44 i 5L Z MR AL, K% f5 F-7E ABAQUS/ L | Cohesive layer
CAE ™l i i &y iR Ae 48 A B AR A 8 19 i R IR B FRP layer
R 45 2 BT, RG24 B S A FROT R T R, A
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Fig. 3 Illustration of cohesive elements inserted in solid elements
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Table 1 cohesive interface properties used in present model

EZSEL Al MRS BE HEZSEL Bl
® 11 MPa 7 17 MPa 7® 17 MPa
Gic 0.3 N/mm'"”! Grie 0.8 N/mm'"” Gric 0.8 N/mm'"”!
kY 850 MPa®" KW 850 MPa" K® 850 MPa®"
A; 2.5 B; 0.9 G 370
Am 1.852 Bm 0.522 Cm 1.30%

WE 4 FroR, @57 7 Aymerich 61 (R fIGHE T 5
SEE A BROTRIRL , AR PR SIS T A, B TR
~} 4 65 mmx87.5 mmx2 mm HJ CFRP(carbon fiber
reinforced plastic) |25 MY, JFKE 7% R 5 40 ) 16
JE A 2.3 kg, HARHK 12.5 mm f2EER S K56, AR
i, FEHF I XL 45 mmx67.5 mm A HOT TR N R ST 2
4 1 mmx1 mm, 7EFF H XIS 0 RS20 2 mmx
2 mm, H A R A% AT . AR R Ty 1)
L, B AR S BREE 2 7 R [0590515, WAL 4 TR,
JZ A M N b BT AR RO 25 4E ) S 0B )ZE R 3 )2
90°FRJZEMR 3 2 90 HRM 3 R OCHREM 3 )E, T
b s ARFXTFR . Horf 005 MV B KM 7 1] . FESE
B AR KR ) A U2 1 1 = J2 A B2 Al Ak
PR, B2 A SR EE N 0.5 mm, B TR 5 20N

[0/90/90/0]c AR /2 75 16 F) L2 A 2 T4 A JE2 38 PR R 45 B0, DR e S A 2 SR 45 50, an el 4

Impactor

Cohesive elements inserted at 0°/90°
J*O° layer

} 90° layer
J* 0° layer

Cohesive elements inserted at 90°/0°

M4 (Kl T CFRP 2 A A FRoCH R

Fig. 4 Finite element model for CFRP laminates under low

velocity impact

R SEEGT, BEASURBETT H Xk 45 mm=67.5 mm A EAR -, I B I B 4 S A E A

3 HRMITiE

AT TR A 20 AR, ke ko 7 (IR A i CFRP JZ 8 AR 19 S S0 2B AT BUE AU, JF TAH RS ot 47 1
Pedsc o ARG HILL 2.1 TOCRER S B4R o 3R 1.35 m/s) Fl 4.9 JCRBR Sk 548 o URE R 2.06 m/s) 1Y
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iy CFRP i, HZMAACSENE 2 Ui, Hh ERSpERiE, S8R 1. 2. 3 2 513K H 9k,
T PN A ) ARG A0 7 8] G R BT VAR i, SBCT bR 1, 2, 3 20 B2 R i PN ), T P9 ] AR AD 7 1905 XL Y
ZArFROR 1020 3 T I AP Aosm B s Xo. Yo, ZAER0R 1. 2. 3 J7 M Y R4 3 SR BT DI BE, A0
B 1,20 3 43 B2 T P ), T A RS 1) RNIED A0 5 [0 5 v A e, S8R B 1, 2. 3 48 B3R T A A 1w, T
PRI AN 70 00 60, 60, 60 60, 60 o431 AR IR A KOl I 1 BT 2485

%% 2 Graphite/epoxy 2 ERHSHE

Table 2 Parameters for graphite/epoxy laminates

MESH BAE MEZSEL BE e B
Ep 143.4 GPa!'" Y, 54 MPal' 3. 0.52017
Ey» 9.27 GPal'” X 1 650 MPal'") V13, V12 0.31"7
Ex 9.27 GPal'” Ye 240 MPa""" 80,6 5.7x10" mm™
G2 3.8 GPal'” Z 54 MPal” & 2.7x10% mm'
G 3.2GPal'”l Ze 240 MPa!'” 59,6 7.65x10°> mm''"?
G3 3.8 GPa'” S 100 MPa!'” 5(5f) 5x107 mm?
X 2945 MPal'” S31,823 100 MPal'” 5(6f) 5x102 mm!"?

P 5 25t 2 b AN [ 1R T o et ol B T 0900 80 LR ADLAT 380 1) 28y - [R] pi 26 5 SR LR 4 SR 19 LR A
ML S AT LU 5 S0 Y 45 AR B, AR R DLZE SR A e (EL 23 oy A1 FH I 1R ) 5 15 AR 47

K 6 it 2 PP RESR N AR ARUAT 2 00 200 -0 4% #4255 S 9 WU AT R L. IIAT 6 T LU i,
5 S A R L, BOELAE L) BN A v RSB R 8 B AR S RS R 5 AR ARG

—=a— Test, 2.1]
—— Simulation, 2.1 J L | &
3000 = Tes 4] 3000 Al
% —— Simulation, 4.9) )
' 2500 A
&
PRV
2000} o
Al 5 & 7
. \ = g
\\ Llo- 1500 rdﬁ
S 1000 | WL e
S ‘i?';‘x’ﬁ pe —=a— Test, 2.1]
A —— Simulation, 2.1 J
.,f‘
N, 500 POV o Test, 4.9]
N "% 205 e —— Simulation, 4.9 J
1 1 1 " O s _ L L L 1
3 4 5 6 0 1 2 3 4
Time/ms Displacement/mm

K s BB B B3 - RS
SE WL Y LE A

Fig. 5 Comparison of the numerically predicted load-time

K6 BlEm IS 2 1 28 - 0058 4k 5
SR A LA

Fig. 6 Comparison of the numerically predicted load-

histories with the experimental observations!'” displacement cures with the experimental observations!"”!

& 7 45 T graphite/epoxy JZ2 A WAEARRIREE (2.1 1, 4.9 1) 15 TJEHB [90/0] PIJZ B 2 M2 6] 43 )2
TS B T 45 SR 5 S WA 1 b3 AEIE] 7(a) FiI (b) h, Ze 02 BUE RS B A 25 28, 4 [90/0] o
(] PR 45 B G B i DR SR SRAE 23 IR TE 05 A7 102 S g0 i ok XOGER IS BEHES [90/0] MIESR, 52 %
SRR T O RN o SR ARG 45 B O 0 P gl B R D OoRHE . 4B D=0 B, 35
25 B ICARAT M7, 2= B b6k 6o 1 S 40003 8 D=1 B, i RAARL 45 500 O 28 58 2R AL, Ul it
Bb AT A SRR 2 v Sy v T o Y 1 2 € 3R WDRG 45 BROT 32 B BN IR R S8 2 R . AHER ), AR
RIS B 1 53 )2 A TR S0 R T AR 5 S 30 AR W) 5 AR 3008, T8 [90/0] )2 8143 )2 TR SR BUIETE AR, 43 12 i
SR PR E i Y TES LA OEc Dy

043202-6



39 % TR, F KNGS BT IR PJZ 5 BRI ek M 17 o 4 o %4

(@)2.17 D (6)4.97 (©)9.37

OOCOOSOOOOOO
o= aoolos
SRANW—=SHORNND—S
SHASLASLASHAS

[3®)

S
]3

3

S
)

90°
K7 BRI B 2 2T S SR A R B e

Fig. 7 Comparison of the numerically predicted delamination areas with the experimental observations!"!

i L Y WL LR, BiE 1 AR SCRETY 4 T FE 4, AR SCAY A R RES U L TN CFRP JZ= 5 M7 % e
R o T A Sh A B, JF b T CFRP JZASARERE 1) vh i 87 T B2 AT 0 o RIS JE TN
AR ALY, ATAGASEAY BE % b P 5 25 AT [, AH HEAN 5 RS FRAON, X TS [F] e A i J2 5 A, AR
TRARRI R ER PG EUR S LA R T INWIG o 350, th T8 T AR SR, AN A] H T i3
e R TNER N DA S R AN SBE S s v L i
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Application of cohesive elements in modeling the low-velocity impact response
and failure of fiber reinforced plastic laminates

JIANG Zhen, WEN Heming
(CAS Key Laboratory for Mechanical Behavior and Design of Materials,
University of Science and Technology of China, Hefei 230026, Anhui, China)

Abstract: Fiber reinforced plastic laminates (FRP) have been widely applied in modern industries such as
aeronautics, astronautics, transportation, naval architecture. The impact response and failure process of FRP
laminates are a major concern in academic and engineering community. In this paper, the response and
failure of FRP laminates under impact loading are numerically simulated with emphasis being placed upon
delamination by cohesive elements. The paper consists of three main parts: a damage model of adhesive
layer based on improved cohesive zone method is firstly described; and then followed by constructing a
finite element model with some modeling details; finally, the finite element model is validated on
experiments, and the reason of delamination damage is delineated. It has been demonstrated that the present
model can predict not only the load-time history and the load-displacement curve but also the delamination
of FRP laminates under low-velocity impact.

Keywords: fiber reinforced plastic laminates; progressive damage constitutive model; delamination;
cohesive element
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