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Abstract: To analyze the reponse of laminated canposites under low - velocity impact, a finite elenent analy-
sismodel is established In order b improve impact resistance of laminated composites, a technique of laminated-
toughening is adopted and ANSYS/LSDYNA s utilized o smulate the danage process of laminated-toughened
camposites under impact load Then tughening project is confimed It gives a theoretical reference for designing
highly-effective toughening structure and the slective tughening

Key words laninated-toughening, composite; mechanical properties impact

40%[1]. , “ " (EX' S'tu) y

1 2008 - 04- 12
973 (2003CB615603) ; (10572068, 10772064) ; 863 (2007AA0190)

(1974—),



95

[2]

[3]
[4]
[5]
ANSYS0.0
LS- DYNA,
2
Any9.0 ,

1 Ls- Dyna960

2.1
2.5mm, 20 mm,
3.44mm, 8 1,
[0°/90°/90°/0°],
, 1
E1 #HrEE
2.2
2D Solid , Thin
Shell 163 ,
) 2
5275 ,5519
EH2 MEsHE
,’

(OONTACT. 2. AUTOMATIC. SNAE. SJR-

FACE).
2.3

ANSYS/LS - DYNA

(MAT. RIGD).

1

1
/ E /

(g an”?) GPa

Thin Shell

Rigid 79.3 200 0.3
163

(MAT. RLASTIC. KNEMATIC) ,

B
Cowper - Symonds ,
8 P
o, :[1+[—J? (8 +[3E,,€zﬁ) (1)
10y ;€ . C, P
Cowper - Symonds € Eﬁ ;
E, Ep=EmE/(E—Etan) ,
2 3
2
I E / !
(g0 an"%  GPa M Pa
Thin Shell  Plastic
o 6 3.5 0.28 97  0.40
163 kinematic
3
I E / /
(g an"%)  GPa M Pa
Thin Shell  Plastic 0.041
o 1.26 3.5 0.28 97
163 kinematic 0. 059
(MAT.
COM FOSITE. DAMA GE) -
1
€, :E ©.-vo,)
1
€, = ©,-w,) (2)

E

1 3
z 12 = —_ 1 12 +0T
G 2

© 1994-2009 China Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net



96

14

’ \&’ \é
] Ell E2 (3.1.2
a
4 (31
4
/ MPa
(¢ an™9 En Ex Esz Gpz
Thin Shell  Plagtic
145 9.2 9.2 4.6
163 kinematic
Gy3(GPa) Gp3(GPd) Vio Vi3 Vs 033(MPa) 0 ,(MPa)
5.2 3.0 0.3 0.3 0.3 2500 97
11 ;2-
3
6.9m/s
, LS-DYNA Solver ,LS- PRE-
ROST 2.0 8
1) ,
2) ;
3)
4) ; 5)
6) ;
7) ;
8)
2) 8)
0.042 0.044 0.046 0.048 0.050 0.052 0.054
0.056 0.058
3 4
4
( ) (
) , (Failure strain)
(Damage length) 5
9

’

© 1994-2009 China Academic Journal Electronic Publishing House. All rights reserved.

5679 ,
8
9 , 2346
: 3(f) :
0.6
£
%\D\( 0.5
WM
2 0.4
0.040 0.044 0.048 0.052 0.056

FNAE

5 TH2KRBMESWIFKEZ EHX R ML

http://www.cnki.net



B E Jem
o o o
S [ =

0042 0046 0050 0054 0.058
RN
B6 TR3RMNESWIFCEZ BHXR L

0.6

0.5

B fem

0.4

0.054 0.058

0.042 0.046 0.050
e AR
7 ITR4KBNTESHEIAKEZ BRXRHLE

0.6
0.5
0.4
0.3

WK Jem

0.2
0.1

0.0
0.040 0.044 0.048 0.052 0.056

RGN AR

B8 ITRS5.7.8KWMUTSWIRKEZBNXRMLE

o
o

F

B K E /om
o

0.4

0.042 0.046 0.050 0.054 0.058
RN
B9 TR6%kHMNTESWFKEZBRXRME

© 1994-2009 China Academic Journal Electronic Publishing House. All rights reserved.

[1]

[2]

(3]

[4]

[5]

[6]

(71

ANSYS/LS- DYNA

[C]//

, 1998:

621 - 625
[D]
, 2004
CHOIH Y, CHANG F K A Model for Predicting Danage in
Grgphite/epoxy laminate Camposites Reaulting from Low - velocity
Point mpact [J]. CampositesM aterial, 1992, 26: 2134 - 2169
SHAHD |, CHANG F K, HAH B M. mpact Danage Resist-
ance and Damage Tolerance of Camposite with Progressive D anage
[R]. ARA - 96 - 1403 - CP, 1996
ISSON O R Analytical Prediction of LargeMass mpact Danage
in Composite Laninates [ J]. Camposites 2001, 32: 1207
- 1215
ANSYS
[J]. , 2003, 8(3):22- 24

LUO R K, CREEN ER, MORRISON CJ AnAppmach b Eval-
uate the Impact Danage Initiation and Propagation in Canposite
plates[ J]. Composites 2001, 32: 51

1111

http://www.cnki.net



