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energy and dent depth
28 3ok Wi 30 B 43 A AR S s e S TR R T A i R
E = ko' (D

Hopr,

o=+ RS 4]

PoEE3 S G R 7R K RUE TR /N DRV B X G =1 = v LRI ONE/ 1 SR UL AN DR TER A A R C 8y
(MPa) ; E. N J= M e oh— 2 128 L 77 1) b 0 5 P AR i (MPa) A 5k = 5 56 K030 e m] LA 2 1) A 9
] FPER I E, SRR R gk i il 3242 (mm) 5 8 2 AR A9 M ETR B (mm) 5 E 2 15 2 %0 B i i
drfEE ().
2 HBETE

PG 2 R ST T R S M O R L MR B ol W ) T T R B AT AR ol B L o O T X
iy o PR AT R O E
2.1 KHHPE

S ERZ AR b o 355 T8 X A IR TT 2L 43 2 RAT 4R T 2 AE . AR SOR LR 2R skl
TR R

21 4k W 2



236 S, (2010 4F) &5 25 4%

[)?_l]*d; =~ (2)
FHAERFZ (6, = 0)
AR EIES
FAREE KRB (0, << O)
pESREE S A EE "
IR
2T+ [T +[e] = ©

Krfy Xo o Yo o Ze S0 B ZARAY oy 2 W BRI EE s Y. MEREIT y I B BUESREE s S, .
S.. NHZMBTYIRIE 5 S, R 5 R T n SR T LB B DTSR BE s S, W ) 5 R Ty 1 4 )2 Y
SIYJHRBE s 6, 4 0,5 0. s 0oy » Oy » 0o AAERIT S BB FEJ7 0] A XS R B 1 ) 434
2.2 RIERK

BA MBI R R B2 Z O0 R AR BRE R ARG W R
WhEZ 2 . Rt , FHA BRIC I VAR A0 oot il 2 6 2506 2% 280 )23 W J3E 4 A
BN,

R 2 A W L ) DU 25 Ak T ) B AR AR

E. = 0.07E,,

A= 1B Ak, B 7 78 4% BT HR Y A
B AL AL B, A SCR T EAE W&

KA FEAR T L] DA ) A i Ny
E,=0.2E,, G, =0.2G,, G, =0.2G,
KA FEARET R R B
E, =0.4E,, G, =0.4G,, G, =0.4G,
M IS E R
E.=G.=G.=v,.=v.=0
K, GREB VIR ; v B E NS AR « . v, = 50 50 37 502 AR 0 45 2 7 1) 00 A A )
Jr i,
2.3 HEITE
TES G WPBHIR S oo v, 8 o o 28 A 2 200U(E
TR R e RME s, S EE T — i e o AR
W3 A 2 ey — B () i £ 55047 B — B[] il 26 43 B
o DIBIEL wh o o B2 L WAR L T A b AR Tl 5
ARSCHES T MIEE S pd e e & (D, REER
Bopi 5 R AR L MBTEE, (DO SBP AT 5
i eI AR /N DT AT AR 48 fiE 5t 20 28 B 400 v o 5k
B3 A7 WG o .
Fig. 3 Finite element impact model AR ANSYS 8, @7 7 =4 f BR oty
BT TRY X DU 31 7 52 09 )23 B A A R o o e FR AT T
BB ARYE R 0 N Im~1. 2m Ab 1 H T 7% B b R 19 53 0 1] L AR S PO T O LA B
Xfupas M B BE N 1. Tmm A2 ARG AT T35 i (D X 43 ohos B /o0 147 BU0P R o0
1. 3kg M@ BN 1. 1m, LA 4. 64m/s B3 op i )25 8 BUE TR AN K] 3 FTR .
B 4 ZEHoehdy 5 R AR TE (M) K, K 5 E i )5 E Sy =4E 05 1L Horh oK SE ik
PRI~ A bR 7 AR 2 BT AR, W ) AR AR R R A2 B H LK s (b B i E . WNE R RTLLE LR
M3z i J5 o el Ak A A A T B B T ) b A X AN o T AT T R AT T DX T B Sk /)N




%3 /NI AT - BT BT BE B A 43 ERHIRH o 450 20 A 237

[B] K LT OB BRI AR L 35 5 Bt 4 B9l 7 3 C 4 il DO 0 4 2R Al % — 20, &l 6 B

(o) {PEHARIEE (b SRPriPEEbL

S TR A

Fig.4 The dent depth of laminate after impact
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Fig. 6 The damage of laminate after impact
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Damage Analysis for Composite Materials Subjected
to Low-Speed Impact Based on Pit-Depth Analysis

ZHANG Xiao-juan, ZHANG Bo-ping, WANG Lan-ming, ZHANG Jin-kui

(School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072 ,China)

Abstract: Low-speed impact experiment for composite laminated plate was carried out, and the
relationship between dent depth and impact energy was established. The damage energy was
calculated reversely from the dent depth, and the hammer’s mass and impact speed were determined
by impact energy, therefore, the dynamical numerical simulation for laminates could be carried out.
Relation between the dent depth and the impact energy indicates that the variation of pit depth is
consistent with the energy, and detailed analysis of damage distribution and size was conducted. The
process of transverse low-speed impact of composite laminated plate was simulated by using finite
element soft package ANSYS and method of transient analysis. C-scan was used to measure and to
record the internal and external damages of laminated plate. Calculated and experimental results show
that this method is feasible, especially is fit for the damage evaluation of composite laminated
materials subjected to impact.
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