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Table 1 Mechanical parameters of the composite materials'"

E,/GPa E,/GPa v G,,/GPa G,;/GPa G,,/GPa
180 10 0.28 2.6 39 39
X/MPa X/MPa Y/MPa Y,/MPa S\,/MPa ol(g-em™)
2 500 1250 60 186 85 1.95

JZ ] i 5373 R 9 28 7 (Cohesive) B0 B4 . P9 5R 7 BRI AT LA OB 4 24 12 s L 37 e
PR 2oy )2 kA BARM B S8 W3R 21, SR KL K K WIS IEERINIEE, N, S, T 43 5 3%
IR 3ANH PSR, G, G,. G, 4 W3R 345 ] BT 246 o

PA] L9 TR B0 008 J2 SR AR A1 Bl A16061-T6, i 7 - 48 3¢ 32 2k H Johnson-Cook A< 44 75 #2134 .
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c=(A+B")(1+Cln&")(1-T"") %)
FF Johnson-Cook ASF#E AU i) 5 5 2 iR 20 R
€£ = [D] +D2 exp (Dgﬂ)] (1 +D4 lna*) (6)

S s, & RS K, o RS, A A IR AR B 5 S A B, € 5 52K R
RH T TERIRIE, n BB T, m R BE AL T, Dy~ D AR 28 B S UL 3.
# 2 Cohesive B TH RIS "™

Table 2 Material parameters of cohesive elements™*

K, /(GPa-mm™) K. (= K)/(GPa-mm™) N/MPa S(= T)/MPa G,/(J-m?) G,(= Gy)/(Jm?)
120 43 30 80 520 970

£3  AlG061-T6 # &%
Table 3 Material parameters of A16061-T6

pl(g-em™) E/GPa v A/MPa B/MPa N m
2.7 70 0.28 265 426 0.34

—
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Fig. 4 Energy-displacement curve
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Fig. 6 Failure mode of sandwich panel under 33.0 J impact energy
PO &t T I )2 45 A4 PN fE I I T] 1) 42 Ak il R4 TEEETREROBRIZE
2 AR, 2 2 550 0N R e R Table 4 Tear degree of rear panel under different energy

Jalk/N, BJEETRE . NiER/AINHREREZE Impact energy/J Tear layers
ZEM I RE R . K 10 40 T shiRe R 5 33.0 0
MG AR LR B R o FE—E YL BN, BE & o 58.7 3
B K, J5 TR A9 Fe A R s K 91.7 5
32 DEBMEBEESYESESAGMERAM ISR AEMNENEI

TS J2 PR A T 95 R 00N 2 v X e s e i e PERE AR A S . AR SR RS Z N [RLAR N % S50 R
FE B R AR FHX Bk £ 4 -y PR R e U bt b e PR RE A2 ), AR 5O 2 B AR, T 5 Fh e i gh 4y, ¥ e
TN SRR R 2 DA /N B R (s 2 iy BE AR B/ ) X b 7 2, 0 g ok 1, 2%, 3%, 4% 57, Wb vk e
WM 33.0 1, ZEUNEE S R

034202-5



534 4 [ I s S 7| ®oo% ) 53
16 100
—=—33.0J A
——58.71]
—A—91.7] 80
g 12+ -
g Eﬁ 60 ¢
o
5] 2 40
= 2
2 3
A 4L 20
0
1 2 3 4 0
Time/ms Time/ms
<A NGRS s AN [ 1iE2 B8 N[ bl gt ARk Sl fg-ae ] il 2k
Fig. 7 Displacement-time curves of impactor Fig. 8 Kinetic energy-time curves of impactor
at different impact energy at different impact energy
100
3.0+
- é 25+
>
5 220f
5 S
= S
£ s 1.5k
2 23
= 2
ot
0.5+
30 40 50 60 70 80 90 100
Time/ms Impact energy/J
N [ R L s 23 N Ty s RN S B 10 ASfF i e TS AR B KRS
Fig. 9 Internal energy-time curves of the Fig. 10 Maximum displacement of rear panel
sandwich board at different impact energy at different impact energy
x5 SHARMRTLER
Table S Five different sandwich structures
Plane size of Upper (lower) . The thickness __.
Structure . . . Core relative Diameter of  Impact
specimen/ Stacking sequence panel thickness ) of the core .
type density/% impactor/mm  energy/J
(mm x mm) /mm layer/mm
1 10.0 15.0
2* 12.5 12.0
3* 100 x 100 [45°/0°/—45°/90°]; 1 15.0 10.0 12.5 33.0
4* 17.5 8.6
5* 20.0 7.5

BT BT 12 20 5 S s 1 5 b e e 5 ) 52 infr o N, e ke 11 dnfo o 28077 - o [ty 24 R0 Sk 57 A% -1 ] il
2o ATLAA Y, ER0 46 i BE AR R A9 25 AR T, B 2 AR B R 10.0%(JE B2 15 mm) I, s J 6
B /N T Al 4 R S8 5 A UEAEL, <115 DX ) BE A, sk de RS K

P13 45t 1 5 e i 32 b I Sk 44 20 BE - T il £, Sk Sl RE A9 A8 A F SR AC A ) o PGS
JE A — R N, USSR AT 85 J3E RS B A — e Y TR A, ok o 7 v v i Bl R IG 0 3 A A

K14 25 7 5 RhAS R et B8 2 B9 BB VEFETBORE - AT ik o mT LAR MY, 3745 0 B B8 M FE O RE 44
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Fig. 11 The impact force-time curves for Fig. 12 The displacement of impactor-time curves for
different sandwich structures different sandwich structures
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Fig. 13 Kinetic energy of impactor-time curves of impactor Fig. 14 Plastic dissipation energy of core layer-time curves
for different sandwich structures for different sandwich structures
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Fig. 15 The ratio curves of the maximum displacement of back Fig. 16 Maximum stress of each back layer

layer to core thickness for different sandwich structures for different sandwich structures
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Fig. 17 Force-time curves Fig. 18 Displacement-time curves of impactor

Mises stress/MPa Mises stress/MPa
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(a) Simple-support boundary (b) Clamped-support boundary
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Fig. 19 Stress plot of rear panel
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Low-Velocity Impact Response of Carbon Fiber-Aluminum Foam Sandwich Plate
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Abstract: In order to study the low velocity impact response of the core-layer structure, this paper simulates
the damage process of sandwich structure, that carbon fiber (T700)/epoxy composite laminates are used as
the top and bottom panel, the foam aluminum is used as core layer, under impact loading of drop hammer.
The composite laminates were modeled with three-dimensional solid elements, and the failure criteria of
three-dimensional Hashin were introduced to simulate the damage of composite materials by the user
subroutine VUMAT in the finite element software ABAQUS. The bonding layer failure between the layers
was simulated with criterion of the secondary stress and cohesive unit. The aluminum foam core layer was
modeled by a 3D Voronoi mesoscopic model. By analyzing the damage initiation, damage propagation and
final failure modes of composite sandwich structures under low speed impact, the progressive failure
mechanism of composite materials was clarified. The contact force and displacement through the hammer
head, internal energy of sandwich panel, rear panel to study the stress distribution and maximum
displacement energy absorption and impact resistance of sandwich structure. The optimal design of the
coupling relation between the relative density and thickness of five different core layers under the condition
of a certain quality control have been obtained, which provides designed guidance for satisfying the
requirements of practical engineering.

Keywords: composite sandwich plate; low speed impact; damage evolution; dynamic response; energy
absorption characteristics
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