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Numerical simulation of dynamic response of

functionally graded aluminum foam sandwich panels under air blast loading

LI Chunpeng, ZHANG Pan, LIU Jun, CHENG Yuansheng
School of Naval Architecture and Ocean Engineering, Huazhong University of Science and Technology,

Wuhan 430074, China

Abstract: [ Objectives ] In order to improve the blast resistance of lightweight aluminum foam sandwich
panels, this paper studies the dynamic response of functionally graded aluminum foam sandwich panels
under air blast loading using AUTODYN finite element software. [ Methods | Under the conditions of the
same height and weight of the core, the influence of the core layer arrangement on velocity response,
plastic deformation and energy absorption are analyzed and discussed. [ Results ] The results show that the
maximum velocity of the center point of the front face decreases with the increase of the core density of the
first layer. Sandwich panels with high/low/middle core density arrangements provide the best blast
resistance. The graded core absorbs most of the shock energy, and sandwich panels with a lower core
density placed in the first layer have the best energy—absorbing performance. [ Conclusions] The
numerical analysis results in this paper can provide references for the optimum design of the core of
aluminum foam sandwich panels.
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Fig.1 Geometry model diagram of functionally graded

aluminum foam sandwich panel
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Table 1 Core density arrangement of functionally
graded aluminum foam sandwich panel

WNEERE p /(geem™)

5
U ma ma2 WE3 MAs BES NA6 UET

FA&ZE 027 027 051 051 0.86 086  0.51
FZ 051 086 027 0.86 027 051 051
TH&JZE 08 051 086 027 051 027 0.51
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Table 2 The Johnson—-Cook model parameters of
304 stainless steel
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Table 3 The performance parameters of closed—cell
aluminum foam

R p, /(geem™)  BAPERLE/MPa -5 0 F1/MPa
0.27 4791 1.02
0.51 260.13 6.43
0.86 573.30 25.69
80
70
60
= 50
"E p,=0.86 g/em’
B 40
o 30
p,=0.51 g/cm’
20 p,=0.27 glem’
10
0
0.0 0.2 0.4 0.6 0.8 1.0
P12 A () 2 P Y6 TR B TE M A TR 40 N A AR ) —

i 722 Hh 2
Fig.2 Engineering stress—strain curves of aluminum foam with

different density under quasi—static compression
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Fig.3 The pressure contours of the two—dimensional axisymmetric

model map to three—dimensional calculation model
1.2 Bffis ik%s e

N T SRR T ¥R B IR AR S SOk 18]
WA SR BRI A S B T TR R O 304
AN B 1) 34 SO TR AR e JR B FROTARE Y . g U
HOE 4 REAS Bk T A (A T AR R 4 TR A e
JE MR AR K A VR T B gh A R . b, kT
BRRE ¢ R HARERL ¢, SR FEE H, SR



80

S O

»e

5%

F13%

po INT 24, LA K b AR PO 9 e RS T

oMo, A RUNZK 4 7R o

x4 AFRBRERIBVEHELER
Table 4 Experimental and numerical simulation results of aluminum foam sandwich panel
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fp/mm  f /mm  H /mm p /(grem”)  TNT/g S;/mm S, /mm d;/mm &, /mm
SS-9 1.38 1.38 15.0 0.38 55 22.15 23.83 22.03 20.33
SS-10 1.80 0.90 15.0 0.38 55 21.53 21.06 21.96 20.14
SS-11 1.80 1.38 15.0 0.38 55 20.15 17.83 20.40 15.98
SS-12 0.90 1.38 15.0 0.38 55 23.34 29.25 23.92 27.56
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Fig.4 Comparison of profile deformation of aluminum foam

sandwich panel (SS-10)
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