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Numerical Analysis on Impact Properties

of Steel-aluminum Foam-fiber Composite Structure
WANG Xiaoyu, HE Guangling, LI Zhiyang, WANG Bangguo, XIE Xiaofeng
(North China Power Engineering Co. , Ltd. of China Power Engineering Consulting Group, Beijing 100120, China)

Abstract: The method of numerical simulation was used to study the dynamic response characteristics of steel-aluminum foam-fiber
composite structure under the action of impact load. The influence of different panel thickness and core layer thickness on the impact
resistance of the composite structure was investigated emphatically to find the rule. Compared the influnce with diferent ratio of alumi-
num foam sandwich plate and front plate in composite structure, optimal mass ratio was marked to optimize the design. In this case,
it can provide data basis for engineering practice. It is indicated that; (1) Within the scope of a certain quality, the composite struc-
ture with increasing steel plate perform better than aluminum foam in impact resistance. However, there was a optimal quality ratio
between steel plates and aluminum foam. The optimal quality ratio was about 0. 97 : 1 with 120 tons composite structure with sice of
9.2 m X9.2 m; (2) The optimal quality ratio was about 0. 75 : 1 ~ 0.83 : 1 with 150 tons composite structure. As the front steel
plate is 9.5 cm and aluminum foam is 54 cm, the combination property was achieved to resist 300 m/s velocity projectile considered
technological requirements and cost. In this way, its weight is only 1/5. 67 and volume is only 17% of the reinforced concrete struc-
ture under a certain safety reserve, and it can perform better in impact resistance.
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Tab. 1 Size and operating conditions of composite structure

AT ERAR JURER/ PE SR/ R BN AR IR/

Lk cm cm cm cm (m-s')
S2F5 2.0 50.0 2.0 0.5

S2F6 2.0 60. 0 2.0 0.5

S2F7 2.0 70. 0 2.0 0.5 00
S4F5 4.22 50.0 2.0 0.5 233
S6F5 6. 44 50.0 2.0 0.5 266
S4F6 4.22 60. 0 2.0 0.5 300
S8F4 8.66 40.0 2.0 0.5

S10F3  10.88 30. 0 2.0 0.5

e S—#; F—ifikh; S2F5 FoRli B 2 cm, WEIRH 50 em,
742 em, JE B0 5 em BT —IIRER — PRS2 5450

(a) EEHH 1/4
(a)1/4 model of the composite structure
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(b)Missile and S2A5 composite structure size( unit; cm)
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Fig. 1 Finite element model and the calculation model
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Fig. 2 The curve between stress and strain of aluminum foam

PE 4 4k % ] + MAT_ENHANCED _ COMPOSI-
TE_DAMAGE #4 ¥} A ¥4 #5 81, b A4 Rk A5 AL 2 fR
Chang & Chang & JEAYSRE SRR ARL, % 0.97
g/em’, BPEALEL 130 GPa, JAFALL 0.2, Atk
SRR 2, Hoh S OB YIsREE, S, il 48
B, S PR, S, OB R4, S, h
PR . AR, FA RS [ [R]
HAZEZ AMEIEBRER

R2 PEFHHBSHE

Tab. 2 PE fiber material parameter

Py Gab Sie St N ye N yt S
= /GPa /GPa /GPa /GPa /GPa  /GPa
24k 40 350 420 150 30 30
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Fig. 3 Destructive of composite structure under impact load
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Fig. 4 Energy comparison of structures with different

thicknesses aluminum foams
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Fig. 5 Energy of structures in each layers with different
thicknesses front plates
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Fig. 6 Energy absorption comparison of three

structures with same quality
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Tab. 3 Bombs penetration ability

BiE/(m-s') 100 200 300 400 500
|45+ /m 14.9 36. 4 57.9 79. 4 100. 9
|- £ 44 VLT
%”%fm“?ﬁi 0.9 2.3 4.1 6.3 8.7
TREE/m

x4 JBEMRSTHER

Tab. 4 The data tble of structure size

S5 AUEAH/om JEIRER/cm PE £ 4E/cm )R B AN/ cm

S2F8 2.00 88.0 2.0 0.5
S4F7 4.22 78.0 2.0 0.5
S6F6 6. 44 68.0 2.0 0.5
S8F5 8. 66 58.0 2.0 0.5
S10F4 10. 88 48.0 2.0 0.5

TSR s RO FE A 7 B . SR Kk
B, HORP A5 A R IR BE 4 ) R 150.3, 139,44,
147.62 . 173.78 . 161.77( x10° J), B S8F5 4%
FIREME N I Z B . LA 45 M A B, 40
MR SR A B i LA — D i B i iy LB, Y
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Fig. 7 Energy absorption comparison of five kinds of structures
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