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Influence of radial density arrangement on mechanical properties
of metal foam under impact loading
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Abstract: Based on the generation method of layered density graded foam, new radial density graded foam models were
designed by 3D-Voronoi technique, and their mechanical behavior under different impact loads was numerically simulated by
finite element software. By analyzing the effects of impact velocity, density gradient and average relative density on the stress
of impact end and support end, and energy absorption capacity of metal foams, it is found that the radial positive graded foam
has smaller stress values at both ends than the layered positive and negative graded foams, which can simultaneously protect
objects at any ends. The stress fluctuation of radial negative graded foam is small, which can ensure the stability of the force
received by the object, and the energy absorption values of four metal foams vary alternately at different impact velocities. For
the radial graded foam, energy absorption capacity is insensitive to density gradient, but sensitive to gradient direction. The
energy absorption capacity of radial negative graded foam is always greater than radial positive graded foam. The larger the
average relative density, the greater the stress at both ends, and the energy absorption effect is also enhanced.
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(a) Layered graded foam (b) Radial graded foam

A1 R B TR AR Y
Fig. 1 Density gradient foam models
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Table1 Model material parameters
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(a) Layered positive graded (b) Layered negative graded (c) Radial positive graded (d) Radial negative graded
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Fig. 2 Layered and radial graded foams
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Fig. 3  Strain distributions
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Fig. 4 Nominal stress-strain curves of impact end and support end of four graded foams

071401-6



5 40 2 EAR, 4 whil A T AR I R HEA X IR G R S MRS M BT %74

A 3 L PR LU, A 1) TR LI IR R T PR N AR T el A i A (LD ) N SE
5 i) e JeE AR IS 5 F A o AR ) A RE YA TR v ) DX R A | SR g, el i R AR RS 0.2~0.6 X []
IS T T A o A ) 7R JRE VL AR AT 44 i 3 B8 R ) DX 3l s B8 /S, vk i A R A1V 728 0.2~0.6 IXC [l
Se TSR LT F, TS 5 i 2 IR 2 R RE AR TR E

VL 5 g 4 Fofols JE2 20 IR v ok s 5 S 45 0 ) e KN A IR IE 22 o 45 RO 7 3RS 0 TR R 31 % 5 A 1 728 iy
ok i S i T 7K 2 (14 B e 28T 5 bR A 22 3R KO0 22 1] A IO 2, IO R DN, by 2 sl i
/e T PR B v T R R, 4 Rl I R ol i 14 R R 7 5 90 B W L R A I B A ) IE A
YA el i 4 B I S A 4 Tl L TR T B0 s A2 o 0 A R L AR F) A g 73 904 0 R E /N HCAR 3 Ao, S

35 —
%24 Layered positive Layered positive
30 F Layered negative Layered negative
~ [ Radial positive = Radial positive
% o5 | [EZE] Radial negative E Radial negative
= =
%20 ]
2 2
515 5
g g
=10 :
Z Z
5
0 30 80 200 0 30 80 200
Velocity v/(m-s™) Velocity v/(m-s™)
(a) Maximum stress, impact end (b) Maximum stress, support end
5 4
Layered positive EE4 Layered positive
" Layered negative Layered negative
<s4r Radial positive < Radial positive
E 2 Radial negative E 3 Radial negative
a3 o
172} 172}
g £
wv w2
g2 £
g =)
3] 3]
Z1 z
0 30 80 200 0 30 80 200
Velocity v/(m's™) Velocity v/(m-s™)
(c) Standard deviation, impact end (d) Standard deviation, support end

PR S 4 Tl 2 I R infr i i TS 45 S ) B RIS 3 RIS, 3 o v 22

Fig. 5 Maximum stresses and stress standard deviations of impact end and support end of four graded foams
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Fig. 6 Energy absorption capacities of four graded foams at different impact velocities
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Fig. 7 Nominal stress-strain curves of radial graded foams with different density gradients
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Fig. 8 Energy absorption capacities of radial graded foams with different density gradients
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