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(a) Schematic diagram (b) Physical layout
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Fig. 1 Schematic and physical layout of gas gun system
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Table 1 Key parameters of the sandwich plate

WS  di/mm d./mm d,/mm 2R o./MPa E/GPa y me/kg
SP-1 0.8 5.0 0.8 1199AI1(150 pum) 45 22.1 0.12 0. 825
SP-2 0.8 10.0 0.8 1199AI1(150 pum) 45 22.1 0.12 1. 075
SP-3 0.8 20. 0 0.8 1199A1(150 pm) 45 22.1 0.12 1.505
SP-4 0.8 10.0 0.8 1199A1(80 pm) 65 27.4 0.14 1. 345
SP-5 0.8 15.0 0.8 38 AR 5 0.427 0. 24 1. 565
ST 2.5 0. 780
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Fig. 2 Deformation of specimens after impact loading
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Table 2 Maximum deflection at the center of the front plate and the back plate

WS ATARIR K /mm FARE KRS/ mm | &S BIARE KRR/ mm SRR/ mm

SP-1 9.0222 9.5760 SP-4 4.6943 4.3097
SP-2 7.9756 8.1370 SP-5 10. 3857 9.4739
SP-3 3.6461 3.2525 ST 21.8200
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Fig. 3 Finite element model of Fig. 4 Constitutive modeling of
the impact experiment three different aluminum foams
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Fig. 5 Comparison of experiment and simulation for impact process
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Table 3 Comparison of experiment and simulation for the deflections at the center of the front and back plates

W RRBE fmm TR B K mm BRI fmm R CREE
e m gm am | ™ am o gm
0.15 3.67 4.13 3.26 3.53 2.70 9.01 10. 53 8. 24 7.86
0.33 4. 69 4.94 4. 32 4.74 8.70 10. 39 15. 27 9.47 9.93
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Table 4 Comparison of experiment and simulation for the deformations of the front and back plates

AR B KA RS Je MR R AL A%

R4 — - = — - -
S E/mm HEA{E/mm AR 2E/ % SEE/mm HEAE/mm AAXBE2E/ %
SP-1 9.02 10. 51 16. 51 9.58 9.96 3. 97
SP-2 7.98 8.18 2.51 8. 14 7.66 —5.90
SP-3 3.65 4.09 12.05 3.25 3.49 4.31
SP-4 4.69 4. 90 4. 47 4,31 4,72 9.51
SP-5 10. 39 15. 30 47. 25 9. 47 9.14 —3.48
ST 21.82 19. 23 —11.87
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Fig. 6 Contact force vs. time at different impact velocities Fig. 7 Contact force-impact velocity curve
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Fig. 8 Contact force vs. time with different bullet lengths Fig. 9 Impact time-bullet length curve
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Table 5 Parameters of sandwich plate in the constant thickness analysis

A G5 di/mm d./mm d,/mm o./MPa
DHD-1 0.8 10.0 0.8 65
DHD-2 0.8 10.0 0.8 45

DHD-3 0.8 10.0 0.8 5
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Fig. 10 Equivalent stress nephogram of the specimen with different core layer thicknesses
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Fig. 11 Displacement-time curves of Fig. 12 Contact force-time curves of

specimens with constant thickness
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Table 6 Parameters of sandwich plate in the constant mass analysis

K4S di/mm d./mm  dy,/mm  o.,/MPa | i{tE%S  di/mm d./mm  d,/mm  ¢./MPa
DZI1.-1 0.8 7.38 0.8 65 DZI1.-3 0.8 8. 83 0.8 5
DZ1.-2 0.8 10. 00 0.8 45 DZ1.-4 2.6

M 13 0] LA Y L 75 e J2 AR 2 B 1 25 8 T L AR B 2 AR e 2 AR DT AE T 1 BE A7 RS2
0 368 0 VK 4 e 2 AR AR G B KA B R 22. 69 mum, 17 JL A 3 AR G e KA AE Y 17,5 mm,
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Fig. 13 Displacement-time curves of Fig. 14 Contact force-time curves of
specimens with constant mass specimens with constant mass
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Table 7 Parameters of the sandwich plate in thickness matching analysis

P U R ) di/mm d./mm dy/mm d o/ mm
SP-1/5 1:5 1.51 34.4 7.53 43. 44
SP-1/2 1:2 3.01 34.4 6.03 43. 44
SP-1/1 1:1 4.52 34.4 4.52 43. 44
SP-2/1 2:1 6.03 34.4 3.01 43. 44
SP-5/1 5:1 7.53 34.4 1.51 43. 44
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B 05 T 0 B A A < J2 22 25 T AR .

T I TR » 26— 5 0 P 040 s 26 T T A5 0 T A |

JEL B L 3K SR AR B A8 9 B 7 R o L (FL R S 200/

Y PR TS T B B 9 AR BRI L BN o/

U E WA FC I S04 £ — 5 B9 I 17 s 0 s e s 20 s e

FR 0, i o 2 T 2 %% R T TR MR 0 JEE L thms

K il B 0 M /I L B DR R I T A Vel 15 5 i G AR 1 5 IR 4

IR, B TR B DN R 8, A AR T e /DS, o 2 Y fiE Fig. 15 Displacement-time curves of specimens
ST M T A T AR AR Ak 2 TR with matched plate thickness
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Fig. 16 Contact force-time curves of specimens Fig. 17 Energy absorption-time curves of specimens
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Fig. 18 Displacement-time curves of aluminum matrix Fig. 19 Contact force-time curves of aluminum matrix

syntactic foams sandwich panel with different front plates syntactic foams sandwich panel with different front plates
5 & it

X [ S B A8 52 5 YUK e J2 AR I TR R 38 e R R B 2l 25 2 R R AT TS A R O AT
FE T T LR T 5 2 B Al M T2 ARG 25 4 2 B0 Al xSl J= B i ol R A S 0 AR B 40T 32
4.

(L) VR A0 5 1% o o 3 88 R0 ¥ B2 T b el 0 AT BLRE R A . A 1 9 e o R Y G L S 2 4
S 77 P9 R (L Bt 2 8 R, 3 A DL 2 M OGS 5 W OR B L R X Mk g A R i O 3L S T i



543 TR — S PR AR 5 A T T 0 AL A Y R R R AR Bl 2 e 609

{ELAE 15 kN 7647 4R 15 o 100 42 fik 6] [10) o 5 580 B8 ) 36 o 1 486

(2 U2 W R B4 s 4 o I 6 8 B vy S 2 AR I T A2 T Y RE 0 Btk L B W A ol RE LB . X
TR JELBE S SR A et e ok A 2 0 3 9 TR B ST S A 2 ik ) g % i T e (L T 4 R 5 IR
e J2 ) T ) 228 8 06 L 5 7 45 TR R SR ARASPF T AR S TR R X I R AR P AR E 0 A B R
R P A e 2 AR A 7T e ot BE D AR T R R R L TR 2 AR R S AR

(3) I Je 1A R J2 B2 DT E X e J2 Al A8 BE o o PR BEAT — SE B0 o o I T80 R JSE 2 /0N T O T AR DU T A
T e S AR e ol e R R 2 L 3 B DA K AR 11T A TR B A 5 R 2 A R TR ARJRE B R T T AR U7
— 7 U PPN o I T R R B A S SR A AT o o e R AR ¢ B DA X1 T T AR 4 T 7 T D L LR e Tl SR
(B e JZ AR B e v ol M B B B/ B

(4) THIAR A R 58 JEE AR W I R ARPTR T RE T O 148 v e SR AR wh i A1 R RO LA IR e T L EL I
JH RO 2 AR L S0 A e | 7 AV s R 7 74 A5 A ) < Joms R4 S T A

S 2 3k
(1] BAEEF, SR, Z1L4 8 Je 2 M b 8 B T s m Rz [T]. J1% 2% ,2008,40(2) :194-206.

Zhao Guiping, Lu Tianjian. Dynamic response of cellular metallic sandwich plates under impact loading[J]. Chinese
Journal of Theoretical and Applied Mechanics, 2008,40(2) :194-206.
(2] #% ., EE,BREEKR. 2 fLa)m L H IR g xR BT se e L) 1. 2% 5 94K, 2015,37(1) : 1-24.
Jing Lin, Wang Zhihua, Zhao Longmao. Advances in studies of the mechanical performance of cellular metals and
related sandwich structures[]J]. Mechanics in Engineering. 2015,37(1) :1-24.
[3] fRAd 0% BFIR. ZAEEME 2Rk it na TR T 1% 598 .2008,30(1) : 1-9.
Lu Tianjian, Liu Tao, Deng Zichen. Multifunctional design of cellular metals: A review[]J]. Mechanics in Engi-
neering, 2008,30(1):1-9.
[4] ZhuF, Zhao L, Lu G, et al. Deformation and failure of blast-loaded metallic sandwich panels-experimental investi-
gations[ J]. International Journal of Impact Engineering, 2008,35(8):937-951.
[5] Tilbrook M T, Radford D D, Deshpande V' S, et al. Dynamic crushing of sandwich panels with prismatic lattice
cores[J]. International Journal of Solids & Structures, 2007,44(18/19):6101-6123.
[6] Wang D. Impact behavior and energy absorption of paper honeycomb sandwich panels[J]. International Journal of
Impact Engineering, 2009,36(1) :110-114.
[7] Main ] A, Gazonas G A. Uniaxial crushing of sandwich plates under air blast: Influence of mass distribution[]].
International Journal of Solids & Structures, 2008,45(7/8):2297-2321.
[8] Qiu X, Deshpande V'S, Fleck N A. Dynamic response of a clamped circular sandwich plate subject to shock loading
[J]. Journal of Applied Mechanics, 2004,71(90) :637-645.
[9] Xue Z, Hutchinson ] W. Preliminary assessment of sandwich plates subject to blast loads[J]. International Journal
of Mechanical Sciences, 2003,45(4) :687-705.
[10] Fleck N A, Deshpande V S. The resistance of clamped sandwich beams to shock loading[J]. Journal of Applied
Mechanics, 2004,71(3):386-401.
[11] Radford D D, Deshpande V' S, Fleck N A. The use of metal foam projectiles to simulate shock loading on a struc-
ture[J]. International Journal of Impact Engineering, 2005,31(9):1152-1171.
[12] Radford D D, Fleck N A, Deshpande V S. The response of clamped sandwich beams subjected to shock loading
[J]. International Journal of Impact Engineering, 2006,32(6) :968-987.
[13]  #pe, B RIEEE 5 R4 R F o & 2mr T 2914 & Je i gh A ma iz L) ). 4 9 5 ohifi . 2011,30(12)
22-27.
Jing Lin, Wang Zhihua, Song Yanze, et al. Dynamic response of a cellular metallic sandwich panel subjected to
metal foam projectile impact[J]. Journal of Vibration and Shock, 2011,30(12):22-27.
[14] CREEPE, EAE, BEER . 5. WK &R 7o ah s 2 L4 8 et sh Sy A sE (1] 52 T4 4, 2011, 32(1) : 1-7.

Song Yanze, Wang Zhihua, Zhao LLongmao, et al. Investigation on dynamic response of sandwich plate to the im-



610 S < 5 o i EARVE

pact of cellular metallic projectile[J]. Acta Armamentarii, 2011,32(1):1-7,

[15] Dou Z Y, Jiang L T, Wu G H, et al. High strain rate compression of cenosphere-pure aluminum syntactic foams
[J]. Scripta Materialia, 2007,57(10) :945-948.

[16] skMi—, M, K& 2.0k /AL & MR 2 35 B 45 01 P se Fne s 5P [T ], 48 4 55 whifi, 2014, 34(1) . 28~
34.
Zhang Boyi, Wang Wei, Wu Gaohui. Dynamic-compression mechanical properties and energy-absorption capability
of fly-ash cenospheres-reinforced 1199 Al-matrix composite foam[ ]J]. Explosion and Shock Waves, 2014,34(1):
28-34.

Dynamic response of aluminum matrix syntactic foams sandwich panel
subjected to foamed aluminum projectile impact loading
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Abstract: Using a gas gun driven high-speed aluminum metal foam projectile, we investigated experi-
mentally the dynamic responses of the solid steel plate, the aluminum matrix syntactic foam sandwich
panel and the aluminum foam sandwich panel, whose front and back plates made both from the Q235
steel, under the impact loading. The experimental results showed that using metal foam projectile
impact can simulate the explosion load, that the deformation of the sandwich panel can be divided into
two stages, i. e. the core compression and the global deformation, and that the shock resistance of the
aluminum matrix syntactic foam sandwich panel is stronger than that of the solid steel plate and the
aluminum foam sandwich panel. Based on the experiments, we also performed the corresponding
finite element simulations using the LS-DYNA software. The simulation results showed that the
velocity and the length of the metal foam projectile have obvious effect on the contact force, revealing
a linear relationship. The core foam’s strength has an obvious effect on the equal-mass and equal-
thickness sandwich panel’s shock-resistance behaviors. As the sandwich panel’s deflection is sensitive
to the thickness of the front and the back plate, the deflection of the panel will decrease if the thick-
ness of the back plate is bigger than that of the front plate. The recommended material for the plate
should be of low-stiffness, high-ductility and high tensile fracture strain.

Keywords: aluminum matrix syntactic foams; sandwich panel; impact loading; dynamic response
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