D H R ] Applied Mathematics and Mechanics

451 202441 A Vol.45,No.1,Jan. 2024
© N FHHCF R % 9 %6 4% 1SSN 1000-0887 http ://www.applmathmech.cn

2 B 5 MU 360 K 48 4 40 5 A W T W B M R 5

BOEM, RER, & ED, KAR,
®ORC, MTR, EFRE, 4 K

(L LRI AR, BRI 430079;
2. VELEAT AR HUARES Fa ot B 5 4R oy [ K U906 %, P42 710049
3. PHALEEHARBIR T, P44 710024)

FE. b T RREIRAREENERE , 2 0K 2 B SO TR RAZE & 48 1 T —Fh 2 BE A IS SR R AR 45 40l )
Hopkinson HAFR S LA AT FRICAMAT R4 ABAQUS/ Explicit, BF 53 T W IR ER | 22 B4 S HEH8 5 W WK 47 A0 sl 25 IR 38t
PEXT E 4B TIIRER B & 2 BEETE AR TR R REVERE , JF 18 1 20 BE A 1Y BRI TR AR (%) 1o 78 22 34Ny DA M g A%
BN 22 BEAG TR LR R R B G DA B 52 L S 3R W, A BR T 05 L RE 5 35 4 A DL 0 445 AR DU 46 R 3R I B R
T 0 A A0S g A8 25 AN W Wl T 2 e A % 2 T A 8 5 0 T 0 I 78 3R 58 I A oA W) B 7 v g A8 238 T HL 8 W S PT
BT AE B T R, 2 REE BRI BR AR 0 (A H PR — 2 BEAE B IR A B B RS o, L RE I
AH L B — 22 BE A I Y0 TR AR BE B W AR T 10.349% 38 11 iFF 57 22 BEAS G S8 YL AR B0 1) Sl A TR B R, 7T g 7k 2k I g
Fa P B PR LR Fn 2%

X 8 R ZEEE; IR, AR NAER; MG

mESES: TB30I XkERER: A DOI: 10.21656/1000-0887.440186

Dynamic Response and Energy Absorption Performances of
Multi-Walled Tube Reinforced Aluminum Foam Structure

ZHOU Rui'*, ZHANG Zhijia>, ZHANG Wang’, ZHANG Qiancheng’,
WEI Xin®, SUI Yaguang®, WANG Jiangiang®, JIN Feng’
(1. Hubei Business College, Wuhan 430079, P.R.China;
2. State Key Laboratory for Strength and Vibration of Mechanical Structure,
Xi’ an Jiaotong University, Xi’ an 710049, P.R.China;
3. Northwest Institute of Nuclear Technology, Xi’ an 710024, P.R.China )

Abstract . In order to improve the energy absorption performance of the aluminum foam, a multi-wall tube re-
inforced aluminum foam was proposed. The dynamic crushing characteristics of the aluminum foam, the multi-
wall tube, and the multi-wall tube reinforced aluminum foam were studied by Hopkinson pressure rod tests & fi-
nite element analysis with software ABAQUS/Explicit. The deformation mode and energy absorption of the alu-

minum foam was compared with those of the multi-wall tube reinforced aluminum foam, with the strain rate
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effect on the coupling enhancement discussed. The results show that, the finite element analysis can simulate
the test results well. The strain rate effect on the aluminum foam is not obvious, while that on the multi-walled
tube and the multi-wall tube reinforced aluminum foam is considerably obvious, and the energy absorption im-
proves with higher strain rates. Under the dynamic impact condition, the peak strength of the multi-walled tube
reinforced aluminum foam has obvious coupling enhancement compared with that of the multi-walled tube or
the aluminum foam, and the corresponding energy absorption of the former increases by 10.34% over the sum
of those of the latter ones. The study on dynamic crushing characteristics of the multi-walled tube reinforced a-

luminum foam provides a reference for the application of energy-absorbing load-carrying components.
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Fig. 1 Hopkinson pressure bar tester
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Fig. 2 The MWTRF specimen
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Table 1  Specimen parameters for dynamic impact tests

specimen number height & /mm diameter d; /mm diameter d, /mm thickness ¢ /mm mass M /g
AF-9 40 - 56.78 - 40.4
AF-5 40.015 - 56.715 - 43.2
AF-1 40.04 - 56.73 - 43.8

EMWT-2 40.00 31.80 31.80 1 16

EMWT-3 40.08 31.92 31.92 1 16.2
EMWT-1 40.02 31.99 31.99 1 16.2
EMWT-4 40.08 31.95 31.95 1 16.2
MWTRF-3 40.16 31.80 56.86 1 59

MWTRF-4 40.092 31.92 56.77 1 58.4
MWTRF-1 40.08 31.99 56.79 1 60.2
MWTRF-5 40.056 31.95 56.78 1 58.2
MWTRF-6 40.204 56.85 59.2
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Table 2 The test setup

speed
sample
4 m/s 9 m/s 13 m/s 18 m/s
AF vV vV - -
EMWT vV vV - -
MWTRF vV vV vV vV

2 ARoCHA

AR ABAQUS/ Explicit #3577 ZBEAS HASR IR ER A FROCECTY il 3 Frs ARl b N FR Al Bk
Y 22 B 5 IR AR DU R . R Sk B AR MRS LA/ N AT G e 4 o R kR e 4 e R
FEARE R, SR U E 52 50T (S4R) EAT IS X4, A% RSE 8 1 mmx 1 mm R AR 38 53 T 4k 0 S 44, R
FH/\AY sSSR BT ( C3D8R) AT P A& 4] 43 s Z BEAE R FHDUIE S BT (S4R ), WAS RSF 20 1 mmx 1T mm i
TR IR ER AR A A BT 35 SR FH AT e AR L VR 6 T U TR A0 1 G 85 In) R, 25 DB B A I 9 S X W g ifE AT 1)
W, I FLAER A v oA 28 B TR AR HH B R M v (0 B4, DR LM I Ak VR =55 0 T R 2 30 UL A ik 22 e 4
FRAA ARG 70 SAy AU 1 45 1) ) ek s A TR s v b 1, B SR 2 0 8 e fin 4. A8 T s A e, R AR
S5 LIRSS BRSNS A 4 o, AR SR 3 2 Ak, 58 Ak Ry ) e R 4 DR 0. 2 4B L1 A4
BESHUNE 3 Fis.

upper plate

lower plate

B3 ARIeHER
Fig. 3 The finite element model
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Table 3 Material parameters

material density Young’ s modulus yield strength tensile strength Poisson’ s ratio
p/(kg/m?) E /MPa a, /MPa o, /MPa v

Al6061 2 700 70 000 190 230 0.3

Al foam 400 500 6.09 - 0.11
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Fig. 4 The typical waveforms for the aluminum foam (v = 3.8 m/s)
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Fig. 5 The strain rates of the aluminum foam
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(a)t = Oms (b)t = 1.57 ms (c)t = 3.14 ms (d)t = 471 ms

(e)t = 6.28 ms (f) ¢t = 7.85 ms (g)t =942ms
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Fig. 7 The dynamic deformation process of the aluminum foam (41 s™')

(a)t = Oms (b)t = 1.57 ms (c)t = 3.14ms (d)t = 471 ms

(e)t = 6.28 ms (f) t = 7.85ms (g)t =942ms
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Fig. 8 The dynamic deformation process of the aluminum foam (102 s™')
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Fig. 10 Comparison of EMWT stress-strain test curves with finite element results
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(e)t = 6.28 ms (f)t = 7.85 ms (g)t =9.42ms
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Fig. 11 The dynamic deformation process of the multi-walled tube (50 s™!)

(a)t = Oms (b)t = 1.57 ms (c)t = 3.14ms (d)t = 471 ms

(e)t = 6.28 ms (£) t = 7.85 ms (g)t=9.42ms
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Fig. 12 The dynamic deformation process of the multi-walled tube (107 s7')
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Fig. 13 The strain rates of the multiwalled tube reinforced aluminum foam
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Fig. 14 The strain rates of the MWTRF
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Fig. 15 Comparison of stress-strain test curves with finite element results of the MWTRF

(a)t = Oms (b)t = 1.57 ms (e)t =3.14ms (d) t = 4.71 ms
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Fig. 16 The dynamic deformation process of the aluminum foam enhanced by multi-walled tubes (52 s™")

(a)t = Oms (b)t = 1.57 ms (c)t =3.14ms (d) ¢t = 471 ms
17 ZEEERRIIRIAIS DL # (108 1)
Fig. 17 The dynamic deformation process of the aluminum foam enhanced by multi-walled tubes (108 s™")
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The dynamic deformation process of the aluminum foam enhanced by multi-walled tubes (143 s7')

(d) t = 4.71 ms
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Fig. 19 The dynamic deformation process of the aluminum foam enhanced by multi-walled tubes (202 s™!)
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Fig. 21 The energy absorption curves
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Fig. 22 Schematic diagram of enhanced energy absorption
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