9521 B 7 o L5 HE E R Vol.21 No.7
2023 4E 7 H JOURNAL OF DYNAMICS AND CONTROL Jul. 2023

LB Y5 :1672-6553-2023-21(7)-043-008 DOI1:106052/1672-6553-2023-062

BN T ) A B IR EE R IE AT

eyt Fa T O BEe A A
CLE BB K2 BEER 20, KT 410073)
(2. EBFHER S RRGAREREARE MR E, KD 1410073)

e

HE A SCHE TN R T 2 T F AR A G T S K 2 A ) R T e X A
SO TR 30 %6 .40 %6 1 50 Y6 Y B A A AE A 3R AT o R S R A IS L A HT TR [ A AR IR 4 R M S ) 2
AR AL ML 25 R R B, BE A 21 3 N g B A AL T Y K B AR E B T, R AL T T Gibson- Ashby
RN HE AT R HERL B s FLUK P ST 7 A T ol 00 S A8 /I 10 T8 7 2% 6 b Ak 20 35 g 2 6 T 0 S e B AR AR 30 S
Ty 2R 5 PR 2 AR b MU L 43 A T I - o 5 P - A A R 0 T A A A o b o B
T R SR B % R R AT TN 45 SR e WY, T = SR /N T T A 2 R R R A B R B ok T
RERRME . BB ES 7 2 Pk e AT DA SE Ao ST B A R R A TR I TN L A o P B B A 2 A BT R AR T B S
PSS IVIEECy B = NS b 4 @ N i W2 v IO R L P U LY e i

FE %25 TB34 MRS A

i

NS

Impact Resistance and Energy Absorption of Mechanical

Metamaterials with Minimal Surfaces”

Cheng Qian"? Yin Jianfei"* Wen Jihong'? Yu Dianlong'?
(1. College of Intelligence Science and Technology, National University of Defense Technology. Changsha 410073, China )
(2. Laboratory of Science and Technology on Integrated Logistics Support, National University of Defense Technology,

Changsha 410073, China)

Abstract Based on triply periodic minimal surfaces structures, the Gyroid type mechanical metamateri-
als are proposed, and the quasi-static and dynamic properties of the proposed structure are investigated.
Firstly, the quasi-static compression tests of the Gyroid structure with the relative density of 30%, 40%
and 50% are performed to investigate the effect of the density on quasi-static mechanical properties. Re-
sults found that, the structure modulus and average plateau stress increase exponentially with the in-
crease of equivalent density, and Gibson-Ashby model is used to predict the change rules. Then, the in-
fluence of dynamic loadings on mechanical response of minimal surfaces mechanical metamaterials is in-
vestigated. According to the influence factors and variation tendence, the rigid-perfectly plastic-lock
model and simplified prediction model of energy absorption are conducted to predict the crushing
strength and energy absorption of gyroid structures under dynamic impact. This work demonstrated
that, the mechanical metamaterials based on triply periodic minimal surface structure possess prominent

load bearing and impact resistance capability, and the key performance can be predicted by the theoretical
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model, which provide theoretical foundation of the design of high-performance protective structure.

Key words mechanical metamaterials,

impact resistance and energy absorption
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Table 1 Material properties of Nylon
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Table 2 Mechanical properties of metamaterials with
different relative densities under quasi-static loading

E (MPa) op1 (MPa) ep EAD
30% 180.767 9.397 0.506 189.977
40% 240.038 13.659 0.474 256.823
50% 374.358 23.593 0.458 425.195
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Table 4 Dynamic mechanical properties of Gyroid

type minimal surfaces metamaterials
under different velocities impact

o1 (MPa) en EA(D
10m/s 68.49 0.535 991.461
50m/s 68.663 0.54 1003.362
100m/s 71.859 0.53 1027.929
150m/s 82.266 0.583 1290.384
200m/s 100.697 0.627 1710.579
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Table 5 The comparison of simulation results and
prediction results of energy absorption performance of
Gyroid type minimal surfaces metamaterials
under different impact conditions
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10m/s 991.461 1149.389 15.9%
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