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Fig. 1 Single-cell configurations of two TPMSs
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Fig.2 Level set constants versus relative densities
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Fig. 3 Geometric modeling of the specimens
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it SLM AR M 45 1 s #ERL XA (ASTMES/ESM
PRl ), xS AT T HERR SR S50 . 3D FTE)
il £ B i A RE R ST 2 B0R 52 56 i £k o1& S
TNo 316L AR AL N 7 - 1 A% i 2k 3 30 B
B SRR AR, BARR 12 S 80 R BN
7 830 kg/m®, # [CH i E=208 GPa, I kb 1=0.3,
W JE AN 7] o=466 MPa.

R TR E T ERURE Y AT EORS BE, 6B
HEATI &, AP IR 2400 B 3 UK, SR 3 vk e 4
REEEE, G550 R 1R

Hybrid
structure

Single structure
NN

K14 SLM fTERIRAR
Fig.4 SLM printed specimens

1000
—— Engineering stress
—— True stress
800
£ 600
S
s
& 400
0,=466 MPa
§ 6 mm
200 | | |
E=208 GPa 1
25 mm
O 1 1
0.1 0.2 0.3

Strain

5 SLM TEBRIERFAE SRt 00 -1 A8 il 2%
Fig. 5 Stress-strain curves of SLM-printed
standard parts in uniaxial tension

F1 MWAHABEHNRE

Table 1 Masses of test specimens

Specimen Designed Specimen Mass Designed relative Relative density Relative density
mass/g mass/g deviation/% density/% of specimen/% deviation/%

Gyroid-1 38.96 40.52 4.00 36 37.43 3.97

Gyroid-2 38.96 40.35 3.56 36 37.27 3.52
IWP-1 38.96 40.21 3.20 36 37.14 3.16
IWP-2 38.96 40.12 2.97 36 37.06 2.94
GIP-1 38.96 40.65 433 36 37.55 4.30
GIP-2 38.96 40.37 3.61 36 37.29 3.58

F TR Y, A B A 3T BN 09 F X ity 40.37 g, PS5 AI0 B2 0 37.29%, & 1R 22 1

T 5% DI
22 EEAEZSHRTZE

SR FH A P 0 AR T S X A v i 3 2 b S 6, R Al OO 7 00 A ) S 958, ek P
23R8l 0 M o AR ol AT X R it B ey, SR B AN IAT 6 i .
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Laser velocimeter

Striker l l 400 mm L,=2 100 mm Absorber
|< > >  D=40 mm
[ ( % = Test bar 69 Absorber bar
<>} Specimen

L;=200 mm Strain gauge

O

High-speed camera Data acquisition
Ko i GRS 5

Fig. 6 Direct impact Hopkinson bar experiment setup
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B B — S5 R MR 5 44 A A U I B AR AT o el T A9 A BROCBEIU S SR 5 S0 R 25 R h AT e, B
J1- R W 2 AL A R An 151 7 FEL 8 Bz, AT LA Y, BOE AL A5 R 5 SL g 45 1 W 5 R iF . R0
AT BRIT AR 125 RE S L I MRS ALL TPMS 2540 9 s 25474

500 b ——1900s", Gyroid, experiment ] ) ——1900s"!, GIP-1, experiment ! R
--- 1900 s, Gyroid, simulation J . - 1900 s, GIP-1, simulation R
——1900 s, IWP, experiment i ! 400 F —— 1900 s™', GIP-2, experiment [

400 L -~ 19005, IWP, simulation . ' - 1900 s™!, GIP-2, simulation 0

' ' P
& ',’ & 300 s
= 500 S = £
2 v : 2 200} N
2 200 TN Y NI 2 AR TNF
N PN e L £=0.3
(/AR [ S .
100 _": g 100 "1’ - \
R 0, Hybrid region —» IWP region
: - Ys
0 1 1 1 0 1 1
0.2 0.4 0.6 0.2 0.4
Strain Strain

(a) Single structure (b) Hybrid structure

Bl 7 S S R R gL

Fig. 7 Experimental and numerical simulation validation

Single structure Hybrid structure

GIP-1

Gyroid

HreY

ol

A

0% 12% 30% 36% 0% 12% 30% 36%
[ L e
0 Von Mises/MPa 1200

K18 50 m/s Mk Nk T B —ZE R FNIR & S5 A0 1 S 30 SRR TR AR S
Fig. 8 Deformation modes of experiment and simulation for single and hybrid structures under 50 m/s impact loading
P8 25t 1 S HG AN A AT DLAS 21 Y B — S5 R R 5 45 MR R AE 385 1900 s (i B2y 50 mi/s)
M hil N AR AL R . AR 8 PRI LU Y, Gyroid 1 IWP &5 44 X 52 3 H 45 &) Y 1T 4 728 TP A6
o TR B ohali 2 i, IR 5458 GIP-1 WASTE W) ) B 28 4 S A AR 52 B &) IR Bt i 2R JE A 50, AT

(Ew]

25k, A S GIP-1 EBLH TR A L4, H Gyroid 138N IWP 3 AR JRSL A7 AE, T2 BpIR] T
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Vi, LRI O R 32 A R 3T o Sl bIp R A PN AU . 1 254 A9 R R AR 1, i AR 5 4544 GIP-1 7
TR AZ ol I RERS JE B EOINOL S RO PERE . TR 9 48 i T AE 50 my/s nhili 2 N IRA A GIP-1 1Y 12 A R
JLEERLEN . T LA, fEIR G 451 GIP-1 (Y P, [ A IX k8 ad e ik e, B Bl 1 K8 L 1% 9
B X SE AR B0 AF AR (A A5 R PR 2 B AP 1 VR R IRERERS S AR BB AR, NSO ) bl i B 3
BT F B T IRA S5 GIP-1 AW BEFISR B2, b gk — B3 o T H e B OICRE Jg , (AR BT 37 Al
FE R M AT I LA ) ] ) O 5o

Impact velocity Effective stress/MPa Effective plastic strain

High-stress areas Wide range of plastic hinges o

K19 50 m/s M NEk ~ GIP-1 25401 1/2 7 FRCHAL | If

Fig. 9 1/2 finite element model section of GIP-1 structure at 50 m/s impact loading
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— 5 R B A NS R4, TEIR A 454 GIP-2 AP rhil I B h I I E 2 (0. X — [ BEAY g Wi
IR R BRI RSB, R BRI R T8 1 B BL. PR, IR 54 GIP-2 i i Y £ R M WAC L il <52 K
TORIRERERIRER I 5 5, A IWP 380 Jay 3 8 S A ol — R 7 RE s SR, PRI & 2 10 3 A
Pt — M5k T Z5A A RE R WA RE ), (AR DT ph il AR R R B (o X R BT RS O O A e P R Y
AE R A SR AL TR kA

3 FR5R
3.1 fuAE RN

VIR UG VEAB Y ST 0 pea « - 55 I T 0 B LW FE (specific energy absorption, SEA) VE b PF- i 46 b >k 1FAk
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Fig. 10  Stress-strain curves of structures with different loading velocities
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Fig. 11  Energy absorption efficiency curves and densification strains for single structures and hybrid structures
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Hybrid Design of Triply Periodic Minimal Surface Structure
and Its Mechanical Behavior under Impact Loading

LIU Jiajing, LI Zihao, WANG Zhihua, LIU Zhifang, LI Shigiang

(Institute of Applied Mechanics, College of Mechanical and Vehicle Engineering, Taiyuan University of Technology,
Taiyuan 030024, Shanxi, China)

Abstract: Triply periodic minimal surface (TPMS) structural material is widely used in many fields as a
porous medium with high porosity and high energy absorption efficiency. In this paper, the Gyroid and IWP
structures were used as the design elements, and the Sigmoid function was used to construct the cylindrical
transition layer. The outer IWP structure was connected with the inner Gyroid structure, hence the inner and
outer nested GIP hybrid cellular structure was designed. Gyroid structure, IWP structure and GIP hybrid
structure samples were printed by selective laser melting technology, and the experimental study was
performed by direct impact Hopkinson bar. Combined with LS-DYNA software, the numerical simulation of
larger impact velocity range was carried out, and the deformation evolution process as well as dynamic
stress-strain relationship of the specimen were analyzed. The results show that the initial peak stress and
specific energy absorption of the structure present different strain rate sensitivity. Compared with Gyroid and
IWP structures, the stress-strain curves of GIP hybrid structural materials exhibit more obvious strain
hardening trend and stronger energy absorption capacity. With the increase in impact velocity, the GIP-2
structure (the impact direction is perpendicular to the axis direction of the cylindrical transition layer)
presents lower initial peak stress and larger specific energy absorption than the GIP-1 structure (the impact
direction is the same as the axis direction of the cylindrical transition layer), which demonstrates its better
impact resistance.

Keywords: TPMS hybrid structure; 3D printing; dynamic loading; energy absorption
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