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Fig.1 Partial schematic diagram of two types of porous structures
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Table 1 Identification distribution of two types of porous structures

Structure Unit cell Nominal shell  Identification Identification Identification relative
type diameter thickness 1 2 4 density
2mm 0.212 mm 41.6% 34.6% 23.8% 0.238
A 2mm 0.245 mm 36.0% 34.6% 29.4% 0.294
2mm 0.308 mm 45.8% 19.9% 34.3% 0.343
2mm 0.113 mm 5.3% 70.9% 23.8% 0.238
B 2mm 0.170 mm 5.1% 65.5% 29.4% 0.294
2mm 0.430 mm 0.2% 65.5% 34.3% 0.343

2 ARTitERE
2.1 MR EEMIEE

TEFF A BRICT B TS, SR A& A B AR T S5 M 1 - B2 . ARSI
FRIARARLE F BB AR B AT /IR, H 75247 WK HAMAT_PLASTIC_KINEMATIC
PRI HEA TR o 2RISR Y Al 08 2 g b S it o8 Al 70 ok 0 e R ) 588 9 P AR TR AT
MORLE RS s iiEE . AR L KR IR E S S80S % SO P T R E, BARSHn®k 2 By
Ao

® 2 MRS
Table)2 Material parameters
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Table 3 Mises equivalent stress statistical parameters

Structure type Mean/MPa Median/MPa Standard deviation/MPa Variation coefficient
A 312.17 319.00 71.86 0.230
B 395.51 390.00 123.33 0312

A TIEERG P15 Mises S5 2808 73 AL 507 ) 312.17MPa F1 319.00MPa, B 4kHy
43514 395.51MPa 1 390.00MPa. B B[P R 7158 A RIS 14 26.7%, AL EER =2
11



=k % B F R

CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

22.3%, UiEH B BT B 2L X A B A S AR N I K. S — 5T, A BURN B UK )
FRUEZE 5> 58 71.86MPa Al 123.33MPa, &% 240578 0.230 F1 0.312, K] B BYL5H
JI3 A A B R . G5B RIEr A a5, B MM R AR Z X1
IEFH RN I, RN S5 1 SR 3 e AT X 3

NEBRMLAB MBS SRR, K10 41T HIEE L XBEE 0.2 1 0.4 i
(S RIBYE N AR 3 A o R 5 R Gert ME R ARRPE ORI e 4R &, I SRR PE R AR
AMIET 0.002 5768 SO R AE BB AR T I B0 S EUEAE IR B B 2 5 A,
FH T HEBR B2 Z2 (/N B I AR R BB W B . AR SCRA S RSH R R oG, 2 RE &
PR B TCEGR 5 LT AR T b, BhAh, AR BT T S S RO R, LA
RAFHEARIB I AR RFAFESE

K n, VBEMES S5 EL NHRESLAR T B3 A5 S T (55 A 1
A2,

1N
(") =5 2. E(9)

e (P) Ay A T URE SIS B TG IR~ 35 S B A AR

Effective Plastic Stgair Effective Plastic Strain

0 M A s A i O | Nt O

+
+
+
+
+*
+
%
%

L R T SR L ISR G, SR
L SRR R e SR R
LR S AR Sk R
iy iy T i it i o
T E U S Y e TN

+
&
+
+
+
*
-
.3

e=0.2 e=04
(a) A:p, = 0.238

0.00

Effective Plastic Strain Effective Plastic Strain

078 R EE X X EE

tlaee e o s ol I y o tetetetat et At o-vo_l
RRRRRRL | BORRRRRe
i e ey 047 ;.“.‘- "',-"‘:‘_!*‘*!"_ f."r b 047 _
S s e ee’e s s 20

0.31_ 5 "‘.-..“";"“"i“".*"" ,'.." B 031

0.23 e S LR R Ty 025

0-16: '.l-‘i‘:j#"l;‘_-r‘-r‘.f'r f'r b, 016

o.oa_I _:*ﬁ“ L R TR I R A A O-OB_I

0.00 5 |

s e o R i, R o

12



sk B F R

CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

e=0.2 =04
(b) B:p, = 0.238
B 10 AR RZAR T ) 5 R AR 75 1
Fig. 10 Equivalent plastic strain cloud diagram under different strains
FEA SUNAR 0.2 1, A BRI B BG5S 2 R0 80771109 64.87%41 86.28%, B
R 2141 AN E 70 AL AR 55 BB R AR 73 73] 09 0.0266 F10.0813. %45 REH,
B R R T 46 - ST RENS TR 2 SR LU ) B JR e NIBVEIRAS, PR R B K 2B AL

M4 UNARRERZ 0.4 B, A BUFN B BUEE M1 5BV S S5RF 0 003 3G 2 90.20%F1
90.28%, PIHIIEFIZ 90%, EFCOAWE. XIS g s, A MgphEL
JER 20 A IR 3 4 7 A8 7T (1) DX AR T 3 N BB HRAS . AR, R A BOR BRI P 3 5 0K
SN AR 5508 0.0816 A1 0.1708, B LN A B[] 2.09 1%, FRIHBERMIRLM2 5980
BT HIARLL ] C 240, (H B B SR B 42 1) B4R SR 9 A0 SR FHURR AL ST

RO N 1 5 N ARG S R T, B RS R BRI SRR SN A, T e S
B AR R A R T R 4 S SR B RV P A NS R, S — P R i A
TR S B AR T o 125 350 M B AREAE 5 J5 R 2 WL — R AR fie 4 SR A — 30
3.3 BN H-MAE & oy th

= 500
Eb —*— A:p,~0.238
400 + —— Bpr=0238
—¢— A:p=0.294
—<— B:p,=0.294
300 | r

—E—A:p=0.343
B:p=0.343

200

100

B 11 44 SN —40 SRR i £
Fig. 11 Nominal stress-nominal strain curve

S SONESH) == A% il 2 s R 22 FL A5 K0 70 20 L F) B ERFIE . B 11 45 Y 17 AN R RR N 8 2
™ A RN B R FLAS R 4 N - AR 2. BRI, R 22 S LR ) =i
BORFAIE: HIURHT BN Sy P BTt o N FLBESIB VAR RAR T s B JREAN RS G B, fL
BB M LB D R SRR &5, MARREZFRR, 4N
BUsmALhr B B AT S LRGN, SRR R B AR N K i B e, (HECE AN AR IR R
L TR 0 B AR, YRR AR B AL, 10 5 FUBREE R A R A
CLS SR i e B FE A K.

MEERGRAKE, FEAHFEARXT ST, B RIS KRk T A BE5H, 3]
B RUEE G IMETR R SLATE K T BOES I B A B R . R B0343 AR R A A

13



sk B F R

CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

BB R L S B AR, (N IR AR RS T R, RIS B — BUEAL
VR IE. BEAh, e = 0.35~0.45 X [A] DL BN 1 eah, BRI AE BRI )5
W TEe AT ArA, ZILRE T B0343 B R SRR 0 B, LR AR AR SR X
AT AT B A T SR AR B AT LGN, WTH A =5 0 St ] 4R e B R BT . 243
AR R A, ARECTERBEIE RO, BE R AR Q0 DX 45 L i e R 10 I 2
ANFLEE e S AR AR B I BT, AT T B 77 ) SR e sl 1% I8 5 SOk [25] (K filiid 5t
ZIS
3.4 FENN

X RAER PR UL, 8 2R — LSRR VP 2 AL BRI, WP B 4R
5 TRV 2 FLES MR BERF PR ) — N B EHR bR, AR SCIEAT AR RN /) 5 3 S AT [X 1]
KPR G R, RIEG R 0,020

fid o(e)de

a #(10
Gp_ €4~ €cr ( )

Refte e JRTHIBIE, FHAEH D, (£ L PR, =0.02 SIS T BRI e,
RSSO RHREE, SERAS th f F r k E T, ,

dn(e)
fd[g e=¢ :0#(11)
o n(e) MR, 5 NS TLE HOIRGEE 5 4 SUSL AT O LLAE, B
fga(s)(dk

N e (12)

H1 2 FLEGH 1R e B IR SCRCR I 28 HAPAEVE 22 SRl e KB R, AR SORE RE BRSO i
24 B e A KA s BT I 1 44 SR AZ UM 22 L ) 1 3 SE A2 0, AL 12 Blos o A% HE
LT 2 LA SN AR WA 4 Pl -

200 0.30

S/ MPa,

n (&)

100 -

Nominal stress-strain
Energy absorption efficiency

50

1 1 1 1 1 1 1 0.00
0.0 0.1 0.2 0.3 0.4 0.5 OAASd 0.7 0.8

€

B 12 44 SR 7 )-8 SCREAR i B0 BRSO R i 2
Fig. 12 Nominal stress-nominal strain curve and energy absorption efficiency curve

14



sk B F R

CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

®4 FEBENBEETZAEMNELNE

Table 4 Densification strain of porous structures at different relative densities
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Influence of Pore Connectivity Topology on The Energy Absorption
Characteristics of Regular Porous Structures

PENG Junheng!, LI Chengbing!?, LI Rui?, LIU Bohao!, WU Sixiang!JIA Zifan3

(1. College of Mechanical and Electrical Engineering, Southwest Petfolewm-University, Chengdu
610500, Sichuan, China;
2. Oil and Gas Equipment Technology, Sharing and Service Plagform of Sichuan Province,
Chengdu 610500, Sichuan, Chinas
3. Chengdu Aerospace Communication Equipment Co., Ltd.\-Chengdu 610051, Sichuan, China)

Abstract: To reveal the influence of pore connéctivity tepology on the compression energy
absorption performance of regular porous structures;-this“study establishes two types of regular
porous structure models, A and B, with different pore connectivity topologies under controlled
conditions of cell pore diameter, arrangement;, and/relative density. Quasi-static compression finite
element simulations using the LS-DYNA explicit'dynamics method are conducted for A and B. The
results show that the A-type structure is dominated by local skeleton bending and buckling, while
the B-stype structure forms a mere continuous load transfer path. At p,. = 0.238 and € = 0.4, the
average Mises equivalent stress,of the representative region of B-type is about 26.7% higher than
that of A-type, but the stress variation coefficient is also higher. Plastic strain statistics show that
the B-type structure has’higher plastic participation in the early stage of compression and exhibits a
higher average cumulative plastic strain under the same nominal strain. At the same relative density,
the plateau stress-of the Btype structure is about 101.8%-131.1% higher than that of A-type, and
the specific enetgy absorption is also significantly increased; the specific energy absorption of the
B0238 model can’execed that of the A0343 model, optimizing the pore connectivity topology can
achieveequivalentor better energy absorption effects at a relative density reduction of about 30.6%,
providing’a‘reference for the design of lightweight porous energy absorption structures.
Keywords: regular porous structure; pore connectivity topology; energy absorption capacity;
relative density; plateau stress

19



