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Numerical analysis of impact resistance of honeycomb structures with
different Poisson's ratios

GONG Xiaobo, LIU Yuhong, YU Changli, GUI Hongbin’
School of Ocean Engineering, Harbin Institute of Technology (Weihai), Weihai 264209, China

Abstract: [ Objectives | This papers aims to analyze the impact resistance of honeycomb structure with dif-
ferent Poisson's ratio. [ Methods ] Based on the explicit dynamic finite element method, this paper analyzes
the dynamic mechanical properties of honeycomb structures with different Poisson's ratios under in-plane im-
pact load, and explores the influence laws of Poisson's ratios on their impact resistance. Three typical honey-
comb structures with negative/zero/positive Poisson's ratios (reentrant hexagon, hexagon and semi-reentrant
hexagon) are selected, their geometric parameters are changed to give them the same relative density and differ-
ent Poisson's ratios (—2.76 — +3.63), and their dynamic mechanical properties under low/medium/high-speed dy-
namic displacement loads are analyzed. [ Results ] The results show that the zero Poisson's ratio semi-
reentrant honeycomb structure has the best structural stability without transverse deformation under compres-
sion deformation; without structural instability, the platform stress has little correlation with the Poisson's ra-
tio; and the compact strain and total energy absorbtion increases with the absolute value of the Poisson's ratio.
Negative Poisson's ratio honeycomb structures with large #// and small 4 are suitable for applications with high
platform stress (strong deformation resistance), and negative Poisson's ratio honeycomb structures with small
t/l and small 6 are suitable for high total energy absorbtion applications, while zero Poisson's ratio semi-
reentrant honeycomb structures are suitable for applications with high platform stress (strong deformation res-
istance). [ Conclusions | This study can provide references for the type selection and geometric parameter
design of side impact honeycomb structures.
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YR A 2021-12-31 &5 B #3: 2022-03-23 W& B & RE: 2022-09-07 15:10

E£TiB: BE AR H#IEL T H (11902100, 11902099) ; AR A H SR F 22 I 4 ¥ Bh T H (ZR2019PA001) 5 1R 4
S AE &R BY I H (2019GHZ011, 2021CXGC010702)

YEE B A B, 5, 19894748, ik, Uil BHFE 7 n): B REES iR T R ILAE i 5 18 (9 FH . E-mail: xiaobogong@hit.edu.cn
X, 1997 4R, WA . BFSE T s W A R B ol Mk BEATE S
FEF, B, 1981 44, 4, BB, P57 : K FERES 4 . E-mail: yuchangli@hitwh.edu.cn
FEUR, 55, 1967 4R/, [, #2587 ml: A4S #4 J) %% . E-mail: guihongbin@sina.com

*E S 1EE: HEIL


https://kns.cnki.net/kcms/detail/42.1755.TJ.20220906.1635.001.html
http:www.ship-research.com
http://dx.doi.org/10.19693/j.issn.1673-3185.02744

%23

BT IR AR R [ TF A L e 5 445 KA B o o 1 mE (B 00 # 39

0 51 §

A AR T A0 B ST A I M B 2 5 IR UK R A Al
f3, BT AL H A AR IR, AT 3 S50 A =
BRCFR) A A, KT A i RO 5 222 4 A ™ O, T
T A AR A2 00 45 ey 0 i 28 b o PR BB SR HE T 3 v Y
TR o O T AR R AL 45 K Y T 4 e ol e
71, Nia " IF e 1 22 Bl A w8 20w i LA K g
B ORCRE PR B 25 R 30, JHrh, 8 s A5 0 YRR
Jit i FERIE | e B B A 5 i T AR R A AR 2
M RE 45 A8 rh LRI Hh o 7 52 B il fi o o A 4
I, 98 45 M 55 A G4 A A B AT S R AR I
W ERF T, BEAT RUER v 45 M B0 Ll A o it B
TEA RN 25 G AT 1 R )32 B4 L RIS

LS SR DDA o S R DR G N LKA ]
AR MTTHESN 7 AR o ol T 8 B A R e T
PN 7 1) 52 3] 484 A FH A B3k A 2 i 0 BE it iy b, ik
FEAE I A Bk B e 2, O A5 M ¥R H B 20K
BE S AL A b2 = N N G N EAE k71
PR Al e 5 4 F B A AN RO TR A T, AR IEIA
FAEE™, FIR AN L A Y =Rk B4t
FR 75 LI B 55 by S RL Y TE VA A L B B 45, B
PR e R el 45 4 AN RE S 48, /3 245 g 27
PEREC A 20 2 HFoe . FE#R S 1= PEREJr i,
Gibson 45" i FL 06 e 3 6 e 25 2300 16 1 T 9T A
b BPERLE | BT UIRLR A5 T e M RE S RO BEE
FIRAXFAT THES: . 7E Gibson 5" Y HEAY -, 17
ZoEH A TR MIOCEE R | K A TR
i 2 LT 2RO S IR W s SR 57 5 BT e
RE WY RZ IR FES &S 12 PERETT I, Schultz
ST RIEGE T e R R TLART 2 B0 45 ) T
WASTERES P & 0 g K RE WA 25 4 s 4 52 i)
MU, B 7R T 6 8 25 A B A8 JE R PR RE A I AL
S B I LIVE S LIRS BIA S I (PSR VE SR /N
PU s i L AR, A3 2 X O /3 25 0 224k
REREAT THFFE . Hu 557 R B 0 A . B fE A
PRI 55 07 1, 0T 8 63 45 1 19 45 RO PE S A
FIRBH 1 5 9t ohifi VR RE R IT BT 5T, 878 T w2
F R BE oh il PR RE A2 ML TR IR | 8 8 i G BE
KRS FEAE 280 R A LRI mr

ERBIETEOR 2 R AN B — Y i T A5 A AT Y
SR M, X IE /G2 T R 3 e A Al ) SR P RE Y
XFHE T W A o R T RIS AE /R IX 3 AN
THAS L s 25 A B AR R AL, Liu 56 204 195
SERYTEASTRIIA A B (=3.3~3.3) i WY BT b o 1 i
TR 50 S AR v ok 1, 45 ) B IR AT ) 2 S 2

FLIF PR T AL F 5 R A 30 P 22 B 5 i 7 )
hti s, 25 S5 0 S A R T R IA A LB R A R
11 )3 728 AR RN ™. Luo %55 %t AN [R] 1A A4 e
W 6% S5 A8 25 AT JR SR e o MR BB EAT T SE,
7R TIAAS HT 2 B Al R BT v o 1 1 5 e AL
PR BRI, 3R o B A 8 A AR LA S HOR 3k A5
ENGINER /NS =Sy e - RN S LN E O - 5
gh A p v PR R S A, T 2200 T LR S 00 A
X} %5 J3E ) R T, TG T DE B R T A B ) R T
B 5 48 g %) KL X 9 RN R e L | MR
LA A R S S VR A K ol G Y SR ORI
i PR B DD AE O, SR e BT 45 A S LR A R
T o R Y GBS R

AR SO B 3 28 HAT 1E/ /A M HE Y i A
W BT FFN S A (ST TE . M S B A Y oK
TG ) R FRETTIAMS L X 88 5 25 M4 e b o M R Y 52
MR o SR HERR A X% B ) T, 44 3 3 e L]
S JOK 0 53 245 40 7 LA R A A He (—2.76 ~
3.63) f [] At 1A LA A [R] A AR 628 B, 9% 5 R
B 145 BRICT7 15 5 BT AN [RIETAS BB 5 235 4 A ThI
R P ik (S I <) B e o2 G Y 00 I = T
P AE R[]l B sh A B 2 fr VE FH T, 16 53 it oo B
JEE K w1, BT R 0 FIARS HE v X i s 45 4
AIERE, E AN AR RIS S S e
) 52 ) RILAE , Oy e 63 435 4 1) 6 L RN TLART 2 5017 1
BURER IS %

1 BEEHITERE

1.1 A#LE

AR SCW S TIE L N M5 B A2 3 7S
I % 3 2590 9 EA TE/ 50/ Z2 A W Fb B e 55 25 4
AT HT, TAAS FEAY BEIE T3 R an 1 iR .
b, h R ES O I REE |

1.2 JLAS#

S RAE T AIF 9T 114 W6 3 235 K EL A A [R] 1 S5 00 %
BE L AR GE T A [A) TA b e R e 5 e o i M RE G B
Wi o It AR Ay 1, 0 RN ¢ S LM S8, 158 T HA
AT - A [5] 4 A1 6T 28 B (0.0613) F1AS [a] A9 97 4 Eb
(—2.76~3.63) , W55 4544 /1 B9 A Y o 0.04~
0.07, [H]B% 0.01, 6 fY HUAE ¥ [ 2 15°~30°, [H]
5o M 1A A fs e B S TR A S, v LA
S AN [F) JUAnT 2 8500 55 25 4 A A e, an & 1
TN AT LA Y, TA RS Lh ) e X B2 B o7 A
0 F /N T3 1



40 oo EOM MY BF S R
F 13 JOREIHH S AN B B AR ST HSEHA b ikt B, W 2 s o BN bR R AR K A ]

Table 1 Three types of different Poisson's ratio honeycomb
structure and corresponding Poisson's ratio expres-

sion
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Fig. 1 Poisson's ratios of honeycomb structure with different geo-

metric parameters
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Fig.3 Comparisons between compression experiment results and

simulation results of honeycomb structure
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Table 2 Deformation modes of different geometrical honeycomb structures under three impact loads
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15 1 2 3 X X 1 3 3
20 1 2 3 X 2 2 1 3 3
0.04
25 1 2 3 X 2 3 3 3 3
30 2 3 3 X 3 3 3 3 3
15 1 2 3 X 2 X 1 3 3
20 1 2 3 1 2 3 3 3 3
0.05
25 2 3 3 1 3 3 3 3 3
30 2 3 3 2 3 3 3 3 3
15 1 2 3 X X 2 1 3 3
20 2 3 3 1 3 3 3 3 3
0.06
25 2 3 3 2 3 3 3 3 3
30 3 X 3 3 3 3 3 3 3
15 2 X 3 X X 3 3 3 3
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Instability process and two instability modes of negative

Fig. 6
Poisson's ratio honeycomb structure
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Table 3 Plateau stress of different geometrical honeycomb structures under three impact loads

& B J3/MPa
6 INILTEIE R WML TR N MNL TS
V=10m/s V=50m/s V=100m/s V=10m/s V=50m/s V=100m/s V=10m/s V=50m/s V=100m/s
15 1.60 4.62 6.12 1.63 4.49 5.99 1.47 4.49 5.99
20 1.32 4.30 5.82 1.38 422 5.76 1.13 4.11 5.63
004 25 1.24 4.25 5.68 1.24 4.17 5.62 1.10 4.06 5.49
30 1.10 4.08 5.53 1.14 4.06 5.52 1.05 4.01 5.46
15 1.66 4.63 6.10 1.76 4.73 6.20 1.61 4.64 6.11
20 1.45 441 5.95 1.53 438 5.89 1.35 431 5.85
005 25 1.30 430 5.72 1.25 425 5.67 1.31 4.31 5.73
30 1.13 4.12 5.61 1.15 4.11 5.64 1.11 4.02 5.53
15 1.78 4.78 6.30 1.81 4.71 6.22 1.67 4.58 6.14
20 1.55 4.54 6.10 1.55 4.56 6.12 1.44 4.43 591
0-06 25 1.33 433 5.81 1.28 428 5.77 1.32 4.26 5.76
30 1.17 4.13 5.62 1.18 427 5.77 1.25 432 5.82
15 1.81 4.80 6.32 1.86 4.80 6.30 1.83 4.82 6.32
20 1.56 4.56 6.06 1.58 4.57 6.07 1.60 4.78 6.26
007 25 1.38 435 5.84 1.45 4.42 591 1.42 4.57 5.92
30 1.22 4.22 5.65 1.26 433 5.67 1.39 4.46 5.85
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Table 4 Densified strain ofdifferent geometrical honeycomb structures under three impact loads

BUE MY
v 0O AYUNZ 3 WL NN TLIE S
V=10m/s V=50m/s V=100m/s V=10m/s V=50m/s V=100m/s V=10m/s V=50m/s V=100m/s
15 88.3 93.2 95.6 80.2 84.6 88.1 85.2 87.1 922
20 86.2 92.1 95.3 79.8 89.8 94.1 83.4 85.7 90.9
004 25 84.8 91.4 94.7 79.2 90.4 94.4 83.0 84.8 90.0
30 84.2 90.3 93.4 78.9 86.0 90.0 80.3 82.5 87.5
15 86.6 92.5 95.6 79.5 90.1 88.5 84.3 86.3 91.3
20 85.7 91.8 95.0 79.2 89.4 93.4 82.7 85.0 89.7
003 25 85.1 90.5 93.1 86.7 88.7 92.8 82.4 84.4 89.4
30 84.1 90.1 93.4 84.6 86.6 90.9 81.4 83.1 88.2
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