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In-plane Dynamics of Multilayer A-type U-shaped Corrugated Structure
Materials
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ABSTRACT: Objective The finite element methodology was conceived to obtain the mechanical parameters about
dynamic performance of multilayer A—type U—-shaped corrugated structure materials under the in—plane crushing loadings
with various impact velocities. Methods A simplified energy absorption model was proposed to evaluate the
energy—absorption performance. Results The homogeneous deformation mode, transition deformation mode and dynamic
deformation mode were gradually observed with the increasing impact velocities. Conclusion The evaluation model
showed that the optimal energy absorption per unit volume was mainly determined by the dynamic plateau stress. The
in—plane dynamic plateau stress depended on the impact velocity for the multilayer A—type U—shaped corrugated structure
materials with given fixed configuration parameters. From the physical analysis and discussion of the numerical results, the
empirical formula of dynamic plateau stress was suggested in terms of impact velocity.
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Fig.1  Front view of representative cell in multilayer A-type

U-shaped corrugated structure materials with a certain

depth
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Fig. 2 FE model of multilayer A—type U-shaped corrugated struc—

ture materials subject to the in—plane crushing loading
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Fig. 3 Typical stress—strain curves of multilayer A—type U-shaped

corrugated structure materials under the in—plane crushing

loading (v=60 m/s)
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Fig.4 Typical deformation stages of multilayer A—type U-shaped corrugated structure materials under homogeneous mode
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Fig.5 Typical deformation stages of multilayer A—type U-shaped corrugated structure materials under transition mode (v=100 m/s)
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Fig.6 Typical deformation stages of multilayer A—type U-shaped corrugated structure materials under dynamic mode (v=160 m/s)
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Tab.1 Values of o, of multilayer A-type U-shaped corrugated structure materials at different impact velocities

v/(mes™) 3 20 40 60 80 100 120 140 160 180
o,/MPa 2.74 3.27 3.95 4.53 6.01 7.51 10.09 11.99 15.14 18.49
20 .
18 & AT L 4 Z5iE
£ 16/ — iAok
=3
o
8 AL FH Ansys/LS—-DYNA 935 CRY , 78 vk i ir
& S 3~250 m/s [ 4G a8 e L, b A BR T gk
B T 22 U A TS J1 2V BR R 4 5011 22 280
TS0 SC AT T — A A B T R R ke V£ A
i {on ) WPk e L 2 B A B N B 3 5 B AS I I A

7 SEFH AR A o, Rty P PR BRGNS WA B2 2P AR
Fig.7 The fitted o ,—v curve of MAUCSMs based on the FE results X EABA S SRR T ARG
in table 1 HEEH G T 2)2 UIE A LA s A 1E R 1 5 whil;



12

fl % TR

20144707 H

2 6] 5 AR I 280 8

SE Wk

(1]

2]

[4]

(6]

(7]

WANG A J, MCDOWELL D L. In—plane Stiffness and Yield
Strength of Periodic Metal Honeycombs[J]. Journal of Engi—
neering Materials and Technology,2004,126(2) : 137—156.
XK, BELLNE, WrEEk , 5. 35 - U0 A ARHR Y T AR 2k
KA ge shVERERTE(N). €% TR, 2012,33(7) :4—8.

LIU Bing, RUAN Hong-bin, CAO Hai-bin, et al. Research on
Outside Bearing and Static Cushioning Performance of
Honeycomb—corrugated Composite Paperboard[J]. Packaging
Engineering, 2012, 33(7):4—8.

JE B, BRI 55 A5 AR X e 8 AT TR AR
[J]. {226 T#%,2012,33(5) : 56—58.

TANG Yong, HUANG Li—qiang. Influence of Honeycomb

BRI A BIF 5T

Structure on Flatwise Compressive Performance|J]. Packaging

Engineering,2012,33(5) : 56—58.

FAT, ESCH ETRR, S AR BRI AT SR e
JEAE SR, A% T ,2012,33(1):20—23.

WANG Hong, WANG Wen—-ming, HU Bing-lin, et al. Effctive

Cushioning of Paper Honeycomb Material and Precompression

Test[J]. Packaging Engineering,2012,33(1) :20—23.

RUAN D, LU G, WANG D, et al. In-plane Dynamic Crushing

of Honeycombs—A Finite Element Study|J]. International

Journal of Impact Engineering,2003,28(2):161—182.

LIU Y,ZHANG X C. The Influence of Cell Micro—topology on

the In—plane Dynamic Crushing of Honeycombs|J]. Interna—

tional Journal of Impact Engineering,2009,36(1) : 98—109.

QIU X M, ZHANG J, YU T X. Collapse of Periodic Planar

Lattices under Uniaxial Compression, Part I: Quasi—static

Strength Predicted by Limit Analysis[J]. International Journal

of Impact Engineering,2009,36(10/11) : 1223—1230.

QIU X M, ZHANG J, YU T X. Collapse of Periodic Planar

Lattices under Uniaxial Compression, Part Il: Dynamic

Crushing Based on Finite Element Simulation|J]. Internation—

[

i

u&u&uxu&uy&.w&

9

[10]

[11

[

[2

—

[13] &

[14

[}

[15]

[16]

al Journal of Impact Engineering, 2009, 36 (10/11) : 1231—

1241.

SUN D, ZHANG W. Mean In-plane Plateau Stresses of

Hexagonal Honeycomb Cores under Impact Loadings[J].

Comp Struct,2009,91(2) : 168—185.

SUN D, ZHANG W, WEI Y. Mean Out-of-plane Dynamic

Plateau Stresses of Hexagonal Honeycomb Cores under

Impact Loadings[J]. Composite Structures, 2010, 92 (11) :

2609—2621.

INEEE, JOUAR. 7SI e s bt S i b i PERE RO AT BROT

WIS 2 TAR,2012,33(17) : 60—62.

SUN Yu—jin, LUO Guang-lin. Finite Element Analysis of

Hexagonal Honeycomb's Out—of—plane Impact Performancel[]].

Packaging Engineering,2012,33(17) : 60—62.

BN R AR, IMESR. TE )T &R e s ek g 2
AEAY DT BT 2 TR, 2009,30(4) : 18—20.

HUANG Ying-wei, FENG Jun-hua, SUN De-qiang.Simula—

tion Analysis on Coplane Mechanical Properties of Square

Metal Aluminum Honeycomb[]J]. Packaging Engineering,

2009,30(4) : 18—20.
2 W), R 5 Yz

il Tl H i, 2012.

PENG Guo—xun, SONG Bao—feng. Design of Packinges for

Z B (55 2 RO M. db st ER

Distribution and Transport (Second Edition) [M]. Beijing:
Printing Press,2012.

GIBSON L J, ASHBY M F. Cellular Solids: Structures and
Properties, Second Edition[M]. Cambridge: Cambridge Uni—
versity Press, 1997.

REID S R, PENG C. Dynamic Uniaxial Crushing of Wood[J].
Int J Impact Eng, 1997,19(5/6) : 531—570.

T, LT A Ls—Dyna 153 25 ¥4 1 % 45 R 5 19 2
BEITEL). 125588, 2003, 25(3) :20—23.

WANG Qing—chun, FAN Zi-jie. Improvement in Analysis of
Quasi—static Collapse with Ls—Dyna[J]. Mechanics in Engi—
neering,2003,25(3) : 20—23.

CAtEAt At lal tal LAt Eatlaltal Fat Fatlal tal Fat Fat al LAl Fat Fat lat tal Fat Fat al Fal Fat Fat Al Lal Fat Fat Al LAl Fat L at Y al fal Fat Fat Al Fal VAt Fat Y at fal Fat Fat Fal al Yalt Fat Y at ¥y ¢

MiJE)  YRIOxihG

A A A A AN A A A R AN A A A A AN A A A N A N A A A A AN A A AN A N A A A A AN A A AN AN A AR A N A A AN A AR AN AN A A A AN A AR AN AN A YA AN A YA AN YA

LN PNAN NN AN



