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The Cushion Performance Analysis of Packaging Equipment under I mpact
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ABSTRACT: The paper aims to obtain optimistic structure of cushion component with the lowest size and mass. The theoreti-
cal models for analysis of dynamic behavior of cushion component in packaging equipment under impact environment were es-
tablished based on conservation of energy, and the relationships of the size of cushion component versus protective performance
were gained including both cases of front impact and side impact. New design with foam filled honeycomb (FFH) material of
cushion component was studied, and accordingly the best parameters of FFH were chosen. The numerical models of cushion
component during impact were realized and computed. The protective effect of cushion component was analyzed, and the ve-
locities of equipment to be protected were attained. During impacts of different attitudes, the sizes of cushion component in-
creased with impact energy increasing and decreased when density and plateau stress increased. When the sizes and mass of
cushion component was lowest, the density for FFH was found to be 600 kg/m®. And the mass of cushion component with FFH

was reduced by 49% compared to spruce. The computational results using Material Point Method validated that the cushion
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component with FFH could reduce the high impact velocity to target value of low impact velocity. The cushion component de-

signed with FFH satisfied security demands of cushion component under impact, and could reduce the total mass largely.

KEY WORDS: cushion component; conservation of energy; material point method; foam filled honeycomb
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Fig.1 Schematic diagram of cushion component in packaging
equipment
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Fig.2 Schematic diagram of impact attitude
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Fig.3 Schematic diagram of cross section for side impact
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Fig.4 Depth of cushion components versus impact velocity
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Fig.5 The relationship between sizes of cushion component
and material parameters: a) depth v.s. density; b) depth v.s.
plateau stress
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Fig.6 The variation relationship between sizes and mass of
FFH cushion component and density: a) depth v.s. density; b)
mass v.s. density
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Fig.7 The deformation processes of FFH cushion component during front impact
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Fig.8 The deformation processes of FFH cushion component during side impact
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different impact cases

4 Zig

1) a7 TAEE A A R s T, 2%
M F R 5 B 3P RCR BB o I Y, A5 1 22 b
SRR S B T R L MRS BB R
N B 1A B AR B PRI T

2) RJUH AL FFH MRt g2 ahity, ik
600 kg/m’ % i (1) FFH ABRME W vh sk b1 kL, ATl
T A8 T 00 % vt # JE BE R AT 48% , 48 T 100 )5 i
ik 67%, BRI 49%.

3) WS TEEME TR R T FFH 28 w4544 (1) B
PR, TEGE s R R S, R 7 i T L
A e AR o AR 3 A A g o KT

S 30k

[1] SLAVIN A M. Simulation of impact of the generic
accident-resistant packaging (GAP)[R]. United States:
Materials Research Bulletin, 1994.

2]  HEAEf, BHE, RWT, 55 Srdniaierige e

BRI I]. U S, 2011, 2(12):
38-40.
GE Ren-wei, OU YANG Yong, ZHANG Huai-yu, et al.
Research of computing methods of thickness of buffering
structure of accident resistant packing cases[J]. Machin-
ery desian & manufacture, 2011, 2(12): 38-40.

(31 BhIIYN, SRIAE, XN, 45 222G i G Al
BT, P ETIR, 2018, 44(10): 184-188.
ZHONG Wei-zhou, ZHANG Ze-xiong, LIU Xiao-gang,
et al. Numerical analysis on impact cushion behavior of
multilayer container[J]. China mesurement & test, 2018,
44(10): 184-188.

[4] By, WP, BT PSR s v oy
MR (D). A& TR, 2017, 38(21): 25-30.

XU Wei-fang, XIE Rou-ze, ZHONG Wei-zhou. Drop



F18E 5

RV A 3 2 A B v 3 ol B R 0BT 99 -

(11]

[12]

impact analysis technique of accident-resistant con-
tainer[J]. Packing engineering, 2017, 38(21): 25-30.
POYN, AETT, B, A PRI sA2%
mSPE AT IR SE[J]. TRE F12E, 2016, 33(5): 25-33.
ZHONG Wei-zhou, DENG Zhi-fang, HUANG Xi-cheng,
et al. Investigation on anisotropic behavior of spruce me-
chanical properties under medium strain rate loading con-
ditions[J]. Engineering mechanics, 2016, 33(5): 25-33.
BRI, XBETr, BUBR, . RTINS AR KR
150 1 22 RO AT (9], #h B, 2016, 42(10):
79-84.

ZHONG Wei-zhou, DENG Zhi-fang, WEI Qiang, et al.
Multi-scale numerical analysis of failure behavior of
wood under different speed loading conditions[J]. China
mesurement & test, 2016, 42(10): 79-84.

A, IR, PRE, 5. s R IR R
A TIEEREL]. E AP, 2011, 28(3): 223-228.
ZHEN Jian-wei, AN Zhen-tao, CHEN Yu-cheng, et al.
Quasi-static and dynamic mechanical properties of hon-
eycomb reinforced plastic foam[J]. Acta materiac com-
posite sinaica, 2011, 28(3): 223-228.

NIKNEJAD A, LIAGHAT G H, NAEINI H M, et al.
Theoretical and experimental studies of the instantaneous
folding force of the pol-yurethane foam-filled square ho-
neycombs[J]. Materials and design, 2011, 32(1): 69-75.
MAHMOUDABADI M Z, SADIGHI M. A study on the
static and dynamic loading of the foam filled metal hex-
agonal honeycomb—Theoretical and experimental[J].
Materials science & engineering A, 2011, 530: 333-343.
XIF, EAHE, S EREEEE MRS A e
M8 B ROE L) B A HORE A, 2020, 37(9):
2230-2239.

LIU Ping, WANG Xiang-Yu, HUANG Zhou. Dynamic
behavior simulation of foam filled honeycomb using ma-
terial point method[J]. Acta materiae compositae sinica,
2020, 37(9): 2230-2239.

SME, XUE, BRHE. PIBURIEIMI. JEat TR
Jikt, 2015.

ZHANG Xiong, LIU Yan, LIAN Yan-ping. Material
point method[M].
2015.

LIU Ping, LIU Yan, ZHANG Xiong, et al. Investigation
on high-velocity impact of micron particles using material

Beijing: Tsinghua University Press,

point method[J]. International journal of impact engine-

[15]

[18]

ering, 2015, 75: 241-254.

LIU Ping, LIU Yan, ZHANG Xiong. Internal- struc-
ture-model based simulation research of shielding proper-
ties of honeycomb sandwich panel subjected to high-velo-
city impact[J]. International journal of impact engineer-
ing, 2015, 77: 120-133.

LIU Yan, GONG Wei-wei, ZHANG Xiong. Numerical
investigation of influences of porous density and strain-
rate effect on dynamical responses of aluminum foam[J].
Computational materials science, 2014, 91: 223-230.

LIU Yan, SI Xue-na, LIU Ping. Mesoscopic modeling
and simulation of 3D orthogonal woven composites using
material point method[J]. Composite structures, 2018,
203(1): 425-435.

e, XA, SR, A W AR IE ) R P R Y
PRI, THE 125254, 2017, 34(1): 1-16.

ZHANG Xiong, LIU Yan, ZHANG Fan, et al. Recent
progress of material point method for extreme deforma-
tion problems[J]. Chinese journal of computational me-
chanics, 2017, 34(1): 1-16.

REAG, B, TR, 5. ZAUBDRHITFE M RE 25 F
RERIAH AR HIZBONLT]. 172741, 2005(6): 697-703.
SONG Hong-wei, YU Gang, FAN Zi-jie, et al. Interaction
effect in energy absorption of porous material filled
thin-walled structure[J]. Chinese journal of theoretical
and applied mechanics, 2005(6): 697-703.

SPEPE, SREAR. WLIRITE R 8 5 AR 1f A1 4R PERE
SLIRBFFED]. B2 5wk, 2017(20): 146-150.

E Yu-ping, ZHANG Xi-jun. An experimental study on
out-of-plane compressive behavior of a honeycomb pa-
perboard filled with foams[J]. Journal of vibration and
shock, 2017(20): 146-150.

X5, BRAT. EPP Y PRIFCSE 0] BR 8 5  4 1HE RE A 52 M
FEI). BEESH/E AR, 2017(3): 49-52.

LIU Qiang, CHEN Hang. Experimental and numerical
investigation into the compression characteristics of alu-
minum honeycomb panel filled with EPP[J]. Fiber rein-
forced plastics/composites, 2017(3): 49-52.

X5, IR, BRAl. EPP YUK FE X 5R 86 55 gl S bt
PERERUSEMABIT S]], BESH/ S5 A1KL, 2018(4): 45-50.
LIU Qiang, HE Zhao-heng, CHEN Hang. Experimental
investigation into the dynamic impactresponses of alumi-
num honeycomb panel filled with epp foam[J]. Fiber re-
inforced plastics/composites, 2018(4): 45-50.



