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Method for Establishing Constitutive Model of Honeycomb Paperboard
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ABSTRACT: The work aims to establish a constitutive model of honeycomb paperboard with the three cubed Bezier
curve. The fitting degree of the fitting curve and the experimental curve was compared by fitting the experimental curve
with MATLAB. According to characteristics of the three cubed Bezier curve, point Poand point Pz which were the first
and end points of the characteristic polygon PoP1P2P3 were taken as the points in the experimental curve. The three cubed
Bezier curve with good fitting degree would be obtained by means of the following principles. Firstly, if the three cubed
Bezier curve controlled by the characteristic polygon PoP1P2P3 was below the experimental curve, point P and point P2
should be moved upward. Otherwise, it should be moved downward. Secondly, if the opening of the three cubed Bezier
curve controlled by the characteristic polygon PoP1P2P3 was larger than that of the experimental curve, the distance be-
tween point P1 and point P2 should be reduced. Otherwise, it should be increased. Thirdly, if the experimental curve had a
long part with a small change in slope, the edge of the characteristic polygon corresponding to it was very long. Other-
wise, it was very short. The stress-strain curve sectional fitted with the three cubed Bezier curve has good fitting degree
with the experimental curve. It was feasible to sectional represent the constitutive model of honeycomb paperboard with
the three cubed Bezier curve equation.
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Fig.1 Static compression stress-strain curve of
honeycomb paperboard
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Fig.3 Two fitted three cubed Bezier curves
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Fig.4 Complete fitting curve of experimental curve

700

600

500

400

1 F1/kPa

300

200

100 F

0 20 40 60 80 100
NEAE/Y%

5 UG 4 RS e i 2 Lo

Fig.5 Comparison of fitting curve and experimental curve

2.4
RS T TR P 3t , ] A 81 86 A S 8 T R Y A A



F40E FH1 M

ARG s GARA AL 1) 7 B 103 -

MR, p R 3 R 4 RTN, B e AR M S 6 Hh £ 40 ik
4 By ik T TR .

1) 55 1 B (OPo Bt )o BLBCNE S, R 1 A5,
O SR Py sy AEFR 3 51 (0,0) F1 (2.5,93.351),
AT 5 30 1 B AR R AR A

0=37340c (0<e<2.5)

2) %2 Bt (PoPs Bt ). BLECH =R I ZE/R Tk,
AT, Po i, Py Py SN Ps s AR KR 5]
A (2593351 ), (6.0,15.0), (150,-5.0 ) A
(30.0,3.348 ), #4la=X (5) fizk 2, w13 LB A A
FRERLA
{g(z) =2.5+10.5¢+16.5% +0.5¢°

o(f) = 93.351-235.053¢ +175.053¢ +30.003¢°

3)5 3 B (PsQo B ). ILBE M EZR, i 1 nlAl,
Py SUF Qo gBY A AR 4 A (30.0,3.348 ) Al
(62.5,22.720 ), M43 2| b Bt A A AR Ry

0=0.59s-14.532  (30.0< e <62.5)

4) 55 4 B (000 BE ). BB =R ISR LR,
HATIR T AL, Qo i O1 8. Qs M AT Qs S HY AL FR 433
J (62.5,22.720 ), ( 83.0,21.8 ), ( 87.0,80.0 ) Al
(90.0,678.412 ), MHE=0 (5) MFE 2, AIHELEHY
A KRRy

£(t) = 62.5+61.5t—49.5t* +15.5¢°
{a(z) =22.720—2.760¢ +177.360¢* +481.092°

O0<t<1)

0<t<1)

3

1) o S0 15 31 e 5 AU AR A N g -D AR i £, AR
5 52 50 {4 R K LA B 4 B oyl TR, OPo
BCAN P3Qo B HERLE , PoPs BEAN Qo0s B =1k I
FERME LA .

2) 48 T e R DLZE IR I &R 2 308 1 7
e, I BT A B R IE 2 i 4E ) =k DL ZE R it
ML th 2 A R AF LA B

3) LA MR EE ST T 08 B ATAR 1 43 B A R AR Y
W R, H =k DL 28R MRS 807 f oy Br R n 68
UM A R 2 T AT 1Y o W68 AT 11 53 BE AR i 1L Y
FEENT, N ZE P R T HR A TARYE

S -

(11 FEWEAR, FMESR, DMK, S NS O i s 4R

S M ERE R SZ A [T]. %€ TR, 2016, 37(19):
39—43.
LEI Xiao-dong, SUN De-qiang, LUO Peng-fei, et al.
Influence of Entrapped Air on the Static Cushioning
Performance of Honeycomb Paperboard[J]. Packaging
Engineering, 2016, 37(19): 39—43.

(2]

[10]

[11]

KT, EEAR. e AU B A 5 R R 5
[J]. AL%E244R, 2012, 4(1): 9—12.

ZHANG Yu, WANG Zhi-wei. Experimental Research
on Dynamic Cushioning Properties of Honeycomb Pa-
perboard[J]. Packaging Journal, 2012, 4(1): 9—12.

T B, L, (iR, e ARl SR g P R R
WFFE[I]. IR 4AR, 2015(4): 16—18.

DING Yong, LI Xiao-qian, SHI Yuan-yuan. Experi-
mental Study on Dynamic Compression Performance
of Honeycomb Paperboard[J]. Environmental Tech-
nology, 2015(4): 16—18.

SUN D Q, ZHANG W H, WEI Y B. Mean Out-of-
plane Dynamic Plateau Stresses of Hexagonal Honey-
comb Cores under Impact Loadings[J].
Structures, 2010, 92(11): 2609—2621.
TWREPE, AT, A PR IT RN I AU R G
W ILR R AF 2 HOE A BT[], k35 nbiti, 2016,
35(11): 203—207.

FAN Zhi-geng, LU Li-xin, WANG Jun. Influence of

Fatigue Effect on Inner-resonance Condition Parame-

Composite

ters of a Honeycomb Paperboard System[J]. Journal of
Vibration and Shock, 2016, 35(11): 203—207.

GUO Y F, ZHANG J H. Shock Absorbing Characteristics
and Vibration Transmissibility of Honeycomb Paper-
board[J]. Shock & Vibration, 2004, 11(5/6): 521—531.
WANG B Z, CAO L J. Different Thickness of Honey-
comb Paperboard Vibration Frequency of Testing and
Simulation[J]. Advanced Materials Research, 2011,
328/329/330: 1421—1424.

ZHU D P, HE R C, WANG G. Experimental Investiga-
tion into Honeycomb Paperboard Vibration Transmis-
sibility Property and Nonlinear Parameters Identifica-
tion[J]. Advances in Information Sciences & Service
Sciences, 2013, 5(7): 390—398.

W, R, AR, SF. MR AURSE vt AR
AT AU, 2018, 10(1): 1—7.

HUA Guang-jun, CHEN Wan, LU Fu-de, et al. Analy-
sis of Buffer Curve of Honeycomb Paperboard[J].
Packaging Journal, 2018, 10(1): 1—7.

A, T, AR A R AU G M RE 1
DR AT 5T (0], BIAL Tl K224, 2010, 25(4):
105—107.

ZHU Ruo-yan, YIN Qi, LI Hou-min. Study of the Per-
formance of Combinatorial Honeycomb Paperboards
Through the Static Compression[J]. Journal of Hubei
University of Technology, 2010, 25(4): 105—107.
BhISTR, MR4E%5. EPE/EPS 588 55 MR 40 & 52 vh
PEREAISE[T]. AL TR, 2013, 34(9): 36—39.
ZHONG Ling-zhu, CHEN An-jun. Study on Static
Cushion Performance of EPE/EPS and Honeycomb



- 104 -

(I

20194 6 H

[12]

[13]

Paperboard Combination[J].
2013, 34(9): 36—39.
JIANG H Y, ZHAO D J, ZHANG W L, et al. Some Ob-

servations on Dynamical Cushioning Property of Overlay

Packaging Engineering,

Cushion Combined with Dissimilar Materials [J]. Applied
Mechanics and Materials, 2012, 200: 122—125.

PR, mE M AR — 4R B A AR OC R K
[J]. #esh T R4k, 2016, 29(1): 38—44.

LU Fu-de, GAO De. One-dimension Constitutive Re-
lationship and Its Application for Honeycomb Paper-

[14]

[15]

board[J]. Journal of Vibration Engineering, 2016,
29(1): 38—44.

WANG Z W, YU P E. Mathematical Modeling of En-
ergy Absorption Property for Paper Honeycomb in
Various Ambient Humidities[J]. Materials and Design,
2010, 31(9): 4321—4328.

EE. AR BB M. b BRI T
th kL, 2009.

WANG De-zhong. Packaging Computer Aided De-
sign[M]. Beijing: Printing Industry Press, 2009.



