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Cushioning Property of Pulp Molded Honeycomb Boards

LI Guo-zhi, ZHANG Mei-qi, SUN De—qiang*, ZHOU Jian-min, HE Xing-juan

(School of Light Industry and Engineering, Shaanxi University of Science and Technology, Xi'an 710021, China)

ABSTRACT: The work aims to develop a new general-purpose cushioning structure board to solve the bottleneck
problems such as single core paper configuration and limited thickness of a single layer in honeycomb boards due to the
limit of technological level. With molded pulp as raw material and hexagonal prism structure as an example, a honeycomb board
was designed and processed by combining forward and reverse insertion method, and the finite element method was used
for simulation to obtain key structural parameters and related optimal parameter combinations. The pulp molded board
with forward and reverse insertion structure had good coupling effect. Its load carrying capacity was greatly improved
compared with that of a single layer boards. The board performance was quantitatively analyzed by combining the evaluation
indexes of ultimate load and specific energy absorption. The initial compressive load could reach a maximum of 73.7 kN,
which met the load carrying requirements of heavy packaging apparatus such as trays. The effect of each structural parameter
on the load carrying and cushioning property of the board was known by range and variance analysis. The study showed
that the cell wall thickness and the edge length of the middle section had significant effect on the load carrying and
cushioning property. The forward and reverse insertion structure solves the bottleneck problems of the existing paper

honeycomb material with limited height and thickness and single configuration, and improves the load carrying and
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cushioning property of the pulp molded honeycomb board, which can meet the heavy load requirements. The same design

concept and research method can be used for other regular polygon tapered thin-walled tube cells.

KEY WORDS: molded pulp; honeycomb board; orthogonal experiment; load carrying property; cushioning property
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Fig.1 Forward and reverse insertion structure of
new pulp molded honeycomb boards
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Fig.2 Geometry model of conical
thin-walled tube cells

T S5 T V47 L5 9 T 4 5 1
T LA A P BT . 8 5 R T T 43 3
Sl Sa, FETTHISMERIEA BN R Ra, WIHEA
fly e AT TR S, B0 I (1),

V5= oS V5. 0

W £ T A, B R AN A R
XA (2),

Ry= V(R +R,) )

2 HRTEE

2.1 MRSBNE

AR SC A 56 ST P A 3 A% 0 1 i B A L 34 2 T B
e T A RRA 'R T, &l &R 100%[E
TURR4RS . 208 GB/T 12914—2018 { 4CF14EHR Hiikan
FERINE ) SEATHIAREs, 15 200K AR N -
N AR ZEAnTE 3 B, AT FHACHR A S Ak gt A
1 IR BR A4 RN 534 50.37 MPa 11 0.075 MPa.,

300

250 +

200 |-

150 +

I f16/MPa

100

50 |

0 O.OIO2 0.604 0.606 0.608 O.OIIO
N AFe
B 3 AR IR AR N -1 A i 2k

Fig.3 Tensile stress-strain curves of
pulp molded materials
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Fig.4 Finite element model on
out-of-plane impact of a new pulp
molded honeycomb board
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Tab.1 Basic physical parameters of materials used for finite element analysis
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Fig.5 Static compression experiment and
simulation deformation patterns
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Tab.2 Factors and corresponding levels in test

H#
KF
R/mm al (°) H/mm t/mm
1 15 2 20 1
2 20 4 30 2
3 25 6 40 3
4 30 8 50 4
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Tab.3 Simulation results of load carrying property of
pulp molded honeycomb boards

i Rmm o/ (°) H/mm  t/mm FIN
1 15 2 20 1 6 280
2 15 4 30 2 10 923
3 15 6 40 3 12 095
4 15 8 50 4 17 380
5 20 2 30 3 28 276
6 20 4 20 4 48 813
7 20 6 50 1 9314
8 20 8 40 2 11415
9 25 2 40 4 47 163
10 25 4 50 3 32238
11 25 6 20 2 34118
12 25 8 30 1 12323
13 30 2 50 2 33290
14 30 4 40 1 13 161
15 30 6 30 4 73 735
16 30 8 20 3 50 974
£4 BESHER
Tab.4 Results of range analysis
LEV SR R/mm al (°) H/mm t/mm

K, 11 670 28770 35045 10 272.5

K, 24 452 26 275 31300 22 425

K; 31450 32 302.5 20975 30 900

K, 42 800 23 025 23 052.5 46 775

R 31130 9277.5 14 070 36 502.5
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Tab.5 Results of multivariate variance analysis

A SR F-J5 A F Yo7 22 F 1 E K
2038 135 869 3 679 378 622.9 14.667 0.027
a 184 673 868.8 3 61557 956.25 1.329 0.41
H 534 752 868.8 3 178 250 956.3 3.848 0.149
t 2822373269 3 940 791 089.6 20.311 0.017
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Tab.6 Simulation results of cushioning property of pulp
molded honeycomb boards

i om/MPa SealT
1 0.115 858 1143.82
2 0.340 043 2116.63
3 0.549 944 219435
4 0.629 357 1970.81
5 0.426 331 1801.16
6 0.683 161 1792.74
7 0.044 369 579.83
8 0.185 904 1478.93
9 0.450 153 1753.36
10 0.267 819 1 636.02
11 0.226 392 1 888.80
12 0.040 542 655.11
13 0.087 712 868.96
14 0.026 826 454.74
15 0.333 378 1325.77
16 0.150 928 584.97
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Tab.7 Results of range analysis

HAr 2% ZER S R/mm al (°) H/mm t/mm
K, 0.408 800 0.270 014 0.294 085 0.056 899
K, 0.334 941 0.329 462 0.285 074 0.210 013
IR = K; 0.246 227 0.288 521 0.303 207 0.348 755
K, 0.149 711 0.251 683 0.257 314 0.524 012
R 0.259 089 0.077 779 0.045 893 0.467 113

K, 1 856.40 1391.83 1352.58 708.37
K, 1413.17 1 500.03 1474.67 1588.33
I e K3 1483.32 1497.19 1470.35 1554.12
K, 808.61 1172.45 1263.90 1710.67
R 1047.79 327.58 210.77 1002.30
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Tab.8 Results of multivariate variance analysis

HArZ 5 75 5 Ryl Ehifia ¥y F W& MK
R 0.151 3 0.05 3.82 0.15
) o 0.013 3 0.004 0.337 0.802
BIAFE RN
H 0.005 3 0.002 0.12 0.943
t 0.475 3 0.158 12.066 0.035
R 2259 168.762 3 753 056.254 15.384 0.025
. o 283 700.755 3 94 566.918 1.932 0.301
LK g
H 123 696.887 3 41 232.296 0.842 0.554
¢ 2 534 852.227 3 844 950.742 17.261 0.021
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