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Finite Element Analysis of Corrugated Cardboard and Its Simplified
Model Based on ANSYS
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ABSTRACT: The work aims to improve the efficiency of simulating corrugated cardboard and consequently replace
experimental testing with finite element methods, so as to save time and cost, reduce environmental pollution, and thus
promote sustainable development and provide decision-making basis for the optimization design of corrugated
cardboard boxes. Starting from the mechanical properties of linerboard and corrugated medium, the minimum unit of
corrugated cardboard was modeled at a 1 I 1 for analysis. Compression performance of corrugated cardboard was
simulated and solved using ANSYS, and the results were analyzed to find an equivalent method for the mechanical
properties of corrugated cardboard. By utilizing the equivalent mechanical properties of corrugated cardboard, the model
of corrugated cardboard was simplified to some extent to improve the solving speed while ensuring a certain level of

accuracy. The mechanical properties of linerboard and corrugated medium could be equivalent using a bilinear isotropic
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hardening model. The compression process of corrugated cardboard was divided into four stages: elastic, yielding,

plateau, and densification. Simulation was carried out using the Static Structure module of the ANSYS Workbench.

Compared with experimental results, the simulation could effectively predict its compression performance. After

simplifying corrugated cardboard to a homogeneous rectangular prism, simulation results showed that the simplified

model reduced the solving time of flat pressing finite element analysis by 13% to 60%, and reduced the memory usage by

37% to 62%, with greater reductions for larger model sizes. Using this method to simulate the compression performance

of corrugated cardboard solves the drawbacks of optimizing packaging design through repeated experiments in the past. It

saves time, reduces production costs, and environmental pollution of corrugated cardboard, and achieves sustainable

development.

KEY WORDS: corrugated cardboard; flat pressing test; finite element analysis; simplified model; equivalent mechanics
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Tab.1 Composition of corrugated board

Mok = 4R 4 AR
602 F110/F110(B)/L130
641 L130/F90(C)/L130
955 L200/F160(C)/F110/F140(B)/L250
965 L130/F110(C)/F110/F110(B)/F160

Hor F90. F110. F140. F160 SN FUA% R 4L, L1130,
L200. L250 J4ft4t.
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Fig.2 Flat pressing test stress-strain curve of corrugated board
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Tab.2 Material parameters of corrugated medium

J;%‘:éﬁ - 53‘@ IR Jati R ZJ%Z *HXGL%”‘T%/
g AE/MPa J/MPa #iH/MPa (kg-mm™ )
FO0 2193.84 0.34 14.48 980 6.21x1077
F110 2 044.68 0.34 11.36 856 5.55x1077
L130 2395.33 0.34 13.02 112929 6.63x1077
F140 1941.26 0.34 13.08 954.67 5.68x107
F160 2 020.03 0.34 11.36 889.86  6.13x1077
L200 2613.58 0.34 14.41 1066.53  6.90x1077
L250 2543.17 0.34 18.77 1030.98 8.30x1077
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Fig.5 Load setting of flat pressing finite element model
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Fig.6 Stress pattern of 602 flat pressure finite element
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Fig.7 Stress pattern of 641 flat pressure finite element
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Fig.10 Comparison of flat pressing simulation and experimental data of corrugated board
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Tab.4 Equivalent mechanical properties of corrugated board thickness direction

24 602 641 955 965
R/ (kgmm®) 1.38x1077 1.15x107 1.36x1077 1.13x107
PP/ MPa 0.863 0.273 1.130 0.438
SRR R AL 1.3 1.5 1.5 1.8

TARALE 1 0.01 0.01 0.01 0.01
NAZ, N JI/MPa 0, 0.167 0, 0.048 0, 0.181 0, 0.118 4
NAE, N F1/MPa 0.167, 0215 0.2, 0.0925 0.3, 0.227 027, 0.146 5
NAE, N F1/MPa 0.4, 0.28 0.383 5, 0.093 55 0.463, 0.25 0.385, 0.15
NAE, N F1/MPa 0.588, 100 0.574 23, 100 0.59, 100 0.479 7, 100
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Tab.5 Number of meshes and solving time of flat pressing finite element simplified model

Vi e FATTHE Rk e FEAHER e SR AR )/ A MAPDL NAE/M
602 1470 8240 5.49x107' 141 198
641 1820 9905 6.28x107' 148 182
955 4160 21183 1.13x107"* 354 276
965 4160 21183 1.09x107"* 328 248
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Tab.6 Comparison of flat pressing finite element simulation
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