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Fig. 1 Section structure of the upright-beam combination
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Fig.5 Mesh, constraint and load setting of simulation model
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Tab.1 Comparison between test and simulation results

Liks ) Vi B fH R
Type Test value /N Simulation value /N Error/%
M90A 104 204.2 105 960 1.68
M100A 139 643.9 131 630 5.74
MI120A 238 675.9 254910 6.80
MAPE/% 4.74
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Fig. 6 Schematic diagram of forklifts hitting uprights
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Fig. 7 Simulation models of the upright in three collision modes
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Fig. 8 Time curve of the upright’s bending deformation
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Tab.2 Residual deformation of the damaged upright
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R WP Collision Deformation/mm
Type Rigid mass/kg .
location 3 km/h 5 km/h
A Web 4.53 11.93
M75 100 AR Flange 8.09 16.94
122 Prism 12.28 24.69
HE AR Web 7.21 18.12
M90A 200 B Flange 10.84 22.49
14k Prism 11.32 23.15
MEH Web 5.54 13.19
M100A 300 AR Flange 9.04 20.62
2 Prism 11.26 21.78
JEAR Web 6.67 15.64
M100B 400 B Flange 9.62 20.63
B4k Prism 13.46 24.53
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Fig.9 Setting of impact loads and boundary conditions
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Tab.3 Allowable residual deformation of the upright
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Fig. 12 Relation curve between amount of impact deformation and

residual ultimate load capacity of uprights
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Tab.4 Mapping relation of input and output parameters of the

prediction model
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Input parameter
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JEAR FEE Web width
AL FEJREE Upright thickness
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BT Flange widt AR )

Residual ultimate

SEHETF R/ Upright opening size

- - bearing capacit
Y1544 Number of bends g capactly

AFJEA B Deformation position

LA Deformation degree
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3) it IH—1k)2 1: batchNormalizationLayer PR%H .

4) B4 ReLLU PRAEL : reluLayer PREY .

5) "4k 5 )Z 2 convolution2dLayer PR, 45 B
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6)ftEIH—1k)Z 2. batchNormalizationLayer PR o

7) 83 ReLU PR%Y : reluLayer PRET

8) "4 Z 3 convolution2dLayer pREY , 45 FU%
KNI 3x1, B HUEHIA BN 64

9) it IH—1k )2 3 : batchNormalizationLayer PR%H .

10) A& ReLU PR %K : reluLayer PRI%K

11) Dropout JZ : dropoutLayer PR , BEHLHF 20% %
ANEE,

12) 4% 4% )2 : fullyConnectedLayer PR, 2712 )2
a9 ECH 1,
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Tab.5 Model training and partial test results

I

Serial momber  FEMAN - adam/kN - rmsprop/kN sgdm/kN
1 105.96 117.88 118.34 -0.31

2 73.533 75.94 86.16 -0.44

3 68.767 66.11 68.30 1.17
29 46.924 43.32 45.23 -0.23
30 28.107 34.19 34.41 -1.16
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Evaluation indicator adam rmsprop sgdm
MAE/KN 4.65 5.79 86.65
RMSE/KN 6.35 8.58 98.52
MAPE/% 5.99 7.28 100.10
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Fig. 16 Training graph of CNN
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Hybrid physical simulation and convolutional network for rack uprights

bending damage prediction

CHEN Qi' LU Zhijun' CHU Ming' ZHANG Xiao’> LI Hongliang’
(1. College of Mechanical Engineering, Donghua University, Shanghai 201620, China)
(2. Wanbang Digital Energy Co., Ltd., Changzhou 213161, China)

(3. Shanghai Jingxing Storage Equipment Engineering Co., Ltd., Shanghai 201611, China)

Abstract: Accidental mechanical impacts such as forklifts may lead to serious degradation of the stability of industrial
rack uprights. The finite element simulation model of the upright bending damage was established based on the physical test
mechanism with five types of common upright in the industry as examples, and the analysis found that even a small impact
deformation (I mm) may lead to a decrease in the ultimate bearing capacity of the upright (maximum about 37%). Compared
with other impacted positions, the bending damage at the prism made the upright stability decrease more significantly. Based
on this, an intelligent prediction model of the bending damage state of the upright was established by physical simulation and
convolutional neural network method. The results show that the residual load capacity values of the damaged upright obtained
from the prediction model agree well with the finite element simulation data (the mean absolute percentage error is 5. 99%)
and can be used for rapid assessment of the bending damage performance of the rack upright.

Key words: Rack upright; Finite element; Bending damage; Convolutional neural network; Stability
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