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Fig.1 Schematic diagram of contact area between product and storage and transportation device
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Table 1 Boundary conditions and contact states of
simulated operating conditions for products and

storage and transportation device
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Fig. 2 Discretization model of storage and

transportation device
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Table 2 Discretization unit information of storage and
transportation device
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Fig. 3 Overall stress nephogram of storage and

transportation device under storage conditions
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Fig. 4 Indication diagram of maximum stress location of
storage and transportation device under
storage conditions
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Fig.5 Overall deformation nephogram of storage and

transportation device under storage conditions
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Fig. 6 Schematic diagram of each bearing part
of the storage and transportation device
under storage conditions
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Table 3 Load bearing conditions of each bearing part of
the storage and transportation device under

storage conditions
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Fig. 7 Opverall stress nephogram of storage and
transportation device under lifting conditions
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Fig. 8 Overall deformation nephogram of storage and
transportation device under lifting conditions

—43 -



[]1 €1 %= = f PACKAGING JOURNAL
2025 F E 174 F 1 HiVol. 17 No. 1 Jan. 2025

2 ZEH(Von-Mises) ¥ JJ
%}1%: MPa
Wl 1s
254 828 K
218.48
182,15
145.82
109.49
73.158
36.826

21011
luf

0

0.506
001 021 28/

EH9 ERIATHERENNRXEBMHIETE
Fig. 9 Indication diagram of the maximum
stress location of the storage and
transportation device under lifting conditions
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Fig. 10 Schematic diagram of force transmission
cross-section of channel steel
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Fig. 11 Schematic diagram of the center of gravity
position of the product and storage and

transportation device

- 44 -



D] ThE, %
BEHTHTEBHESTREHML

x4 MUEEREIATERIBBARIER
Table 4 Load bearing conditions of each bearing part

under optimized storage conditions
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Fig. 12 Overall stress nephogram of optimized storage

and transportation device under storage conditions
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Fig. 13 Overall deformation nephogram of
optimized storage and transportation device

under storage conditions
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Fig. 14 Overall stress nephogram of optimized storage
and transportation device under lifting conditions

Ei15 KtEERIATHRIERERAKENEE
Fig. 15 Overall deformation nephogram of optimized

storage and transportation device under lifting conditions
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Fig. 16 Indication diagram of the maximum
lifting stress location of the optimized storage

and transportation device
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Simulation Analysis and Structural Optimization of Hyperstatic Storage and

Transportation Equipment

FU Yinghai', TANG Wenping®, SHI Yong’, HU Shan', CAO Jinshu'

( 1. Enterprise Management Department, Nanjing High Speed Gear Manufacturing Co., Ltd., Nanjing 211100, China;

2. College of Packaging and Materials Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: The three-dimensional model, discretization model, and contact model of heavy equipment and storage

and transportation equipment were established based on ANSYS Workbench. The stiffness and strength state of the

hyperstatic storage and transportation device were calculated using storage and lifting as typical working conditions,

while the strength of storage and transportation equipment was evaluated based on Mises yield theory. By adjusting

the stiffness of the load-bearing parts, the force distribution of each load-bearing part of the storage and transportation

device was optimized, and the rationality of the stress distribution of the steel frame nodes was improved. The results

indicate that the finite element method can provide design and optimization basis for storage and transportation devices

with hyperstatic structures.

Keywords: hyperstatic structure; storage and transportation equipment; finite element method; discretization

model; lifting; yield theory
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