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Design of Reliable Structure of Fragile Transportation Based on
Different Protective Materials

ZENG Tai-ying, DING Yi-qiu, YU Shui-yuan

(University of Shanghai for Science and Technology, Shanghai 200093, China)

ABSTRACT: The work aims to study the protective performance of cushioning packaging structures made of different
protective materials during the transportation and packaging of fragile products. Through modal analysis and random vi-
bration analysis module in Ansys Workbench, the modal and random vibration simulation analyses of the model were car-
ried out to obtain all-directional stress, displacement and total stress of fragile products. The simulation results of two
kinds of protective materials were analyzed and compared, the optimal cushioning scheme was selected, and the random
vibration and drop tests were carried out. The cushioning structures made of two protective materials had good protective
performance, and it was more economic and environmental to select the designed EPE cushioning structure. Moreover,
there was no deformation or damage to the package during random vibration and drop tests. It is concluded that ideas
have been provided for low cost and high reliability structural design of fragile products, and an analysis method is also
provided for product performance prediction and transportation plan detection.
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Tab.1 Performance of commonly used foams
/
(grem™) /°C
EPE 0.4~0.03 85
PU 0.06~0.02 120 ( )
EPS 0.03~0.016 80 ( )
2
Tab.2 Parameters of cushioning material’s physical and mechanical properties
/(kg'm ™) /MPa /kPa /kPa /kPa
EPE 29 3 0.01 62 340 260
EPS 20 5.112 0.1 147 293 246
2 EPS EPE
EPS 2
EPE
EPE 2.1
EPS EPE 1 3
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3
Tab.3 Maximum displacement of each mode mm
1 2 3 6
EPS 33.87 34.462 27.134 36.063
EPE 33.866 34.448 26.995 40.241
4115 2 0.146 33 MPa 5
z 4
z EPE
EPE
4 ISTA 3A
Tab.4 ISTA 3A acceleration power spectral density
~ 30 MPa 300 MPa
/Hz /(g>kHz ")
1 0.7
5 20
7 1
12 1
0.8 m
15 4 3.96 m/s z 0.03 s
24 4 (16l EPE  EPS
28 1
36 1 6—7 2 EPE
42 3
75 3
3
200 0.004
EPE
2 5 2 EPE
5 5 EPS
0.1681 MPa [17]
0.1681 MPa EPE 8 EPE
0.146 33 MPa

(i #%/mm i #/mm
3335 58 813?11;177
0362 03 0.366 42
8‘%3% (5% 0314 08
0.187 15 0261 73
0.149 72 8'%(5)3 3§
8’(1)%% 22322 0.104 69
81037 431 8.052 346
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125 375 125 375
a zJ7[(EPS) b zJ7 [E(EPE)
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Fig.4 Deformation in different directions
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Tab.5 Maximum stress MPa
1 2
EPS 0.1681 0.032 0.023 0.1681
EPE 0.146 33 0.028 0.022 0.146 33
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Tab.6 Response acceleration spectral density of vase
/Hz /(g>kHz )
1 0.7
2.9432 18.66
4.5514 20
6.7679 0.845
12.282 1.36
15.032 3.94
24.643 3.158
28.693 1.1
36.355 1.22
42.097 3.65
75.009 2.45
200 0.004
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