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Packaging Dropping Simulation and Optimization Based on Hyperworks/LS-Dyna
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ABSTRACT: This paper aims to analyze the drop simulation of the embedded dishwasher packaging, to further reduce
the solution cost, and finally obtain a lightweight design theory that is consistent with production. The joint simulation
was conducted by Hyperworks/LS-Dyna. Firstly, the response of the package to the six-sided drop of working conditions
was simulated. Secondly, OptiStruct optimization module was used to have topological optimization on the design of
the bottom pad. Optimal working conditions were reasonably set according to the deformation of the pad. Manufacturing
constraints were added to the pad to obtain the lightest weight solution that met the test requirements. The manufactura-
bility of the optimized results was enhanced, the cost of the final solution was reduced by 1.1 yuan, and the acceleration
response of the vulnerable part collected in the test before and after the optimization was reduced to varying degrees,
which was in line with the optimization goal. Light weight design theory is universal in packaging. After the design is
completed, the technical route of topology optimization can be used to realize cost decreasing and benefit increasing.
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Tab.1 Number of nodes of units
LA PR TR B BTV LT Tria3 Quad4 Penta6 Hex8
B 440 522 372 959 1986 161 726 1353 207 894
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Tab.2 Material model
R4 Bk B /(mg-mm ™) LR 5 /MPa TARS Jit AR 3 B /M Pa VI ] #5 5/GPa
304 AEE 7.93 1.93x10° 0.3 210 18
25N 7.85 2x10° 0.3 250 14.5
WL B 55 2.46 6.89x10* 0.23 0.069 28
Kk 7.2 1.3x10° 0.27 0.2 44
A4 6.6 8.5x10% 0.33
PP 0.92 896 0.41
PA 1.12 2620 0.34
FOAS 48 0.15 7 0.34
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Fig.2 Stress-strain curve of foam material Fig.3 Result of energy change on 1 cloud drop
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Fig.4 Product stress cloud diagram of 1 cloud drop (9.4 ms)
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Fig.5 Response acceleration of falling groove on each side
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Tab.3 Drop test date
Wik T R i 8 {E () 7 FLAE M 137 B ()
1 i 47.46 57.84
2 Hi 61.72 73.53
3 I 53.73 60.39
4 J5 32.81 35.48
5 e 35.05 45.97
6 I = iy 30.08 31.33
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Fig.6 Finite element model
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Fig.8 Time-displacement curve of contact area in 3 conditions
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Tab.4 quivalent static force
X 3% A RN KN Fy/kN Fy/kN F,/kN fi# I F/mm FLFE 7 11]
A 34.98 -1.016 —0.123 =35 25.47 -z
B 6.375 —0.2065 —0.3596 —6.361 15.29 -z
C 25.27 -2.022 -0.0194 -25 8.454 -z
D 15.06 =15 —0.2872 —2.866 41.49 -X
E 22.81 -1.38 -22 -3.613 30.98 -y
F 17.38 —0.2778 -17.19 —2.561 29.47 +y
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Fig.9 Design scheme of C-pad
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Tab.5 Master node displacement before and after optimization

X 45 F 77 18] A A F/mm B #i, #/mm C 1 F/mm
A -y 25.47 20.07 24.75
B -y 15.29 14.77 15.03
C -y 8.454 4.24 7.40
D —X 41.49 29.73 41.53
E -y 30.98 18.63 29.01
F +y 29.47 17.4 24.78
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Fig.10 Performance before and after C-pad drop test



F4E B R4 . BT Hyperworks/LS-Dyna )40 %6 /4 Bk % 075 B M A0 2 Ak

© 131 -

70
—— A
60 —o— CH

50|
40l

30+

W R N 2B ()

20+

10+

1 1 1 1

0 5 10 15 20 25 30
i} /] /ms
a MRALHETE3E

40

35+
30 +
25 +

20 +

W S0 38 ()

15 +

10 +

1 1

0 5 10 15 20 25 30
A [E]/ms

¢ PRALRTIE ST
11

40
350
30
25
20
15
10

M O 032 B ()

1
0 5 10 15 20 25 30
s} 7] /ms
b 4T
35

30+

25+

20 -

M o7 02 ()

10 +

10 15 20 25 30 35
Hs} Bl /ms
d 6T

DA RIT i 45 i K v M S i 82 %

Fig.11 Comparison of drop response acceleration before and after optimization
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Tab.6 Peak acceleration response comparison before and
after optimization
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5 %2 i 35.05 31.72 -9.50
6 U 2 18 30.08 33.63 +11.80
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