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Fig. 14 Effect of cushion stiffness and damping parameters

on the FRF of product packaging system path 1
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Fig. 15 Acceleration response time domain signal of key component under different cushion stiffness and damping
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Tab.3 PSD characteristics of the key component under

different excitation power spectra in Simulink

simulation
oI BN iR He  SERIE/ (¢ He )
g/ B/
(Nem™) (Nesem ') M5 ASTM  FHMES  ASTM
30000 30 12.5 12.7  0.05924 0.03820
50000 50 16.3 16.3  0.04023 0.10800
100000 100 22.8 22.8 0.03123 0.07438
200000 150 32.3 33.2  0.03127 0.02342
300000 200 39.2 39.7  0.02962 0.05944
400000 250 45.3 45.6  0.02448 0.06013

£=30000 N/m, =30 Nes/m Hl /=50000 N/m, ¢=
50 Nes/mbf , ASTM Bl i 75 & gt M4 45 52 4 1 8
Jily By #33% {8 43 51 S 0.000667 F1 0.001917 g*/Hz, Itk
R 0 137 ) 238 435 340 32 3 R g Sk R 45 % B 3 Rl PSD
E R SZMR o [6]— BRI IS AN R AT S S 0T, G s T i
- fy e 7 2y R RN e iR B0 4 8 R R R G A R
3% B0 AT 1 98Dl By 48 A [ 4 o
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Fig. 17 Product packaging system
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Tab.4 Product dimensions and material parameters

e IR LR oA
K /mm 400 152 82
i B /mm 304 90 72
75 B /mm 8 30 40
i /kg 7.28 3.02 2.00

U FRE I % phoel SR RS 0RT LLGE o IE K
ARSI I RN 2 TR T8 AT B, BE A 2% bRt SRR Y
0, 9% v Al 1 I R BELJE 08N | 8 pae bt
SRR SR .

R5 ZEHFARMBSFESE
Tab.5 Cushioning material property parameters
JEE /mm M /(N-m ™) FHJE/(N-s-m ")
20 95083 85.47
30 76574 78.39
40 39891 56.58
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Fig. 20  Acceleration response time domain signal of key component in random vibration experiment
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Acceleration response PSDs of key component and mass blocks in random vibration experiment
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Tab. 6 PSD characteristics of the key component and mass blocks under different excitation power spectra in random

vibration experiment

PS5 b 20 mm 30 mm 40 mm

oo g i ASTM e 5 ASTM 1 7 ASTM
my PRI/ He 16.5 16.2 14 15 12.75 13.5
m, PRI /Hz 16.5 16.2 14 15 12.75 13.5
m, YR A %/ Hz 17 16.6 14.75 15.7 13.25 13.9
m FERIR /Hz 17 16.6 14.75 15.7 13.25 13.9
m LRI R /Hz 17 16.6 14.75 15.6 13.25 13.8
m JEPRIEAE /(7 Hz ) 0.007218 0.018490 0.007214 0.007104 0.012460 0.014020
m, PRI /(g% Hz ) 0.004891 0.010500 0.005194 0.006242 0.009616 0.009969
m, SR, /(g% - Hz ) 0.034840 0.070170 0.032570 0.060770 0.041630 0.039380
m BRIV /(g% Hz ) 0.041880 0.080470 0.037870 0.062370 0.041290 0.040210
m AR /(¢ Hz ) 0.033680 0.057950 0.030740 0.053470 0.324100 0.031730
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Numerical simulation and experimental study of the transfer path of

product packaging system under random vibration

CHEN Ju,n-fez’l‘z'g, ZHANG Yuan-biao"*’, LIN Cong"**®
(1.Packaging Engineering Institute, Jinan University, Zhuhai 519070, China; 2.Key Laboratory of
Product Packaging and Logistics of Jinan University, Zhuhai 519070, China;
3.Zhuhai Key Laboratory of Product Packaging and Logistics, Jinan University, Zhuhai 519070, China)

Abstract: The vibration transfer characteristics of the product packaging system are investigated through numerical simulations and
experiments, and the vibration response of the product packaging system is investigated under the excitation of the band limited
white noise spectrum and ASTM truck highway spectrum. The state-space method and MATILAB/Simulink simulation tools are
used to carry out random vibration simulation analysis of the product packaging system to investigate the effect of cushion liner ma-
terial parameters on the frequency response transfer function of the path and the dynamic response of the product. The results are as
follows: among the four vibration transfer paths of the product, the frequency response transfer function and the vibration response
of the mass block are larger in the path with large mass distribution and large stiffness; the damping parameters inside the product
on the path have no effect on the frequency response transfer function and the acceleration response of the mass block on each path;
the acceleration response on the key component is between the response of each part of the product; a larger cushion liner damping
helps to reduce the resonance peak of the acceleration response power spectrum (PSD) on the key component, and larger cushion
stiffness increases both the PSD resonance frequency and the resonance peak of the key component’s response. The external excita-
tion spectral patterns, the vibration transfer characteristics of the system and the excitation spectral energy near the resonance fre-
quency all have effects on the damping effect of the cushion liner. The random response law of the product packaging system under
the simulation analysis is consistent with experimental study, and the results provide a theoretical basis for product packaging de-

sign.
Key words: random vibration ; packaging engineering ;numerical simulation;stiffness;damping ; PSD
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