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Abstract: Objective: In this study, the finite element simulation
was integrated into random vibration experiment to provide a new
way of thinking about transportation packaging. Methods: The
red wine inner packaging spacer, made of three different
cushioning materials, was used as the research object, and the
vibration response was studied through random vibration
experiment. Then the finite element simulation was used to
and the

analyze the correlation between the experiment

simulation results. Results: The results of random vibration test
were highly consistent with the results of finite element
simulation, and the finite element simulation was less material-

and time-consuming, compared with the random test.

Conclusion;: The combination of random experiment and finite
element method can improve the efficiency of the experiment.
The finite element simulation method can provide effective
guidance for the analysis and design of product inner packaging
under the vibration environment of transportation.
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Figure 1 The fixed position of the acceleration sensor
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Table 1 Material parameters
o W/ (kg e m™ %) AL PSR/ GPa
ShARAE 1.200 0.150 0.041
FARTLIRI Y 2.530 0.243 90.300
[TES 1.040 0.340 7.600
i 1.040 0.340 5.400
R4 1.040 0.340 6.660
EPS 20.000 0.100 0.002
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Figure 2 Simulation results
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Figure 4 Time domain and frequency domain diagram of EPS material in the vertical direction



&M | Vol.39, No.4

it e 4 AT S T S R AR L 5 R N IA] 6 TR
i 3 Matlab 7 X6 2175 19 R A K0dE R AL 31, 72
A AR e — 2 R B R A O B 0B AR S e )
50 P 7 30 5 X LS T i R UL A A [ 2 o b R Y
(1) B3 43 47« oy T 5~ P& 7 Wl 0 099 O A o
JEE - IF I] P o DE S R 3 R 22 AR X R A A ] 4T
THAE IR 3l 72 & A AR B S i e . v 181 7 Ca) WD

ERME AEEHTFERHENBRIRBATEESN

EPS #4 8 8% 2l 8 (A 1 B KAA 0.35 Hz, oy 3 Fhgi4s
K. 3 J2 A 5 2 A% 4 AR 1 die K AE 43 9 R 0.25,
0.20 Hz, LA B <C0.10 Hz,

(2) BG5BT« 00 328 J3E 0 I DA %o 3G R 19 0 XL B
K. B 7))~ 7CD R, 3 )2 LA AR AR 1 IR
1B Joe K 1R 2l 090 2325 B A AT 2R 1) A A AL 2 ) B A IR 2l
WER B2 B AN BB O, e 3 )23 B0 A AR R A T DR A 0 R A
Ko Al FTEPSHAORE I [8) #E A 5 KA L 3 7E 530 1 45 45

2 =L .. g o1 T i
=2, 00 n E5% ‘ E27, 005 ‘
BE (mn fu\“lmMnmlm\w '\M_ 000 ﬂ q W =5 oo I |
T g0l HE £-0.05 W T £-0.05) || V
=0 U B S e i T B S BRI
Ik ] " ]
Time/s Time/s Time/s
@z 0-1 y 2 gz 0 fis EF_ 02 10
=Z%T'n (.0 =T'n =T 'n
£ S £ s 5 UMMM
g qgé ‘ Jdg %‘E’ 14 { ! i’? % E | W VUURUUUVUURURERYY
=< -0. 5 5‘ =< —0.1O 1‘ 4 5‘ K< —0.10 1‘ : !
Hﬂtlfﬂ Eﬂﬂ Hﬂﬂ
Time/s Time/s Time/s
mE 0107 B3 EE_ 010 7 EE_ 0.10 H
=2 ol ITEE" sy ﬂ IR =< ; 5o WWW il M il W\f\
&5 5 o050 I ‘”’W it LEE £ 005 W”” Ll MW \ Hﬂ%é 0.05 k
B2 -0. 100 : : 35& -0. 100 ‘Eé -0. 10 s ‘ : s 2
Hﬂ’lfﬂ EH’IEH EH’IEH
Time/s . Time/s Time/s
- 4 o
gz_o0lo TSIy @gA 04 M ZE _ 0 " ﬁﬂ
=29, 0.05 ‘5.;“*5,,, ( 1 Le=u 005 ” ‘ H M IP
W 2 I S
HE £-0.05 T *ﬁﬁ!&é WU W EE £-0.05
R -0100 1 2 3 4 s Ra 02 01 355 I N PR
IF i) Hﬂ‘lnﬂ Hﬂ‘lﬁﬂ
Time/s Time/s Time/s
(a) HHKA
8 Y Jii3 _ggz L) 2: , i
mg%é 4r ’ 1uE%j9 ma%:"g L
TE Eié}, R
OO 40 80]}[ z120 160 200 J}, $120 160 200 0 40 80]}[ z120 160 200
DB > e
~ Frequ)ency/Hz B Frequency/Hz B Frequ)ency/Hz
égg 2 =) ; JHi6 ggii 10
jut '__‘”O ar jut ETO EB
L LS ILJ“lLJJ 5 ZLuJ "
%40 w1020 T ‘"soi e 160 200 R 80‘;%1‘26‘ 160 200
P HiR i
Frequ)ency/ Hz Frequ)ency/ Hz Frequ)enc y/Hz
é@‘ 2: i ég 2j s ég 2: o
<é(2}".l l m“ ..... =2 11— , =2
0 Jf %20 160 200 0 40 SOJf KIZO 160 200 0 40 SOJf KIZO 160 200
7 3% P 4 ﬁ; 3
Frequency/Hz Freunen( 'y/Hz Frequ)ency/ Hz
= AT ; £ 00157 ; = 8 ;
-%% o i @ZCE 001(5)7 ik é% 2 _ 12
EES ZHJ EZ o005 m g2 4 H
<~i(1)7 l LY. U VPPN P goooo LS VE FE TN <5(2),1.Jh1.u1,“.u _ )
0 40 80 j%.:l 20 160 200 0 40 80 }:1 20 160 200 0 40 80 j%.:l 20 160 200
s S e
Frequjency/ Hz Frequ)ency/ Hz Frequ)ency/ Hz
(b) HugE

B{5 3 ERAFHKMREDLF @5 M E

Figure 5 Vertical time domain and frequency domain diagram of three-layer corrugated cardboard
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Table 2 Experimental conclusion
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