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Relationship Between Vibration Transmissibility of Expanded Polystyrene
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ABSTRACT: The work aims to study the frequency and vibration transmissibility at the maximum peak of the vibration
transmission rate frequency curve of foamed polyethylene quickly with common design variables to reduce the workload
of testing and characterization of cushioning materials. Firstly, the constant static stress experiment was designed, the re-
sults were analyzed by theoretical analysis and finite element simulation analysis, and the variables were made clear. Then
the orthogonal experiment was designed, and the formula fitting was carried out by using quasi Newton method and gen-
eral global optimization method. The results of constant static stress experiment showed that the peak corresponding fre-
quency obtained by finite element simulation analysis with different weight and contact area combination remained un-
changed, but the peak corresponding transmissibility would change. The R? of the weight, the contact area between the
weight and the buffer material and the thickness of the buffer material fitted with the frequency and vibration transmissi-
bility were 0.996 and 0.951 respectively. Static stress cannot be used as a single factor affecting the change of vibration
transmissibility-frequency curve. It is necessary to select the weight, the contact area between the weight and the buffer
material and the thickness of the buffer material as the influencing factors of the change of vibration transmissibili-
ty-frequency curve. The frequency and vibration transmissibility corresponding to the peak value have obvious potential
laws with these three factors. The fitting formula can improve the design efficiency and reduce the workload of buffer
material testing.
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Fig.1 Schematic diagram of geometric model of
vibration system
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Fig.2 Finite element model of vibration system
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Tab.1 Material parameters of vibration system

EHPIPE S8 W /(kg-m ) SR i /Pa PR 5 /Pa Syl 5 /Pa H{ER /N FHJE
U 29 3.00x10° 1.02x10° 1.49x10° 0.01 0.2
G 1000 1.00x10" 8.33x10° 3.85x10° 0.3 —
G Ak 1.00x10" 8.33x10" 3.85x10' 0.3 —
ksl &5 £k 7680 2.00x10" 1.67x10" 7.69x10" 0.3 —
F2 B AHH4123.84 PaISHAS
Tab.2 Parameter combination with static stress of 4123.84 Pa
S YT L% /(kg-m ™) ik /N P fok 17 BU/m®
1 7890 92.7864 0.0225
2 3506.666 667 41.2384 0.01
3 4243.066 667 49.898 464 0.0121
4 5049.6 59.383 296 0.0144
5 5926.266 667 69.692 896 0.0169
6 6873.066 667 80.827 264 0.0196
7 8977.066 667 105.570 304 0.0256
8 10 134.266 67 119.178 976 0.0289
9 11361.6 133.612 416 0.0324
10 12 659.066 67 148.870 624 0.0361
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Fig.3 Vibration transmissibility-frequency curve
of experiment 1
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Tab.3 Vibration transmissibility and frequency corresponding to the peak value of each experimental curve

N MBS AR (AN HBEE) A BRIT 0y L2
S HUH/H 3 e 7% U/ H IR %
1 34 2.726 58 7.56
2 34 2.726 58 3.8
3 34 2.726 58 4.11
4 34 2.726 58 4.211
5 34 2.726 58 3.983
6 34 2.726 58 4.67
7 34 2.726 58 4.442
8 34 2.726 58 4.813
9 34 2.726 58 4.322
10 34 2.726 58 4.162
R4 ZEBRFAIBAE
Tab.4 Multi cycle experiment levels
SES
K -
it it o /N e i 1 FY/m v RHEEJEE /m

1 370.44 0.0225 0.01

2 617.4 0.04 0.03

3 864.36 0.0625 0.05
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Tab.5 Three factor three level multi cycle experiment
) SR 2
LW fik At e & fih 1T A 2% vhbp kLR L
W /Hz RN L 18 5/%

1 1 1 1 86.667 4.1639
2 1 2 1 113.33 4.7371
3 1 3 1 133.33 5.3924
4 1 1 2 53.333 3.9602
5 1 2 2 70 4.1441
6 1 3 2 83.333 4.1584
7 1 1 3 40 3.9133

1 2 3 53.333 3.7234
9 1 3 3 66.667 3.8103
10 2 1 1 66.667 3.7352
11 2 2 1 86.667 4.6165
12 2 3 1 106.67 4.9334
13 2 1 2 40 4.4764
14 2 2 2 53.333 4.2464
15 2 3 2 66.667 4.2130
16 2 1 3 33.333 4.1042
17 2 2 3 43.333 3.5454
18 2 3 3 53.333 3.9261
19 3 1 1 56.667 4.4955
20 3 2 1 73.333 4.7786
21 3 3 1 90 5.0250
22 3 1 2 33.333 4.6510
23 3 2 2 46.667 4.3502
24 3 3 2 56.667 4.4203
25 3 1 3 26.667 4.5278
26 3 2 3 36.667 3.7144
27 3 3 3 43.333 4.2482

x6 R;EBXRMEMREENNFENESEF/ALBHTEZNTER
Tab.6 Results of multi cycle experiment analysis of variance of frequency corresponding to peak value of vibration
transmissibility frequency curve

5 R IR -5 F B2 ¥1795 F{d
ik 3185.777 702 2 1592.888 851 17.902 341 03**
2 fik T AR 3857.598 684 2 1928.799 342 21.677 610 2%*
% ppob R E 10 410.604 86 2 5205.302 428 58.501 947 07**
w2 711.812 538 8 88.976 567 25

G YN AN AT T



Fa3k s RIDASE: RIEER IR B RFESE RO <157 -

R7 REBR-GEHREENNERENESERALBATESITER
Tab.7 Results of multi cycle experiment analysis of variance of transmissibility corresponding to peak value of
vibration transmissibility frequency curve
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2% WA R} IR B 2.250 683 48 2 1.125 341 74 4.055 157 47
WE 2.220 070 117 8 0.277 508 765
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Tab.8 Parameter identification results of formula 5

ZH 45

a -1.58x10"
b 838 217 304
c 43857 611
d 8.457x10"°
b, —1434 144
c -1.72x10°
d, -4.32x10"
bs 774.29

c 1.907x10"°
ds 7.197x10"
e 1.012 19
e —4721.9

es —0.202 44
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Tab.9 Parameter identification results of formula 6

S8 45 28 45
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