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Fig.5 Combination structure of the minimum mass system Fig. 6 Combination structure of the mass system
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Tab.1 Combination scheme of the base

F 1 T bR IR IR AR PrER AR TG 45 BRAT AR R A S B
Biit /kg Biit /kg Biit /kg it /kg  AAFBUR kg BT kg /kg
HE 1 0.68 - 0. 40 - 0. 30 0.01 1. 39
HE 2 - 2.06 0.40 - 0. 30 0.01 2,77
HAE 3 - 2.06 - 2.72 0. 30 0.01 5.09
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Tab. 2 Combination scheme of mass system

. JES JEE S W U e SAFAM DNEEPEGE X KRB X B
IE it / kg JEAR BT/ kg Fit/kg PG kg AR ke /kg

1 41 1.39 0.17 0. 39 — — 1.95
2 A2 2.77 0.17 0. 39 — — 3.33
3 HE1 1.39 — 0.39 1X2.56 - 4,34
4 HE3 5.09 0.17 0. 39 — — 5.65
5 HE 3 5. 09 — 0.39 1X2.56 - 8.21
6 43 5. 09 — 0. 39 — 1X4. 50 9.98
7 HE 3 5. 09 — 0. 39 2X2.56 — 10. 77
8 HAA 3 5. 09 — 0.39 3X2.56 - 13. 33
9 HE3 5.09 — 0.39 4X2.56 — 15. 89
10 HE3 5.09 — 0.39 3X2.56 1X4.50 17. 66
11 HE 3 5.09 — 0.39 2X2.56 2% 4. 50 19. 60
12 HE 3 5.09 — 0.39 1X2.56 3% 4. 50 21.54
13 A4 3 5. 09 — 0.39 — 44,50 23.48
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Tab. 3 Comparison of vibration transmissibility characteristics for test and theory

FN 7 JF i) 9. 78kPa(9. 98kg) 17. 31kPa(17. 66kg)
WG HRIR £ /Hz 18.48 11.13
IR ARIA [/ Hz 17. 86 12.30
PR AR IE/ Y 3.47 —9.51
WAL Tn 4.35 4.02
HEARER Tr, 4,77 4,42
1L RIR2E /% —8. 80 —8.82
P2 L & 0.1181 0.1284
DMA X5 2 1L ¢ 0.1071 0.1163
FHJE i 2/ % 9.31 10. 40
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Design and verification of vibration transmissibility characteristics
testing device for single-layer cushioning material

LI Yi, WEN Shibao, YU Zhen, WANG Jiwei, ZHANG Zhenxiu

(School of Polymer Science and Engineering, Qingdao University of Science and Technology. Qingdao 266042, Shandong, China)

Abstract: The existing vibration transmissibility characteristic test device has the following
shortcomings: (1) The vibration transmissibility characteristic device in the national standard GB/T
8169 — 2008 can only carry out double-layer cushioning material test, which cannot reflect the
characteristics of the material itself. At the same time, it needs to prepare more specifications of mass
blocks when using the integral mass system to carry out multiple loading tests, and the cost is high.
(2) The single-layer vibration transmissibility characteristic device solves the test problem of the
material itself, but the device has high production cost and installation complexity. The matching
weight type mass system, due to its center of gravity not being in the geometric center, can easily
cause the center of gravity of the mass block to deviate from the center of the guide rod, affecting the
vertical movement of the mass block. To solve the above shortcomings, a vibration transmissibility
characteristic testing device is designed and developed for a single-layer cushioning material directly
fixed to the vibration table surface. The device mainly consists of two components, the guiding device
of mass and the mass system. The mass system itself is formed by the quick combination of the
slipknot screw and the weight type mass block, and its mass is adjustable from 1. 95kg to 23. 48kg.
The mass guiding device is directly fixed on the vibration table surface. And the cooperation of the
mass system and the mass guiding device can ensure that the mass system only moves in the vertical
direction during the vibration process. Based on the device, the sinusoidal sweep vibration
transmissibility characteristics test under the two loads was carried out by using the EPO (Expanded
Polyolefin) plastic foam with a density of 20kg/m®, and the relationship curve of transmissibility-
frequency were obtained respectively; further, the universal material testing machine and DMA
(Dynamic Mechanical Analysis) were used to carry out static compression and compression mode
sweep tests respectively, and the elastic modulus and loss factor values corresponding to the two static
stresses were obtained. According to the theory of forced vibration of single-degree-of-freedom
damped system, the corresponding resonance frequency and transmissibility data were calculated and
compared with the test results of the device. The results show that the errors of the resonance
frequency and the transmissibility are both within 10%. Using the device designed in this paper, the
vibration transmissibility characteristic curve of the cushioning material itself under different static
stresses can be quickly obtained, then the damping characteristic parameters of the material can be
further calculated according to the peak transmissibility rate of the curve.

Keywords: cushioning material; vibration transmissibility characteristics; natural frequency; damping

ratio; fixture; mass system



