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Shape Optimal Design of Anti-Vibration Rubber Assembly to Reduce
the Vibration of a Tractor Cabin
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Abstract In this study, shape optimization was performed to improve the vibration isolation capability of an
anti-vibration rubber assembly, which is used in the field option cabin of agricultural tractors. A uniaxial tension test
and biaxial tension test were performed to characterize the hyper-elastic material properties of rubber, and the data
were used to calibrate the material model used in the finite element analyses. A field test was performed to quantify
the input excitation from the tractor and the output response at the cabin frame. To account for the nonlinear behavior
of rubber, static analyses were performed and the load-displacement curve of rubber was derived. The stiffness of
the rubber was calculated from this curve and input to the harmonic analyses of the cabin. The results were verified
using the test data. Taguchi's parameter design method was used to find the optimal shape of the anti-vibration rubber
assembly, which indicated a shape with reduced stiffness. The vibration of the cabin frame was reduced by the
optimization by as much as 35% compared to the initial design.
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Table 1. Ogden 3rd order coefficient
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Fig. 6. Frequency response spectrum measured at
cabin frame
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Fig. 7. Finite element model of anti-vibration rubber
assembly
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Fig. 8. Load-displacement curve of anti-vibration rubber

Table 3. Stiffness of anti-vibration rubber

A B C

Stiffness

[N/mm] 814.02

817.6 781.43 792.81

Displacement

471
(o] 717

4.703 4.843 4.799

2.3.3 FH4Ie] =5t7IEISHA
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&l

Table 4. Material properties of cabin frame

Poisson’s
ratio

Density
(kg/m’)
7850
7850
7850

Young’s modulus
(GPa)

210
200

Material

SPHC
STKMI1A
SPSR

0.30
0.29
0.30

&

[¢]
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Fig. 11. design variables of the anti-vibration rubber

Table 6. Optimal level combination

Design variables H b R
en (mm) (mm) (mm)
Optimum design 26 8 60.5
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Table 7. Values of anti-vibration rubber stiffhess (N/mm)

S|
3.21 QP=n =24 H FNM;EDE location A B C D
Fig. 12 Al AAHASo] Wl 3ol ek 4 initial design | 81402 | 817.64 | 792.81 | 781.43
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