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Dynamic Analysis of the Tire by Sector Method
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Abstract

This paper presents free vibration analysis method using the characteristics of the rotationally
periodic structures and includes the analysis results of a tire as an example. The normal modes
of the rotationally periodic structures are the kind of standing waves, so all sectors have the same
deflection shapes, and only different phases. This property makes it possible to derive the analysis
method called sevtor method. The sector method can give the accurate natural frequencies and
the corresponding mode shapes of the rotationally periodic structure with information of only one
sector. When the free vibration analysis is performed to find the dynamic characteristics of the
rotationally periodic structure by using the sector mothod, the computer memory spaces and the
CPU times can be saved. We obtained much economic benefits by using the sector method in the
analysis of dynamic characteristics of a tire made of non-linear materials.
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Fig. 1 Rotationally periodic structure
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Table 1 Frequency analysis of tire
Mode Uninflated tire Inflated tire
number Frequency (Hz) Difference Frequency(Hz) Difference

Full model | Sector model (%) Full model | Sector model (%)

1 26.78 26.69 0.34 52.54 52.47 0.13

2 43.16 43.11 0.12 67.86 67.83 0.04

3 43.16 43.11 0.12 67.86 67.83 0.04

4 67.80 68.56 —0.12 78.06 78.70 —0.82

5 76.46 76.80 —0.46 96.72 96.99 —0.28

6 76.46 76.81 —0.46 96.72 96.99 —0.28

7 80.73 80.60 016. 111.5 111.3 0.18

8 80.73 80.60 016. 111.5 111.3 0.18

9 83.05 83.25 —0.24 112.4 112.6 —0.18

10 83.05 83.25 —0.24 112.4 112.6 —0.18

11 87.22 87.23 —0.01 121.4 121.4 0.00

12 87.22 87.23 —0.01 121.4 121.4 0.00

13 92.25 92.20 0.05 127.3 127.3 0.00

14 92.25 92.20 0.05 127.3 127.3 0.00

15 97.09 97.00 0.09 130.8 130.7 0.08

16 97.09 97.00 0.09 130.8 130.7 0.08

17 98.67 98.57 0.10 131.5 131.4 0.08

18 104.7 104.6 0.10 137.6 137.5 0.07

19 104.7 104.6 0.10 141.3 141.2 0.07

20 106.5 106.3 0.19 141.3 141.2 0.07

21 108.5 108.4 0.09 141.6 141.5 0.07

22 108.5 108.4 0.09 141.6 141.5 0.07

23 110.2 110.1 0.09 146.3 146.3 0.07

24 110.2 110.1 0.09 146.3 146.3 0.07
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Table 2 Uninflated tire analysis

Total number of d.o.f. CPU time (sec)
Full model analysis 6768 | 14508
Sector model analysis 1128 1570
Ratio 0.17 0.11

Table 3 Inflated tire analysis

Total number of d.o.f. CPU time (sec)

Full model analysis 6768 15216
Sector model analysis 1128 1606
Ratio 0.17 0.11
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Fig. 3 Mode shapes of tire
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