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Modal Analysis of Elastically Supported Cantilever
Wheel - Bearing System Based on ANSYS

KONG Fanliang, HE Tao, RENG Xiaoqing
(School of Mechanical Engineering, Shanghai University of Engineering Science , Shanghai 201620, China)

Abstract ; There are some phenomena about vibration and instability for cantilever carousel system rotating at high speed.
The dynamics model of resilient support arm wheel - bearing system was built and the theoretical critical speed was
calculated. The modal analysis for wheel-bearing system with pre-stress was made based on the finite element software of
ANSYS. It analyzed some effects of turntable system rated speed, bearing stiffness, bearing span, dial thickness to the
turntable system natural frequency, and natural frequencies and mode shapes were obtained. The results show: rated
speed and bearing stiffness are major factors affecting the turntable system modal parameters. Under the same working
conditions, the natural frequency and the rated speed vary to cubic equation. In the meanwhile, the natural frequencies
increase as the rated speed and bearing stiffness increas.
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Figure 1
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Turntable system size
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Table 1 Geometry and material parameters
of turntable system
P AL L 1033/
mm mm a )
i 710 8 2 450 0.35 1.200
Hh 30 8 196 000 0.30 7.585
e 300 180 72 000 0.30 2.700

T A TR, 6 [ B AT T B AL 2
SRR g /N 180 A R 7 o B AR U L B AR
1 solid185 FLIT, Al AHEELR I solidds TR [ £ 3E
Fr sl o3, WA S 3 AR LN 8] 2 pir s o Rl
30 7 9 T R FEDREL R BB 0% B 1l A2 20 BT DR B2, SO 08
ORI, o5 FAR 22 (3 H WL DR it i

B2 #&ZAAMRAER

Figure 2 Finite element model of rotating disk
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Table 2 Natural frequency and critical speed table

i ek B A MR/ Ha I S/ (v min~)
1 22.282 1336.92
2 111.230 6 673.80
3 148.230 8 893. 80
4 150. 990 9 059.40
5 274.050 16 443.00
6 328.270 19 696.20
7 329.610 19 776.00
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Figure 3 Modal shape of first

order natural frequency
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Figure 4 Modal shape of second

order natural frequency
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Table 3 Correlation chart of rated speed and

natural frequency under certain conditions

IF A7 44/
B WE R/ (rad . s71)
Ny PeF7k/ (rad . s
W
100 200 300 400 500 600

1 17.803 18.428 19.316  20.320 22.283
2 59.538 65.587 74.587 85.610 97.974 111.230
3 116.250 119.390 124.410 131.280 139.110 148.230
4 120.090 123.060 127.860 134.280 142.070 150.990
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Figure 2 Fitted curve of second

order natural frequencies
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Table 4 Natural frequency of turntable with

different bearing stiffness

[l 45 4514/ Hz
(513 KIEE/ (N« mm™")
24.18 241.8 2418 24180
1 2.735 7.879 14.949 22.283
2 53.980 59.410 93.903 111.230
3 54.050 59.870 97.023 148.230
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Table 5 Natural frequency with different bearing span

B4 351%/ Hz
138 5/ mm
80 100 120
1 32.786 22.283 20.927
2 111.240 111.230 111.230
3 136.990 148.230 148.240
4 138.240 150. 990 151.110
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Figure 6 Second order vibration

chart with 80 mm span
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Table 6  Natural frequency of turntable
with different thickness

[FA 37 / He
e JELE/mm
8 9 10 11 12
1 22.283 8.853 72.256 20. 000 7.000
2 111.230  109.700  106.270  107.000  106.430
3 148.230  143.630 114.520  133.440 130.310
4 150.990  145.260 140.770  135.700  131.570
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