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Modeling for the Natural Vibration Analysis of a Rotating Thick Ring

S AR
Kim, Chang-Boo Kim, Bo Yeon

ABSTRACT

In this paper, the equations of motion by which the natural vibration of rotating thick ring can be
analyzed accurately are presented. These equations are derived from the theory of finite deformation and the
principle of virtual work. The effects of variation in curvature across the ring cross-section can be considered
in these equations. The ring models are called as thick ring model and thin ring model respectively as the
effects of variation in curvature are considered or neglected. The radial displacement of ring which is
rotating at constant angular velocity is determined by a non-linear equation derived from the principle of
virtual work. The equations of the in-plane and out-of-plane vibrations at disturbed state are also formulated
from the principle of virtual work. They can be expressed as the combination of the radial displacement at
the steady state and the disturbed displacements about the steady state. The natural vibrations of rings with
different thickness are analyzed by using the presented ring models and 3-dimensional finite element method
to verify accuracy of the presented equations of motion. Its results are compared and discussed.
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%X 1. Comparison of the natural frequencies of in—plane bending vibration

( dfs)v; Thlck ng Thm ng

. 1 Model | Mo ;
0 0 0 0 0 0 0
1000 1000 B 1000 B 1000 B 1000 B 1000 B 1000 B
1 1000 B 1000 B 1000 B 1000 B 1000 B 1000 B

2000 2000 B 2000 B 2000 B 2000 B 2000 B 2000 B
2000 B 2000 B 2000 B 2000 B 2000 B 2000 B

0 7811 7746 7812 14870 14420 14880
1000 7109 F 7034 F 7111 F 14140 F 13660 F 14160 F
2 8697 B 8640 B 8696 B 15700 B 15280 B 15710 B
2000 6585 F 6499 F 6586 F 13510 F 12990 F 13530 F
9762 B 9712 B 9758 B 16630 B 16240 B 16630 B
0 21440 21250 21460 38260 37090 38410
1000 20990 F 20770 F 21010 F 37770 F 36530 F 37920 F
3 22160 B 21990 B 22180 B 38900 B 37800 B 39040 B

2000 20800 F 20550 F 20820 F 37440 F 36110 F 37590 F
23150 B 22990 B 23160 B 39700 B 38660 B 39820 B

. Comparison of the natural frequencies of out-of-plane bending vibration

b/ii’ 02

Thin Ring | 3D FE | Thick Ri T
Model | Model Model Model Model
0 0 0 0 0
986.8 F 986.9 F 950.0 F 948.7 F 950.0 F
1000 B 1000 B 1000 B 1000 B 1000 B
1974 F 1974 F 1900 F 1898 F 1900 F
2000 B 2000 B 2000 B 2000 B 2000 B
7373 7320 13600 13780 13430

7610 F 7553 F 13650 F 13830 F 13480 F
7656 B 7599 B 13800 B 13990 B 13630 B

8317 F 8249 F 13940 F 14140 F 13770 F
8410 B 8341 B 14250 B 14460 B 14080 B
20710 20520 35620 36190 35050

1000 20770 F 20880 F 20690 F 35610 F 36190 F 35030 F
20850 B 20950 B 20770 B 35840 B 36420 B 35270 B

2000 21340 F 21460 F 21250 F 35810 F 36410 F 35220 F
21490 B 21610 B 21400 B 36270 B 36870 B 35690 B
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