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Dynamics similarity of rotor dynamic with gyroscopic effect

WANG Yong-liang', SUN Li-quan®, CUI Ying', HAN Yu'

(1. Marine Engineering College, Dalian Maritime University, Dalian 116026, China;
2. Harbin Turbine Company Limited, Harbin Electric Corporation, Harbin 150046, China)

Abstract: In order to study the dynamics similarily of actual rotor system with gyro-
scopic effect similar to the corresponding scaled model, the dynamic similarity criteria for ro-
tor-support system considering gyroscopic moment were derived by using dimensional analy-
sis method, and the similarity ratios of physical variables of actual rotor system and model
were obtained. And the correctness of dynamics similarity criteria of rotor system with gyro-
scopic effect was verified by solving the analytical solution of critical speed for a Jeffcott rotor
system at different similarity ratios, and by studying the similarity of critical speeds and
modes for an actual rotor system based on the finite element simulation software ANSYS. It
shows that the natural frequency of actual rotor system is similar to its scaled model in simi-
larity speed, and the critical speed is similar for rotor system considering gyroscopic mo-

ment, simple support and Rayleigh proportional damping.
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Table 1 Dimensional matrix of physical variables
| a a, a a, a as a as ao a ap ais
F 1 1 0 1 0 0 0 0 0 1 1 0
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Table 2 7 matrix of rotor system
T ai as as ay as g as asg Ay [Z51) aigy ays
T —1 0 —2 1 0 0 0 0 0 0 0 0
T 1/2 —1/2 —1 0 1 0 0 0 0 0 0 0
3 0 0 0 0 0 1 0 0 0 0 0 0
T —1/2 1/2 1 0 0 0 1 0 0 0 0 0
bie —1/2 1/2 1 0 0 0 0 1 0 0 0 0
6 0 0 —1 0 0 0 0 0 1 0 0 0
7 —1 0 —1 0 0 0 0 0 0 1 0 0
8 1/2 —1/2 0 0 0 0 0 0 0 0 1 0
T —1/2 1/2 1 0 0 0 0 0 0 0 0 1
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Table 3 Similarity ratios of physical variables of

actual rotor system and its model

SR AL EE Bl AL B
Wﬁﬁ Cr, =CeCh || fr B 0 17 C.=G,
Wi {EL
[C
inglET} C,=C, (\fp Il B8 & %K C.=CCg
~E
c
T ULES qp7§ %VME§ﬁ c= =
! 4 e Ce
1 [Cy 1 /C;
1 2 = [ZE = [=E
AR C, = C. wHE - CG=F c.

2 BE¥TRSIRSREEME I

A Jeffeott % Z 8- Sy 9], 5 FH 7 R 4
15 ORI 3l 3 2 AR 0L U 56 i T T A
T HIHE T B 1 A A B I

= ]

B 1 Jeffcott ¥ ARG mEE
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Table 4 Parameters of the actual rotor system
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Table 5 Critical speed with different similarity ratios
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Fig. 2 Campbell diagram of Jeffcott rotor system
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Table 6 Critical speed of actural rotor system
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Fig.5 The first three vibration modes for
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Table 7 Critical speed of rotor with different similarity ratios
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