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Influence of mass unbalance of hemispherical resonator
on its vibration performance

Wang Peng, Qu Tianliang, Liu Tianyi,Zhang Xi,Zhang Hongho
(Huazhong Institute of Electro-Opics, Wuhan National Laboratory for Optoelecironics , Wuhan 430223, China)

Abstract: The mass unbalancing is one of the main defects in the manufacturing process of the hemispherical resonator, which has
important impact on the vibration performance. To formulate the evaluation method of resonance mass unbalance and provide the basis for
balancing, the structural characteristics and mass unbalance of the resonator are characterized. Through the coupled vibration physical
model and simulation analysis, the mechanism of the coupled vibration of the resonator and the influence of the mass unbalance on the
frequency splitting and support loss are clarified. Through experiments, the frequency splitting characteristic and coupling vibration
characteristics of the resonator under different removal masses are measured, and the relationship between the mass unbalance of the
resonator and the vibration characteristics is obtained. The distribution characteristics of the 1st, the 3rd and the 2nd harmonics of the
resonator without balance and the support loss introduced by them are 1. 6x107* and 3. 7x10™. The corresponding relationship between
frequency splitting and 4th harmonic unbalance mass is 0. 01 Hz/png. Therefore, the mass unbalance of the resonator can be evaluated
and the balancing process is formulated.
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Fig. 1 Structure and vibration characteristics of the

hemispherical resonator
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Table 1 Definition of relevant parameters of the resonator
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Fig.3 Diagram of vibration mode in xyz plane of support

rod caused by mass unbalance
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Fig. 4 Support loss simulation related settings
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Fig. 5 Finite element analysis model of support loss
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Fig. 6 Support loss simulation model
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Fig. 7 Simulation results of support loss caused by

1st~4th harmonic error

MAOTEEERTT LU, SCEE I RE 5 232 1 IR 1 B
AN 1~ 3 YR TR TR 22 (Y R, LA AR 5
IR, SCHEERE K, @ [EFRAR, B R B8 3¢
FERT AR5 PR 30 5 4 YOI I oI D8 22 X SR AR AR S M
/N T 4 U SR B SR FE B AR S PR S T DL 22
AT
2.3 ERFRENFEXMERBHME

FER XTI IR T P AR S (n=2) PRI R
AATE] IR Ry 0, A T B 1] J52 g 20 A1 A 4 2 1) 15 4R
T4 AR TR A 0 [ PR R 2 R B A AR I G 0

R, fy, XESEARZRINR R 22 0 R (1
W 8 A,

2.50x107°
2.00x10° |-
g 1.50%107°

i 1.00x107° |

W T HRIE/m

5.00x10° -

|
. - R .
51232 51234 5123.6 51238 51240 51242 51244 51246 51248 51250

S
B8 iR TR AN B

Fig. 8 Diagram of resonant frequency splitting
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Fig.9 Effect of mass imbalance on frequency splitting
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Fig. 12 Measurement results of coupling vibration of support

rod in xy direction caused by mass unbalance
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Fig. 13 Measurement results of coupling vibration of support

rod in z direction caused by mass unbalance
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