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Simulation and analysis of photoelectric servo
turntable mechanical vibration

GAO Shi-lin' ,ZHANG Tian-qi' , WEN Qing-rong' , XU Ming-xuan' , LIU Meng-xin’
(1. The 11th Research Institute of CETC, Beijing 100015, China;
2. School of Electronics Engineering and Computer Science , Peking University , Beijing 100871 , China)

Abstract: For a certain type of photoelectric servo turntable mechanical structure and working mode ,a simplified me-
chanical model is established ,and the block diagram of the azimuth axis motor control system is outlined. MATLAB is
applied to conduct simulation analysis. The resonance frequency is obtained for comparison with the measured values
to verify the accuracy of the simplified mechanical model. And the relationships between the resonant results and the
torsional stiffness of the steel frame,the rotational inertia of the drive assembly, and the rotational inertia of the load
assembly are analyzed.
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Fig. 1 The model ofturntable and steel frame
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Fig. 2 The schematic diagram of mechanical model
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Fig. 3 Mechanics transfer function
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Fig. 4 System transfer function
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Fig. 5 Simulation model
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Fig. 6 The angular velocity frequency spectrum comparison

diagram between simulation and actual measurement
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Tab. 1 The relation between resonant frequency ,angular velocity amplitude and steel frame torsional stiffness

K,/(N +m) 2.4 x10* 2.6 x10* 2.8 x10* 3 x10* 4 x10* 5 x10* 6 x10*
J/Hz 21. 4 22.5 23.2 23.9 27.1 30. 1 33.1
A 393.6 226.3 130. 6 110. 4 94. 4 67.7 45.1
K,/(N +m) 7 x10* 8 x 10* 9 x10* 10 x 10* 15 x 10* 20 x 10* 25 x 10*
J/Hz 35.2 37.5 39.7 41.9 51.0 58.8 65. 4
A 52.2 49.0 37.4 29.6 26.5 17.2 10. 4
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Tab. 2 The relation between resonant frequency and drive assembly rotational inertia,
load assembly rotational inertia( Unit:Hz)
T2
L/ (kg - ) S1/(kg - o)
0.8 1.0 1.3 1.5 1.7 1.9 2.1 2.3

4 32.6 28.8 25.4 23.7 22.5 22 19.9 19.0

5 32.6 29.1 25.6 23.9 22.8 21.0 20.0 19.1

6 33.0 29.4 25.8 24.2 22.3 21.1 20.1 19.2

7 32.1 28.7 26.2 23.8 22.4 21.1 20.1 19.3

7.35 32.3 28.8 25.7 23.9 22.4 21.2 20.2 19.3
8 32.0 28.8 25.8 23.9 22.4 21.2 20.2 19.3
9 32.1 28.7 25.3 24 22.5 21.3 20.3 19.4
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Tab. 3 The relation between angular velocity amplitude and drive assembly rotational inertia,
load assembly rotational inertia
T2
L/ (kg - ) $1/(kg - o)

0.8 1.0 1.3 1.5 1.7 1.9 2.1 2.3

4 102.8 32.4 156.6 115.8 80.8 20 150.6 172.4

5 127.3 133.2 123.7 96.8 48.0 105.6 159.6 151.0

6 82.0 96.2 79.8 70.2 79.2 128.9 114.9 126.7

7 17.9 179.3 61.8 86.8 114.4 127.0 115.6 104.9

7.35 23.2 358.4 101.2 110.4 103.2 118 98.0 92.2

8 193.4 324.0 47.1 133.2 114.7 100.9 99.8 93.1

9 204.6 150.5 279.4 90.2 111.4 109.0 84.2 80.5
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