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Abstract: The effect of mass unbalanced moment under high-frequency vibration of a helicopter on the
performance of a photoelectrical stabilized platform was discussed. A system model based feedforward
compensation method for mass unbalanced moment was proposed on the basis of a three closed-loop
control system with current feedback, velocity feedback and position feedback on the traditional
photoelectrical stabilized platform. By calibrating the mass eccentricity of the platform, the
acceleration signals of the platform were obtained by a acceleration sensor to perform the feedforward
compensation to suppress the mass unbalanced moment of the platform. The experiment results show

that the disturbance isolation increases at least 6. 4 dB after inducing the feedforward compensation
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system as compared with that of the traditional three closed-loop control system. Moreover, as
compared with that of compensation scheme using a disturbance observer, the proposed photoelectrical
stabilized platform system with the feedforward compensation not only increases its compensation
ability about 12. 9 dB at low-frequency, but also overcomes the problems that disturbance observer can
not compensate mass unbalanced moment at high-frequency. It increases greatly the disturbance
isolation at full frequencies, allows the visual axis to better keep in an inertial space and shows high
practical values.

Key words: photoelectric stabilized platform; mass unbalance moment; feedforward compensation;

high-frequency vibration; disturbance isolation
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Fig. 1 Plan of photoelectric stabilized platform
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Fig. 4 Simplified block diagram of traditional double closed loop system after DOB compensation
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Tab.1 Improvement of disturbance isolation degree

after DOB compensation

Disturbance Improvement of disturbance
frequency/Hz isolation degree/dB
S 3.4
6 2.7
7 1.3
8 0. 36
9 —0.99
10 —2.1

5~10 Hz

Fig. 10  Fluctuation curves of visual axis from 5 to 10 Hz after DOB compensation

1. 10 DOB
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; 9 Hz DOB Tab. 2 Improvement of disturbance isolation degree
after feed forward compensation
DOB , DOB Disturbance Improvement of disturbance
frequency/Hz isolation degree/dB
’ 5 16.2
4.2
10 14.8
15 12.3
’ 0. 248 20 10. 4
’ 25 8.7
, 2, 30 6. 4
11,
11 5~30 Hz
Fig. 11 Fluctuation curves of visual axis from 5 to 30 Hz after mass unbalance torque feedforward compensation
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Fig. 12 Simulation of high and low temperature shaking

table in complex environment

10.5 dB

3
Tab. 3 Improvement of disturbance isolation degree after

feedforward compensation at changed temperatures

= Improvement of disturbance
Test temperature/C ) .
isolation degree/dB

—145 11.2

—35 12.1

—25 11.7

—15 11.4

-5 12. 9

5 11.6

15 12.1

25 11.3

35 10. 8

45 10.5
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