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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. 2 Mass unbalance moment of aviation photoelectric

stabilized platform
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Fig. 5 Schematic diagram of coordinate transformation
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Fig. 7 Schematic diagram of sensor installation position
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Fig. 8 Simplified block diagram of double closed loop system with the feedforward compensation of unbalanced moment
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Fig. 11  Fluctuation curves of visual axis from 5 to 30 Hz after mass unbalance torque feedforward compensation
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SE Wk

(1] %, Fo8, K4, F Kz kdEETra
FAHEZR B S]], Rk, 2016, 37(3):
327-331.

TAN SN, LI Q CH, ZHANG H W, et al.. Desi-
gn and analysis of azimuth-gimbal in aerial opto-e-
lectronic stabilized platform [J]. Jowrnal of Ap-
plied Optics, 2016, 37(3): 327-331. (in Chinese)

(2] Z& A, ThEA, B9/ DT AVECHERE T

AHERREE BT )] AU A2 5 H R, 2014, 33

|

B

wd Lh

Disturbance isolation/dB

th o~ O

=50 —-40 =30 =20 =10 0 10 20 30 40 50
Temperature/C

13 V-5 15 Hz AN [] 3B A9 30 3l b o 12
Fig. 13 Disturbance isolation of platform at 15 Hz

with different temperatures

5 & #®

ARG T I T R G o ANV ) R

H iR 7 ¥ 1Y B E A A5 A D B, O 2o S 56 ik

Y o 5E T JR G R Y Jo B N V-8 ) R 4 A Y 5

AFME G IR E T 6 RGE ST, R A HL it 26 |

FEIR A B PR S R R T 0 5 e SE AR AT DL 2 AN

T A BB B B = T 6. 4~16. 2 dB; AHXT T

DOB MR- & R 58, B A 5 17 6 KRG

e b B AN AE R B i = T 270 12,9 dB, fif

HLAE o 0 B AL R AR G b R 0T 5 AN Y- 7 ) 6 R

FHEALLN
ST A M T S0 B S A B S PR T AR A R

522 27 0 T AR PR BE , A SCR) B 4 5 AR IR 48 1Y

ezl & X6 AT T A IR IR 3h L, a5 R R

TIACHT 352 09 7 65 458 1) 3R G0 % B0 4505 A AR B 11 3

NLRE ). £ IR B BT R e s A Y BT i NP

BRI AT S A BME SRR E T 6 RS

JG VB B S A i B 1 ORI B, N AR B

%) P 01 S 4 b RS A IR S [E] A

(10): 1604-1608.
WANG J D, YU H D, LI Y. Research on the
frame structure of small opto-electronic stabilized
platform assembled on a UAV [J]. Mechanical Sci-
ence and Technology for Aerospace Engineering,
2014, 33(10): 1604-1608. (in Chinese)

(3] A&, ks, FH,.F RERETVENIIMN AN
PR HUR B ERLT]. 5 T 42,2016,24(1):
169-177.

CONG SH., SUN G L. DENG K, et al.. Active

disturbance rejection and filter control of gyro-stabi-
lized platform [J]. Opt. Precision Eng. . 2016, 24



1290

5 25 &

(4]

(5]

[6]

7]

(8]

(9]

[10]

(1):169-177. (in Chinese)
AL RO RRRE T B R 2 00T 5 R
[D]. &% PEAFRXE, 2014,
ZHAO M. Study on Error Analysis and Compen-
sation of Semi-Strapdown Photo-Elec-tricity Sta-
bilized Platform [D]. Beijing: University of Chi-
nese Academy of Sciences. 2014. (in Chinese)
R, 2R, B, F. 2 E ATHR G IR R
AR A LI k& 4 % T &, 2013, 21 (5):
1174-1182.
FUMG. LIUY, CUI M L. et al.. Metal-rubber
vibration absorber for aerocraft [J]. Opt. Precision
Eng., 2013, 21(5): 1174-1182. (in Chinese)
ZHER, KRB F RINATRE T A AT
Mo Hi ()] & % & X F 4 4k, 2015, 49 (5):
108-115.
WU H L, JIA HG, WEI Q. et al.. Analysis of
mass imbalance for roll-pitch inertial stabilized plat-
form[J]. Journal of Xi'an Jiaotong University,
2015,49(5) :108-115. (in Chinese)
R, w—. SR, WMLBOCHRBITE S MR R
G AR SR ] AuE it al ER,
2003, 23(6): 15-17,21.
ZHANG L L, HUANG Y, LU J F. Design and
simulation of current-loop for servo of airborne elec-
tro-optical pointing and tr-acking platform [J]. A-
viation Metrology & Measurement Technology.
2003, 23(6): 15-17,21. (in Chinese)
IR, AR, ELE. SETREAT YW A0S
M B RRE 5 AL ShdF o R, 2015,
34(12) :13-17.
WANG F CH, TIAN D P, WANG Y T, Inertial sta-
bility and evaluation of photoelectric platform based on
a simplified DOB []J]. Foreign Electronic Measurement
Technology » 2015,34(12) :13-17. (in Chinese)
KM, WL TR, FLOEHREETG PR
I g M )], k¥ % T 42, 2015, 23
(2): 459-466.
WANG Y Y., DAI M, DING C, et al.. Application of
high order observer in EO stabilized platform [J]. Opt.
Precision Eng. » 2015, 23(2): 459-466. (in Chinese)
FRFE, KB, EE. KT A ERBEARAER
R EFEmmSmEEL] A% %
A2, 2014, 22(8) . 2223-2231.

1EE @I

B C1991 =), B R E A
WF5EAE L 2014 A TR IR I8 Tolk K2 4745
o, FENEME R E T A
L% F% 22 F 9% . E-mail : shenshuaiharry
@163. com

[1

[1

[1

[1

[1

[1

4

1]

2]

3]

4]

6]

d

Li X T, ZHANG B, SHEN H H. Improvement of
isolation degree of aerial photoelectrical stabilized
platform based on ADRC [J]. Opt
Eng. ., 2014,22(8):2223-2231. (in Chinese)
R SRR E T e s R ot
HFEHARL R ,2015(11) :181-182.

CAI L H. Design of control system for high precision

Precision

photoelectric stabilized platform[]]. Digital Technolo-
gy and Application, 2015(11):181-182. (in Chinese)
TR, &N, F 54, F. IEOCARIBRET &
WP R eI, ke 42, 2012, 39(10) .
128-134.

DING C, DAIM, L1J Q, et al.. The PDF con-
trol of airborne photoelectric gyro stabilized plat-
form [J]. Opto-Electronic Engineering, 2012, 39
(10): 128-134. (in Chinese)

BR, k. EF T, F RIS AR LM,
T BHEHF BMAL, 2007:20-39.

TAN M. XU D, HOU Z G, et al.. Advanced
Robot Control [ M]. Beijing: Higher Education
Press, 2007:20-39. (in Chinese)

ket FA, R, FL OBEEETH = Rom g
S AR R el X = s a N R = O
1R, 2013, 26(10) . 1352-1356.

FAN Y CH, L1]J, JINGZZ, etal.. Calibration and
compensation method on installation position error of
tri-axis accelerometer units used in spinning projectiles
[J]. Chinese Jowrnal of Sensors and Actuators,
2013, 26(10): 1352-1356. (in Chinese)

B4 £ R LR, & &L, I A AR E L
I G 2R LT] e Tl EH AR,
2014,37(7) :130-134.

YAN L J, ZHAO Y J, GAO ZH Y. Study on in-
stallation of piezoelectric acceleration sensor in the
airborne test [J1. Electronic Measurement Tech-
nology. 2014,37(7):130-134. (in Chinese)

FE IR =g B TR AR H T o g S 80
REFsE ()], #F H Ak 3 F T 42,2015,43 (1)
155-158.

LEIY., QIU Y F. Parameter changes of electron
components based on temperature variation[ ] ].
Computer & Digital Engineering, 2015, 43 (1)
155-158. (in Chinese)

Ir:

B BEA966—), B EHME AN LR
B R S, 1989 4F.1994 4E T K
FCHLA B o T B AR 24 b L2
2004 47T v B Bb 2 B K B O AE K L
3 WS ) BRI 5 T AR AR T S, R BN
Ffias 6 AR AR BF 5% . E-mail.:

cleresky@ vip. sina. com

(AEZBHE. 5 D)



