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Modeling Analysis on the Gyro Stabilized
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Abstract Modeling analysis is a key step to study and design the gyro stabilized platform. A reasonable platform model is a big help for
analyzing the error sources and designing appropriate control strategies. It provides the foundation for researching high—precision gyro
stabilized platform. Based on the description of the platform’s hardware and single—axis control structure, the error sources and coupling
between axes are analyzed. Then, modeling and analysis methods are studied for non —linear friction, gyro drift, and mechanical
resonance, the three main factors have influence on the precision, and the models for other parts of the platform are also discussed. Based
on the above modeling analysis, an overall model which is comprehensive for decoupled single—axis control system is given. This model is
consisting of four loops, namely, current loop, velocity loop, stability loop, and position loop. In this system, the LuGre friction model is
chosen to characterize the non-linear friction. In addition, the characteristics of the control system are also illustrated. A reference for
modeling analysis and designing error compensation strategy of gyro stabilized platform based on the modular modeling is provided.
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Basic block diagram of single—axis control system
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Fig. 3 Typical block diagram of single—axis control system with four—loops

B RO A A ) A RO A e R LR KA B
UL, THE A ) FAIL AR T R B S R S B R R B T
THURS JEE 5 (00 B PR R T B AL T B A B SR st A o AR B T AT
Tt M HIBE SBAX AR 5 S 8 A 00 A2 30 5 007 B B4 ik
JE o7 BB P R, BEAR R IE Ak 2R G 3 245 il o AR TH AR E
R, — B2 TR v i A R P A R ) I ML R 5
T B T R B 5 R BRI 5 A B A R A R — B
BT B4 2R AT LAKE P9 0 e 45 5l A A1 1Y 2R AR I 3l B
B, DU 23 I B0 2 B 54 (040 ) R 22 ROR | HoAT TR A4
YU R R AR U N A B T2 9 RN 5 A A e
AR LR BE 5 1R LuGre BE2Y, HL AT $il Al 40 M BE 452 1

N 46

i B ROCR B DSP 807 Ak BEAS B 3R ORIF RN BE, B4 K
ol N T SEBR R E B B AR R, DAL 2% B 20 S B
RORAESCHR[21—[31HP 3 A BRid , i1 B 5 BLPE 20K

H T A S B L 2R G Fp— S8 AR A 5 M L3R B, — S fif
PES B 5 DR 0 A7 A6 X S )8 A A6 R R 4T S B —
PR FLR 7 ¥R o AN BR T DA RS fl i B 4 S S, L T
BB LR ST 07 5 R SR TR b 2 I 4 SRR RE Y R T
RV R )7 5T S AR, A SO B A 41,

4 ik
BRI T AN AR ASE R f 7 o) Dk R R B R T R L A



] jcmik

## S 2011,29(09)

5 3 (Articles) ﬁ

AT BB AT S ) B R R TS A P O 1 5 A m R )
MR 22 7 A AR T ) B SCRI R 22 DTMR B 43 A o Xk B R AR
SE B HEAT B A 2 B AR By ke B4 A BR T R 22 B0 AR IR
SRR DL BT A 1R 22 A0 R 5 O BE S B A B XA
A0 AMERCR AN E AT DL AR S X £ 4 A S i
R A B0 R B A TR BV A 2 B A S T I R, X
e i L BEMRASE S ST A RS HME

% % #f (References)

[1] Armstrong B, Dupont P, de Canudas W C. A survey of models, analysis
tools and compensation methods for the control of machines with friction
[J]. Automatica, 1994, 30(7): 1083-1138.

[2] WAl . BE SR A SE O s BRER P B fl 42 ) 3R SERF 8 (D). M At ZR A K,
2006.

Ji Wei. Research on servo control system of gyro stabilized and opto—
electronic tracking platform[D]. Nanjing: Southeast Universiry, 2006.

[31 e . MLEOGH 87 G807 P il S HORWESE (D] KV [ B R
B, 2007.

Pang Xinliang. A study on key technology of digital control of airborne
electro—optical stabilization platform system [D]. Changsha: Universiry of
Defense Technology, 2007.

[4] 2. Ot RS B B R R0 AR S PR R REE ST [D]. Kb PR
T2, 2008.

Li Yan. A study on error modeling & evaluation of electro —optical
stabilization/tracking equipment [D]. Changsha: Universiry of Defense
Technology, 2008.

[5] 28, FAAMS, & SCAT. M e T A 52
TR, 2009, 32(1): 4-7.

Li Ying, Wang Shaobin, Ge Wenqi. Journal of Changchun University of
Science and Technology, 2009, 32(1): 4-7.

(6] FwAME, TR Kk, M, 4. Ol o A5 e B R 2R 00 AR E BLELOY BT F T
[J]. St s TAE, 2006, 14(4): 674-680.

Fang Dapeng, Zhang Zhiyong, Han Shixun, et al. Optics and Precision
Engineering, 2006, 14(4): 674-680.

(7] 3K 5%, BRARIT, L2304 BT =Hhfe g F SRR Ik ). potE L
15 5., 2009, 25(13): 48-49.

Zhang Ying, Chen Junjiang, Wang Wensheng. Microcomputer
Information, 2009, 25(13): 48-49.

[8] AR, — Al B AR E - 5 A WU B 5 [ REATT 5 (). A 2 % 4 i 4
R, 2007, 43(6): 17-18.

Dong Qilin. Aviation Precision Manufacturing Technology, 2007, 43 (6):
17-18.

(91 B i 25, B30, 2538, A5 el F & P FER IS A DT 52 (U], O

K% T2, 2008, 16(9): 1712-1715.
Chen Zhanjun, Ge Wengqi, Li Ying, et al. Optics and Precision
Engineering, 2008, 16(9): 1712-1715.
[10] BR¥, PRIA, BRI T . 006 S0 A i ALK A 3 R BR R P2 ) ()], Jer T
&, 2003, 30(3): 31-34.
Chen Tao, Chen Juan, Chen Changqing. Opto—Electronic Engineering,
2003, 30(3): 31-34.
[11] PAAE. 2 9 2% MOM 22 58 1 HAE a2 ) 42 i) v /9
B H RAL, 2001

Cong Shuang. Neuralnetworks, Fuzzy system and their applications in

TENT 0 A M), AR

FM]. & RE: i

motion control [M]. Hefei: University of Science and Technology of

SCIESCE & TECHROLOGY REVIER

China Press, 2001.

[12] Stribeck R. Die wesentlichen eigenschaften der gleit und rollenlager:
The key qualities of sliding and roller bearings [J]. Zeitschrift des
vereines Deutscher Ingenieure, 1902, 46(38-39): 1342-1348, 1432-1437.

[13] 5KFTHI. 2T Stribeck 2007 1 F5E 488 52 960 1 450 1 R 48 3 01 24 0F 5T
[D]. L i 58 R 2, 2009.

Zhang Xingang. Researches of experimental modeling and system
dynamics on frictions concerning extended Stribeck effect|D]. Shanghai:
Shanghai Jiaotong University, 2009.

[14] de Canudas W C. A new model for control of systems with friction[J].
IEEE Transactions on Automatic Control, 1995, 40(3): 419-425.

[13] J 4, Bri s, Bk LuGre 45 70 X fr] ik 2 58 B9 52 W 5 b 24 [T].
2 BIE 5 %, 2008, 25(6): 990-993.

Zhou Jinzhu, Duan Baoyan, Huang Jin. Control Theory & Applications,
2008, 25(6): 990-993.

[14] Tan Y L, Chang J C, Tan H L. Adaptive back stepping control and
friction compensation for AC servo with inertia and load uncertainties
[J]. IEEE Transactions on Industrial Electronics, 2003, 50(5): 944-952.

[15] de Canudas W C. A new model for control of systems with friction|[J].
IEEE Transactions on Automatic Control, 1995, 40(3): 419-425.

[16] 5%, AE . B E S R0 5 AR B M. PR 2K IS K0 TR K2 i
fiztE, 2007.

Mao Ben, Lin Yurong. Modelling and measurement of inertia devices
[M]. Harbin: Press of Harbin Engineering University, 2007.

[17] Allan D W. Statistics of atomic frequency standards [J]. Proceedings of
the IEEE, 1966, 54(2): 221-230.

[18] EHJe, k57, T k. JL Ll b R BEAL iR 22 A58 73 A7 [J]. Jb 502 it
KR4, 2006, 32(7): 769-772.

Wang Xinlong, Du Yu, Ding Yangbin. Journal of Beijing University of
Aeronautics and Astronautics, 2006, 32(7): 769-772.

[19] Fa A58, SEHE, A, I (H) 7 510 2 A i TRE 2 M. 2L b &)
R RAL, 2007,

Yang Shuzi, Wu Ya, Xuan Jianping. Time sequence analysis and
engineering applications [M]. Wuhan: Huazhong University of Science
and Technology Press, 2007.

[20] SR A 5T, 55300 B E] P51 3 A7 67 WD 2E0RE M. AL 5t
2003.

Zhang Shujing, Qi Lixin. Time sequence analysis tutorial [M]. Beijing:

CREPNE DTN

Tsinghua University Press, 2003.

[21] FAHH 8, AR TE, SRAAS. (i R GBS 803 M) desnt: Jbsts T
Rz AL, 1999.
Hu Youde, Ma Dongsheng, Zhang Lisong. Servo system principle and
design[M]. Beijing: Beijing Institute of Technology Press, 1999.

(FFEHRE X ZiE)

(RIERS|YFRIEX"EZBAER

R AL B F AR ARASE TERIERARK
AAANHEAFRIEL, ERFRMLEF  F 1B
T AR EAERE B LT AR H TN
M B1IE R VR R A B A HMT R P ELH B AR
HER TN P VAR R N SEE VS - F 3
#a . www.kjdb.org,

47 N



