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A Study on Optimal Compensation Design for Spacecraft in Presence of
Periodic-disturbance

XU Shijie, LIU Xiao, ZHAO Liangbo, WANG Linlin
(Beijing Institute of Space Long March Vehicle, Beijing, 100076)

Abstract: Periodic-disturbance may cause serious effects on spacecraft. The attenuation of them is demanded. A fundamental
study on the optimal design of constant compensations against periodic disturbance for meteorological satellites is investigated. An
analytical solution about the relationship between the frequency and amplitude ratios and the response of a typical second order
vibration system is firstly derived. The compensate and disturbance torques are determined according to practical engineering. The
criterions for designing the optimal compensations are based on the analytical results. Then the criterions are applied on the flexible
spacecraft actuated by constant control torque in the presence of sustained periodic disturbance. The optimal compensate torque
parameters for spacecraft is acquired draw on the former criterions. Its compensation effectiveness is provided and compared with
results of other selections in frequency ratio domain and amplitude ratio domain. Numerical simulation results and experimental results
clearly demonstrate the good performance of proposed design in periodic disturbance compensation. This work provides a significant
reference for the vibration attenuation of meteorological satellites in the present of periodic-disturbance.
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Fig.4 Displacement amplitude results

Kl 4 BoR T AEAR AT 5T A S L AR L H &
SRR IR E L. SRS SRR, MiE(E
Fedil 0.7 F, St 5 AL AL AR e/ o A
EERT0.5 0, X — MO & .. 4 /N T 0.5
I, RBNEE 1A R AE AR AR AR B T4 B 2 .

2.3 HIRIEIE

IR BT AR, AR & BT T
RIGIRAE . WIS WA WS s, 1% 5552 A
RFTE. FZMEER (2 480 mmx200 mmx2.5 mm) .
WVE i il 5 SF T & 3 i E A 10 U A R
(0.065 N-m) Bt f o Joi 2 B 1) J&] BT e e 4 A 4.
Mo AIEPE BB T A s 5T e ) 5
2R 2% B

ES5 BmSFFaRuAL

Fig.5 Experimental setup of a single-axis rotary table

R A YR BTy H [ 7 1 S AR o 08 1) o e B 0
T it (£2g, 0~400 Hz) %5 A Silicon Designe
Inc2220-020. fi-CoJiT FEIEFE Y 0.4 kg F10.25 kg PLIE



56 31

PRHIEARSE AT R AT 851 B SR A 0 1) SRS B 5T 63

ANTEI AR L, ) U e 2 e T BB T B 5 R G e e T
0.6 m4k,

SERCH) 3 MRIG R IR L A28 1.3 0.94 0.6,
FFNZ L T 2 AR IRAE LN 0.6 0.8 1. AEIE
SRTEER, PR T R P R B S HGE AT BT,
RIS AN TG AT AF RSB R A HHL A 1 5%
BBl (RIS Bl o S P A i 110 S 00 e 5 a6 6 22 141 8
Fim e

"“‘H.M‘m “ .!] M l i ‘l ‘ ‘”W W

FsFa)/s
6 IR ZMRHERINIRE

Fig.6 Measured accelerations of flexible beam tip in case 1
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Fig.7 Measured accelerations of flexible beam tip in case 2
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