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Investigation on Active Control of Spacecraft Micro-vibration
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Abstract; With the development of space technology, the high-precision instruments carried by
spacecraft have higher requirements on the vibration environment. Active control of spacecraft micro-
vibration was studied and analyzed. Firstly, according to the different vibration isolation requirements,
the open-loop transfer function of disturbance displacement transmission and disturbance force
transmission of single-axis vibration isolator and the closed-loop transfer function based on force feedback
were established respectively. Then, the disturbance displacement suppression was taken as an example
to theoretically derive. The active vibration isolation effect based on force feedback PI control and linear
active disturbance rejection control was analyzed, and the influence of Butterworth filter on active
vibration isolation system was discussed. Finally, a single-axis active vibration isolation experimental
platform was built to verify the correctness of the theoretical derivation results. Linear active disturbance
rejection control can achieve better vibration isolation effect in the full frequency range of 20 ~ 500 Hz.
The attenuation rate of micro-vibration can reach 10 dB in the low frequency band and 20 dB in the
resonant frequency and high frequency.
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Fig.1 Schematic of spacecraft with vibration isolator
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Fig.2 Passive vibration isolation system with

single degree of freedom
K Q1) BEATHLE 7 A 8 T LAAS 21 9l 50 Bl I
F G I Bl (6 K B R e i (VA% 14 1 pR B

X,(s) _ os+k

G.(s) =X,1(s) T Ms® s +k 2)
e =/QMo,)  o,= VKM
Rf o, — (BB TS [ R AR
{ — iR AL R 1
A BELIE B SE 0 [ SR AN
0, =0, /1 -2 (3)

[ 2, AT LAAS 2 4 sl gk 2 42 b 1 90 0 2 U
BT S 0 B 3 PR ECH

6.(5) _MSZX,I(S) B M(es +k)

4 COF(s) Mmss+ (M+m)es+(M+m)k
(4)

[Es {=(M+m)e/(2Mmo,)

w, = /im0
Rl w0, I B NS A AR
{—DEHLE I
ARLIE RS H AR fAIR N
W=, m (5)
MR (2) | (4) L RS 1 136 0 ) e 3 A A 18
AN 3 B, AR RIS LA A4 T 7 AR g 4
A HA U I SEIR (AR5 A AT R AR = T



B LK B HOR 3h E Sh BE g 381

— fufsfeid

10! 107 10° 10* 10°
R /Hz

— fifetiE

10" 102 10° 10 10°
KA/ Hz

3 iktlid 5 LR

Fig.3 Comparison of displacement transfer and force transfer

TEPRIGE  ZEAHHERAR I | b 5838 ) A1 BELE 1 B9/ H]
T 0 2 R, TR B0 50 B8 DA A I 58 4 4%
o R T R A AT R A AR AL i 3 4% i
FEORA AT AR 1) R, 5 LA Ha, P e A S SR 5l
i ESRIR R S, A 4 s,

%y

’—‘>

,i>

M

P O~

Ja
—»

m

R
K4 SRR RS

Fig.4 Active vibration isolation system with

single degree of freedom
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Fig.5 Active vibration isolation system with

single degree of freedom based on force feedback
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