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Fig.1 Vibration isolation system of reaction wheel
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Fig.2 Sectional view of vibration isolation unit
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Fig. 3 Fundamental principle of EMSD
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Fig. 5 Coordinate system of vibration isolation unit
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Tab.3 The value range of design parameters

ESiE S il
k/(N-m™") (1X10%,5% 10"
l/m (0.2,0.5)
R/Q (1,6)
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Tab.4 System parameters before and after optimization

k/(Ne-m ") //m R/Q
Rl 3x10* 0.3 4
R 1.5% 10" 0.27 2

SR, R AR R G IUR (/) B R
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Fig. 15 Schematic diagram of a single vibration isolation unit
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Fig. 17 Main components of the vibration isolation unit

under test
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Tab. 5 Main parameters of the vibration isolation unit

under test
ek ZH PR L Kl
m,/kg Jpige 1.4
FdRoT  A/(Nem ') SREENIEE UL 6%l M
C/(Nssm ') HUIFHIE 10
Hi % R/Q RN il 7.5/4.7/1.5

F6 HWEMEIESYH

Tab. 6 Main parameters of springs

28 PWE1(SP1) W 2(SP2)
ok % LN
S /mm 90 90
JE % /mm 1 1
B NI/ (Nom ") 4900 8000
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H AR 5% i — fg R 1 6000 r/min, X8 ) A - 4
R AR R AR 2 100 Hz, BRI SR I 0 36 7 B 7 193k
Jil T8 o W A IE 5% A A, 94 B S 0.1 Ha/s, DA
B DR A B 501 5 50 A 0 T DA S IR S ) v
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Tab. 7 Working condition of excitation

iR /Hz W E/N FUBE I/ (Hzes )
2~15 0.1~0.5, 2k V3 1 0.1
15~100 0.5~5, Z& 1 i 1 0.1
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Tab.8 Influence rules of EMSD on high and low-frequency

systems
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Design and analysis of vibration isolation for reaction wheel
by using electromagnetic shunt damping

ZHANG Han, LUO Qing
(College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract: Reaction wheels are not only important attitude control actuators for satellites, but also the most prominent onboard mi-
cro-vibration source. Considering the varying rotating speed of reaction wheels, this paper proposes a new vibration isolation meth-
od using a six-strut isolator combined with the electromagnetic shunt damping (EMSD) technique. A dynamic model of the cou-
pled system consists of a reaction wheel and the isolator is derived including the gyroscopic effect produced by the rotating wheel.
The results obtained through analytical analysis and simulations show that gyroscopic effects have a great effect on the natural
modes, frequencies, and isolation performance. And then, the influences of key parameters on the isolation performance are ana-
lyzed and optimized. Finally, an isolation strut based on the EMSD technique is manufactured and tested. The experiment results

verified the influences of the stiffness and EMSD on the transmissibility of the strut.

Key words: micro-vibration; vibration isolation; reaction wheel; electromagnetic shunt damping
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