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ABSTRACT: Objective To study the micro—vibration transfer characteristics and influencing factors so as to provide
means to reduce and control the influence of micro—vibration on the imaging quality of satellite camera. Methods
Taking advantage of satellite structure, the micro—vibration environment tests were carried out with different rotating

combinations of momentum wheels under the fixed boundary and the suspended boundary conditions. Based on the
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experimental data, the contributions of the transfer ratios from the wheels to the camera, the differences between fixed
boundary and suspended boundary, satellite structure and momentum components on vibration spectrum were analyzed.
The satellite finite element model was made to conform to the on—orbit status by modifying the ground model and
adding the panel so as to conduct on—orbit micro—vibration simulations. Results The on—board micro—vibration
acceleration data were obtained under each working status of the momentum wheels. Based on the obtained acceleration
data, the fixed boundary and the suspended boundary conditions were both added with the low frequency vibrations, and
the on—board micro—vibration included the coupled vibration besides the rotating frequency of the momentum wheels.
The micro—vibration transmissions were all in decay with ratios of 0.03—0.475. The micro—vibration simulation analysis
provided the camera micro—vibration angle and the influence. Conclusion The micro—vibration of camera mainly
depended on the momentum wheel with the highest disturbance. The transfer of micro—vibration from the vibration
source to the camera was mainly affected by the interface damping, secondly by the distance. The proposed vibration
reduction method based on this transfer characteristic effectively reduced the micro—vibration amplitude of the camera.

The on—orbit micro—vibration simulation analysis showed a 0.1 pixel vibration of the camera caused by coupled low
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frequency vibration of solar wing.

KEY WORDS: micro—vibration; momentum wheel ; satellite
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Fig.1 A satellite for micro—vibration testing
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Table 1 Operation condition for momentum wheels

. e T 450 FRpR e
1 2 3 4 5 (t/min)
hE#RA @€ O O O e 2530
yRHEB O @ O O e 1460
FgEEc O O e O e 1460
gD O O O e @ 1460

TE : @RI HREETRPR R 1 s O A AL

o a0 18] 75 S P S s P s 3 IR A s 4, LA
B R VAR Bl e 7 [a] g T3 A2 B s A A B3
gy, DU/ D i R sh A i 5 .

1.3 RIEHIE

PEFESCRET AR s e e AR T 195
RSN M WFE 2. ATLIE W, shidfe C s A iR
R, AR B i RAEZ N 103 x 107 g (IR, b s
Z1°h29.8 x 107 g, 48 DFG = EdR sl N, A G
B RAELI M 15.5 x 107 g(HE0) A2 4 x 107 g0

& CHE ShISRARMLAL SR SR AL AL i
PRI AR 13.9 x 107 g FaEZE2 4.9 x 107 g,
B ARHLAL 1 iR sh i o N A AR B IR sh 4 50
FUNYEhEFE D, MRS B, SR BIEGR ALK
B3 A TR Bl B B e KA M 2.6 x 107 g, AR ifE 220 Ny
0.67 x 107 g, B MdRSE AR EN 22 55 2

PEBMRET , AR AR T 1Y
RS R L3, ATUES, DEERRRESH
SORZS B FAAH R AR E

F2 BEKRETARERFE = ENRIREIAE

Table 2 Micro—vibration data induced by rotating momentum wheels under fixed boundary condition
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ACO1X 35 9.88 — — — — — —
ACO2Y — — 86 22 — — — —
ACO3X — — — — 103 29.8 — —
AC04Z — — — — — — 15.5 4

ACO5 3.9 1.58 2.6 0.67 13.9 49 7.9 1.9
AC06 1.3 0.3 1.9 0.48 5.9 2.1 3.7 1
ACO7 1.2 0.26 1.2 0.3 6.7 2.3 2.6 0.85
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Table 3 Micro—vibration data induced by rotating momentum wheels under suspended boundary condition
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ACOIX 32.7 8.2 — — — — — —
ACO2Y — — 93.8 27 — — — —
ACO3X — — — — 121 29.6 — —
AC04Z — — — — — — 16.3 4.6

ACO05 4 1.84 3.9 0.98 13.5 4.2 7.7 2.1
AC06 1.3 0.3 33 0.75 5.8 1.8 43 1.3
ACO7 1.1 0.27 1.5 0.43 6.9 2.46 3.0 0.91
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Fig.2 Micro-vibration curve of frequency domain for the wheel A
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Table 4 Micro—vibration acceleration data for the wheel A under

the fixed and suspended conditions
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Table 5 Micro—vibration data for momentum wheels with different

work status under the fixed condition
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Table 7 Comparison between micro—vibration simulation results and test results
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Table 8 Micro—vibration of satellite with deployed solar
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Table 9 Computation angular results with different frequency bands for camera
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