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Abstract: Owing to manufacturing and assembling errors, the harmonic interference generated by a reac-
tion wheel assembly (RWA) is the primary factor leading to the micro-vibration of optical remote sensing
satellites, which seriously hinders the development of high-resolution optical remote sensing satellites. To
achieve more effective micro-vibration suppression in the design of optical remote sensing satellites, it is
necessary to accurately grasp the relevant parameters of RWA micro-vibrations. This paper proposes a
parametric identification method for RW A at continuous rotating speeds. The micro-vibration characteris-

tics of the RWA are obtained in the time-frequency domain. First, a time-frequency analysis is used to ob-
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tain a time-frequency distribution of non-stationary disturbing force/moment signals. Then, a linear least

squares (LLS) estimator with a sector window is established to identify the harmonic characteristics. Sub-

sequently, a speed-dependent parameterized model is built to describe the RWA model; further, using a

weighted nonlinear least-square (WNLS) estimator, the parameters of the parameterized model are esti-

mated and transformed into modal parameters. By combining modal parameters and harmonic characteris-

tics, the speed-frequency peaks of the disturbing forces/moments can be estimated. Experiments are per-

formed to verify the proposed method. The results demonstrate that the proposed method presents practi-

cal trends of disturbing forces/moments. Compared with the results obtained under traditional fixed-speed

states, the errors are less than 1%, confirming the accuracy of the proposed method.

Key words: reaction wheel assembly; parameter identification; micro-vibration; time-frequency analysis
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Function [output]=ShortTimeFT(input)

o Reading the RWA data of speed-time process;

e Reading the RWA data of disturbing force/moment under continuous
revolving speed;

e Obtain disturbing force/moment time-frequency spectra using Short Fourier
transform;

e Transform time-frequency spectra into speed-frequency spectra;

o Store the data and cloud figure of disturbing force/moment of RWA;

End
'
Function [output]=ModalParametersIdentification(input)
v for force i=[fx,fy,fz,mx,my]
* Read previous data of speed-frequency spectra;
Function [output]=HarmonicsIdentification(input) o Construct primary function of matrix fraction description;
for force_i=[fx,fy,fz,mx,my] o Calculate weighted function;

e Read previous data of speed-frequency spectra;

* Throw fan window expression on data of speed-
frequency spectra to get Weighted coefficient matrix; ! Construct Jacobian Matrix

S Deﬁng speed maﬁlx R a“‘? frequency matrix Fi : Using hamilton canonical equation reduction to calculate parameters

* Establish a weighted nonlinear least-square estimator B e s et PR R PR
to calculate harmonic orders matix K:

K=((W.*R)*(WHFR)NW.*R)"*(W.*F);

* Store the data of RWA disturbing force/moment

harmonic orders.

I Establish weighted nonlinear least-square to calculate model parameters,
ias the iteration strting value;

* while residual error>defined threshold B
Establish weighted nonlinear least-square to iterate and get the optimal
parameters.
Construct Jacobian Matrix

ggg Using hamilfql}_ca_nonical qqu_afi_on reduction to_ge_il_c:ulage parameters i
e End
e Transform matrix fraction description to speed related modal parameters;
End
End

Function [output]=HarmonicsModesCombination(input)

* Read disturbing force/moment data of harmonic orders;

* Read modal parameters data;

* Plot curve of disturbing force/moment of harmonic orders and modal
frequency.

® Analyzing curve trending and peaks.

End

K2 AR e O AR

Fig.2 Pseudo-code of analysis program

Power source

Controller [-\j
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system
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Fig.3 Schematic diagram of experimental system Fig.4 Flywheel installation direction definition
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Tab.1 Summary of main harmonic factors
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1 (1841,328.3) (1800,322.5) (—2.2%,—1.8%)
2 (1601,323.3) (1600,323.8) (—0.1%,—0.2%)
3 (1510,322.1) (1500,322.5) (—0.7%,0.1%)
4 (1246,319.8) (1300,323.6)  (4.3%,1.2%)

5 (1076,319.2) (1100,323.0)  (2.2%,1.2%)

6 (905,318.5)  (900,322.4) (—0.6%,1.2%)
7 (785,317.9)  (800,323.9) (1.9%,1.9%)
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