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Experimental Study on Effects of Speed Error Disturbance
on Reaction Wheel Control

Jichul Kim", Hyungjun Lee

Abstract :

, Jihoon Yoo and Hwasuk Oh
School of Aerospace and Mechanical Engineering, Korea Aerospace University

There are many possible disturbance sources on such a spacecraft, but reaction wheel assembly

(RWA) which is generally used for spacecraft attitude control is anticipated to be the largest. These effects

on degradation of performance of spacecraft such as attitude stability.

In reaction wheel, disturbance caused

by imbalance and speed error. It is hard to emulate speed error disturbance because it is not coincide with
wheel frequency. This paper concentrates on emulating and analyzing the speed error disturbance. Firstly,
classify the causes that lead to speed error disturbance which generate RPM fluctuation. Secondly, simulated
with disturbance driver module and reaction wheel assembly which are developed by Spacecraft Control Lab.
Experimental investigations have been carried out to test the disturbance emulator module as a disturbance

generator for RWA. Measurements and test have been conducted on various fault.

Frequency analysis of

test data show that speed error disturbance effects on wheel settling wheel speed or fluctuation type.
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Figure 2 BLDC Motor Sequence
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Fig. 4 Reaction Wheel [SCL RWA SRV-451]

Table 1 SRV-451 Specifications

Specification SRV-451

Angular Momentum
0.45 Nms
@ nom. Speed

Dimensions @ 139mm x 70mm
Total mass 1.25 kg

Wheel Inertia 0.00143kg.m2

Nominal Wheel Speed 4000 rpm

Max Wheel Speed 4200 rpm
Max Reaction Torque

- @ 0 rpm 48 mNm

- @ nominal Speed 15.9 mNm
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Table 2 Disturbance Measurement Table
Specification

Range
+1200 £1200 £1200 108 108 216

(N,N-m)

Natural
Frequency | 450 433 667 890 892 606
(Hz)

Noise

(N/yHz, < 0.028
N-m/vHz)
Resolution 16bit
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Fig. 6 1-axis Force (Filtered Data)
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Fig. 7 FFT of 1-axis Force Data

= 34 KE VFoR Ag 67HA 9

ol Al S el dojdrh. AWE RE S}
cgolHE 213 3o 6719 sequenced] ME HAF
o] WS Fig. 8o uversleh. 3719 Coile 747}
V, W A9 Coil& <9ndtt. Fig 9% e
Imbalance?} 718 & F35319S o, 7€ wF
4 o RPM 47 9 A HolE data®
FFT #41% $° RPM Z¥}olt}.

<

o o

~ 4[# 4[‘}
Motor
Controller

I}

Fig. 8 Normal Operation

Measured RPM

3100
S 3000
—_
2900 : : : :
0 50 100 150 200 250
Sec
FFT of Wheel Speed
10 - - :
8 b
<
ER
=}
E 4t
< B
2t 3& -
0
49 49.5 50 50.5 51
Hz

Fig. 9 Normal Operation



100 224 -

=9 PCB A%, AFoE A% 757 B £ 5
o8 PF pio] BARAA A VAT & Ak,

)
S
1o
fol
of o
rlo
o
ox
o
r
i
offt
e
_°|l',
N,
=
2
ro,
o,
(@)
=
~
O
o

TR R AEE WEsH 13-s BARSIGITE Fig
112 499 Imbalance’} F7ld & F&539E
uwj, 719 Wkzke o RPM A3 ¢ =4 o)
59| data® FFT #4% $<] RPM Z3}o|t},

o

Y [
oH K o

Motor B
Controller |~

Y

Fig. 10 Power Fault

Measured RPM

3100
53000 s R T
e

2900 : : : .

0 50 100 150 200 250
Sec

0 FFT of Wheel Speed

8 b
°
ER
=
E 4+
<<

49 49.5 50 50.5 51

Fig. 11 Power Fault

4.3 Motor Stator Th&

Motor Stator 3}¢=¢] 7-9- Fig. 8o YEhT R¥
o] ®E9] Coil, 5 Phase® U477 Folx AA
oA3s ahx Rate dAelrh. A o A
Fso=2 Qg Coild] v, 75 F9 vz
ojuf ol o3 WA 4 Ut Motor Stator =€)
g 2 ARt Soirhy] wito] g g el H
3 1/3 €97 €t} webA Driver ModuleS 53|
2] AlE Rk Yol nAdsts BAEISAL, Fig 13
< ukg #Heo] RPM SAY 9T 3H HolE
data® FFT 241§ $°] RPM Z¥}olt}.

O M

ot

~ 45} —u:’}
o Motor B
Controller |~

Fig. 12 Phase cut fault

Measured RPM

3100
E 3000 |
e i —————— PR S

2900 : :

0 50 100 150 200 250
Sec
0 FFT of Wheel Speed
8 .

@
=
=
a3
S
<<

49 49.5 50 50.5 51
Hz

Fig. 13 Phase cut fault



S5 o4 oo whag B Aol WAL Al B AFA A7 101

4.4 Hall sensor Ih&

Hall Sensor 32 237} 4253814 &2 S
ojth, MF Fo=Z 23 Hall sensor?] dEEo] A
7 A2 oA gkeol @A gtl. Hall sensor <&
TARl A F7HH RPMEA ZA7F EA 5
RPM Z=A4ol= A7 glvks 7Hg shell o] FolXnt.
Hall sensor 39 4§ Fig. 99} o] RHe A7/
= 3/ME Eo]EA ®Hu)h Hall sensord U7k 4%
7F AdE g ol shte] AEwt U A wHel 1
el Fz2Fel 2719 ezFo] yoA Huh Driver
modules 53] Hall sensor 3l4e] ATE TAHAA

ugdd-s mAbeklth Fig 155 574 Adjo|t).

~ 45} —u:’}
o Motor B
Controller |+

Fig. 14 Hall Sensor Fault

Measured RPM

3100
a 3000 1
i

2000

0 50 100 150 200 250
Sec

FFT of Wheel Speed

10

Amplitude

49 495 50 50.5 51
Hz
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Table 3 Result of All Fault Operation

Hall
Normal Power Phase cut
78 i Sensor
Operation Fault Fault
Fault
Settling
3000 3000 2950 2950
RPM
Range of
+0.15 Hz +0.3 Hz +0.25 Hz +0.15 Hz
Oscillation
Number of
Operable 6 6 2 3
Sequence
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