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Development and Performance Test of a Spherical Reaction
Wheel Actuator with Magnetic Levitation
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Abstract

In the present study, a feasibility study on an innovative satellite attitude control actuator is performed. The
actuator is specially designed to generate the reaction torque in an arbitrary axis, so that a satellite attitude
can be controlled by using itself. It consists of a spherical flywheel and electromagnets for levitation and
rotation control of the ball. As the earlier study, a rotating performance test on the spherical actuator is
conducted in a single rotating axis and vertical levitation condition. From the test results, it can be confirmed
that the maximum speed and torque of the innovative device are 7,200rpm and 0.7Nm, respectively. Using
a velocity-voltage characteristic curve of the spherical motor, an open-loop control (V/f constant control) is
performed, and the test results show excellent control performance in acceleration and deceleration phases.

Key words : Satellite, Attitude Control, Reaction Wheel, Spherical Actuator, Levitation, Electromagnet

LM 2 ot} AJRREA]Z(CMG)9} 22 TEFAES

ARt QITh1). o]l ZAES BF e +

AT AEHL e JdTHEES BES JF-E FAA NN G IS WF Ao EAE WA
FYst7] ko] By JEE ApAAole} viEo] T 717] W& AFe 35 AAAE AsiAE
S W 75T S BAE gt /&Y AAA oA Ao 374 o1}l 7571 2L AHglok Itk 2

2H M= HAERAAAE 95t HHEEFRWA) A9 7 gl A5 7] (Spherical actuator)=

* Sty Q- F ALY YA o8l (Korea Aerospace Research Institute, Satellite Control System Department.)
- A1AA} (First Author) A

- Bzl 20129 99 24

- AAHE) YA 20129 99 249 (YA 1 2012 102 199)

- AL 20129 10€ 30



732

A2 ) AAAe] A57124, ke 4 &
2}o] &(spherical flywheel)S o83t Jofef Wako
2 5)70] /158 FEAA0IT, 58] ae] TER
Ao 32| Ao B e RlE S B
N7 % Qomz BagA=A A4 33 A
o} FRsieRs Aol Atk Bk oleld Az e
Adel FATEIE AgaA B9 7] ool =
e A e FEALH sl 74
o %319 727} saAAER 9149 298 3
FEE 7hsst Ao,

ol M2 el 7AT5 7o e A=
ob2 74A] B8 ths} 81 Aot w3 9)
. 53] 9] ¢ 71 BE ] AAA 8 757
A w2 B Aol EXfo| =l T At
of et} A7l =L gor, 7A757]
of gt A= A deolnt. of=e] B4 A
A4 Tokai tH3t B JAXASIA 2000 o ATE
Sadelel 10 ~ Somm A7) FATE] 0 17
= 47 2 AFHAE FAARL Sl
FATEI0) e Q72 B 0] e A
o2 HetEAR, tE AFRACE fAT A7)
8 w7t itk 29929 EPFL 2 ETHOlNE
20009 153 1 ~ dmm A7) FA] o 75
AFE Fdste] itk RIMO] 204 AT S
T3t} 3], [4]. ®71el| Catholique de Louvain
Sl A= 20061500 2 AHFEE ZEE 50mm 279
79 5 RHE Qe AguslE Saaen
[5].

& drelde 35 R o9 o] ks
& A AAAE TATFE7IY RS ATER
Z ofal vk @A77 FATE 7] WAl ek
AR} A7 208 443 1% 98 AR}
2 T3S B3 7545 AoE FEH FATE
ECER R EREPERE
283k 7} F=(open loop
O 2 ERdAE dRTTIFATLNN A
TATE71e] W AL F2 AlFdatel] tejA
71t AT

ol X

|

4
ki
>

233 sts] =22 A169@ A535 20129 10€
0. ##T+s7] el 2 MA
2-1 #H #3537 &5 e

TATE719 Aedels I8 19 Yy e
A} go] 7|EH 02 FERE 22 AFdld
N FE& A "k oA Bxo] HA|sH
TA T FHate 2A71go] F4HE, 559 T
AxHo] AR fFes<d ol&
current) 2}l ket o] HA AT FE7)HHS
A7) eAE-S ot FA EH 2
gl =3 (Lorentz force)S AYAIZ|A HaL o= A
Zgolgd JHAEAR 2831 Hok
T A Eetold Tl 33k A1 3
o] vt A Hugk AEE JHEFS 7FoR
SRR S HER AHS] A1
ARG o3 3 o] WA Hrt webA 3
7149 3 A&EES A7) A7) aga A
1ok 55 HSAA A Eehol2S dak= W
EEE 371X 71 A "ok

&

4

o ox o
o

Rotational
rrrrr
Torque

Rotating Lorentz
Magnetic Field Force

a8 1. 3™ F&5 fEl gE
Fig. 1. Schematic diagram of rotational driving
mechanism
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Table 1. Test equipment specification

Equipment Specification
- Model: dSPACE-1103 (fs = 2024 Hz)
RTI/DAQ - Input: tacho—pulse, PWM  volt & current
- Qutput: driving  frequency, phase, PWM
- Model: electromagnet driver
. - Levitation input:  DC control power
Driver

- Rotation input: frequency, Amplitude,
phase (PWM1 and PWM2)

- Model: ACT-3X

Tachometer | - RPM range: 5~999,990rpm

- Pulse output: +5V
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Table 2. Input parameter and test condition for
performance test

Parameter Input value
PWM Phase - 90 deg for all test cases
Rotation
- 20Hz, 30Hz, 40Hz, 50Hz, 60Hz
Frequency(f)
- 30V ~ 120V for 20Hz (7set)
- 30V ~ 120V for 30Hz (7set)
PWM N
. - 45V ~ 150V for 40Hz (8set)
Amplitude(A) -
- 90V ~ 150V for 50Hz (11set)
- 108V ~ 150V for 60Hz (8set)
Total test case | 41 set
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Fig. 4. Velocity curve of spherical reaction wheel
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