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Performance Test and Characteristics AnaIyS|s of a Spherical Reaction Wheel

At - FFF 0 DgEx - B9 - AT
Kim Dae-Kwan, Yoon Hyung-Joo, Kim Yong-Bok, Kang Woo-Yong, Choi Hong-Taek
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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
torque-voltage characteristics 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.
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Fig. 1. Schematic diagram of rotation mechanism
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Fig. 2. Magnetic levitation spherical actuator (KARI)
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Table 1. Equipment specification of the spherical
actuator system.

Equipment Specification

- Model: dSPACE-1103 (2024 Hz)

- Analog input: tacho-pulse, PWM1
DAQ volt & current, PWM2 volt & current
- Analog output: driving frequency,
phase, PWM1 and PWM2

- Model: levitation electromagnetic
and rotation electromagnets(EM)
- Levitation EM input parameters:

Electromagnet | |\ bc power

and Driver - Rotation EM input parameters:
driving frequency, phase, PWM1 and
PWM2
- Model: ACT-3X

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

- Pulse output: +5V
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Table 2. Parameter input values for performance test

Parameter Input value
PWM Phase - 90 deg for all test cases
Rotation - 20Hz, 30Hz, 40Hz, 50Hz, 60HzZ
Frequency
- 30V ~ 120V for 20Hz (7set)
PWM - 30V ~ 120V for 30Hz (7set)
Amplitude - 45V ~ 150V for 40Hz (8set)
P - 90V ~ 150V for 50Hz (11set)
- 108V ~ 150V for 60Hz (8set)
Total test case |41 set
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Fig. 3. Rotation speed measurement of 20Hz (30V)
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Fig. 4. Torque vs speed graphs for 20Hz rotation
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Fig. 5. Torque vs speed graphs for 40Hz rotation
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