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Stabilization Control Method Development
for Single Axis Unstable System Using SGCMG

Junsik Lee* - Junyong Yi* - Jihoon Yoo* - Jichul Kim* - Dongik Cheon** - Hwa-Suk Oh**

ABSTRACT

Control Moment Gyroscope(CMG) is one of the most efficient momentum exchange devices for
satellite attitude control and essential device for agile maneuver system. This paper
presents the details of a designed Single Gimbal CMG with a constant speed momentum wheel
and single axis attitude control unstable to stable. In order to keep the naturally unstable
equivalent point, it should be controlling the gimbal constantly. The experimental data are
compared with theoretical result and requirements are used to verify their performance
specifications.

Key Words: Single Gimbal Control Moment Gyroscope, Stabilization, Controller

Design, Inverted Pendulum
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Fig. 1 Unstable System Modeling
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Table 1 Total Requirements
System

CMG MOI < 0.25 kg » m?
CMG Torque > 1 Nm
Platform Weight < 4000 g¢
MWA(Momentum Wheel Assembly)
MWA Weight < 1000 ¢
Wheel Angular Momentum = 0.5 Nms
Wheel Angular Velocity > 3000 rpm
Angular Velocity (RMSE) < 50 rpm
GWA(Gimbal Module Assembly)
GMA Weight < 1000 g¢
GMA Angular Velocity < % 2 rad/s
GMA Angular Acceleration > 10 rad/s?
Sensor
Sensor Measuring < 0.1 deg
Angle Error (RMSE) '
Control Performance
Control Angle(RMSE) < £ 1 deg
Settling Time (7) < 3 sec
Overshoot (%0S) < 50 %
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Fig. 2 System Control Diagram
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Fig. 4 MWA Design & Manufacture

Table 2 MWA Specification

Parameter Value
Mass 832 g
MOT 0.00212 kg + m’
Diameter 13 cm

F JE= 3rt. Fig. 49 Table 2= A
A

o
MVAS] Ak} Al o)),

242 GMA MAH 2 H=t
SGCMGell A1 GMA(Gimbal Module Assembly)i= X
e FHo] nEo =z I A3 WA 4T

o e WA EAE WAsE REolY
webd muE ge| ) og PakE A
WA Ao AEdF Ak, AFEAS &
g2 F2H ehigel RAHES (iKY ¥4

& T3] Y3 A
o715 A%t Gimbal9 &= WHES FA 3§
3, dFEYoAN EHEE &5 4RE o

Gimbal Motor

< Gimbal Motor Mount

< Coupling

< Gimbal Body

Fig. 5 GMA Design & Manufacture
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Fig. 6 GMA Control Diagram

Table 3 Intellane mySen—B Specification

Parameter Value

Output Rating 100 Hz

Power Consumption 1.5W
Roll, Pitch Static Accuracy | < 0.5 deg
Yaw Static Accuracy < 1 deg

Dynamic Accuracy(RMSE) 1 deg
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Fig. 7 Integrated Single Axis Unstable System
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Table 4 System Specification Table 5 Initial Value of Case 1, 2
Weight 5.6 kg Case 1 | Case 2
System MOI 0.21 kg.m” Initial Angle 0 deg 6 deg
CMG Torgque 2.64 Nim_ (max) Initial Angular Speed | 0 deg/s | O deg/s
o Flywheel MOI 2.1x 10 3 kg.m?
Angular Momentum 0.67 Nms Table 6 Case 1 : Requirement and Test Result
2
GMA Arglllglualraerlcocceilty 1;;?5(;;8 Eﬁii; RMSE Requirement | Test Result
Sensor | Accuracy (RMSE) 0.04deg Accu.ra.cy = 1deg 0.23 deg
Stability | < 10 deg/s | 5.5 deg/s
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Fig. 8 Gimbal Transient Response Test

o 20 40 60 ) 20 40 60

Time (sec) Time (sec)

Fig. 9 Case 1 Test Result During 1 min
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Table 7 Case 2 : Simulation and Test Result

Over shoot Settling Time
Requirement < 50 % < 3 sec
Simulation 34.6 % 1.05 sec
Test Result 38.6 % 2.65 sec
System Angle Gimbal Angle
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Fig. 10 Case 2 Test Result During 5 sec
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