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ABSTRACT

The control moment gyroscope(CMG) which is well known as an effective
high-torque-generating device is applicable to space vehicles, airplanes, ships, automobiles,
robotics, etc. for attitude stabilization and maneuver. This paper deals with the overall
details of 100Nm-class CMG development for various industrial applications, and provides
the activities and results associated with the CMG system-level requirement analysis, the
motor subsystem design/manufacturing/integration, the construction of ground support
equipment, and the performance test and evaluation. The performance test reveals that the
CMG generates the torque output more than 120Nm in as-designed operation of spin
motor and gimbal motor.
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Fig. 1. History of gyro-stabilizer and CMG
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Table 1. Major specification of CMG
Level ltem Value 4 o
CMG Angular  Momentum > 100Nms # —~
Svstern Momentum Tolerance < 4% L
ys Output Torque > 100Nm
Flywheel Inertia > 0.32kgm’ e
Nominal Speed > 3,000rpm
Spin Speed Ripple < 0.02% .
Motor Output Axis Alignment < 2deg
Flywheel Balancing < 0.5g-cm &
Run-up Time < 10min & ==
Rotation Range Unlimited
Control Bandwidth > 10Hz : - '
Gimbal | Max Rate > {rad/sec
Max Acceleration > 3rad/sec?
Motor H H H
Position Indication Acc. < 0.01deg Flg' 4. Outline drawmg of CMG
Zero Rate Drift < 0.02rad/s B B
Rate Accuracy < 3% or 0.02rad/s < 3d FEA77] A ~29EHYE, 18 s
v CMG 54kg 79 ZJ%E HEE FAETH
81 nverter 0.7kg Zgfolge AEEH HY £% 1rad/s¢}
siie | MG 360x459x571mm Zeto]l8 &% 3,000rpm Z7AlA 100Nm ©]%4
Inverter 73x144x60mm 94 Egs H]_/‘g }\] ]7] ‘I% o]—Oq J(l_/\_] T E
Power Peak Power 235W . s = 2 23 ] =1 o
NSF Structural Natural Freq. 56Hz (moment of }nertla)a 0.3?kg m-i <E ﬁ] O}Mq—'
s 874 Eetolde] A% Aol
' %4uwwt1%ﬁg@ﬂ&%w
2 dFoAMe CMG HAE {8 Al2", &~ AR EE gEe Zgo]d AW (cover) T
ARYE, AUEHE, A5, 714 71353, 75 73R BAALS 78t 1rad/s2 FE0] 7t
EetolHo] et 8 87 AFGS Table 1% & 3l==2 97182 (back electromotive force) 57
o] EA&t¢th &, Table 1] 7]EH CMG A2 < AU REZ HAAsYTh A4E REE 24V
H A, A7), ARAY, FAFIE T2 AA A A A 1INmolAe EIE d8 &
e dE Aas wtgste] A=A, NE= A8
23 CMG A-IEAlﬁ%! /g]:" —)—K—-"dEEiE‘ BLDC(bI‘UShIESS DC) UEii}\i Xé
Z AYe 24vVelal HZA XLTFL 11AF 907t =
2 AgoA AEsE CMGE 3,000rpm O E B2 A5, Zato]|ae xiet AW TEE
AL/s FHshe FEeld FEd IR o yxe gunge 1/\1__.701]}\1 EERRECRS
5 dAste AEREE A IJH #AS Ha
= : 3 dEF AL, Y SEAE 9
== 4 sto] Eetoldel whAe] AmHE Fohsenh
[Fyee Pl o o] 2@mEsel Zetoldel VAH AF
< 913 7E(coupler)9t AWEEFO] A G
B4 AT ANPHS PN &Y (slip
ring)= A7 ATH
Zetoldo]l & AAS 7HAWA & ISt
7] wjel AEEE O I HAl SEold Y A=
o Hxl& EF] 9% A= A AdE w4
of WASE AL CMG TE AA YA 7
4 F23 REF shiolnh 4AE Eeoldw

Fig. 3. Configuration of CMG system
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Fig. 5. FEM analysis of CMG
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Fig. 9. Configuration of CMG test

Fig. 10. Photos of Torquemeter (in left)
and motion controller (in right)
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Fig. 11. Photo of CMG test setup
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Fig. 13. Position control at 0Odeg and speed
control at Orad/s of gimbal motor
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motor (y—axis: speed in rpm)
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