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Calculation and analysis of temperature field in a control moment
gyroscope for spacecraft
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Abstract: The control moment gyroscope(CMG) is a critical actuator in spacecraft attitude control systems. In the
vacuum of space, heat generated by the CMG is primarily dissipated through thermal conduction and radiation,
resulting in substantial temperature rises that may compromise system stability and reliability. Consequently,
analyzing the CMG’s temperature field and maintaining its operating temperature within acceptable limits is
essential. This study focuses on a 70 Nms single-frame CMG, for which a thermal simulation model is developed
to investigate temperature distribution and assess the effects of rotational speed, applied torque, and bearing
preload on thermal behavior. The model, validated against experimental data, achieves an average temperature

prediction accuracy of 93.87%. Results reveal that temperature at various measurement points is highly sensitive
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to changes in rotational speed. The lower end of the rotor shaft exhibits a pronounced responsiveness to torque,
while both ends of the rotor shaft are significantly influenced by bearing preload. The maximum observed
temperature increase is 5.2 °C at the lower end of the rotor shaft, whereas the frame experiences the smallest
increase at 1.72 °C. The presented temperature field modeling approach offers valuable insights for optimizing the
design of control moment gyroscopes and facilitating operational diagnostics of spacecraft systems.
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Fig.1 The 3D model of CMG
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Table 1 Material parameters of CMG component

BB R At FR/(W-m ™k
1Cr18Ni9Ti 0.30 16.3

2A14 0.60 160

GCrl5 0.27 30.0

Q235 0.40 45.0
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Table 2 The main parameters of motor
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Table 3 The area of heat flux

HAGE St i A i A /mm?
B7005C fli 7 Py 465.5
B7005C fili 7K 51 618.25
B7005C fli 7K 7% 2k 1027.88
o 2 L AL 15 625.49

1.2.4 MAX 5

H T4 1l R B B A TR 5 Ry A2 | e A — S Rl 43 Sy 7 AR O A A S RUHE , A DR UE 45 3 44 I A
IR ) 0 R R A K] 43 Sk D T A A I IR R T M R A s AR 2880 DC3D 10, X A% TE 56
PEFEATIGAE , 43 S 1.77%10°.3.02x10°,3.97x10°,5.02x10°,6.01x 10° [0 4% Xof 42 thi] 7 46 [ 48016 13 3 A7 150 4R
PR 2 FNE 3T LA, AR B 4x10° Z 5, 25 I s TR B sl #a T 28, HLAS R IR 2278 3% VAN, 455 75 JE UM
K H R 5.02x10°,

27.0 -

—
26.5 | —= W1
26.0 Sl

a —— W3
255 |

& —e—

® 250 F

% ous
24.0 |
235 |
30, 2 3 4 5 6 x 10°

2L
2 Mg R MEIE

Fig.2 Mesh independence verification
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Fig.4 Temperature cloud diagram of CMG under experimental conditions
x4 HEEBER
Table 4 Simulation accuracy
I T2 16l /°C 5 H LB /°C IR BE /%
Wil 25.48 26.96 94.48
Wi 2 22.70 25.12 90.37
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Fig.5 Location of measuring point 4
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Fig. 6 Effect of rotational speed on temperature of measuring points
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Fig. 7 Effect of torque on temperature of measuring points
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Fig. 8 Temperature of measuring point 1 under different preload forces
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Fig.9 Temperature of measuring point 2 under different preload forces
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Fig. 10 Temperature of measuring point 3 under different preload forces
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Fig. 11 Temperature of measuring point 4 under different preload forces
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