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Design and Implementation of a Novel Electro-Mechanical Integrated

Micro Magnetorquer

YUAN Dehu'?, SUN Jun'*, WU Hailei"*, SHEN Guoming"’, LIU Chaozhen"”’
(1.Shanghai Key Laboratory of Aerospace Intelligent Control Technology, Shanghai 201109, China;
2.Shanghai Aerospace Control Technology Institute, Shanghai 201109, China)

Abstract: The development of modern micro satellite requires micro magnetorquer to have characteristics such as
light weight, low power consumption, miniaturization, and integration. In this paper, a novel micro magnetorquer is
designed, in which the idea of electro-mechanical integration is adopted, the driving circuit is embedded in the end
surface of the bracket, and both the integration of the magnetorquer structure and the driving circuit and the whole size
miniaturization are implemented. Compared with the traditional separation design method, the proposed design method
is obviously better. The signal-winding coil + pulse width modulation (PWM) control driving method is adopted.
Compared with the common double-winding coil + current amplitude control driving method, both the weight and the
volume of the winding coils of the adopted method are reduced by half, the power consumption is much lower, and the
control becomes more convenient. The driving circuit has the function of current-sampling, and can realize closed-loop
control, which is more accurate than the common open-loop control scheme. In addition, the parameters of the winding
oils and the magnetic core are optimally designed. The designed magnetorquer has been successfully applied to a micro
satellite, which demonstrates the validity and superiority of the design scheme.
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Fig.1 Schematic diagram of the function principle of the

magnetorquer
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Fig. 2 Physical picture of the magnetorquer
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Fig.3 Sketch map of the magnetorquer (with driving

control circuit board)
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Fig.4 Right side view (without control circuit board)

o

5 4 A-AHEE
Fig.5 View of the A-4 cross-section in Fig.4
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Tab.1 Parameters of the magnetorquer

ZH HfH
2%/ mm 3
Wt/ mm 90
2k JEl 242 /mm 0.115
28 I I 5 5800
LR JG R A2 AR /mm 9
BUE WA/ (Aem®) 1.2
e DR/ W 0.58
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Fig.6 Information flow chart for the magnetorquer
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e T AE , DT AT LS B 0 A 0 PR ER R AR
e GE 19 I B0 F7 Tl SR W 42 T A 2 B

5 MK T &
R B e 2K 0 R T 5 A I W R
HLZ ISR BT T R T . M R

B8 EImMFE

Fig.8 Control sequence diagram



95 37 % 2020 4E45 5 FEAERR A ML B — R AR SR ) A AR R T S s B 71

®2 PWMEZHIBEASR
Tab.2 PWM control logic combination

IN1 IN2 OUT1 OUT?2 ik
0 0 7 7 2 P F e P
0 1 L H 2 8 F 3t S )
1 0 H L 2 Bl P 3 I 1)
1 1 L L 2 Bl T I R U

x3 EFRINEF

Tab.3 Control time sequence

5 ZH f2/N/ns e K/ns
1 N Ziy B Zo A Y SE 100 600
2 Los N Zy— B Z, + AT I 100 600
3 5. N Zy+ B Zy — B SE T 100 600
4 Lo N Zy— B Z,— W SE N 100 600
5 Ly B B THE I ] 50 150
6 cp i T R I i 50 150
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Fig.9 Schematic diagram for magnetic torque test
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Tab.4 Current direction variation ability tests

etk my | TR gy | MR
1 89~139 IE s 15.2
2 89~139 NNEE 16
3 89~139 EfAC 16
4 89~139 IEfsE 16
5 89~139 IEfse 4 16
6 89~139 A8 16
7 89~139 IE 8B 16
8 89~139 i3 16
9 89~139 7 i) AN 7% 16
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Tab.5 Test data when the PWM frequency /=50 kHz

A/ % B P L/ mA | BRI /0T | WA/ (Aem?)
10 3 24 0.024
20 3 25 0.025
30 3 29 0.029
40 3 32 0.032
50 4 34 0.043
60 7 204 0.204
70 22 574 0.574
80 49 954 0.954
90 86 1320 1.320
100 142 1718 1.718
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