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Abstract: To investigate the temperature rise caused by loss of the magnetically suspended control mo-
ment gyroscope for the spacecraft application, it is necessary to analyze and calculate the loss and tem-
perature distribution. In this paper, theoretical loss models that consider the iron and copper losses

were established. The losses in a single gimbal magnetically suspended control moment gyroscope
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(SGMSCMG) , which consists of a frame torque motor, radial magnetic bearing, axial magnetic bear-
ing. high-speed motor of rotor system., with a rated speed of 12 000 r/m and maximum angular mo-
mentum of 200 N » m « s were calculated. These losses were then used to determine the temperature
distribution, which was based on a three-dimensional finite-element model. A thermal-structure cou-
pled simulation analysis was also performed. The results reveal that the maximum temperature occurs
at the stator of the high-speed motor and has a value of 48.3 °C. Finally, the temperature rise of the
prototype is verified by experiment. According to the experiments, the maximum temperature occurs
at the stator of the high-speed motor, and its maximum value is 51. 8 ‘C. The error is 6. 8% when the
experimental results are compared with predicted values. The loss calculation and finite element analy-
sis of the thermal field are verified by the temperature rise experiment. The experimental results pro-
vide theoretical reference for overall structure optimization.

Key words: magnetically suspended; control moment gyroscope; loss calculation; thermal field analy-

sis; finite element analysis
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(d) Temperature rise at 80 C of SGMSCMG
B 15 REREEE T SGMSCMG i B 43 1
Fig. 15 Predicted temperature rise at different ambi-

ent temperatures of SGMSCMG
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MK 32.1°C,28.3 °C,23.0 °C,19.8 C,n] LAFH
FI) PR 55 IR BE BRI SGMSCMG i T 5 ke 1] b, Bt
VBRI Y TR PR IR B R e AR O, 4R
R B I T R RS
4.2 H-HEHBESH

FEAS o BT 25 5 1) L fil L 25 A i ) 2R
TREE My JEAT -SSR 5 3 BT, B 185 7 R G s
RS B2 b I 1 256. 6 rad/s BUBUERE H . &
16 Ca) B A S35 #i o Il 16 (b) N BE I 5 5 F hif
T35 A L B 16 Co) Sy i 3 5% 1 ) 43 A . W]
DLAS Y BER B3 2 1 &8 43 d5c O g &b 3 %y 1] 2
P B i U = BT T B N VA Vi a1 VO
BB K 119.5 MPa, # 9 K sl % 1
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(a) Stress distribution of SGMSCMG
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Fig. 16

Thermal-structural coupling stress distribu-

tion of SGMSCMG
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Tab. 9 Safety factor of Maximum stress location

BRBOE JEREE 24
H i W b
e SSONIPILL MPa JY—

e F Bl Al R g e 66. 64 490 7.35
FEREL 7 W ALAMNE FRL 119,50 490 4.10

5 BHAFEE

Ry 96 UE A5 R 15 RN AT B T IR 43 A 5 A v
Wtk SGMSCMG FfHLIH B 25, $2 T+ 2 81 #%
B 12 000 r/m, #EAT IR SE g, PEE IR 2 %
P W 17 FER 2 ST 42 ) il il ) G
oK & BLDCM HIAE 42 J) %6 BLDCM Y 5E ¥
b, 3% 7 A, N R AT AR R A AL R AR R B R
P2 (B , E0 B ) vE FH AA JR BR
JE K40, 1°C+0. 0017 | | C| ¢] 52 Fr i BE Y 4
XHED S M 2 . —50 °C ~250 C,

18 MR T oL H e B L B IR E 21 °C L fp iR
r NP E25 8 2.1 Pa, BiFR 20 s i st UG AR
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RMB stator

High-speed
BLDCM stator

AMB stator

==3
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Fig. 17 Location of thermistor for SGMSCMG

H 1

!
~ | Control hardware
and source

Vacuum tank of the SGMSCMG

Bl 18  SGMSCMG HEHLIE Tk 56
Fig. 18 Temperature rise test of SGMSCMG prototype

Temperature/C
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Time/min
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Fig. 19 Measured temperature curves of SGMSCMG

at normal temperature
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temperature rise at normal temperatures

Tab. 10 Comparison between analytical and measured data of

Ao HFEE R

/%

e oy

P AR s I P TR 22
RMB % 421 1 1 44.0  45.3 2.9
RMB % T4 2 2 43.9 46.3 5.2
& BLDCM E T 1 3 48.1 51.5 6.6
& # BLDCM & T 2 4 48.3 51.8 6.8
AMB & T4 18 1 5 4.4 A7.6 6.7
AMB & T2 18 2 6 44.3 47.4 6.5

J1% BLDCM 7 T4k 18 7 33.0 36.2 8.8

KR L2 MAS 200 min, 75 B FHI R A 19,
H1 3R 10 g 2% B U BE TH B9 15 S 36 I 4 (L 1) %)
Pl o AT A5 T B3R R D R/ R B AR W) A
B TR T B3 I A R 22 W 1 R 10 T A S
(AN 5B A BT O 22 , WAE 2R e B Z20ms 1 kgt B
HE 2 E AL Ak A A 5 4 B A iy, 32 B 55 UL JEE R 1)
R AHIRZEN 8.8% . /NTF 102, 2 TREZE K,

SGMSCMG 7 fifg K4 7 v, 6t K€ A3 T
JE—ANE BT I . AR SCULR E R 12 000
r/m, i KANE 200 N » m * s i SGMSCMG H
TIF 58X G2, X6 22 G5 v A4 A5 ) G il 7 il ) 0 il K
o T FEL LR T R EATL A A R A R 4 AT T 4
Britda, TR ™ n) B, R = 4 A BT 4K
X SGMSCMG #EAT T i B 43 11 A AR-Z5 K A G
D5 3,45 ) T P SR A 1 UL BE 4 A RN N ) 43 AT A
0« e IR A T R ML R T SR A L B KA
48,3 C 5 He RIS AL T e 3 - Ah e Bk
Ab KA M 119. 5 MPa, fieJa #E47 7 EEHLAY I
T S0 50 UE S 50 0 A5 5 R U B A T e R B
LR B R 51,8 °C o T (B A S 56 I
HIRZEN 6.8% . TS5 50 UE T 450 FE 23 B 4
Yo br R 2280, LRI AR 8 SGMSCMG
1) 5 1] 1 L 8 4 A DA % iR o 5 7 R G 4 F T
SEVESRGE T HNOE 2% 6 ARG R i — 2 ik
SEABETT R T L
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