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Abstract

The torque ripple that is generated by the irregularity of magnetic flux density on the BLDC motor in a
satellite actuator degrades the satellite attitude control performance. In this paper, the performance analysis of
permanent magnet configurations (shape, arrangement, and air gap) is simulated by the Finite Element Method
(FEM) to find the appropriate combination of the configuration. The configuration is chosen by comparing
between rectangular and arc-shaped permanent magnets and single-arrangement and dual-arrangement magnets.

The performance is verified by a prototype.
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Fig. 1 Performance Indexes

Table 1 Simulation Parameters

Parameters Value
Wheel
. ) D300 mm * H80 mm
Dimension
Magnet 24 poles, Neodymium
AH2Eg AA,
Case 1

= 3 mm, 5T vs 3T2T
o}y A}A,

= 3 mm, 5T vs 3T2T
ofx gy A}A,

3= 3&6 mm, 5T&3T2T

Cases | Case 2

Case 3

Table 2 Magnetic flux density Flatness, Case 1

FL
0FL;,(%) O,
5T 10.4 deg (69 %) 80.6 G
3T2T 10.3 deg (69 %) 57.2 G

Rectangular 5T 3mm
Rectangular 3T-2T 3mm

Magnetic Flux Density(G)

Fig. 2 Simulation Results, Case 1

Case 19 ZA¥E B, A 24l wjx]o] w&
A4 % (Magnetic Flux Density) 2}o]S HolsFt}
5T} 3T2T E%F H|5:% FlatnessE Helth 5T¢
3T2T RF A2 A719 AME A S o]of2]l Hlo]
7] wjZell AA] Apolo] AARS ] B, do=
Hol9l= Wheeld] F4#e] o4 59 olf=
A7) oo AEHUE RN oy Fhol 2

s
to ox

N

2 % 93, 53 5T A% A4e] Fol miAE 3
RN A%LREA ALY gl AA o )
vrehdeh



Table 3 Magnetic flux density Flatness, Case 2

FL
eFL;,(%) Orr,
5T 11.5 deg (77 %) 93.0 G
3T2T 11.3 deg (75 %) 69.5 G

Arc 5T 3mm
Arc 3T-2T 3mm |

Magnetic Flux Density(G)

il)

Angle(deg)

Fig. 3 Simulation Results, Case 2
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Fig. 4 Simulation Results, Case 3
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Table 4 Magnetic flux density Flatness, Case 3

FL
6T Oz, (%) OprL,
3 mm 11.5 deg (77 %) 93.0 G
6 mm 8.1 deg (54 %) 15.2 G
(3T2T) 0z, (%) Opr,
3 mm 11.3 deg (75 %) 69.5 G
6 mm 9.5 deg (63 %) 20.7 G
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Fig. 5 Prototype Motor

Fig. 6 Prototype Motor Wheel (5T & 3T2T
Magnet)

Fig. 7 Integration of MWA & Gimbal Motor



6 0] 4% -0) &0 U2 5]
Table 5 Measurement Parameters gk A2 FA, A, FEHAE AlEdel Ay
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Parameters Value =& Eot |a/3A etk 1 A3 34 3E
Wheel Dimension | D300 mm * H80 mm I sdg o Xy A S AR daEd dEel AH
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Fig. 8 Prototype Motor Magnetic flux density
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Table 6 Prototype Motor Magnetic flux density
Flatness, Case 3

FL
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