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Magnetic gears transmit torque via non-contact electro-magnetic coupling, which eliminates mechanical contact and
significantly reduces wear, backlash, and noise compared to traditional mechanical gears. These benefits make magnetic
gears particularly appealing for high-precision, high-reliability applications. However, achieving both high torque density and
high gear ratios necessitates an optimized structural design that promotes efficient magnetic flux distribution while
minimizing leakage and saturation. This study focuses on a hollow-type magnetic gear for collaborative robots that offers a
high gear ratio. It employs topology optimization in conjunction with finite element analysis (FEA) to enhance torque density
and efficiency. Key design variables, such as the geometlry of the ferromagnetic core and the arrangement of permanent
magnets, were optimized to increase average torque and reduce torque ripple and electro-magnetic losses. A prototype
based on the optimized model was fabricated, and its performance was validated using a conventional direct torque
measurement system. Experimental results were compared with simulation predictions to evaluate accuracy and analyze
loss characteristics. The findings demonstrate the effectiveness of the proposed optimization approach and provide practical
guidelines for designing high-efficiency magnetic gears suitable for advanced drive systems, including electric mobility and

renewable energy applications.
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Fig. 1 Structure of hollow type magnetic gear active parts

Table 1 MG design parameter specifications

Items Units Data
Inner rotor 6
No. of poles Outer stator 76
Pole piece 41
Core - 20PN1500F
Magnet - N52SH
Gr - 11.7
Max. Speed rpm 2,000
Input torque Nm 1.9
Output torque Nm 26.5
Torque ripple % <30
Max. Efficiency % >95%
Torque density KNm/m® > 150
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Fig. 2 Follow chart of NSGA-II algorithm
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Fig. 3 Design variables of MG for optimization design. (a) Design
variables of MG inner rotor and outer stator, (b) Design
variables of MG pole piece

Table 2 Objective faction of NSGA-II optimization algorithm

Items Units Constraint type
Output torque Nm Maximization
Torque ripple % Minimization

Total mass kg <3kg
Torque density KNm/m® > 150
Efficiency % >95

Table 3 Design variable range of MG design parameter

Items Units min Max.
No. of generations - 120
No. of population - 50
R; mm 55 65
R, mm 60 70
R,; mm 70 75
R, » mm 80(Fix)
0 mm 0 1
R, mm 65 70
R, mm 67 75
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Fig. 4 Design variables of MG for optimization design. (a) Output
torque results of optimization algorithm, (b) Torque ripple
results of optimization algorithm, (c) Total mass results of
optimization algorithm, (d) Torque density results of
optimization algorithm
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Table 4 Results of topology optimization for MG

Items Units Optimization results
Ri /R, mm 58.9/66.2
R, /R, mm 72.3/80
R, /R, mm 67/71.5
0 mm 0.35
Torque (in/out) Nm 1.9/26.8
Torque ripple % 18
Torque density KNm/m® 135
Analysis speed rpm 2,000
3D FEM efficiency % 98.9

1.00
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()

Fig. 5 Flux density distribution of the final MG model with applied
optimization results. (a) 2D model analysis results, (b) 3D
model analysis results
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Fig. 6 Main active components and prototype of the optimized
magnetic gear. (a) Outer stator part of MG, (b) Inner rotor part
of MG, (c) Pole piece part of MG, (d) Prototype of optimized
MG
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Fig. 7 Main active components and prototype of the optimized
magnetic gear
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Table 5 Results of topology optimization for MG

Items Units Points
Speed Rpm 500, 1000, 1500, 2000
Load torque Nm 14, 16, 18, 19, 20, 21
---14Nm —--16Nm —--18Nm - - -19Nm -~ 20Nm ——21Nm
_25
FE
E- 20 e s o ¢ o T e [t o ] e o s e S o e o D b o -
é’, g
S 10
g o I ; : ; ! ! !
0 0.5 1 15 2 25 3 35 4
Time [S]

Fig. 8 Torque test results of prototype MG model
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Fig. 9 Efficiency test results of prototype MG model at 21 Nm peak
operating points
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