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In this paper, Sobol global sensitivity analysis was performed to investigate the variation in the influence of design variables
according to the outer diameter of an axial-flux permanent magnet motor (AFPM). AFPM models with outer diameters of 50 mm, 150
mm, and 250 mm were selected as the analysis targets. A total of eight geometric variables were considered as design variables:
magnet thickness, magnet spacing, rotor back-yoke thickness, air-gap thickness, shoe thickness, stator back-yoke thickness, slot
opening thickness, and slot width. Design of experiments (DOE) conditions were generated based on a Sobol sequence, and Quasi-3D
analysis was performed for each condition to calculate torque, torque ripple, torque density, and voltage total harmonic distortion
(THD). The total Sobol index for each performance index was then calculated to identify the dominant design variables for both single
performance indices and multiple performance-index combinations. The results confirmed that, even when the same design variables
are applied, the variables that should be prioritized in AFPM optimal design vary depending on the outer diameter and target
performance index. The results of this study can be used to select dominant design variables for each outer diameter and to reduce the
design space in subsequent optimization stages.
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Table 1. Basic design and analysis conditions of AFPM models.

Item Value Unit
Inner/Outer Diameter Ratio 0.6 -
Pole/Slot 16 / 18 -
Rated Speed 3500 rpm
Current 3.5 A
Magnet Material N42UH -
Core Material Soft magnetic composite (SMC) -
Winding Material Copper -
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Fig. 1. (Color online) Design variables.
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Table II. Design variables and ranges according to outer diameter.
50 150 250
Item - L - ¢ - L Unit
min max min max min max
Magnet Thickness 1 2 1.5 45 25 7.0
Rotor Magnet Spacing 0.5 0.8 0.9 24 1.5 4.0
k rby 1.5 23 1.5 23 1.5 23
Airgap Thickness 0.8 1 0.9 1.5 12 2.0 mm
Shoe Thickness 1.0 2.0 1.5 4.0 2.0 6.0
Stator Slot Opening Thickness 1.5 2.5 1.8 4.5 2.5 6.5
© Slot Width 1.5 2.35 45 7.55 7.5 12.75
k_sby 1.5 23 1.5 23 1.5 2.3
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Table III. Comparison between 3D FEA and Quasi-3D analysis
results.

Outer Diameter Method Phase Voltage Torque
50 mm 3D FEA 4.21 0.18
Quasi-3D 3.73 0.17
100 mm 3D FEA 204 0.87
Quasi-3D 192 0.873
150 mm 3D FEA 373 1.52
Quasi-3D 36.6 1.66

W3l Ad= s vtk webd 2 dgelre
Quasi-3D s AHE o738 A W FF= vlus A%
=9 $HoZ AMSSITH

4. DOE ¥ Sobol Index 4H&
Sobol sequence= AA| ¥t W LS HlwE ddsHA

WA 5 Qe ARYR) E919) Sdolt). g tige)

How YA F glek. & A7
8

= 2% = 25672 AslaAri14]. &
=] B 7 97 ZAA HAEE AR = A
o] ojd, B4, EF7)E, EadU% 2 ¢t THD tigh 5
8 A7 WEE Adske Zlolnt. webA i ARk gAY
& A aEste] 256709 ARAGY 21S ALSi

7} DOE %739 dlall Quasi-3D 81412 F=ad3i9lon, 3
M A%E B3, EFEE, EI9E 3 MY THDE &3t
Aot o]F 256719 A AAE o83t 7 o R e
A3 surrogate modelS T/J3IATE Surrogate model$]
P WF= A T, A 14, A e a 5,
= A, 7 FA, 1A e T T, EF e T
S5 Yvle] F gle] & R AR, 28§
B4, B38F, EFUs 9 ¢ THDE AH3IA.

2 dFellMe AY W) S SR Alolo] HIAY A
S gEdoz ZAIY F v FHA EIQ] Gaussian
process Regression(GPR) 715+ 2] =@ (surrogate model)S-
ARESEATE B3, Y ®ige] 3] Ajolo] wE FE =
o]7] Y&l e Hlo|HE EFsle ¢ GPR EElS g5319
o} 7} A% AEERZ 5HH2 GPR surrogate modelS -
Asidon, skre BdlS o]83)e] Sobol indexE A=
t} o238 &2 39S o83} first-order Sobol index®}t
total Sobol indexS AXFS}IT}. First-order Sobol index™

fo %2 ofl



-380 - Sobol M9 WIZE £2418 0] 83 AFPM T8 47 W4 =F - o]dlA] - RIE
Table IV. Prediction accuracy of surrogate models.
Outer Diameter Torque Torque Ripple Torque Density Voltage THD
50 mm 0.99 0.85 1.0 0.78
150 mm 0.96 0.89 0.99 0.77
250 mm 0.99 0.89 0.98 0.88
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Fig. 2. Sobol sequence-based sensitivity analysis process.
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Fig. 4. (Color online) Sobol sensitivity indices for torque ripple according to outer diameter.
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Table V. Dominant design variables for each single performance index.
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Fig. 12. (Color online) Combined sensitivity scores for three performance-index combinations at 250 mm outer diameter.
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Fig. 14. (Color online) Combined sensitivity scores for all
performance-index combinations at 150 mm outer diameter.
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Fig. 15. (Color online) Combined sensitivity scores for all
performance-index combinations at 250 mm outer diameter.
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