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This study presents the optimal design and performance analysis of an outer rotor motor for underwater applications. To achieve the
target power and maximize torque performance within limited operating conditions, the motor structure was optimized by selecting
slot opening, shoe angle, and tooth width as design variables. Based on the optimized model, the characteristics according to the air-
gap length were analyzed, revealing that the Smm air-gap model exhibited superior power output compared to the target. This air-gap
was selected as the base design as it not only ensures sufficient thickness for waterproof molding in underwater environments but also
provides a strategic element for weight reduction by utilizing the back-EMF margin to shorten the stack length. By adjusting the stack
length and materials based on this design, it was confirmed that a weight reduction of up to 13.36% could be achieved while
maintaining the target power using N42SH or N45SH magnets. Finally, considering performance requirements and economic
efficiency, the model employing N42SH or N45SH was selected as the final design.
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Table 1. Specification of initial model.

Item Model
Normalized power 0.96
No. of phase 3
Pole slot 40p 48s
Magnet N48SH
Core 35PN230
Outer diameter (mm) 410
Air gap (mm) 7
Torque ripple (%) 1.41
Cogging Torque/Torque (%) 0.17
Efficiency (%) 93.76
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Fig. 1. (Color online) Pareto chart.
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Fig. 2. (Color online) Result of RSM optimization design.
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Table I1. Comparison of design variables and performance.
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Table III. Analysis result according to air gap.
Case 1 2 3

Air gap Smm 7 mm 9 mm
Normalized power 1.18 1 0.81
No. of phase 3

Magnet N48SH

Core 35PN230
Line-Line terminal voltage(peak,V)  449.5  390.7  339.6
Torque ripple (%) 1.09 0.91 1.15
Cogging Torque/Torque (%) 0.44 0.06 0.04
Efficiency (%) 9471 9397 9295
Weight (kg) 340.16 341.51 342.87
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Item Initial model RSM model Optimization model

(predicted value) (FEA)
Slot opening 32 2.7287 2.73
Shoe angle 30 27.9478 27.95
Tooth width 12 11.9898 11.99
Torque ripple (%) 1.41 0.95 091
Cogging Torque/Torque (%) 0.17 0.04 0.05
Efficiency (%) 93.76 - 93.97

Air gap : 7 mm
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Fig. 3. Performance comparison according to air gap.
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Fig. 4. Performance comparison according to stack length and
materials.
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Table IV. Analysis result according to stack length and materials.

29 ¥3A&EUET} 23 TE B FLE FAY w= 79

Case 1 1.1 1.2 1.3 1.4 1.5
Normalized length 1 0.843 0.8 0.8 0.89 0.87
Normalized power 1.18 1 1 1 1 1
Magnet N48SH N48SH N48SH N48SH N42SH N45SH
VACO
Rotor core 35PN230 35PN230 35PN230 FLUX 50 35PN230 35PN230
VACO VACO
Stator core 35PN230 35PN230 FLUX 50 FLUX 50 35PN230 35PN230
Line-Line terminal voltage (peak, V) 449.5 380 379 379 386 381.9
Torque ripple (%) 1.09 1.09 0.15 0.15 0.89 1
Cogging Torque/Torque (%) 0.44 0.44 0.099 0.099 0.25 0.35
Iron loss/volume(kW/m®) 57.52 57.52 57.78 57.53 50.20 50.48
Efficiency (%) 94.71 94.63 94.68 94.68 94.46 94.54
Weight (kg) 340.16 243.19 282.79 287.66 303.13 294.72

Air gap : Smm, No. of phase : 3
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(a) case 1.4
Fig. 5. (Color online) Flux density distribution.
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