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The Design of High-power BLDC Motor with Maximum Torque at Low
Speed for Ship Propulsion

Seung-Hyun Cho, Jae-Goo Bin, Su-Eog Cho, Cheol Choi, and Cheul-U Kim
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ABSTRACT

Recently, development of rare earth permanent magnet with the high remanence, high coercivity allows the
design of brushless motors with very high efficiency over a wide speed range. Cogging torque is produced in
a permanent magnet by magnetic attraction between the rotor mounted permanent magnet and the stator teeth.
It is an undesired effect that contributes to output ripple, vibration, and noise of machine. This cogging torque
can be reduced by variation of magnet arc length, airgap length, magnet thickness, shifting the magnetic pole
and varying the radial shoe depth and etc. In this paper, some airgap length and magnet arc that reduce
cogging torque are found by finite element method(FEM) and Maxwell stress tensor method. The SPM(Surface
Permanent Magnet) type of high-power Brushless DC (BLDC) motor is optimized as a sample model.
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Table 1 Cogging torque frequency of models
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Rated output 300 [kW]
Rated speed 300 [rpm]
Terminal voltage 1000 [Vl
Rated torgue 1000 [Nm]
Number of phases 3
Number of poles 8
Number of stator slots 36
Turn/ph 60
Magnet thickness 21 [mm]
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Table 3 Cogging torque value for design parameter

gL =L X}' :__1'_ 7_]l— [°]
[ -

[mm] | 375 R R5 39 395

5 74.13607 | 60.97532 | 60.98568 | 22.55943 | 42.53086

55 72.8742 | 57.35934 | 43.44194 | 23.80875 | 31.70685

6 66.64393 | 60.04787 | 44.70591 | 29.08713 | 16.11769

65 | 6335319 ] 6153319 | 48.81057 | 33.34659 | 17.8378
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