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Abstract In this paper, the design of BLDC (brushless direct current) motors based on torque and back-EMF
equations was carried out to assess the application of the motor in concrete vibrators. The air gap flux density of
the motor is an important parameter because the length of the motor and the size of the diameter are given. The air
gap magnetic flux density was calculated through a simplified magnetic circuit, and basic design of the shape and
dimensions of the motor were then determined by carrying out experiments based on torque, back-EMF, and air
magnetic flux density equations. After setting the outer and inner diameters, stack lengths, and rated speed of the
motor, a detailed design was performed by simulations using the finite element method by designating the diameter
and thickness of the motor as the key parameters. The final design to satisfy the target torque and the lowest THD
(Total Harmonic Distortion) was carried out along with a simulation.
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Table 1. Specification of motor design target

div. Value Unit

Stator outer diameter 38 mm

Shaft diameter 10 mm

Stack length 70 mm

Torque 0.4 N'm

Rotational speed 10,000 r/min
Number of coil turns 11

Number of poles 4
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Fig. 1. Shape of Slotless BLDC motor

Fig. 2. Stator winding layout
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Fig. 3. Magnetic circuit of slotless BLDC motor
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Fig. 4. Simplified magnetic circuit of slotless BLDC
motor
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Fig. 5. Basic design result slotless BLDC motor shape
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Fig. 7. Torque result of basic design
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Table 2. Simulation results

Interior angle of Thickness of
Torque
permanent permanent THD [N-m]
magnets[°] magnets[mm]
45 2 1.465 0.288
45 3 1.448 0.404
45 4 1.432 0.443

468

45 5 3.086 0.295
44 2 1.276 0.284
44 3 1.140 0.400
44 4 0.966 0.444
44 5 4.184 0.314
43 2 1.075 0.279
43 3 0.814 0.396
43 4 1.556 0.445
43 5 5.274 0.332
42 2 0.860 0.275
42 3 0.469 0.392
42 4 2.272 0.445

Fig. 8. Detailed design result slotless BLDC motor shape
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Fig. 9. Back EMF result of detailed design
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Fig. 10. Torque result of detailed design
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