Modeling BLDC Motors




Review of Basic Magnetics
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Single Phase Motor (Simplified)
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Electromechanical Conversion
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Alternative Diagram
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2-Pole, 2-Phase PMSM

Two-pole, two-phase PMSM
i terminal characteristics in
g stator reference frame
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3-Phase, 2-Pole PMSM
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Different Number of Poles
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3-Phase, P-Pole PMSM
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Outer- vs. Inner-Rotor

4-POLE ROTOR

,(A:)Mo

FIGURE 5.15 Multiphase inner-rotor motor. FIGURE 5.13  Multiphase outer-rotor motor.

* Traditional motors are inner-rotor
* On e-bike, need hub to remain stationary and outer wheel to spin
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Motor Teeth/Poles Example

(2) (b) (c) (d)
36-slot/6-pole 9-slot/6-pole 12—slot/10-pole 12-pole/10-pole
(all teeth wound) (alternate teeth wound)




Shaping Back-EMF

* Earlier, assumed f(6,) = sin(6,) resulting in
sinusoidal back-EMF

* Ways to achieve:
1. Sinusoidal distribution of windings
2. Altering slot/pole/phase

e #2 is used in our motor




Shape of Back EMF
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Normalized Coupled Flux [Tesla*coil]
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Stator Winding

Complete winding of Phase A Complete winding of all phases

56 pole
63 teeth
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Rotor and Poles

* Quter rotor (to which spokes/wheel are
attached)
* Magnets alternate N-S
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