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Design and Drive Method of Modulation Winding-less Adjustable Field IPMSM
Focusing on Coil End of Armature winding

Kiyohiro Iwama™, Toshihiko Noguchi, (Shizuoka University)

The authors have proposed an adjustable field IPMSM based on a permeability modulation utilizing magnetic saturation. The

adjustable field IPMSM requires additional winding (modulation winding) to control the magnetic field. On the other hand, the

proposed modulation winding-less adjustable field IPMSM can reduce the motor volume because the special armature winding

coil end of the proposed motor has a similar function as the modulation winding. This paper explains the principle of

controlling the magnetic field utilizing the coil end, and the essential characteristics of the proposed motor are revealed through

several FEM analyses. In addition, the voltage equation of the proposed motor is derived based on the analysis results.
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Fig. 1. Drive systems of adjustable field IPMSM based on permeability modulation.
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Fig. 3. Principle model.
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Fig. 5. Modulation flux generated by armature winding with
concentrated winding structure.

(b) Distributed winding that can generate radial modulation flux.

Fig. 6. Modulation flux generated by armature winding
coil-end with distributed winding structure.
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Table 1. Specifications of proposed motor.
Number of poles 8 poles
Number of slots 48 slots
Number of turns 8 turns/slot

Stator diameter $148 mm
Rotor diameter $97 mm
Stack length 48 mm
Bearing bracket
Stator frame (5US403)
(SUS403)

Rotor shaft
(SS400)

Stator core
(35INE230)

3D magnetic path
for modulation flux Rotor core

(35INE230)

Fig. 7. Modulation winding-less adjustable field IPMSM.

Fig. 8. Armature winding diagram of analysis model.

M

0.8
LR
0.6
0.5
E
0.3
0.2
I 0.1
0.0

(a) Double-layer winding. (b) Single-layer winding.

Fig. 9. Magnetic flux density with 0-axis current of 30 A.
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Fig. 10. Rotor geometry.
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Fig. 17.  Vector plot of magnetic flux density with i, of 1 Adc.
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Table 3. Simulation conditions.

Parameter Symbol Value
Switching frequency fow 20 kHz
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