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Three-Phase Four-Wire Inverter Fed Adjustable Field [IPMSM Drive System
Based on Permeability Modulation

Kiyohiro Iwama* and Toshihiko Noguchi (Shizuoka University)

This paper describes a new drive technique of an adjustable field IPMSM based on a permeability modulation.
The proposed adjustable field IPMSM can control the magnetic field generated by permanent magnet (PMs) using
magnetic saturation between the PM poles. However, in order to make a modulation flux used for the magnetic
saturation independent of an armature flux used for magnetic saturation, the drive circuit of the proposed adjustable
field IPMSM requires to supply an additional magnetomotive force source. Therefore, a three-phase four-wire
inverter is proposed as the drive circuit of the proposed adjustable field IPMSM. The drive circuit can control the

0-axis current io in addition to the d-axis current iy and g-axis current i, used in conventional motor drives, and the io
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is used for the PM field control.
experimental tests.

In this paper, the proposed drive technique is verified through several
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Fig. 2. Vector plot of magnetic flux density.
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Table 1.

Maximum modulation current TA

8 poles and 48 slots

6 turns/ slot, 0.158 Q
120 turns, 1.8 Q

Specifications of prototype motor.

Number of poles and slots

Armature winding

Modulation winding

Stator diameter $ 148 mm
Rotor diameter ¢ 96.6 mm
Stack length 63 mm
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Fig. 3. Experimental result of no-load e.m.f.
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Fig. 4. Relationship between modulation current and magnetic field.
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Fig. 5. Conventional drive techniques of adjustable field [IPMSM.

roposed
motor

— ~

Current sensors |

Smoothing
) ) Capacitors
# (3300 uF/200 V

Fig. 7. Photograph of proposed drive circuit.

Table 2. Electrical conditions of current control.

Dead time 4 ps
Switching frequency 10 kHz
Crossover frequency of current control 1000 rad/s
Frequency of 0-axis current 2.5Hz
Rising and falling time of 0-axis current 20 ms
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Fig. 8. Experimental results with DC
i, controlled with DC power supply.
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Fig. 9. Experimental result with square wave i,

controlled with three-phase four-wire inverter.
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Fig. 10. Relationship between 7. and i,,.
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