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Drive Circuit and Control Method of Adjustable Field PM Motor
with Permeance Modulation Windings between Two Inverter DC Busses
Kanta Yamada®, Toshihiko Noguchi (Shizuoka University)

This paper describes a new drive circuit and a control method for an adjustable field PM motor based on a permeability modulation
technique. The proposed motor can adjust the magnetic field generated by rare earth permanent magnets on the rotor using magnetic
saturation between the N and S poles by controlling the 0-axis current. In the paper, a high-efficiency drive circuit that includes the
permeability modulation windings between dual inverters is proposed, which also makes copper loss reduction in the windings and
THD improvement of the three-phase voltages possible. In addition, a control method to regulate the capacitor voltage across one
of the dual inverters is discussed. The operation characteristics of the system are examined through several computer simulations,

which proves validity of the proposed approach.
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Fig. 2. Proposed circuit feeding adjustable field PM motor.
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Fig.9. Voltage vectors used in current polarity A.

Table 1. Simulation conditions.

araxis Switching frequency 10 kHz
v, Voltage of battery 150V
Capacitor voltage command 15010V
. Capacitance 6600 puF
\|"'| lq d-axis current command 0A
q-axis current command S0A
Crossover frequency 1000 rad/s
Maximum 0-axis current 3.84A
Number of poles 8 poles
Resistance of armature windings 0.09 Q
Resistance of modulation windings 420Q
—> d-axis d-axis inductance 0.372 mH
q-axis inductance 0.947 mH
Minimum magnetic field 0.0263 Wb
Fig. 10. Voltage Maximum magnetic field 0.0470 Wb
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Table 2.  Comparison of conventional circuit and proposed circuit.

m  nu[min]  T[Nm] P[W] Level THD[%]
Conventional 04 3629 5082 3194 3 1484
circuit 0.8 7416 5049 3175 3 5746
Proposed 04(a) 2882 9585 3190 5 81.22
circuit 0.8(d) 7457 5046 2250 9 42.06
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