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Extended Current Vector Control and Efficiency Map of Adjustable Field PM Motor
Taking Magnetic Saturation into Account

Kanta Yamada®, Kotaro Doi, Toshihiko Noguchi (Shizuoka University)

This paper describes a three-dimensional current vector control method that considers fluctuations in motor parameters due to

magnetic saturation. The proposed adjustable field PM motor can control the magnetic field by using 0-axis current io in addition to
the conventional d-axis current and g-axis current. Therefore, we have derived a control method that extends the current vector control
defined in the dq reference frame to the 0dq reference frame by adding i. However, the extended control method does not consider the
fluctuation of motor parameters for each current, so there is an error between the current operating point and the actual maximum
torque point. Therefore, this paper proposes extended MTPA control and field-weakening control, considering the magnetic saturation
effect by approximating the relationship between motor parameters and three-dimensional current vectors. In addition, this control
method is applied to the adjustable field PM motor to derive an efficiency map and confirm the superiority of the proposed motor drive.
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Fig. 1. Analysis model of the proposed adjustable field [IPMSM.

Table 1. Specifications of proposed motor.
Number of poles and slots 8 poles and 48 slots
Armature winding and resistance 8T-2P/slot, 0.0209 Q
Zero-sequence winding and resistance 250 turns , 8.83 Q

Stator diameter ¢ 140mm
Rotor diameter ¢ 93 mm
Stack length 89 mm
Maximum zero-sequence current 8A

Adjustable field Zero-sequence
INV1 PMmotor " .-~ windings INV2
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Fig. 2. Drive circuit of the proposed adjustable field IPMSM.
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Fig. 3. Relationship between magnetic field and currents.

Table 2.  Approximate constant of magnetic field.
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Fig. 4. Relationship between d-axis inductance and currents.
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Table 3. Approximate constant of d-axis inductance.
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Table 4. Approximate constant of g-axis inductance.
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Fig. 5. Relationship between g-axis inductance and currents.
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Fig. 10. Current operating point of extended field-weakening control.

Table 5.  Motor parameters used in conventional control methods.
Minimum value ko 3.80x102 Wb
Magnetic field | 2nd order coefficient k» | 1.81x107 Wb/A?
4th order coefficient k4 | -6.70x10° Wb/A*
d-axis inductance Lq 0.212 mH
g-axis inductance Lg 0.492 mH
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Fig. 11. Relationship between current phase and torque.
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Fig. 12. Comparison of current operating points for extended field-weakening control.
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Fig. 13. Analysis and approximation results of iron loss.
Table 6. Approximate constant of iron loss.
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Table 7. Comparison between adjustable field motor and general motor.

Motor Maximum Maximum Maximum Operating
system torque(Nm) | output(kW) | efficiency(%) | range(Nmr/min)
Adjustable 59.6 403 97.1 691646
field motor
General 54.0 38.8 97.4 633878
motor
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