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Improved Mathematical Model of Wound-Field Synchronous Motor Self-Excited by Space Harmonics

Masahiro Aoyama*(Shizuoka University, Suzuki Motor Corporation),

Toshihiko Noguchi (Shizuoka University)

This paper describes mathematical analysis of a self-excited wound-field synchronous motor in which space harmonics power

is utilized for field magnetization instead of permanent magnets.

Compared with the FEM based simulation results, the

conventional mathematical model of the proposed motor had errors of the operation characteristics in the domain where the

current phase is not advanced. The improved mathematical model is discussed in the paper, and the impact of the induced

voltage caused by the space harmonics is investigated. Consequently, it has been confirmed that both of the operation

characteristics calculated by the mathematical model and obtained by the FEM analysis agree very well and indicate similar

tendency.
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Fig. 1. Cross section diagram of proposed motor.
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Table 1.  Specifications of motor.

Number of poles 12
Number of slots 18
Stator outer diameter 200 mm
Rotor diameter 138.6 mm
Axial length of core 54 mm
Air gap length 0.7 mm
Maximum current 273 Ak

Stator winding resistance 32.1 mQ / phase

Number of armature coil-turn 48
Number of I-pole coil-turn 13
Number of E-pole coil-turn 21

Winding connection 6 parallel
I-pole winding resistance 37.0 mQ / pole
E-pole winding resistance 28.2 mQ / pole

Thickness of iron core steel plate 0.35 mm
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Fig. 2. Rotor winding connection diagram using full-bridge

rectifier.
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Fig. 3. Mechanical configuration of proposed motor.
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Fig. 4. Induced voltage of I-pole winding.
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TABLE2. INDUCTANCES USED FOR CALCULATION OF MATHEMATICAL MODEL.
Inductance Ly L, Lg
A
éﬁg? 100 A | 200 Ap | 273 Ap | 100 Ay | 200 Ay | 273 Au | 100 An | 200 Ay 273 Ay
500 r/min - - 7.5 mH - - 3.8 mH - - 3.8 mH
1000 r/min 9.0 mH 8.5 mH 7.2 mH 3.6 mH 3.6 mH 3.6 mH 4.2 mH 4.0 mH 3.6 mH
2000 r/min - - 6.7 mH - - 3.1 mH - - 3.3 mH
3000 r/min - - 6.3 mH - - 2.7 mH - - 3.0 mH
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(c) Calculation result of proposed mathematical model
without effect of d-axis space harmonics.
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(d) Calculation result of proposed mathematical model
with effect of d-axis space harmonics.
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(a) Simulation result of FEM model.
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(c) Calculation reslut of proposed mathematical model
without effect of d-axis space harmonics.
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(b) Calculation result of conventional mathematical model.
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(d) Calculation result proposed mathematical model
with effect of d-axis space harmonics.
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Current phase-torque adjustable speed drive characteristics for maximum-load (273 Ay).
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