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Adjustable Field IPM Motor Based on Permeability Modulation Utilizing Armature Coil End and Zero-Sequence Winding

Kiyohiro Iwama, Toshihiko Noguchi (Shizuoka University)
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Fig. 1. Basic principle of proposed adjustable field method.

Table 1.

Number of poles and slots
Armature winding
Zero-sequence winding

Specifications of proposed motor.

8 poles and 48 slots
8 turns/slot, 0.0961 Q
100 turns, 1.86 Q

Stator and rotor diameter ¢148 mm and 497 mm
Stack length 48 mm
Zero-sequence current J_ 3¢
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(a) Without zero-sequence winding.  (b) With zero-sequence winding.

Fig. 2. Dual inverter drive systems.

Table 2. Comparison of drive systems.

Without zero-sequence With zero-sequence
winding winding
Number of voltage sources 1 2
Number of wires 6 10
Numberof | m<0.5 3 5
voltage levels | 0.5<m 3 7
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(a) Waveforms. (b) FFT results.
Fig. 3. Analysis results of no-load e.m.f.
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Fig. 4. Current required for field control and resulting copper loss.
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Fig. 5. Current vector Fig. 6. Relationship between torque
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i g-axis

U CHEFENAMICERERE R LT 2 7 A R —H
ERREL, BRERIESEME T2 00, BEO L~
N7 z—NE—TDRTHEDRDHDZ LR LT,
BRENFFE ORFICIX, BT Ly ROLEFRIHAL
BA L, BEF LTy NN TEMEREZHL
A ORARTRHER X ORI O 2T o 72, BA
TR EDMNTRER L LT, BT A VT R EFMER
ORI 2 2 & TR o THREGHIENEB T, HEC
BN EZEB TEDZ N bhotz, T, ARFREOM
Wronn, BT aA V= REFHEREIATAZ LT
BR MV R 98 %EEEMNT 2 Z E N L MR 5T,

X ik

(1) K. Iwama and T. Noguchi, “Three-Phase Inverter Fed Adjustable Field
IPMSM Drive Utilizing Zero-Sequence Current,” IEEE Trans. on Ind.
Electron., vol. 70, no. 2, pp. 1239-1249, 2023.

(2) K. Iwama and T. Noguchi, “Design and Drive Method of Modulation
Winding-less Adjustable Field IPMSM Focusing on Coil End of Armature
winding,” IEEJ Technical Meeting on SPC and MD, Jan. 2023.

(3) K. Yamada and T. Noguchi: “Drive Circuit and Control Method of
Adjustable Field PM Motor with Permeance Modulation Windings
between Two Inverter DC Bussesr,” [EEJ Technical Meeting on MD and
HCA, pp. 63-68, Mar. 2022.

-136-

2023/3/15~17 4 E

©2023 IEE Japan



