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Study on Extended Maximum Torque Control of Novel Adjustable Field Motor Based
on Permeability Modulation
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The objective of this study is to establish a maximum torque control
(extended MTPA) method in the 3D-space including a zero-sequence current, which is needed to make
the adjustable field PM motor based on a permeability modulation technique.
Through the entire research activity, the following items have been conducted: (1) theoretical
discussion on combination among the d-axis, g-axis, and zero-axis currents in the 3D-space to obtain
the maximum output torque; (2) formulation of the extended MTPA condition in the 3D-space, and
clarification of control algorithm of the d-axis, g-axis, and zero-axis currents; (3) verification
of the three-axes current control through simulation tests; and (4) Operation tests using a

three-phase 4-wire inverter and/or a dual inverter. As a result, some expected research goals have
been achieved.
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Number of poles and slots 8 poles and 48 slots
Armature windings 6 turn/dot, 0.09 Q
A _ Zero-sequence winding 140turn, 2.1Q
_ Stator diameter $148 mm
______ Rotor diameter $96.6 mm
| A Air gap 0.5mm
| . —~ L) Stack length 63 mm
| @% = Maximum zero-sequence current | 6.64A
| & d-axis inductance 0.343 mH
: — g-axis inductance 0.947 mH
| Minimum magnetic field 0.0245 Wb
<+ > § Maximum magnetic field 0.0436 Wh
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Switching frequency 10 kHz
o —— Voltage of battery 150 V
07 Capacitor voltage command 150+10 V
iy —0 PI 0~ Capacitance 7800 pF
i N Current norm 100A
0-axis current command —3.84A
d-axis current command —549A
cfy, g-axis current command 835A
7, Crossover frequency 1000 rad/s
2 : Resistance of armature windings 0.09 Q
io Resistance of modulation windings | 4.2 Q
i d-axisinductance 0.372 mH
g-axis inductance 0.947 mH
Minimum magnetic field 0.0263 Wb
— Maximum magnetic field 0.0470 Wb
12
12 PM €)
3
v (Ra + ERZ) +3pL, 0 o i 0
[Z“] = 0 Ry+pLy  —wl, H * g,o(. ) 9)
N WLy Ry +pL ! “¥allo
PM (10)
0
W, (i) = —3.25 X 1075iy" + 1.78 x 107%i,2 + 2.45 X 102 (10)
SVM
13 0 d q io iq g ip in
ip+in d ev gi Edcl
Esz U Vu Odg
0
—(ip +in) = i, = V3iy (12)
- =
1 N ]
‘%% z%v%www
i =
sz " == Proposed circtit |
tH ngww — Conventional circuit] |
g H N 1050 1
%g - — g 1000 2= (R R+ i) /
g3 g 3 q
&g R =R (i +i,” #i,7) + S Ri |
S m Gt g 950 2 i
it — 8 .
3 i 900 I
4s liomad =384A |
g;” “‘gm 85%0 05 10 15 20 25 30 35 I4.0 45 50
¢ * O timemy ” w Absolute value of 0-axis current (A)
13 io.emd = —3.84 A, N= 2250 r/min 14 4 6
0 1:1
5
4 6
14
6 4
4)
PM
d q
MTPA d q

MTPA



8 8 1 7

Kimura Tomonori Yamada Takahiro Kazaoka Ryoya Noguchi Toshihiko 12

Control Method of Dual Inverter System for EV with One Battery 2023

1EEJ Journal of Industry Applications 376 383
DOl

10.1541/ieejjia.22007660

Husnayain Faiz Noguchi Toshihiko Akaki Ryosuke Yusivar Feri 16

Improved Current and MTPA Control Characteristics Using FEM-Based Inductance Maps for Vector- 2023

Controlled IPM Motor

Energies 4712 4712
DOl

10.3390/en16124712

Iwama Kiyohiro Noguchi Toshihiko 10

High-Efficiency Drive Method of Adjustable Field IPMSM Utilizing Magnetic Saturation 2022

IEEE Access

125499 125508

DOl
10.1109/ACCESS .2022.3226335

Hattori Akihisa Noguchi Toshihiko Kamiyama Hiromu 15

High-Torque Density Design of Small Motors for Automotive Applications with Double Axial-Air- 2022

Gap Structures

Energies 7341
DOl

10.3390/en15197341




Iwama Kiyohiro Noguchi Toshihiko

70

Three-Phase Inverter Fed Adjustable Field IPMSM Drive Utilizing Zero-Sequence Current 2023

IEEE Transactions on Industrial Electronics 1239 1249
DOl

10.1109/TIE.2022.3165300

Hattori Akihisa Noguchi Toshihiko Murakami Kazuhiro 15

Mathematical Model Derivation and Experimental Verification of Novel Consequent-Pole Adjustable 2022

Speed PM Motor

Energies 6147
DOl

10.3390/en15176147

Iwama Kiyohiro Noguchi Toshihiko -

Three-Phase Inverter Fed Adjustable Field IPMSM Drive Utilizing Zero-Sequence Current 2022

IEEE Transactions on Industrial Electronics 1 8
DOl

10.1109/TIE.2022.3165300

Iwama Kiyohiro Noguchi Toshihiko 15

Operation Characteristics of Adjustable Field IPMSM Utilizing Magnetic Saturation 2021

Energies 52 74
DOl

10.3390/en15010052




11

PM

2022

PM

2022

1PMSM

2022

2022

1PMSM

2023




PM

2023

1PMSM

2021

4 1PMSM

2021

PM

2021




/
2022
1PM
3
2021
1PM
/
2021

http://www.noguchi-lab.com/index.html

http://www.noguchi-lab.com/index.html







