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Development of reluctance torque control model including flux saturation

Ishikawa, Hiroki
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Reluctance motors, such as switching reluctance motors, interior permanent
magnet synchronous motors, and so on, has asymmetric motor cores and generate nonlinear reluctance
torque (TgR). The magnitude of TgR depends on magnetic flux path length in the cores and magnetic
characteristics of the cores, especially the magnetic flux saturation level. Although such TgR is
usually analyzed by the finite elements analysis, a lot of processes for the analysis model
development and long calculation time for analysis are required. Moreover, the analysis results have

errors compared with the measured results. In this study, a novel model to analyze the TgR based on
the magnetic circuit have been proposed. The proposed model has developed based on the measured
current through the motor windings and calculated flux value in the core. The validity of the model
has been confirmed by the characteristics of the rotor position and TgR and the current profiles to
realize torque ripple suppression.



SRM

Rel-Tq
Rel-Tq

SRM
Rel-Tq
IPMSM
Mag-Tq Rel-Tq
Rel-Tq
Mag-Tq Rel-Tq
Rel-Tq
%
10%
Rel-Tq
Rel-Tq
IPMSM
Rel-Tq SRM L i
Tq
1oL .,
Tq—Eml 1)
A
Wi’ Tq
AWml A A
= =& i=—2-(iA—=1 i 2
To= = A5) Adi=A(14-] idA) @
A E R

A=] (E-Ri)dt )

@ O



@ O

@ O

Rel-Tq
10% Rel-Tq
Rel-Tq
Rel-Tq
SRM
300
20°
= ¥ No
4
45° °
1A

@



3A (b)
A (c)
10A

-30°

0.8
0.7
'EO.6 3
2,05
&~
20.4
éO.S F
202 f
0.1
0.0
-45 -30 -15
Rotor position 4 [deg]
—RENIEEE —FEM
4.0
35
=30
2,25 F
~
22.0 F
als
€10
05
0.0 + +
-45 =30 -15
Rotor position & [deg]
—RENIEEE —FEM
9.0
80
—70
oot
9.0
240
230
a0 |
1.0
0.0 2 +
-45 -30 -15
Rotor position 6 [deg]

—REMNIEEER —FEM

10.0A




2023




