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Dynamic Operation Analysis of Electromagnetic Machine Based on Reluctance

Network Analysis
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K. Nakamura and O. Ichinokura, Graduate School of Engineering, Tohoku University

The importance of high-precision analysis in design
of electromagnetic machines, such as transformers,
motors, and generators, is increasing day by day be-
cause of reductions in cycle time and cost for product
development. Advantages of the magnetic circuit
method include simplify of the analytical model and
ease of calculation. This paper describes the basis of
the magnetic circuit method and introduces Reluc-
tance Network Analysis (RNA) as proposed by the
authors. RNA, based on the magnetic circuit method,
was developed for high-precision analyses of the dy-
namic characteristics of electromagnetic machines.
Applications of RNA to analysis of an orthogonal-core
variable inductor, SR motor, and IPM motor are pre-
sented in this paper.
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(a) Toroidal core. (b) Magnetic circuit.

Fig. 1 Toroidal core and its magnetic circuit.
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Fig. 2 Example of B-H curve and its
approximation curve.
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Fig. 3 Circuit configuration of nonlinear
inductor.
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Fig. 4 SPICE model of nonlinear reluctance.

4

l' r
—ﬁ
V( A B
)
A 49 .
e'=N " Ni |

Fig. 5 Electric- and magnetic-coupled analysis
model of nonlinear inductor circuit.
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Fig. 6 Example of source voltage and a winding
current wave forms.
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Fig. 7 Basic configuration of an orthogonal-core
variable inductor.
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Fig. 8 Three-dimensional RNA model of the
orthogonal-core.
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Fig. 9 Arrangement of magnetomotive forces
produced by winding currents.
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Fig. 11 Calculated and observed waveforms of
a secondary winding current at supply frequency
f=200 kHz.
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Fig. 10 Electric- and magnetic-coupled model of the orthogonal-core variable inductor.
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Fig. 12 Control characteristics of orthogonal-core
variable inductor at supply frequency f=200 kHz.
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Fig. 13 Basic configuration of a 6/4-pole SR
motor.
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(a) Flux flow (b) Magnetic circuit

Fig. 14 Flux flow diagram around a stator and
rotor poles and the corresponding magnetic
circuit.
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Fig. 15 Reluctance network model of a 6/4-pole
SR motor.
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Fig. 16 Electromagnetic- and motion-coupled
analysis model of the SR motor.
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Fig. 17 Calculated starting characteristics of SR
motor.
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Fig. 18 Torque versus rotational speed character-
istics.
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Fig. 19 Calculated and observed waveforms of
exciting voltage and current (left: measured; right:
calculated).
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Fig. 20 Flux density waveforms at each part of
SR motor.
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Number of winding turns per
phase: 150 turns

Winding resistance per
phase: 0.49 Q

Stack length: 45 mm

112.2 mm

Core material: non-oriented
silicon steel

Permanent magnet: Nd-Fe-B

Fig. 21 Specifications of three-phase four-pole IPM
motor.

Fig. 22 RNA model of IPM motor.
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Fig. 23 Electromagnetic- and motion-coupled
analysis model of IPM motor.
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Fig. 24 Calculated and observed waveforms (left:
line voltage; right: phase current).
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