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Simple Magnetic Circuit Model of Switched Reluctance Motor Considering Magnetic Saturation
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A switched reluctance motor (SRM) has such desirable
features as simple construction, high reliability, and low
cost. The SRM has not, however, been put into wide
application because of large torque ripple and acoustic
noise. In addition, quantitative analysis and optimum
design of the SRM have not been fully clarified. In a
previous paper, we proposed a simple magnetic circuit
model of an SRM based on its configuration. We
calculated such dynamic characteristics of the SRM as
excitation voltage, winding current, and flux in each
part of the motor. In this model, however, reluctances of
the stator and rotor cores are approximated by a linear
function. In order to improve the calculation accuracy,
we have to consider nonlinear characteristics of the core
material. Furthermore, local saturation occurring at
stator and rotor pole-tips and leakage fluxes from the
stator pole must be considered. In this paper, we
examine a nonlinear magnetic circuit model of the SRM
considering the local saturation at the pole-tips and the
leakage fluxes.
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Stator pole arc (6,,): 29 deg ) ) ;
Rotor pole arc (6,): 32 deg E%‘i%%ﬁ‘:iofﬁi 6@6§ﬁﬁ1&) 5.
)
Stack length: 51 mm
Number of windings / pole: 72 turns A
Winding resistance: 0.87 Q i
Fig. 1 Specification of the 6/4 SRM. B
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Fig. 2 Configuration of the SRM drive circuit. Fig.4 Subdivided view of SRM.
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Fig. 5 B-H and u-H curves of core material and its
approximation curve.
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Fig. 3 Schematic diagram of phase-A inductance, exdtation
voltage, and winding current relative to rotor angle.
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Fig.6 Magnetic circuit of stator and rotor cores.
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(b) Partial overlapping.
Fig. 7 Flux tubes of an air gap between stator and

rotor poles, in the case of full and partial overlapping.

(a) From a side of the stator pole to a tip of the rotor
pole.

-
(b) From a tip of the stator pole to a side of the rotor
pole.

Fig. 8 Flux tubes of an air gap between stator and rotor poles,
in the case of the non overlapping.
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Increasing the rotor angle
from 0° to 45° in 9° steps.
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Fig. 9 Flux-MMF curves of the SRM (in the figure, FEA is a
finite element analysis, and MCA is a magnetic circuit
analysis).

Fig. 10 Flux flow diagram around stator and rotor poles, in the
case of partial overlapping.
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Fig. 11 Magnetic circuit model considering local
saturation of the pole-tips.
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Fig. 12 Flux-MMF curves of the SRM considering local
saturation of the pole-tips

(b) Stator pole to other stator poles.
Fig. 13 Leakage flux paths from stator pole confirmed
by FEA.
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Fig. 14 Magnetic circuit of SRM considering local
saturation of the pole-tips and leakage fluxes from stator pole.
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Fig. 16 Flux-MMF curves of SRM considering local saturation
of the pole-tips and leakage fluxes from stator pole.
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