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Basic Characteristics of Transverse-Flux-Type Switched Reluctance Motor
with Permanent Magnets Applying Reverse Bias Magnetic Field
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Switched reluctance motors (SRMs), which consist of only iron cores and windings, are attracting attention as
simple, robust, and inexpensive variable-speed motors. This paper presents a novel transverse-flux-type switched
reluctance motor (TFSRM), that has permanent magnets in the rotor cores for applying a reverse bias magnetic field. The
proposed TFSRM can expand the operating point from the 1st quadrant into the 3rd quadrant on B-H characteristic by the
reverse bias magnetic field, which increases both torque and efficiency. The advantages of the proposed TFSRM is

proved by using a three-dimensional finite element method (3D-FEM).
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Fig.1 Appearance of RFSRM.
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Fig. 3 Phase inductance according to rotor position
angle, and exciting voltage and current waveform.
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Fig. 4 Comparison of rotational direction and flux
direction of RFSRM and TFSRM.
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Fig. 5 Comparison of basic configuration of RFSRM
and TFSRM.
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Fig. 6 Appearance of prototype TFSRM.

Material 237110
Rotor/Stator pole number 5

Stator pole length 22.0 mm
Rotor pole length 25.7 mm
Gap length 0.3 mm
Pole width 10.0 mm
Winding diameter 1.3 mm
Number of turns/pole 75 turns

Voltage 60V

Winding space factor 50.1%

Fig. 7 Specifications of prototype TFSRM.
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Fig. 8 Comparison of torque of RFSRM and TFSRM.
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Material 237110

Permanent magnet Nd-Fe-B

Rotor/Stator pole number 5

Stator pole length 22.0 mm

Rotor pole length 25.7 mm
g  Gap length 0.3 mm
g Pole width 10.0 mm
X

Winding diameter 1.3 mm

Number of turns/pole 75 turns
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Fig. 9 TFSRM with permanent magnets for applying
reverse bias magnetic field on the rotor.
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Fig. 10 TFSRM with permanent magnets for applying
reverse bias magnetic field on the rotor (one-pole).

(a) Without magnets

(b) With magnets
Fig. 11 Range of operating point of proposed TFSRM
with and without permanent magnets for applying
reverse bias magnetic field.
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Fig. 12 Magnetic flux distribution of TFSRMs with and

without permanent magnets.
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Fig. 13 Comparison of torque vs. rotational speed
characteristics of TFSRMs with and without permanent

magnets.
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Fig. 14 Comparison of current density vs. torque
characteristics of TFSRMs with and without permanent
magnets.
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Fig. 15 Comparison of copper and iron losses of

TFSRMs with and without permanent magnets.
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Fig. 16 Comparison of efficiency characteristics of

TFSRMs with and without permanent magnets.
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Fig. 17 Waveform of cogging torque TFSRM with

permanent magnets.
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