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In recent years, due to the demand for miniaturization and weight reduction of magnetic devices such as
in-vehicle drive motors, the authors have focused on miniaturizing motor drive systems through the fusion of devices.
In this paper, we propose an integrated motor structure combining a step-up reactor and a motor for a motor drive
system using a step-up DC/DC converter. Comparing the integrated structure of the proposed step-up reactor and
motor with a conventional motor by reluctance network analysis (RNA), we find that the proposed model can improve

output in the high-speed range.
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(b) Magnetic Device Integral Structure Motor.
Fig. 1 Comparison of conventional and proposed motor.

() Flow of current and magnetic flux. (b) 3D - magnetic circuit.
Fig. 2 Magnetic path formation of proposed model.
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Electrical Steel Sheet
- Number of poles 8
LY 7y Number of stator slots 48
: , \ 2 Number of windings/phase ]
i \7 £ Winding resistance/phase 0.03 Q
,:_7’ z Internal diameter of stator 141.8 mm
\ - j > Outer diameter of stator 215 mm
M !_(' o Gap width 0.7 mm
IR IRV A Outer diameter of rotor 140.4 mm
Iron core length 60 mm
Motor length 108 mm
Resldua;::;igtr;etlc flux B=12T
Coercive force 909 kA/m
Core material 35JN210

Fig. 3 Structure of base model.
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Fig. 4 Image of magnetic circuit per tooth of base model.
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Table 1 Symbol description for Fig.4.

Symbol Symbol description
Rspy Reluctance of stator yoke
Ry Reluctance of teeth
E, Magnetomotive force of U-phase winding
F, Magnetomotive force of V-phase winding
F, Magnetomotive force of W-phase winding
Ry Reluctance of gap
R Reluctance of magnet
Fy Magnetomotive force of magnet
R, Reluctance of rotor core
Rrpy Reluctance of rotor yoke

Fig. 5 RNA model of base model (1/4).
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(@) Dimensions of magnetic device integrated structure motor.
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(b) Dimensions of bobbin type reactor.
Fig. 6 Structure of proposed model.
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Fig. 7 Division of model in axial direction.
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Fig. 8 Approximate B-H characteristics of 35JN210.
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Fig. 9 Approximate B-H characteristics of HB3_revl_20deg.

Table 2 Values of fitted coefficients.

35JN210 HB3_revl_20deg
a 90.59 2346.59
an 4.42 20.31
n 13 11
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Table 3 Simulation conditions.

RNA model | FEM model
Simulation mode Transient response analysis
Maximum motor phase 270 A
current
Frequency of three-phase 400 Hz
current source
Current in reactor coil 0A/390 A
Number of turns of
. 10 turns
reactor coil
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(@) The current in reactor coil is 0 A.
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(b) The current in reactor coil is 390 A.
Fig. 10 Torque characteristics for RNA and 3D-FEM models.
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(a) Analysis circuit for base model.
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(b) Analysis circuit for proposed model.
Fig. 11 Analysis circuits for base and proposed models.

Table 4 Simulation conditions.

Base model | Proposed model
Simulation mode Transient response analysis
Control method MTPA & flux weakening control
Maximum motor
phase voltage 300V
Maximum motor 270 A
phase current
Average curre.nt in 390 A
reactor coil
Carrier wave 50000 Hz
frequency
DC voltage 600 V 300V
Converter duty cycle —_— 0.5

—Base model
—Proposed model

Torque (N - m)

] 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
Rotation speed (rpm)

Fig. 12 Comparison of N-T characteristics.
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