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Introduction

. . . . . High torque
* Electric vehicle motors require variable speed control over a wide speed range. <3 ‘&« constant
 The conventional fixed-magnetic field PMSM experiences efficiency degradation at high speeds S S
due to field weakening control aimed at extending the speed range. E o, Low torque
« Variable flux motor(VFM) can extend the variable speed range without field weakening control. = T constant
 This paper proposes a magnets-rotating VFM capable of passively varying the magnetic field due I‘_E

to the centrifugal force induced as the rotor rotates.
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: /Sinning core force Fg, » Short-circuit magnetic flux In the
B-ZlS.mm.R_S_é_r_ﬁr_ﬁ — [mm. Rack gear 5¢ ““g rm O rotor varies with the magnet angle
Spinning Core - | Pring o » Changes in magnet angle cause
» Proposed motor Is: » A pinion gear Is attached to the top of the spinning core.  ygriations in armature cross flux,
developed based on the IEEJ D1 model. > The rack gear Is connected to the shait via a coll spring, resulting in a variable flux effect.
4-pole/6-slot concentrated winding IPMSM. moving radially outward due to centrifugal force.
» Each magnet is sandwiched between two semi-circular » The magnet angle is determined by the balance between
cores and rotates in the @ direction around the axis of the centrifugal force F., spinning core force Fg- and

the magnet. This is referred to as the spinning core. restoring force F,.

Variable Torque Characteristics by 2-D FEA
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2.0000

1 . . o |I 1:9000
T =PpPmiacosp +-p(Ly — La)izsin2p characteristics R o
2 —d-axis Inductance = -g-axis Inductance —Magnet Flux = _:‘ 3 D, 13333

Reluctance torque

1.3000

20 40— "N\ 1'2000
—Total Torque — -Reluctance Torque ----- Magnet Torque f ________ § N\~ H] ggg
e N 0.9000
g o' 0.8000
é 30 é SN\ 0.7000
o 161 M WA 0.6000
g 5 = TE
7. C 14 20 = - , 0.3000
& S Y— N ‘ | 0.2000
O B s /" 0.1000
g S 12 GCJ 7N 0.0000
— © 110 ‘®))
S £ 10 3 Crosses the stator
= >
45 8 | \ \ l | | | | 0
S 0 10 20 30 40 50 60 70 80 90
Spining Angle (deg.)

R » This result Indicates that the proposed motor
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Spinning Angle (deg) possesses a variable magnetic flux effect.
» The maximum torque(mainly magnet » Magnetic saturation on the d-axis changes
torque) changes with the magnet angle. significantly, primarily affecting the d-axis inductance.

Efficiency map
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» The results indicate that by increaSing the Spinning angle, the h|gh' e Low rotoriron loss due to h|gh short-circuit
efficiency region transitions towards the low-torque and high-speed range. flux in the rotor at 40deg.
» The apparent weakening of the magnetic flux led to a reduction in the back « Low Joule loss due to no field weakening
EMF, which consequently expanded the operational speed range. control at 40 deg.

Conclusion

 This paper proposes a new Variable Flux Motor (VFEM) in which the magnets embedded in the rotor can rotate around their own axis.

« The proposed motor demonstrates a variable flux effect, allowing not only the PM flux but also the dg-axis inductance to be
adjusted. This capability enables the motor to extend its speed range and shift the high-efficiency region towards the high-speed,
low-torque side.
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