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Abstract: 

Saving energy in electrical appliances and electric vehicles (EV) requires a reduction in 

power consumption of motors. The motors used in these appliances operate at variable 

speeds. In addition, these motors operate with small load in stationary mode and with 

large load in start-up mode. A permanent magnet motor can operate with high efficiency 

at a rated power. However, the efficiency of this motor is lower at small loads or high 

speeds because a large constant magnetic force leads to a significant core loss. Also, 

the flux-weakening current to depress voltage at high speed leads to a significant 

copper loss. Hence, new technologies that control a magnetic force of a permanent 

magnet depending on the load or speed have been developed. A variable-magnetic-flux 

motor operates over a wide range of speed with high power and efficiency. This article 

introduces new motors which can change magnetic flux of permanent magnet. 

3 - 1



December 9-10, 2010                                             JMAG Users Conference 2010 

 

 

 

 
 
 
 
 

Variable-Magnetic-Flux
Motors for Crating New 
Generation Motor Drives

Toyo University
Department of Electrical, 
Electronic and Computer 

Engineering
Faculty of Science and 

Engineering
Kazuto Sakai December 9, 2010

HEV citations Ford homepage EV citations VW homepage

1.Variable Speed Motor for Environmental and Energy Conservation

Society conserving energy and reducing carbon monoxide

Low power consumption systems

Highly efficient energy converse systems for the total drive range

Railway citations: JR East homepage

Motor drive performance

[High efficiency logic]
Universal Wide-range speed variability Wide range speed variability and 
continuous operation

Rated Point Face Face Time

3 - 2



December 9-10, 2010                                             JMAG Users Conference 2010 

 

 

 

 
 
 
 
 

Fig. 1. Voltage regulation at variable-speed using flux-weakening control for a 
conventional permanent magnet motor.
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Fig. 3. Voltage regulation at variable-speed by changing magnetic flux.
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3.  Motor Structure to Vary the Magnetization of Magnets

Fig. 5. Change of magnetic flux density. 
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Motors reversing the constant magnetic force concepts of permanent 
magnets

World's first technology
Motor drive systems based on new concepts for freely varying 
electromagnetic force of permanent magnets similar to electromagnets

Commercialized in laundry machines from Toshiba in October, 2009

4. Variable Magnetic Flux Motors Based on New Principles

Reference [3], [4], [5]

10Energy Environment

N
S

S
N

N
S

S
N

v-MM

Magnetic fieldH (kA/m)

Magnetization J(T)

1.25

NdFeB magnetFeB
magnet

AlNiCo
magnett

Fig. 7. Magnetic property of permanent  magnet for  variable-magnetic force.

Magnetizing current

Permanent magnetic properties required by variable magnetic force

-1000 -100

Low coercive forceHigh coercive force

Low coercive force
SmCo magnet

Low coercive force
Ferrite magnet

3 - 6



December 9-10, 2010                                             JMAG Users Conference 2010 

 

 

 

 
 
 
 
 

11Energy Environment

N
S

S
N

N
S

S
N

v-MM

Variable magnetized 
magnet
(Low coercive force)

Constant magnetized 
magnet
(High coercive force)

Variable magnetized 
magnet
(Low coercive force)

Constant magnetized 
magnet
(High coercive force)

(b) Parallel magnetic circuit type 

Fig. 8. Basic configuration of  the variable-magnetic-force memory motor. 

(b) Parallel magnetic circuit type (a) Series magnetic circuit type 

Basic Magnetic Structure for Variable Magnetic Force (Magnetic Poles)

Reference [3], [4], [5]

d axis magnetic field

Variable magnetized magnet
(Low coercive force)

Constant magnetized magnet
(High coercive force)

Rotor

Principle Model and Mechanisms of Variable Magnetic Flux Motors

Fig. 9. Configuration of the variable-magnetic-force memory motor.

Reference [3], [4], [5]

3 - 7



December 9-10, 2010                                             JMAG Users Conference 2010 

 

 

 

 
 
 
 
 

13Energy Environment
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Fig. 13. Distribution of Air-gap magnetic flux density at 
maximum magnetic-force. 

Fig. 14. Distribution of Air-gap magnetic flux density at 
minimum magnetic-force. 

Variations of air-gap magnetic flux

Magnetic flux 

Reference [3], [4], [5]

Fig. 15. Principle model for verification. 

Rotor of principle model for verification

Variable magnetized magnet

Constant magnetized magnet

Rotor

Reference [3], [4], [5]

3 - 9



December 9-10, 2010                                             JMAG Users Conference 2010 

 

 

 

 
 
 
 
 

Fig. 16. Magnetization characteristics.
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Fig.18 Change of induced voltage.
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Fig. 27. Written-pole machine (Roesel Generator).
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Fig. 28. Variable-magnetic-flux motor. 
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Motor system for better energy conservation
Technology for realizing variable magnetic flux drives is obtained using better 

drive characteristics based on "face time" rather than "point." 

Variable magnetic flux motor
Electric formulas are starting to be used in a small capacity as electric formulas
(variable magnetic flux) and mechanical formulas (magnetic offset) are researched 
and developed. 

Variable magnetic flux motors should be effective in increasing the cruising time 
of electric vehicles and plug in HEV.  A large step forward in energy conservation 
will be achieved by obtaining better variable magnetic flux motor drives.
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