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Research Contents

Our research interests are mainly related to power electronics and motor control technologies. Especially,
modeling technologies are the biggest themes of our laboratory. We create mathematical models for motor
controls. Objective of our research is to improve performance of motor drive systems, such as extension of
operating range in speed-torque plane. Efficiency improvement and downsizing of drive systems are also
important.

Recently, applications of IPMSMs (Interior Permanent Magnet Synchronous Motors) have been expanding
in a wide variety fields such as electric and hybrid vehicles, trains, pumps, home appliances, and so on. The
IPMSMs feature compact and efficient, and also, they have high power density. Permanent magnet motors
are flexibly designed so as to satisfy the needs for each application. Recent special-designed machines are
called application-specific motors. Application-specific motors need appropriate control techniques, because
the torque characteristics are complicated and nonlinear.

In the controller, we generally use a rotating reference frame, which is called d-q axes. The d-q axes are
coordinate system synchronizing with the rotor. The d-axis is defined to the direction of the magnetic pole of
the permanent magnet in the rotor, and the g-axis is defined to the orthogonal direction of the d-axis. On the
other hand, we define a unique coordinate system suitable for the controls of IPMSMs, which is called f-t
axes, “‘Maximum Torque Control Reference Frame.” The f-t axes are based on a constant torque curve. The
constant torque curve is a current vector locus where the motor torque is constant. The f-axis of the
maximum torque control reference frame is defined to the direction parallel to the tangential line of the
constant torque curves. The f-t axes have a lot of interesting characteristics in terms of the IPMSM controls.

We develop various control techniques based on the f-t axes.
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