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Summary of Doctoral Dissertation

A study of voltage pulse pattern for PWM double inverters in order to reduce size
and cost of double winding permanent magnet synchronous motor drive systems

Name: Tatsuya Mori

This dissertation summarized the research on optimum voltage pulse pattern for
PWM double inverters in order to reduce size and cost of double winding permanent
magnet synchronous motor (PMSM) drive systems.

Recently, to realize higher reliability, the PWM double inverter fed double winding
PMSMs, which have two windings and are driven by two inverters, are applied for
elevator systems, electric power steering systems and so on. It is very important for
electric power steering systems to reduce the size and cost of system. Until now, for
reducing the size and cost of system, the neutral voltage shifting method and the
three-shunt current sensing method have already been reported.

The neutral voltage shifting method sets neutral voltages in each inverter of the
PWM double inverters to different values and changes the timing of the discharging
of the dc link capacitor currents. As a result, the method can reduce the capacitance
values of the dc link capacitors. In this method, the larger the difference between
both neutral voltages is, the smaller the capacitor currents are.

The three-shunt current sensing method measures inverter lower-arm currents. In
this case, the voltages across the shunt resistances are nearly zero and low-cost shunt
resistors and operational amplifiers can be used to sense the inverter currents. The
method can only measure the currents when low-side switches are on. And the
currents are generally sensed at the instant of the peak value of carrier signal of
inverter. Therefore, it is better that the low-side switch of the phase whose the
voltage reference has minimum value is constantly on state even if the modulation
index of inverter becomes high. For that reason, the two-phase modulation is used
for the three-shunt current sensing method generally.

However, if the three-shunt current sensing method and the neutral voltage shifting
method are combined in order to reduce the size and cost of system more, the
difference between neutral voltages is not sufficiently for on-times of low-side
switches to detect inverter current by using the three-shunt current method. In this
case, the capacitor currents are not able to be reduced sufficiently.

Even though the single-shunt current sensing method needs less size and less cost
than the three-shunt current sensing method, the double winding PMSM drive



system with the single-shunt current sensing method has not been reported. The
reason is as the following. The single-shunt current sensing method needs
knowledge of the dc link current and the corresponding switching state, and
recreates each of three-phase currents of the inverter in a microprocessor. And the
difference between recreated and average currents in one carrier period causes
ripples in motor torque. It is very important to reduce torque ripples in the electric
power steering applications. Therefore, until now, the single-shunt current sensing
method has not been used in the application for the electric power steering systems
in spite of its size and cost.

Based on the above backgrounds, the author proposed two voltage pulse patterns.
One of them is a pulse pattern which can reduce capacitor currents in the dc link of
PWM double inverters with the three-shunt current sensing method The other is a
pulse pattern for PWM double inverters with the single-shunt current sensing
method to reduce torque ripples of double winding PMSM.

In Chapter 1, background, study trend of PWM double inverter fed double winding
PMSM systems and purpose of this study are described. Also, the status of this study
and the summary of this paper are mentioned.

In Chapter 2, the voltage pulse pattern, which can reduce capacitor currents in the
dc link of PWM double inverters with the three-shunt current sensing method, is
proposed. In the proposed voltage pulse pattern, the phase difference between carrier
signals in each inverter of the PWM double inverters is set to 180 degrees, and the
voltage references of double inverters are shifted in accordance with the difference
between the voltage reference of the medium value and that of the minimum value.
Conventional neutral voltage shifting method and proposed method are compared by
the experimental results. In contrast to the neutral voltage shifting method, the
proposed method can reduce capacitor currents in the dc link of double inverters
more, while maintaining the harmonics of the inverter output current.

In Chapter 3, the voltage pulse pattern for PWM double inverters with the
single-shunt current sensing method to reduce torque ripples of double winding
PMSM is proposed. First, the current error and the torque error caused by the
single-shunt current sensing method are analyzed based on the voltage equations of
double winding PMSMs. Next, the voltage pulse pattern to reduce the torque error is
derived. In the proposed voltage pulse pattern, two voltage vectors of double
inverters at the instant of current detection are adjacent to each other and are
changed in accordance with the rotor position of double winding PMSM.
Experimental results demonstrate that the proposed voltage pulse pattern can reduce
torque ripples caused by the single-shunt current sensing method. The proposed
voltage pulse pattern is also available for multi battery systems.

In Chapter 4, the results of this study are summarized. Proposed voltage pulse
patterns can contribute to a lot of kind of applications for reducing the size and cost
of their systems.



