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Summary of Doctoral Dissertation

Title of Doctoral Dissertation:

A study of 'high efficiency drive in constant power region for PM motor driven by PWM
inverter with voltage booster '

Name: Akihiro Imakiire

This thesis summarized the research on methods and effects of improvement of system efficiency
in constant power region for permanent magnet (PM) motor drive system using low voltage power
source, from the view point of control and power device.

* To realize the high-speed drive of PM motor, there are two main conventional control methods.
Those are the flux weakening control and the DC link voltage control. The flux weakening control is
a method to limit the terminal voltage of the PM motor below power supply voltage by an inverter.
The inverter controls d-axis current to weaken the magnetic flux of PM motor. On the other hand, the
~ DC link voltage control is a method to boost the DC link voltage by a voltage booster according to

" increase of terminal voltage of the PM motor in high-speed region. .

A pulse width modulated (PWM) inverter with voltage booster can be applied both flux
weakening control and DC link voltage control. However, no literature has discussed on combination
of these two controls to achieve high efficiency in the constant power region until now. In addition,
in case that the PWM inverter with voltage booster is used for such as hybrid and electric vehicles,
improving the system efficiency for not only driving on urban area but also on high-speed area
(constant power region) is very important.

Based on the above backgrounds, the author proposes a control to minimize the system loss in the
constant power region, and investigates the improvement of the system efficiency by applying
proposed control. Furthermore, the author investigates the improvement of the system efficiency by
utilizing SiC-metal oxide semiconductor field effect transistors (MOSFETs) which are
next-generation power devices.

In Chapter 1, the background, study trend of PM motor drive method in constant power region and
purpose of this study are described. Also, the status of this study and the summary of this thesis are
mentioned.

In Chapter 2, a control method which adjusts the ratio of combination of the flux weakening
control and the DC link voltage control is proposed. The flux weakening control increases the copper
loss of the PM motor. On the other hand, the DC link voltage control increases the loss of the
voltage booster. In the other words, each control causes different losses in the constant power region.

Proposed control makes a system loss minimize in the constant power region with adjusting the
ratio of both controls appropriately.



In Chapter 3, dg axis model of PM motor, equations for the maximum torque per ampere control,
the flux weakening control and the DC link voltage control are derived to produce an analytical
model of the PM motor drive system. The analytical model is used for simulation with loss
calculation. In addition, the space vector modulation for inverter and the triangular carrier PWM
modulation for voltage booster are also explained. -

In Chapter 4, a newly simulation model which estimates each parts of system losses as an
equivalent current source is built to calculate the system losses in the constant power region. The
simulation model consists of the equivalent current sources which simulates each loss of voltage
booster, inverter and PM motor. By using the simulation model, the loss of the system can be
simulated in detail when the proposed control is applied. In case that parts or machine such as power
module, DC reactor and PM motor are changed in actual machine according to specific application,
the simulation model is still effective as the tool which it can be used to design from the point of the
system efficiency and performance. Furthermore, it is shown that proposed simulation model is
effective as the tool which can be used for the examination of the system performance of not only
the PM motor drive systems but also the other drive systems.

In Chapter 5, by the simulation results, it is confirmed that proposed control can improve the
system efficiency up to around 1 % in constant power region. Especially, for lower battery voltage
and larger value of iron loss of the PM motor, it is cleared that proposed control can improve a
system performance. In this chapter, for applying the proposed control to an actual machine, the
reference value using the simulation model are also shown. By the above investigation, the
effectiveness of the proposed control is clarified. ‘

In Chapter 6, a prototype drive system is made using insulated gate bipolar transistors (IGBTs)
which are used hybrid vehicles, electric vehicles and industrial applications widely. By the
experiment using the prototype drive system, it is confirmed that the system efficiency can be
improved maximum 5 % in constant power region by proposed control. As a result, it is shown from
the simulation results that proposed control is effective even for different set of PM motor and power
devices. As mentioned above, the effectiveness of the simulation model and proposed control is
confirmed in actual PM motor drive system. .

In Chapter 7, the power devices, IGBTS, of the prototype drive system in Chapter 6 are replaced
by SiC-MOSFETs. The SiC-MOSFETs are next-generation power devices. The system efficiency in
constant power region is evaluated when the prototype drive system is used and proposed control is
applied. It is confirmed that the system efficiency in the constant power region is improved by
maximum 7 % (proposed control: 5 %, SiC-MOSFET: 2 %). Therefore, positive use of proposed
control and SiC-MOSFETs is recommended. When applying the SiC-MOSFETs is difficult by
reason of cost, even only proposed control can be improve the system efficiency in constant power
region.

In Chapter 8, the results of this study are summarized.





