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6. Current Projects

Project Title: Development of Some Key Technologies for Digitally Controlled PWM
Converters.

Principal Investigator: C. M. Liaw

Funding Source: National Science Council, ROC. (08/2002-07/2005)

Abstract: This project mainly concerns the development of some key technologies for

DSP-based digitally controlled PWM converters. In the PWM switching aspect, a robust

varying-band hysteresis current control (HCC) PWM scheme is developed to let the harmonic

spectrum be randomly distributed. First, the effect of varying-band on the harmonic spectrum

of a HCC PWM inverter is intuitively analyzed. Then accordingly, the proposed random

switching control approach is developed. Besides, a robust spectrum shaping technique is

further developed to let converter possess the desired harmonic spectral characteristics. A



switch-mode rectifier is established and utilized as a study example to evaluate the
effectiveness of the proposed control approach.

Project Title: Performance improvement study of converter and control for switched
reluctance motor drive.
Principal Investigator: C. M. Liaw
Funding Source: National Science Council, ROC. (08/2001-07/2004)
Abstarct: The switched reluctance motor (SRM) possesses some inherent disadvantages, such
as highly nonlinear winding inductance and generating torque, the generation of acoustic noise
and torque ripple, etc. Although a lot of researches have been made to improve the driving
performance of the SRM, there are still many aspects worthy of studying. In the first year of
this three-year project, we have finished the development of a DC-link voltage boosting circuit
and a ZVT soft-switching converter. In this second-year project, the researches are
emphasized on (i) study for the effects of commutation instant and current waveform on the
operating performances of SRM; (ii) the performance evaluation method; (iii) development of
intelligent commutation tuning mechanism to obtain better torque generating capability and
conversion efficiency.

Project Title: Operating performance improvement study for invert-fed motor

driven air conditioner.
Principal Investigator: C. M. Liaw
Funding Source: Energy and Resources Laboratories, Industrial Technology Research

Institute, ROC. (02/2004-11/2004)
Abstract: The inverter-fed AC motor driven air conditioner may possess good operating
performance, particularly for the one driven by brushless DC motor (BDCM), which is
established using permanent synchronous motor (PMSM). Moveover, owing the
inconvenience of installing position sensor, the sensorless motor drive is more suitable for this
application. However, air conditioner is an interdisciplinary plant consisting of power
electronics, motor, machine, compressor load, etc. Suitable match between constituted
components is indispensable to yield satisfactory overall performance. Different motor must
be matched with specific inverter and switching control. More importantly, each type of
inverter-fed motor possesses its key parameters, which can be properly tuned to obtain better
performances in torque generating capability, air conditioning capability, and energy
conversion efficiency. Other performance parameters further include electric power quality,
acoustic noise, electromagnetic interference, etc. If the inverter is equipped with a front-end
switching-mode rectifier (SMR) to establish its DC-link voltage, one can apply PAM and/or
PWM switching techniques to yield better high-speed driving performance and line drawn
power quality. As far as the efficiency improvement issue is concerned, suitable V/f ratio
programming and inverter soft-switching are the effective means. Based on the already
established background, the major purpose of this project is to perform the operating
performance improvement study for an invert-fed motor driven air conditioner.

Project Title: Researches of Advanced Control Techniques for Motor drives.

Principal Investigator: C. M. Liaw

Funding Source: Chung Shan Science Research Institute, ROC. (05/2003-11/2003)
Abstract: Motor is the most commonly used actuator for industrial driving applications.



However, a motor drive belongs to an integrated mechatronic system consisting of motor,
mechanical load, converter or inverter, sensor and controller. As generally recognized, the
driving performance of a motor drive is much affected by the output characteristics generated
from the inverter. And the harmonics of inverter output are dependent on the PWM switching
technique employed. A special type of motor is powered by a specific inverter using specific
switching control. Some inverters provide sine wave output and some square wave one. And
moreover, the tuning for key parameters according to the structural features of motor is
necessary to obtain better torque generating capability. In addition, the advanced control is
indispensable to yield good dynamic speed and/or position control performances. As far as the
competition of motor drive product is concerned, the power density, the reliability, the cost
and the ease of operation are the key factors.

Although many types of motor drives were being manufactured in Taiwan, the ability of
manufacturing high-performance motor drive is still to be upgraded. Among these, the
thorough understanding about the practical issues of a motor drive for an engineer or a
researcher is the most important one. The major purpose of this project is to survey the
existing technologies and to study the advanced technologies for improving the performance
of motor drives.

Project Title: Optimal design for traction system of a light-rail vehicle (II).

Principal Investigator: C. M. Liaw

Funding Source: Chung Shan Science Research Institute, ROC. (01/2004-12/2004)

Abstract: Light-rail vehicle (LRV) is cost-effective in construction, and it can be established
for improving the transportation quality in urban area. The light-rail vehicle has been
employed in many countries. In Taiwan, the experimental systems have also been successfully
established, and the improvement work is continually being made. As generally recognized,
LRV is a mechatronic system consisting of power electronics, electric machine, mechanical
system, control system, sensing and transducing systems, etc. The satisfactory performance
can be achieved only if each constituted subsystem is properly designed, and the proper match
between subsystems is made. In the last-year project, the following issues of LRV have been
preliminarily studied: traction power system configuration, power quality, driving
performance of an inverter-fed induction motor, system component modeling and simulation,
traction load model, etc. However, there are still many topics worth further studying to yield
improved driving performance, and eventually, to achieve the optimal design of LRV system.
The research works in this project are arranged as follows: (1) Study and analysis for the
specifications, driving control and performance of LRV; (2) Study for the match between
induction motor and inverter, and their selections; (3) Establishment and effectiveness
evaluation of equivalent circuit, parameter estimation, performance analysis and measurement
for induction motor; (4) Performance analysis and measurement for inverter-fed induction
motor; (5) Switching methods of inverter, spectral analyses of inverter input and output,
effects of inverter generated harmonics; (6) Analyses for motor drive power flows during
driving and braking operations, and the chopping dynamic braking control; (7) Analysis for
the input and output characteristics of ac-to-dc front converter; (8) Application of switch-mode
rectifier in LRV system; (9) Parallel operation control for multi-motors system; (10) Surge
protection for the power electronic systems being connected in DC-link; (11) Energy
consumption analysis for LRV; (12) The sensing technique and the experimental performance
evaluation for LRV; (13) The study for load model parameter estimation; (14) Model



establishment and simulation for the constituted components in LRV system.

Project Title: Development of digital controlled DC/DC converter

Principal Investigator: C. M. Liaw

Funding Source: ACBEL Polytech Inc. ROC. (10/2004-09/2005)

Abstract: The traditional hybrid PWM control IC-based converter system possesses the
merits of low cost, ease of understanding in analysis and design of controller, simplicity in
tuning and adjustment of controller parameters, etc. But it suffers from some inherent
disadvantages of analog controller, such as having drift and offset effects, inconvenience in
changing control law. In the past decays, the digital control has been successfully applied and
become gradually matured in motor drives, owing to their low dynamic response speed nature.
However, the analog control in DC/DC converters and power supplies is difficult to be
successfully replaced by digital one with comparable control performance, particularly for the
converters with higher response speed. In addition, the high cost, the complicated construction
of control scheme, difficult to make the design and tuning of control algorithms are also the
chief reasons of its progress obstacle. Recently, the progress being made in the microcontroller
and DSP has increasingly promoted the capability of digital control in converter and power
supply systems. The major purpose of this project is to perform the feasibility study of fully
digital control for DC/DC converter systems. After choosing the suited DSP and control
algorithms, the controller digitization and performance evaluation of converters are made.

7. Teaching Laboratory — Electric Machines Lab.
(Room:103, EE — CS Building)

Supported Courses:
(1). EE3830- Electrical Power Engineering
(2). EE3840- Electrical Machines Lab (V)
(3). EE4830- Power Electronics
(4). EE4840- Electric Machine Control
(5). EE4710- Electrical Power System

Facilities:
(1). MG — set
(2). Power scope
(3). Power analyzer
(4). RLC load
(5). Power transformer
(6). Motor
(7). Generator
(8). Eddy-current brake
(9). Frequency converter
(10). Wattmeter
(11). Clip-on AC power meter
(12). Digital power analyzer
(13). PLC
(14). Control unit



(15).
(16).
(17).
(18).
(19).
(20).
21).
(22).
(23).
(24).

Power supply

X-Y recorder
Plotter

Step motor

Digital torque meter
Spectrum analyzer
Synchroscope
Function generator
Clamp tester
Digital techometer

8. Research Laboratory — Electric Machine Control

(Room: 503, EE — CS Building)

Research Topic:
Electric Motor Drives and Power Converters.

Facilities:
(1). PCs
(2). Scanner (X1)
(3). Hp Laser printer (X2)
(4). Digital oscilloscape (X4)
(5). Power supply (X12)
(6). Function generator (X4)
(7). White noise generator (X1)
(8). Control system analyzer (X1)
(9). Programmable AC source (X1)

(10).
(11).
(12).
(13).
(14).
(15).

Smart electric load (X1)

EMI receiver (X1)

Isolated amplifier (X1)

Power waveform monitor (X1)
Current gun (X3)

Current probe amplifier (X2)

Supporting projects:

(1.
).
3).
).

(5).
(6).

Development of some key technologies for digitally controlled PWM
converters.

Performance improvement study of converter and control for switched
reluctance motor drive.

Operating performance improvement study for invert-fed motor driven
air conditioner.

Researches of advanced control techniques for motor drives.

Optimal design for traction system of a light-rail vehicle (II).
Development of digital controlled DC/DC converter.
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Current Research Plants (Research Laboratory — Electric Machine Control)
(Room: 503, EE — CS Building)

Liner permanent-magnet synchronous motor drive
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Switch-mode rectifier
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Switched-reluctance motor drive
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