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by Chung Shan Science Research Institute, (80.12.1-82.2.28), CS-81-0210-
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D-007-1001, 1993.

[14] "Design and implementation of multi-module parallel converter systems," Supported
by National Science Council, (82.2.1-83.1.31), 82-0404-E007-291, 1993.

[15] "Design and implementation of a robust controller for motor drives," Supported by
National Science Council, (82.8.1-83.7.31), 83-0404-E007-024, 1993.

[16] "Development of multi-module parallel battery energy storage system," Supported by
National Science Council, (83.2.1-84.7.31), NSC 84-2213-E-007-046, 1995.

[17] "Design and implementation of linear motor drive with dual opposed piston for cryogenic
refrigerator,"(83.2.1-84.7.31), NSC 83-0208D-007-002, Supported by Chung Shan
Science Research Institute, 1995.

[18] "Design and implementation of servo system for pressure control of solid fuel
combustor," (83.7.1- 84.6.30), NSC CS84-0210-D-007-017, Supported by Chung Shan
Science Research Institute, 1995.

[19] "Study of operating characteristics of inverter driven induction motors," Supported by
Industrial Mechanical Laboratory, Industrial Technology Research Institute,
(83.9.1-84.8.31), 1995.

[20] "Study of pressure control for solid fuel combustor," (84.7.1- 85.6.30), NSC CS85-
0210-D-007-021, Supported by Chung Shan Science Research Institute, 1996.

[21] "Research on integration of a switch mode power supplies (3A)," Supported by
National Science Council, (84.8.1-85.10.31), NSC 86-2622-E-007-011, 1996.

[22] "Design and implementation of PWM inverter-fed induction motor drive for air
conditioner," Supported by Energy and Resources Laboratories, Industrial Technology
Research Institute, (83.7.1-84.6.30), 1997.

[23] "Development of some key technologies of switching-mode power supplies- Subproject 1:
Development of high-frequency switching-mode power supply(I)" Supported by National
Science Council, (85.8.1-86.10.31), NSC 86-2213-E-007-057, 1997

[24] "Design and implementation of high-performance battery charger for electric vehicle,"
Supported by National Science Council, (85.8.1-86.7.31),NSC 86-2213-E-007-033, 1997.

[25] "Research on electric traction and regeneration for high-speed electric railway traction"
(86.4.1- 86.9.30), 86M549, Supported by Chung Shan Science Research Institute, 1997.

[26] "Development of some key technologies of switching-mode power supplies- Subproject 1:
Development of high-frequency switching-mode power supply(Il)" Supported by
National Science Council, (86.8.1-87.7.31), NSC 87-2213-E-007-072, 1998

[27] "Research of a high-frequency link for vehicle electrical power system," Supported by
National Science Council, (86.8.1-87.7.31), NSC 87-2213-E-007-080, 1998.

[28] "Analysis for the industrial applications of linear motors," Supported by Industrial
Mechanical Laboratory, Industrial Research Institute, (86.7.1-87.6.30),1998,

[29] "Analysis and manufacture of high power driver for linear motor," (87.7.1-88.6.30),
87E578, Supported by Chung Shan Science Research Institute, 1999.

[30] "The study of sensorless brushless DC motor drive for air conditioner application,"
Supported by Energy and Resources Laboratories, Industrial Technology Research
Institute, (87.7.1-88.6.30),1999.

[31] "Design and implementation of a soft-switching inverter-fed induction motor drive,”
Supported by National Science Council,(87.8.1-88.7.31), NSC 88-2213-E-007-084, 1999.

[32] "Development of some key technologies of switching-mode power supplies- Subproject 1:
Development of high-frequency switching-mode power supply (III)" Supported by
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National Science Council, (87.8.1-88.7.31), NSC 88-2213-E-007-062, 1999.

[33] “The study for operating performance improvement of a switched reluctance motor”,
Supported by National Science Council, (88.8.1-89.7.31), NSC89-2213-E-007-072, 2000.

[34] “Development of power converter for electric vehicle”, Supported by National Science
Council, (88.8.1-89.7.31), NSC89-2213-E-007-084, 2000.

[35] “High power linear motor drive implementation,” Supported by Chung Shan Science
Research Institute, 88.07.01~89.12.31, 2000.

[36] “The study of varying frequency driving characteristics for an air conditioner driven by a
sensorless brushless DC motor,” Supported by Energy and Resources Laboratories,
Industrial Technology Research Institute, 88.10.01~89.11.30, 2000.

[37] “Design and implementation of digitized linear motor drive,” Supported by Chung Shan
Science Research Institute, 90.01.01~90.12.31, 2001.

[38] “The study of digital current sharing control for power converters,” Supported by Delta
Electronics, 89.07.01~ 90.07.31, 2001

[39] “Development of sensorless interior permanent magnet brushless DC motor drive and its
application to compressor load, (90.7.1- 90.12.31), Supported by Energy and
Resources Laboratories, Industrial Technology Research Institute, 2001.

[40] “A study in speed control performance improvement of a switched reluctance motor,”
Supported by National Science Council, (89.8.1-90.7.31), NSC89-2213-E-007-145, 2001.

[41] “Performance improvement study of converter and control for switched reluctance motor
drive,” Supported by National Science Council, (90.8.1-91.7.31), NSC90-2213-
E-007-068, 2002.

[42] “Development of robust varying-band hysteresis PWM scheme for converters,”
Supported by National Science Council, (90.8.1-91.7.31), NSC90-2213-E-007-072, 2002.

[43] “Analysis and design of electromagnetic mechanism with quick response,” Supported by
National Science Council, (91.01.01-91.12.31), 2002.

[44] “Design and implementation of digital linear motor drive,” Supported by Chung Shan
Science Research Institute, (91.01.01~91.12.31), 2002.

[45] “Performance improvement and applications for a sensorless interior permanent magnet
synchronous motor drive,” (91.01.01~91.11.30), Supported by Energy and Resources
Laboratories, Industrial Technology Research Institute, 2002.

[46] “Study of inverter modularization for brushless DC motors,” Supported by Chung Shan
Science Research Institute, (91.07.24~91.12.15), 2002.

[47] “Development of Some Key Technologies for Digitally Controlled PWM Converters
(1/3),” Supported by National Science Council, (91.8.1-92.7.31), NSC91-2213-
E-007-101, 2003.

[48] “Performance improvement study of converter and control for switched reluctance motor
drive (1/2),” Supported by National Science Council, (91.8.1-92.7.31), NSC
91-2213-E-007-100, 2003.

[49] “Variable frequency and variable voltage control performance improvement study for a
sensorless motor driven air conditioner,” (92.03.01-92.11.30), Supported by Energy and
Resources Laboratories, Industrial Technology Research Institute, 2003.

[50] “Optimal design for traction system of a light-rail vehicle,” Supported by Chung Shan
Science Research Institute, (92.01.01~92.12.31), 2003.

[51] “Analysis and design for permanent electromagnetic devices,” Supported by Chung Shan
Science Research Institute, (92.04.30~92.11.15), 2003.
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[52] “Researches of Advanced Control Techniques for Motor drives,” Supported by Chung
Shan Science Research Institute, (92.05.01~92.11.15), 2003.

[53] “Development of Some Key Technologies for Digitally Controlled PWM Converters
2/3),” Supported by National Science Council, (92.8.1-93.7.31), NSC92-2213-E- 007-41,
2004.

[54] “Performance improvement study of converter and control for switched reluctance motor
drive (2/2),” Supported by National Science Council, (92.8.1-93.7.31), NSC 92-2213-
E-007-040, 2004.

[55] “Optimal design for traction system of a light-rail vehicle (II),” Supported by Chung Shan
Science Research Institute, (93.01.01~93.12.31), 2004.

[56] “Operating performance improvement study for invert-fed motor driven air conditioner,”
(93.03.01-93.11.30), Supported by Energy and Resources Laboratories, Industrial
Technology Research Institute, 2004.

[57] “Development of some key technologies for digitally controlled PWM converters 3/3),”
Supported by National Science Council, (93.8.1-94.7.31), NSC93-2213-E-007-23, 2005.

[58] “Development of advanced converters and driving control techniques for switched
reluctance motor (1/3),” Supported by National Science Council, (93.8.1-94.7.31),
NSC93-2213-E-007-107, 2005.

[59] “Development of a PAM/PWM inverter for air conditioner and its operating performance
improvement study,” (94.03.16-94.11.30, NT$ 490,000), Supported by Energy and
Resources Laboratories, Industrial Technology Research Institute, 2005.

[60] “Optimal design for traction system of a light-rail vehicle (III) (Performance analysis of
light-rail traction system),” Supported by Chung Shan Science Research Institute,
(94.01.01~94.12.31), 2005.

[61] “Development of digital controlled DC/DC converter,” Supported by Acbel Polytech Inc.,

Taipei, Taiwan, (93.10.01~94.09.30), 2005.

[62] “Development of advanced converters and driving control techniques for switched
reluctance motor (1/2),” Supported by National Science Council, (94.8.1-95.7.31), NSC
94-2213-E-007-100, 2006.

[63] “Development of some key technologies for modular inverter building blocks,”
Supported by National Science Council, (94.8.1-95.7.31), 2006.

[64] “Development of sensorless control technology for sinewave driven permanent-magnet
synchronous motor (I),” (95.03.16-95.11.30, NT$ 490,000), Supported by Energy and
Environment Laboratories, Industrial Technology Research Institute, 2006.

[65] “Application of a battery energy storage system to a distributed power system,”
(95.01.01-95.12.31), Supported by Nuclear Science Council, 2006.

[66] “Development of sensorless control technology for sinewave driven permanent-magnet
synchronous motor (II), (96.03.01-96.11.30, NT$ 490,000), Supported by Energy and
Environment Laboratories, Industrial Technology Research Institute, 2007.

[67] “Control strategy study for energy saving of freezer and Refrigerator- 1,”
(96.03.01-96.07.02, NT$ 190,000), Supported by Energy and Environment Laboratories,
Industrial Technology Research Institute, 2007.

[68] “Control strategy study for energy saving of freezer and Refrigerator- 2,”
(96.09.01-96.11.30, NT$ 190,000), Supported by Energy and Environment Laboratories,
Industrial Technology Research Institute, 2007.

[69] “Establishment of reaction wheel system and its robust dynamic control,” Supported by
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Chung Shan Science Research Institute, (96.03.05~96.12.15), 2007.

[70] “Development of some key technologies for modular inverter building blocks (1/2),”
Supported by National Science Council, (95.8.1-96.7.31), 95-2221-E-007-260-MY2,
2007.

[71] “Development of advanced converters and driving control techniques for switched

reluctance motor (2/2),” NSC 95-2221-E-007-263, 2007.

[72] “Development of some key technologies for modular inverter building block (1/2,2/2),”
Supported by National Science Council, (95.8.1-97.7.31), 95-2221-E-007-260-MY2,
2008.

[73] “Key tuning control technology and application studies for permanent-magnet
synchronous motor drive (1/3),” Supported by National Science Council, (96.8.1-97.7.31),
96-2221-E-007-172-MY3, 2008.

[74] “Control strategy study for energy saving of freezer and Refrigerator- 3,”
(97.03.24-97.07.31, NT$ 190,000), Supported by Energy and Environment Laboratories,
Industrial Technology Research Institute, 2008.

[75] “Control strategy study for energy saving of freezer and Refrigerator- 4,”
(97.10.16-97.12.15, NT$ 160,000), Supported by Energy and Environment Laboratories,
Industrial Technology Research Institute, 2008.

[76] “Development of sensorless control technology for sinewave driven permanent-magnet

synchronous motor (III), (97.03.05-96.11.30, NT$ 430,000), Supported by Energy and
Environment Laboratories, Industrial Technology Research Institute, 2008.

4. Other Publications:

[1] "System parameter estimation from sampled data" Control and Dynamic Systems, Vol. 63,
pp- 161-195, Academic Press, 1994.

[2] "Fuzzy control with reference model following response", Academic Press, Fuzzy Theory
Systems: Techniques and Applications, Vol.1, pp.129-158, 1999.

5. Patents:

[1] "A multi-functional small battery energy storage system" (81153), (with Mr. C. M.
Lee), 1993.3.21-2003.3.20. (with Mr. C. M. Lee).

6. XH#&E =

= 72 p
(1) %% @ #0 %5 EQB0F ~84F)
2) 73 ¢

® FflgEEFTHE (B0 -8l - 824 - 83E)

® Mjl¢g T Xyt (84& ~85%& ~86% ~87)
° @qgig’iﬂzpiﬁ% (88EF ~ 89+#)
® Hfl¢gBIFTYHE (92 ~93& ~04%)
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Current Projects

Project Title: Development of some key technologies for modular inverter building blocks
Principal Investigator: C. M. Liaw
Funding Source: National Science Council, ROC. (08/2006-07/2008)

Project Title: Key tuning control technology and application studies for permanent-magnet
synchronous motor drive

Principal Investigator: C. M. Liaw

Funding Source: National Science Council, ROC. (08/2007-07/2010)

Project Title: Development of sensorless control technology for sinewave driven
permanent-magnet synchronous motor (III)
Principal Investigator: C. M. Liaw
Funding Source: Energy and Environment Laboratories, Industrial Technology Research
Institute, ROC. (03/2008-11/2008)
Abstarct: In recent years, permanent-magnet synchronous motor (PMSM) has been gradually
employed to replace the induction motor as the actuator for home appliances. The air
conditioner compressor is a typical example. In PMSM driving control, the development
trends for improving its driving performance and reducing torque ripple as well as acoustic
noise lie in: (i) sinewave current excitation; (ii) brushless operation with proper commutation
tuning; (iii) DSP-based digital control for realizing advanced tuning control algorithms; and
(iv) position sensorless control. Other affairs to enhance the performance and miniaturization
of commercialized motor drives include: (i) the motor drive is equipped with switch-mode
rectifier (SMR) front-end to boost its DC-link voltage and possess power factor correction
control function; (ii) common power module for multi-stage power converters; (iii) common
DSP for realizing multi-stage power converters; (iv) simplification of driving and dynamic
controls for PMSM drive to reduce its configuration and cost.
However, to obtain a high-performance PMSM drive, it is very important to accomplish the
proper match between system constituted components, the suitable tuning for key parameters,
and the match between theoretical and practical issues in DSP digital control, etc. Although
some academic progress in PMSM driving control has been established in our country, there
still exist some key technologies to be established for the industries, such as: the development
of power module for realizing converter circuit; the match between motor design and
inverter-fed driving control, the development of DSP dedicated for PMSM drive control and
the familiarization of control application. The major purposes of this project are emphasized
on: (1) the use of domestic manufactured DSP to establish a sensorless sinewave PMSM drive
with satisfactory vector control; (ii) to develop PMSM control software and to make
performance evaluation for facilitating the development of commercial PMSM drive.

Project Title: Control strategy study for energy saving of freezer and refrigerator- 3

Principal Investigator: C. M. Liaw

Funding Source: Energy and Environment Laboratories, Industrial Technology Research
Institute, ROC. (03/2008-07/2008)
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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:
(I). MG set
(2). Power scope
(3). Power analyzer
(4). RLCload
(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). Power supply
(16). X-Y recorder
(17). Plotter
(18). Step motor
(19). Digital torque meter
(20). Spectrum analyzer
(21). Synchroscope
(22). Function generator
(23). Clamp tester
(24). Digital techometer

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)
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(6). Function generator (X4)

(7). White noise generator (X1)
(8). Control system analyzer (X1)
(9). Programmable AC source (X1)
(10). Smart electric load (X1)

(11). EMI receiver (X1)

(12). Isolated amplifier (X1)

(13). Power waveform monitor (X1)
(14). Current gun (X3)

(15). Current probe amplifier (X2)

Supporting projects:

(1). Development of some key technologies for digitally controlled PWM
converters.

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

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

(4). Researches of advanced control techniques for motor drives.

(5). Optimal design for traction system of a light-rail vehicle (II).

(6). Development of digital controlled DC/DC converter.
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Teach some training courses (1999~2008):

RichTeh Company: Parallel operation control of converters, Switching converters: analysis,
design and control, Introductory digital control for power electronic converters.

Tze-Ching Foundation of Science & Technology: Computer control of machines and processes,
Power electronic technology, Mechatronics, Analysis and design of switching power
supplies, PWM switching techniques for inverter-fed motor drives.

Taiwan Semiconductor Manufacturing Company Ltd.: Mechatronics, Power system.

Powerchip Semiconductor Corp.: Analysis of switching power supplies.

Industrial Technology Research Institute, Energy & Resources Laboratories: Power electronics
technology, Sensorless control of BDCM, PWM techniques for inverter-fed motors,
Current-mode control and parallel operation for power converters, Motor drives and their
key technologies, Driving controls and applications for PMSM and BDCM drives
(96.12.03-04).

Fukuta Electric & Machinery Corp.: Induction servo motor drive.

Chung Shan Science Research Institute: Motor Drive Training Course, Power electronic system
grounding and shielding, Comparative driving characteristics and application selection for
motors.

UMAX Data Systems Inc.: Stepping motor and its driving control.

Winbond Electronics Corp.: Battery technology.

MACRONIX International Corp.: Stepping motor and its driving control, Analysis of
switching power

Yungtay Co.,Ltd.: Permanent-magnet circuit analysis and permanent-magnet synchronous
motor driving control

Wu’s Tech. Co.,Ltd.: DC motor driving control.

Winbond Tech. Co.,Ltd.: Introductory motor driving control principle and applications.

Delta Electronics: Power electronics Technology.

Rechi Precision Co. Ltd.: Brushless DC motor drive (2004.11.23).

ANPEC Electronics Corporation: Sensorless Brushless DC motor drives (2004.12.07).

Learning & Development, Vanguard International Semiconductor Corporation: Introductory
Power Electronics.
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Current Research Plants (Research Laboratory — Electric Machine Control)

(Room: 503, EECS Building)

s

W R

il

¥ OB FR503%

P % (Electric Machine Control Lab.)

fF£FF: FFELP (C.M. Liaw)

13 38 B Power Converters, Motor Drives, Electric Machine Control

Permanent-Magnet Synchronous Motor
Driven Satellite Reaction Wheel

PV cell powered PMSM drive.
IPM-based inverter.

Robust current control.
Adaptive internal model control.
Observed torque control.
DSP-based digital control.
Satellite reaction wheel.
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* Max. angular momentum: 4 N-m-s
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Switched-Reluctance Generator

B Modeling, DC-link ripple, power circuit design.

B Dynamic model estimation, quantitative voltage control.

B Dynamic commutation shift.
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Battery Powered Switched-Reluctance Motor Drive using
Embedded Components for EV Propulsion with Voltage

Boosting and Buck-Boost PFC Charging

B Battery powered SRM drive using embedded components.

B Motoring mode: voltage boosting, winding de-magnetized
energy recovery, common DSP.

B Charging mode: charger using buck-boost switch-mode
rectifier formed by embedded components.
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Fig. 1. (a) The proposed SRM drive circuit configuration; (b) motoring
mode schematic; (c) buck/boost SMR charging mode schematic.

Refrigerator Applications

Sensorless Controlled PMSM Drive for Freezer and

B Observed back-EMF based sensorless control.
B Commutation instant tuning.
B Speed estimation, soft starting.

PMSM Drive System
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Switched-reluctance motor drive
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Switch-mode rectifier
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