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Electric Machine Control (7 #3:#1) (EE484000) (C. M. Liaw)

Contents

* Introduction to electric machine control and mechatronics (# 7. & & ).
* Overview of power semiconductor devices.

* Introduction to motor drives and their applications.

* Dynamic and static specifications of sensors and transducers.
* Sensors and transducers (for mechatronic system control).

* Signal conditioning circuits for sensors and transducers.

* V/I,I/V,F/V, V/E, A/D, D/A converters.

* Shielding and grounding of power electronic systems.

* Analog controllers.

* Digital controllers (fuzzy controller).

* Power electronic converters (AC-DC and DC-DC converters).
* DC motor drives (converter-fed and chopper-fed)

* Overview of Some AC motor drives and special motor drives:

Modulation techniques and harmonic analysis for power converters.
Inverters (DC-AC converters).
Induction motor drives.

Permanent-magnet synchronous motor (PMSM) drives (Brushless DC
Motor (BDCM) drives).
Switched-reluctance motor (SRM) drives.

* Experiments (Solid-state DC motor control, AC/DC controlled rectifiers (Optional)).

Text books:

« 21 & (Handouts).

* Timothy J. Maloney, Modern industrial electronics, 5th Ed., Pearson Prentice Hall, 2004.

Reference books:

* R. Krishnan, Electric motor drives: modeling, analysis and control, Prentice Hall, 2001.

« J. M. Jacob, Industrial control electronics.

+ J. M. Jacob, Power electronics: principles and applications, Delmar Thomson Learning, 2002.

* G. K. Dubey, Power semiconductor controlled drives, Alpha Science, UK, 2001.

« Sergey E. Lyshevski, Electromechanical systems, electric machines and applied mechatronics,
CRC Press, 2000.

* Ned Mohan et al., Power Electronics: Converters, Applications and Design, 3 Ed., John Wiley &
Sons, Inc., 2003.

* P. C. Sen, Thyristor DC Drives.

* B. K. Bose, Modern Power Electronics and AC Drives, Prentice Hall PTR, New Jersey, 2002.

* B. K. Bose, Power Electronics and Motor Drives: Advances and Trends, Academic Press, 2006.

* Robet W. Erickson and Dragan Maksimovic, Fundamentals of Power Electronics, 2" Ed., Kluwer
Academic Publishers, 2001.

* P. C. Krause, O. Wasynczuk and S. D. Sudhoff, Analysis of Electric Machine and Drive System,
New York: The Institute of Electrical and Electronics Engineers, Inc., 2002.

* John Chiasson, Modeling and high-performance control of electric machines, John Wiley & Sons, 2005.

* Gregorio Romero Rey and Luisa Martinez Muneta, Electrical Generation and Distribution Systems
and Power Quality Disturbances, INTECH Open Access Publisher, 2011.

* Others.
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Classifications and related affairs of chargers

1. Classified in terms of power levels and time of charging (One example of
classification that suits the US residential power source):

Level 1: Common household type of circuit in the US rated to 120 V and up to 15 A.

Level 2: Permanently wired electric vehicle supply equipment used specially for electric
vehicle charging rated up to 240V, up to 60 A, and up to 14.4 kW.

Level 3: Permanently wired electric vehicle supply equipment used specially for electric
vehicle charging rated greater than 14.4 kW.

Emergency charger: which charges the battery pack of a vehicle in six to eight hours.
Standard charger: which charges the battery pack in two to three hours.
Rapid charger: which charges the battery pack in ten to fifteen minutes (fast chargers).

2. Conductive or inductive
Inductive charger offers advantages of safety, power compatibility, connector robustness
and durability to the users of electric vehicles but on the expense of a lower efficiency
and the need of new equipment at charging sites.

3. Single-phase or three-phase.

4. Isolated (galvanic isolation) or non-isolated.

5. Charging methods: battery types? CC and/or CV? Quick charger: CC?

Saeid Haghbin, Sonja Lundmark, Mats Alak ‘ula and Ola Carlson, “Grid-Connected Integrated Battery Chargers in
Vehicle Applications: Review and New Solution,” IEEE Trans. Ind. Electronics, vol. 99, pp. xx-xx, 2012.
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Charging Control System of i-MiEV

The BMU (Battery Management Unit) monitors the conditions of all 88 cells of
the traction battery and sends information (maximum and minimum cell voltage,
maximum and minimum cell temperature, battery current, etc.) to the EV-ECU
(integrated vehicle controller). The EV-ECU calculates charging current
command according to the battery information, and sends it to the on-board
charger or the quick charger via CAN bus. Then the on-board charger or the
quick charger generates charging current according to the command from the
EV-ECU by controlling the output voltage.
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Typical distributed power system and
micro-grid system configurations
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System configuration of micro-grid incorporating with EV and BESS
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B Requirements: Reliable, higher efficiency, smaller volume and low
weight, low cost, miniaturization, low vibration and acoustic noise, etc.
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» Compressor motor: Induction motor >> Permanent-magnet synchronous

motor (PMSM) (Specifically Interior PMSM (IPMSM))

* Vector control (brushless control)

* Sensorless control.

» Square-wave type PMSM >> sinewave type PMSM.

* Front-end switch-mode rectifier (SMR)>> provide boostable and well-regulated
DC-link voltage with good line drawn power quality.

» Common digital control environment for: Outdoor compressor PMSM,
outdoor condenser fan motor, front-end switch-mode rectifier (SMR).

www.irf.com/technical-info/whitepaper/mce digitalpfc ac.pdf

DSP or ASIC + microcontroller, or FPGA + microcontroller.

: B
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T Vehicle
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interface TR driving
Control Command I:,')
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Switching
control

Controller
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? Current feedback

Velocity and/or position feedback

Requirements: reliable, low cost, miniaturization, smaller volume and
weight (modularization and integration), higher efficiency (energy saving),

lower vibration and acoustic noise, etc.

Some Key Issues of Motor Drives (5 if g & - &

M 4ETE %)

» Plug-in charger (Rectifier-
based or SMR-based)

Multiple sources?

- Bi-directional to achieve Buffer storage? Motor W Encoder types.
V2G and G2V. DC-link ripples. P ~T, o M Resolution.
- EV, PHEV e = ¢ B Interfacing to DSP.
’ \ — Inverter . +ep —
Ia L A
AC or DC T = -
e l\ * |\ ~ EC Load |=p
sources I T Vd I n I
= Te, O '\ J,B
f U B Match between
load.
B SMR, PFC and DC motor and
Command fo t~ 1 M Load types and parameters.
[ | léiglli:gl}tt:rg e@%ﬁﬁ?ﬁumber > Controller s»ic,t4 M Load required performance.
B Front-end DC/DC converter Feedback —p» B Motor type. B Motion pattern.
for inverter. M Inverter type and devices. B Speed range, constant

B PAM and/or PWM controls.
B Dynamic braking.

B Inrush current.

B Storage types and controls.
B Battery sources.

u {\/Ia(tlch between inverter, motor and
oa

B Voltage utilization. )

M Dynamic and regenerative braking.

M Field-weakening.

torque, constant power.

B Flywheel storage?

W EV,PHEV: Charger,
V2G,G2V,V2H operations.

M Battery charging.

B Super-capacitor buffer.

B Renewable or distributed
sources.

B Harmonic effects.

M Gate driving signal isolation.

M Interfacing and sensing.

B Current changing rate and response.
M Neutral isolation or not.

B Miniaturization.
B Cost effective.
B Reliability.

- B Reflection due to unmatched B EMI problems.

: E;Yll(\i/{)g? rslgcl)tlc}?lerllrgmomcs. impedance. B Grounding and
M Dynamic modeling and estimation. ® Power module, SOC promotion. shielding.
B Feedback sensing, transducing, signal

conditioning an ﬁlterlng . Va —@ ©
B Dynamic control: (current, speed B Motor ripple A n—AL_ZAL Z YAh A .

and/or position. current: Za h=2Zpp — Iar +1an
B Tuning control for specific motor.
B Digitization of control scheme. .
W Common DSP for multiple B Motor current iy V;—€,

power stages. changing rate: qx * 1 g ey
B Acoustic noise and vibration reduction. dt L
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Schematic of power
control unit in 2010
Prius Synergy HEV

Bidirectional DC/DC converter

201.6V - 650VDC

Smoothing Filter
capacitor capacitors

<€ Power flow
(I Reduction

gear

Power split

device

Configuration of Plug-in
series/parallel HEV

Key Components and Issues of EV

Battery
charger

2

~~

_—_———

Booster
and inverter

Planetary
gear set

Fuel tank

— IC engine

B Motor:

DC brush motor (DCM) (Least used).
Induction motor (IM).

Permanent-magnet synchronous motor (PMSM).

Switched-reluctance motor (SRM).

B Power electronic converter and its switching control:

DC/DC converters (DCM).

Inverters (Sine-wave, square-wave) (IM, PMSM).
Asymmetric bridge converter (Unipolar

square-wave) (SRM).
B Traction battery.

B Storage devices (Super-capacitor, flywheel).

B Energy management technology.
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