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This course mtroduces the following topics for various electric machines:
electro-mechanical energy conversion principle, structures, operation
principle, running characteristics, power electronic control, etc. In addition,
some basic power engineering concepts are also introduced, such as power
system configuration, transmission and distribution, electricity applications,
electric safety, power quality, standby power and some special electric
power systems. From this course the students can generally understand the
basic electric power engineering affairs. The students are suggested to take
this course 1f they want to participate the course of “Electric machinery
laboratory” offered in the followed semester.



4p T* F (Text Books)

1. # % (Lecture notes).

2. P. C. Sen," Principles of Electric Machines and Power Electronics,” 3rd Edition, John Wiley &
Sons, 2014.

~ }HF 3 3¢ (Teaching Method) : & # & &+ &5 (Oral teaching or on-line teaching) °
r ~ KE:2 R (Syllabus) :

1.7 s £ 2 83 & & @ 4 (Introduction to electro-mechanical energy conversion principle
and mechatronics) -

2.% 4 hAEE 1 BT T RS ARTA T TX R TR FARKA TR A
T * & F % (Introductory power system: generation, transmission and distribution, electric
transients, electric safety, power quality, standby power and some special electric power systems) -

34T AR I HFLEMME DRAERBME - 5 RE BiE 5 (Introductory power
electronlcs. power semiconductor devices, switching power supplies, motor drives) o

4. % ¥ ¥ (Electric machinery) :

(1) BB & 17 ~ X A BABE S 4 17 (Magnetic circuit analysis, permanent-magnet magnetic circuit analysis) -

(2) % /& ® (Transformers) o

) HEsHF2 % f# ~ SR¥ 2 gt (Stepping motors: Structures, driving control and applications) -

(4) =+ 5 F %2 %7 ¥ (DC motors and generators) -

(5) & 5 i 2 % 7 % (Synchronous motors and generators) o

(6) r* & 5 i 2 % = 5 (Induction motors and generators) o

(MenaEfpEEz d *“its;%\i’{ % 2. & * (Brushless DC motors and their applications) -

(8) B Rzt 52 H s 3F5k 5 iE (Switched-reluctance machines and other special machines) °

(9) B i£ 2 SoC F i )ii’“ﬁf'l 2tk (e Bz 85 E) (Solid-state stepping motor driving
control experiment, solid-state DC motor speed control experiment (optional)) -

I ~ =4 % % (Evaluation) : i ¥ (20%) ~ # ¥ ¥ (40%) ~ ¥ % ¥ (40%)
(Exercise 20%, mid-term test 40%, final test 40%0) - 2

‘"



T ¥ # #* (Electric Machinery)- Introduction to Electrical Power Engineering

* 2 (Users)
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G b ¢ Transmission >¢ Distribution b ¢ @ 5 iF
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Renewable and distributed
power sources 7. ‘ 3 ¢ TR
(Micro-grid system) S5C Heater

Interconnected operation via
proper synchronization and
management controls
(Anti-islanding, LVRT )
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Islanding: (en.wikipedia.org/wiki/lslanding)

Islanding is the condition in which a distributed generator (DG) continues to power a
location even though electrical grid power is no longer present. Islanding can be dangerous
to utility workers, who may not realize that a circuit is still powered, and it may prevent
automatic re-connection of devices. Additionally, without strict frequency control the
balance between load and generation in the islanded circuit is going to be violated, leading
to abnormal frequencies and voltages. For those reasons, distributed generators must detect
Islanding and immediately disconnect from the circuit; this is referred to as anti-islanding.

A common example of islanding is a distribution feeder that has solar panels attached to
it. In the case of a power outage, the solar panels will continue to deliver power as long
as irradiance is sufficient. In this case, the circuit detached by the outage becomes an
"island". For this reason, solar inverters that are designed to supply power to the grid are

generally required to have some sort of automatic anti-islanding circuitry.

Low voltage ride through (LVRT) (en.wikipedia.org/wiki/Low voltage ride through)

In electrical power engineering, fault ride through (FRT), sometimes under-voltage
ride through (UVRT), or low voltage ride through (LVRT), is the capability of electric
generators to stay connected in short periods of lower electric network voltage (cf. voltage
dip). It is needed at distribution level (wind parks, PV systems, distributed cogeneration,
etc.) to prevent a short circuit at HV or EHV level from causing a widespread loss of
generation. Similar requirements for critical loads such as computer systems and industrial
processes are often handled through the use of an uninterruptible power supply (UPS) or
capacitor bank to supply make-up power during these events.



https://en.wikipedia.org/wiki/Distributed_generation
https://en.wikipedia.org/wiki/Electrical_grid
https://en.wikipedia.org/wiki/Utility_frequency#Stability
https://en.wikipedia.org/wiki/Photovoltaic_array
https://en.wikipedia.org/wiki/Power_outage
https://en.wikipedia.org/wiki/Irradiance
https://en.wikipedia.org/wiki/Solar_inverter
https://en.wikipedia.org/wiki/Electric_power_transmission
https://en.wikipedia.org/wiki/Voltage
https://en.wikipedia.org/wiki/Voltage_dip
https://en.wikipedia.org/wiki/Wind_turbine
https://en.wikipedia.org/wiki/Photovoltaics
https://en.wikipedia.org/wiki/Cogeneration
https://en.wikipedia.org/wiki/Uninterruptible_power_supply
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Electric machine applications

1. Static machines:

(1) Inductors: Power passive filters; Signal filters; Energy storage
component; Super-conducting energy storage system; Lifting
systems.

(2) Transformers: Voltage/current transformations; Impedance
transfer; Galvanic isolation.

2. Motional machines (Rotary/linear):

(1) Types: (a) DC machines. (b) AC machines: single-phase/
three-phase; Synchronous machines and induction machines.
(c) Special machines: Stepping motors; Brushless DC motor
(BDCM); Voice coil motor (VCM).

(2) Air-conditioners; home appliances; Cooling fans; Pumps;
Blowers; Elevators/Escalators/Moving sidewalks; Robotics/
Automation equipments; Electric bicycle/Electric scooter/
EV/E-bus; Rall trains; Electric tools; Green generators; Wind
generators, Traditional generators; Flywheels; Solenoids/
Relays/Valves/Pistons/Sterling engines. .
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— X g3 (Permanent, PM)

£ ¥ 7 (Long shunt)
72 1 B3 (Short shunt)

Z #§ ;¥ (Differential compound)

B oo [ # ks (Separately excited)
— I % (Shunt excited)
— B3 —1— B g (Series excited
(Self oxcited) a )
i —
L A
— AR
(Compound) —
? — E'l:;?}e
(Cumulative
compound)
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= 1F
H 4p
SR e o
_[ ¥4 3% (Wound-rotor or slip-ring)
= & # ;% (Squirrel-cage)

— I+ # # (Synchronous machine)

— RRESE —

(Induction motor) — 4 #p B £ (Split-phase motor)

— 7 % 5 i (Capacitor motor):
Capacitor-start
— i —]  Capacitor-run _
(Bl4E3Y) Capacitor-start, capacitor-run
— jci& 5 & (Shaded-pole motor)
— & * (& * )5 £ (Universal motor)
(P s i)
— ;;I_ 18

# & 5% i (Stepping motor)
7 & A FE 5 iE (Switched-reluctance motor (SRM):
('f;\,_'ﬁ B3y R R %@Ppﬂjﬂi%é—)

— oA RS (Brushless DC motor, BDCM)—E & S R (5 5)
(% ﬂ}g @:; R B2 S 13;,!5) B PPRERD (52 7Y)
— ® &% 5 £ (Direct drive (DD) motor) :
Possess high and smooth torque at low speed, no gears are required.
— 1+ 5 £ (Linear motor)
— & B .5 :£ (Voice coil motor)

— 4z 5 4 5 i (Ultrasonic motor)
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Rail train powering system (#uig 2 475 £ 5pd i T & 5t)

DC source or single-phase AC source

Rectifier Filter Inverter

k|

v -

11



Shinkansen series N700

AC 25kV, 60Hz, 1¢

\>3 Main power converter (Cl)

DC3000V

* Traction motor (MM)
305kW, 2300V
| JE; JI;I J 1 100A, 110Hz
o 3260r/min
Secondary winding Max. 5720r/mim
wire : AC1520V | ZS ] ZS ZS - ZS | ZS |
847A
! (
Main transformer < | \
(MTr) 5150kVA : _ 2 B L
i ng N J% N AN n N ng
I
l g [
Tertiary winding | | | = J |
wire : 450kVA
3 level PWM converter 3 level PWM inverter
Q ,
O Configration of IGBT : 2S2P4A Configration of IGBT : 2S1P6A \
IGBT : 3.3kV 1.2kA IGBT : 3.3kV 1.2kA
Carrier frequeucy : 1500Hz Carrier frequeucy : 1000Hz (synchronous)
(

Proplusion system for Shinkansen series N700
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Electric VVehicles

Electric vehicles are transportation devices whose propulsion systems
(EV inverter) and/or auxiliary functional systems are primarily
controlled by conversion of electric power to mechanical power and
often include other electrical to electrical conversion components.

On-highway Off-highway Small task Personal transport
applications applications oriented vehicles devices

- Electric cars « Agricultural * Carts « Electric bicycles

* Buses + Construction « Utility task vehicles (pedelec)

* Fleet and delivery
vehicles

» Semi-trailer trucks

* Mining
 Material handling

* Marine equipment

(TI C2000TI C2000™MCUs for EV Powertrain)

« All-terrain vehicles

« Electric scooters

- Somatic control

(seif-balancing)

« Electric wheelchairs

- Electric skateboards

14



Power control unit (PCU)

Bidirectional DC/DC converEer 201.6V - 650VDC

888y

— <

53.8k

capacitor | -
|
|

Smoothing
capacitor

=P Power flow
(I Reduction

gear

Power split
device

Filter
capacitors

A 4

engine

e

Fuel
tank
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Siemens ELFA Drive

Inverter

| = |

L

=t

L1

System for Hybrid
Electric Vehicles T
Type Characteristics
Rated DC Voltage 650V
Operating DC Voltage 300—-700V
Rated Current 250 A
Rated Power (@ 650 V 200 kW
Max. Current (10 s) 350A

Dimension (L x W x H)

411 x 454 X 183 mm

Ambient Temperature

-25%C to0 50°C

Max. Switching Frequency 10 kHz
Cooling Media Water Glycol
Weight 30 kg

M/G

_One-leg
bidirectional
boost-buck
converterl

16




Infineon’s technology trifecta for power designs

of today and tomorrow
CoolMOS™ 7 - CoolSiC™ - CoolGaN™

Infineon has the solution for your applications
Pt [W]
L3

1aM

Key features

Silicon (S1)
» Mainstream technology

M

Silicon carbide (SiC)

» Reaching tipping point

» Targeting voltage classes
ranging from 600V to 3.3 kv

» High power

Il ™= photoeoRaic Inverter
1] 08L = onboard charges

Galbum nitnde (GaM)

» Lower cost than SiC

» Targeting voltage classes
ranging from 100V to 600 V

» Medium power

1ok

1k

¥ .. [Hz]

1o0M



Impact of SiC and RC-IGBT
on Drive and Power Supply

[F= Fuji Electric

Fuji Electric Contributions to xEV 957 i
2in1IPM ——— Module 14 in 1 IPM
HEEN Dy
(" Productioh &
Production Inverter Production
Buck boost " ‘ 2 Inverters
converter with buck boost
converter

Company H : HEV/PHEV
Company T : HEV

.

Power chip for double side cooling |
system

Production .
Power chip by Fuji Company D : HEV




: : : : [F= Fuii Electric
Application Examples of SiC Devices Innovaing Eneray Technoogy

2016 2017 2018 2019

CY2012 2013

2014 2015
* Power Supply

650V SiC-SBD R
Discrete
SiC-SBD * EV charger
1200V SiC-SBD
* General purpose INV £+ * Traction propulsion * UPS =8

< 600V,1200V SiC 3300V SiC 1200V SiC :
Si1C-SBD Hybrid Module Hybrid Module Hybrid Module == -
Hyzri'd * Servo, Robot =
Module 1200V SiC * HEV Racing Car

Hybrid Module ™ 1550
Hybrid Module

* PCS * Mega solar PCS

* IP6x INV
1200V Trench .

_ 1200V 1200V All-SiC Module
All-SiC All-SiC Module All-SiC Module
Module # Premium INV
# APS and Inverter
for traction
1200V Trench

All-SiC Module



Next Gen. Shinkansen Use Hy-SiC Modulemea?ngi%'rimy

© Rectifiers and inverters in N700S propulsion systems utilize SiC-Hybrid modules.
% Trial operation started in April, 2018

AC25kV, 19, 60Hz

. N I
S i =ATialal
oiL-nyoria

~

Transformer

Converter Inverter

Induction Motor
@._ Inverter

Photograph by Central Japan g:l

Railway Company

@—
O
O
N700S Test Train Driving System for Trains

3.3-1.8kA Rated Comparison with

conventional N700A
Volume : 410%

Weight : 413%

190x140mm
SiC-Hybrid Module Converter Inverter

B T i % 1ol AN bl oo onamisd m 1A



Home air conditioner trends

Condensor
""" Evaporator Heat Exchanger
Heat Exchanger Outdoor
| Fan \
' = Expansion
[ o = _ Nl Valve ™\
L p— B R
Nl & -~ P
N/ |
\ )
\ 2 -
\ Z
\l i — Blower Fan
Compressor
Indoor Unit Outdoor Unit

Trends:

« 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).
« DSP or ASIC + microcontroller, or FPGA + microcontroller.

www.irf.com/technical-info/whitepaper/mce_digitalpfc_ac.pdf 21




Electrical tools

DEWALT £ &

DCF886 =

18V i BT R 7 (M E)
* +57 %A

o EBiRHEEE - mARE

« MHOne Touchth & ILER

DCF895

1BVERRTREFH(=E)

* =R R (561001 704-88:%)

* BFmER

» WiE=FAHTLEDIR - o EMSIREE -
BHRE TiEAEE

& 165Nm
* DCF8B6P2W ERRBIERRTEFH , T
L
L=
— EEEDOED
BE 18V
Wit XRiZER
WEAR~F B.25mm
T 0-2800 FFM
HHETER 0-3200 BFM
BN 165Mm
LED AFELEDR 205 EER
ERT&®E 0.9kg
EEEE 140x228mm

=S 8REEEEE

nE

L ] XRiEAn

Hh 170Nm

BrEE 3
SodYRAR 0-2850 /1000 /950 RPM
B ENER 0-3300/24004 300 BPM
ER(TaRE) 0.97kg
EExEE 152x205mm

18V R i B HE T
» BRI RiE EW I RASTY
o ERTENE, 5] RGN E R

« | SEHR NI

» 20EMEELED - BriSBiandm e

18VERRIREIEREME TH
» B SEINE N W R ST %

* BREEDEH TRRNER

« 15EHT Y

* 20FSHEMLED -« [y Bl M o0 s i

oE
wis

hiE

e
R
T e
#xiin
BT —E
ERTERE)

LED

EExEE

1.5-13mm
2B
(-600/2000 RPM
BO/22Nm
35813mm
1.2kg
;]
182 x 227mm

._-'

— WEIEEREEEE)
nE 18V
T ¥R iEER
Tha SBOW
EmET 1.5-12mm
| 23
SRETREEE 0-500/2000 FPM
S ETEN 0-10200/34000 BPM
#oilh B0/23Nm
:g&h‘f&jﬁ o 3813713mm
ERTERE) 1.24kg
LED 20RER
EEEE 108 x 245mim
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DEWALT 5 &

| BRUSHLESS
MOTOR

Bl 5
BFRWEHEERRAS
HAOEIAE + o7 AIRF T RAY
EARMR TFR®

rexna:
1% e

xRl 5iE

BB RRIR A -
EARS AR

e B 5 Al W
RIERES

FASTENING RUNTIME

izl V.S. 5z Rl

DCD790 ~ BRUSHLESS VS.
18VRERIBRERETS \. i BRUSHED DRILLS

2.0Ah XRESH
1,800
1,600
1

1

1 :
DCD780

1 1sVEREREFR
1.5Ah XREPEH

23



Einhell Germany AG

CORDLESS DRILLS 18V

& 2-SPEED METAL GEAR BOX
The 2-speed metal gear box
delivers plenty of power in the
low speed range for screwdriving
work and high speeds for fast
drilling

enables tools to be changed

QUICK STOP-FUNCTION
quickly and easily ’

ADDITIONAL HANDLE
Comfortable working and less
strain on the joints during oper-
ation

‘i’_lhl".'

METAL DRILL CHUCK '—‘

WITH LOCK FUNCTION
Safe fixation of the drill bit

BRUSHLESS MOTOR
More power and prolonged
operation

BRUSHLESS \
i
K

BELT CLIP

The driver can be kept securely
on the belt even in difficult work-
ing positions

Cordless Drill
TE-CD 18 Li Brushless

INTEGRATED LED
Well illuminated work area even
in poor lighting conditions

POWER X-CHANGE »——
LITHIUM-ION BATTERY

The rechargeable battery can be

used in all the devices from the

Power X-Change family

MEL
GNRELL o,

BRUSHLESS

MORE POWER

LONGER OPERATING TIMES
LONGER SERVICE LIFE
MORE COMPACT DESIGN
MAINTENANCE-FREE

BRUSHLESSENERGY - MORE EFFICIENT WORK.

0
szosre péoer*

0
G

more
operating time*

dOO %

more servicelife*




Peripheral cooling fans CPU cooling fans
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‘h Agigk 4+ (Outerrotor) ~ p 7 f% %+ 5 i

m AT (Outerrotor) s P 22T » THREERE? N
(Concentrated) » £ S SEf i i & - éﬁz‘a‘ﬁ ol o~ T OEAN
ARG 5~ AR = :‘5«%@% WE GRS ZF BT
AR A ZEEAS A g 27" ¢: aﬁfﬁélﬁt(mpple
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/

Inner
stator

Rotor yoke

Outer
PM rotor

www.osti.gov/energycitations/servlets/purl/885638-y9YVQx/885638.PDF
26



Elevator traction motors

B Key features of motors:

Motor drive must have high reliability.

Higher torque for accelerating elevator car and smaller
ripple torque to yield comfortable ride.

Compact and thin motor structure for meeting the
machine room-less requirement.

Motor type: concentrated armature winding PMSM:

the used PM should posses high long-term
resistance to demagnetization. The temperature
coefficient and aging effect should be considered.

Mitsubishi Electric ADVANCE, vol.103, pp. 2-4, 2003.

3.7KW, 93rpm

27


http://global.mitsubishielectric.com/pdf/advance/vol103/02_TR2.pdf

4/ - Shaft ventilation
Typ I Cal Frequency _ - Control cabinet
- converter e
conventional votor L B
traction lift Gearbox —| .
(Elevator) _ o 1k
isplay —
Door motor 4’{ — Car lighting
Desnion E.I.
[AB) ;’ car
' —
=
.
=
=
ﬂ - Counterweight
https://ec.europa.eu/energy =
/intelligent/projects/sites/ie
e-projects/files/ |

projects/documents/e4 pu
blishable report en'pdf Figure 2-2. Simplified representation of a typical conventional traction lift installation (source: Fraunhofer ISI)




Floor covers

Balustrade profile
(designF) —

Typical moving
walk (Escalator)

Combplate lighting

Balustrade clamps

Balustrade panel

Handrail -

Inner decking

Outer decking - "

Lateral cladding

" Pallet chain

Truss

Handrail entry

\ Pallet chain tension carriage
Control cabinet Combplate \

Truss soffit

Figure 2-8. Typical moving walk configuration (source: Schindler)

Control cabinet

Flywheel

Service brake

s

__— Motor

—Reduction gear

"~ Drive chain
" Drive shaft

" Handrail drive

Handrail pressure belt

Handrail tensioning device



Appendix: Introduction to Automation, Robot and Servo Systems

Architecture of Industrial Automation Systems

The Architecture of Elements: The Automation Pyramid Industrial automation
systems are very complex having large number of devices with confluence of
technologies working in synchronization. In order to know the performance of
the system we need to understand the various parts of the system. Industrial
automation systems are organized hierarchically as shown in the following figure.

" — — — — — — —
Industrial

IT
Level 3 Production

- wm| Level2 Supervisory
Control

Level 1 .
Industrial Auto Automatic
Control

Level 0 S -
ENnsors
Actuator

35

Process

nptel.ac.in/.../pdf/L-02(SM)(IA&C)%20((EE)NPTEL).pdf 30




I:>:> Sensors and Actuators Layer: This layer is closest to the processes and
machines, used to translate signals so that signals can be derived from
processes for analysis and decisions and hence control signals can be
applied to the processes. This forms the base layer of the pyramid also
called ‘level 0’ layer.

|:>:> Automatic Control Layer: This layer consists of automatic control and
monitoring systems, which drive the actuators using the process
information given by sensors. This is called as ‘level 1’ layer.
Supervisory Control Layer: This layer drives the automatic control
system by setting target/goal to the controller. Supervisory Control looks
after the equipment, which may consist of several control loops. This is
called as ‘level 2’ layer.

Production Control Layer: This solves the decision problems like
production targets, resource allocation, task allocation to machines,
maintenance management etc. This 1is called ‘level 3’ layer.

Enterprise control layer: This deals less technical and more commercial
activities like supply, demand, cash flow, product marketing etc. This is
called as the ‘level 4’ layer.



Motor drive research fields: Level O + Level 1

Rectifier VVVF
(SMR, charger) Inverter 3¢
voltage
2o T Y ac )
Level 0 AC v k
Battery and ’
r-=—=—=-= T —I Capa():/itor f
_ . Jsolation - _ _[isolationand | | _ _ _
. Interface 1 driving
“““““ ‘ 1T
Switching
Level 1 Command =) Controller —> §8€£{€é

T

'T‘ Current feedback

Velocity and/or position feedback

» « DCM and stepping motors: Education courses and experiments.

" « Research:

- Synchronous motors: (1) PMSM: Wind generator, prime-mover
emulator, EV drive, cooling fan, air-conditioners, etc. (2) SynRM:
EV drive, wind generator, flywheel drive, industrial drives, etc.

- SRM: EV drive, wind generator, cooling fan, flywheel drive,

industrial drives, etc.

- IM: Wind turbine emulator and EV motor drives.




Traditional aircraft power system

> In atraditional airplane, the jet engine is designed to produce thrust and to
power the pneumatic, hydraulic, and electrical systems (Figure 4).

\Ir Jet Fuel

Lﬂ > Thrust for Propulsion
l A 4

Gearbox-Driven Units High-Pressure
Air from the Engine
d (Bleed Air)
: Hydraulic J’
Oil Pump Pump Pneumatic Loads

Such as Environmental
Control System

Other

. Pneumatic
Electric Load
ectric Loads Starter

Figure 4. A traditional aircraft system.

Accessories



More electric aircraft (MEA) power system

> In an MEA system, the jet engine is optimized to produce the thrust and electric
power. The electric machine is used for starting the engine and generating
electric power. Most of the loads are electrical, including the de-icing and
environmental control systems. The fuel, hydraulic, and oil pumps are all
driven by the electric motors.

L Jet Fuel

Jet Engine ——> Thrust for Propulsion

Generator Can Be Mounted to the
Shaft as Embedded Generator (or on
the Gearbox)

Generator

Power Converter (ac to dc)

h 4

Y Y Y Y Y
Power Converter || Power Converter || Power Converter Power Converter || Power Converter

Qil, Hydraulic,
and Fuel Pump
Motor

Traditional
Aircraft
Electric Load

Other Access
Loads

Electric De-icing Environment

Galley Loads Control System




4 2% 7 & %u(Wind generator system) 3 /i

B 5 AR B TRE T AR T T E
B s BRI R 2 L ke v ;’_E.:@_EV—? KR T
g?~ﬁ%mpﬁ7”i%ﬁ‘ﬁﬁiﬁﬁﬁﬁﬂ%ﬂﬁﬂ’%?
ik EElta o

Gear  Induction cAoﬁ\/,[e)ffer CE))rC\:\ngt:er Ug;[ ;Iilc;l[y
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B Requirements: Reliable (particularly for offshore WG), higher efficiency,
smaller volume and low weight, low cost, miniaturization, low vibration

and acoustic noise, etc.




Incorporated operation of EV to grid, microgrid and BESS

Interconnected operations of EV to grid, microgrid and BESS
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