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Overview: Power and Energy Sector

» Power Is the most critical component of
Infrastructure, crucial for nations’
economic growth and welfare.

» India’s power sector is one of the most
diversified in the world. Sources of
power generation range  from
conventional sources to viable non-
conventional sources.

» Electricity demand in the country has
Increased rapidly and is expected to rise
further in the future.
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Overview: Power and Energy Sector

GTD: Generation, Transmission and Distribution

GTD
Electric Micro
Vehicles Grid
Power
Energy
rere) Sector
Storage Sénr?drt
Elements
Power
Electronics

Converters



Power Generation, Transmission and Distribution System
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Smart Grid Components

New sensors -
synchrophasors

communication systems

Integrated ]

Smart grid
components

Demand response

Distributed power
utility rates

generation




Net Zero Emissions

“Net zero emissions” refers to achieving an overall CARBON NET Z ER‘

balance between greenhouse gas emissions produced
and greenhouse gas emissions taken out of the
atmosphere.

MAKE
THE
CHANGES

MAKAGE Think of it like a set of scales: producing greenhouse gas

DEMAND emissions tips the scales, and we want to get those scales
back into balance, which means no more greenhouse gas
can be added to the atmosphere in any given year than is
taken out.



Current Research Areas in the Power Sectors

Non-renewable
Renewable

HVDC
HVAC

Smart Grid
Micro Grid

-

Any type of
Loads
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Mass Transport Energy Conversion

Metal-air batteries

&

Solar Energy

Advanced
Energy-
Storage

Batteries

Transport
Energy

Advanced
Power
Batteries

Storage
Batteries

Secondary Zn batteries
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Development in Power Electronics Technology

1st generation ]_ v 1957 —
e Thyristor

k 2nd generation J 1970s

e GTO,GTR,BJT
e Power MOSFET
Thyristor

" 3rd generation ) 1980s

e IGBT,MOSFET

Technology

20005~

Research

e Circuit topologies

e Modeling and control
e Gate driver

e Digital control

Features
e Switching frequency

e Power losses
e Power density

1CS

Ir 4th generation ,

e High-performance
IGBT,MOSFET

e Wide-bandgap devices
(SiC,GaN devices)

Characteristics

Power Semiconductor Devices

Power Electron

e Switching times

e [osses

e Power stress

® Cost

e Temperature ranges

e Controllability

e Reliability and Lifetime

Reliability-oriented

4

Research

e Topologies and control
e Gate driver

e Packaging

e Thermal management
e EMI and EMC

® Modularization

Features

e Reliability and lifetime
e Smart and intelligent
e Renewables application

Z. Tang, Y. Yang and F. Blaabjerg, "Power electronics: The enabling technology for renewable energy integration," in CSEE
Journal of Power and Energy Systems, vol. 8, no. 1, pp. 39-52, Jan. 2022
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[ Configuration of a Typical Grid-Connected RES with Power Electronics Converters

Flexible Power Flow
< >

Aﬁ |\ % 2/3 J 2/3
Renewable Energies P”Wﬂ, Electricity Grid
5 Electronics -
- iy |
Storage _ Itgeulg?t Iq Appliances/loads
Batteries References ontro Industry
Measurements Communication
(Feed back)

Z. Tang, Y. Yang and F. Blaabjerg, "Power electronics: The enabling technology for renewable energy integration," in CSEE
Journal of Power and Energy Systems, vol. 8, no. 1, pp. 39-52, Jan. 2022 14



General Control Structure for Wind Power Systems

Gear/Gearless

Y

Wind
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-

Basic Control
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Grid Synchronization ‘

O

Wind System Specific Control

(MPPT ] [Power Limiting' [_Pich Angle Control] [ Power Quality ] 4

[Inertia Emulation]

Advanced Feature

Power Oscillation
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J [Fault Ride Through]

‘ Grid Support] [ Energy Storage ] [Black Start J [ Protection ’

Control and Monitoring

Supervisory
Command

Z. Tang, Y. Yang and F. Blaabjerg, "Power electronics: The enabling technology for renewable energy integration," in CSEE
Journal of Power and Energy Systems, vol. 8, no. 1, pp. 39-52, Jan. 2022
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General Control Structure for Grid-Connected PV Systems

__ PVamy

=

Transformer Grid

(C==)
4
4
4

Filter DC/DC Dé—link DC/AC Filter
o
T I e | KF 1

DC Chopper
£

LL

Pulse Width Modulation (PWM) Signals

- !
. '
: =4
» E 5 E Basic Control
2 R Iy Voltage/Current Control Grid Synchronization
cwmt | —
o E :
§: = Vpv PV System Specific Control
S g —’v — pr— . : — Seamless
é’ : A ___dc J MPPT Anti-islanding Protection Power Quality Transition
<! [
§ ! e ST » Advanced Feature
e .Y ‘ Panel Monitoring ] { Inertia Emulation ] Weather Forecasting]
Energy Storage ‘ ] Black Start ’ ] Low Voltage Ride-through }
g TR . Flexible Power Control | ‘ Power Oscillation Damping }

Control and Monitoring

+——CD—M)

Supervisory
command

Z. Tang, Y. Yang and F. Blaabjerg, "Power electronics: The enabling technology for renewable energy integration," in CSEE
Journal of Power and Energy Systems, vol. 8, no. 1, pp. 39-52, Jan. 2022

16



6\

Electric Drives and Electric VVehicles
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What is an Electric Drives

| |

*» “Systems employed for motion control are
called drives”

** “Drives employing electric motors are known
as electrical drives”

| |

¢+ To control the speed and torque of the electric
motors

Applications of electric drives

Celling fan Refrigerator

Lift Vacuumed cleaner Ship

18



Introduction: Electric Drives

Power processing unit Electric Motor
(Ac-Dc, DC-AC, AC-AC, DC-DC) (m, be, PMSM, BLDC, SRM etc. )

Loads
(AC and DC) (Electric vehicles, fluid
— . ___ flow, compressors,
B BB RBR refrigerator, etc.)
Reference P :‘5 @ _;/' ,
signal yad ‘ EQ
(Speed and R WS =7 %
Torque) B ,
Controller Sensors
(FPGA, DSP) (speed, torque, voltage, current)

19
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Introduction: Electric VVehicles

> Transport is a fundamental requirement of modern life, but traditional Internal combustion (I1C)
engines are quickly becoming outdated.

> Petrol or diesel vehicles are highly polluting and are being quickly replaced by fully Electric \ehicles
(EVs) and Hybrid Electric Vehicles (HEVS) (see Fig. 1).

IC engine

Fuel tank

'| ‘ L T g
f N

—

e >

Motor/Generator
BLDC motor, PMSM
& SRM

System for hybnd

—

vehicle

Power electronics
circuits

Energy storage
system

Software
DTC and FOC

Hardware
FPGA & DSP

Fig. 1. A schematic layout of EVs and HEVsS.



Components of Electric Vehicles

4 »
. -.'lr 1 1 %
Accelerator : Electric propulsion subsystem (m :
o |
1 1
. | Electronic Power Electric ™ Mechanical )
Q"“: cnntrnller converter motor | transmission )
1 |
Brake : :
1 Wheel !
% i
o D e L g 1"
P e e S
[ Energy N ﬁu}ﬂllar},r Power steering| !
| | management :—:I* power unit |
. unit L SUPPIY :
I = 1
| Energy | |
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1. C. C. Chan, “The State of the Art of Electric and Hybrid Vehicles.” Proc. IEEE 2002, 90, 247-275, 2002.



Conceptual EV structure and components

Power Electronic
Motor and
C.o.mpo.nents for Transmission Sty
Bidirectional flow Pack

Cooling mechanism
Power Electronic
components

\ "4 2 \\\\\\\\\\\
' S

Onboard charging
system
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Benefits of Electric VVehicles
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Issues with Battery Operated Vehicles

1. Ssizeofthe Battery

2. Charging Time of the
Battery

3. Not Possible to Long
Drive

/

24



Introduction: Green Hydrogen Technology

» Green hydrogen is hydrogen that is generated by renewable energy or from low-carbon

POWEr.

» Green hydrogen has significantly lower carbon emissions than grey hydrogen, which is
produced by steam reforming of natural gas, which makes up the bulk of the hydrogen

market.

el L
==
Y

Renewable Getting ‘ A '

electricity electricity to H, Distribution & Net zero

generation an electrolyser storage of emissions
electrolyser hydrogen

Source: https://www.sciencedirect.com/science/article/pii/S036031991732791X 25



https://www.sciencedirect.com/science/article/pii/S036031991732791X

Schematic Layout of Powered by Hydrogen FCEVs

Renewable energy sources
(Solar, Wind and etc.)

a Hydrogen Hydrogen .
Converter electrolysis : Y gt ank Power electronics
process SHOrase converters + Battery

Hydrogé—ﬂ fuel cell EVs

Electric motor

26
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Vehicles to Grid (V2G)

AN

Batter Charging
Technologies

Batter Battery
Technologies

Wireless Power
Transfer

AN

Green Hydrogen Fuel




G2V and V2G Power Flows Block Diagram

Utility Grid Fast Bi-Directional EV Charger Inverter

N




Challenged of G2V and V2G Operation

29
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Battery Management System (BMS)
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Battery Management System (BMS)

Power management

| Current & voltage
control

monitoring

Cell balancing &

Discharge & charge e
equalization

control

Thermal

Fault diagnosis & ' management
assessment

Battery protection State estimation
& data acquisition (SOC, SOH, SOT, etc.)

31



Comparison of Battery

)

Energy density (Wh L

1200 A

1000 +

800 -

600 -

400 -

200

Smaller size —>»

Jv Ni-MH Lighter weight —»

200 400 600 800
Specific energy (Wh kg™)

>
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Research Trends in EVs

(ICE. plug-in.
and gasoline)

gasoline)

Hydrogen

(Plug-in) and fuel cell)
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Industrial value chain and circulation of rechargeable batteries for electric vehicle mobility

Module  Reassemble for voltage
=2, or capacity requirements

» ; Wind Solar

Refabricate
Pack O S5 Clean energy storage, backup
= VX0, Y — Resell _ batteries, or grid stabilization

— NS N
\/\//

Energy capacity Recycle
available for a ’

secondary use L= )
L L ¢ > 2 Step 5

Vehicle integration

B Grid Step 6
' Recycling or
second life

Environmental friendliness by
recovering useful resources = Step 4

it Pack assembly Recycle

A Step 3

O,
Module production ( “=

Bal(er_\f pack

Electric vehicle
Step 2

Cell production
Step 1

Material processing

Component production
P P Battery module

Chip Power converter
(Control and
information)

Battery management
system

Component
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Acoustic Noise and Vibration in Electric Drives




Introduction: Acoustic Noise and Vibration in PMSM Drive

-~ ~

sources sources

{Electromagnetic Aerodynamic]

—

transmission J/— ' —

[St t ‘ A ]soundradiation
ructure efficiency

@—L Sensing ability ]

Fig. 1. Noise generation and propagation in
electrical machines.

efficiency

> Acoustic noise Is an audible sound
which is undesirable.

» Vibrations may be perceived
directly where they are
transmitted to the body through.

Source: J. F. Gieras, C. Wang and J. C.S. Lai, “Noise of Polyphase

Electrical Motors”, Taylor & Francis Group, 2006. 36



A SPWM-based Vector Control Technique for PMSM Drive

-----------------------------------------------------
- ~

i Controller environment “ [ DC power ]
/ \\

HH

Speed [/

!
I
I
: " eController I{ A
D I ]
I .8/
— el R 3-0
: o T° :' ! '.ft
: I'=0 o~ ! PWM | overer
! 4 i PI :
: -] | '
: : — i |
: = : = )
[ I 4 ! |
I ' ! |
| : — ! Y| L
I : Is ! |
: ol a.p 2,b,c| 1 ' y
| i R
: : ~ Park lark : :
: ! Stne/cosine ! :
l \ of flux ," :
: \\\ J ’t . . |
\ == el
\ Controller L, I /' Reference speed o
\\ ‘ L4
. \, 2

-----------------------------------------------------

Fig. 2. A SPWM-based vector control design and control system for a PMSM drive.



An Experimental Setup of PMSM Drive

Auto 3-® V&l
Transformer Inverter S _
— —— e, . PMSM  Microphone
* T .
3.0 :_ ._ 5
Rectiﬁer tallunnguunngs® %
( e
FPGA E
controller a
\,

llllllllllllllllllllllllllllllllllll

i V: Voltage sensors o

' I Current sensors PMSM & sensors inside

: : Computer ;

- ] ' acoustic chamber
/N

Fig. 4. An experimental set-up for an analysis of acoustic noise

Fig. 3. Schematic diagram of experimental set-up.
J J P P and vibration of PMSM drive.
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An Experimental: Results and Discussion

30

=

20

III J’U'DI
0.4 0.5 0.6 07 08 09

Y

,, : : . . : : T T T T T T T T T
oo VAV
Refer. speed ol ]

Actual speed H

=

G-

IIIIIIII
AR

-——
=

f"w

.2 0.22 0?4

022 0.24 1] o1 0z 0.3 o< 0.5 0.6

(
Torque (N.m)

(1] o1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 0 .1 0.2 a3 o o= 0.6 o.F o.E oo 1
Time (s) Tone {sh

(c) (d)

Fig. 5. Experimental results of sensored-based PMSM drive: (a) three-phase stator voltage and (b) three-phase stator

current, (c) steady-state speed response and (d) steady-state torque response.
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Introduction: Acoustic Chamber [1-2]

Why Acoustic chamber??? { Electric ]
» Nowadays consumers demand more smooth and
silent devices, whether it Is a computer, power
electronics gadget and etc.

» Therefore testing of all devices one free-field
enclosure Is required.

» It provides a free-field environment, which is
nearly close to free from background noise and
humming noise.

[1] Determination of Sound Power Levels of Noise Sources: Precision Methods for { chamber }
Anechoic and Semi Anechoic Rooms, I1SO 3745:1977, ISO Standards Handbook,
Switzerland, 1990. Fig. 6. Pictorial view of acoustic chamber.

[2] R. Rusz, “Design of a Fully Anechoic Chamber”, Master s Degree Project Thesis,
2015. 40



Schematic Layout of Low-Cost Acoustic Chamber

25 mm

A coustic foam

Accelerometer : [ ' ' g
. % Microphone-2

Eleciric motor 11 {.}
1 L

Amplifier as a
noise source

762 mm

1524 mm

. Sound barrier sheet == Wooden ply (thickness of 12 mm)
(thickness of 3 mm)
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Experimental Setup Specification

TABLE. 1. EXPERIMENTAL SET-UP SPECIFICATION

Specification Item Value Unit Torque sensor Acoustic chamber
Power 1.07 KW
Rated speed 3000 RPM e
No. of poles 04 <
Torque 3.6 N-m
Current cont. stall 6.29 A
Rated bus voltage 300 \/
Spartan 3AN FPGA kit 20 MHz Clock
frequency
Peak current 16 A
IGBT based inverter stack 600 \Y R
30 A — o
Accelerometer sensitivity PMSM
(PCB Piezotronics 352C03) 10 mV/g
Mlcro_phone (1/2" free-field) Fig. 7. Acoustic chamber with sensors and PMSM
(National Instrument USB 20 kHz drive.
4432)
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Experimental Results and Discussion

Voltage (V)
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Fig. 8. Experimental results of PMSM drive: (a) Three-phase stator voltage response, (b) Three-phase stator
current response, (c) Steady-state speed response, and (d) Steady-state torque response.
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Experimental Results and Discussion

2
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z £
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=
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Fig. 9. Experimental results of PMSM drive: (a) time and frequency domain response of acoustic noise and (b) time

and frequency domain response of vibration.
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Mitigation Technique of Acoustic Noise and Vibration [3]

By Design
L

By Power
electronlc

Fig. 10. Mitigation techniques of acoustic noise and vibration of PMSM drive.

[3] A. M. Trzynadlowski, F. Blaabjerg, R. L. Kirlin and S. Legowski, "Random pulse width modulation techniques for converter-fed

drive systems-a review," in IEEE Transactions on Industry Applications, vol. 30, no. 5, pp. 1166-1175, Sept.-Oct. 1994. “



Random Pulses Width Modulation (RPWM) Techniques [3]

Randomized
Switching
Frequency

Hybrid Randomized
random Pulse
modulation Position

Fig. 11. Classification of random PWM technique.
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Pseudorandom Carrier Modulation Technique [3]

Carrier 1 ' T
Carrier wave wave (a) 0

2% 1 . 012 01205 0121 0215 0422 025 0123 01235 0134 01245 0125
N 5, Random Carrier

Multiplexer - frequency carrier Wave 1800 1 T T T
E ol
VA i\ Phase (b) | |

Carrier wave 1 L | | | I | | | |
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Fig. 12. Block diagram of pseudorandom carrier modulation Fig. 13. Intermediate waveforms for pseudorandom carrier

technique. modulation technique.
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Simulation Results and Discussion
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Fig. 14. Simulation results of three-phase PMSM drive: (a)
pseudorandom PWM switching signal for three-phase inverter
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Simulation Results and Discussion
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Experimental Results and Discussion
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Experimental Results and Discussion
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Fig. 17. Experimental results of acoustic noise and vibration during steady-state speed response of PMSM drive: (a)
Time domain spectrum of sound, (b) Frequency domain spectrum of sound, (c) Time domain spectrum of vibration and

(d) Frequency domain spectrum of vibration. .
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Fig. 18. Experimental results for sound and vibration during dynamic speed operation of PMSM drive: (a) Time
domain spectrum of sound, (b) Frequency domain spectrum of sound, (c) Time domain spectrum of vibration

and (d) Frequency domain spectrum of vibration.
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Comparison of SPWM and PTPWM Technique
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Fig. 19. Comparison of torque ripple of

PMSM drive.

BE

TABLE. 2. COMPARISON OF AcousTic NoISe oF PMSM DRIVE
%0 of

SPL (dB

SPWM PTPWM  [=le(Fleio]aNoj;
technique technique BRETEOIPE (o
noise
1 48 37 22.92
1.5 52 42.23 18.79
2 59.5 48.45 18.57

TABLE. 3. COMPARISON OF VIBRATION OF PMSM
00 of

SPWM PTPWM B :lelfwile]y
technlque technique [e)iYilelg=Nrlol)
0.9 40.12
2 1.5 28 1.2 53.4
2 3.2 1.7 46.2
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