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Syllabus...

Power Devices & Circuits : Sem. VI, E & TC Engineering (SPPU)

Teaching Scheme

Theory : 03 Hrs/Week

Credits

03

Examination Scheme
In-Sem (Theory) : 30 Marks
End-Sem (Theory) : 70 Marks

Prerequisite Courses, if any : --

1 Basic Electrical Engineering
2. Basic Electronics Engineering
3. Electronic Circuits

4. Electrical Circuits

Companion Course, if any : Power Devices & Circuits Lab

Course Objectives :

1. To introduce different power devices viz. SCR, GTO, MOSFET and IGBT with construction, characteristics,

repetitive and non repetitive ratings and typical triggering / driver circuits.

2. To understand working, design and performance analysis and applications of various power converter circuits

such as ac to dc converters, inverter and chopper.

3. To know various protection circuit requirements of power electronic devices.

Course Outcomes : On completion of the course, learner will be able

CO1: To differentiate based on the characteristic parameters among SCR, GTO, MOSFET & IGBT and identify

suitability of the power device for certain applications and understand the significance of device ratings.

CO2: To design triggering / driver circuits for various power devices.

CO3: To evaluate and analyze various performance parameters of the different converters and its topologies.

CO4: To understand significance and design of various protections circuits for power devices.

CO5: To evaluate the performance of uninterruptible power supplies, switch mode power supplies and battery.

CO6: To understand case studies of power electronics in applications like electric vehicles, solar systems etc.

(Book Code : PE146A)




Course Contents

Study of Power Devices :

Construction, VI characteristics (input, output and transfer if any), Switching characteristics of SCR, GTO,
Power MOSFET and IGBT, Performance overview of Silicon, Silicon Carbide and GaN based MOSFET and
IGBT, Various repetitive and Non-repetitive ratings of SCR, GTO, Power MOSFET and IGBT and their
significance, Requirement of a typical triggering / driver (such as opto isolator) circuits for various power
devices, Importance of series and Parallel operations of various power devices (No derivation and

numerical). (Refer Chapters 1 and 2)

Mapping of Course Outcomes for Unit | :

CO1: To differentiate based on the characteristic parameters among SCR, GTO, MOSFET & IGBT and
identify suitability of the power device for certain applications and understand the significance of
device ratings.

CO2: To design triggering / driver circuits for various power devices.
AC to DC Power Converters :

Concept of line and Forced commutation, Single phase Semi and Full converters using SCR for R and R-L
loads and its performance analysis and Numerical, Effect of source inductance, Significance of power
factor and Its improvement using PWM based techniques. Three phase full converters using SCR for R
load and its performance analysis, Single phase PWM rectifier using IGBT, Three phase controlled rectifier

using IGBT, Difference between SCR based conventional rectifiers and IGBT based rectifiers.
(Refer Chapters 3 and 4)
Mapping of Course Outcomes for Unit Il :

CO3: To evaluate and analyze various performance parameters of the different converters and its

topologies.

DC to AC Converters :

Single phase half and Full bridge square wave inverter for R and R-L load using MOSFET / IGBT and its
performance analysis and numerical, Cross conduction in inverter, Need of voltage control and Strategies
in inverters, Classifications of voltage control techniques, Control of voltage using various PWM
techniques and their advantages, Concept and Need of harmonic elimination / reduction in inverters,
Three phase voltage source inverter for balanced star R load with 120 and 180 degree mode of operation,
Device utilization factor, Advanced converters like matrix inverter, Multi-level inverters and their
topologies and its driver circuits (No derivation and numerical). (Refer Chapters 5 and 6)

Mapping of Course Outcomes for Unit lll :

CO3: To evaluate and analyze various performance parameters of the different converters and its
topologies.
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DC to DC Converters :

Classification of choppers, Step down chopper for R and RL load and its performance analysis, Step up
chopper, Various control strategies for choppers, Types of choppers (isolated and non isolated) such as
type A, B, C, D and E, switch mode power supply (SMPS) viz Buck, Boost and Buck-boost, Fly back, Half
and Full bridge isolated and Non-isolated interleaved bidirectional topologies and Concept of integrated

converter and Design of LM3524 based choppers, Concept of maximum power point tracking (MPPT).
(Refer Chapter 7)

Mapping of Course Outcomes for Unit IV :

CO3: To evaluate and analyze various performance parameters of the different converters and its

topologies.

Power Devices Protection and Circuits :

Over voltage, Over current, di/dt and dv/dt protection circuits and Their design, Various cooling
techniques and Heat sink design. Resonant converters such as Zero Current Switching (ZCS) and Zero
Voltage Switching (ZVS). Electromagnetic interference such as radiated and Conducted EMI, Difference
between EMI and EMC, EMI sources and Soft switching and Minimizing / Shielding techniques for EML,
Various EMI and EMC standards, Importance of isolation transformer. (Refer Chapter 8 and 9)

Mapping of Course Outcomes for Unit V :

CO4: To understand significance and design of various protections circuits for power devices.

Power Electronics Applications :

AC voltage controller using IGBT and SCR, FAN regulator, Electronic ballast, LED lamp driver, DC motor
drive for single phase separately excited dc motor, BLDC motor drive, Variable voltage and variable
frequency three phase induction motor drive, ON-line and OFF-line UPS. Study of various selection
criteria and Performance parameters of batteries in battery operated power systems, Battery charging
models and modes for EVs, Architecture of EVs battery charger, PFC stage circuit topologies with details
of Full-bridge boost rectifier and Full-bridge interleaved for EV battery charger, Case study of power
electronics in electric vehicle and Photovoltaic solar system. (Refer Chapters 10 and 11)

Mapping of Course Outcomes for Unit VI :

CO5: To evaluate the performance of uninterruptible power supplies, switch mode power supplies and
battery.

CO6 : To understand case studies of power electronics in applications like electric vehicles, solar systems
etc.
[ |
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6.1.2  Modes of Operation 6-2

6.2 180° Mode of Conduction 6-2
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6.3

6.4
6.5

6.6
6.7

6.8

6.2.1

6.2.2

6.2.3

6.24
6.2.5

PWM Based VSI

Operation in 180° Mode with a Star
Connected Resistive Load ........ccccoevevevrennenee 6-3

Cross Conduction or Shoot Through
Fault in 180° Mode 6-7

120° Mode of Conduction with Star
Connected Resistive Load ........coceeevereennee.

Device Utilization Factor (DUF)

Comparison of 120° and 180°
Modes

6-11

6-11

6.3.1  1-Phase PWM Half Bridge Inverter ........... 6-11
6.3.2  Analysis of PWM Half Bridge Inverter ....6-12
6.3.3  1-Phase Bipolar PWM Bridge

Inverter 6-14
6.34  1-Phase Unipolar PWM Bridge

Inverter 6-15
6.3.5  Three Phase PWM Inverter ......cmceeen. 6-15
6.3.6  Advantages of SPWM ........ccocmmrecrnmnrnens 6-17
6.3.7  Disadvantages of SPWM ......cccommermmnrnens 6-17
Three Phase Current Source Inverter ...t 6-17
Harmonic Elimination Techniques .........ccoeoneeennecee. 6-18
6.5.1  Harmonic Reduction using Single

Pulse Width Modulation ... 6-18
6.5.2  Harmonic Reduction using

Transformer ConNNections ... 6-18
6.5.3  Harmonic Reduction using the PWM

Techniques 6-19
6.54  Harmonic Elimination Technique .............. 6-19
6.5.5 Harmonic Injected Modulation .................. 6-19
6.5.6  Third Harmonic PWM ... 6-20
6.5.7 Space Vector Modulation (SVM) ............... 6-20
6.5.8  Comparison of PWM Techniques ............. 6-21
Matrix Converter 6-21
Multilevel Inverters 6-22
6.7.1  Need of Multilevel Inverters ........ccccccmnee. 6-22
6.7.2  Multilevel Concept 6-23
6.7.3  Output Phase Voltage ........cocommreerrnnreeens 6-24
6.74  Realization of multilevel Inverters 6-24
6.7.5  Features / Advantages of MLI .................. 6-24
6.7.6  Limitations of MLI 6-24
Types of Multilevel Inverter 6-25

6.9  Diode Clamped Multilevel Inverter ........comveeenne. 6-25
6.9.1  Features of Diode-Clamped Inverter ......6-26
6.9.2  Advantages of Diode-Clamped
Inverter 6-26
6.9.3  Disadvantages of Diode-Clamped
Inverter 6-27
6.10 Flying Capacitors Multi-level
Inverter (FCMLI) 6-27
6.10.1 Features of Flying Capacitors
Multi-level Inverter 6-28
6.10.2 Advantages of FCMLI ........cccoomrrermmmrrernnnnes 6-28
6.10.3 Disadvantages of FCMLI ........ccooccummrrernnnnes 6-28
6.11 Cascaded Multi-level Inverter 6-29
6.11.1 Generation of Quasi-square
Waveform 6-30
6.11.2 Features of Cascaded Inverter .........ccoou... 6-30
6.11.3 Advantages of Cascaded
Inverter 6-30
6.114 Disadvantages of Cascaded
Inverter 6-30
6.11.5 Comparison of Multi-level
Converters 6-31
6.11.6 Comparison of Multi-pulse and
Multi-level Inverters 6-31
6.12 Applications of Multilevel Inverter ..........cocccoreveeunne. 6-31
. Review Questions 6-32
UNIT IV
Chapter 7 : DC - DC Converters 7-1to 7-56

Syllabus : Classification of choppers, Step down chopper
for R and RL load and its performance analysis, Step up
chopper, Various control strategies for choppers, Types of
choppers (isolated and non isolated) such as type A, B, C,
D and E, switch mode power supply (SMPS) viz Buck,
Boost and Buck-boost, Fly back, Half and Full bridge
isolated and Non-isolated interleaved bidirectional
topologies and Concept of integrated converter and design
of LM3524 based choppers, Concept of maximum power

point tracking (MPPT).

71 A DC-DC Chopper 7-2

7.2 Classification of Choppers Based on Quadrant of
Operation 7-2
721  Class A Chopper 7-3
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722 Class B Chopper 7-3 7111 Advantages of SMPS 7-33
723 Class C Chopper 73 7112 Disadvantages of SMPS ..., 7-33
7.24  Class D Chopper 7-3
7.11.3 Classification of SMPS ........ccoooricnnrirnnrennn. 7-33
7.2.5  Class E Chopper 7-4
73 Control Strategies 7-4 7.114 Types of Non-isolated SMPS .......ccconnes 7-34
73.1  Time Ratio Control (TRC) or PWM ... 7-4 | 712 Buck Switching Regulator 7-34
7.3.2  Frequency Modulation ... 7-5 7.121 Advantages of Buck Regulator ............. 7-35
7.3.3  Current Limit Control (CLC) ..c.comvevercmmecvurennee 7-5 7122 Disadvantages 7.35
7.34  Variable Pulse Width and Frequency ......... 7-6 | 713 Switching Boost Chopper 7.35
74 Comparison between Different Control Strategies 7.13.1 Discontinuous Conduction Mode ............. 7-36
of a Chopper 7-6 . .
7.13.2 Continuous Conduction Mode .................. 7-36
7.5 Class A Chopper with R load 7-6
7.13.3 Advantages of Boost Regulator ................. 7-37
7.5.1  Analysis of Step Down Chopper )
(Output Side) 7.7 7.134 Disadvantages 7-37
76 Class A Chopper with RLE LOAd oo 7-11 | 714 Switching Buck-Boost ChOPPer ... 737
7.6.1  Modes of Operation 7-12 7141 Operation in CCM 7-38
762  Class A Chopper with RLE Load and 7.14.2  Features of Buck-Boost Regulator ............ 7-39
Continuous Load Current .........covcrnerreees 7-12 7.143 Comparison of Switching Regulators....... 7-39
7.6.3  Class A Chopper with RLE Load and 7.15 SMPS with Electrical Isolation 7-39
Discontinuous Load Current ..................... 7-13 7.16  Fly back (FB) Converters 7-40
7.64  Step Down Chopper with RL Load and 7.16.1 Discontinuous Conduction Mode ........... 7-40
Discontinuous Load Current ................... 7-13 ) )
7.16.2 FB Regulator in Continuous Mode ........... 7-42
7.7  Chopper Classification on the Basis of Operating .
7.16.3 Continuous versus
Quadrants 7-19 ) )
Discontinuous Mode 7-43
7.7.1  Quadrant of Operation of 2164 Why is Di i
Class A Chopper . 7-19 o y 15 Discontinuous
Mode Preferred? 7-44
7.7.2  Class B Chopper 2165  Desian Criterion for F.B. C " 244
(Regenerative Chopper) ......cceevoneeeeenenns 7-20 o esign Lritenon for .. LONVErter ... i
773 Type C Chopper 791 7.17  Half Bridge Converter 7-44
774  Type D Chopper 7.23 7.17.1 Advantages of H.B. Converter ...........ccc..... 7-46
78 Class E Chopper 724 7.17.2 Disadvantages of H.B. Converter ............. 7-46
7.8.1  Applications of Type E Chopper ... 7-27 718 Full Bridge Converter 7-46
782 Merits of a four Quadrant Chopper ...... 7.7 7.18.1 Advantages of F.B. Converter ..........ccco.... 7-48
7.18.2 Disadvantages 7-48
783 Demerits of a Four
7.18.3 Applications 7-48
Quadrant Chopper 7-27
7.184 H.B. Versus F. B. Converter ... 7-48
79  StepUpCh 7-27
ep TP Hhopper 7.19 Concept of Integrated Converter ..., 7-49
79.1  Expression for the Output Voltage 7.19.1 Benefits of Integrated Switching
(RL Load) 7-28 Regulators 7-49
792  Step up Chopper with RLE Load ... 7-30 | 720 Design of LM 3524 Based Choppers ... 7-50
710  Applications of a Chopper .31 7.21  Buck Regulator using IC LM 3524 ... 7-52
7.21.1 Design Calculations 7-53
7.11  Switch Mode Power Supply (SMPS) ...coovvvecrmmrveerrnneens 7-32
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7.21.2 Application 7-54 8.6  Over Current Fault Conditions 8-12
7.22  Boost Converter using IC LM3524 .........ccocimnccenes 7-54 8.6.1  Output Short Circuit 8-12
7.22.1 Design Calculations 7-54 8.6.2  Internal Faults 8-12
7.23  Concept of MPPT 7-55 8.6.3  Inversion Failure in Naturally
7231 General Applications of SMPS.................. 7-56 Commutated Circuit 8-13
R Review Questions 7-56 864  Commutation Failure in Forced
Commutation Circuit 8-13
8.7 Over Current Protection 8-13
Chapter 8 : Power Devices Protection & Circuits 8.7.1  Requirements of @ FUSE ....ocommrrvrrmnrrvrnenes 8-13
8-1to 8-26 872  Over current Protection using Fuses ......8-13
Syllabus : Over voltage, Over current, di/dt and dvidt 8.7.3  Semiconductor FUSES .....commreermmrreennnnes 8-14
protection circuits and their design, Various cooling 8.74  Fuse SCR Co-ordination in
technigues and Heat sink design. Electromagnetic AC Circuits 8-15
interference such as radiated and Conducted EMI, 8.7.5 Fuse and Circuit Breaker
Difference between EMI and EMC, EMI sources and Soft Co-ordination 8-16
switching and Minimizing / Shielding techniques for EMI, 876 Fuses in DC Circuits 8-16
Various EMI and EMC standards, Importance of isolation 8.7.7 Complete Protection of Converter .......... 8-16
transformer. o
8.7.8  Auto Current LIMiting ...cccoeevecveenecnecenecnnes 8-16
81  Introducti 8-2
niroduction 8.8  dv/dt and di/dt Protection 8-17
82  Cooli d Heat Sink 8-2
ooling and Heat Sinks 8.8.1 di/dt Protection (Turn on Snubber) ......... 8-17
821  Heat Transfer Considerations .........cc.... 8-2
cat transier Lonsiderations 8.8.2 dv/dt Protection (Turn off Snubber) ........ 8-17
822 Th | Resist f
erma e_SIS anceota 8.8.3  Design of a Snubber Circuit .......cccooevvecrnenres 8-19
Power Device 8-2
8.84  Snubber Circuit for GTO ......coommrrecrmmreeerrennes 8-20
8.2.3  Thermal Model of a Power Device ............ 8-3 nubbertreurtor
885 O t Protection for GTO 8-21
824  Factors Affecting the Value of 6CS ............. 8-4 ver current Frotection for
. 8.9  Electromagnetic Interference (EMI) ......ccooevveermereeenne. 8-21
8.2.5  Thermal Resistance of the Heat
Sink 6SA 8-4 | 8.10 Electromagnetic compatibility (EMC) ..o 8-22
826  Heat Sink 8-4 8.10.1 Issues Pursued by EMC ........coorrrvcrerrce 8-22
8.2.7 Derating of Power Transistors ... 8-5 8102 Difference Between EMI and EMC ... 8-22
828  HeatSink Design 85 1 811 Radiated and Conducted EMI 8-22
83 Different Cooling Methods for Power Devices ........ 8-8 8111 Radiated EMI 8-22
84  Supply and Load Side Transients ... 8-9 8112 Conducted EMI 8-23
841  Supply Side Transients ........rernereenn. 8-9 8113  Sources of EMI 8-23
842 Load Transients 89 8114 Minimizing EMI Generation ..........cc.......... 8-23
8.5 Over voltage Protection CirCuits .......ocomeeeoneeeereecenes 8-10 8115 EMI Shielding 8-24
851 Snubber Circuits (dv/dt Suppression).....8-10 8.12 Various EMI and EMC Standards ..........ccoeeeeermereeennn. 8-24
8.5.2 Selenium Diodes (Protection Against 8121 The FCC Standard 8-24
Transient Overvoltage) ... 8-10
8.12.2 The European Standard ... 8-25
8.5.3 Metal Oxide Varistors (MOVS) ... 8-11
8.13 Importance of Isolation Transformer ..........ccooevvveen.. 8-25
8.54 Crowbar Circuit (Over current / Over
. Review Questions 8-26

voltageProtection) 8-11
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Chapter 9 : Resonant Converters 9-1to 9-18

Chapter 10 : Power Electronics Applications

10-1 to 10-48

Syllabus : Resonant converters such as Zero Current
Switching (ZCS) and Zero Voltage Switching (ZVS).
9.1 Need for Resonant Converters 9-2
9.1.1  Advantages of Resonant Converters ......... 9-2
9.12  Disadvantages of Resonant Converters ...9-2
9.2  Classification of Resonant Converters ... 9-3
9.21  Applications of Resonant Converters ........ 9-3
9.3 Resonant Switch Converters 9-4
9.3.1  Types of Resonant Switch Converter ......... 9-4
9.4  ZCS Resonant Switch CoONVerter ... 9-4
94.1 Land M Types of ZCS Switch .....ccccomeveuenne. 9-4
9.4.2  Half-wave Types of ZCS Resonant
Switches 9-4
9.4.3  Full-wave Types of ZCS
Resonant Switch 9-5
944  M-Type ZCS DC-DC Converter ... 9-5
9.4.5 L-Type ZCS DC-DC Converter ........cconeeees 9-7
94.6  L-Type ZCS Converter with Energy Feedback
9-9
9.4.7  Advantages of ZCS Converter ... 9-9
9.4.8  Disadvantages of ZCS Converter ................ 9-9
9.5  Zero Voltage Switching Resonant (ZVS)
Converters 9-9
951 Features of ZVS Converter ... 9-12
9.5.2  Advantages of ZVS Converter ........cc.... 9-12
9.5.3  Disadvantages of ZVS Converter ............. 9-12
9.6  Comparison between ZVS and ZCS
Topologies 9-13
9.6.1  ZVSis Better Than ZCS ..o 9-13
9.7  ZVS Clamped-Voltage Topologies .........ocrreceee. 9-13
9.7.1 ZVS-CV DC-to-DC (Two Quadrant) Resonant
Converter 9-13
9.7.2  ZVS-CV DC-to-AC Inverters ......cccocceueune 9-16
9.7.3  Switch-Mode Converter With Voltage

Cancellation 9-17

9.8 Comparison of Linear, Switched Mode and

Resonant Converters 9-18

9-18

. Review Questions

Syllabus : AC voltage controller using IGBT and SCR,
FAN regulator, Electronic ballast, LED lamp driver, DC
motor drive for single phase separately excited dc motor,
BLDC motor drive, Variable voltage and variable frequency
three phase induction motor drive, ON-line and OFF-line
UPS.

10.1 Introduction 10-2
10.2 AC Voltage Regulator 10-2
10.21 Types of AC Voltage Regulators ............... 10-2
10.3  Classification of AC Regulators .........occoncncens 10-2
104 F.W. AC Regulator using SCRs 10-2
10.4.1 Operation With Resistive Load ............... 10-2
104.2 Analysis of F. W. AC Regulator ........cc..... 10-4
1043 FW AC Voltage Regulator
with RL Load 10-5
1044 Analysis of FW Controller
with RL Load 10-7
10.5 ACFW Regulator using IGBT 10-11
10.5.1 Advantages of FW AC Regulator ............ 10-12
10.5.2 Disadvantages of FW AC Regulator.......10-12
10.5.3 Applications 10-12
10.6  Electronic Ballast 10-13
10.7  LED Driver Circuit 10-13
10.7.1 Advantages 10-14
10.7.2 Limitations 10-14
10.7.3 Applications 10-14
10.8 Fan Regulator using Triac 10-14
10.9 A Separately Excited DC MOtOF .....coormereeernereeenrennenes 10-16
10.9.1 Characteristics of DC MotOr ......cccccceveemnee. 10-17
10.9.2 Speed Control Methods .........cccoouvvermmnreeen. 10-17
10.9.3 Torque-Speed Characteristic of
DC Drive 10-18
1094 Open Loop or Closed Loop Control .....10-18
10.9.5 Basic Open Loop Speed Control ............ 10-19

10.10 Single Phase Semiconverter DC Drive

10.10.1 Semiconverter Drive in the Continuous

Conduction Mode 10-19
10.10.2 Quadrant of Operation .........ccoveerrmereees 10-21
10.10.3 Features of Semiconverter Drive ............ 10-21
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10.10.4 Advantages of Semiconverter Drive ....10-21 10.22 Off Line UPS 10-43
10.10.5 Drawbacks of Semiconverter Drive ....... 10-21 10.22.1 Specifications of off line UPS ................. 10-44

10.11 Single Phase Full Converter DC Drive .......cooecceuen.. 10-24 10.22.2 Merits of off-line UPS ... 10-44
10.11.1 Full Converter Drive in the Continuous 10.22.3 Demerits of off-line UPS ... 10-44

Conduction Mode 10-25 10.22.4 Applications of off-line UPS ................ 10-45

10.11.2 Features of Full Converter Drive ......... 10-27 10.23 Important Terms Related to UPS .......ccconmrcnenceen. 10-45

10.11.3 Advantages of Full Converter Drive ..... 10-27 10.23.1 Comparison of UPS Systems ........ccccooec.... 10-45

10.11.4 Drawbacks of Full Converter Drive ........ 10-27 10.24 Batteries used for UPS 10-45

10.11.5 Comparison between the Semi and Full 10.25 Applications of UPS 10-46
Converter DC DIiVeS .......ceceonnecernnenes 10-27

10.26 Solved Examples 10-46

10.12 Closed Loop DC Drive 10-30 o .

10.27 University Questions and ANSWErS...........ccoeccerreecenes 10-48

10.13 Stepper Moor Drives 10-31

. Review Questions 10-48
10.13.1 Electrical Circuit Diagram of PM
Stepper Motor 10-31 Unit VI
10.13.2 Drive Requirements for a Step Motor ..10-31 - - -
Chapter 11 : Electric Vehicle Batteries 11-1 to 11-12
10.13.3 Open Loop Control of
Stepper Motor 10-32 Syllabus Study of various selection criteria and
10.13.4 Closed Loop Control of Performance parameters of batteries in battery operated
Stepper Motors 10-32 power systems, Battery charging models and Modes for
10.14 A Bipolar (Full Wave) BLDC DFiVe oo 10-33 || EVs, Architecture of EVs battery charger, PFC stage circuit
topologi ith details of Full-bridge boost rectifi d
10.15 Introduction to AC Motor Control ... 10-34 opo Ogles .WI elalls of FUTFbRAge boost Tectilier an
) Full-bridge interleaved for EV battery charger, Case study
10151 Operating Modes of the of power electronics in electric vehicle and Photovoltaic
Induction Motor 10-34
solar system.

10.16 Speed Control of Induction Motors .......ccceecceneen. 10-35 ]

111  Introduction to EV 11-2

10.17 Stator Voltage Control 10-35

11.2 Components of EV 11-2

10.18 Stator Voltage and Frequency Control
(Constant V//f Control) 10-37 | 11.3 Requirements of EV Batteries 11-4
10.18.1 Implementation of Constant 1131 Types of EV Batteries .......ccoevreeerrerrcines 11-4

(V/f) Control 10-37 114 Selection Criteria for EV Batteries .........covermnnenes 11-4
10.18.2 Square Wave Inverter Based Drive ...... 10-38 | 115 Performance Parameters of EV Batteries ... 11-5
10183 Constant V/f Control using 11.6  Battery Charging Modes for EVs. .......coomnecernnecennn. 11-7

PWM Inverter 10-39
11.6.1 Charging Time for an EV ... 11-8

10.19 Closed Loop Control using PWM Inverter .......... 10-40
11.7  Architecture of EV Battery Charger .........cocommneeen. 11-9

10.20 UPS 10-41
11.7.1 Classification of Conductive Chargers ...11-9

10.20.1 Need of UPS 10-41
11.7.2 EV Battery Charger Architecture ............... 11-9

10.20.2 Types of UPS 10-41

1021 On Line UPS 10-41 11.8 PFC Stage Topologies 11-11

10211 Specifications of on line UPS ........... 10-42 11.8.1 Full Bridge Boost Rectifier .......cccccccmnueceee. 11-11
11.8.2 Full Bridge Interl d Rectifier.............. 11-12
10.21.2 Features of on line UPS system .............. 10-43 uil Bridge fnterieaved Rectmer
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