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VISION AND MISSION

Vision of the Institute

To be among the best of the institutions for engineers and technologists with attitudes, skills and
knowledge and to become an epicentre of creative solutions.

Mission of the Institute
To achieve and impart quality education with an emphasis on practical skills and social relevance.
Vision of the Department

To impart technical knowledge and skills required to succeed in life, career and help society to achieve
self sufficiency.

Mission of the Department

To become an internationally leading department for higher learning.

To build upon the culture and values of universal science and contemporary education.

To be a center of research and education generating knowledge and technologies which lay groundwork
in shaping the future in the fields of electrical and electronics engineering.

To develop partnership with industrial, R&D and government agencies and actively participate in
conferences, technical and community activities.
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ACADEMIC CALENDER
Academic Year 2021-22
S.No Event Period
1 | Spell of Instructions 11-04-2022 to 04-06-2022 9 Weeks
2 | Mid Examinations 06-06-2022 to 11-06-2022 1 Week
3 Il Spell of Instructions 13-06-2022 to 06-08-2022 2 Weeks
4 I1 Mid Examinations 08-08-2022 to 13-08-2022 1 Week
5 Preparation/Break 15-08-2022 to 20-08-2022 1Week
6 End Semester Examinations 22-08-2022 to 03-09-2022 2 Weeks
7 Commencement of Second Year, H 05-09-2022
Semester, AY 2022-23
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Individual Time Table
9:00 AM- | 9:55AM- | 10:50AM- | 11:45AM- | 12:25PM- | 1:15PM- | 2:05PM -2:55
9:55AM | 10:50AM | 11:45AM | 12:25PM 1:15PM 2:05 PM PM
MON
TUE DCPEDS
WED BREAK
THU DCPEDS
FRI
SAT DCPEDS
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DIGITAL CONTROL OF POWER ELECTRONICS AND
DRIVE SYSTEMS
UNIT-I

Basic Mathematics of Digital Control Systems: Introduction, Digital Signals and Coding, Shannon’s sampling
theorem, Sample-and-hold devices, Analog-to-digital conversion, Digital-to-analog conversion, Energy
guantization, The Laplace transform (the s-domain), The z-transform (the z-domain).

Mathematical Modeling of Digital Power Electronics: Introduction, A zero-order hold (ZOH) for AC/DC
controlled rectifiers, A first-order transfer function for DC/AC pulse-width-modulation inverters, A second-order
transfer function for DC/DC converters, A first-order transfer function for AC/AC (AC/DC/AC) converters.

UNIT-II

Digitally Controlled AC/DC Rectifiers: Mathematical modeling for AC/DC rectifiers, Single-phase full-wave
AC/DC rectifier, Three-phase half-wave controlled AC/DC rectifier, Three-phase full-wave controlled AC/DC
rectifier.

Digitally Controlled DC/AC Inverters: Mathematical modeling for DC/AC PWM inverters, Single-phase full
bridge PWM VSI, Three-phase full-bridge PWM VSI, Three-phase full-bridge PWM CSI, Multistage PWM
inverter, Multilevel PWM inverter.

UNIT-11

Digitally Controlled DC/DC Converters: Mathematical Modeling for power DC/DC converters, Fundamental
DC/DC converter, Developed DC/DC converters, Soft-switching converters, Multi-element resonant power
converters. Digitally Controlled AC/AC Converters: Traditional modeling for AC/AC (AC/DC/AC) converters,
Single-phase AC/AC converter, Three-phase AC/AC voltage controllers, AC/DC/AC PWM converters.

UNIT-IV

Open-loop Control for Digital Power Electronics: Introduction, Stability analysis, Unit-step function responses,
Impulse responses.

Closed-Loop Control for Digital Power Electronics: Introduction, PI control for AC/DC rectifiers, PI control for
DC/AC inverters and AC/AC (AC/DC/AC) converters, PID control for DC/DC converters.

UNIT-V

Energy Factor Application in AC and DC Motor Drives: Introduction, Energy storage in motors, A DC/AC
voltage source, An AC/DC current source, AC motor drives, DC motor drives.

Text Books

1. Digital Power Electronics and Applications- Fang Lin Luo Hong Ye Muhammad Rashid.
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CO’S AND PO’S MAPPINGS

Academic Year : 2021-22

Semester |

Name of the Program: M.Tech Power Electronics Year: ...... I

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code.. GR20D5036..
Name of the Faculty: ...... DrDGPadhan.....ccccccoviiiiiiiiiiiii Dept.: ...EEE.........

Designation: PROFESSOR

Evaluate Mathematical Modeling of HHHM|-H - MH|-|H|H
Digital Power Electronics

Digital Analyze AC/DC and DC/AC converters |- HHM|- HMMH| - HH

Control Of .

Power Design DC/DC converters and Compare H H/HM|- H/- MH|-|H|H
GR20D5036 Electronics Ope_n-loop and CIosed—_Loop Control for

and Drive Dlgl_tal Powetr Electronlcs_

systems Design Multilevel PWM inverter - HHM|-H - MHHHH

Analyze AC/DC/AC PWM converters HM|-H - MH - M|-|-|M
and List the Application in AC and DC
Motor Drives
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COURSE OBJECTIVES
Academic Year : 2021-22
Semester |
Name of the Program: M.Tech Power Electronics Year: ...... o

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.....ccccccoviiiiiiiiiiiii Dept.: ...EEE.........

Designation: PROFESSOR

The objective of this course is to provide the student:

S.No. Course Obijectives

To know the Basic Mathematics of Digital Control Systems.

To focus on Digitally Controlled AC/DC and DC/AC converters.

To development of Digitally Controlled DC/DC and AC/AC Converters.

To Information on Open-loop and Closed-Loop Control for Digital Power Electronics

S Rl I Lol Pl

To analysis Application in AC and DC Motor Drives.
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COURSE OUTCOMES

Academic Year : 2021-22

Semester |

Name of the Program: M.Tech Power Electronics Year: ...... o

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan......cccccoeiiiiiiiiiiii Dept.: ...EEE.........
Designation: PROFESSOR

The expected outcomes of the Course/Subject are:

S.No Outcomes

1. Evaluate Mathematical Modeling of Digital Power Electronics.

2. Analyze AC/DC and DC/AC converters.

3. Design DC/DC converters and Compare Open-loop and Closed-Loop Control for Digital Power
Electronics.

4. Design Multilevel PWM inverter.

5. Analyse AC/DC/AC PWM converters and List the Application in AC and DC Motor Drives.

Signature of HOD Signature of faculty

Date: Date:

Note: Please refer to Bloom’s Taxonomy, to know the illustrative verbs that can be used to state the outcomes.
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GUIDELINES TO STUDY THE COURSE /1 SUBJECT

Academic Year . 2021-22
Semester o
Name of the Program: M.Tech Power Electronics Year: ...... o

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.....cccccoviiiiiiiiiiii Dept.: ...EEE.........
Designation: PROFESSOR

Guidelines to study the Course/ Subject: Electrical Measurements & Instrumentation
Course Design and Delivery System (CDD):

e The Course syllabus is written into number of learning objectives and outcomes.

e Every student will be given an assessment plan, criteria for assessment, scheme of evaluation and
grading method.

e The Learning Process will be carried out through assessments of Knowledge, Skills and Attitude
by various methods and the students will be given guidance to refer to the text books, reference
books, journals, etc.

The faculty be able to —

e Understand the principles of Learning

e Understand the psychology of students

e Develop instructional objectives for a given topic

e Prepare course, unit and lesson plans

e Understand different methods of teaching and learning

e Use appropriate teaching and learning aids

e Plan and deliver lectures effectively

e Provide feedback to students using various methods of Assessments and tools of Evaluation
e Act as a guide, advisor, counselor, facilitator, motivator and not just as a teacher alone

Signature of HOD Signature of faculty

Date: Date:
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COURSE SCHEDULE
Academic Year . 2021-22
Semester o
Name of the Program: M.Tech Power Electronics Year: ...... ...

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.......cc.coooiiiii, Dept.: ...EEE.........

Designation: PROFESSOR

The Schedule for the whole Course / Subject is:

Total No.
S. No. Description Of Periods
Basic Mathematics of Digital Control 11
1. Systems
Digitally Controlled AC/DC Rectifiers and 10
2. DC/AC Inverters
Digitally Controlled DC/DC Converters 11
3. and AC/AC Converters
Open-loop Control and Closed-loop 10
4, Control for Digital Power Electronics
Energy Factor Application in AC and DC 9
5. Motor Drives

Total No. of Instructional periods available for the course: ........ 51....... Hours / Periods
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SCHEDULE OF INSTRUCTIONS
UNIT PLAN
Academic Year : 2021-22
Semester |
Name of the Program: M.Tech Power Electronics Year: ...... o

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan......cccccoeiiiiiiiiiiii Dept.: ...EEE.........

Designation: PROFESSOR

Text Books:

B1: Digital Power Electronics and Applications- Fang Lin Luo Hong Ye Muhammad Rashid, Elsevier
Academic Press

B2: Digital Control System Analysis and Design- Charles L Plilips, H Troy Nagle, Prentice Hall, 3"
Edition.

References
No. of Obijectives & (Text Book,
Unit | Lesson | oo 0 Topics / Sub-Tobics Outcomes Journal...)
No. No. P P Nos. Page Nos.: to
1 Introduction to digital control Obj:- 1 Text Book B1
1 1 systems Out--1 Page Nos: 85-89
1 Digital Signals and Coding, Obi- 1 Text Book B1
2 Shannon’s sampling theorem Oujt"—l Page Nos: 91-94
1 Sample-and-hold devices, Obj:- 1,3 Text Book B1
3 Analog-to-digital conversion Out:-1.2 Page Nos: 95-99
1 Digital-to-analog conversion, Obj:- 1,3 Text Book B1
4 Energy quantization out:-1.2 Page Nos: 101-104
1 The Laplace transform (the s- Text Book B1
5 domain), The z-transform (the Obj;- 1,3 Page Nos: 118-121
z-domain). Out;-1,2 Text Book B2
Page Nos: 27-31
1 . Obj;-1,3 Text Book B2
6 Numerical Problems Out:-1.2 Page Nos: 32-40
1 Obj;-2,4 Text Book B2
7 Numerical Problems Out;-1,4 Page Nos: 32-40




A zero-order hold (ZOH) for Obj;- 2,4 Text Book B1
8 AC/DC controlled rectifiers Out;- 1,4 Page No0s:121-125
9 A first-order transfer function Obi-- 13 Text Book B1
for DC/AC pulse-width- o th 1 ’3 Page Nos:128-131
modulation inverters T
10 A second-order transfer Obj;-1,3,4 Text Book B1
function for DC/DC converters Out;-1,3 Page Nos:132-135
11 A first-order transfer function Obi-- 1.3.4 Text Book B1
for AC/AC (AC/DC/AC) (J)’[Jt,il’ 3 Page Nos:136-140
converters n
1 Mathematical modeling for Obj;- 1,34 Text Book B1
AC/DC rectifiers Out;-1,3 Page Nos:142-151
2 rSE: Etgi;]l;:ahase full-wave AC/DC Obj:- 1,2,3.4 Pagleil c?s(-)i)l5<3il54
Out;-1,3,5 '
3 Three-phase half-wave Text Book B1
ifi Page Nos:155-156
c?]ntrolltre]d ACf:/II?C rectifier, Obj:- 1,2,3,4 g
Three-phase full-wave out:-1,5
controlled AC/DC rectifier
4 Mathematical modeling for Obj:- 1,2,3.4 Text Book B1
DC/AC PWM inverters Out:-1.5 Page Nos:162-172
5 Single-phase fullbridge PWM Text Book B1
VS|, Three-phase full-bridge Obj;-1,2,3,4 | Page Nos:174-175
PWM VSI Out;-1,5
6 Three-phase full-bridge PWM ) Text Book B1
Cs| Obj;-1,234 | Ppage Nos:175-176
Out;-1,5
7 Multistage PWM inverter, Obj:- 1,2,3.4 Text Book B1
Multilevel PWM inverter Out-1.3 Page Nos:176-177
Mathematical Modeling for Obj:- 1,2,3.4 Text Book B1
1 power DC/DC converters Out-1.4 Page Nos:179-202
5 Fundamental DC/DC converter | Obj;- 1,2,3,4 Text Book B1
Out;-1,4 Page Nos: 205-207
3 Developed DC/DC converters | Obj;- 1,2,3,4 Text Book B1
Out;-1,4 Page Nos:208-209
4 Soft-switching converters Obj;-1,2,3,4 Text Book B1
Out;-1,4 Page No0s:209-210
Multi-element resonant power . Text Book B1
Obj;- 1,2,3,4 17,
S converters Outi-1.4 Page Nos:213-217
Traditional modeling for Text Book B1
6 AC/AC (AC/DC/AC) Obj;-1,2,3,4 | Page Nos:241-244
converters Out;-1,4




7 Single-phase AC/AC converter | Obj;- 1,2,3,4 Text Book B1
Out:-1,4 Page Nos:245-245
Three-phase AC/AC voltage Obji- 1,2.3,4 Text Book B1
8 controllers O’ut;-,l,’4, Page No0s:245-246
9 AC/DC/AC PWM converters Obji- 1,2,3,4 Text Book B1
out:-1,3 Page Nos:246-247
Introduction to open loop . Text Book B1, B2
4 | 1 control 00 +234 | page Nos: 249-255
» Stability analysis Obj;-1,2,3,4 | Text Book B1, B2
Out;-1,4 Page Nos: 256-268
3 Unit-step function responses Obj;-1,23,4 Text Book B1, B2
Out;-1,4 Page No0s:269-279
4 Unit-step function responses Obj;- 1,2,3,4 Text Book B1, B2
Out;-1,4 Page Nos:280-281
5 Impulse responses Obj;-1,2,3,4 Text Book B1, B2
Out;-14 Page No0s:281-281
Introduction to closed loop . Text Book B1, B2
6 control O%’L} t;l_'lz’j’"‘ Page Nos:283-287
7 PI control for AC/DC rectifiers | Obj;-1,2,3,4 Text Book B1, B2
Out;-1,4 Page Nos:288-297
8 PI control for DC/AC inverters | Obj;-1,2,3,4 Text Book B1, B2
Out;-14 Page No0s:298-300
9 PI control for AC/AC Obj:- 1,2,3,4 Text Book B1, B2
(AC/DC/AC) converters O’ut;—yl,’4’ Page Nos:301-304
10 PID control for DC/DC . Text Book B1, B2
converters Obéat?-—f,fA Page No0s:305-310
Introduction to energy factor Obj:- 4, 5 Text Book B1, B2
5 1 application Out’;—1:5 Page No0s:314-315
5 Energy storage in motors Obj;- 4,5 Text Book B1, B2
Out;-1,5 Page No0s:315-316
3 DC/AC voltage source Obj;- 4,5 Text Book B1, B2
Out;-1,5 Page No0s:317-331
4 AC/DC current source Obj;- 4,5 Text Book B1, B2
Out;-1,5 Page Nos:333-337
5 AC motor drives Obj;- 4,5 Text Book B1, B2
Out;-1,5 Page No0s:338-341
5 DC motor drives Obj;- 4,5 Text Book B1, B2
Out;-1,5 Page No0s:342-345

Signature of HOD

Signature of faculty
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Academic Year : 2021-22

Semester |

Name of the Program: M.Tech Power Electronics Year: ...... ...

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.......cc..cooooiii, Dept.: ...EEE.........

Designation: PROFESSOR

No. of References
Lesson | Periods Topics / Sub - Topics Objectives | Outcomes | (Text Book, Journal...)
Page Nos.: to
Introduction to digital control 1 Text Book B1
1 systems 1 Page Nos: 85-89
1 L . . Text Book B1
Digital Signals and Coding, 1 Page Nos: 91-94
Shannon’s sampling theorem 1
1 Sample-and-hold devices, 13 Text Book B1
Analog-to-digital conversion ’ 12 Page Nos: 95-99
1 Digital-to-analog conversion, 13 Text Book B1
Energy quantization ’ 1,2 Page Nos: 101-104
1 The Laplace transform (the s- Text Book B1
domain), The z-transform (the z- 1,3 Page Nos: 118-121
domain) 12 Text Book B2
' Page Nos: 27-31
1 13 Text Book B2
Numerical Problems ’ 12 Page Nos: 32-40
1 13 Text Book B2
Numerical Problems ’ 12 Page Nos: 32-40
1 A zero-order hold (ZOH) for 13 Text Book B1
AC/DC controlled rectifiers ’ 12 Page Nos:121-125




9 1 A first-order transfer function Text Book B1
for DC/AC pulse-width- 1,3 12 Page Nos:128-131
modulation inverters ’

10 1 A second-order transfer 13 Text Book B1
function for DC/DC converters ’ 1,2 Page Nos:132-135

11 1 A first-order transfer function Text Book B1
for AC/AC (AC/DC/AC) 1,3 12 Page Nos:136-140
converters '

Signature of HOD Signature of faculty
Date: Date:

Note: 1. ENSURE THAT ALL TOPICS SPECIFIED IN THE COURSE ARE MENTIONED.
2. ADDITIONAL TOPICS COVERED, IF ANY, MAY ALSO BE SPECIFIED IN BOLD
3. MENTION THE CORRESPONDING COURSE OBJECTIVE AND OUT COME NUMBERS AGAINST EACH TOPIC.
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Academic Year : 2021-22

Semester |

Name of the Program: M.Tech Power Electronics Year: ...... o

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.......cc....oooiiiii, Dept.: ...EEE.........

Designation: PROFESSOR

No. of References
Lesson | Periods Topics / Sub - Topics Objectives | Outcomes | (Text Book, Journal...)
No. Page Nos.: to

1 1 Mathematical modeling for 14 Text Book B1
AC/DC rectifiers 2/4 ! Page Nos:142-151

2 1 Single-phase full-wave AC/DC Text Book B1
rectifier 2.4 1.4 Page Nos:153-154

3 1 Three-phase half-wave Text Book B1
controlled AC/DC rectifier, 2,4 Page Nos:155-156

1,4

Three-phase full-wave
controlled AC/DC rectifier

4 1 Mathematical modeling for Text Book B1
DC/AC PWM inverters 2,4 14 Page Nos:162-172

5 1 Single-phase fullbridge PWM Text Book B1
VS|, Three-phase full-bridge 2,4 1,4 Page Nos:174-175
PWM VSI

6 1 Three-phase full-bridge PWM Text Book B1
csl 2,4 1,4 Page No0s:175-176

7 1 Multistage PWM inverter, 14 Text Book B1
Multilevel PWM inverter 2,4 ’ Page Nos:176-177




Signature of HOD Signature of faculty
Date: Date:

Note: 1. ENSURE THAT ALL TOPICS SPECIFIED IN THE COURSE ARE MENTIONED.
2. ADDITIONAL TOPICS COVERED, IF ANY, MAY ALSO BE SPECIFIED IN BOLD
3. MENTION THE CORRESPONDING COURSE OBJECTIVE AND OUT COME NUMBERS AGAINST EACH TOPIC.
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SCHEDULE OF INSTRUCTIONS

UNIT PLAN
Academic Year . 2021-22

Semester |

Name of the Program: M.Tech Power Electronics Year: ...... ...

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.......cc.coooiiiii, Dept.: ...EEE.........

Designation: PROFESSOR

No. of References
Lesson | Periods Topics / Sub - Topics Objectives | Outcomes | (Text Book, Journal...)
No. Page Nos.: to

1 Mathematical Modeling for Text Book B1

1 power DC/DC converters 1234 135 Page Nos:179-202
1 Fundamental DC/DC converter Text Book B1

5 1,2,3,4 135 Page Nos: 205-207
1 Developed DC/DC converters Text Book B1
12,34 Page No0s:208-2

3 2,3, 135 age Nos:208-209
1 Soft-switching converters Text Book B1

4 12,34 135 Page No0s:209-210
1 Multi-element resonant power Text Book B1

5 converters 1,2,3,4 135 Page Nos:213-217
1 Traditional modeling for AC/AC Text Book B1

6 (AC/DC/AC) converters 1234 135 Page Nos:241-244
1 Single-phase AC/AC converter Text Book B1

7 12,34 135 Page No0s:245-245




1 Three-phase AC/AC voltage

Text Book B1

1 AC/DC/AC PWM converters Text Book B1
1,2,3,4 135 Page No0s:246-247

Signature of HOD

Date:

Note: 1.ENSURE THAT ALL TOPICS SPECIFIED IN THE COURSE ARE MENTIONED.

Signature of faculty

Date:

2. ADDITIONAL TOPICS COVERED, IF ANY, MAY ALSO BE SPECIFIED IN BOLD
3. MENTION THE CORRESPONDING COURSE OBJECTIVE AND OUT COME NUMBERS AGAINST EACH TOPIC.
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SCHEDULE OF INSTRUCTIONS
UNIT PLAN
Academic Year . 2021-22
Semester o
Name of the Program: M.Tech Power Electronics Year: ...... ...

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.......cc.coooiiiiii, Dept.: ...EEE.........

Designation: PROFESSOR

No. of References
Lesson | Periods Topics / Sub - Topics Objectives | Outcom | (Text Book, Journal...)
es Page Nos.: to

1 Introduction to open loop Text Book B1, B2
control 1234 1,2,5 Page Nos: 249-255

1 Stability analysis 1,25 Text Book B1, B2
1,2,3,4 Page Nos: 256-268

1 Unit-step function responses 1,25 Text Book B1, B2
1,2,3,4 Page N0s:269-279

1 Unit-step function responses 125 Text Book B1, B2
1,2,3,4 Page No0s:280-281

1 Impulse responses 125 Text Book B1, B2
1,2,34 Page Nos:281-281

1 Introduction to closed loop 1,25 Text Book B1, B2
control 1234 Page No0s:283-287

1 PI control for AC/DC rectifiers 1,25 Text Book B1, B2
1,2,3,4 Page No0s:288-297




1 PI control for DC/AC inverters 1,2,5 Text Book B1, B2

3 1,2,34 Page N0s:298-300

9 1 PI control for AC/AC (AC/DC/AC) 1,2,5 Text Book B1, B2

converters 1,234 Page Nos:301-304

10 1 PID control for DC/DC 1,25 Text Book B1, B2

converters 1234 Page No0s:305-310

Signature of HOD Signature of faculty
Date: Date:

Note: 1. ENSURE THAT ALL TOPICS SPECIFIED IN THE COURSE ARE MENTIONED.
2. ADDITIONAL TOPICS COVERED, IF ANY, MAY ALSO BE SPECIFIED IN BOLD
3. MENTION THE CORRESPONDING COURSE OBJECTIVE AND OUT COME NUMBERS AGAINST EACH TOPIC.
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SCHEDULE OF INSTRUCTIONS
UNIT PLAN
Academic Year . 2021-22
Semester |
Name of the Program: M.Tech Power Electronics Year: ...... o

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan......cccccoviiiiiiiiiiiii Dept.: ...EEE.........

Designation: PROFESSOR

No. of References
Lesson | Periods Topics / Sub - Topics Objectives | Outcomes | (Text Book, Journal...)
Page Nos.: to
1 Introduction to energy factor Text Book B1, B2
application 1,235 1,5 Page No0s:314-315
1 Energy storage in motors 12,35 15 Text Book B1
! Page N0s:315-316
1 DC/AC voltage source 1,2,3,5 15 Text Book B1
' Page No0s:317-331
1 AC/DC current source 1,235 Text Book B1
Page No0s:333-337
15 g
1 AC motor drives 1,235 Text Book B1
P No0s:338-341
15 age No0s:338-3
1 DC motor drives 12,35 Text Book B1
Page No0s:342-345
15 g
Signature of HOD Signature of faculty
Date: Date:

Note: 1.ENSURE THAT ALL TOPICS SPECIFIED IN THE COURSE ARE MENTIONED.
2. ADDITIONAL TOPICS COVERED, IF ANY, MAY ALSO BE SPECIFIED IN BOLD
3. MENTION THE CORRESPONDING COURSE OBJECTIVE AND OUT COME NUMBERS AGAINST EACH TOPIC.
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LESSON PLAN

Academic Year : 2021-22
Semester |
Name of the Program: M.Tech Power Electronics Year: ...... ...

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.......cc..coooiiiii, Dept.: ...EEE.........

Designation: PROFESSOR

Lesson No: ......coeviiiiiiiiinn... 1&2................ Duration of Lesson: ......... 55min..........oooei
Lesson Title: Basic Mathematics of Digital Control Systems

INSTRUCTIONAL/LESSON OBJECTIVES:

On completion of this lesson the student shall be able to:
1. Recollect the basic mathematics required for digital control systems.
2. Understand Digital Signals and Coding, Shannon’s sampling theorem

TEACHING AIDS : OHP PROJECTOR, WHITEBOARD, MARKER, DUSTER.
TEACHING POINTS

e 2 min.: Taking attendance
e 8 min.: Importance of the subject and introduction

e 45 min.: Basic Mathematics of Digital Control Systems, Digital Signals and Coding, Shannon’s
sampling theorem
e 5 min.: Doubts clarification and Review of the class.

e Assignment / Questions: What are the various test signals and their Laplace & Z transforms? State and
explain Shannon’s sampling theorem (Obj;- 1,2 Out;-1,3)

Signature of faculty



Gokaraju Rangaraju Institute of Engineering and Technology

A 2 |
s

(G 2 (Autonomous)

~
3

- 0
v

-«

g Bachupally, Kukatpally, Hyderabad — 500 090, Telangana, India. (040) 6686 4440

AL Y,

N
ey
&

4y il
LESSON PLAN

Academic Year . 2021-22

Semester o

Name of the Program: M.Tech Power Electronics Year: ...... o

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... Dr D G Padhan.....................oooeeeeennDept: LLEEE.L L
Designation: PROFESSOR

Lesson NO: ........c.eennee. 384................ Duration of Lesson: ............... 55min...................

Lesson Title: Sample-and-hold devices, Analog-to-digital conversion, Digital-to-analog conversion, Energy
quantization

INSTRUCTIONAL/LESSON OBJECTIVES:

On completion of this lesson the student shall be able to:

1. Understand Sample-and-hold devices
2. Apply Analog-to-digital conversion,
3. Apply Digital-to-analog conversion,
4. Understand Energy quantization

TEACHING AIDS : OHP PROJECTOR, WHITEBOARD, MARKER, DUSTER
TEACHING POINTS

e 2 min.: Taking attendance
e 3 min.: Re collecting the contents of previous class.
48 min.: Sample-and-hold devices, Analog-to-digital conversion, Digital-to-analog conversion, Energy
guantization
e 5 min.: Doubts clarification and Review of the class.

Assignment / Questions: What is an ADC? What are the main advantages of integrating type ADCs?
What is quantisation of energy?
(Obj;- 1,20ut;-1,3)

Signature of faculty
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LESSON PLAN

Academic Year : 2021-22

Semester |

Name of the Program: M.Tech Power Electronics Year: ...... o

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.....ccccccoviiiiiiiiiiiii Dept.: ...EEE.........
Designation: PROFESSOR

Lesson No: ............ S Duration of Lesson: ................ 55min................
Lesson Title: The Laplace transform (the s-domain)

INSTRUCTIONAL/LESSON OBJECTIVES:

On completion of this lesson the student shall be able to:
Find Laplace transform of a given function

TEACHING AIDS : OHP PROJECTOR, WHITEBOARD, MARKER, DUSTER
TEACHING POINTS

2 min.: Taking attendance

3 min.: Re collecting the contents of previous class.
45 min.: The Laplace transform (the s-domain)

5 min.: Doubts clarification and Review of the class.

Assignment / Questions: What is Laplace transform? What are the limitations? (Obj;- 1,20ut;-1,3)

Signature of faculty
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LESSON PLAN

Academic Year : 2021-22
Semester |
Name of the Program: M.Tech Power Electronics Year: ...... ...

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.......cc..coooiiiii, Dept.: ...EEE.........

Designation: PROFESSOR

Lesson No: ......ccoeviinnnnn... (1 Duration of Lesson: ................ 55min ...l
Lesson Title: The z-transform (the z-domain), Numerical Problems

INSTRUCTIONAL/LESSON OBJECTIVES:

On completion of this lesson the student shall be able to:

Find Z-transform of a given function

TEACHING AIDS : OHP PROJECTOR, WHITEBOARD, MARKER, DUSTER
TEACHING POINTS

2 min.: Taking attendance

3 min.: Re collecting the contents of previous class.
45 min.: The Z-transform (the z-domain).

5 min.: Doubts clarification and Review of the class.

Assignment / Questions: What is Z-transform and find Z transform of standard test signals.
(Obj;- 1,20ut;-1,3)

Signature of faculty
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LESSON PLAN

Academic Year . 2021-22
Semester o
Name of the Program: M.Tech Power Electronics Year: ...... o

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan......cccccoviiiiiiiiiiii Dept.: ...EEE.........
Designation: PROFESSOR

Lesson NoO: ...covvvvninnnnnn. 8&9................ Duration of Lesson: ........... 55min................

Lesson Title: A zero-order hold (ZOH) for AC/DC controlled rectifiers, A first-order transfer function for DC/AC
pulse-width-modulation inverters

INSTRUCTIONAL/LESSON OBJECTIVES:

On completion of this lesson the student shall be able to:

1. Apply A zero-order hold (ZOH) for AC/DC controlled rectifiers,
2. Find A first-order transfer function for DC/AC pulse-width-modulation inverters

TEACHING AIDS : OHP PROJECTOR, WHITEBOARD, MARKER, DUSTER

TEACHING POINTS

e 2 min.: Taking attendance

e 3 min.: Re collecting the contents of previous class.

e 45 min.: A zero-order hold (ZOH) for AC/DC controlled rectifiers, A first-order transfer function for
DC/AC pulse-width-modulation inverters

5 min.: Doubts clarification and Review of the class.

e Assignment / Questions: Determine transfer function for DC/AC pulse-width-modulation inverters
(Obj;- 1,20ut;-1,3)

Signature of faculty
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LESSON PLAN

Academic Year : 2021-22
Semester |
Name of the Program: M.Tech Power Electronics Year: ...... ...

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.......cc..coooiiiiiii, Dept.: ...EEE.........

Designation: PROFESSOR

Lesson NO: wvvvveeee i, 100, Duration of Lesson: ............... 55min .....ooeiiii.
Lesson Title: A second-order transfer function for DC/DC converters

INSTRUCTIONAL/LESSON OBJECTIVES:

On completion of this lesson the student shall be able to:

Understand a second-order transfer function for DC/DC converters

TEACHING AIDS : OHP PROJECTOR, WHITEBOARD, MARKER, DUSTER
TEACHING POINTS

2 min.: Taking attendance

3 min.: Re-collecting the contents of previous class.

45 min.: A second-order transfer function for DC/DC converters

5 min.: Doubts clarification and Review of the class.

Assignment / Questions: Derive the transfer function for DC/DC converters (Obj;- 1,20ut;-1,3)

Signature of faculty
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LESSON PLAN

Academic Year . 2021-22

Semester |

Name of the Program: M.Tech Power Electronics Year: ...... o

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..

Name of the Faculty: ...... DrDGPadhan......cccccoviiiiiiiiiiii Dept.: ...EEE.........

Designation: PROFESSOR

Lesson No: ................ 1. Duration of Lesson: ............... 55min ...l
Lesson Title: A first-order transfer function for AC/AC (AC/DC/AC) converters.

INSTRUCTIONAL/LESSON OBJECTIVES:

On completion of this lesson the student shall be able to:
Find a first-order transfer function for AC/AC (AC/DC/AC) converters

TEACHING AIDS : OHP PROJECTOR, WHITEBOARD, MARKER, DUSTER
TEACHING POINTS

2 min.: Taking attendance

3 min.: Re-collecting the contents of previous class.

45 min.: A first-order transfer function for AC/AC (AC/DC/AC) converters
5 min.: Doubts clarification and Review of the class.

Assignment / Questions: Derive the transfer function for AC/AC converters (Obj;- 2,4 Out;-1,4)

Signature of faculty
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Academic Year : 2021-22

Semester |

Name of the Program: M.Tech Power Electronics Year: ...... ...

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.......cc..coooiiiiiii, Dept.: ...EEE.........

Designation: PROFESSOR

Lesson No: ............. 12 Duration of Lesson: ............... 55min ...l
Lesson Title: Single-phase full-wave AC/DC rectifier

INSTRUCTIONAL/LESSON OBJECTIVES:

On completion of this lesson the student shall be able to:

Find Mathematical model for AC/DC rectifiers

TEACHING AIDS : OHP PROJECTOR, WHITEBOARD, MARKER, DUSTER
TEACHING POINTS

2 min.: Taking attendance

3 min.: Re-collecting the contents of previous class.
45 min.: Mathematical modeling for AC/DC rectifiers

5 min.: Doubts clarification and Review of the class.

Assignment / Questions: Derive the model for AC/DC rectifiers (Obj;- 2,40ut;-1,4)

Signature of faculty
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LESSON PLAN

Academic Year : 2021-22
Semester |
Name of the Program: M.Tech Power Electronics Year: ...... ...

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.......cc..coooiiiiiii, Dept.: ...EEE.........
Designation: PROFESSOR

Lesson No: .....cceeeneen. 13 Duration of Lesson: ............... 55min ...l

Lesson Title: Three-phase half-wave controlled AC/DC rectifier, Three-phase full-wave controlled AC/DC
rectifier

INSTRUCTIONAL/LESSON OBJECTIVES:

On completion of this lesson the student shall be able to:

1. Analyse Three-phase half-wave controlled AC/DC rectifier
2. Analyse Three-phase full-wave controlled AC/DC rectifier

TEACHING AIDS : OHP PROJECTOR, WHITEBOARD, MARKER, DUSTER
TEACHING POINTS

e 2 min.: Taking attendance

e 3 min.: Re-collecting the contents of previous class.

e 45 min.: Three-phase half-wave controlled AC/DC rectifier, Three-phase full-wave controlled AC/DC
rectifier

5 min.: Doubts clarification and Review of the class.

1. Assignment / Questions: Analyse Three-phase half-wave controlled AC/DC rectifier
(Obj;- 1,3 Out;-1,3)

Signature of faculty
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LESSON PLAN

Academic Year : 2021-22
Semester |
Name of the Program: M.Tech Power Electronics Year: ...... ...

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.......cc.coooiiiii, Dept.: ...EEE.........

Designation: PROFESSOR

Lesson No: ........ceoennent. 14............. Duration of Lesson: ............ 55min ...l
Lesson Title: Mathematical modeling for DC/AC PWM inverters

iNSTRUCTIONAL/LESSON OBJECTIVES:

On completion of this lesson the student shall be able to:

Mathematical modeling for DC/AC PWM inverters

TEACHING AIDS :OHP PROJECTOR, WHITEBOARD, MARKER, DUSTER
TEACHING POINTS

2 min.: Taking attendance

3 min.: Re-collecting the contents of previous class.

45 min.: Mathematical modeling for DC/AC PWM inverters
5 min.: Doubts clarification and Review of the class.

Assignment / Questions: Mathematical modeling for DC/AC PWM inverters (Obj;- 1,3,4 Out;-1,3)

Signature of faculty
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Academic Year : 2021-22
Semester |
Name of the Program: M.Tech Power Electronics Year: ...... ...

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.......cc...coooiiii, Dept.: ...EEE.........

Designation: PROFESSOR

Lesson NO: vevvveeeeennnn... 15.......... Duration of Lesson: ............... 5 mMin......ccoveui...

Lesson Title: Single-phase fullbridge PWM VSI, Three-phase full-bridge PWM VSI

INSTRUCTIONAL/LESSON OBJECTIVES:

On completion of this lesson the student shall be able to:
Single-phase fullbridge PWM VSI, Three-phase full-bridge PWM VSI

TEACHING AIDS : OHP PROJECTOR, WHITEBOARD, MARKER, DUSTER
TEACHING POINTS

e 2 min.: Taking attendance

e 3 min.: Re-collecting the contents of previous class.

e 45 min.: Single-phase full bridge PWM VSlI, Three-phase full-bridge PWM VSI
e 5 min.: Doubts clarification and Review of the class.

Assignment / Questions: Single-phase full bridge PWM VS|, Three-phase full-bridge PWM VSI. (Obj;-
1,3,40ut;-1,3)

Signature of faculty
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Academic Year . 2021-22

Semester |

Name of the Program: M.Tech Power Electronics Year: ...... o

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..

Name of the Faculty: ...... DrDGPadhan......cccccoviiiiiiiiiiii Dept.: ...EEE.........

Designation: PROFESSOR

Lesson No: ....ooovvveii.... 16, e e, Duration of Lesson: ............... 55mMin......cccoeiii...

Lesson Title: Three-phase full-bridge PWM CSI

INSTRUCTIONAL/LESSON OBJECTIVES:

On completion of this lesson the student shall be able to:

Three-phase full-bridge PWM CSI

TEACHING AIDS : OHP PROJECTOR, WHITEBOARD, MARKER, DUSTER
TEACHING POINTS

e 2 min.: Taking attendance

e 3 min.: Re-collecting the contents of previous class.
e 45 min.: Three-phase full-bridge PWM CSI

e 5 min.: Doubts clarification and Review of the class.

Assignment / Questions: Three-phase full-bridge PWM CSlI. (Obj;- 1,3,40ut;-1,3)

Signature of faculty
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LESSON PLAN

Academic Year . 2021-22
Semester o
Name of the Program: M.Tech Power Electronics Year: ...... o

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan......cccccoviiiiiiiiiiii Dept.: ...EEE.........
Designation: PROFESSOR

Lesson NO: ...oovvvnvvnnnnn. 17 Duration of Lesson: ............... 55min...................
Lesson Title: Multistage PWM inverter, Multilevel PWM inverter

iNSTRUCTIONAL/LESSON OBJECTIVES:

On completion of this lesson the student shall be able to:
Multistage PWM inverter, Multilevel PWM inverter

TEACHING AIDS : LCD PROJECTOR, WHITEBOARD, MARKER, DUSTER
TEACHING POINTS

e 2 min.: Taking attendance

e 3 min.: Re-collecting the contents of previous class.

e 45 min.: Multistage PWM inverter, Multilevel PWM inverter
e 5 min.: Doubts clarification and Review of the class.

Assignment / Questions: Multistage PWM inverter, Multilevel PWM inverter (Obj;- 1,2,3,40ut;-1,3,5)

Signature of faculty
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Academic Year : 2021-22
Semester |
Name of the Program: M.Tech Power Electronics Year: ...... ...

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.......cc...coooiiii, Dept.: ...EEE.........

Designation: PROFESSOR

Lesson No: ................ 18, . Duration of Lesson: ............... 55min..........oooei
Lesson Title: Mathematical Modeling for power DC/DC converters

INSTRUCTIONAL/LESSON OBJECTIVES:

On completion of this lesson the student shall be able to:

Mathematical Modeling for power DC/DC converters

TEACHING AIDS : LCD PROJECTOR, WHITEBOARD, MARKER, DUSTER
TEACHING POINTS

e 2 min.: Taking attendance

e 3 min.: Re-collecting the contents of previous class.

e 45 min.: Mathematical Modeling for power DC/DC converters

e 5 min.: Doubts clarification and Review of the class.

Assignment / Questions: Mathematical Modeling for power DC/DC converters (Obj;- 1,2,3,40ut;-1,5)

Signature of faculty
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Semester |

Name of the Program: M.Tech Power Electronics Year: ...... ...

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.......cc..coooiiiiiii, Dept.: ...EEE.........

Designation: PROFESSOR

Lesson NO: vevvveeeeennnn... 19 Duration of Lesson: ............... B5Smin...........oo.....

Lesson Title: Fundamental DC/DC converter

INSTRUCTIONAL/LESSON OBJECTIVES:

On completion of this lesson the student shall be able to:
Fundamental DC/DC converter

TEACHING AIDS : LCD PROJECTOR, WHITEBOARD, MARKER, DUSTER
TEACHING POINTS

e 2 min.: Taking attendance

e 3 min.: Re-collecting the contents of previous class.

e 45 min.: Fundamental DC/DC converter

e 5 min.: Doubts clarification and Review of the class.

Assignment / Questions: Fundamental DC/DC converter (Obj;- 1,2,3,40ut;-1,5)

Signature of faculty
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Academic Year : 2021-22
Semester |
Name of the Program: M.Tech Power Electronics Year: ...... ...

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.......cc..coooiiiiiii, Dept.: ...EEE.........

Designation: PROFESSOR

Lesson No: ......... 20 ., Duration of Lesson: ............... 55 MIN...oveeii.
Lesson Title: Developed DC/DC converters

iNSTRUCTIONAL/LESSON OBJECTIVES:

On completion of this lesson the student shall be able to:
Developed DC/DC converters

TEACHING AIDS : LCD PROJECTOR, WHITEBOARD, MARKER, DUSTER
TEACHING POINTS

e 2 min.: Taking attendance

e 3 min.: Re-collecting the contents of previous class.
e 45 min.: Developed DC/DC converters

e 5 min.: Doubts clarification and Review of the class.

Assignment / Questions: Developed DC/DC converters (Obj;- 1,2,3,40ut;-1,5)

Signature of faculty
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Academic Year : 2021-22

Semester |

Name of the Program: M.Tech Power Electronics Year: ...... ...

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.......cc..coooiiiiiii, Dept.: ...EEE.........

Designation: PROFESSOR

Lesson No: .......... 21 Duration of Lesson: ............... 55mMin.....cooeiii.
Lesson Title: Soft-switching converters

iNSTRUCTIONAL/LESSON OBJECTIVES:

On completion of this lesson the student shall be able to:

Soft-switching converters

TEACHING AIDS : LCD PROJECTOR, WHITEBOARD, MARKER, DUSTER
TEACHING POINTS

e 2 min.: Taking attendance

e 3 min.: Re-collecting the contents of previous class.
e 45 min.: Soft-switching converters

e 5 min.: Doubts clarification and Review of the class.

Assignment / Questions: Soft-switching converters (Obj;- 1,2,3,40ut;-1,5)

Signature of faculty
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LESSON PLAN

Academic Year : 2021-22

Semester |

Name of the Program: M.Tech Power Electronics Year: ...... ...

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.......cc..coooiiiiiii, Dept.: ...EEE.........

Designation: PROFESSOR

Lesson NO: ...vvenen.... 22 . Duration of Lesson: ............... B5Smin...........oo.....

Lesson Title: Multi-element resonant power converters

INSTRUCTIONAL/LESSON OBJECTIVES:

On completion of this lesson the student shall be able to:

Multi-element resonant power converters

TEACHING AIDS : LCD PROJECTOR, WHITEBOARD, MARKER, DUSTER
TEACHING POINTS

e 2 min.: Taking attendance

e 3 min.: Re-collecting the contents of previous class.
e 45 min.: Multi-element resonant power converters

e 5 min.: Doubts clarification and Review of the class.

Assignment / Questions: . Multi-element resonant power converters (Obj;- 1,2,3,40ut;-1,5)

Signature of faculty



Gokaraju Rangaraju Institute of Engineering and Technology

28 G 2 (Autonomous)
Pnadt Bachupally, Kukatpally, Hyderabad — 500 090, Telangana, India. (040) 6686 4440

LESSON PLAN

Academic Year : 2021-22
Semester |
Name of the Program: M.Tech Power Electronics Year: ...... ...

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.......cc..coooiiiiiii, Dept.: ...EEE.........

Designation: PROFESSOR

Lesson NoO: ...oovvvveveen.... 23 . Duration of Lesson: ............... B5min.........cooa....

Lesson Title: Traditional modeling for AC/AC (AC/DC/AC) converters

INSTRUCTIONAL/LESSON OBJECTIVES:

On completion of this lesson the student shall be able to:
Traditional modeling for AC/AC (AC/DC/AC) converters

TEACHING AIDS : LCD PROJECTOR, WHITEBOARD, MARKER, DUSTER
TEACHING POINTS

e 2 min.: Taking attendance

e 3 min.: Re-collecting the contents of previous class.

e 45 min.: Traditional modeling for AC/AC (AC/DC/AC) converters
e 5 min.: Doubts clarification and Review of the class.

Assignment / Questions: . Traditional modeling for AC/AC (AC/DC/AC) converters (Obj;- 1,2,3,40ut;-1,5)

Signature of faculty
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Academic Year : 2021-22
Semester |
Name of the Program: M.Tech Power Electronics Year: ...... o

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan......cccccoviiiiiiiiiiii Dept.: ...EEE.........

Designation: PROFESSOR

Lesson No: ....ooeveeee.... 24, .. Duration of Lesson: ............ 55 mMin......ccoeeii...
Lesson Title: Single-phase AC/AC converter

INSTRUCTIONAL/LESSON OBJECTIVES:

On completion of this lesson the student shall be able to:

Single-phase AC/AC converter

TEACHING AIDS : LCD PROJECTOR, WHITEBOARD, MARKER, DUSTER
TEACHING POINTS

e 2 min.: Taking attendance

e 3 min.: Re-collecting the contents of previous class.
e 45 min.: Single-phase AC/AC converter

e 5 min.: Doubts clarification and Review of the class.

Assignment / Questions: Single-phase AC/AC converter (Obj;- 1,2,3,40ut;-1,4,5)

Signature of faculty



Gokaraju Rangaraju Institute of Engineering and Technology

) @ =

(8 Gried 2 (Autonomous)

1

Pt Bachupally, Kukatpally, Hyderabad — 500 090, Telangana, India. (040) 6686 4440

LESSON PLAN

Academic Year : 2021-22
Semester |
Name of the Program: M.Tech Power Electronics Year: ...... ...

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.......cc..coooiiiiiii, Dept.: ...EEE.........

Designation: PROFESSOR

Lesson No: ............ 25 Duration of Lesson: ............... 55min........ooine.
Lesson Title: Three-phase AC/AC voltage controllers

INSTRUCTIONAL/LESSON OBJECTIVES:

On completion of this lesson the student shall be able to:
Three-phase AC/AC voltage controllers

TEACHING AIDS : LCD PROJECTOR, WHITEBOARD, MARKER, DUSTER
TEACHING POINTS

e 2 min.: Taking attendance

e 3 min.: Re-collecting the contents of previous class.
e 45 min.: Three-phase AC/AC voltage controllers

e 5 min.: Doubts clarification and Review of the class.

Assignment / Questions: Three-phase AC/AC voltage controllers (Obj;- 1,2,3,40ut;-1,4,5)

Signature of faculty



Gokaraju Rangaraju Institute of Engineering and Technology

GD (Autonomous)
ot Bachupally, Kukatpally, Hyderabad — 500 090, Telangana, India. (040) 6686 4440
LESSON PLAN
Academic Year : 2021-22
Semester |
Name of the Program: M.Tech Power Electronics Year: ...... o

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan......cccccoviiiiiiiiiiii Dept.: ...EEE.........

Designation: PROFESSOR

Lesson No: ............. 26, ., Duration of Lesson: ............ B5min.........coon....
Lesson Title: AC/DC/AC PWM converters

INSTRUCTIONAL/LESSON OBJECTIVES:

On completion of this lesson the student shall be able to:

AC/DC/AC PWM converters

TEACHING AIDS : LCD PROJECTOR, WHITEBOARD, MARKER, DUSTER
TEACHING POINTS

e 2 min.: Taking attendance

e 3 min.: Re-collecting the contents of previous class.
e 45 min.: AC/DC/AC PWM converters

e 5 min.: Doubts clarification and Review of the class.

Assignment / Questions: AC/DC/AC PWM converters  (Obj;- 1,2,3,40ut;-1,4,5)

Signature of faculty



i\ . Gokaraju Rangaraju Institute of Engineering and Technology
Gred 2 ¢ (Autonomous)
e Bachupally, Kukatpally, Hyderabad — 500 090, Telangana, India. (040) 6686 4440

LESSON PLAN

Academic Year . 2021-22
Semester o
Name of the Program: M.Tech Power Electronics Year: ...... o

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan......cccccoviiiiiiiiiiii Dept.: ...EEE.........

Designation: PROFESSOR

Lesson No: ....ooeveeee.... 27 i, Duration of Lesson: ............... 55mMin......ccoeii...

Lesson Title: Introduction to open loop control

INSTRUCTIONAL/LESSON OBJECTIVES:

On completion of this lesson the student shall be able to:

Introduction to open loop control

TEACHING AIDS : LCD PROJECTOR, WHITEBOARD, MARKER, DUSTER
TEACHING POINTS

e 2 min.: Taking attendance

e 3 min.: Re-collecting the contents of previous class.
e 45 min.: Introduction to open loop control

e 5 min.: Doubts clarification and Review of the class.

Assignment / Questions: Introduction to open loop control. (Obj;- 1,2,3,40ut;-1,5)

Signature of faculty



Gokaraju Rangaraju Institute of Engineering and Technology
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@D (Autonomous)

JJJJ:”‘:LLLL Bachupally, Kukatpally, Hyderabad — 500 090, Telangana, India. (040) 6686 4440
LESSON PLAN

Academic Year : 2021-22

Semester |

Name of the Program: M.Tech Power Electronics Year: ...... ...

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.......cc..coooiiiiiii, Dept.: ...EEE.........

Designation: PROFESSOR

Lesson NO: wevveeeeeeennnnnn. 28, Duration of Lesson: ............... B5SMin.......cooeue....
Lesson Title: Stability analysis

INSTRUCTIONAL/LESSON OBJECTIVES:

On completion of this lesson the student shall be able to:

Stability analysis

TEACHING AIDS : LCD PROJECTOR, WHITEBOARD, MARKER, DUSTER
TEACHING POINTS

e 2 min.: Taking attendance

e 3 min.: Re-collecting the contents of previous class.
e 45 min.: Stability analysis

e 5 min.: Doubts clarification and Review of the class.

Assignment / Questions: Stability analysis (Obj;- 1,2,3,40ut;-1,2,4)

Signature of faculty



i\ . Gokaraju Rangaraju Institute of Engineering and Technology
Gred 2 ¢ (Autonomous)
e Bachupally, Kukatpally, Hyderabad — 500 090, Telangana, India. (040) 6686 4440

LESSON PLAN

Academic Year . 2021-22
Semester o
Name of the Program: M.Tech Power Electronics Year: ...... o

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan......cccccoviiiiiiiiiiii Dept.: ...EEE.........
Designation: PROFESSOR

Lesson NO: ..ovvvviiiieninnnn 29. .. Duration of Lesson: ............... 55min...................
Lesson Title: Unit-step function responses

INSTRUCTIONAL/LESSON OBJECTIVES:

On completion of this lesson the student shall be able to:
Unit-step function responses

TEACHING AIDS : LCD PROJECTOR, WHITEBOARD, MARKER, DUSTER
TEACHING POINTS

e 2 min.: Taking attendance

e 3 min.: Re-collecting the contents of previous class.
e 45 min.: Unit-step function responses

e 5 min.: Doubts clarification and Review of the class.

Assignment / Questions: Unit-step function responses (Obj;- 1,2,3,4 Out;-1,2)

Signature of faculty



PR Gokaraju Rangaraju Institute of Engineering and Technology

@D (Autonomous)
St Bachupally, Kukatpally, Hyderabad — 500 090, Telangana, India. (040) 6686 4440
LESSON PLAN
Academic Year : 2021-22
Semester |
Name of the Program: M.Tech Power Electronics Year: ...... ...

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.......cc..oooiiiiii, Dept.: ...EEE.........

Designation: PROFESSOR

Lesson NoO: ...enen..... 30, Duration of Lesson: ............... B5Smin...........oo.....
Lesson Title: Impulse responses

INSTRUCTIONAL/LESSON OBJECTIVES:

On completion of this lesson the student shall be able to:

Impulse responses

TEACHING AIDS : LCD PROJECTOR, WHITEBOARD, MARKER, DUSTER
TEACHING POINTS

e 2 min.: Taking attendance
e 3 min.: Re-collecting the contents of previous class.
e 45 min.: Impulse responses
e 5 min.: Doubts clarification and Review of the class.

Assignment / Questions: Impulse responses (Obj;- 1,2,3,40ut;-1,5)

Signature of faculty



PR Gokaraju Rangaraju Institute of Engineering and Technology

@D (Autonomous)
St Bachupally, Kukatpally, Hyderabad — 500 090, Telangana, India. (040) 6686 4440
LESSON PLAN
Academic Year : 2021-22
Semester |
Name of the Program: M.Tech Power Electronics Year: ...... ...

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.......cc..oooiiiiii, Dept.: ...EEE.........

Designation: PROFESSOR

Lesson No: ................ ) Duration of Lesson: ............ 55min..........oooeil
Lesson Title: Introduction to closed loop control

INSTRUCTIONAL/LESSON OBJECTIVES:

On completion of this lesson the student shall be able to:

Introduction to closed loop control

TEACHING AIDS : LCD PROJECTOR, WHITEBOARD, MARKER, DUSTER
TEACHING POINTS

e 2 min.: Taking attendance

e 3 min.: Re-collecting the contents of previous class.
e 45 min.: Introduction to closed loop control

e 5 min.: Doubts clarification and Review of the class.

Assignment / Questions: Introduction to closed loop control (Obj;- 1,2,3,40ut;-1,5)

Signature of faculty
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LESSON PLAN
Academic Year : 2021-22
Semester |
Name of the Program: M.Tech Power Electronics Year: ...... ...

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.......cc..oooiiiiii, Dept.: ...EEE.........

Designation: PROFESSOR

Lesson No: .....u....... 32, Duration of Lesson: ............... B5SmMin......cooeeeei...
Lesson Title: PI control for AC/DC rectifiers

INSTRUCTIONAL/LESSON OBJECTIVES:

On completion of this lesson the student shall be able to:

PI control for AC/DC rectifiers

TEACHING AIDS : LCD PROJECTOR, WHITEBOARD, MARKER, DUSTER
TEACHING POINTS

e 2 min.: Taking attendance

e 3 min.: Re-collecting the contents of previous class.
e 45 min.: PI control for AC/DC rectifiers

e 5 min.: Doubts clarification and Review of the class.

Assignment / Questions: PI control for AC/DC rectifiers (Obj;- 1,2,3,40ut;-1,5)

Signature of faculty



i\ . Gokaraju Rangaraju Institute of Engineering and Technology
Gred 2 ¢ (Autonomous)
e Bachupally, Kukatpally, Hyderabad — 500 090, Telangana, India. (040) 6686 4440

LESSON PLAN

Academic Year . 2021-22
Semester o
Name of the Program: M.Tech Power Electronics Year: ...... o

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan......cccccoviiiiiiiiiiii Dept.: ...EEE.........
Designation: PROFESSOR

Lesson No: ............. 33 Duration of Lesson: ............... 55min..................

Lesson Title: Pl control for DC/AC inverters

INSTRUCTIONAL/LESSON OBJECTIVES:

On completion of this lesson the student shall be able to:
P1 control for DC/AC inverters

TEACHING AIDS : LCD PROJECTOR, WHITEBOARD, MARKER, DUSTER
TEACHING POINTS

e 2 min.: Taking attendance

e 3 min.: Re-collecting the contents of previous class.
e 45 min.: PI control for DC/AC inverters

¢ 5 min.: Doubts clarification and Review of the class.

Assignment / Questions: PI control for DC/AC inverters (Obj;- 1,2,3,40ut;-1,5)

Signature of faculty



i\ . Gokaraju Rangaraju Institute of Engineering and Technology
Gred 2 ¢ (Autonomous)
e Bachupally, Kukatpally, Hyderabad — 500 090, Telangana, India. (040) 6686 4440

LESSON PLAN

Academic Year . 2021-22
Semester o
Name of the Program: M.Tech Power Electronics Year: ...... o

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan......cccccoviiiiiiiiiiii Dept.: ...EEE.........
Designation: PROFESSOR

Lesson No: ............ 3. Duration of Lesson: ............... 55min...................
Lesson Title: PI control for AC/AC (AC/DC/AC) converters

INSTRUCTIONAL/LESSON OBJECTIVES:

On completion of this lesson the student shall be able to:
PI control for AC/AC (AC/DC/AC) converters

TEACHING AIDS : LCD PROJECTOR, WHITEBOARD, MARKER, DUSTER
TEACHING POINTS

e 2 min.: Taking attendance

e 3 min.: Re-collecting the contents of previous class.
e 45 min.: PI control for AC/AC (AC/DC/AC) converters
e 5 min.: Doubts clarification and Review of the class.

Assignment / Questions: PI control for AC/AC (AC/DC/AC) converters (Obj;- 1,2,3,4 Out;-1,2,4)

Signature of faculty



i\ . Gokaraju Rangaraju Institute of Engineering and Technology
Gred 2 ¢ (Autonomous)
e Bachupally, Kukatpally, Hyderabad — 500 090, Telangana, India. (040) 6686 4440

LESSON PLAN

Academic Year . 2021-22
Semester o
Name of the Program: M.Tech Power Electronics Year: ...... o

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan......cccccoviiiiiiiiiiii Dept.: ...EEE.........

Designation: PROFESSOR

Lesson No: ............ 35 Duration of Lesson: ............... B5min.........coon....
Lesson Title: PID control for DC/DC converters

INSTRUCTIONAL/LESSON OBJECTIVES:

On completion of this lesson the student shall be able to:
PID control for DC/DC converters

TEACHING AIDS : LCD PROJECTOR, WHITEBOARD, MARKER, DUSTER
TEACHING POINTS

e 2 min.: Taking attendance

e 3 min.: Re-collecting the contents of previous class.
e 45 min.: PID control for DC/DC converters

e 5 min.: Doubts clarification and Review of the class.

Assignment / Questions: PID control for DC/DC converters (Obj;- 1,2,3,40ut;-1,2,4)

Signature of faculty



i\ . Gokaraju Rangaraju Institute of Engineering and Technology
Gred 2 ¢ (Autonomous)
e Bachupally, Kukatpally, Hyderabad — 500 090, Telangana, India. (040) 6686 4440

LESSON PLAN

Academic Year . 2021-22
Semester o
Name of the Program: M.Tech Power Electronics Year: ...... o

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan......cccccoviiiiiiiiiiii Dept.: ...EEE.........

Designation: PROFESSOR

Lesson No: ............ 36 i Duration of Lesson: ............... 55min...................
Lesson Title: Introduction to energy factor application

INSTRUCTIONAL/LESSON OBJECTIVES:

On completion of this lesson the student shall be able to:
Introduction to energy factor application

TEACHING AIDS : LCD PROJECTOR, WHITEBOARD, MARKER, DUSTER
TEACHING POINTS

e 2 min.: Taking attendance

e 3 min.: Re-collecting the contents of previous class.
e 45 min.: Introduction to energy factor application

e 5 min.: Doubts clarification and Review of the class.

Assignment / Questions: Introduction to energy factor application (Obj;- 1,2,3,40ut;-1,2,4)

Signature of faculty



i\ . Gokaraju Rangaraju Institute of Engineering and Technology
Gred 2 ¢ (Autonomous)
e Bachupally, Kukatpally, Hyderabad — 500 090, Telangana, India. (040) 6686 4440

LESSON PLAN

Academic Year . 2021-22
Semester o
Name of the Program: M.Tech Power Electronics Year: ...... o

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan......cccccoviiiiiiiiiiii Dept.: ...EEE.........
Designation: PROFESSOR

Lesson No: ............ 37 i, Duration of Lesson: ............... 55min...................
Lesson Title: Energy storage in motors

INSTRUCTIONAL/LESSON OBJECTIVES:

On completion of this lesson the student shall be able to:
Energy storage in motors

TEACHING AIDS : LCD PROJECTOR, WHITEBOARD, MARKER, DUSTER
TEACHING POINTS

e 2 min.: Taking attendance

e 3 min.: Re-collecting the contents of previous class.
e 45 min.: Energy storage in motors

e 5 min.: Doubts clarification and Review of the class.

Assignment / Questions: Energy storage in motors  (Obj;- 1,2,3,40ut;-1,2,5)

Signature of faculty
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LESSON PLAN

Academic Year . 2021-22
Semester o
Name of the Program: M.Tech Power Electronics Year: ...... o

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.....ccccccoviiiiiiiiii Dept.: ...EEE.........

Designation: PROFESSOR

Lesson No: ............ 38, Duration of Lesson: ............... B5min........ocoon....
Lesson Title: DC/AC voltage source

INSTRUCTIONAL/LESSON OBJECTIVES:

On completion of this lesson the student shall be able to:
DC/AC voltage source

TEACHING AIDS : LCD PROJECTOR, WHITEBOARD, MARKER, DUSTER
TEACHING POINTS

e 2 min.: Taking attendance

e 3 min.: Re-collecting the contents of previous class.
e 45 min.: DC/AC voltage source

e 5 min.: Doubts clarification and Review of the class.

Assignment / Questions: DC/AC voltage source (Obj;- 1,2,3,40ut;-1,2,4)

Signature of faculty
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Mt Bachupally, Kukatpally, Hyderabad — 500 090, Telangana, India. (040) 6686 4440

LESSON PLAN

Academic Year . 2021-22
Semester o
Name of the Program: M.Tech Power Electronics Year: ...... o

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.....ccccccoviiiiiiiiii Dept.: ...EEE.........

Designation: PROFESSOR

Lesson No: ............ 39, Duration of Lesson: ............... B5min........ocoon....
Lesson Title: AC/DC current source

INSTRUCTIONAL/LESSON OBJECTIVES:

On completion of this lesson the student shall be able to:
AC/DC current source

TEACHING AIDS : LCD PROJECTOR, WHITEBOARD, MARKER, DUSTER
TEACHING POINTS

e 2 min.: Taking attendance

e 3 min.: Re-collecting the contents of previous class.
e 45 min.: AC/DC current source

e 5 min.: Doubts clarification and Review of the class.

Assignment / Questions: AC/DC current source (Obj;- 1,2,3,4 Out;-1,2,4)

Signature of faculty
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55 (Autonomous)

Mt Bachupally, Kukatpally, Hyderabad — 500 090, Telangana, India. (040) 6686 4440

LESSON PLAN

Academic Year . 2021-22
Semester o
Name of the Program: M.Tech Power Electronics Year: ...... o

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.....ccccccoviiiiiiiiii Dept.: ...EEE.........
Designation: PROFESSOR

Lesson No: ............ 40 ... Duration of Lesson: ............... 55min...................
Lesson Title: AC motor drives

INSTRUCTIONAL/LESSON OBJECTIVES:

On completion of this lesson the student shall be able to:

AC motor drives

TEACHING AIDS : LCD PROJECTOR, WHITEBOARD, MARKER, DUSTER
TEACHING POINTS

e 2 min.: Taking attendance

e 3 min.: Re-collecting the contents of previous class.
e 45 min.: AC motor drives

¢ 5 min.: Doubts clarification and Review of the class.

Assignment / Questions: AC motor drives (Obj;- 1,2,3,4 Out;-1,2,4)

Signature of faculty



Faie N Gokaraju Rangaraju Institute of Engineering and Technology
55 (Autonomous)

Mt Bachupally, Kukatpally, Hyderabad — 500 090, Telangana, India. (040) 6686 4440

LESSON PLAN

Academic Year . 2021-22
Semester o
Name of the Program: M.Tech Power Electronics Year: ...... o

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.....ccccccoviiiiiiiiii Dept.: ...EEE.........

Designation: PROFESSOR

Lesson No: ............ 41, Duration of Lesson: ............... B5min........ocoon....
Lesson Title: DC motor drives

INSTRUCTIONAL/LESSON OBJECTIVES:

On completion of this lesson the student shall be able to:
DC motor drives

TEACHING AIDS : LCD PROJECTOR, WHITEBOARD, MARKER, DUSTER
TEACHING POINTS

e 2 min.: Taking attendance

e 3 min.: Re-collecting the contents of previous class.
e 45 min.: DC motor drives

e 5 min.: Doubts clarification and Review of the class.

Assignment / Questions: DC motor drives (Obj;- 1,2,3,40ut;-1,2,4)

Signature of faculty
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ASSIGNMENT SHEET -1

Academic Year . 2021-22
Semester o
Name of the Program: M.Tech Power Electronics Year: ...... I

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.......cc..coooiiiiii, Dept.: ...EEE.........
Designation: PROFESSOR
This Assignment corresponds to Unit No. / Lesson .................. Lo
Q1. What is sampling process? State and Explain Shannon’s sampling theorem
Q2. Obtain the Z transform of following functions

(@) x(K)=(1/2)¥ , for k=0,1,2...

(b) x(t)=t sint

Q3. Determine the transfer function of a Zero Order Hold device. Also draw Input and output waveforms
in the time domain.

Objective NOS.: .o.vvvviiiiiiennnnnn. L
Outcome NOS.: ...oovvivniiiiininnn. P
Signature of HOD Signature of faculty

Date: Date:
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23kt

ASSIGNMENT SHEET -2

Academic Year . 2021-22
Semester o
Name of the Program: M.Tech Power Electronics Year: ...... I

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.......cc.coooiiiii, Dept.: ...EEE.........
Designation: PROFESSOR

This Assignment corresponds to Unit No. / Lesson .................. 2

Q1. Draw the star/star circuit and delta/star circuit for three-phase half-wave diode rectifier. Also, find average
value of output voltage, form factor and ripple factor.

Q2. Determine the transfer function of AC/DC rectifiers in S-domain and in Z-domain

Q3. Draw the circuit diagram and output wave forms of a three-phase full bridge VSI. Also obtain the transfer
function in S-domain as well as in Z-domain.

Objective NOS.: .ovviiiiiiiiiiiiaeeneen, 0
Outcome NOS.: «ovvvvieinnnn. R T
Signature of HOD Signature of faculty

Date: Date:
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ASSIGNMENT SHEET -3

Academic Year : 2021-22

Semester |

Name of the Program: M.Tech Power Electronics Year: ...... o

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.....ccccccoviiiiiiiiiiiii Dept.: ...EEE.........

Designation: PROFESSOR
This Assignment corresponds to Unit No. / Lesson .................. K J

Q1. With the help of traditional modelling, determine the transfer function of Three-phase AC/AC voltage
controllers.

Q2. Explain DC/DC converter family tree.

ODbjective NOS.: 1,2,3,4. .. e

Signature of HOD Signature of faculty

Date: Date:
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ASSIGNMENT SHEET -4

Academic Year : 2021-22

Semester |

Name of the Program: M.Tech Power Electronics Year: ...... ...

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.......cc..coooiiiii, Dept.: ...EEE.........
Designation: PROFESSOR

This Assignment corresponds to Unit No. / Lesson .................. Ao

Q1. Draw the block diagram of open loop analysis for AC/DC rectifiers with a first order load. Determine
the transfer function in S-domain and Z-domain.
Q2. Draw the block diagram of closed loop control system with a PI controller for rectifier. Also, analyse

the stability of the system.

Objective NOS.: ..ovvviviiiiiinen. 12,3, e
Outcome NOS.: .....ovviiiiiiiiiien... L
Signature of HOD Signature of faculty

Date: Date:
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ASSIGNMENT SHEET -5

Academic Year : 2021-22
Semester |
Name of the Program: M.Tech Power Electronics Year: ...... ...

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.......cc..cooooiii, Dept.: ...EEE.........
Designation: PROFESSOR

This Assignment corresponds to Unit No. / Lesson .................. T

QL. Explain the energy storage in DC motor.

Q2. Derive the expression for settling time of a single phase AC motor drive supplied by a chopper.

Objective NOS.: c.vvviiieiei e 1,2,3/ 4. oo
OUtcomE NOS.. ..ot i J
Signature of HOD Signature of faculty

Date: Date:
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TUTOTIAL SHEET -1

Academic Year : 2021-22
Semester |
Name of the Program: M.Tech Power Electronics Year: ...... ...

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.......cc..oooiiiiii, Dept.: ...EEE.........
Designation: PROFESSOR

This Tutorial corresponds to Unit No. / Lesson ......... L

QL. Determine the transfer function of a Zero Order Hold device. Also draw Input and output waveforms
in the time domain.

Q2. Draw the impulse response of first order hold (FOH).

Q3. Define Shannon’s sampling theorem.

Please write the Questions / Problems / Exercises which you would like to give to the students and also
mention the Objectives/Outcomes to which these Questions / Problems / Exercises are related.

Objective NOS.: .ovviiiiiiiiiiiaeaneen, L
Outcome NOS.: «ovveiiiiiiiiian.. 1 ST
Signature of HOD Signature of faculty

Date: Date:



e Gokaraju Rangaraju Institute of Engineering and Technology

{ CG) (Autonomous)

% ’;: »ﬁ’g Bachupally, Kukatpally, Hyderabad — 500 090, Telangana, India. (040) 6686 4440
TUTOTIAL SHEET -2

Academic Year : 2021-22

Semester |

Name of the Program: M.Tech Power Electronics Year: ...... o

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.....ccccccoviiiiiiiiii Dept.: ...EEE.........
Designation: PROFESSOR

This Tutorial corresponds to Unit No. / Lesson ......... 2

Q1. Draw the circuit diagram and output wave forms a single-phase full bridge VSI. Also obtain the
transfer function in S-domain as well as in Z-domain.

Q2. Draw the Y/Y circuit configuration Three-phase half-wave diode rectifier.

Q3. What is the difference between multistage and multi-level inverter?

Please write the Questions / Problems / Exercises which you would like to give to the students and also
mention the Objectives/Outcomes to which these Questions / Problems / Exercises are related.

Objective NOS.: ..ovviiiiiiiiiiiianen. I
Outcome NOS.: .vvviiiiiiiiiiiiiiennn 0 20 T T
Signature of HOD Signature of faculty

Date: Date:



Pt Gokaraju Rangaraju Institute of Engineering and Technology

(G 2 (Autonomous)
Y%y Bachupally, Kukatpally, Hyderabad — 500 090, Telangana, India. (040) 6686 4440
Ly

TUTOTIAL SHEET -3

Academic Year . 2021-22
Semester o
Name of the Program: M.Tech Power Electronics Year: ...... o

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..

Name of the Faculty: ...... DrDGPadhan.....ccccccoviiiiiiiiii Dept.: ...EEE.........

Designation: PROFESSOR

This Tutorial corresponds to Unit No. / Lesson ......... T

Q1. With the help of traditional modelling, determine the transfer function of Three-phase AC/AC
voltage controllers.

Q2. Draw the topology of fundamental DC/DC converter.

Q3. What is the classification of developed converters?

Please write the Questions / Problems / Exercises which you would like to give to the students and also
mention the Objectives/Outcomes to which these Questions / Problems / Exercises are related.

Objective NOS.: v.vvviieiiiiiiiieieaeaens 0
OUutcome NOS.: ..o I 1 T Pt
Signature of HOD Signature of faculty

Date: Date:



Y Gokaraju Rangaraju Institute of Engineering and Technology

(LG 2 (Autonomous)
Ut @S Bachupally, Kukatpally, Hyderabad — 500 090, Telangana, India. (040) 6686 4440
Dy

TUTOTIAL SHEET -4

Academic Year . 2021-22
Semester o
Name of the Program: M.Tech Power Electronics Year: ...... o

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.....ccccccoviiiiiiiiiiiii Dept.: ...EEE.........
Designation: PROFESSOR

This Tutorial corresponds to Unit No. / Lesson ......... Ao

Q1. Analyse the converters with a First order with Load plus an integral element.
Q2. Draw the block diagram of open loop control scheme for converters.

Q3. What is the transfer function of AC/DC rectifier in S-domain and in Z-domain.

Please write the Questions / Problems / Exercises which you would like to give to the students and also
mention the Objectives/Outcomes to which these Questions / Problems / Exercises are related.

Objective Nos.: ............... 0 TR
Outcome NoS.: ............... i
Signature of HOD Signature of faculty

Date: Date:
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(G 2 (Autonomous)
Y%y Bachupally, Kukatpally, Hyderabad — 500 090, Telangana, India. (040) 6686 4440
Ly

TUTOTIAL SHEET -5

Academic Year . 2021-22
Semester o
Name of the Program: M.Tech Power Electronics Year: ...... o

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.....ccccccoviiiiiiiiii Dept.: ...EEE.........

Designation: PROFESSOR
This Tutorial corresponds to Unit No. / Lesson ......... T

Q1. Explain the energy storage in AC motor.
Q2. Explain an DC/AC voltage source and an AC/DC current source
Q3. What are the various parts of energy storage in DC motor?

Please write the Questions / Problems / Exercises which you would like to give to the students and also
mention the Objectives/Outcomes to which these Questions / Problems / Exercises are related.

Signature of HOD Signature of faculty

Date: Date:
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Academic Year : 2021-22
Semester |
Name of the Program: M.Tech Power Electronics Year: ...... ...

Course/Subject: ... Digital Control Of Power Electronics and Drive systems, Course Code..GR20D5036..
Name of the Faculty: ...... DrDGPadhan.......cc..cooooiii, Dept.: ...EEE.........
Designation: PROFESSOR
1. TARGET:

A) Percentage for pass: 40%

b) Percentage of class: 85%
2. COURSE PLAN & CONTENT DELIVERY:

e OHP presentation of the Lectures
e Solving exercise problems

e Model questions

3. METHOD OF EVALUATION

3.1 Continuous Assessment Examinations (CAE-I, CAE-II)
3.2 Assignments

3.3 Seminars

3.4 Quiz

3.5 Semester/End Examination

Signature of HOD Signature of faculty

Date: Date:
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Gokaraju Rangaraju Institute of Engineering and Technology

¢ 5\ Lay
{8 G o (Autonomous)
Yy o Bachupally, Kukatpally, Hyderabad — 500 090, Telangana, India. (040) 6686 4440
My
RESULT ANALYSIS
Gokaraju Rangaraju Institute of Engineering & Technology
M.Tech (PE) 11 Sem (EEE) Result Analysis
Academic Year: 2021-22 : Total No. of Students Registered: 04
Total No. Count of Students with Gradem
Total No. of SN(:{ Otf
Course of Students tudents G
= appeared Slud?nts Failed Qo ap aF ap W
pp Passed (10) ) (8) (7 (6) (5)
EDS 04 04 00 00 00 00 01 03 T
DCPED 04 04 00 00 00 | 02 01 o1 [ 00
APEC T04 04 00 00 00 02 01 01 00
AIMLT 04 04 00 00 01 00 02 01 00
ED Lab 04 04 00 04 00 00 00 00 .| 00
DSP&MC Lab 04 04 00 03 01 00 00 00 00
MINI Proj. 04 04 00 01 01 02 00 00 00
PS 04 04 00 03 01 00 00 00 00
Arrears Position — M.Tech (PE) I year / 11 Semester
No.of All One Arrear Two Arrears Three More than Overa
students Pass Arrears three arrears 1%
of
pass
04 04 00 00 00 00 100%
Performance overall Class Three Toppers
NAME 3
ROLL NO. SGPA
21241D4303 Moshina Begum 822
21241D4302 K y s
othapalli Malini £.00
21241D4304 Surya Prakash Yadav
21241D4 Y
301 Dupati pujitha 7.11
dra Babu §
Class coordinator } Dr Phaneendr
HOD, EEE




M.Tech (PE) - 11 Sem (EEE)

Courses EDS DCPED | APEC | AIMLT | ED Lab |DSP&MC| MINI Proj. PS
Lab
SEC
T
10 GR20D30 |GR20D50/GR20D5|GR20D50|GR20D50|{GR20D50| GR20D5014| GR20D51
N | o 35 36 037 40 43 44 3 57
codes f
TOTAL 04 04 04 04 04 04 04 04
PASS 04 04 04 04 04 04 04 04
PASS( 100 100 100 100 100 100 100 100
%) ‘
FACU
A LTY DrD DrD DrT D DrD A DrB Dr_.l
NAME Raveendhra G Sures Karuna Ravee Vinay Phane Sride
Padh K p endra vi
- h ndhra Kumar Babu
Kum
ar
FACU
1604 1283 1494 760 1604 881 1563 516
LTY ID

G-

Class coordinator

Dr Phaneendra Babu B

HOD, EEE

HOD,EEE




1. Program Educational Objectives (PEOs) - Vision/Mission Matrix (Indicate the
relationships by mark “X”)

PEO’s Mission of the department
Higher Contemporary | Technical | Research
Learning Education Knowledge

Graduates will have a successful
technical or professional careers,
including supportive and leadership
roles on multidisciplinary teams
Graduates will be able to acquire, use
and develop skills as required for X X
effective professional practices
Graduates will be able to attain holistic
education that is an essential

X X X X

prerequisite for being a responsible X X

member of

Graduates will be engaged in life-long

learning, to remain abreast in their X X X

profession and be leaders in our
technologically vibrant

2. Program Educational Objectives (PEOs)-Program Outcomes (POs) Relationship Matrix
(Indicate the relationships by mark “X”)

Ws al b c d e f g h i ] k
PEOs

1 X X X X X X
2 X X X X X

3 X X X X X X
4 X X X X X X X X

3. Course Objectives-Course Outcomes Relationship Matrix (Indicate the relationships by
mark “X”)

Course- 1 2 3 4 5
Outcomes

Course-Objectives
1 X
2 X X X X
3
4 X X
5 X X




4. Course Objectives-Program Outcomes (POs) Relationship Matrix (Indicate the
relationships by mark “X”)

W al| b c d e f g H [ j k
C-Objecti

1 X X X X X X X

2 X [X X X X X X X X

3

4 X [X X X X X X X X X X
5 X |X X X X X X X X X

5. Course Outcomes-Program Outcomes (POs) Relationship Matrix (Indicate the relationships
by mark “X”)

%::s al b c d E f g h i j Kk I
C-Outcomes

1 X X X X X
2 X X X X X X
3 X X | x X

4 X X X X
5 X X X

6. Program Educational Objectives (PEOs)-Course Outcomes Relationship Matrix (Indicate the
relationships by mark “X”)

P-Objectives (PEOs)| 1 2 3 4

Course-Outcomes

1 X X

2 X X

3 X X

4 X X

5 X X X




7. Assignments and Assessments - Program Outcomes (POs) Relationship Matrix (Indicate
the relationships by mark “X”)

-Outcomes| a | b c d e f g h i i k I

\lAs}mmts

Mid Exam X X X X X

Assignments| X | X X X X X X

Seminars/ [X [X X X X X X X

Conferences

Project X | X X X X X X

Work

Main Exam [ X X X X X

Behavioral [X | X X X X X X X X

Observation

8. Assignments and Assessments — Program Educational Objectives (PEOs) Relationship Matrix
(Indicate the relationships by mark “X”)

\P{w:z 1 2 3 4
Assessme

Mid Exam X [ X X
Assignments[ X | X X
Seminars/ | X [X X
Conferences

Project X | X X
Work

Main Exam | X X X
Behavioral | X X X
Observation
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Gokaraju Rangaraju Institute of Engineering and Technology

G2)H (Autonomous)
o «%‘i@—“ Bachupally, Kukatpally, Hyderabad — 500 090, Telangana, India. (040) 6686 4440
VL
CO Attainment for all Mid Exams
Digital Control of Power Electronics and Drive Systems Date of Exam:07/06/2022
M Tech (PE)- CO Attainment-Sem-11 Mid-1 2021-22
ROLL NO Objal:CO1| Ol1:C01 Q2:C01 03:C01 Q4:C02 05002 06002
2124104301 2 2.5 4 3
2124104302 3 3.5 5 4
2124104303 45 5 4 3
2124104304 3.5 0 5 4
Grand Total 13 G 5 9 9 3 11
NSA 4.0 2.0 2.0 2.0 2.0 1.0 3.0
Attempt %=(NSATotal no of students)*100 21.1 10.5 10.5 10.5 10.5 53 15.8
Average (attainment)= Total/NSA 3.3 3.0 2.5 4.5 4.5 3.0 3.7
Attainment%e= (Avg/max. Marks for
question)*100 65.00 60.00 50.00 90.00 90.00 §0.00 7333
%
co1 92.16
C02 83.62

Digital Control of Power Electronics and Drive Systems Date of
Exam:09/08/2022 M Tech (PE)- CO Attainment-Sem-Il Mid-Il 2021-22

ROLL NO pjQ1:C0O3, CO4,C|] Ql1:CO3 Q2:CO3 Q3:Co4 Q4:CO4 Q5:CO5 Q6:CO5
21241D4301 4 4 5 4
21241D4302 4 4 5 5
21241D4303 5 5 4 4
21241D4304 5 5 4 5
Grand Total 18 8 10 10 8 2 14
NSA 4.0 2.0 2.0 2.0 2.0 1.0 3.0
SA/Total no of 21.1 10.5 10.5 10.5 10.5 53 15.8
(attainment)= 1 45 2.0 5.0 5.0 2.0 4.0 a7
Attainment%=
(Avg/max. 90.00 80.00 100.00 | 100.00 80.00 80.00 93.33
Marks for
question)*100
%
CO3 90
CcOo4 a0
cCO5 86.67
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GOKARAJU RANGARAJU INSTITUTE OF ENGINEERING AND TECHNOLOGY
(Autonomous)
Department of EEE
I M. Tech 11-Sem (Power Electronics) I-Mid Marks: 5M
Time: 15 Minutes Date of Exam: 07-06-2022
Subject: Digital Control of Power Electronics Drive Systems (GR20D5036)
Name: Roll Number:
(Answer All Questions) (10 X 0.5 =5 Marks)
A signal with a maximum frequency of « Hz must be sampled at least L1 COo1
times per second to reconstruct the original signal from the samples..
a. 20 |b. 2/e c. w2 | d. None of these
ZOH s called zero-order extrapolator as its polynomial used is of the L1 Co1
a. zeroth order \b. first-order \C. second order \d. None of these
The output of the FOH between two consecutive sampling instants is a L2 Co1
function.
a. step |b. ramp | c. parabolic ld. None of these
Traditional modeling for AC/DC controlled rectifiers is a elementinthe | L1 Co1
s-domain.
a. zero order | b. first order |c. second order | d. time-delay
Traditional modeling for AC/AC converters is a element in the s- L1 CO1
domain.
a. zero order \b. first order \C. second order \d. time-delay
A rectifier is a element. L1 CO2
a. stable | b. unstable | c. critically stable | d. cannot say
Ripple factor is equal to : L2 {0y
a. (Form Factor-1) |b. (Power Factor - 1) |c. Power Factor — d. None
Form Factor of these
All DC/AC PWM inverters are treated as : L2 CO2
a. ZOH |b. FOH |c. SOH |d. None

In case of the single-phase full-wave diode rectifier, power factor of the L2 CO2
bridge circuit is
a. 0.707 b. 1 [c. 0 d. 1.2
While mapping between S-plane and Z-plane, right hand plane of S-plane L1 Co1
maps to of the Z-plane.
a. Inside unit b. Unit circle c. Outside d. None

circle unit circle




GOKARAJU RANGARAJU INSTITUTE OF ENGINEERING AND TECHNOLOGY

(An Autonomous Institute under JINTUH)

Department of EEE
I M. Tech I1-Sem (Power Electronics) I-Mid Marks: 15M
Time: 75 Minutes Date of Exam: 07/06/2022
Subject: Digital Control of Power Electronics Drive Systems (GR20D5036)
(Answer All Questions) (3 X5 =15 Marks)
Obtain the Z transform of following functions
1 L3 COo1
(@) x(K)=(1/2)% , for k=0,1,2...
(b) x(t)=t sint
OR
Determine the initial value and final value of the sequence
f(k) to which the Z transform is
3 52
2 F(z) =22 52 +82 L3 co1
(z-1)(z-0.5)
3 Determine the transfer function of a Zero Order Hold device. L2 Co1
Also draw Input and output waveforms in the time domain.
OR
4 Draw the star/star circuit and delta/star circuit for three- Lo CO?2
phase half-wave diode rectifier. Also, find average value of
output voltage, form factor and ripple factor.
5 Determine the transfer function of AC/DC rectifiers in S- L3 CO2
domain and in Z-domain.
OR
Draw the circuit diagram and output wave forms a three-
6 phase full bridge VSI. Also obtain the transfer function in S- L2 CO2
domain as well as in Z-domain.
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GOKARAJU RANGARAJU INSTITUTE OF ENGINEERING AND TECHNOLOGY
(Autonomous)
Department of EEE
I M. Tech 11-Sem (Power Electronics) 11-Mid Marks: 5M
Time: 15 Minutes Date of Exam: 16-08-2022
Subject: Digital Control of Power Electronics Drive Systems (GR20D5036)
Name: Roll Number:
(Answer All Questions) (10 X 0.5 =5 Marks)
A signal with a maximum frequency of « Hz must be sampled at least L1 COo1
times per second to reconstruct the original signal from the samples..
a. 20 |b. 2/e c. w2 | d. None of these
ZOH s called zero-order extrapolator as its polynomial used is of the L1 Co1
a. zeroth order \b. first-order \C. second order \d. None of these
The output of the FOH between two consecutive sampling instants is a L2 Co1
function.
a. step |b. ramp | c. parabolic ld. None of these
Traditional modeling for AC/DC controlled rectifiers is a elementinthe | L1 Co1
s-domain.
a. zero order | b. first order |c. second order | d. time-delay
Traditional modeling for AC/AC converters is a element in the s- L1 CO1
domain.
a. zero order \b. first order \C. second order \d. time-delay
A rectifier is a element. L1 CO2
a. stable | b. unstable |c. critically stable | d. cannot say
Ripple factor is equal to : L2 {0y
a. (Form Factor-1) |b. (Power Factor - 1) |c. Power Factor — d. None
Form Factor of these
All DC/AC PWM inverters are treated as : L2 CO2
a. ZOH |b. FOH |c. SOH |d. None

In case of the single-phase full-wave diode rectifier, power factor of the L2 CO2
bridge circuit is
a. 0.707 b. 1 [c. 0 d. 1.2
While mapping between S-plane and Z-plane, right hand plane of S-plane L1 Co1
maps to of the Z-plane.
a. Inside unit b. Unit circle c. Outside d. None

circle unit circle
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GOKARAJU RANGARAJU INSTITUTE OF ENGINEERING AND TECHNOLOGY

(An Autonomous Institute under INTUH)

Department of EEE

I M. Tech 11-Sem (Power Electronics) 11-Mid

Time: 75 Minutes

Marks: 15M

Date of Exam: 16/08/2022

Subject: Digital Control of Power Electronics Drive Systems (GR20D5036)
(Answer All Questions) (3 X 5 =15 Marks)
1 Explain DC/DC converter family tree. L3 Co3
OR
2 With the help of traditional modelling, determine the transfer L3 CO3
function of Three-phase AC/AC voltage controllers
3 Draw the block diagram of open loop analysis for AC/DC Lo coa
rectifiers with a first order load. Determine the transfer
function in S-domain and Z-domain.
OR
4 Draw the block diagram of closed loop control system with a Lo coa
PI controller for rectifier. Also, analyse the stability of the
system.
5 Explain the energy storage in DC motor. L3 CO5
OR
Derive the expression for settling time of a single-phase AC
6 : . L2 CO5
motor drive supplied by a chopper.
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DIGETAL CONTROL OF POWEICELECTIIONIC AND DIUYE SYSTEMS

The! Y honra

(Fawer Blectrones)

Tustrnctlons:

rQ

cOuestion gaper comigises of Part A el Pant- 14
oW A (lor 200 mitk sy pnst bemeisesed ab e pilisee b the ansmee by
Lol G0 Cor SOk s) consists af five questions vt interal ehioiee, aomer all gueationg

PAICT A
(Answer ALL questions, Al questions carry equal marks)

Mar Aarks: 70

10 %2 =20 Marks

Dyiscvss the comparison of digital control aned analag control
Give the signilicance of zerg-order hold in the control of rectifiers

Write the mathematical equations of average valie of output voltage desribing three
phase half wave rectilicr,

Draw the 'WM signals used to operate three-phas carrent source inverter,

Draw the block diagram of dewde boost converter using mathematical equations of the
converlter,

Develop the circuit diageam and transfer function of three phase ACIAC voltage
converter,

Produce the transfer function and the block disgram representation of P controller.

What is the effective way of controlling a power electranic controller and why?
(Open loop or closed loop)

Draw the block diagram of a dc motor drive,
How energy can be retrieved from an ac motor drive?

PART - I}
(Answer ALL questions, All questions carry cqual marks)

12 /‘_//}/fi_/z
[2)eeq 147
/
2z, 41|

(2) 77 12
Vd

12} pz 1 2
/

“z

Z #.2
m/ﬁ,/(

2)cet] 1.
/

IZIrp’é/ it 2

21Co 4 2
2lpe £14

5% 10 =50 Marks

(a) Differentiate between pulse width modulation and pulse amplitude modulation with — [10]
an example, ‘A L4
(b) Derive the first order transfer function of ac-ac converter. Ca]_j PL2
OR
(a) Discuss in detail concept of the laplace-transform in digital control of power (6]
electronics, ¢ g BL1-
() What is the use of digital-to-analog conversion in the control of power electronic [4]

devices? ‘ol AL |
7/
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(2) Develop the mathematical model of three-phase full-wave-controlled AC/DC
rectifier. CDZ',
(b) Provide the list of formula and parameters to describe the characteristics of a BL2-
controlled rectifier. 0027
OR
(a) Derive the mathematical model for three-phase full bridge voltage source invcner.b’
[
(b) Explain in detail about the multilevel PWM inverter. CC)Z/ 6
coz, BL2-
Develop the mathematical model of ‘
(a) Multi-element resonant power converter. COS} BLS
(b) AC/DC/AC PWM converter. Co3 RL3
!
OR
[Nustrate the mathematical modelling of single-phase AC/AC voltage controllgr with
(a) on-off control method 0% BLUZ~
(b) phase angle control method /
(a) Explain stability analysis of PI control for ac/dc rectifiers. CO‘\'/ RLZ.
(b) Analyse the open loop control of inverter with a first-order load. co Ll BL—Q’
OR /
Design a PI controller to control the output voltage of inverter connected 1o the battery
source. Draw and derive all the relevant figures and formulae. COLL BL Y
Explain in detail about the energy storage in case of an AC motor drive to retain the
energy. COS/‘ RL 2
OR
(a) Estimate the energy storage in DC Motors. C.DSI RL 22—

* k% kk

SET - 4

(b) Explain the concept of DC motor drive with an example. C@g L2~

Page 2 of 2
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Mathematical Modeling of Digital
Power Electronics

18-1



Z and Laplace Transforms

* Transform difference/differential equations
Into algebraic equations that are easier to solve

» Are complex-valued functions of a complex
frequency variable
Laplace: s=oc+)2nf
Z: z=relo
* Transform kernels are complex exponentials

Laplace: est=got+J2nft =
Z: K= (relo) =

dampening factor oscillation term 1s-2



Z and Laplace Transforms

* No unique mapping from Z to Laplace domain
or from Laplace to Z domain

— Mapping one complex domain to another is not unique

* One possible mapping is impulse invariance

— Make impulse response of a discrete-time linear time-
Invariant (LT1) system be a sampled version of the
continuous-time LTI system.

Laplace

Z
i1k — @ y(K] f (t) —LHE— Y ()

H(s)=H(2)|, .



Impulse Invariance Mapping

« Impulse invariance mappingisz=es’

Im{s} w., =1="f__ :i:> f >i Im{z}
27 T

X 1 O f\
| | X

L 7 Re{s} \ y " Re{z}
X 14, O

-1
s=-1+j=2=0.198+j0.31(T=15) O
s=1+] =2z=1469+)2287(T=15)

lowpass, highpass
s=j2x f Laplace Domain Z Domain bandpass’ bandstop
L eft-hand plane  Inside unit circle allpass, or notch
Imaginary axis  Unit circle filter?
Right-hand plane Outside unit circle




Laplace Transforms and z-Transforms

S/N Laplace transform F(s) z-transform F(z)
] |
p) e—kTS __—f{
3 1 Z
3 —
s z—1
A | 1z
5- (z—1)
; 2 T*z(z+ 1)
) 53 (z — 1)
| (k - 1) N
6 F lim, 5 (—1) Py [: g



10

11

12

s+ a

(S + ”)2

(k — 1)
(s +a)f

s(s + a)

(s +a)(s + b)

a

s2(s + a)

- —eal
-e—al
(: _ E—GTJE
ok z
(—1)k:
Bﬁ z—eal
(1 —e )
(z — D)z —e )
| z b
(b—a)|z—eT - —e 0T
1= (1 —e9):




a T’z (aT =21z z

+ + —
(s + a) =170  2a(z=-1¢  a*(=-1) da*(z—e)
a z z al e=12
s(s + a)? -1 z—e T (z—eT)
a* 1 [(aT +2)z2-* 2z al e~
) )i - i + +
s2(s + a)? a|l (z—1) z—e T (z—edl)
w .
— zsmwl
5=+ w-
5 z(z — coswT)

52 + w? 22 —2zcoswl +1



w -smh ol

18 1 ¥
T — 2-coshwT + 1
19 7 :(: — coshwT)
o er — 2zcoshwT + 1

18-8



S/N Laplace transtorm F (s) z-transform F(2)
0 e T sinwT
20 g 1 ] )
(s 4+ a) + o* 22 —2ze T coswl + el
. a* + o z 2 —ze ™ secq cos(wl — o)
s[(s + a)* + w*] :—1  z2-2ze T coswl el
s+a 2 —ze T coswl
22

(s 4 a)* + o»*

o2 = 2-e T cos ] 4 e—21

18-9



SHANNON’S SAMPLING THEOREM

The requirement that the sampling frequency o be at least
twice as large as the highest frequency (Nyquist frequency)
contained in the signal f (t) is formally known as the
Shannon’s sampling theorem.

Nyquist sampling theorem states that an analog signal can
be perfectly re-created from its sample values if the
sampling interval is chosen correctly. For example, a signal
with a maximum frequency of « Hz must be sampled at
least 2« times per second to reconstruct the original signal
from the samples.
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 The sampling frequency w. must be greater than
twice of the input signal frequency, the output
signal can be successfully sampled. The sampling
frequency condition IS ws >2wg, Where o =wg/2
Is called the Nyquist frequency.

» Below the Nyquist sampling frequency, signal
frequency information is lost. At Nyquist sampling

frequency, amplitude data are lost.
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SAMPLE-AND-HOLD DEVICES

* The important equipment (device) for the
sampling and holding process of the digitized
operation.
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 All switching circuits including all
AC/DC rectifiers,

DC/AC inverters,

DC/DC converters

and AC/AC (AC/DC/AC) converters
are working in the discrete-time state.

» Therefore, they have to be described by digital
control theory rather than analog control.
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* The differences between analog and digital
control systems are in the following aspects:

» transfer function’s form,
» stability characteristics,
» unit-step responses and impulse responses.
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* A good analog control system has the following
step response with the typical characteristics:

» fast response, I.e. the settling time is less than
4.7 times of the time constants;

» oscillation cycle number is not more than 2;
» the overshoot is not more than 5%.
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A ZERO-ORDER HOLD (ZOH) FOR AC/DC
CONTROLLED RECTIFIERS

« AC/DC rectifiers have many forms

 single-phase half-wave controlled rectifier;

« single-phase full-wave controlled rectifier;

 three-phase half-wave controlled rectifier;

 three-phase full-wave controlled rectifier;

« double anti-star half-wave controlled rectifier with balanced inductor;
« delta-star three-phase full-wave controlled rectifier;
 four-quadrant operation controlled rectifiers:

(a) four-quadrant operation controlled rectifiers with cycling current,

(b) four-quadrant operation controlled rectifiers without cycling current.
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RECONSTRUCTION OF SAMPLED
SIGNALS

e A data-reconstruction device also known as a filter

IS often used to interface between digital and
analog components.

* The hold circuit in the S/H device Is the most
common filtering device in the discrete-data
systems.

 Although the S/H device comes in a single unit,
for mathematical simplification, only the hold
device 1s modeled.

18 -
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» The hold device is the simplest form of a general
data-reconstruction problem.

« The problem of data reconstruction can be
regarded as a given sequence of numbers f (0),

£(T), F2T), ..., F(KT),....

* An analog signal f (t), where t >0 is to be
reconstructed from the information contained in
the sequence.

« This data-reconstruction process may be regarded
as an extrapolation process, since the analog signal
IS to be constructed based on information available
only at past sampling instants.
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» Power series expansion of f (t) in the interval
between the sampling instants KT and (k +1)T Is
used to generate a desired approximation.

» The approximation is:
f@( I)

fi@) = FT) + FOGTY(t — kT) + (t — kT)* +
or
(ri
=3 Ty
n=0 !

 The higher the order of the derivation, the larger
will be the number of delayed pulses required. In
general, the number of delayed pulse data required
to approximate the value of f (n)(kT) Is n+1.
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« The extrapolating device consists of a series of
time delays, and the number of delays depends on
the accuracy of the estimate of the time function f
(t) during the time interval from kT to (k +1)T.

 Although utilizing a higher-order derivative
produces a more accurate extrapolation, it causes a
reduction on the stability of the closed-loop
control systems and it also makes the circuitry
more complicated and expensive.
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DATA CONVERSION:THE ZERO-
ORDER HOLD

« The most widely used holding device is the zero-
order hold (ZOH) as it is less complicated and less
expensive.

| N \ Output
Input J ' | / ' m(t)

)
Jl

1 | : !
. | Sampling | |
i | timing 1
device

_________________________________________________________

i A simple ZOH device. 18 - 23



It Is called zero-order extrapolator as Its
polynomial used is of the zeroth order.

It holds the value of the sampled value f (kT) for
KT <t <(k + 1)T until the next sample f [(k + 1)T]
arrives:

Ji(t) = f(kT)

This equation is used for approximation of f (t)
during the time interval kKT <t <(k + 1)T.

If a unit impulse input signal is applied to a ZOH,
the impulse response is shown in following figure
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Responses of a ZOH: (a) unit-impulse input to and (b) impulse response
of ZOH.
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« The ZOH is a linear device as it satisfies the
principle of superposition. The impulse response
of a ZOH Is expressed as:

Zho(t) = us(t) —ug(t — T)

* The response of the ZOH to the unit-impulse input

IS equivalent to the difference between two unit-
step function.

» By taking a Laplace transform, the transfer
function is obtained as:

] — e——fﬁ

Gno(s) =

§
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Input and output waveforms of a ZOH in the time domain: (a) input signal
f (t) and sampled signal f *(t), and (b) output waveform of ZOH.
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» The ZOH is a data-reconstruction or data-filtering
device. Hence it iIs useful to examine its frequency
domain characteristics.

» By replacing s by jw In the transfer function, we
get,

] — E—ij

Gho(Jw) = :
__]E.*_,'-'
2e710T/2(g)0T/2 _ om10T/2y 2 sin(wT/2) T2
= e

12w ®

Gno(Jw) =

sin(wT/2) J—eT/2 _ 2T shl(nmfms)e_j(mfmsj
wT/2 ws Tw/ws

Guo(jw) =T

 Since T is the sampling period in seconds, and T =2z/ws Where wq IS
the sampling frequency in rad/s.
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« The magnitude of G,,( Jw) IS:

2T

wg

sin(mww/ws)

|Gno( Jw)| =

Tw [ wg
» The phase of G,( Jw) Is:

LG(Jws) = Lsm(nmw/wsg) — Tw/ws

* The change of sign from + to — can be regarded as
a phase change of —180-.
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THE FIRST-ORDER HOLD

* The first-order hold (FOH) uses the first two terms
of the power series to extrapolate the time function
f (t) over the time interval KT <t <(k + 1)T.

» The equation for the FOH is:
felt) = f(kT) + fOKT)(t — KT)

» where the first-order derivative of f (t) at t =kT Is
approximated as

JKT) = fl(k = DT]
T

fOKT) =
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Thus

() = fo) + L ED 1k = DT]

T

(t — kT')

The output of the FOH between two consecutive
sampling instants is a ramp function.

The slope of the ramp is equal to the difference of
f(kT)and f [(k + 1)T].

By applying a unit impulse at t =0 as input, an
Impulse response of the FOH is obtained. The

corresponding output is obtained by setting k =0,
1, 2, ... for the various time intervals. For k =0,
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0<tr<T

folty =@ + FE=LED,

 For a unit-impulse input, f (0)=1 and f (—T)=0, the
Impulse response of the FOH for 0<t <T Is:

/
ghl(f) =1+ ?
e Fork=1,

o=@+ 2210 g
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« The impulse response of the FOH over time
Interval T <t <2T Is:

t—T

gni1(t) = T

 [f a unit-impulse input signal applied to a FOH,
the impulse response is shown in following figure

18 - 33



4 Unit impulse
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2T

Responses of an FOH: (a) unit-impulse input signal
and (b) impulse response of the FOH.
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» The impulse response of the FOH for t >2T is
zero, since f (t)=0 for t >2T.

 Functionally, the impulse response in Figure (b)
can be written as:
2(t — T)

en1 () = us(f) + %ug(f -T)- = us(t— 1)
n (t —27)

us(t — 2T)us(t — 2T) + us(t — 27T)

 The transfer function of the FOH Is obtained by
taking the Laplace transform of the last equation:

I+ Ts[1—e 57
Ghi(s) = —; - [ : ]
or simply.
1 4 Ts ,
Gni(s) = “[Gro(s)> 18-
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» The frequency response of the FOH:

. 2
_ 14+ Tiw | 1 — el
Gpi(Jw) = TJ |: : ]
_]w

Output signal of FOH

/ Qutput of ZOH

Continuous-time signal ()

- >
0 1T 2T 3T 4T 5T ET\‘____‘ ‘/____J

Reconstruction of a continuous-time signal by means of an FOH. 18 - 36




* The magnitude and phase response of Ghl( jw)
are obtained as:

_ 27 4262 [ sin row/w |
|Grho(J@)| = — . [1 + —

s W3 Tw [ ws
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THE SECOND-ORDER HOLD

» The Second-order hold(SOH) uses the first three
terms of the power series to extrapolate the time
function f (t) over the time interval kKT <t <(k +
DT.

« The equation for the SOH is:

@}
fel)) = FOT) + FOGT)E = k1) + T2 — kY

« The output of the second order hold between two
consecutive sampling instants may be a parabola function.
The simplest of the curve Is a square-law to the difference
of f (kT) and f [(k + 1)T]. 18- 38



« By applying a unit impulse at t =0 as input, an
Impulse response of the second-order hold Is
obtained. The corresponding output is obtained by
setting k =0, 1, 2.... for the various time intervals.

* For k =0, a unit impulse input, f (0)=1 and f
(—T)=0, the impulse response of the second order
hold for O<t <T Is

£\ 2
gﬂ(f}=2—(1—}—?) :

 [f a unit impulse input signal is applied to an SOH,
the impulse response is shown in following figure
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4 Unit impulse
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» Responses of an SOH: (a) unit-impulse input to
and (b) impulse response of SOH.
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Output signal of SOH

/ Output of ZOH
Q / Continuous-time signal f(t)

>

» Reconstruction of a continuous-time signal by
means of an SOH.
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 The typical second-order transfer function in the s-
domain is shown as follows:
M M

I+ 57 +s2trg 145t + Es272

G(s) =

« whereM is the voltage-transfer gain; z, the time
constant; 74, the damping time constant

(in which 7, =¢£7)
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A ZERO-ORDER HOLD (ZOH) FORAC/DC
CONTROLLED RECTIFIERS

L4
T
H
F 3
re VG
£ L
v
- lo =1

A single-phase fully controlled AC/DC rectifier
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 |n general situation, the load of the rectifiers is an
L—R circuit with the time constant z =L/R. If the
output current Is continuous, then the average
value of the output DC voltage is:

Vi = Vi.max COS &

» where a Is the firing angle of the applied firing
pulse. Vd is the output DC average voltage of the
rectifier. Vd-max is the maximum output DC
average voltage of the rectifier corresponding to
the firing angle a=0.
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 Refer to the single-phase fully controlled AC/DC
rectifier with an R—L load shown in Figure . The
corresponding input and output voltage and
current waveforms are shown in Figure.

 |f the AC Input power supply with the frequency f
=50 Hz (T =1/f =20 ms), then each device is
conducted in half a cycle, I.e. the conduction

angle Is 180- (or « rad) or in the interval of 10 ms.
The current commutation happens twice a cycle.
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The output voltage Is out of control in a half-cycle
once the firing pulse is applied.

Therefore, it Is the element to keep the output
voltage in a period of T/2=1/2f .

By per unit system, the voltage transfer gain is
unity (1) in a sampling interval T/2=10 ms.

That Is:

Vo
G(f) = — |per-unit = 1
() I‘,,.iﬂ|peru:|:ut

18 - 47



 Analogously, a single-phase half-wave AC/DC
rectifier has the sampling interval to be 20 ms.

A three-phase half-waveAC/DC rectifier has the
sampling interval to be 6.67 ms (i.e. T/3)

A three-phase full-wave AC/DC rectifier has the
sampling interval to be 3.33 ms (i.e. T/6).
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Traditional Modeling for AC/DC
Controlled Rectifiers

 Traditional modeling for AC/DC controlled
rectifiers is a time-delay element in the s-domain.
The delayed time is statistically as the sampling
Interval T or commutation period o¢. For example,
If the power supply frequency f =50 Hz, a single-
phase halfwave controlled rectifier has the time
delay T =0 =20 ms. The corresponding transfer

function of this rectifier in per-unit system is:

G(S} _ E—Ts ———
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* |f the rectifier is used in a current control system
or speed control system, and the current/speed
responses are In the stage 0.1-1 s, we can consider
the variable in a sampling interval of 20 ms is
comparably small, i.e. Ts=o5—0. Hence, above
Equation can be rewritten as:

1

- 1+ os

 This mathematical modeling is widely used In
Industrial applications

G(s)=e " =1—o0s
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A Zero-Order Hold for AC/DC Controlled
Rectifiers in Digital Control

 The rectifiers cannot be considered only a time-
delayed element. Since its output voltage Is out of
control once the firing pulse was applied, it should
be looked as a sample-and-hold element.

« Therefore, its mathematical modeling in per-unit
digital control system should be a zero-order hold
(ZOH) In both the s- and z-domains:
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G(:):Z[G(s)]:Z[l_:_TS]: - = !

:—1 (z—=1) =1

It means that the AC/DC controlled rectifier performs a
sampling time delay in the s-domain and one-step delay
(T) in a digital control system.
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A FIRST-ORDER TRANSFER FUNCTION FOR
DC/AC

PULSE-WIDTH-MODULATION INVERTERS
Pulse-width-modulation (PWM) DC/AC inverters

have many forms which are listed below:
DC/AC PWM Inverter,

DC/AC single-phase PWM inverter,
multi-level PWM inverter,

multi-level single-phase PWM Inverter,
vector multi-level PWM inverter,

space vector modulation (SVM) multi-level
SPWM inverter.
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The devices of all types of the DC/AC inverters
can be a BJT, GTO and MOSFET.

They are controlled by the PWM scheme with the
certain carrier (chopping) frequency f..

In a sampling interval T =1/f, the pulse-width
angle can be changed only once, I.e. the output
voltage of an DC/AC PWM inverter is changed
period by period.

Therefore, all types of the DC/AC PWM inverters
are working in discrete state.
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The single-phase PWM DC/AC inverter with an L—
R circuit.
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 Refer to the single-phase PWM DC/AC inverter
with an R—L load shown in Figure. The
corresponding output voltage and current
waveforms are shown in Figure with the carrier
frequency f. =400 Hz for indication although
particular f- may be very higher.

* |f the input reference AC voltage signal with the
frequency f =50 Hz (T =1/f =20 ms) and the
triangle waveform with carrier frequency f. = 400
Hz (T =2.5 ms), each device is conducted in a
conduction period=mT., where m is the
modulation ratio.
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» The conduction period is less than a cycle TC
(sampling interval) since the modulation ratio m is
usually smaller than unity (1) for linear
modulation.

» The conduction angle is smaller than 360- (or 27
rad), or <2.5 ms. The current commutation
happens once a chopping cycle.

» The output voltage is out of control in a half-
chopping cycle once the PWM pulse is applied.
Therefore, it Is the element to keep the output
voltage in a sampling period of T, =1/f..
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» By per-unit system, the voltage transfer gain is a
linear element in a sampling interval T. =2.5 ms.
That Is,

Vo T
G(1) = _|per—u;ujt —1—e "/
Vin

 Analogously, different chopping frequency only
changes the sampling interval. The mathematical

modeling Is not changed.
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Traditional Modeling for DC/AC PWM
Inverters

Traditional modeling for DC/AC PWM inverters is a first-
order element in the s-domain.

The output voltage of a DC/AC PWM inverter is a periodic
pulse train with the repeating frequency f, as requested.

This output periodic pulse train has plenty of harmonics
corresponding to both the requested frequency f, and the
carrier frequency f..

Usually, the carrier frequency f- must be much higher than
the requested output frequency f, to avoid yielding high
total harmonic distortion (THD).
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No matter how higher the applied carrier
frequency f. is, THD cannot be zero.

A low-pass filter must be set to filter the higher-
order harmonics in order to obtain pure output
sinusoidal waveform.

The low-pass filter is usually an R—C circuit with
the time constant t =R—C or an R—L circuit with
the time constant ¢ =L/R.

the time constant z i1s much larger than the pulse
width (z>>T =1/f.) to avoid the parasitic power
losses and additional distortion.
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The purpose to set the filter is to retain the
fundamental harmonics in 50 Hz and filter the
higher-order harmonics out, and then obtain very
low THD.

The transfer function of this rectifier in per-unit
system Is:

G(s) =

1+ 15

the first-order transfer function is the feature of the
first-order filter, but the characteristics of the
DC/AC PWM Iinverters.

The transfer function of the DC/AC PWM
Inverters Is ignored. It Is treated as a proportional
element. 18- 62



A First-Order

Hold for DC/AC PWM Inverters In
Digital Control

 |If the Iinverters used to drive an induction motor,
the stator circuit 1s a natural first-order filter with
time constant 7 =L/R, which is usually lower than

the power su

 The DC/AC
as only a pro

oply cycle T =1/1,,.
PWM Inverters cannot be considered

portional element. Since Iits output

voltage is out of control once the pulse width is
applied, it should be looked as a sample and
linear-varying element.
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« mathematical modeling in per-unit digital control
system should be a first-order hold (FOH) in both

s- and z-domains:

|

) =177

G(:) —_— Z[G(ﬁ)] — Z|:1 + TS] - = —-lf'E?

« where T Is the sampling interval T =1/f

DC/AC PWM inverter performs a first-order
Inertial element with time constant T in the s-

domain and a linear element in one step (T) in a

digital control system in the z-domain.
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 The transfer function has one zero and one pole z
=1/e inside the unit-cycle.

» Therefore, a DC/AC inverter iIs always a stable
element.
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A SECOND-ORDER TRANSFER FUNCTION
FOR DC/DC CONVERTERS

DC/DC converters have many forms which are listed
below:

fundamental converters such as buck, boost and
buck—boost converters;

voltage-lift converters;
super-lift converters;
transformer-type converters;
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The devices of all types of the DC/DC converters
can be transistor, BT, GTO and MOSFET.

They are controlled by the PWM pulse with
certain conduction duty cycle k.

In a sampling interval/period T, the conduction
duty cycle k can be changed only once,

The output voltage of a DC/DC converter is
changed period by period.

Therefore, all types of the DC/DC converters are
working In a discrete state.
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» the load of the power DC/DC converters is a
resistive load R. If the output current is
continuous, the output DC voltage average value
In a steady state Is:

Vo = MV;
v
M==2
n

« where V, and V, are the input and output DC
voltages, and M is the voltage transfer gain.

* |f the switching frequency is f (the switching
period T =1/f ) and the conduction duty cycle is k,
the switching-on period is KT and switching-off
period 1s (1-K)T.

18 - 68



The voltage transfer gain M iIs usually dependent
to the conduction duty cycle k, and independent
from the switching frequency f .

buck converter has the voltage transfer gain M =k,

boost converter has the voltage transfer gain M
=1/(1-k) and

buck—boost converter has the voltage transfer gain
M =k/(1-Kk).
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single-ended primary inductance converter (SEPIC)
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 Refer to the single-ended primary inductance
converter (SEPIC) shown, the inductor current I, ,
Increases with slope +V/L; on and decreases with
slope —V/L, during switching off. Thus:

v v
kT = 21— BT
L I

 The inductor current IL increases with slope +V,/L

during switching on and decreases with slope —(V
+V 4 —V,)/L during switching off. Thus:

% Ve + Vo — W
Mpr 2T oy
L 3
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I 1 -k

 Since the inductor L Is In series connected to the
source voltage, the inductor average current |, Is:

L =Fh
» Since the inductor L, is in parallel connected to

the capacitor C during switching off, the inductor
average current |, ; 1S (Ico.on =l and leg. o =1)):

I, =1o
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The variation of the current i Is:
%
Aip, = EIH"
Therefore, the variation ratio of the current i, Is:

A2 — k R
L 2L 2M2fL

§

The variation of the current i, IS:

V.
Aip, = L—CH
1

Therefore, the variation ratio of the current 1, IS:

Aip, /2 V 1—-%k R
&1 = /2 _ _Ye kKT =

L, 2l 2 fL
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The output voltage is out of control ina period T
once the duty cycle k is applied. Therefore, it Is
the element to keep the output voltage in a period
T=1/f.

By per-unit system, the voltage transfer gain is
unity (1) in a sampling interval.

a power DC/DC converter is a second-order
element, and its transfer function is:

G(s) = 22| 1
S = — X =
I per-unit 1 457+ 52114

where 7 IS the time constant and zd Is the damping
time constant.
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Traditional Modeling for DC/DC
Converters

Traditional modeling for DC/DC converters is a
complex element in the s-domain.

the transfer function with the orders is equal to the
number of the passive energy-storage parts:
Inductors and capacitors.

The simplest fundamental converters, such as
buck, boost and buck—boost converters which
have one inductor and one capacitor, possess a
second-order transfer function.

Other converters with multiple inductors and
capacitors must have high-order transfer function.”



a buck converter has the transfer function as:

M M

G(s) = —
(5) 1—}—5% +s2LC 14 st 4+ 5%ty

where M is the voltage transfer gain, z is the time
constant L/R and zd is the damping time constant
RC.

For the DC/DC converters with two inductors plus
two capacitors, their transfer function is in the
fourth order.

For example, the negative output Luo-converter
elementary circuit shown in Figure has the transfer
function:
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Elementary circuit of N/O Luo-converter
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G(s) =
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A Second-Order Hold for DC/DC
Converters in Digital Control

* the mathematical modeling in per-unit digital
control system should be a second-order transfer
function in the s-domain:

1

(r —
() 1 + 57+ 52119

1 1

G(E) —_ 2 — .
l+st+strg (54 51)(5 4+ 52)

sit=0+jw and 52 =0 —]jw
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« Correspondingly, a power DC/DC converter is a
second-order hold (SOH) in the z-domain:

1 1 z :
Ha) =HGwll == {(ﬁ +s1)(s +62)] ) i1=9 (3 el z- e_m)

|t means that the DC/DC converter performs a
second-order response with oscillation in the s-
domain and one-step delay (T) in a digital control
system.
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A FIRST-ORDER TRANSFER FUNCTION
FORAC/AC (AC/DC/AC) CONVERTERS

AC/AC (AC/DC/AC) converters have many forms which are
listed below:

« single phase-input single phase-output (SISO) amplitude
modulated AC/AC converter,

« multiphase-input multiphase-output (MIMO) amplitude
modulated AC/AC converter,

« SISO cycloconverter,

« MIMO cycloconverter,

« matrix AC/AC converter,
« AC/DC/AC converters,

« PWM converters.
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The devices of all types of the AC/DC converters
can be thyristor (SRC), transistor, GTO and Triac.

They are controlled by the corresponding firing
pulse with certain firing angle « or the PWM
scheme with the certain carrier (chopping)
frequency fc.

In a sampling interval T =1/fc, the pulse-width
angle can be changed only once, I.e. the output
voltage of a DC/AC PWM inverter is changed
period by period.

Therefore, all types of the AC/AC PWM inverters
are working in discrete state.
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 The input reference signal vin(t) is a sinusoidal

waveform:
Vin(f) = Vi Sin wt

» The load of the inverters is an LR circuit with
time constant 7 =L/R, or the delayed angle is:

« |f the output current is continuous, the outputAC
voltage instantaneous value after the filter should
be:

vo(t) = Vi sin(w? — @)
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P-converter N-converter

/. Yip
Ae,  Ap
1 ’ A N v/ No

. + .7 .

15 {I: T ;E_‘
*—Ppr— &
AN N Vi, s T\

{ a
/\ Pg Ps  —| 4

N N
;‘}Za azq

An SISO AC/AC cycloconverter.
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/ Fundamental

. A
Volo

Waveforms of an SISO AC/AC cycloconverter (50-10 Hz) with R

load. (a) Load voltage and load current; and (b) input supply current
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Refer to the SISOAC/ACcycloconverter shown In
Figure .

The source AC voltage with frequency fsis a
sinusoidal waveform, and the output voltage
should follow the input reference voltage with
frequency f .

The corresponding input and output voltage and
current waveforms are shown in Figure.

If the input reference AC voltage signal with the
frequency f =10 Hz (T =1/f =100 ms), each bridge
IS conducted in a conduction period=T/2=50 ms.
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The output voltage is out of control in a half-
chopping cycle once the PWM pulse is applied.

Therefore, it Is the element to keep the output
voltage in a period of T¢/2=1/2f..

By per-unit system, the voltage transfer gain is a
linear element in a sampling interval T/2=10 ms.
That is,

Vo _
G(t) = V__lper-uni‘r =1—e"
in

Analogously, different chopping frequency only
changes the sampling interval. The mathematical
modeling Is not changed.
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Traditional Modeling for AC/DC
Controlled Rectifiers

Traditional modeling for AC/AC converters is a first-order
element in the s-domain.

A low-pass filter must be set to filter the higher-order
harmonics in order to obtain pure output sinusoidal
waveform.

The low-pass filter is usually an R—C circuit with the time
constant  =RC or an R—L circuit with the time constant ¢
=L/R.

The time constant z Is much larger than the pulse width
(z>>T =1/f;) to avoid the parasitic power losses and
additional distortion.
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Transfer function of rectifier in per-unit system is:

G ; p—
() 1+ 1s

The first-order transfer function is the feature of
the first-order filter, but the characteristics of the
AC/AC PWM Inverters.

The transfer function of the AC/AC PWM
Inverters is ignored. It is treated as a proportional
element.

The traditional mathematical modeling is not
really used to describe the AC/AC PWM Inverters
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A FOH for AC/AC Converters in Digital
Control
« The AC/AC converters cannot be considered only

as a proportional element. Since its output voltage
IS out of control once the pulse width is applied,

* |t should be looked as a sample and linear-varying
element.

* [ts mathematical modeling In per-unit digital
control system should be a FOH In both the s- and
z-domains:

18 - 89



G(s) =

1+ Ts

o L 1 /T
G(H}—Z[G(‘S}]_Z[l_i_fs] :—1,/6

where T Is the sampling interval T =1/f-.

* |t means that the DC/AC PWM inverter performs
a first-order nertial element with time constant T
IN the s-domain

 and a linear rising/falling element in one step (T)
In a digital control system.
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Digitally Controlled AC/DC
Rectifiers
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In this Chapter we assume that the input voltage is
a sinusoidal wave with the frequency f =50 Hz.
The transformer is used in the rectifiers with the
following turn’s ratio: 1:1 for Y/Y connection,

V3 : 1 for Delta/Star connection,
1 : V3 for Star/Delta connection

and 1:1 (or using V3 :V3) for Delta/Delta
connection in convenient analysis.

The parameters used to describe the characteristics
are listed below:
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v(t): instantaneous phase voltage:
v(t) =\2V,, . sin(mt)

V.. root-mean-square (rms) voltage

Vm: maximum (amplitude) voltage:

Vm = ‘\/EVrms

V- average output voltage
FF: form factor (FF):

VI‘ﬂlS
Vd

FF =

18 -



RF: ripple factor (RF):

RF = ~FF —1

V. zeroth-order (DC) voltage component

V,: first-order (fundamental) harmonic voltage
Vn: nth-order harmonic voltage

PF: power factor (PF):

PF b l
= COS¢p = —
S
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P: real power
Q: reactive power
S: apparent power:

THD: total harmonic distortion (THD):
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The generally used AC/DC diode rectifiers are
Introduced below:

1. Single-phase half-wave rectifiers
2. Single-phase full-wave rectifiers
3. Three-phase half-wave rectifiers
4. Three-phase full-wave rectifiers

18-6



Single-Phase Half-Wave Diode

Rectifier
* The simplestAC/DC diode rectifier is the single-
phase half-wave diode rectifier shown in Figure

* The only diode is conducted in the duration of
180¢° (or w rad) a cycle.

 Since the load is an R—L circuit with freewheel
diode, the output voltage average value Is:
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Single-phase half-wave diode rectifier with L-R load.
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Ja

2o
1 27
Vo = — f Vi sin(wt) d(wt) = V2V s / sin(wt) d(wt) =
2 27
0 0

V2

4

Vs = 0.45Vime

T

FF = — = 1.57
2

RE = 0.57

PEF = : = 0.707
N/
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Single-Phase Full-Wave Diode
Rectifier

 The single-phase full-wave diode rectifier has two
configurations.

« The first circuit is called center-tap (midpoint)
circuit shown in Figure (a) consisting of two
diodes,

 and the second circuit Is called bridge (Graetz)
circuit shown in Figure (b) consisting of four
diodes. Each diode is conducted in a cycle in 180-.
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Single-phase full-wave diode rectifier with L-R load. (a) Center-tap
(midpoint) circuit and (b) bridge (Graetz) circuit.
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« Since the load is an R—L circuit, the output voltage
average value Is:

21
| 2./2
Vo = — f Ven Sin(w?) d(w?) = iVms = 0.9Vpms
2T T
0
FF=_"_ — 111
22
RF = 0.11

* The power factor (PF) of the center-tap
(midpoint) circuit shown In Figure (a) Is:

PF = = 0.707

1
/2
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» The power factor of the bridge (Graetz) circuit
shown in Figure (b) Is:

PF =1
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Three-Phase Half-Wave Diode Rectifier

» The three-phase half-wave diode rectifier shown in Figure
has four configurations, all consisting of three diodes.

o o

Lﬁ/
h

— Vyo—»
R L

"

{a) AN A

(b)

v |

Y
Va

A A Y A 4

o Vdg —
R L

—;\N\J—W—

7

Three-phase half-wave diode rectifier. (a) Y/Y circuit, (b)
Delta/Star circuit
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v
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V3 \l /3
v A 4 v v
L o .
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II“::I "d
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() AN () L AA— N

(c) Y/Y bending circuit and (d) Delta/Star bending circuit.
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« Each diode is conducted in 120--cycle. Since the
load is an R-L circuit, the output voltage
average value Is:

Sm/6

| 34/06
Vo= —— f Vin Si(wf) d(wt) = iVnﬂs = 1.17Vims
2m/3 in
/6

FF =1.01615
RF =0.01615

PF = 0.686
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Three-Phase Full-Wave Diode Rectifier

 Each diode is conducted in a cycle in 120-. Since
the load is an R—L circuit, the output voltage
average value Is:

5m/6

2 376
Vo = —— f V,, sin (wf) d(wt) = ’JVMS — 234V,
2m/3 T
/6
FF = 1.00088
RF = 0.00088

PF = 0.956
18- 17



MATHEMATICAL MODELING
FORAC/DC RECTIFIERS

 The output voltage of the controlled AC/DC
rectifiers relies on the firing angle o of the firing
pulse.

» When the firing angle =0, we obtain the
maximum output voltage of all controlled AC/DC
rectifiers, which are equal to those of the diode
AC/DC rectifiers.

* |n general condition the load is an R—L circuit with
the time constant 7 =L/R, which is usually larger
than the sampling interval T.
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 The output current is continuous and the output
average voltage is generally equal to:

Va = Vi-max COS &

 Wwhere V,Is the output average voltage and V4 ..,
IS the maximum output DC voltage corresponding
to the firing angle a=0.

» By per-unit system the voltage transfer gain is
unity. The transfer function in the time domain is a
constant value (unit-step function) u(t), and it has
the following form in the s-domain:

G(s) = %
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In digital control system, all AC/DC rectifiers are treated
as a ZOH, which has the transfer function:

o
-

z—1

G(z) =

The rectifier is the element that possesses one zero at z =0
and one pole at z =1, which is located on the unit-cycle.
The zero and pole in the z-plane are shown in Figure.
Therefore, a rectifier is a critical stable element.

Ajlmz

a
N

z-plane

The zero and pole in the z-plane.
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SINGLE-PHASE HALF-WAVE
CONTROLLED AC/DC RECTIFIER
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The load is an R—L circuit with a freewheeling diode. The
SCR is conducted in the period from «a to z, 1.e. the
conduction angle is 7 — a.

et >§ Vy R lo
—» ZOH —P o —_—
T circuit

Open-loop control block diagram.

The sampling interval is T =1/f,
If f =50 Hz, then T =20 ms.

This control can be implemented by a digital computer,
which offers a firing pulse a cycle in 20 ms.

The actuator Is usually an R—L load. The final output
parameter is the current |5 shown in Figure
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T

ZOH

-"Ftef +
Current
controller
— T
lteedback

R-L
circuit

+

Closed-loop control block diagram

The closed-loop control block diagram is shown in Figure
The sampling interval is T =1/f .

A current controller is always requested in a closed-loop
control system. It can be a PI controller in digital form.

This control can be implemented by a digital computer,

which offers a firing pulse a cycle in 20 ms.
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SINGLE-PHASE FULL-WAVEAC/DC
RECTIFIER

e
‘ -
}« V. —» «— V, —»
-—p
Y Y
—Pp— p e
«—— V lrd < Vo > i,d
A - R L
(a) b) L ApApA—YY

Single-phase full-wave controlled AC/DC rectifier with L-R load.
(a) Center-tap circuit and (b) bridge circuit. 18- 24



Each SCR is conducted from a to (z+a).

The sampling interval is T =1/2f , where f is the
AC power supply source frequency.

If f =50 Hz, then T =10 ms

The open-loop and closed loop control block
diagrams are shown in the previous slides
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THREE-PHASE HALF-WAVE
CONTROLLED AC/DC RECTIFIER

v

Va
\ 2
W
Va Va
T 1§ Tt g

“ Vo "*' “ Vo ':

R L l*’d R L l"u

(@ —\WW—""— (b) Lapp—rrm

Thee-phase half-wave controlledAC/DC rectifier. (a) Y/Y circuit,
(b) Delta/Y circuit 18 - 26




The load i1s an R—L circuit with continuous load current.
Each SCR is conducted from « to (27/3+a.).

The open-loop control block diagram is still shown in
previous slide

The sampling interval is T =1/3f ,
If f =50 Hz, then T =6.67 ms.

This control can be implemented by a digital computer,
which offers a firing pulse to each SCR a cycle in 20 ms.

The actuator is usually an R—L load.

The final output parameter is the current I shown in
Figure
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The closed-loop control block diagram is shown In
earlier slides.

The sampling interval is T =1/3f
If f =50 Hz, then T =6.67 ms.

This control can be implemented by a digital
computer, which offers a firing pulse to each SCR
a cycle in 20 ms.

The actuator is usually an R—L load.

The final output parameter is the current I shown
In Figure
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THREE-PHASE FULL-WAVE
CONTROLLED AC/DC RECTIFIER

O
Va \l@ Va

hdEh
v, Vv,

v | v
Pt FPF P lﬁHL
2 S S IS D S
P —s +—Ppl—s pr—s
(a) AMA—N (b) AMA— Y

Three-phase full-wave controlledAC/DC rectifier. (a)Y/Y18-29
circint (YDeltalyY circint



(c)

v
3
V3V,
v |
3 P
P P9

Vgp——»
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w Y Y

I

(d)

4+

/3 Va

v |

P >
. FIH & blLﬁ
I—HLI ’{L.
= Vip————»

R L

______Jw%ﬁr__fvﬁﬁrl______

Three-phase full-wave controlledAC/DC rectifier(c)
Y/Delta circuit and (d) Delta/Delta circuit
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The load 1s an R—L circuit with continuous load
current.

Each SCR is conducted from o to (27/3+a)

The open-loop control block diagram is shown in
Previous slides

The sampling interval is T =1/3f

If f =50 Hz, then T =6.67 ms

This control can be implemented by a digital
computer, which offers a firing pulse to each SCR
a cycle in 20 ms.

The actuator is usually an R—L load

The final output parameter is the current I, shown
In Figure 18-31



The closed-loop control block diagram is shown In
previous slides

The sampling interval is T =1/3f
If f =50 Hz, then T =6.67 ms

This control can be implemented by a digital
computer, which offers a firing pulse to each SCR
a cycle in 20 ms.

The actuator is usually an R—L load.
The final output parameter is the current I,
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Digitally Controlled DC/AC
Inverters

The generally used DC/AC inverters are introduced
below:

 Single-phase half-bridge voltage source inverter (\VSI)
 Single-phase full-bridge VSI

» Three-phase full-bridge VSI

« Three-phase full-bridge current source inverter (CSl)

« Multistage PWM inverters

« Multilevel PWM inverters

 Soft-switching inverters
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Single-Phase Half-Bridge VSI

—>
h
Vi/2 _.:: S+ D+
C+ o
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»

Single-phase half-bridge VSI
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» The carrier-based PWM technique is applied in
this single-phase half-bridge VSI.

» Two large capacitors are required to provide a
neutral point N, therefore, each capacitor keep the
half of the input DC voltage.

e Two switches S+ and S— are switched by the
PWM signal.
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Vot 4 — 1 F «— V2

v | . . > ol
0 90 180 ™ 270 27 360

Ideal waveforms associated with the single-phase half-bridge VSI
(m.=0.8, m=9). (a) Carrier and modulating signals, (b) switch S+
state, (c) switch S- state, (d) AC output voltage and (e) AC output

current
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Single-Phase Full-Bridge VSI

I
| 5-1+ D1+ 52+ D2_|_
—
lo
_|_
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Vo
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51,4} D,— sgjy} D,—
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Ideal waveforms associated with the full-bridge VSI (m.=0.8, m.

=8). (a) Carrier and modulating signals, (b) switch S.+ and S.-
state, (c) switch S.+ and S.- state, (d) AC output voltage and (e)

AC output current.
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» The carrier-based PWM technique is applied in
this single-phase full-bridge VSI.

« Two large capacitors may be used to provide a
neutral point N, therefore, each capacitor keep the
half of the input DC voltage.

e Four switches S1+ and S1— plus S2+ and S2—
are applied and switched by the PWM signal.
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Three-Phase Full-Bridge VSI
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"he carrier-based PWM technique is applied in
this three-phase full-bridge VSI.

Two large capacitors may be used to provide a
neutral point N, therefore, each capacitor keep the
half of the input DC voltage.

Six switches S1-S6 are applied and switched by

the PWM signal.
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|dealwaveforms associated with the three-phase full-bridgeVSI (m.
=0.8, m=9). (a) Carrier and modulating signals, (b) switch S.+state,
(c) switch S.state, (d)ACoutput voltage and (e) AC output current
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Three-Phase Full-Bridge CSI
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"he carrier-based PWM technique is applied in
this three-phase full-bridge CSI.

The main objective of these static power
converters Is to produce AC output current
waveforms from a DC current power supply.

Six switches S1-S6 are applied and switched by
the PWM signal.
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|dealwaveforms associated with the three-phase full-bridge CSI (m.
=0.8, m=9). (a) Carrier and modulating signals, (b) switch S.+state,
(c) switch S.state, (d)ACoutput current and (e) AC output voltage
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Multistage PWM Inverter
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Three-phase input plus single-phase output VSI
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» Multistage PWM inverter consists of many cells.
Each cell can be a single- or three phase

Input plus single-phase output VSI, which is
shown in Figure
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Multistage converter based on a multicell arrangement
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If the three-phase AC supply is a secondary
winding of a main transformer, it is floating

and isolated from other cells and common ground
point.

Therefore, all cells can be linked In series or
parallel manner.

Each phase consist of three cells with difference
phase-angle shift by 20- each other.

The carrier-based PWM technique is applied in
this three-phase multistage PWM Inverter.
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Ideal waveforms associated with the multicell PWM inverter (three
stages, m.=0.8, m=6). (a) Carrier and modulating signals, (b) cell c.
AC output voltage, (c) cell c.AC output voltage, (d) cell c.AC

output voltage and (e) phase a load voltage 18- 56



Multilevel PWM Inverter

10 - 00

Three-phase three-level PWM VSI
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MATHEMATICAL MODELING FOR
DC/AC PWM INVERTERS
» By per-unit system the voltage transfer gain Is
unity. The transfer function in the time domain is

an exponential function, and it has the following
form in the s-domain

G(s) =

1 +sT
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* In digital control system, all DC/AC PWM
Inverters are treated as an FOH has the transfer

function in the z-domain:

—

— 1/e

|t means the DC/AC PWM inverter is the first-
order-element that possesses one zero at z =0 and
one pole at z =1/e, which is located on the unit-
cycle.

» The zero and pole in the z-plane are shown In
Figure (Next slide)

G(z) = -
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jlmz z-plane

Zero and pole of the FOH in the z-plane
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Digitally Controlled DC/DC
Converters
&
Digitally Controlled AC/AC
Converters



» Power DC/DC converters have plenty of
topologies

« By an uncompleted statistics, there are more than
500 topologies of power DC/DC converters
existing.

 Dr.F L. Luo and Dr. H.Ye have firstly categorized
all existing prototypes of the power DC/DC

converters into six generations theoretically and
evolutionarily since 2001
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First-generation (classical/traditional) converters
Second-generation (multi-quadrant) converters

Third-generation (switched-component)
converters

Fourth-generation (soft-switching) converters
Fifth-generation (synchronous rectifier) converters

Sixth-generation (multiple energy-storage
elements resonant) converters
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DC/DC Converters

Buck converter

— Fundamental circuits Boost converter

— Positive output Luo-converter

Buck—boost converter |- Negative output Luo-converter

— Developed Double output Luo-converter

1G ¥
Classical Forward converter - Cuk-converter SEPIC
converters Fly—back converter )
Push—pull converter ~ Tapped-inductor converters
~ Transformer
Half—bridge converter — 7 Self-lift converter
Bridge converter — Positive output Luo-converter
ZETA converter .
. — Negative output Luo-converter
~ Voltage lift
- Modified P/O Luo-converter
— Double output Luo-converter
Positive output cascade boost converter
L Super-lift I: Negative output cascade boost converter
Positive output super-lift Luo-converter
MNegative output super-lift Luo-converter
2G Transformer-type converters
Multi-quadrant
converters Developed e Multi-quadrant Luo-converter
Two quadrants converter
Switched-capacitor converter Four quadrants SC Luo-converter
P/O Multi-lift push—pull
3G Luo-converter
Switched- Multi-lift
component N/O Multi-lift push—pull
converters Luo-converter
Transformer-type converters
Switched-inductor converter —[
Four quadrants Sl Luo-converter
- ZCS-QRC —— Four quadrants zero-current switching Luo-converter
4G
Soft-switching | ZVS-QRC —— Four quadrants zero-voltage switching Luo-converter
converters - ZTC —— Four quadrants zero-transition Luo-converter
- Flat-transformer synchronous rectifier converter
5G — Synchronous rectifier converter with active clamp circuit
Synchronous e
rectifier — Double current synchronous rectifier converter
converters - ZCS Synchronous rectifier converter
= ZV'S Synchronous rectifier converter
686G - 2-Elements
L MUItI_EI?mentS — 1 o2 . rClarmsmte TT —Cl 1 Chruirrent =sotlirce reconant invartar

DC/DC
converter
family
tree
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The First-Generation Converters

The first-generation converters perform in a
single-quadrant mode and in low power range (up
to around 100 W).

Five categories
Fundamental converters
*Transformer-type converters
Developed converters
\oltage-lift converters
Super-lift converters

18 -



Fundamental converters

« Three types of fundamental DC/DC topologies
were constructed,

« which are Buck converter, Boost converter and
Buck—Boost converter.

» Derived from single-quadrant operation choppers.
For example, buck converter was derived from

A-type chopper.
Two main problems: linkage between input and
output, and very large output voltage ripple
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Buck converter

Buck converter is a step-down DC/DC converter. It works
In the first-quadrant operation.

It can be derived from Quadrant | chopper. Its circuit
diagram, and switch-on and switch-off equivalent circuit
are shown in Figure

The output voltage is calculated by the formula:

r{]]'.l

Vo = ?Viu — kVin

where T is the repeating period (T =1/f), in which f is the
chopping frequency; ton is the switch-on time and k is the
conduction duty cycle (k =ton/T) 18-7
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Boost converter

Boost converter is a step-up DC/DC converter.
It works in the second-quadrant operation.

It can be derived from Quadrant Il chopper.
The output voltage is calculated by the formula:

T 1
n=——"Vin

T —ton 1 —Fk

Vo =

where T Is the repeating period (T =1/f ), in which
f 1s the chopping frequency; t, Is the switch-on
time and k is the conduction duty cycle (k =t,/T)

18 -

9
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Boost converter. (a) Circuit diagram, (b) switch-on and (c)
switch-off
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Buck—Boost converter

Buck—boost converter is a step-down/up DC/DC
converter.

It works in the third quadrant operation.
The output voltage is calculated by the formula:

fon k
Vih = ———Vin
T — fon 1 —k
where T is the repeating period (T =1/f ), in which
f 1s the chopping frequency; t, Is the switch-on
time and k is the conduction duty cycle (k =t,/T)

Vo =
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Buck—boost converter. (a) Circuit diagram, (b) switch-on and (c)
18-12
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Developed Converters

e This converters overcome the second fault of the
fundamental DC/DC converters.

« They are derived from fundamental converters with adding
a low-pass filter.

 Typical prototypes converters are

» positive output (P/O) Luo-converter,

» negative output (N/O) Luo-converter,

» double output (D/O) Luo-converter,

» Cuk-converter,

» single-ended primary inductance converter (SEPIC) and

» Watkins—Johnson converters. 18- 13



The output voltage ripple of all developed-type
converters iIs usually small, which can be lower
than 2%.

In order to obtain the random output voltage,
which can be higher or lower input voltage

All developed converters provide very great
convenience for industrial applications.

Therefore, the output voltage gain of all developed

converters Is:

18- 14



P/O Luo-Converter

e |t can be derived from buck—boost converter. Its
circuit diagram is shown in Figure

~Ve + i
oo [ - Yy - »
S ; L
v C °
+ I +
Vv == Rg Vo
! L A D Co

» The output voltage Is calculated by the formula

1 -k 18 -15



N/O Luo-Converter

e |t can also be derived from buck—boost converter

» The output voltage Is calculated by the formula as
In P/O Luo Converter.
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D/O Luo-Converter

In order to obtain mirror symmetrical P/O and
N/O voltage D/O Luo-converter was constructed.

D/O Luo-converter is the elementary circuit of
the series “D/O Luoconverters”.

It can also be derived from buck—boost converter.
Its circuit diagram Is shown in next slide
The output voltage is calculated by the formula

18 - 17
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Fig. D/O Luo-converter
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Cuk-Converter

e Cuk-converter is derived from boost converter.

» The output voltage is same as P/O Luo and N/O
Luo converters

I + Vo — o io

YY) . I I . YL -

L c Lo

18 -19



SEPIC

« The SEPIC is derived from boost converter.

 The output voltage is calculated by the formula as
In previous converter

I + Ve - 'o

o
+ L | o !
C ij“ D ~




Fourth-Generation Converters/Soft
Switching Converters

 Fourth-generation DC/DC converters are called
soft-switching converters.

There are four types of soft-switching methods:
Resonant-switch converters

_oad-resonant converters

Resonant-DC-link converters

High-frequency-link integral-half-cycle converters

YV V V V

18 -21



 Till now only resonant-switch conversion method
has been paid more attention.

» There are three main categories,
» zero-current-switching (ZCS),

» zero-voltage-switching (ZVS) and
» zero-transition (ZT) converters.

» These converters can perform in two- and four
guadrant operation with high-output power range
(say several thousand watts (w)).

18 - 22



According to the transferred power becomes large,
the power losses increase largely.

Main power losses are produced during the
switch-on and switch-off period.

How to reduce the power losses across the
switches is the clue to increase the power transfer
efficiency:.

Soft-switching technique successfully solved this
problem.

Prof. Fred C. Lee Is the pioneer of the soft
switching technique.
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e ZCS and ZVS converters have three resonant
states:

» over resonance (completed resonance);
» optimum resonance (critical resonance) and
» quasi-resonance (sub-resonance).

* Only quasi-resonance state has two clear cross-
Zero points as a repeating period.
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Zero-Current-Switching Quasi-Resonant
Converters

ZCS-QRC equips resonant circuit in the switch
side to keep the switch-on and switch-off at zero-
current condition.

There are two states: full- and half-wave state.
Most of the engineers enjoy the half-wave state.

This technique has half-wave current resonance
waveform with two zero-cross points.

18 - 25
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A ZCS QR DC/DC converter. (a) Circuit diagram, (b) equivalent

circuit diagram
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A ZCS QR DC/DC converter. (c) current and voltage waveforms
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The input source voltage V, =50V and output load voltage
V, =30V. The load R=3 ohm and load current I, =10A. The
circuit diagram is shown in Figure (a)

To simplify the analysis and calculation, the load current is
assumed as a constant value.

The equivalent circuit is shown in Figure (b), and the
corresponding waveforms of the resonant current i, . (t) and
resonant voltage v, (t) are shown in Figure (c).

Since the power losses are very low, the energy transfer
efficiency () can be very high.

The transferred power is 300W, and the power density Is
about 15 W/in.3 with the converter’s volume (size: 2x2.5x4
in.3) to be 20in.3
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Zero-Voltage-Switching Quasi-Resonant
Converters

Z\VS-QRC equips resonant circuit in the switch
side to keep the switch-on and switch-off at zero-
voltage condition.

There are two states: full- and half-wave state.
Most of engineers enjoy the half-wave state.

This technique has half-wave voltage resonance
waveform with two zero-cross points

18 -29
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« The input source voltage Is 14V and output load
voltage 1s 42V. The size of this converter has the
volume in 40 in.3 and the transfer power is 700W.
Therefore, the power density is up to 17.6 W/in.3
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Zero-Transition Converters

Using ZCS-QRC and ZVS-QRC largely reduce the power losses
across the switches.

Consequently, the switch device power rates become lower and
converter power efficiency is increased. However, ZCS-QRC and
ZVS-QRC have large current and voltage stresses.

Therefore the device’s current and voltage peak rates usually are 3—5
times higher than the working current and voltage.

It is not only costly, but also ineffectively.
ZT technique overcomes this fault.

It implements zero-voltage plus ZCS (ZV-ZCS) technique without
significant current and voltage stresses.
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Two-quadrant operation ZT DC/DC converter
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« The input source voltage is 14V and output load voltage is
42V. The operation state and switch/diode status are shown
In Table

Switches (S) and diodes’ (D) status (the blank status means off).

S&D  Mode A (Q) Mode B (Qn)

Aty At A Aty Ats Atg Aty Ay Aty At A Aty At Aty Aty Afg

S ON ON ON
D ON ON
S, ON ON ON

D, ON ON
S, ON ON ON

D, ON ON

S, ON ON ON

Dy ON ON
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Waveforms of Quadrant | operation of the ZT DC/DC converter
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Waveforms of Quadrant Il operation of the ZT DC/DC
converter



The Sixth-Generation Converters / MER
power converters

 The sixth-generation converters are called

multiple energy-storage (MER) elements resonant
power converters (RPC).

 Current source resonant inverters (CSRIs) are the
heart of many systems and equipment, e.g.

uninterruptible power supply (UPS) and high-
frequency annealing (HFA) apparatus.

18 - 36



Many topologies shown in open literature are the series
resonant converters (SRC) and parallel resonant converters
(PRC) that consist of two, three or four energy-storage
elements.

However, they have a lot of the limitations.

These limitations of two-, three- or/and four-element
resonant topologies can be overcome by special design.

These converters have sorted into three main categories:

Two energy-storage elements resonant DC/AC and DC/AC/DC
converters;

Three energy-storage elements resonant DC/AC and DC/AC/DC
converters;

Four energy-storage elements (2L-2C) resonant DC/AC and
DC/AC/DC converters.
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By mathematical calculation there are 8 prototypes of 2-
element converters, 38 prototypes of 3-element converters
and 98 prototypes of 4-element (2L—-2C) converters.

Carefully analyzing these prototypes we can find out that
not so many circuits can be realized.

If we keep the output in low-pass bandwidth, the series
components must be inductors and shunt components must
be capacitors.

Furthermore analysis, the first component of the resonant-
filter network can be an inductor in series, or a capacitor in
shunt.

In the first case, only alternative (square wave) voltage
source can be applied to the network.

In the second case, only alternative (square wave) current
source can be applied to the network.
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Figure (a) shows a cascade double I'-CL current
source resonant inverter.

It consists of four energy-storage elements, the
double I'-CL: C1-L1 and C2-L2. Its equivalent
diagram is shown in Figure (b).

The energy source is a DC voltage V;, chopped by

two main switches S1 and S2 to construct a
bipolar current source, I;==1..

The pump inductors L,, and L,, are equal to each
other, and are large enough to keep the source
current nearly constant during operation.

The real load absorbs the delivered energy, Its
equivalent load should be proposed resistive, Req.
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The Input source voltage is V;, =30V, L, =L,,=20
mH, I, =+*1A, Req =10, C, =C, =C =0.22pF, and
L, =L, =L=100uH.

The output current waveform is nearly pure
sinusoidal function shown in Figure previous
slide.

The corresponding fast Fourier transformation
(FFT) spectrum is shown in Figure previous slide
and

The total harmonic distortion (THD) is mostly a 0.
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MATHEMATICAL MODELING FOR POWER
DC/DC CONVERTERS

« Since the output voltage of a power DC/DC
converter is out of control in a period T once the
duty cycle k is applied, therefore, it is the element
to keep the output voltage in a period T =1/f

» By per-unit system, the voltage transfer gain is
unity (1) in a sampling interval
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A power DC/DC converter Is a second order
element, and its transfer function is:

o 1

G ; — . 1+ —
(s) 7 |pe1 unit 1 + st + 52774

where 7 Is the time constant and z, Is the damping
time constant

In general situation, z4 Is smaller than the critical
value 7/4, there are two real poles —¢, and —o,
located In the left-hand half-plane in the s-plane.

/7174

G(s) = . 3 =
1 +st+ 5119 (s +o1)(s + 02)
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r—l—-\/rz—ﬁlrrd r—-\/r2—4rrd
o] = and oy, =
27174 271714

 Correspondingly, a power DC/DC converter is an
single-order hold (SOH) in the z-domain

G(z)=Z[G(s)]=Z[ L/rrd }= : ( z ¢ )

(s +o01)(s + 02) ttq(02 — o01) \z — e~ L > e T

« Expanding and simplifying the above Equation
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* As

V12 — 4114

TT(

o] — 07 =

|t means that the DC/DC converter performs a
second-order response without oscillation
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* In some applications, z,4 Is greater than the critical
value 7/4, there are a couple of conjugating poles
—s, and —S, located in the left-hand half-plane in
the s-plane.

 As discussed earlier, Equation (1) Is rewritten as:

1 /114

G —_— =
(5) 1 4+ 57+ 5?11y (s +51)(s + 52)

where sy =o+jwand s» =0 — jw

| 41y — T2
o=— and w= \/ A
214 2114
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 Correspondingly, the power DC/DC converter is
an SOH in the s-domain and Is rewritten as:

M /114 M /Tty M @

G{‘SI} — . : - 7 5 X
s+o+jw)(s+o—jw) (+o)l+w? g (s+0) +w?

2M ()]
= )4
Vit — 12 (s+0) +o?

* Applying Z transformation, the mathematical
modeling for the SOH for large damping time
constant Is:

2M e TsinwT
Vatry — 1277 —2ze7cos T e~ 27

G(z) =

where o =a=1/2t.
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» Expanding and simplifying the above Equation

2M=ze~Tsin wT

Jattg — t2(z2 — 2ze=9Tcos wT + e—2aT)

2M=e~T/2Tagin (—W X T)

2114

\/4T‘Ed — ‘.'.'E (:2 — ZSE_TfETdCDS (—\W) + E—Tf?:d)

2114

G(z) =

[t means that the DC/DC converter performs a
second-order response with oscillation in one-step
delay (T) in a digital control system
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MATHEMATICAL MODELING OF
FUNDAMENTAL DC/DC CONVERTER

Fundamental DC/DC converters such as buck, boost and
buck—boost converters consist of one capacitor and one
Inductor; therefore, the modeling is simple

In most industrial applications, power DC/DC converters
work in the continuous conduction mode (CCM), and
perform in the case with small damping time constant.

For example, the inductor L is in mH and capacitor C is In
uk.

Usually, the time constant z Is large enough, and damping
time constant z, Is smaller than the critical value /4.
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« Question

« Refer to the buck converter discussed earlier,
assume the following conditions.

« V, =40V, L=1 mH, C =40uF, f=20 kHz (T
=50us), k =0.4 and R=1 ohm power losses are
ignored. We get V, =16V, |, =1, =16A, |, =6.4A.
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» The mathematical model components are:
PE = ;T =40 x 6.4 x 50p = 12.8mJ

o1, 1 ,
ML= SLIE = S 1m x 16* = 128m]

1, 1
e = > CVe = 40 x 16 = 5.12mJ

)
e

SE=WL 4+ We=128+5.12=133.12mJ

SE  133.12
EF = — = — 10.4
PE 128
| We  5.12
CIR= — = — 0.04
7 128
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since EL =0, efficiency (n)=1.

27 x EF  100p x 10.4

T = = = ]l ms
1 + CIR 1.04
2T x EF ___ 100p x 10.4 x 0.04
T4 = —_CIR = — 40 s
1 + CIR 1.04
T
£ =4 — CIR =0.04 < 0.25

T

r+vV2—4rg lm+J/Ie—160n 1+ 0.9165

1= 2114 - 30m - 801

1

= = 23.96kHz
0.0000417
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r— 2 —drry  lm—JIp—160n 1 —0.9165

a0y, =

2114 80n S0

= 1.044kHz

= 0.000958

 The corresponding transfer function in per-unit
system Is:

1 /174

G(s) = 5 =
l+st4+s 19 (s+01)(5s + 02)
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 We know that ¢, Is much larger than o,, so that the
term e 7tis much smaller than the term e=2t, It is
reasonable to ignore the expression involving the
term e olt,

 The unit-step response Is:
va(f) = 16(1 4+ Kie ™! 4 Kpe ™) = 16(1 + 0.0455¢ ™ 00m0 — 1.0455¢ ™ 000055

where:
K L ‘ 0.5 + : 0.5 4 0.5455 — 0.0455
1 — —— = — = —U.: e = § z
2 2 /12 — 41y 24/12 — 0.16
1 T 1
K =—+ = —0.5— : = —0.5 —0.5455 = —1.0455
2 2./t2 — 411y 2/12 = 0.16
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or
vo(f) A2 16(1 — e~ om0 )

The impulse response 1is:

Avy() = (€7 — &™) = 1.0911U/(e” 700055 — & 00007

or

Ay (t) = Ue™ 0000858
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* Where U is the interference. From the above
analysis and calculation, the corresponding
transfer function in per-unit system in the s-
domain can be approximately written as:

 Where ze Is the equivalent time constant z,
=(0.000958 s = Ims=r.

» The corresponding transfer function in per-unit
system in the z-domain can be approximately
written as:

—

G(z) ~ ——
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« where T Is the sampling interval (T =50us). Since

T/z,1s very small nearly 0.05, so that:

- - -

G(z) ~ ~ ~ A

z—e /e - _14T/te z-—0.95
4jlmz z-plane
0.95 Re z
& 5 g
0 1

The zero’s and pole’s locations of a buck converter
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 The transfer function has one pole and one zero.
The pole is at z =0.95 inside the unity-cycle, the
zero 1s at z =0 at the original point.

 Therefore, this converter is stable element. The
zero’s and pole’s locations of this buck converter
are shown in previous slide.
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MATHEMATICAL MODELING OF
DEVELOPED DC/DC CONVERTERS

« Most power DC/DC converters consist of multiple
(more than two) passive energy stored
components.

« |n traditional method, they have higher-order
transfer function.

« For example, the developed DC/DC converters
such as positive/negative output Luo-converters,
Cuk converter and SEPIC consist of two
capacitors and two inductors.
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 |n most industrial applications, power DC/DC
converters work in the CCM, and perform in the
case with small damping time constant.

» For example, the inductor, L, is in mH and
capacitor, C, is in uF. Usually, the time constant 7
IS large enough, and damping time constant zd IS
smaller than the critical value z/4
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Question:

» Refer to the N/O Luo-converter shown in Figure
Assume the following conditions
V.=40V, L=L.=5 mH, C =C.=20uF, f =20 kHz (T =50ps), k

=0.5 and

R=20hm power losses are ignored. We get V.=40V,V.=V.
=40V, l.=1,.=20A, l.=1.=20A.

Find the transfer function of the converter and
comment on the stability of the circuit.
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» The mathematical model components are:
PE = ViiT =40 x 20 x 50p = 40 mlJ
r 1 2 1 2 2
W = ELIL + EL:;.ILD =5m x 20" =2]

1 1
c=3Co Véo + ECVE = 20u x 40* =32mlJ

—

SE =W, + We = 20004 32 = 2032mlJ

o SE 2032 50,2
~ PE 40 7
We 32
CIR = = = 0.016

Wy 2000
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since EL = 0, efficiency (n)=1.

2T x EF

Tqg =

1 + CIR
d

E=—=CIR=10.016<<0.25

T

 Since the damping time constant zd is much
smaller than time constant z, the corresponding

100p x 50.8

1 + CIR

2T x EF 100 x 50.8 x 0.016
% CIR — ox 50.8 x

= 80 s

transfer function In per-unit system is considered

ds.
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1 1 1
G(s) = .  — N = -
1 + 51+ 57114 1+ st 1 + 0.005s

The unit-step response is:
vo(r) = 40(1 — &%) = 40(1 — &~ 7)
The umpulse response is:
Avo(f) = Ue™7 = Ue™ 0005

« where U Is the interference. The corresponding
transfer function In per-unit system in the z-
domain can be approximately written as:
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- - - -

G@) = - —e T/t - - — e—30u/5m - z —e 001 - z—0.99

» where T iIs the sampling interval (T =50us) and 7 IS
the time constant (z =5 ms), so that T/z Is very

small to be equal to 0.01. The transfer function has
one pole and one zero.

« The pole isat z=0.99 inside the unity-cycle;
therefore, this converter Is stable circuit.
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e The zero’s and pole’s locations of this converter
are shown as

Z-plane
,/ |
.' 0.99! Re z
- =g )k [=
I'. 0 1

Fig: The zero’s and pole’s locations of a N/O
Luo-converter
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SOFT-SWITCHING CONVERTERS

* |n order to reduce the power losses soft-switching
technigue has been applied in both research and
Industrial application

 Soft-switching converters are sorted in three
categories:

** ZCS converters,
< Z\/S converters,
/T converters.
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A ZCS QR DC/DC converter. (a) Circuit diagram, (b) equivalent
circuit diagram
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For high-accuracy consideration we can estimate
the energy stored in a resonant circuit Is:

| 5
Eres = W1, + We, = 5 [ [er'ir(f) + Cﬂ%r(f)]dr

rI'E' =5

where t. IS the resonant process time-length, 1,
(t) Is the resonant inductor instantaneous current in
the resent process and v, (t) Is the resonant
capacitor instantaneous voltage in the resent
process.

For a pure resonance period the functions i, (t)
and v, (t) should be sinusoidal function.

The energy stored in the inductor and capacitor Is
fully transferred to each other In a quarter cycles
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i"]_,r{?‘) = Jp sin wyt

ve, (1) = Vsiﬂ(mrf _ g)

with

V 1
Ip = and w, =
J-‘:I‘f{'(-rl' ' A I‘TCI'

» The average energy stored in the inductor is:
1 ; 1 (Ib\" G,
Lr = 5 f ELri'Lr‘:f)df = ELT (E) = IV
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» The average energy stored in the capacitor Is:

1 1 ' \? G
Werp=— | Covz (Dt =—-C | — | = =77
"““" 2] e (04=3 (ﬁ) 4

lFLIZ'E"_’..

» The average energy stored in whole resonant
circuit is: .
Er =W, + e, =GV

 The resonant inductor L, is usually in uH that is much
lower than the main inductor, and the capacitor C, Is
usually in uF that maybe lower than the main capacitor.

» Therefore the stored energy in the resonant circuit can be
Ignored in brief calculation.
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Question:

Consider a ZCS buck converter in which the
components are: V, =50V, I; =6A, L=10 mH, C
=60uF, L, =4uH, C. =1uF, output voltage V, =30V
the load R=3 and |, =10A. Determine the dynamics
of the converter and comment on stability.

= 500000 rad

LGy ‘\/44“3 x 1p

i

21 2 x 10
o = sin” ! - sin ! =sin"10.4 = 0.41rad
1 50 18 - 76




(c) »he— b <] ty —pa— 1y —p

(c) current and voltage waveforms
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L 4x10

f = = = 0.8 LS
1= 50 -
T+ o 3.552
f = = = 7.1 s
w 500000

_ (l4+cosa)C; 50 x 1.9165 x 1

f
3 I 10

(t + ) N 1 2cosa
T i " Z a+ )2

) —(f1 + 0+ 13)=5.05us

I'=H+tr+t+1t4=17.53us

S / 17.528
t tH 7.9
p=th — 0.45 s
T 17.53

The resonant stored energy is:

1
E =W, + We, = -G Vi =050 x 50° = 1.25m]
- 18- 78



Other parameters are:

PE =V11T=50x6x1753u=>5.26m]

Lo 2 _
WL—EHL—JHEKIG = 500ml]

N anl _
FFC_ECVC_JO,:LXJG =27ml

SE=Wy + We+E=5004274+ 1.25 =52825m]

SE 52825 .

EF = — = """ —100.43
PE~ 5.6

o We 27

CIR= — = — =0.054
7y 500
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since EL =0, efficiency n=1.
2T x EF 2% 17.53p x 100.43

T = = = 3.34ms
1 4+ CIR 1.054
2T x EF 2x 17.53u x 100.43 x 0.054

Ty = CIR = = 180 s
1 4+ CIR 1.054

£ = " CIR = 0.054 < 0.25
T

« Since the damping time constant z, iIs much
smaller than time constant z, the corresponding
transfer function In per-unit system is considered
as:

1 1 1
1 +s7+s2tt;  14st 14 0.00334s

G(s) =
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The unit-step response 1is:
vo(r) = 30(1 — e77) = 30(1 — e~ 50057
The impulse response is:

t t
Avo(r) = Ue™* = Ue 0w

« where U is the interference. The corresponding transfer function in
per-unit system in the z-domain can be approximately written as:

- - - -
- - -

(=) - _o-T/t - _ o—17.53u/334m - _ a—0.00525 - _ (0.995

« where T Is the sampling interval (T =17.53us) and 7 IS the
time constant (z =3.34 ms), so that T/z is very small to be
equal to 0.00525.
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z-plane

« The transfer function has one pole and one zero. The pole
IS at z =0.995 inside the unity-cycle; therefore, this
converter 1s stable circuit. The zero’s and pole’s locations

of this ZCS QR DC/DC converter are shown in Figure
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MULTI-ELEMENT RESONANT POWER
CONVERTERS

 The sixth-generation converters work in the
resonant state to reduce the power losses.

» Depending on the number of the passive
components there are few categories:

s Two-element RPC;

¢ Three-element RPC,;

“* Four-element (2L-2C) RPC
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All RPCs work In forced resonant state.

It means that the applied frequency may not be
equal to the natural circuit resonant frequency.

The stored energy in the resonant circuit is AC
form.

A cascade double I'-LC current source resonant
Inverter is shown in Figure
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Cascade double —CL current source resonant inverter. (a)

Circuit diagram and (b) equivalent circuit. 18- g5



« From the equivalent circuit, the input current I;(t)
IS:

1A nT <t <((n+05T

ii(f) =
—1A (405 T <t<m+ 1T

The mput impedance 1s given by:

Req(l — @’L1C2) + jo(Ly + Ly — @’ L1L> ()

L(w) = _ -
(@) 1 — {1}2@.1 Ci+LCr+LyCr) + @ Ly L, C1 C —|—_|fuReq(C1 + Cr —w-L1C1 ()
or
Z(w) = Req(1 — @’L1C2) + jo(Ly + Ly — 0?L1L,C))
B(w)
where

B(w) =1—w*(L1C1 + LyC1 + L) + @ L1L,C1Ca + jwReq(C1 + C2 — 0’ L1 C1C2)
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Voltage and current on capacitor Cy:

Vey(@)  Req(l — @°L1Cy) + jo(Ly + Ly — @°L1L2Cy)

Ii(w) B(w)
Ie,(@)  Req(l —’LiCy) +jo(Ly + Ly — @°L1L,Cy)
Li(w) B(w)/jwCy

Voltage and current on inductor L;:

() —Reqw?L1C; + jwLy(1 — 0*L,C3)

Ii(w) B(w)
I(@) (1 =0’LyC3) + jReqw(y
L(w) B(w)
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Voltage and current on capacitor Cs:

L(w)  Bw)
f(jg (iﬂ) . —EHELECE +_1Requ2
L(w) B(w)

Voltage and current on inductor Z,:

I, (@) oL
Li(w) B(w)
I, (w) 1

(@)  B(w)
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The output voltage and current on the resistor Req:

Vo(w) B Raq
L(w)  B(w)

The current transfer gain is given by:

_ Io(w) 1
" L®)  B)

g(w)
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 Usually, the input impedance and output current
gain draw more attention rather than all transfer

functions listed In previous section.
» To simplify the operation, select:

]
LIZLEZL: C]:C’?:C: ﬂ.}{}:—
) VLC

L A wol | @
Obtain
5 2 — B2
B(B)=1-3p"+p"+] B
Q
Therefore:

(1-p)+j0C2—p)
s—Req = |Z]£
1_3‘82_}':84‘1‘,1%,8&1 Z| L

Z(p) =
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where

V= PP +0°2— 7

|IZ| = jReq and
2 2—p2\"
\/(1 — 32+ B4+ B (T)
12 B’ 4 (2=BHB
¢ = tan s — tan (1—3F 1 0

The current transfer gain becomes:

1

g(B) = am g +j2_ngﬁ = [gl£8
where
gl = : :
Ju—3£+ﬁﬂl+ﬁ(if)
and
§=—tan"’ @— £

(138 +pH0
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Therefore, the voltage and current on capacitor Cp:

Ve(B) _ (1= ) +iB0C — B

L(B) B(B) -
Io,(p) _ (1= F)+1POQ — F)
L(B) B(B)O

Voltage and current on inductor Ly:

(B) _ =B +ipo1L— )

LB B(B) -
I,(B) _ (1=p")+ip/0
L(B) B(B)
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Voltage and current on capacitor Cs:

VCE{JB) — 1 +.1JBQR
L(B) BB
Ie,(B —B+iB/O
LB B

Voltage and current on inductor L;:

VLE(.IB} _ .].IBQ

— Req
L(B) B(B)
fy(w) 1
L(w)  B(w)

The output voltage and current on the resistor Req:

Vo(@)  Req
L(w) B(w)

The current transfer gain is given by:

L(f) _ 1
L(B) B(B)

g(B) =
18- 93



 Calculate the energy stored in this resonant circuit
as:

1 ,,
Epoe = Wiy + Wep = Ef [Llf%l(f) + Loig (1) + Cﬂ‘%z(?‘} + Cg*i%l(f)]df

lEI‘EE

 where t. Is the forced resonant process time-

length T =1/f, 1., (t) and I, (t) are the resonant
Inductor instantaneous currents in the resent

process, and v, (t) and v, (t) are the resonant
capacitor instantaneous voltages in the resent
process.
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« The energy stored In the inductor and capacitor Is
fully transferred to each other in a quarter cycles:

fL(f) = Jo sin wt

] T
ve(t) =V S].‘[l(m." — E)
where the natural resonant angular frequency 1is:

1
wo = ——

VLC
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Question:

The relevant frequency f is selected as =1.59. V,,
=30V, Ly =Ly =20 mH, I, =£1A, R, =10, C; =C,
=C =0.22pF and L, =L, =L=100pH. Therefore, Z,
=21.32, Q=Zy/R, :2.132. The applied frequency f
=54 kHz, 1.e. T =18.5ps. Find the transfer function
of the given converter.
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we have the parameters below:

2 — B2 2 —1.592
B(B)=1-3p>+p*+]j b B=1-3x1594+1.59" 4] 1.59
2.132
|B(B)| = 0.4386 or |g|]=—— =2.28
|B(B)|
1 — p%) +ipo2 — p?
Ve, = (I1-p)+jpoO2—-p )Req
B(B)
1 —1.592) 47 x 1.59 x 2.132(2 — 1.592
e
1 — B 4+ 1 —1.59%) +i(1.59/2.132
IL1=( B)+i1B/Q _ ( ) +3(1.59/ ’):3.88A
B(B) 0.4386
14 14+ix1.59 x2.132
C» = _thRm:: ) > x 10 =80.6V
B(B) 0.4386
I . 2.28 A
L, = 5o — <
B(B)
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The stored energy as:

R , .
WL = -LI + Eﬂﬁz = 50 x (3.887 +2.287) = 1012.6 1uJ

)

r ]' ]' v 2 - -5
We = ECV(‘%I +5¢ Ve, = 0.11p x (75.66° + 80.6°) = 1344.3 ]
Other parameters are:

PE =15LHT =30x1x 185 =555u]

SE =Wy 4+ We =1012.6 4 1344.3 = 2356.9 ]

SE  2356.9

EF = — = =~ =425
PE 555

L We 13443

CIR=— = = 1.33

. 1012.6

18 - 98



since EL = 0. efficiency n=1.

2T X EF 2 x 18.5u x 4.25

= = = 67.5us
1 + CIR 2.33
2T x EF 2 x 18.51 x 4.25 x 1.33
Td = CIR = = 90 s

1 + CIR 2.33

T
=4 — CIR=1.33 > 0.25

T
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« Since the damping time constant z, Is greater than time
constant z, the corresponding transfer function in per-unit
system is considered as:

1 /174
G(s) = =
1 +st+s2trg (s +s51)(s +52)
where
sit=0+4+Jjo and s =0 —jw
1 1 drtg — T2 24.3n — 4.556
o= = Hz and m:\/nd t :\/ " !
214 0.00018 2114 12.15n
_ 1405

= 11.565rad/s

T 12.15n
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The transfer function 1s rewritten as:

/7114 2 W

G . pr— —
(5) (s+o0Y+e? Jig/t—1(+0)?+ ?

 The corresponding transfer function in per-unit

system in the z-domain can be approximately
written as:

GE) = 2 ze 7 sinwT
o VAtq/t — 122 — 2ze 9T coswT + e—2aT
1 1

274 180 s

wherea=o0 =

.w=11,565rad/s and T'=18.5 us

-e 9T gin wT

2
VaAtg/t — 122 — 2ze9T cos wT + e—2aT
0.96 x ze 0103 5in 0.214
z2 — 2270103 c050.214 4 0206
0.96 x z x 0.902 x 0.2124 B 0.039065z
=2 —2-%x 0.902 x 0.9772 + 0.814 -2 —1.763z 4+ 0.814

G(z) =

or G(z) =




The transfer function has one zero and two poles. The poles are atz = 0.8815 £10.3845

inside the unity-cycle: therefore. this converter is stable circuit. The zero's and pole’s
locations of this cascade double I'-L.C CSRI are shown in Figure 7.38.

A

jimz z-plane
0.881 j0.3845
Re ?_;
1o 1

0.8815/— j0.3845
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Digitally Controlled AC/AC
Converters

111111



« AC/AC converters are used for converting one AC
power source into another AC power application.
They are generally used in following applications:

¢ single-phase AC/AC voltage controllers;

¢ three-phase AC/AC voltage controllers

¢ single-phase input single-phase output (SISO)
cycloconverters;

¢ three-phase input single-phase output (T1SO)
cycloconverters;

¢ three-phase input three-phase output (TITO)
cycloconverters;

“» AC/DC/AC pulse width modulation (PWM) converters;
¢ matrix converters.
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» All AC/AC voltage converters convert the voltage
from an AC source with high voltage and
frequency to the lower output voltage and
frequency with little phase angle delayed.

» All AC/AC cycloconverters convert the voltage
from an AC source with high voltage and
frequency to the lower output voltage and
frequency with little phase angle delayed
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» All AC/DC/AC converters convert the voltage
from an AC source via DC link, then invert to the
output load with lower voltage and variable
(higher or lower) frequency:.

» All AC/AC matrix converters directly convert the
voltage from an AC source to the output load with
lower voltage and variable (higher or lower)
frequency
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Unit-1V

Open-loop Control for Digital
Power Electronics
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« The fundamental problems in four main
converters: AC/DC rectifiers, DC/AC inverters,
DC/DC converters and AC/AC (and AC/DC/AC)
converters.

» These problems are:

» Stability analysis

» Unity-step responses

» Impulse (interference) responses

18 -



Stability Analysis

o Stability Is one of the most important problems of
the digital control systems.

« The fundamental stability criterion is zero-pole
location adjustment.

 [|f a digital control system has all poles inside the
unity-cycle in the z-plane, the system is stable.

18 -



A .
jlmz z-plane
Unstable region

.\__

Stability

/ bo undary

/ Re z
>

reglc/

Stable/unstable region in the z-plane.
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« The stable region is inside the unity cycle and the
unstable region is outside the unity-cycle.

» |f the pole Is located on the cycle, it is the critical
state of the stability

o Stability of the digital control systems is also
possibly adjusted in the s-domain. Considering the
relation:

Is

[
|
LK

Solving for s, we obtalin:

1
§s=—1Inz
T

where T Is the sampling interval.
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Converters Open-Loop Analysis

» We discussed the four typical converters in
previous chapters.

 Their mathematical models are the typical
elements:
» A zero-order-hold (ZOH) for AC/DC rectifiers.

» A first-order-hold (FOH) for DC/AC inverters and AC/AC
(including AC/DC/AC) converters.

» A second-order-hold (SOH) for DC/DC converters.
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By digital control theory, the ZOH,FOH and SOH

are considered stable in open-loop control
although the ZOH has a pole at z =1 on the

stability boundary
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Analysis of Converters with a
First-Order Load

 Typical first-order load can be an R—L circuit or an
R—C circuit.

« [ts transfer function in per-unit system in the s-
domain is:

Gi(s) =

1 +s1q

« where 71 Is the time constant of the first-order

load. That is, 71 =L/R for an R—L circuit or z1 =RC
for an R—C circuit.
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* |ts transfer function in per-unit system in the z-
domain is:

Gi(z) =

z—e 1/m

—T /71

where 7 1s the sampling interval. Definitely, e < 1smce 7' > 0.
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Analysis of Converters with a First-Order
oad Plus an Integral Element

 The industrial applications of all converters have
always required the converters to provide the
power/energy to a first-order load plus an integral
element such as a DC motor drive system.

 In the case we have to consider the extra integral
element added In the system.

o |ts transfer function in per-unit system in the s-
domain is:

18 -10



 Wwhere 7., IS the integral time constant, i.e. tm =J
=GD?/375 which is the rotor’s inertia of a DC
motor mechanical time constant. G is the rotor
equivalent weight (G =mg), g Is the gravitation
acceleration (g =9.81 m/s2) and D is the rotor
diameter.

« [ts transfer function in per-unit system in the z-
domain is:

Gm(2) =

z—T1 /1y

« where T Is the sampling interval. Usually, the

sampling interval T iIs smaller than the integral
time constant zm, hence T/zm <1
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Unit-Step Responses

Vin(*) >§' Vo)
—>»  G(s) +H—»
Y

Open-loop control scheme.

 The control scheme is shown in Figure with the
output parameter v, (t) and input step signal v; (t).

« The unit-step response Is presented In the s-
domain by the Laplace transform:

1
Vo(s) = G(s)Vin(s) = G(S);
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« where G(s) Is the converter transfer function and
V..(s) Is the Laplace transform function of the
Input unit-step function V; (s)=1/s

* [ts response Iin the z-domain Is:

Z

Vo(z) = G(2)Vin(2) = G(2)

z—1

« where G(z) is the converter transfer function and
V..(2) is the Laplace transform function of the
unit-step function V. (z)=z/(z —1)
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Unit step response analysis of Converters
with a First-Order Load
 Unit-step response of the system consisting of

converter with a first-order load iIs usually stable
because the output from converter is stable.

Vin() ><' Vo()
—»  G(s) +—— Gyls) —»
d

Open-loop control of converter with a first-order load.
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 The unit-step response Is presented in the s-
domain by Laplace transform:

Vo(s) = G(G1($)Vin(s) = G(9) S
+ 5sT1 S
» where G(s) Is the converter transfer function,
G1(s) is the first-order circuit transfer function and
Vin(s) is the Laplace transform function of the
unit-step input signal Vin(s)=1/s.

e |ts response In the z-domain Is:

z

Vo(2) = GGV = G&) - 7 -7
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» where G(z) is the converter transfer function,
G,(2) Is the first-order circuit transfer function and
V..(2) i1s the Laplace transform function of the
unit-step function V. (z)=z/(z —1).
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Unit step response Analysis of Converters

with a First-Order Load Plus an Integral
| Element o
 Unit-step response of the system consisting of
converter with a first-order load plus an integral
element is usually unstable because of the integral

element
Vin(-) e G/(s) G (9 Vo(-)
T

Figure 9.5 Open-loop control of converter with a first-order load plus an integral element
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 The unit-step response Is presented in the s-
domain by Laplace transform:

1 1 1

1 +s7185T S

Vo(s) = G(5)G1(5)Gm(s)Vin(s) = G(s)

« where G(S) Is the converter transfer function,
G1(s) is the first-order circuit transfer function,
Gm(s) is the integral element transfer function and
Vin(s) is the Laplace transform function of the
unit-step function Vin(s)=1/s.

* Its response In the z-domain Is:

Z Z

VO(Z) = G(Z)G](Z)GHI(Z)an(Z) — G(Z)Z _ T/t 5 _ T/T > —1
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» where G(z) is the converter transfer function,
G1(z) is the first-order circuit transfer function,
Gm(z) is the integral element transfer function and
Vin(z) is the Laplace transform function of the
unit-step function Vin(z)=z/(z —1).
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Impulse Responses

* |Interference response usually called the impulse
response Is one of the most important problems of
the digital control systems.

 The interference signal randomly perturbs to the
system as an impulse signal disturb system output
parameter.

» Generally, the interference signal is added in the
output point of the converter just likely the load
suddenly vibrated
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Vint(+)

T

Vin()
—  G(s)

T

_I_

+ é Vo(+)

Open-loop control of converter (with interference signal).

« the output parameter V(t) and interference signal

Vi (®=US(1).

* The impulse response Is presented In the s-domain

by Laplace transform:

Vo(s) = Vint(s) = U
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» where U is the interference signal.
* |ts response in the z-domain is:

Vo(z) = TVia(z2) = U
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Analysis of Converters with a

First-Order Load

Vint(*)

Vin(*)
—»  G(s)

T

Gy(s)

Open-loop control of converter with a first-order load (with interference signal)

Impulse response of the system consisting of converter with a
first-order load is usually stable because the first-order circuit Is

stable.
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The control scheme is shown in Figure with the
output parameter i1sVO(t) and interference signal
Vin(t)=Uo(D).

The impulse response Is presented in the s-domain
by Laplace transform

Vo(s) = G1(s)Vint(s) = 7 g

where G1(s) iIs the first-order circuit transfer
function, Vint(s) is the Laplace transform function
of the interference signal Vint(s)=U.

Its response In the z-domain Is:

4 .
Vo() = G1@Vin() = 77U
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Analysis of Converters with a First-

Order Load Plus an Integral Element

» The impulse response Is presented in the s-domain
by Laplace transform:

1

1 + 5711 511

Vint() ><
4
oy Vol)
—»  Gs) |—» Gi(s) +—» Gps) ——»

18 - 25

Vo(s) = G1(s)Gm(s)Vint(s) =




* |ts response in the z-domain Is:

i Z
Vo(2) = G1(2)Gm(2)V; = o
O(Z) 1 (Z) 111(2) ]Ilt(Z) 7 — e—Tfl'l 7 — T/T]J].
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STABILITY ANALYSIS of
AC/DC Rectifiers

« The mathematical model for power AC/DC
Rectifiers 1s a ZOH. Its transfer function is

assumed u(t) in the time-domain, and that in the s-
domain is:

1
G(s) =

e |ts transfer function in the z-domain is:

G(z) =

z—1
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AC/DC Rectifiers Open-Loop
Analysis

o all existing AC/DC rectifiers applied in industrial
applications are stable although they have the pole
located on the stability boundary

A .
jimz z-plane

1.
NI

18 - 28




Analysis ofAC/DC Rectifiers
with a First-Order Load

« The mathematical model for power AC/DC
rectifiers is a ZOH.

» The system transfer function in the s-domain is:

1
G$)G1s) = —7 g

e |ts transfer function in the z-domain is:

G(2)G1(2) =

z—1z—e1/m
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 we have got two zeros at original point and two

poles, one Is inside the unity-cycle and another on
the unity-cycle.

 Therefore, this open-loop control system is
considered stable.

A .
jimz zZ-plane

18 - 30
Open-loop control of power AC/DC rectifiers with a first-order load.



Analysis of Rectifiers with a First-Order
oad Plus an Integral Element

» The system transfer function in the s-domain Is:

1 1 1 1
G($)G1(5)Gp(s) = — —
()G1(5)Gm(s) s14+s11 5T 521'111(1 + 577)

e Its transfer function in the z-domain Is:

Z Z

z—1z—T/tpnz—e 1/n

G(2)G1(2)Gm(z) =
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 we have got three zeros at original point and three
poles. One pole is inside the unity-cycle and one
on the unity-cycle, and another is uncertain.

» Therefore, this open-loop control system may be
considered unstable.
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jimz Z-plane

Fia uY
)

Open-loop control of powerAC/DC rectifiers with a first-

order load plus an integral element
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DC/AC Inverters and AC/AC
(AC/DC/AC) Converters

« The mathematical model for power DC/AC

iInverters and AC/AC (AC/DC/AC) converters to
be an FOH

e |ts transfer function in the s-domain Is:

(7 —
)= 1757

e |ts transfer funcuurn i uie z-uomain Is:

Gla) = z—1/e
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Open-Loop Stability Analysis for DC/AC
Inverters andAC/AC (AC/DC/AC)

Converters with a First-Order Load
» The open-loop control scheme for an FOH with a

first-order load.

» The system transfer function in the s-domain is:

1 1
1 4+s7T' 14 s1

G($)G1(s) =

e |ts transfer function in the z-domain is:

z

z—1/ez—e1/n

G(2)G1(2) =
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 Wwe have got two zeros at original point z =0, and

two poles at z =1/e and z =e—7/z1 inside the unity-
cycle.

» Therefore, this open-loop control system is
considered stable.
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Open-Loop Stability Analysis for DC/AC Inverters andAC/AC
(AC/DC/AC)
Converters with a First-Order Load Plus an Integral Element
* The open-loop control scheme for an FOH with a

first-order circuit plus an integral element

] ] ]
1 +s7T' 14511 5T
e |ts transter tfunction In the z-domain IS:

G(5)G1(5)G(s) =

Z Z

z—1/ez—T/tpz—e1/n

G(2)G1(2)Gu(2) =

18 - 37



« We have got three zeros at original point and three
poles. One pole is inside the unity-cycle and
others are uncertain. Therefore, this open-loop
control system may be considered unstable.

A
jimz z-plane
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UNIT-STEP FUNCTION
RESPONSES

« AC/DC Rectifiers

« The mathematical model for power AC/DC

rectifiers i1s a ZOH. Its transfer function in the s-

domain Is: ]
G(s) = —
AY

e |ts transfer function in the z-domain Is:

4
C@=
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AC/DC Rectifiers Open-Loop
Analysis

* The block diagram is with G(s) to be a ZOH. The
unit-step function response in the s-domain is:

1
Vol(s) = G(s)Vin(s) = 5

 The unit-step function response in the time

domain Is:
vo(f) =1t
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 [tisalinear rising line, so that it is not stable. The
unit-step function response in the z-domain:

Vo(2) = G(2)Vin(2) =

(z— 1)

This unit-step function response is not stable.
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Analysis of AC/DC Rectifiers
with a First-Order Load

The open-loop control scheme for a ZOH with a
first-order load Is shown In Figure

The unit-step function response in the s-domain Is:

1
o) = GG i) = 51—

The unit-step function response in the time
domain Is:

vo(f) =t — (1 —e™"/™)

It is nearly a linear rising line, so that it Is not
stable. 18 - 42



 The unit-step function response in the z-domain:

Vo) = GG ()Vin(z) = —2 (1—e1/M)z/7
O(Z) — (Z) I(Z) ln(Z) — (Z . 1)2 _ (Z . 1)(2 _e—f/fl)

 This unit-step function response is not stable.
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Analysis of Rectifiers with a First-Order
oad Plus an Integral Element

 The open-loop control scheme for a ZOH with a
first-order circuit plus an integral element is
shown in Figure. The unit-step function response
In the s-domain is:

1 1 |
Vo(s) = G(s)G1(s)Gm(s) Vin(s) =

52 14511 ST

 The unit-step function response In the time
domain is:

(rz — 2Tt + 21 — 21'26_UTI)
| 1

vo(r) = -
o 18 - 44



 |tis nearly a linear rising line, so that it Is not
stable.

 The unit-step function response in the z-domain:

1z T +T—2r1
Tm(z— 1?2 \z -1 2

 This unit-step function response is not stable

Vo(z) = G(2)G1(2)Gm(2)Vin(2) =
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DC/AC Inverters and AC/AC
(AC/DC/AC) Converters

The mathematical model for power DC/AC
iInverters and AC/AC (AC/DC/AC) converters is
an FOH. Its transfer function in the s-domain is:

(7 —
)= 1757

Its transfer function in the z-domain Is:

G(z) =

z—1/e
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Analysis of an FOH with a
First-Order Load

» The open-loop control scheme for an FOH with a
first-order load is shown In Figure . The unit-step
function response in the s-domain is:

1

Vo(s) = G(s)G1(s)Vin(s) = s(1 +s7) 1+ s1

 The unit-step function response In the time
domain is:

Te=t/T — ¢jet/m

vo(r) =1+

71— 1 18 - 47



* [t is nearly an exponential function, so that it is
stable.

 The unit-step function response in the z-domain:

Vo (2) = GG (2) Vo (2) = —— Z(T Tl)
0(2) = G(2)G1(2) m(Z)_(z—l)—l_Tl—T z—l/e_Z—e_Tﬁl

 This unit-step function response is stable
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Analysis of an FOH with a First-Order
oad Plus an Integral Element
» The open-loop control scheme for an FOH with a

first-order circuit plus an integral element is
shown in Figure.

 The unit-step function response in the s-domain is:

1 1 1

Fo(9) = GOGIOGE Vi) = G

 The unit-step function response In the time
domain is:

(t =D (m - T)e”“}

1
vo(t)= — |t—(t1+ 1) —
(1) Tm[ @+ - =



|t is nearly a linear rising line, so that it is not
stable.

 The unit-step function response in the z-domain:

Vo(2) = G(2)G1(2)Gm(2) Vin(2)

1 (1 + 1)z 1z T?z N *r%z
- oz +(Z—1)2 (1 —D)z—1/e) (1 —T)(Z—e_ff’fl)_

Tm

 This unit-step function response Is not stable
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Analysis of DC/DC converter

« The mathematical model for power DC/DC
converters IS an SOH. Its transfer function in the s-

domain Is

G(s) =

1
1 + 57+ 5211y

* There are four conditions of the damping time
constant zd related to the time constant ¢

74 =0
74 < 0.257
74 =0.257
74 > 0.257
18 -51



e \We list its transfer functions in the s-domain and

In the z-domain below

Gls) = 1 + ts
G(z) = p——
(s) = 1/174
(s + o1)(s + 02)
1/t z B z
G(Z) — (0_2 _O_l) (Z—e o1 1 7 — e o2 1

fortg =0

fortg =0

for rg < 0.257

for rg < 0.257
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1/t14q

G(s) = 407
) 4Tze~2/D"
G(z) = (Z_ e(—Z/T)T)E
G(s) = 1/774
(s + 0)? + w?
G(z) = ze " sinwT

Varg/Tt — 122

— 2ze— T coswT + e—2aT

for ty = 0.257

for 7y = 0.257

for g > 0.257

for rg > 0.257
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Converters Open-Loop Analysis

» The block diagram is shown in Figure with G(-) to

be an SOH.

Vin(*) X
—Pp
J

G(s)

Vo(+)
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The Condition of td =0

 The unit-step function responses in the s-domain
and in the z-domain for the condition of zd =0 are:

1
Vo(s) = G(S)Viﬂ(g) — s(1 + s7) fortg =0

z(1 — e~ T/

VO(Z) — G(Z)I/ill(z) — (Z . 1)(2 . e—T/r)

fortg =0

The unit-step response in the time domain 1s:
vo()=1—e /"

This 1s an exponential function, which 1s stable.
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The Condition of 7d <0.257

 The unit-step function response in the s-domain
and in the z-domain for the condition of zd <0.257
are
1/t7,

Vo(s) = G(s)Vin(s) = T oG T o) for 4 < 0.25t

Vo(2) = G(2)Vin(2)
z 02Z 012

— + — for g < 0.257
z—=1 (o1 —0o)z—e ) (o1 —o)(z—e 1)

The unit-step response in the time domain 1s:

O.Ze—{]‘li' o1 e—D'gf
Vo(f) =1+ —

o)1 — 02 01 — 02

This 1s an exponential function, which 1s stable.

)0



The Condition of td >0.257

 The unit-step function response in the s-domain
and in the z-domain for the condition of zd >0.257
are:

1/t74
Vo(s) = G(s)Vin(s) = TG oP Lo for 74 > 0.257
z 72 —ze " secpcos (wT + ¢)

Vo(z) = G(2)Vin(2) = — for 73 > 0.257

z—1 72 —2ze 1 coswT + e 297

where ¢ = tan™! (—a/w). The unit-step response in the time domain is:
vo(t) =1 — e " sec ¢ cos (wf — @)

This 1s an exponential function, which 1s stable.



Analysis of DC/DC Converters
with a First-Order Load
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IMPULSE RESPONSES

* Impulse Response of the Converter Open-Loop
Systems

« The impulse responses in the s-domain and in the
z-domain are:

Vo(s) = Vint(s) = U
Vo(z) = Vin(z) = U

e |ts transfer function in the time domain Is:

vo(r) = Ud(1)
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Impulse Response of the Converter with a
First-Order Circuit

» The impulse responses in the s-domain and in the
z-domain are:

Vo(s) = Vint(s)G1(s) =

1 4+ 519
Vo(@) = Vin@G1(2) = ——
O‘(Z) — lﬂt(Z) 1(2) — - _ e_rxrl

e |ts transfer function in the time domain Is:

vo(t) = Ue /™
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Impulse Response of the Converter with a
First-Order Circuit Plus an Integral Element

» The impulse responses in the s-domain and in the
z-domain are:

Vo(s) = Vint($)G1(s)Gm(s) =

(1 +s71)57)
Uz(1 — e~ 1/m)

VO(Z) — Gl(Z)Gm(Z)Vint(Z) — T (Z . 1)(2 _ e—r/fl)

e |ts transfer function in the time domain Is:

vo(f) = —(1 — /™)

Tm
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Closed-Loop Control for
Digital
Power Electronics
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Pl Controller

By
O

in

&
O
/

Analog PI controller using OA.
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e Its transfer function in time domain Is:

vo(r)_RJrJ(jC_R( I ) R 1+ jwRC

— 1+ —— :
Vin(7) Ro Ro JwRC Ro JwRC

 Its transfer function in the s-domain Is:

Vo(s) R 1+sRC 147
Vm(s) Ro sRC ' st

Gpi(S) =

« where p Is the proportional transfer gain, p=R/R0,
and 7 Is the integral time constant, 71 =RC
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e The transfer function in the s-domain can be
written in two items as:

P P
Gpis) =p+ ~— =p+=

51

e The transfer function in the z-domain can be
written in two items as well:

Z
Gpi(z) =p +pi——

z— 1
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Stability Analysis

» From the transfer functions, we can recognize that
the PI controller is an unstable element with the
pole on the stability boundary in the s-plane, and
on the unity-cycle in the z-plane.

« Usually, the pole on the stability boundary in the
s-plane can be treated as In the right-hand-half-
plane (RHHP) in the s-domain.
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Unit-Step-Function Responses

» \We can split the waveform in two parts:
proportional part and integral part.

« The proportional part is a constant value which is

equal to p at any time. The integral part is a linear
line proportional to the time.
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0 t

Input and output signals of PI controller in the time domain.
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Closed-Loop Control

Viet + H:%i‘r
PR—"L ——»

T

Pl
controller

)f—h- G(s)
-

eredback

F(s)

Closed-loop control system with a PI controller.
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» The closed-loop transfer function of the whole
system Is:

Gpi(5)G(s)
1 4+ Gpi(s)G(s)F (s)

Ge(s) =

18-71



Proportional-Plus-Integral-Plus-
Differential Controller

Ry R C
— 1+ |
__Cy4
Ro
— +—)

/ Vo

Analog PID controller using OA.
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e |ts transfer function in time domain Is:

vo(f) R (1+joRC)(1 + jwRqCa) + jwRqC
vin(f)  Ro JoRC

Gpia(?) =

o |f the differential resistant Rd is small, I.e. Rd<<R,
we can have following expression

vo(r) R (1 +jwRC)(1 4+ jwRyCq)
Vin(7) Ro JoRC

e |ts transfer function in the s-domain Is:

Gpida (1) =

Vo(s) R (1 +sRC)(1 + sRqCq) :p(l + sT)(1 + 5s79)

Goia(s) = —
P = 70 T ke SRC ST;
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e \We can rewrite the transfer function in the s-
domain in three items as:

I +s15+ Szl'i‘.’,'d

ST

Gpid (s) =p

e We can write It In three items as well:

s
Gpia(s) =p Sl - pds

e The transfer function in the z-domain can be
written in two items as well:

z z—1

+ pd
z—1 z

G(z) =p +pi
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Stability Analysis

» From the transfer functions, we can recognize that
the PID controller is an unstable element with the
pole is on the stability boundary in the s-domain
and Is on the unity-cycle in the z-domain

18 -75



Unit-Step-Function Responses

3(1)

0 t

Input and output signals of PID controller in the time domain.
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« The PID controller has the step-function response
In the time domain and is shown in Figure.

* \We can split the waveform into three parts:

proportional part, integral part and differential
part.

» The proportional part is a constant value which is
equal to p at any time. The integral part is a linear
line proportional to the time. The differential part
IS a delta function in the time response
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Closed-Loop Control

PID

Lﬁef ;Eg} j:>g:r
- controller

)f —  G(s)
y

Lﬁeedback
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 The PID controller has the main role in a closed-
loop control system. The block diagram

IS shown in Figure.

» The regulated converter has its transfer function
G(s) and the feedback element with transfer
function F(s). The closed-loop transfer function of
the whole system is:

Gpid(S)G(S)
1 + Gpia(s)G(s)F ()

Ge(s) =

18-79



Pl CONTROL FOR AC/DC

RECTIFIERS

Vref ::% >f_»

- T

Pl or PID
controller

>

T

G(s)
converter

eredhaek

PI/PID controlled closed-loop control system of a converter.
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» The converter G(s) Is a zero-order hold (ZOH)
simulating AC/DC rectifiers.

» The feedback network is assumed as a unity

element.
» The system closed-loop transfer function in the s-
domain is:
Ge(s) = Gpl(S)G(S) P~z 1 + 574

L+ Gp(9)G(s)  1+4p5 1+ pest

» The system closed-loop transfer function in the z-
domain is:

Gc(z) = ZL|Ge(s)] = Z L+ 57 ——1 + {1 : ol
\WZ) = S)| = — —
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* The poles of this system are Iin the unity-cycle.
Therefore, this system is stable.

A
jlm z z-plane
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Analysis of Rectifiers with a First-Order
|_oad

« The closed-loop PI control system of the converter G(s)
with a first-order load is shown in Figure .The converter
G(s) is a ZOH simulating AC/DC rectifiers.

[ + V /
rof ,| PlorPID )i' J G T, Gs) o

controller converter
- T T

#eedback
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 The closed-loop PI control transfer function of the
AC/DC rectifiers with a first-order load in the s-

domain Is:
[+s1; 1
oy o _HUOOG0) T p(1457)
cl§) = —
[+ GuG0IGI)  14p 5 T st sm)+p(1 4519

 This is a second-order transfer function with two
poles in the left-hand half-plane (LHHP), so that
this system is stable. If we carefully select the
Integral time constant z1 =7 =L/R, the items (1+s7l)
In the numerator and the items (1+sz1) In the
denominator can be eliminated each other
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» The closed-loop transfer function can be rewritten
as:

|
Gey= oo » _ b _ 1
| 1-|-pé STi +p l—I-S;—; 1 4+ s7e

e The transfer function in the z-domain is:

z
Ge(z) = Z|Ge(s)] = £ [1 n S;} T s—e T/

» The system has a pole (e—7/ze ) located inside the
unity-cycle further away from the unity-cycle with
comparison to the original pole (e—77/zl ).

18 - 85



jimz z-plane

The locations of the zero and pole of the PI/PID controlled
closed-loop control system of a converter with a first-order
load in the z-plane.
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Unity-Step Responses

 The output signal of the closed loop system in the
s-domain Is:

B o Grls)Gls) 1 1+

1ol) = GeVin) = 16 966) 5 1+ pos

 The unit-step response in the time domain is:

1 1 .
vo(t) = — A (1 — —) (1 — e "/Pet
PcC PcC

* The output signal of the closed-loop system is a
constant plus an exponential function, so that it Is
stable. 18 - 87




 The output signal of the closed-loop system in the
z-domain is:

Ge@) = Z lG ) 7 I 1T+s7 z 1 + (1 1\ 1 —e {/pcu
Z ) = — Ry — — — —_
¢ s ¢ s 1+ pcst z—1 [pc pc/ z —et/pen

* The poles of this system are in the unity-cycle.
Therefore, this system Is stable
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Analysis of Rectifiers with a
First-Order Load

» The closed-loop PI control system of the converter
G(s) with a first-order load Is shown in Figure

» The converter G(s) is a ZOH simulating AC/DC
rectifiers. The input signal is a unit-step function
l; (s)=1/s

» The unit-step response of the closed-loop PI

control transfer function of the AC/DC rectifiers
with a first-order load in the s-domain is:

Io(s) = Gc(s)in(s) = 1 Gi®)G(5)G1(s) I 1/(1 + s7e) 1 0.5

s 1+ G(9)G()G1(s)  s1+1/(1+s1) s1+05s7,



This Is a second-order transfer function, and i1t Is
stable.

Therefore, the unit-step response of the closed-
loop control system in the time domain is:

io(t) = 0.5(1 — e 2"/T)
It means that the unit-step response of the closed-
loop control system is an exponential function, so
that it is stable. The unit-step response will have

quicker settling process since It has a smaller time
constant.

The transfer function in the z-domain is:
0.5 ] 0.5z(1 — e 21/%)

(= Dz — e 2T/

1
I =7 |-
o() [S 1 + 0.5s7,
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Pl CONTROL FOR DC/AC INVERTERS AND
AC/AC (AC/DC/AC) CONVERTERS

o Stability Analysis
* The converter G(s) is a first-order hold (FOH)
with the sampling interval T to simulate the

DC/AC inverters and AC/AC (AC/DC/AC)
converters.

» The feedback network Is assumed as a unity
element. We still select the PI controller’s integral
time constant 71 =T. The system closed-loop
transfer function in the s-domain is:
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I+st; 1

Ge(s) Gpi(S)G(S) P sty 14+sT 1
C — — - p—
L+ GG 14prEiply  1+s]

» The closed-loop transfer function is stable.

» The system closed-loop transfer function in the z-
domain is:

1 z
Ge(z) =Z[Ge(s)] =Z |:1 T :| T Z_c?

+ 55
P
* The pole of this system Is inside the unity-cycle.
Therefore, this system Is stable.
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4jlmz z-plane

The locations of the zero and pole of the PI control closed-loop
control system (FOH) in the z-plane.
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Analysis of Rectifiers with a
First-Order Load

» The converter G(s) is an FOH simulating DC/AC
Inverters and AC/AC (AC/DC/AC) converters.
The feedback network is assumed as a unity
element. We still select the PI controller’s integral
time constant 7l =z1.

» The system closed-loop transfer function in the s-

domain Is:
l+st; 1 1
Gets) = _GHOOOCIS) P  Tm Tt _ P
| 1 4+ Gpi(s)G(s)G1(s) 1 —I—}f)&,]rl 1+1.9r1 1+13T sTi(l +s7) +p

» This Is a second-order transfer function with twg
poles in the LHHP, so that this system Is stable.



e The transfer function in the z-domain Is:

Z
Ge(z) = Z[Ge(s)] = Z |:1 _|_Sn:| ~ . _ e2T/m

4jlmz z-plane
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Unit-Step Response for Pl Controlled DC/AC
Inverters and AC/AC (AC/DC/AC) Converters

» The converter G(s) is an FOH simulating DC/AC
Inverters and AC/AC (AC/DC/AC) converters.
The feedback network is assumed as a unity
element.

 The output signal of the closed-loop system in the
s-domain:
1 Gpi(s)G(s) 11

Vo(s) = Ge(s)Vin(s) = ; 1+ Gpi(S)G(S) = ; 1+ S%

* The unit-step response of the closed-loop transfer
function Is stable.
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The unit-step response in the time domain is:
vo(f) =1 — 2!

The output signal of the closed-loop system is an
exponential function, so that it is stable.

The unit-step response of the closed-loop system
In the z-domain Is:

G _ lG _ 1 1 .z 1l —e?
@)= [ C“)] TS | Ttz
The pole of this system is In the unity-cycle.
Therefore, this system Is stable.
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Unit-V

Energy Factor Application
In AC and DC Motor Drives

18 -



« AC and DC motors are an important equipment to
convert the electrical energy to mechanical energy

« The main parts of the stored energy in a DC motor
are kinetic energy since the armature inductance Is
comparably small
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ENERGY STORAGE IN
MOTORS

 |f a motor is supplied by a converter or other
switching circuit the energy transfer from the
source to the motor Is by the quantization manner.

» The energy iIs pumped to the motor by energy
quantum in each sampling interval, although the
sampling interval T Is small.

18 -



Energy Storage in AC Motor

» Energy storage in AC motor has two parts:
mechanical stored energy (MSE) and electrical

stored energy (ESE).
 Total stored energy (SE) is defined as:
SE = MSE + ESE

18 -



Mechanical Stored Energy

Usually the mechanical stored energy of an AC
motor includes few parts:

The mechanical stored energy in the rotor.

The mechanical stored energy in the joint and
gear-box.

The mechanical stored energy In the further
equipment.
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« All the mechanical stored energy as kinetic energy
which is measured by:

1 2
MSE = i?jéﬂﬂ

 Wwhere J, Is the equivalent inertia including motor
rotor, joint and gear-box, and the further
mechanical equipment. It is measured in kgm?, w
IS the motor running speed and measured in rad/s.

To simplify the investigation we may ignore the other energy losses/storage in
the motor such as hit, frictional and windage energy losses, which will affect
the transient process.
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Electrical Stored Energy

The electrical stored energy in an AC motor Is
considered In the stator circuit.

Back electromagnetic force (EMF) is
corresponding to the motor running speed.

Assume the stator inductance iIs L and the stator
current is Is, the electrical stared energy is

: ]
measured by: ESE = ~L1

where L, Is the stator inductance including the
cable’s inductance in H, I Is the AC motor stator
current in A.
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Energy Storage in DC Motor

» Energy storage in a DC motor has two parts:
mechanical stored energy (MSE) and electrical
stored energy (ESE).

 Total stored energy is defined as:

SE = MSE + ESE

18 -



Mechanical Energy Storage

Usually the mechanical stored energy of a DC
motor includes few parts:

The mechanical stored energy in the rotor.

The mechanical stored energy in the joint and
gear-box.

The mechanical stored energy In the further
equipment.

18 -



« consider all the mechanical stored energy Is
Kinetic energy measured by:

1 2
MSE = - Jew

 where J, Is the equivalent inertia including motor
rotor, jointer and gear-box, and the further
mechanical equipment. It is measured in kgm?, w

IS the DC motor running speed and measured In
rad/s.
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Electrical Energy Storage

The electrical stored energy in a DC motor Is
considered In the armature circuit and the

back EMF.

Assume the armature inductance is L, and the
armature current is |,

The field inductance is L; and the field current is I;
The electrical stored energy Is measured by

1
ESE = E(Laff + L¢I7) + El,

where E Is the DC motor back EMF,
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 APM DC motor has no field winding, so the
equation can be simplified as:

1
ESE = 5133132 + EI,

18 -12



A DC/AC VOLTAGE SOURCE

* We introduce an application of DC/AC PWM
Inverter in this section.

* |t is called zero-phase odd-harmonic repetitive
controller for a single-phase PWM inverter
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Zero-Phase Odd-Harmonic
Repetitive Control

 Zero-phase odd-harmonic repetitive control is a
novel approach of digital control methods.

« Assume that all harmonics are in odd orders.
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Odd-Harmonic Periodic Signal
Generator

* |n the discrete time domain, a conventional
periodic signal generator can be written as:

z N 1

GI(Z) — 1 _Z—ﬂ"r — Zﬂ"r — 1

« where N =Ts/T, Ts and T being the signal period
and the sampling time, respectively

» The generator in Equation can eliminate the harmonics

that are belowthe Nyquist frequency, o (=z/T), by
Introducing infinite gain at both even and odd-harmonic

frequencies 10-15



 For systems such as the CVCF PWM inverters,
the references and disturbances mainly contain
odd-harmonic freguencies.

* When a conventional repetitive controller is used,
It updates the control output every N sampling
Intervals with at least N memory cells.

* |n the following, we investigate a new odd-
harmonic periodic signal generator, which
occupies N/2 data memory cells and updates
control output every N/2 sampling intervals.
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A discrete-time signal x(n) with period N XT can
be written as:

x(n+N)=x(n), VYneZ

Its Fourier series 1s as follows:

N—1

x(n) = Z C,keil"-rﬁw/(NT)
k=0
.{
1 N-1 _ ]
oF = — Z x(n)e—ﬁnk”/(ﬁ*f)
IV n=0
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* In Equation (previous slide), if the coefficients c,
are zero for even index (k mod 2=0) (including k
=0), then the signal is an odd-harmonic periodic
signal.

* |f the period N is even, the discrete-time signal,
X(n), 1s an odd-harmonic signal if and only if
X(n+(N/2))=x(n).

A discrete time odd-harmonic periodic signal
generator has the following transfer function:

1
A2 11

Gr(2) = —
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* The generator has Its poles at:

7= @D k=01, ... % 1]

* If the odd-harmonic signal generator as in
Equation (previous slide) Is incorporated In a
system, it will achieve perfect asymptotic tracking
or disturbance rejection for this class of periodic

signals.
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Odd-Harmonic Repetitive Control

Plug-in odd-harmonic repetitive controller

I L G2
I_’ IIEfr i Z_Mr2 —p Q(Z) G'(Z) Ur(Z) D{Z)

* R(z) is the reference input, Y (z) is the output, E(z)=R(2)-Y
(2) is the tracking error, D(z) is the disturbance, Gc(z) is the

conventional controller, G,(z) is the plant, G,(z) Is a
feedforward plug-in odd-harmonic repetitive controller,

 kr is the repetitive control gain, Ur(z) is the output of the
repetitive controller,
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* G (2) is a filter to obtain a stable overall closed-
loop system, and Q(z) is a low-pass filter to
enhance the robustness of the overall system.

» The proposed plug-in odd-harmonic repetitive
control law can be expressed as:

U(2) = —0@) V2 Ui(2) + bz 2 Ge(2)E(2))

 The transfer functions from R(z) and D(z) to Y (2)
In the overall closed-loop control system can be
derived as:

Y(z) (14 G@)G()Gs(2) (1 +z"20@X1 — kGi(2)H(2)

Rz 1+ (1+G@)G(2)Gs(z)  1+zV20¢)1 — kkGe(2)H(2))
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Y(z) = 14z 1
D) 14 Ge(2)Gs(2) 1 +z7N 2002\ 1 — IeGe(2)H (2))

where
GG
1 + Ge(2)Gs(2)

» The overall closed-loop system is stable if the
following conditions hold:

H(2)

1. the roots of 1 + G-(2)Gs(z) =0 are located 1nside the unit circle;

2 106X — KGOHE <1 Vz=eP, 0<w<
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 The error transfer function of the overall system
IS:

E(zy 1+4z7%72 1
Rz)—D(z) 14 Ge(2)Gs(2) 1 +z7V20@)(1 — kkGe(2)H(2))

Thus, 1t the overall closed-loop system 1s asymptotically stable and the angu-

lar frequency, @, of the reference mput R(7) and disturbance D(f) approaches to
Wy =Qm+ 1)27/(NT), m=0,1,2, ..., (N/2)— 1, then z=/? — 1, thus:

lim [[e(jw)|| =0
W—> Wy,

18 - 23



 According to Equation, if the frequencies of odd-
harmonic references and/or disturbances are less
than half of the sampling frequency (Nyquist
frequency), steady state zero-tracking error can be
ensured by using the odd-harmonic repetitive
controller Gr(z).

« Theoretically, for CVCF PWM inverters, the odd-
harmonic repetitive controller Equation is a zero-
tracking error control law, if there are no even-
harmonics disturbances.
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AN AC/DC CURRENT SOURCE

» an application of AC/DC silicon controlled
rectifier (SCR) rectifying current source

 It1is called “digitally controlled AC/DC SCR
rectifying current source”.

9% ks

4 o]
heedback AT jz CT
— P SCR firing SCR bridge
het | controller " cos ! » angle —» AC/DC —>» G,(9)
g generator rectifier

Figure 11.18 Digitally controlled AC/DC SCR rectifying current source. 18 - 25



fint(S)

=] i V ';{S] + l ID
— - | G L »

controller _/\g_ ZOH 1(8) &
lint(8) + Io
» 1 ">

- , A

1() ZOH < v controller
T
(b)

Figure 11.19 System block diagram of an AC/DC SCR rectifying current source. (a) System
block diagram for stability and unit-step response. (b) Equivalent block diagram for disturbance

analysis.
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The block diagram of the SCR current source with
Pl-controller is shown in Figure 11.19.

The Input signal is 1. (s), the output current is 15(S)
and the interference signal is I;.(s) In Figure
11.19(a).

Usually, when we analyze the disturbance
response, the input signal is assumed no change

The equivalent block diagram for disturbance
analysis iIs shown in Figure 11.19(b).

The Pl-controller is effective to keep the current
source to have satisfied system stability, unit-step
response and Interference impulse response.
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System Arrangement

There are three important elements in this system:
 Pl-controller
« ZOH

 the first-order load
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Pl-Controller

« The PI-controller is designed in digital form,
 Transfer function in the s-domain is:

K;
Gpi(s) — Kp + ?

e The transfer function of the Pl-controller in the z-
domain Is:

pl(-) = _|_ —IK
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« Where Kp Is the proportional gain, and Ki Is the
Integral gain.

 The PI-control algorithm has been implemented
by a digital signal processor (DSP).

» The input of the Pl-controller is the error between
the input current reference and the current
feedback signals.
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ZOH to Simulate the SCR

 The AC/DC SCR is a three-phase thyristor bridge
with six devices. The output DC voltage of the
AC/DC SCR is determined by the firing angle o.

Vq = Vygocos o

« where V44 IS the maximum DC output voltage
corresponding to the firing angle o=0.

« Since the thyristor is out of control once It starts
conducting In a period until the current through it
reduces to zero
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The AC/DC thyristor bridge rectifier is inherently
a sample and hold element in the control system.

The system may, therefore, be implemented by a

latch so the thyristor bridge rectifier is considered
a ZOH in the algorithm.

Its transfer function in the s-domain Is:

1 — E—Tx

5

G(s) =

where T is the sampling interval, T =1/6f . In a
power supply network with the frequency of 50

Hz, the frequency is f =50 Hz. So that T =1/300
$=3.33 ms.
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e The ZOH’s transfer function in the z-domain Is:

G(:)::—l

» The output value of the ZOH will keep a constant
In a sampling interval T.
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The First-Order Load

e Transfer function in the s-domain Is:

1
1+ 5T

Gy(s) =

e |ts transfer function in the z-domain Is:

Gl(:) - Z _ E—T;"rfl
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Disturbance Signal

The interference signal is a unit-delta function. It
means that the signal disappears in a short time.

If the interference Is kept such as the load
resistance R changed.

The disturbance signal I..(s) Is assumed as a unit-
step function.

Transfer function in the s-domain Is:

1
Iint(5) = E
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» The corresponding transfer function in the z-
domain is:

Iin(z) = -1
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System Stability Analysis

» The system closed-loop transfer function as:

K\1-—eP 1
Gets) = GHOGHG) (5 +%) ==
C — -
. < .E: _ Iz
1+ Gpl{E)G(‘S)GI(S) | + (Kp + _Sl) 1 f l+1.5"-[-'1

 This Is stable system if we carefully select the
proportional gain Kp and the integral gain Ki to
keep all poles are in the LHHP In the s-plane.
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» The closed-loop transfer function in the z-domain
IS:

bele) — _ GHEICGE (K + =5K) 21 =
Cl-) = =
1 + GPi(:}G(:)Gl{:) 1 + (Kp + - £ IKi) _ z 1 :]"l,- 1

P & — T —8 T

« This is a stable system if we carefully select the
proportional gain Kp and the integral gain Ki to
keep all poles inside the unit-cycle in the z-plane.
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AC MOTOR DRIVES

« AC motor drive i1s the one main method to transfer
AC electrical energy to mechanical energy.

18 -39



AC Motor Supplied by a
Chopper

A single-phase AC motor supplied by a chopper.
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* The pumping energy (PE) Is:
PE = VyI,T

« where Vd iIs the DC link source voltage, Id is the
DC source current, T is the chopping period (T
=1/f , where f Is the switching frequency).

SE  MSE + ESE

EF = o =" pE

MSE + ESE
Valg

fsentling = £F x T =
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The settling time from one running speed to
another speed is approximately estimated as:

AMSE + AESE

Afertiing = AEF x T = T

Lsetiing 1S the transient settling time from one
running speed to another,

AEF 1s the EF variation between the two running
states,

A MSE is the mechanical stored energy variation
between the two running states and

A ESE Is the electrical stored energy variation
between the two running states.
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Variable-Speed AC Motor Drive System
Supplied by a FOH

Pl speed
controller

Pl current
confroller

FOH

EMF

Figure 11.23 The system block diagram of the AC motor supplied by a FOH.
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» The inner current closed-loop control transfer
function is:

. e | 1
Gpii(-i)(—f{ﬂgliﬂ P2 stp 14T 1451y

1+ Gpig(FJG(-F)Gl (5) B I +p> l;l_;;ﬁ l—l.—lj'.T 1—I—15?1

Ge_ils) =

» \We select the PI-control integral time constant zi2 to be
equal to the time constant 71 of the first-order circuit.
Considering that the sampling interval T is very small, we
obtain the closed-loop transfer function in the s-domain of
the inner current loop as:

1 1
Plﬁlﬂr "y 1

- L LT 145
]_I_p"—:n 14sT +'F2

Ge_i(s)
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e Transfer function in the z-domain Is:

= _e—mT/n

Ge_i(z) =
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DC MOTOR DRIVES

« DC motor drive i1s the one main method to transfer
DC electrical energy to mechanical energy.
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DC Motor Supplied by a
Chopper

A PM DC motor supplied by a chopper.
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« DCmotor supplied by a chopper (assuming the
field Is a permanent magnet).

« The power supply Is a DC voltage source with DC
link voltage V, and the copping frequency is f,
and the sampling period is T =1/f .

* The pumping energy (PE) Is

PE = VI T

_ SE  MSE +ESE

EF
PE PE

MSE + ESE
Vala

fsettling = £F x T’ =
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The settling time from one running speed to
another speed Is approximately estimated as:

AMSE + AESE
Valq

Alettting = AEF x T =

wWhere tgying 1S the transient settling time from one
running speed to another,

AEF i1s the energy factor variation between the two
running states,

A MSE is the energy mechanical stored energy
variation between the two running states

A ESE is the electrical stored energy variation
between the two running states.
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Variable-Speed DC PM Motor Drive System
Supplied by a SOH

Pl speed PID current

— T T T —

_w a L
controller . i controller 4 ¥ SOH 4’@_’ G (s) » Gls) «,‘

Figure 11.28 The system block diagram of a PM DC motor supplied by a SOH.

» The inner current closed-loop control transfer
function Is:

. 14510 +5 01 1 1
Gei(s) Gpid2(5)G(5)G1(5) P2 Yot 1 +57+5211g 14511
C—\a) = - :
1 _|_ G . 5 G .5- G 5 1+5Tﬂ+5_tﬂrd2 1 1
pid2 ($)G(5)Gi(s) 1 +P2 ST 1+57+5711g 1 +57)
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* \We select the PID current-control integral time
constant z12 and the differential time constant zd?2
to be equal to the time constant z and damping
time constant zd of the DC/DC converter,
respectively.

« \We obtain the closed-loop transfer function in the
s-domain of the inner current loop as:

1 1
Pr 14511 1

1 1 7 45t 421
1 +p2g 1511 T p1+ m 1

Ge-i(s) =
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 Usually the equivalent damping time constant z1 Is
smaller than the time constant z/p2. So that this
Inner closed-loop transfer function can be
rewritten as:

1
1+f.'pi2

Ge_i(s) =

» The corresponding transfer function in the z-
domain is:

T — e—PETa'"f

Ge-i(2) =
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_ | controller c-ilS) L A m(S)
T T
“teedback
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Figure 11.29 The outer system block diagram of the PM DC motor supplied by a SOH.

The transfer function of the outer closed-loop
transfer function in the s-domain is:

14515 1 1/51y

Gpi(5) Ge—i(8) T Pl T 14w

GC—E('S) —

) 14574 1 1"; o
L+ Go6)Ge- O ity P
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« The Integral element has very large time constant
tm, which i1s much greater than the time constant
of the first-order circuit, 1.e. tm>>71.

* \We select the Pl speed control integral time
constant zil to be equal to the time constant zm of
the integral element.

« \We obtain the closed-loop transfer function in the
s-domain of the outer speed loop as:

145111 1 1 1 1
2 stit 14+st/py 145t D 5Tm 1+s1/p2 1

it
P

145731 1 1 - 1 1 STm
1 T s5Ti1 14+5t/p 1451, 1 D 5Tm 1451/ L+ p1

GC—S(S) ~
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e Transfer function in the z-domain Is:

G{:—S(:) —

7 — E—Plfffm

18 - 55



