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ABSTRACT
Diesel Generator (DG) set based standalone supply systems are source of electricity in many
parts of world. DG sets are backbone of supply in trains, hospitals, institutes,
telecommunication towers etc. Because of huge demand of electricity for air-conditioning,
lighting, toiletries, pantry demands in trains, the railways has been one of the big consumer
of DG set based supply systems. Moreover, nowadays many of such loads use power
converters and some of them are single-phase loads. Such loads draw harmonics currents,
negative and zero sequence currents and they result in the voltage distortion, increased
losses, increased fuel consumption and derating of DG sets. Therefore, this work focuses on

the power quality improvement of DG set based standalone supply systems.

The most commonly used machine in DG sets is wound rotor type conventional synchronous
generator. This generator requires separate excitation system so the system requires
reasonable maintenance. In addition, there are copper losses in their rotor so the efficiency is
also low. Therefore, detailed investigations are made to improve the performance of these
DG sets with different types of generators such as wound field synchronous generator (SG),
self excited induction generator (SEIG), permanent magnet synchronous generator (PMSG)

and synchronous reluctance generator (SyRG).

The performance of these generators is investigated for various configurations of loads such
as single phase two wire (1P2W), three phase three wire (3P3W) and three phase four wire
(3P4W). The frequency of the supply is controlled by the speed regulation of a diesel engine
through governor mechanism and load leveling. However, the voltage is controlled using
either AVR (Automatic Voltage Regulator) and/or a static compensator (STATCOM). The

STATCOM has been used to control the terminal voltage, harmonics elimination, reactive



power compensation, power factor correction and load balancing. A battery energy storage
system (BESS) is also used in 3P3W configuration to improve fuel efficiency of the diesel
engine. The battery on DC link of VSC (Voltage Source Converter) of STATCOM is used to
supply the active power to loads during heavy loads more than rating of the generator and it
stores the energy during light load periods so that DG set is always loaded with an optimum
load of 80% to 100% of the generator rating. An optimum loading of DG set helps in
improving the fuel efficiency of the diesel engine. BESS also mitigates the fluctuations in
real power demand of loads. The use of battery energy storage system helps in better voltage
and frequency regulation of the system. The performance of the DG systems is tested under
steady state and dynamic conditions for linear and nonlinear loads. The dynamic load is

realized by online starting of a three phase induction motor.

The reference source currents are generated using different control algorithms to investigate
the performance of DG set based on different generators. The performance of wound field
synchronous generator based DG set is investigated using decoupled Adaline, FXLMS,
composite observer and adaptive notch filter (ANF) based control algorithms. The
performance of self excited induction generator based DG set is investigated using hyper-
tangenet function based LMS algorithm, improved linear sinusoid tracer (ILST),
instantaneous synchronous component theory (ISCT) and decoupled Adaline based control
algorithms. The performance of permanent magnet synchronous generator (PMSG) based
DG set is investigated using improved linear sinusoid tracer (ILST), Adaline, hyper-tangenet
function based LMS algorithm and adaptive notch filter (ANF) based control algorithms.
The performance of synchronous reluctance generator (SyRG) based DG set is investigated
using synchronous reference frame (SRF) theory, power balance theory (PBT), instantaneous
synchronous component theory (ISCT) and composite observer based control algorithms.

Vi



TABLE OF CONTENTS

Certificate
Acknowledgements
Abstract

Table of Contents
List of Figures

List of Tables

List of Symbols

CHAPTER | INTRODUCTION

1.1 General

1.2 State of Art on DG Set Based Supply Systems
1.3 Scope of Work

1.4 Outlines of Chapters

CHAPTER Il LITERATURE REVIEW
2.1 General

2.2 Literature Survey

2.2.1 Research and Development in Conventional SG Based DG Set

Supply Systems

222 Research and Development in SEIG Based DG Set Supply Systems
2.2.3 Research and Development in PMSG Based DG Set Supply

Systems

2.2.4 Research and Development in SyRG Based DG Set Supply

Systems

225 Research and Development in DSTATCOM

2.2.6 Research and Development in BESS

2.2.7 Research and Development in Control Algorithms

2.3 Identified Research Areas

2.4 Conclusions

vii

vii
XVii
XXXIii

Xxxiii

w
[REN
o

o B~ N

11-28
11

11
12

18
22
23
26
28



CHAPTER 111 CLASSIFICATION, CONFIGURATIONS AND DESIGN OF

3.1
3.2
3.3

3.4

3.5
3.6

General

DG SET BASED SUPPLY SYSTEMS

Classification of DG Set Based Supply Systems

Configurations of DG Set Based Supply Systems

3.3.1

3.3.2

3.3.3

Configurations of DG set Based Supply System for Single Phase
Two Wire Loads

Configurations of DG set Based Supply System for Three Phase
Three Wire Loads

Configurations of DG set Based Supply System for Three Phase
Four Wire Loads

Design of DG Set Based Supply Systems

34.1
34.2
3.4.3
344
345
3.4.6
3.4.7

Selection of Generator rating

Selection of Diesel Engine

Design and Selection of DC Link Capacitor

Design and Selection of Interfacing Inductors

Design and Selection of Ripple Filter

Design and Selection of Battery Energy Storage System

Design and Selection of Excitation Capacitors

Results and Discussion

Conclusions

CHAPTER IV POWER QUALITY IMPROVEMENTS IN SG BASED DG SETS

41 General

4.2 Operating Principle of SG Based DG Sets

4.3  Control Algorithms for SG Based DG Sets

431

43.2
4.3.3

43.4

Decoupled ADALINE Based Control Algorithm for 1P2W Loads

Modified VSS-FXLMS based Control Algorithm for 3P3W Loads

Composite Observer based Control Algorithm for 3P3W Loads with
BESS

Adaptive Theory Based Notch Filter Control Algorithm for 3P4W
Loads

viii

29-48
29
29
31
31
34

37

39
39
40
41
42
43
44
45
46
47

49-116
49
49

50
51
54
57

62



44 MATLAB Modeling of SG Based DG Sets

MATLAB Modeling of SG based sets for 1P2W Loads

MATLAB Modeling of SG based sets for 3P3W Loads

MATLAB Modeling of SG based sets with BESS for 3P3W Loads
MATLAB Modeling of SG based sets for 3P4W Loads

4.5

4.6

441
4.4.2
44.3
4.4.4

Hardware Implementation of SG Based DG Sets

45.1
45.2
453
454
455
4.5.6
45.7
458
45.9
4.5.10
45.11

Selection of Machine Rating

Selection of Diesel Engine Rating
Selection of DSP-dSPACE Controller

Selection and Design of VVoltage Sensors

Selection and Design of Current Sensors

Gate Driver Circuit

Selection of Voltage Source Converter

Selection of Interfacing Inductors

Selection of Ripple Filters

Selection of DC link Capacitor

Selection of Battery Energy Storage System

Results and Discussion

46.1

Simulated Performance of SG Based DG Sets

46.1.1

4.6.1.2

46.1.3

46.1.4

4.6.1.5

4.6.1.6

4.6.1.7

Simulated Performance of SG based DG set under 1P2W
Linear Loads

Simulated Performance of SG based DG set under 1P2W
Nonlinear Loads

Simulated Performance of SG based DG set under 3P3W
Linear Loads

Simulated Performance of SG based DG set under 3P3W
Nonlinear Loads

Simulated Performance of SG based DG set with BESS
under 3P3W Linear Loads

Simulated Performance of SG based DG set with BESS
under 3P3W Nonlinear loads

Simulated Performance of SG based DG set under 3P4W
Linear loads

68
68
70

74
76
79
79
79
80
81
82
83
83
83
84
84
84

84
84

85

87

88

90

91

93



4.7

46.1.8

Simulated Performance of SG based DG set under 3P4W
Nonlinear loads

4.6.2 Experimental Performance of SG Based DG Sets

46.2.1

4.6.2.2

4.6.2.3

46.2.4

4.6.2.5

4.6.2.6

4.6.2.7

4.6.2.8

Conclusions

Experimental Performance of SG based DG set under 1P2W
Linear Loads

Experimental Performance of SG based DG set under 1P2W
Nonlinear Loads

Experimental Performance of SG based DG set under 3P3W
LinearLoads

Experimental Performance of SG based DG set under 3P3W
Nonlinear Loads

Experimental Performance of SG based DG set with BESS
under 3P3W Linear loads

Experimental Performance of SG based DG set with BESS
under 3P3W Nonlinear loads

Experimental Performance of SG based DG set under 3P4W
Linear Loads

Experimental Performance of SG based DG set under 3P4W
Nonlinear loads

CHAPTER V POWER QUALITY IMPROVEMENTS IN SEIG BASED DG SETS

5.1
5.2
5.3

5.4

General

Operating Principle of SEIG Based DG Sets

Control Algorithms for SEIG Based DG Sets

53.1 Hyperbolic Tangent Function based LMS Control Algorithm for
1P2W Loads

532 ILST based Control Algorithm for 3P3W Loads

533 ISCT Based Control Algorithm for 3P3W Loads with BESS

5.3.4 Decoupled ADALINE Based Control Algorithm for 3P4W Loads
MATLAB Modeling of SEIG Based DG Sets

541 MATLAB Modeling of SEIG based DG set for 1P2W Loads

5.4.2 MATLAB Modeling of SEIG based DG set for 3P3W Loads
543 MATLAB Modeling of SEIG based sets with BESS for 3P3W

Loads

94

95
95

97

99

102

104

110

112

113

115

117-186
117
118

119
119

124
130
134
139
139

142
144



5.5

5.6

544

MATLAB Modeling of SEIG based sets for 3P4W Loads

Hardware Implementation of SEIG Based DG Sets

5.5.1
5.5.2
5.5.3
5.54
5.5.5
5.5.6
5.5.7
5.5.8
5.5.9
5.5.10
5.5.11

Selection of Machine Rating

Selection of Diesel Engine Rating
Selection of DSP-dSPACE Controller

Selection of Voltage Sensors

Selection of Current Sensors

Gate Driver Circuit

Selection of Voltage Source Converter

Selection of Interfacing Inductors

Selection of Excitation Capacitor Bank

Selection of DC link Capacitor

Selection of Battery Energy Storage System

Results and Discussion

56.1

5.6.2

Simulated Performance of SEIG Based DG Sets

5.6.1.1

5.6.1.2

5.6.1.3

5.6.14

5.6.1.5

5.6.1.6

5.6.1.7

5.6.1.8

Simulated Performance of SEIG based DG set under
1P2W Linear Loads

Simulated Performance of SEIG based DG set under
1P2W Nonlinear Loads

Simulated Performance of SEIG based DG set under
3P3W Linear Loads

Simulated Performance of SEIG based DG set under
3P3W Nonlinear Loads

Simulated Performance of SEIG based DG set with BESS
under 3P3W Linear Loads

Simulated Performance of SEIG based DG set with BESS
under 3P3W Nonlinear loads

Simulated Performance of SEIG based DG set under
3P4W Linear loads

Simulated Performance of SEIG based DG set under
3P4W Nonlinear loads

Experimental Performance of SEIG Based DG Sets
5.6.2.1 Experimental Performance of SEIG based DG set under

1P2W Linear Loads

Xi

146
148
150
150
151
151
152
152
153
154
154
154
154
155

155
155

156

158

159

161

162

164

165

167

167



5.6.2.2 Experimental Performance of SEIG based DG set under 168
1P2W Nonlinear Loads

5.6.2.3 Experimental Performance of SEIG based DG set under 170
3P3W Linear Loads

5.6.2.4 Experimental Performance of SEIG based DG set under 173
3P3W Nonlinear Loads

5.6.2.5 Experimental Performance of SEIG based DG set with 174
BESS under 3P3W Linear loads

5.6.2.6 Experimental Performance of SEIG based DG set with 179
BESS under 3P3W Nonlinear loads

5.6.2.7 Experimental Performance of SEIG based DG set under 180
3P4W Linear Loads

5.6.2.8 Experimental Performance of SEIG based DG set under 183
3P4W Nonlinear loads

5.7 Conclusions 185

CHAPTER VI POWER QUALITY IMPROVEMENTS IN PMSG BASED DG 187-254

SETS
6.1 General 187
6.2 Operating Principle of PMSG Based DG Sets 188
6.3  Control Algorithms for PMSG Based DG Sets 189
6.3.1 ILST Control Algorithm for 1P2W Loads 189
6.3.2 Adaline Based Control Algorithm for 3P3W Loads 194

6.3.3 Hyperbolic Tangent Function based LMS Algorithm for 3P3W 198
Loads with BESS

6.3.4 Adaptive Notch Filter Based Control Algorithm for 3P4W Loads 204
6.4 MATLAB Modeling of PMSG Based DG Sets 210
6.4.1 MATLAB Modeling of PMSG based DG set for 1P2W Loads 210
6.4.2 MATLAB Modeling of PMSG based DG set for 3P3W Loads 213
6.4.3 MATLAB Modeling of PMSG based sets with BESS for 3P3W 215
Loads
6.4.4 MATLAB Modeling of PMSG based sets for 3P4W Loads 217
6.5 Hardware Implementation of PMSG Based DG Sets 219
6.5.1  Selection of Machine Rating 221
6.5.2  Selection of Diesel Engine Rating 221

Xii



6.6

6.5.3
6.5.4
6.5.5
6.5.6
6.5.7
6.5.8
6.5.9
6.5.10
6.5.11
6.5.12

Selection of DSP-dSPACE Controller

Selection of Voltage Sensors

Selection of Current Sensors

Gate Driver Circuit

Selection of Voltage Source Converter

Selection of Interfacing Inductors

Selection of Ripple Filters

Selection of DC link Capacitor

Selection of Battery Energy Storage System

Selection of Excitation Capacitor Bank

Results and Discussion

6.6.1

6.6.2

Simulated Performance of PMSG Based DG Sets

6.6.1.1

6.6.1.2

6.6.1.3

6.6.1.4

6.6.1.5

6.6.1.6

6.6.1.7

6.6.1.8

Simulated Performance of PMSG based DG set under
1P2W Linear Loads

Simulated Performance of PMSG based DG set under
1P2W Nonlinear Loads

Simulated Performance of PMSG based DG set under
3P3W Linear Loads

Simulated Performance of PMSG based DG set under
3P3W Nonlinear Loads

Simulated Performance of PMSG based DG set with BESS
under 3P3W Linear Loads

Simulated Performance of PMSG based DG set with BESS
under 3P3W Nonlinear loads

Simulated Performance of PMSG based DG set under
3P4W Linear loads

Simulated Performance of PMSG based DG set under
3P4W Nonlinear loads

Experimental Performance of PMSG Based DG Sets

6.6.2.1

6.6.2.2

6.6.2.3

Experimental Performance of PMSG based DG set under
1P2W Linear Loads

Experimental Performance of PMSG based DG set under
1P2W Nonlinear Loads

Experimental Performance of PMSG based DG set under
3P3W Linear Loads

Xiii

221
222
223
223
224
224
224
224
225
225
225

225
225

227

228

229

230

232

234

235

237
237

238

240



6.6.2.4 Experimental Performance of PMSG based DG set under
3P3W Nonlinear Loads

6.6.2.5 Experimental Performance of PMSG based DG set with
BESS under 3P3W Linear loads

6.6.2.6  Experimental Performance of PMSG based DG set with
BESS under 3P3W Nonlinear loads

6.6.2.7 Experimental Performance of PMSG based DG set under
3P4W Linear Loads

6.6.2.8 Experimental Performance of PMSG based DG set under
3P4W Nonlinear loads

6.7 Conclusions

CHAPTER VII POWER QUALITY IMPROVEMENTS IN SyRG BASED DG

7.1
7.2
7.3

7.4

7.5

General

SETS

Operating Principle of SyRG Based DG Sets

Control Algorithms for SyRG Based DG Sets

7.3.1
7.3.2
7.3.3
7.3.4

SRF Theory Based Control Algorithm for 1P2W Loads

PBT Based Control Algorithm for 3P3W Loads

ISCT Based Control Algorithm for 3P3W Loads with BESS
Composite Observer Based Control Algorithm for 3P4W Loads

MATLAB Modeling of SyRG Based DG Sets

74.1

7.4.2
7.4.3

7.4.4

MATLAB Modeling of SyRG based DG set for 1P2W Loads

MATLAB Modeling of SyRG based DG set for 3P3W Loads

MATLAB Modeling of SyRG based sets with BESS for 3P3W
Loads

MATLAB Modeling of SyRG based DG set for 3P4W Loads

Hardware Implementation of SyRG Based DG Sets

751
7.5.2
7.5.3
7.5.4
7.5.5

Selection of Machine Rating
Selection of Diesel Engine Rating
Selection of DSP-dSPACE Controller
Selection of Voltage Sensors

Selection of Current Sensors

Xiv

242

244

249

250

250

254

255-324

255
256
257
257
261
266
272
278
278

281
282

284
286
288
288
289
289
290



7.6

7.5.6
7.5.7
7.5.8
7.5.9
7.5.10
7.5.11

Gate Driver Circuit

Selection of Voltage Source Converter

Selection of Interfacing Inductors

Selection of Excitation Capacitor Bank

Selection of DC link Capacitor

Selection of Battery Energy Storage System

Results and Discussion

7.6.1

7.6.2

Simulated Performance of SyRG Based DG Sets

7.6.1.1

7.6.1.2

7.6.1.3

7.6.14

7.6.15

7.6.1.6

7.6.1.7

7.6.1.8

Simulated Performance of SyRG based DG set under
1P2W Linear Loads

Simulated Performance of SyRG based DG set under
1P2W Nonlinear Loads

Simulated Performance of SyRG based DG set under
3P3W Linear Loads

Simulated Performance of SyRG based DG set under
3P3W Nonlinear Loads

Simulated Performance of SyRG based DG set with BESS
under 3P3W Linear Loads

Simulated Performance of SyRG based DG set with BESS
under 3P3W Nonlinear loads

Simulated Performance of SyRG based DG set under
3P4W Linear loads

Simulated Performance of SyRG based DG set under
3P4W Nonlinear loads

Experimental Performance of SyRG Based DG Sets

7.6.2.1

7.6.2.2

7.6.2.3

7.6.24

7.6.2.5

7.6.2.6

Experimental Performance of SyRG based DG set under
1P2W Linear Loads

Experimental Performance of SyRG based DG set under
1P2W Nonlinear Loads

Experimental Performance of SyRG based DG set under
3P3W Linear Loads

Experimental Performance of SyRG based DG set under
3P3W Nonlinear Loads

Experimental Performance of SyRG based DG set with
BESS under 3P3W Linear loads

Experimental Performance of SyRG based DG set with
BESS under 3P3W Nonlinear loads

XV

290
291
291
291
292
292
292

292
292

294

295

296

298

299

301

302

304
304

305

307

309

311

318



7.6.2.7 Experimental Performance of SyRG based DG set under 319
3P4W Linear Loads

7.6.2.8 Experimental Performance of SyRG based DG set under 320
3P4W Nonlinear loads

7.7 Conclusions 323

CHAPTER VIIIT MAIN CONCLUSIONS AND SUGGESTIONS FOR 325-330

FURTHER WORK
8.1 General 325
8.2 Main Conclusions 327
8.3  Suggestions for Further Work 330
REFERENCES 331-348
LIST OF PUBLICATIONS 349-350

BIO-DATA 351

XVi



	Ram Niwas.pdf
	Cover page.pdf
	Certificate.pdf
	Aknowledgement.pdf
	Abstract.pdf
	INDEX.pdf
	List of Figures.pdf
	List of Tables.pdf
	List of Symbols.pdf
	CHAPTER 1.pdf
	CHAPTER 2.pdf
	CHAPTER 3.pdf
	CHAPTER 4.pdf
	CHAPTER 5.pdf
	CHAPTER 6.pdf
	CHAPTER 7.pdf
	CHAPTER 8.pdf
	REFERENCES.pdf
	List of Publications and Biodata.pdf




