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ABSTRACT

Fast acting energy storage devices can‘ effectively
damp the electromechanical oscillations in a power system,
because they provide storage capacity in addition to the
kinetic energy of the generator rotor which can share the
sudden changes in power requirement. Earlier studies show
the effectiveness of Superconducting Magnetic Energy Storage
(SMES ) and Battery Energy Storage for this purpose, which
are relatively costly options. The present thesis analyses
the characteristics of Lossy Magnetic Energy Storage (LMES)
and shows the effectiveness of small sized LMES units in

improving power system transient response.

The effective use of the small energy storage
capacity of LMES units in large power areas require some
special control measures. With the help of computer simula-
tion an extensive study has been done to find out the
required control measures and to establish an objective
basis for the choice of various LMES unit parameters. It has
been shown that the optimal parameter settings of the power
system are changed with the addition of the energy storage

unit. A procedure for finding the new optimal gain settings

"

The 12-pulse converter bridge of the LMES unit has

has also been suggested in the present work.

a certain freedom 1in choosing the reactive power consump-

tion. It has been shown that utilizing this reactive power
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modulation capacity of the converter, the LMES unit can
function as a static VAR controller using a switched capaci-
tor bank, while acting as a load-frequency stabilizer at
the same time. A comprehensive control strategy to achieve
the simultaneous modulation of active and reactive power
has been formulated. With the help of a power system model
coupling the active power - frequency and reactive power
- voltage loops 1t has been shown that this mode of LMES
operation greatly improves the overall performance of a

power system,



CHAPTER 1
1.1
1.2
1.3
l.A
1.5
1.6
1.7
1.8
1.8
1.8
1.8
1.8
1.9
CHAPTER
2.1
2.2

CONTENTS

Storage Inductor-Converter unit

ABSTRACT I

NOTATIONS USED v

INTRODUCTION 1

Need for energy storage 1n power systems 1

The energy storage systems considered

for power system application 2

The load frequency control problem 6

Application of energy storage units

in load frequency control 9

The Lossy Magnetic Energy Storage unit

for load frequency control application 12

The problem of reactive compensation

in power systems 14

The LMES unit as a static VAR Compensator 17

Literature survey 20
1 Studies on large superconducting inductors 20
.2, The 30MJ SMES unit commissioned by

Bonneville Power Administration 22
.3 The static VAR compensator using a

superconducting coil 24

8.4 Battery energy storage 26

Scope of present work and chapterwise breakup 29

Figures 35-37
2 STUDIES ON THE EFFECTS OF LMES UNITS

ON POWER SYSTEM LOAD FREQUENCY CONTROL 38

Introduction 38

Analysis of the Lossy Magnetic Energy

38



2.10.

[N}

(98]

.
NN

2.11.1

2.11.2

CHAPTER

-

J

X1

The single area power sytem model
with LMES unit 43

System parameters 45

Improvement of system dynamic performance

due to addition of LMES unit 46
Limiting the maximum excursions of :
voltage and current in the inductor 47
Results 52
The effects of variation of LMES unit

parameters 52
The effect of area capacity 54
The effect of larger load disturbances 55
The case of sudden load rejection 55
The two area power system with LMES units 56
System parameters for two area system 57

Improvement of the dynamic performance of
the two area system with the addition
of LMES unit 58

The use of additional inputs to the
LMES control scheme 59

The use 0f inductor current deviation

feedback 59
The use of area control error input 61
Conclusions 62
Figures £5-82

ANALYSIS OF SYSTEM STABILITY USING THE

EIGENVALUE SENSITIVITY TECHNIQUE 83
Introduction 83
The matrix equation 84
System parameters 85
Results with single area power system 86

Results with the twc-area power system 91



3.6

CHAPTER 4
4.1

4.2

CHAPTER 5

XTI

Conclusions

Figures

OPTIMAL GAIN SETTINGS

Introduction

The effect of LMES unit on the optimal

setting of the integrator gain

The effect of increasing the integrator

gain on the eigenvalue loci

Optimum control index 'I'

Results

Conclusions

Figures

STUDIES ON RELATIVE AREA CAPACITY
AND RANDOM LOADING

Introduction

Parameter values

Two equal area system with LMES unit
1n one area

Load
LMES

Load
LMES

perturbation in the
unit

perturbation in the
unit

Unequal areas, LMES unit
in one of the areas

Optimization of gains in
area power system

System performance under
load changes

Conclusions

Figures

area with

area without

placed

two-unequal

random

93

96-100

101

101

101

106

107

109

115

117-126

127

127

128

128

129

130

131

133

136
138

141-152



CHAPTER 6

6.

CHAPTER 7

~ o~~~ -

(2}

[S2EENEU NG BN
SwN

[he R

(o8]

XIII

REACTIVE POWER MODULATION OF LMES UNIT
IN EQUAL-a MODE AND ITS EFFECTS ON A
POWER SYSTEM

Introduction

Analysis of converter operation in
equal o mode

Parameter values for the converter
P-Q loci for the EA mode of operation

The Power system model coupling the
P-f and Q-V loops

The method of modelling

Parameter values

Calculation of the partial derivative

coefficients

Effects of Q-modulation in the EA mode
on the power system of model 23

Conclusions

Figures

SIMULTANEOQUS OPERATION OF AN LMES UNIT
AS A LOAD-FREQUENCY STABILISER
AND A STATIC VAR CONTROLLER

Introduction

Reactive power modulation capability
of LMES units

Parameters values of the converter
Results

The P-Q control strategy for on-line
cpreation of LMES unit

Calculation of Pd and FE
Calculation of Q-modulation range

Calculation of Qdemand

Case 1 : Buck-boost modulation without
Switched capacitor bank

163
170

171

173

174

177-183

184

184

185

187

187

191

192
193
195

195



~  ~J
(62NN @AY
N

CHAPTER 8

CHAPTER 9
9.1

9.2

APPENDIX - 1

APPENDIX~ITI

REFERENCES

XIV

Case 2 : Buck-boost modulation with

switched capacitor bank 196
Calculation of al and az 197
Effects of buck-boost mode of control

on power system performance 199
Parameter values 199
Buck-boost modulation without

switched capacitor bank 199
BRuck-boost modulation with switched

capacitor bank 200
Algorithm of the controller action 202
Conclusions 203
Figures 207-221

SOME SPECIAL CONSIDERATIONS IN THE

USE OF LMES UNITS 2272
Introduction 222
Limitations of LMES units 222
Harmonics due to LMES unit converter 225
Protection of LMES units 227

Design and cost considerations of LMES units 229

Conclusions 231
Figures 233-234
CONCLUSIONS AND SCOPE FOR FUTURE WORK 235
Summary of principal results 236
Scope for future work 239

2472

251



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10

