SECURITY MONITORING OF LARGE SCALE
ELECTRIC POWER SYSTEMS

BY |
MOHAMMED ABDUL RASHEED

ELECTRICAL ENGINEERING DEPARTMENT

THESIS SUBMITTED
‘IN FULFILMENT OF THE REQUIREMENTS FOR THE AWARD OF

- THE DEGREE OF
DOCTOR OF PHILOSOPHY

TO THE

INDIAN INSTITUTE OF TECHNOLOGY, DELHI

1985



CERTIFICATE

Certified that the research work entitled, " Security
Monitoring of Large Scale Electric Power Systems," by Mr. Mohgmmed
Abdul Rasheed, has been carried out under our Jjoint supervision
at the Indian Institute of Technology, Delhi and that the above

work has not been submitted elsewhere for the award of a degree.

. SZ.Sbvz;a- .
$-C TR Cpalls, 4 vd
S.C.Tripathy
Prof%ssor of Electrical Engg.,
Centre of Energy Studies

P.S.Satsangi
Professor of Electrical Engg.,
Department of Electrical Engg.,
Indian Institute of Technology,

Hauz Khas, New Delhi-110016



ACKNOWLEDGEMENTS

I wish to acknowledge my gratefulness to my supervisors
Professor S.C.Tripathy and Professor P.S.Satsangi for their
valuable guidance and encouragement from time to time in
my research project in the fields of electric power systems
and large systems respectively. I am highly obliged to
Professor C.5.Jha, formerly Head, and Professor J. Nanda
present Head, Department of Electrical Engineering for
providing me an opportunity and necessary facilities in

the department for carrying out my research.

I must appreciaté the kind help extended to me by
my colleagues during the critical times. My thanks are
due to Mr. J.N.Saini, Secretary of the Department for
painstakingly typing the thesis and also to Mr. R.P.Kapoor,
Draftsman in the Department for carefully drawing the

diagrams,

Finally, I would like to express my indebtedness to my
wife Dr. Bilquis Rasheed and family for managing themselves

patiently while I had been away for my research work.

Wt

( MOHAMMED ABDUL RASHEED )



CONTENTS

Acknowledgements
Summary eee VX
CHAPTER-1L INTRODUCTION cee 1-10

1.1 7 System security aspects e 1
1.2 Security Operations Scheme e 3
1.3 Security Functions Description eee 5
1.4 Security Aspects of Large Systems oo 8
1.5 - Brief Review oo 9

(Drawings) 1D.1

CHAPTER-2 LOAD FLOW STUDIES AND REAL-TIME

OPERATION OF ELECTRIC POWER SYSTEMS ... 11-74
2.1 Exact or A.C. Load Flow oo 13
2.2 Approximate or D.C.Load Flow cee 16
2.3 Newton-Raphson Load Flow Method oo 20
2.0 Fast Decoupled Load Flow oo 23
2¢5 Real-time Monitoring Using Fast ‘

Decoupled Load Flow cer 25
2.6 Solution by Independent Equations

Method ‘o 29
2.7 Iﬁe Line Control of a Large Electric

Power System - Type 1 and Type 2 oo 45

2.8 Discussions coe 52
(Drawings) 2D.1~ 2D.4
CHAPTER~3 STATE ESTIMATION IN ELECTRIC POWER

SYSTEMS WITH SEQUENTIAL TECHNIQUE oo 75-138

3.1 System Representation .o 76



~ii-

3,2 Weighted Least Squares (WLS)
State estimation method and
Linearised Analysis, eeo 19
3.3 Power sysfem State Estimation ' oee 81
3.4 Newton’s method including Hessian
Matrix and the Discrete form. oes 86
3,5 . Fast Decoup'ed State Estimation .es 89
3 06 ObSGI"VatiODS K] llO
3.7 Sensitivity test and Large Error
Suppression ' ese 110
- 3.8 One-dimensional Search with Adjust-

able step for Large krror Suppression ... 116

569 Fast sequential State Estimation in

Large Inter-connected Power Systems e 121
5 .10 DiSCuSSiOI’lS ) ’ Y 131"‘

(Drawings) . 3D.1- 3D.2

CH AP TER-4 FAST‘CONTINGENCY EVALUATION - PARA-

METER AND STATE VECTOR MODIFICATION

OF A POWER SYSTEM eee 139172
4,1 Fast Contingency Evaluation and

State Vector Correction.. eee 139
L,2 ~Network admittance Modifying Sub-

System eee 14
4,3 Modification of System Parameters and

Bus admittance Matrix YBu“ through

Systems methodology. > ee. 1b4
L h Fast Contingency Evaluation and State

Vector Modification T ees 147
4.5 Mutually Coupled lines Qutages through

Systens Methodology. ees 154
L .6 Generalised Subsystem to System

Modelling ess 155
4.7 Comments eee 171

(Drawings) 4D.1 - 4D.6



CHAP TER-5

5.1
5.2
5.3
5.4

5.5
5.6

6.1
6.2

6.7
(\ ° Ej

6.9

CHAPTER-7

-iii-

LARGE POWER;SYSTeM DECOMPOSITION AND
RECONSTRUCTABILITY .

Graph Reconstruction Procedure
New Proposition
Subsystem Condensation

Demonstration of Reconstructability
Process.

Alternative Approach

Inferences

(Drawings)

AREA EQUIVALENTS IN MULTI-AREA LARGE
SCALE POWSR SYSTEMS

Network Equivalénfs

Area Equivalents for Security Analysis

in Large Power Systems
Desipgn Phase
Buffer System Mapping

Reduction Phase

Generalised Multi-terminal Norton

Equivalent Model

Operational phase'

2

The Scaling Factors and Power Balance

Discussions

(Drawings)

.+ 0017 3184

5D.1

178
178
179
180
182

182

e+ 185-205

HIERARCHICAL STATE ESTIMATION AND ECONOMIC

OPERATION IN LARGE POWER SYSTEMS.

Multi-area Hierarchical State Estimation

-

L]

185

187
189
190
192

193
195
197
199

6D.1 - éD. 6

.. 206242

The Hierarchical State Estimation Approach...

206

208



CHAPTER-8

8.1
8.2

8.2
8.4

—ive

First level area State Estimation

Second level Coordination area
State Estimation

Second level State Estimation
Algorithm

Comments

Economic Operation of Area-Generation
and Power Interchange

Area Optimal Power Dispatch

Area Modified Optimal Power Dispatch
in Contingency.

Determination of Matrix [H] and its
Generalised Inverse

Determinafion of minimum nom
Matrix [N]

Discws sions

(Drawings)

CONCLUSIONS
Review of system regl-time Operation

Contingency Analysis and Systems
Methodology

Large System Operational Aspects

Concluding Remarks and Further Scope

APPENDIX (Chapter-2) -~ Representation of tap-

changing and Phase shifting Transformers:

2A.1

2A.2

- Tap Changing TransfTormer

Phase Shifting Transformer

(Drawings)

REFERENCES

o e e 210
vee 212
s e 215
sos 220
LI A 227
cee 228
LN 2N ) 235
LI} 231‘4'
ees 235
¢ o0 2[‘}1
7D-l“‘7Dt3

oo 243249

eee 243
ce e 2&5
ere 246
o 247

.« +250-254

oo 250
LI 252
2A.D'l""2A.

evs 25526



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7

