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Preface to Third Edition 
With the availability of modern tools like fiber optic cables for 

data communication, SCADA for National, Regional and Distribution 
Control Centers, Intelligen-t S•tbstation Equipment, Satellite Communi­
cation and Information Technology, Microprocessor Based Controls and 
Protection, SFs Gas Insulated Substations, Power Electronic Devices in 
main EHV circuit, etc. the Transmission Distribution and Network 
Automation Systems in India and other Developing Nations are in the 
process of rapid renovation and modernization (R & M). 

Capacitor Commutated HVDC Converters (CCC! offer superior 
and economical HVDC Systems for Transmission Networks. These arc 
being introduced in the next generation of HVDC Systems by the 2000 
AD. 

Rural and Urban Distribution Systems, Power Quality and 
Distribution Automation and Control (DAC) have gained importance in 
the rapidly growing Power Sector of India. Transmission, Urban and 
Rural Distribution Sectors have become the energy routes of National 
Economy. The Power Sector Reforms and Restructuring ofTransmission 
and Distribution Sectors initiated in India during early 1990s have given 
spectacular dividends to India's masses, ruraVurban and industrial 
consumers. 

This revised and enlarged edition covers Modern Distribution 
Systems, Rural Distribution and Distribution System Automation in a 
separate section and 5 detailed Chapters. 

The recent advances in Transmission, Distribution and Net­
work Automation towards 21st century have been covered in detail. 
India's Transmission, Distribution and National Grid Planning under 
9th five year plan (1998-2002) and 1Oth five year plan (2003-2007) have 
been reviewed. Several new solved numerical examples have been added. 

Capacitor Commutated HVDC Converters for 21st century, the 
avoidable occurrences of Voltage Collapse and Voltage Instability of 
Transmission Networks, Intelligent Substations, Fiber-Optic Cable, 
Power Quality, Supply to Arc Furnaces and Load Management have been 
covered in Section V. 

I gratefully acknowledge the valuable suggestions of Professors 
Students and Professionals in Power and Energy Sector. I also thank 
MIS Khanna Publishers for this revised and updated edition being 
dedicated to India's Energy Sector during the turn of the century. 

1999 Author 



Preface to Second Edition 
The warm response to the first edition (1990) has promoted this 

revised edition. Every chapter has been improved by adding simplified 
derivations, new figures, up-to-date data, recent advances and a few 
topical solved numerical problems. The EHV AC and HVDC Phenomena 
and the interaction between AC Systems and HVDC Systems have been 
illustrated in detail. A new chapter has been added on Communication 
and Telecontrol in Power System Network. Chapter on RI, TVI, AN has 
been reshaped. The suggestions from teachers, students and profession­
als were very useful. 

EHV AC and HVDC Transmission Technologies have now come 
of age in India and have become integral part of National Energy 
Sector.400 kV AC Network has been well established. 

800 kV AC lines will be introduced in lOth plan. ±500 kV HVDC 
lines and HVDC Back-to-back Stations have been commissioned. The 
transmission efficiency and control of energy flow have gained more 
significance. Human Resource Development in Energy and Power Sector 
has gained importance. While the Energy Planning and strategies are 
covered in detail in the sister book "Energy Technology­
Nonconventional, Renewable and Conventional", the transport and 
control of energy in electrical form from generating stations to load 
centres via HVDC and EHV AC transmission systems are covered fully 
in this book. The details about Substation Engineering, Switchgear and 
Protection, Testing Commissioning, Operation and Maintenance have 
been covered in the sister books. 

I extend my sincere thanks to all the readers for the warm 
response given to the first edition. I also thank M/S Khanna Publishers, 
for undertaking the difficult task of publishing this revised Edition. I 
would request the Readers to drop a line on any particular information 
desired, with comments. 

June, 1996 Author 



Preface to First Edition 
Electrical Power Transmission Technology is on the verge of a 

technological big leap forward. India's 'National Power Transmission 
Plan: 1990-2000' envisages installation of 50,000 circuit kilometers of 
400 kV AC lines, 5000 ckt km of765 kV AC lines, 4000 ckt km ofHVDC 
lines and five Back-to-hack HVDC coupling systems. 

The National Grid of India will have additional generation 
capacity of 50,000 MW during eighth plan (1990-1995) and 65,000 MW 
during ninth plan (1995-2000) with total installed capacity of 185,000 
MW by 2000 AD. This power will be transmitted by a strong network of 
400 kV AC, ± 500 HVDC transmission lines, AC and HVDC Interconnect­
ing links ; HVDC coupling stations and corresponding network of 
subtransmission lines at 220 kV, 132/110 kV, 66 kV and distribution 
lines. Prospects of introducing 765 kV AC lines are uncertain. 

Every next higher voltage step brings forth new technical 
phenomena. These need careful study, analysis and clear understand­
ing. 1200 kV AC line has been successfully commissioned in USSR during 
1988. HVDC line rated± 600 kV has been commissioned in BraziL The 
highest rated voltages, power transfer capabilities of EHV-AC and 
HVDC lines are increasing during every decade. 

The major problems associated with high power, long distance 
lines and system interconnecting lines include control of power flow 
during steady state and dynamic state, damping of power swings, cr'1.trol 
of reactive power, control of terminal voltages and voltage profile, 
switching surges, radio interference, audible noise, corona, etc. The long 
transmission lines transfer large blocks of power and influence the 
voltage stability, dynamic stability, interchange and overall perfor­
mance of interconnected AC networks. 

With the development of thyristor convertors during 1980's the 
HVDC technology has become commercially successful and is now 
preferred for system interconnections and very long lines. 

During 1990's Flexible AC Transmission (FACT) systems will be 
introduced. New tools such as SVS, controllable series compensation, 
microprocessor based integrated control and protection systems, EHV­
AC and HVDC cables, superior ZnO Arresters, etc. are now available to 
tranmission planners. The choice of type of transmission system will 
depend on techno-economic considerations and available expertise. 

With these technological advances, the human resources devel­
opment needs an immediate reorientation and training ofthe personnel 
in planning, system analysis, system design, equipment design, manu­
facturing, installation, testing, commissioning, operation, Maintenance 
etc. 

HVDC technology is based on operation of high power high 
voltage thyristor convertors and associated controls. This new techno!-



ogy has been successfully adopted in transmission systems in the form 
of Bipolar HVDC transmission, Back-to-hack HVDC and Multi-terminal 
HVDC transmission systems, frequency-conversion ties, etc. 

HVDC technology involves several entirely new approaches and 
new system studies including AC and DC Harmonic Filter studies, 
Reactive Power Interactions, abnormal operating conditions, integrated 
control and protections, insulation coordination, dynamic damping con­
trol etc. 

The close interaction between EHV-AC HVDC transmis· 
sion links and associated AC Networks calls for an integrated 
approach towards the study of transmission systems and power 
systems. With this background the curricula for final year elec· 
trical courses and post graduate courses in electrical power need 
immediate revision by encompassing various modern principles 
and practices in EHV-AC, HVDC and FACT systems. 

This book has been written especially to meet this new require-
ment. 

This book has been recommended for final year degree and 
polytechnic courses, post graduate courses in electrical engineering and 
for engineers in power sector. 

Basic principles, theory and background have been explained 
carefully and clearly with the help of numerous figures, graphs, tables, 
data, the equations and solved examples. 

Special features of this book include up-to-date terms and 
definitions, description of modern equipment and practical aspects. A 
very vast coverage has been presented in a single volume. A large number 
of typical solved examples have been given for gaining mastery over the 
transmission engineering calculation procedures. 

The vast coverage has been spread over 51 chapters covered 
under four major sections. 

Chapter 1 and Chapter 30, give the General Background and 
present state-of-art. 

Section I, Chapter 2 to 19, covers the principles and practices 
of HVDC transmission systems. The topics include types of HVDC 
systems, AC Harmonic Filters, Earth Return, HVDC switching arrange­
ments, HVDC Insulation-Coordination, Surge protection by ZnO Arrest­
ers, Reactive power requirements, station layout, control and protection 
of bipolar HVDC systems, HVDC circuit breakers for Metallic Return 
Transfer etc. 

Section II, Chapter 20 to 29, covers HVDC Terminal Equip­
ment including Convertor-Transformers, Smoothing Reactor, Thyristor 
Valves, DCCT, DCVT, Testing of HVDC equipment, computer aided 
system studies etc. have been covered. 

Section III, Chapter 31 to 45, deals with Engineering aspects 



of EHV-AC Transmission including Power Transfer Ability, Voltage 
Control and Reactive Power Compensation, Corona, RI, TVI, ROW, AN 
etc. 

The types of transmission towers, the configurations, 
design based on lightning surges and switching surges has been 
covered in detail along with practical data regarding construc­
tion, clearances, foundation, planning, installation etc. The de­
sign and constructional aspects about bundle conductors, string· 
insulators etc. have been covered in separate chapters. Project 
Planning, Substation Planning, Operation. Maintenance topics have 
been covered. 

The theoretical aspects regarding voltage profile of long AC 
lines, reactive power compensation SVS, Series Compensation Schemes, 
etc. have been covered in details in separate chapters. 

Chapter 44 covers EHV-AC and HVDC Cables of various types 
including oil filled, XLPL and SF6 filled cables. 

Section IV, Chapter 46 to 49, deals with Equations and 
calculations for medium and long AC lines. The fundamentals of line 
parameters, network modelling, basic calculation techniques have been 
covered. The application of nominaln:, T and Equivalent n:, T networks, 
ABCD constants, Power Circle Diagrams, Rigorous Solution for long 
lines, has been explained by means of phasor diagrams, equivalent 
circuits, equations, derivations and typical solved problems. 

Chapter 50 deals with wave equations for long lines, and the 
concept of standing waves on long AC lines. 

Chapter 51 covers Telecontrol and communication systems in 
Network. 

The associated aspects about flashover characteristics of air and 
solid insulation, clearances, creepages, causes of failures, high voltage 
testing etc. have also been covered. 

Two important practical problems faced by Power Engineers are 
Load-Frequency Control and Voltage ControL These have been dealt in 
Ch. 15 and Chapter 41. Another difficult task is control of reactive power 
flow oflong EHV-AC lines. This has been covered in Chapter 19 and Ch. 
40. Dynamic control of power swings has been dealt in Ch. 15. 

The help by Manufacturing Organisations, Standards 
Organisations, CPRI, CEA, Electricity Boards, etc. is gratefully 
acknow !edged. 

Thanks are expressed to the Technical Editor and Staff of M/s 
Khanna Publishers for bringing out this large book. 

The book is topical will benefit Electrical Engineering Students 
and Power Engineers. Comments and suggestions are eagerly awaited. 

1990 AUTHOR 
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