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01 HVDC SYSTEMS AND

PLANNING

01A HVdc Transmission Concepts

[1996] 01A - 1

AN ANNOTATED BIBLIOGRAPHY OF HVDC
TRANSMISSION AND FACTS DEVICES 1994-
1995

Litzenberger, W.H.; Varma, R.K.
Bonneville Power Admin, Portland, OR, USA

US Department of Energy, Bonneville Power Admin,
Western Area Power Admin, 1996, 346 pp

Over 1600 papers pertaining to HVdc transmission and
FACTS from 1996 and 1997 are classified by topic.
Abstracts of the papers are included with the citations.
Extensive listings of HVdc and FACTS projects are
included. Papers are indexed by authors. Previous
editions are listed together with instructions for
requesting additional copies. Electronic format copies
are available from Bonneville Power Administration.
This ninth volume of the Bibliography continues work
begun in 1962 by the late Eric Bromberg, BPA
librarian,

[1996] 01A -2

APPLICATION OF POWER ELECTRONICS IN
POWER SYSTEM

Miyazawa, Y.; Iyoda, L
Mitsubishi Elec Corp, Tokyo, Japan

SECTION 1 ABSTRACTS

HIGH VOLTAGE DC TRANSMISSION

Doryoku (Energy) (Jupan), vol 234, May 30, 1996, pp
22-27

Japanese

This paper describes the development trend of power
devices and the application of power electronics in
power system. The effective power of dc transmission is
interchanged by connecting two ac systems with a
converter using a thyristor through a dc transmission
line. The power interchange of dc transmission is
conducted by connecting Hokkaido and Honshu with a
submarine cable. The BTB, which connects two ac
systems back-to-back, controls the effective power flow
by the thyristor firing control. The static reactive power
generator does not require any capacitors or reactors
differing from SVC, to reduce the installation space.
The revolving speed of reversible pump-turbine can be
regulated using an inverter of GTO thyristor for the
secondary exciter of variable speed pumped storage
power plants. The TCSC can regulate the impedance
compensation of transmission line of the series
capacitor, to increase the transmission power. The
UPFC can control the effective and reactive power flows
of the system. The reactive power compensation and
effective power compensation can be conducted by
connecting the superconducting coils or high
performance storage batteries with SVG. 7 refs., 8 figs.

[1997] 01A - 3

CONVERTING AC POWER LINES TO DC FOR
HIGHER TRANSMISSION RATINGS

Haeusler, M.; Schlayer, G.; Fitterer, G.

ABB Calor Emag Schaltanlagen AG, Mannheim,
Germany

ABB Review, no 3, 1997, pp 4-11



One way of avoiding transmission bottlenecks caused by
a shortage of suitable rights-of-way is to convert
overhead power lines from ac to dc. This option allows
the power transmission rating to be more than tripled
and the specific transmission losses to be substantially
reduced without having to widen the right-of-way. What
is more, such conversions cost only a third to half the
cost of building a new dc line. Several examples of 330-
kV ac line conversions illustrate these benefits. 10 Refs.

[1997] 01A - 4

DC TECHNOLOGY FOR RURAL
TRANSMISSION

Hingorani, N.G.

Hingorani Power Electronics, Los Altos Hills, CA,
USA

CIGRE Int’l Colloquium on HVDC and FACTS,
Johannesburg, South Africa, September 28-30, 1997

This paper concerns low power transmission over long
enough distance where low voltage dc transmission may
be more economical. For consideration of long distance
electric power transmission, it is assumed that it is more
economically viable to transmit power than to provide
local or additional local generation or even than to
reduce local fuel consumption due to high cost of fuel.
It is also assumed that only one-way power transmission
is required and this may offer some possibility of
reducing the cost of the dc alternative. Such a scenario
for transmitting a few MW over long distance for a cost
differential of say, $0.05 per kWh, is quite reasonable.
This paper is about conveying ideas and various points
to be considered, rather than presenting a rigorous
analysis.

[1997] 01A -5

DIRECT CURRENT DISTRIBUTION LINE
INSTALLED IN SWEDEN

Hjort, T.
Vasterbergslagens Elnat AB, Hellsjon, Sweden

Transmission & Distribution World, vol 49, no 9,
September 1997, pp 80, 82-83

The author describes how the idea for a new technology
involving dc transmission using voltage-source
converters (VSC) was conceived in 1987 by ABB Power
Systems. The concept involves series connection of
many transistors, isolated gate bipolar transistors
(IGBTs), their physical adaptation to demanding power
industry standards and innovative control software and
hardware. The techmology extends the economical

power range for dc transmission downwards to just a
few MW. In addition, new possibilities exist for
improving power quality in ac networks. The voltage
source converter described is compact and robust, both
mechanically and electrically. The main equipment is
contained in a small moveable housing and is delivered
fully assembled and factory tested.

[1996] 01A - 6

HIGH-VOLTAGE TECHNOLOGY--WHAT'S
NEW REPORT FROM THE CIGRE 1996
Zimmer, H.H.; Liese, M.; Knorr, W.; Gremmel, H.;
Lips, P.; Kaerner, H.; Schroth, R.; Kiessling, F.;
Neumann, C.; Ziegler, G.; Lotsch, H.; Hirsch, F.;
Schwarz, J.; Haubrich, H.J.; Sprenger, W.

CIGRE, Paris, France

ETZ (Germany), vol 117, no 23-24, pp 14-36
German

The 36th CIGRE Conference was held in Paris on
August 25-31, 1996. It was attended by more than 2350
experts from 77 countries. The results of the technical
committees are presented in summary form. Most
contributions were on technical problems resulting from
the European deregulation processes in electric power
supply and telecommunication. New information
technologies were discussed in all technical committees.
Some aspects were also discussed separately in panel
discussions.

[1996] 01A - 7

HVDC - FACTS. STATE OF THE ART - POWER
SYSTEM HARMONICS

Gjerde, J.O.; Uhlen, K.; Hernes, M.

Norwegian Electric Power Research Institute,
Trondheim, Norway

Energiforsyningens Forskningsinstitutt A/S,
Trondheim (Norway), Report Number EFI-TR-A-
4472, December 1996, 49 pp

It is expected that challenging research and consultant
projects will arise as a consequence of major
investments in HVdc links, new ac power lines and
several installations of power electronic equipment
(FACTS) in Southern Norway. To gain more knowledge
about these new technologies, the Norwegian Electric
Power Research Institute (EFI) has carried out an
internal project. The present report is a collection of
project memos concerning: (1) HVdc - high voltage
direct current, state of the art; (2) FACTS - flexible ac




" transmission systems, state of the art; and (3) power
system harmonics from FACTS and HVdc components.
The second part of (1) discusses static power conversion
and interactions between the ac and dc power systems,
and includes some interesting applications where the
HVdc transmission system can be used for more than
power transmission. In (2), a simulation study shows
that thyristor-controlled series capacitors (TCSCs) can
be successfully applied for damping of power
oscillations between areas, but less successfully for
controlling steady state power flow on parallel
transmission paths. Memo (3) discusses the problems
arising from non-linear loads, such as converters with
switching devices like thyristors and transistors. 28
refs., 68 figs., 3 tabs.

[1996] 01A - 8
HVDC 2000 - A NEW GENERATION OF HIGH-
VOLTAGE DC CONVERTER STATIONS

Arnlov, B.
ABB Power Sys
ABB Review, no 3, 1996, pp 10-17

Improved performance and robustness, shorter lead
times and faster delivery, plus reduced maintenance
needs, were the development goals set by ABB Power
Systems for its new generation of HVdc converter
stations. Dubbed 'HVDC 2000, it is based on an
existing concept and proven know-how. Newly
developed components combining advanced, high-speed
electronics, modern overvoltage protection and state-of-
the-art computer software, make HVDC 2000 an
attractive alternative to conventional HVdc station
design. 1 Ref.

[1997] 01A -9

INNOVATIONS IN HVDC FOR TRANSMISSION '
QUALITY ENHANCEMENT. APPLICATIONS
AND STUDIES.

Povh, D.; Retzmann, D.W.; Renz, KW.; Christl, N.;
Ramaswami, V.N.

Siemens AG, Erlangen, Germany

Proceedings, CIGRE Regional Meeting “Power

Quality — Assessment of Impact,” New Delhi, India,
September 10-11, 1997, vol VI-1, pp 1-12 :

Over the course of three decades of commercial use, the
HVdc technique has been established as a conventional
technology in the area of back-to-back and two-terminal
long-distance and submarine cable systems. A three-
terminal scheme has been realized. However, only

/

limited operating experience 1is available, A
multiterminal HVdc scheme using five and more
terminals is planned for the future. HVdc schemes can
be used for transmission capacities of 2000 MW and
more, with multiterminal applications of over 4000 MW
feasible in the future. These high transmission
capabilities are only achievable at reasonable costs by
using thyristor technology. Nevertheless, applications
are coming up with combined schemes using thyristors
and GTOs with ratings of 20 MW and more. With an
increasing complexity of system conditions, e.g., in very
weak power systems with enhanced stability
requirements, parallel operation of HVdc and other
devices of FACTS such as staticVAr compensators
(SVCO), thyristor-controlled series capacitors (TCSC) or
thyristor-switched braking resistors (TSBR) are gaining
momentum. Innovative technologies like CSCC
(Siemens controlled series capacitor converter) can
further optimize HVdc performance under weak and
very weak system conditions.

[1996] 01A - 10

LONG DISTANCE TRANSMISSION: THE DC
CHALLENGE

Clerici, A.; Longhi, A.; Tellini, B.
ABB SpA, Italy

Proceedings, 6th IEE Int’l Conf on AC and DC Power
Transmission, London, UK, April 29-May 3, 1996, pp
86-92

The transmission of electric energy from remote large

“hydro, gas or coal resources is not only a means to

access cheap energy supplies, but also a way to reduce
global environmental problems. Transmission with
direct current (dc) has already shown its value, and the
recent developments and cost reductions of power
converter substations have greatly extended its possible
applications. The transmission at ultra high voltages
(UHVdc) for distances of thousands of kilometers looks
very attractive and reliable with no dramatic "quantum
leaps" with respect to present EHVdc technologies up to
+600 kV. The paper reports the results of analyses
performed on different dc transmission systems for
power blocks in the range from 1000 to 10000 MW and
for distances up to 5000 km. A parametric analysis is
also included, together with a comparison between
transport of gas and electric energy that is competitive
up to 5000-10000 MW. 5 Refs.

[1996] 01A - 11

MITSUBISHI SOCIO-TECH ON HVDC




TECHNOLOGY (not actual title)

Mitsubishi Elec Corp, Tokyo, Japan

Mitsubishi Socio-Tech (Jupan), vol 70, no 5, 1996, 100
pp

Contents: Transformer and Reactor Development for
DC Power-Transmission Systems; Control and
Protection Technologies for DC Power-Transmission
Systems: Verification and Testing of DC Power-
Transmission Equipment; Magnetic Drive Simulation
and its Application to DC Circuit Breakers; World's

Largest DC Flywheel Generator for the Toroidal Field

Power Supply of JAERI's JFT-2M Tokamak Nuclear
Fusion Reactor; Trends in the Development and
Application of DC Power-Transmission Systems;
System Design of an HVdc Converter Station;
Development of a 500-kV High-Voltage, High-Capacity
Thyristor Valve; Development of a Light-Triggered
Thyristor; Development of 500-kVDC Gas-Insulated
Switchgear.

[1996] 01A - 12

MORE HVDC TRANSMISSION PROJECTS BY
TECHNICAL BREAKTHROUGH

Hasegawa, T.

Kansai Elec Power Co, Inc, Japan

Denki Gakkaishi (Japan), vol 116, no 10, pp 658-661
Japanese

This paper describes the reason why an eager gaze is
poured on dc transmission, the barrier of dc
transmission realization, and the breakthrough of a dc
technology. The development result of the dc power
transmission project of The Kii Channel which is
scheduled an operation start in 2000 by the joint
construction of The Kansai Electric Power Co., Inc.,
The Shikoku Electric Power Co., Inc. and The Electric
Power Development Co., Ltd. is described. A last plan is
consisted of four units of the thyristor ac to dc
conversion equipment each £500000V 1,400,000 kW,
and about 50km 4 lines of a dc 500,000V submarine
cable, and about 50km of an overhead wire which are
installed in the conversion station of a both ended.

[1996] 01A - 13

DESIGNING A SUSTAINABLE ELECTRIC
SYSTEM FOR THE TWENTY-FIRST CENTURY

Baker, M.H.; Rowe, B.A.; Thanawala, H.L.

GEC ALSTHOM Power Electrn Sys Ltd, Stafford,
UK

21st New Electricity Conf on Providing a Sustainable
Electric System, Paris, France, May 22-24, 1995, pp
2250230

HVdc is required to exchange power between un-
synchronized systems. Examples are given of the power
and energy exchange, both reasons for such exchange
and the technical attributes in terms of voltage and
stability assistance provided by an HVdc link.
Availability figures are added to demonstrate the
dependability of this method of transmission.

[1996] 01A - 14

NEW TECHNOLOGY FOR IMPROVED

UTILIZATION OF THE INTERCONNECTED
POWER SYSTEM

Enger, A. K.
Norsk Elektroteknisk Forening, Porsgrunn, Norway

Proceedings, Norway as a Power Producer for
Northern Europe: Technological and Environmental
Challenges, Skien, Norway, September 4-5, 1996,
NEI-NO-744, 34 pp

Norwegian

This paper deals with methods used for improving the
utilization of interconnected power systems. The author
discusses new technologies for improvement and safety
of power transmission. The main themes are HVdc
(high voltage dc) systems in Norway, possibilities of
load management control and other measures in the grid
system, and development trends. 21 figs.

[1997] 01A - 15

POWER TRANSMISSION AND HOW IT'S
CHANGING

Baker, M.H.
GEC ALSTHOM Power Electrn Sys Ltd, Stafford,

- UK

Power Engineering Journal (UK), vol 11, no 5,
October 1997, pp 189-196

Originally transmission lines were built directly from
energy source to load. Later they formed a mesh and
voltages were raised to increase capacity. Today lines
seem to be everywhere and the public is no longer
saying “thank you.” This paper explores how
transmission capacity can be extended by boosting
voltage, line sharing etc. The ability of power
electronics to assist the system or to convert a segment
to dc is shown. An Indian example demonstrates the
benefits of dc interconnection of systems since it allows




them to maintain their independence. What are the
limits of transmission, and why can blackouts occur?
When and where does each conventional or power
electronic solution apply?.

[1997] 01A - 16

POWER TRANSMISSION AND HVDC
CONVERTER TECHNOLOGY OF ELECTRIC
POWER DEVELOPMENT CO. LTD

Anon.
Elec Power Development Co Ltd, Tokyo, Japan

Research Bulletin of Electric Power Development Co.,
Ltd., vol 100, March 25, 1997, pp 159-182

Japanese

Power transmission and HVdc converter technologies of
EPDC are outlined. The following technologies were
developed for dc transmission: (1) the small water-
cooled direct photo- ignition thyristor valve which
reduced electronic parts by adopting water cooling and
direct photo-ignition, (2) the tank-type dc filter which
improved reliability and eliminated cleaning works by
substituting a tank-type filter for previous rack-type one
for dc linkage facilities, and (3) the digital control
technology which improved the function of static
reactive power compensators by substituting digital
control for analog. The multi-terminal control and
protective device for linkage are under development for
use with large facilities. EPDC has constructed large-
scale overhead transmission lines across channels and
straits. For environmental measures and lifting of
towers, the super-small base tower and T-type base were
developed from analyses of tower structures. EPDC has
also constructed underground (submarine) transmission:
facilities to link regional networks. Submarine cables,
joints and laying techniques have been investigated. 3
refs., 21 figs., 9 tabs.

[1996] 01A - 17

PROCEEDINGS, NINTH NATIONAL POWER
SYSTEMS CONFERENCE (NPSC '96)

Ghosh, A. (ed)
Indian Inst of Tech, Kanpur, India

Proceedings, 9th National Power Systems Conf (NPSC
'96), Kanpur, India, 1996, 2 vols., 700 pp

Abstract not available.

[1996] 01A - 18

REBUILDING OF THREE-PHASE OVERHEAD
LINES AS HVDC OVERHEAD LINES

Hausler, M.; Schlayer, G.; Fitterer, G.

ABB Calor Emag Schaltanlagen AG, Mannheim,
Germany

Elelarizituetswirtschaft (Germany), vol 95, no 19,
September 9, 1996, pp 1226-1228, 1230

German

Conversion of existing three-phase lines to HVdc is one
way of reducing the shortage of lines for long-distance
electric power transmission. An example shows how
400--kV three-phase double lines could be rebuilt as
double bipolar HVdc transmission lines for £500 or 600
-kV, at a cost between a third and a half of that of new
line construction. The rebuilding would enable more
than 2 1/2 times as much power to be transmitted over
the same width of right-of-way, and would reduce
appreciably the specific transmission losses. 9 Refs.

[1996] 01A - 19

RING OF POWER: PREUSSENELEKTRA AND
THE BALTIC RING

Anon.

Energie Spektrum (Germany), vol 11, no 6, 1996, pp
24-26

German

Since the breakup of the "Iron Curtain" in East Europe,
the East European countries and countries of the former
USSR are making efforts to catch up and cooperate with
West European countries in the political, economic and
military sectors, and a first concrete step towards
integration currently in the process of preparation is
synchronization with the UCPTE interconnected power
system. Plans for an extension of the UCPTE network
should not be regarded as an isolated initiative.
Worldwide, plans are in the air to establish large-area,
international, interconnected power systems. In order to
assess the chances and risks of very large interconnected
systems, the CIGRE Working Group 37-12 as well as
other national and international bodies have been
investigating the idea and the prospects of such projects,
and the CIGRE Working Group recently published its
report, entitled "The Extension of the Synchronous
Electric Systems: Advantages and Drawbacks," CIGRE
report 37-110, 1994. Members of this working group
were representatives of the imajor international
interconnected systems. The article summarizes the
results published by the Working Group.



[1997] 01A - 20

STATE OF THE ART & TREND IN ANALYSIS |
TECHNOLOGY OF HVDC SYSTEM

Takasaki, M.
CRIEPI, Tokyo, Japan

Denki Gakkai Zenkoku Taikai Koen Ronbunshu,
(Japan) vol 1997, no 6, pp S.23.21-8.23.24

Japanese

Abstract not available.

[1997] 01A - 21

STATE-OF-ART AND DEVELOPMENT OF
MULTI-TERMINAL HVDC CONTROL SYSTEMS

Sanpei, M.
Elec Power Development Co, Ltd, Japan

Denki Gakkai Zenkoku Taikai Koen Ronbunshu
(Japan) vol 1997, no 6, pp S.23.29-8.23.32

Japanese
Abstract not available.

[1997] 01A - 22

STATE-OF-ART AND DEVELOPMENT OF HVDC
TRANSMISSION TECHNOLOGIES

Horiuchi,S.; Kobayashi, T.
Tokyo Elec Power Co, Inc, Japan

Denli Gakkai Zenkoku Taikai Koen Ronbunshu
(Japan), vol 1997, no 6, pp §.23.1-S.23.4

Japanese
Abstract not available.

[1996] 01A - 23

THE ROLE OF DIRECT CURRENT ELECTRIC
POWER TECENOLOGY IN ELECTRIC POWER
OPERATION. WORLD TRENDS

Tamanuki, S.

Japan Elec Power Inf Center, Inc
Denki Hyoron (Japan), vol 81, pp 60-66
Japanese

The improvement of thyristor valve performance has led
to the expansion of dc power system technology. This
paper shows global trends, with examples, regarding
long distance power transmission, submarine cable
interconnections, and the BTB-type asynchronous

interconnection that strongly needs dc electric power
technology. The 800-km, +600-kV dc interconnection
between the Itaipu power plant at the border of Brazil
and Paraguay and Sao Paulo, with a capacity of 6.3
million kW is the world’s largest dc interconnection at

present.

[1997] 01A - 24

TRENDS IN HVDC TECHNOLOGIES DEALT
WITH BY CIGRE

Inoue, Y.; Magoroku, H.; Horiuchi, T.
Elec Power Development Co, Ltd, Japan

Denki Gakkai Zenkoku Taikai Koen Ronbunshu
(Japan), vol 1997, no 6, pp 8.23.37-5.23.40

Japanese
Abstract not available.

[1996] 01A - 25

UNIT CONNECTED HVDC SCHEMES

Rae, T.A.; Harley, R.G.; Jennings, G.D.; Wishart,
M.T.

Dept of Elec Eng, Natal Univ, Durban, South Africa

Proceedings, 6th South African Universities Power
Engineering Conf (SAUPEC '96), Witwatersrand,
South Africa, January 22-23, 1996, pp 157-160
English

Conventional high voltage direct current (HVdc) has
advantages in long distance transmission, and of
decreased stability problems which limit high voltage
alternating current (HVac) transmission, but in turn
introduces other complexities. Unit connection is a
refined HVdc scheme which rectifies the power of each
turbogenerator individually before connecting it to the
dc line. Some simulated results of the unit connected
scheme, some harmonic results and effective converter
transfer functions are presented. 8 Refs.

[1996] 01A - REF

TRENDS IN HVDC
For Abstract see entry 01B - 35

[1996] 01A - REF

APPLICATION AND OPERATING EXPERIENCE
OF MULTI-VARIABLE FREQUENCY
CONTROLLER OF HVDC SYSTEM



For Abstract see entry 01B - 5

[1997] 01A - REF

DIGITAL SIMULATION OF THE DC
CONNECTION OF A WIND FARM

For Abstract see entry O5SE - 7

[1998] 01A - REF

DESIGNING HVDC TRANSMISSION SCHEMES
FOR DEFINED AVAILABILITY

For Abstract see entry O5L - 5

[1997] 01A - REF

FLEXIBLE AC TRANSMISSION SYSTEMS
(FACTS) FOR THE IMPROVEMENT OF
NETWORK QUALITY

For Abstract see entry 07A - 25

[1996] 01A - REF

GLOBAL LINK OF RENEWABLE ENERGY
SOURCES: TECHNICAL, ECONOMICAL, AND
ENVIRONMENTAL ASPECTS OF AN
INTERCONTINENTAL ELECTRICITY
TRANSMISSION AND DISTRIBUTION SYSTEM

For Abstract see entry 07A - 27

[1996] 01A - REF

POWER ELECTRONIC DEVICES AND THEIR
IMPACT FOR POWER TRANSMISSION

For Abstract see entry 07A - 41

[1998] 01A - REF

TRANSMISSION CAPABILITY ENHANCEMENT

USING POWER ELECTRONICS
TECHNOLOGIES FOR THE FUTURE POWER
SYSTEM IN JAPAN

For Abstract see entry 07A - 71

[1998] 01A - REF
BIBLIOGRAPHY ON VOLTAGE STABILITY
For Abstract see entry 07A -9
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[1997] 01B - 1

3000-4500 MW FROM INGA FALLS (ZAIRE) TO
SOUTH AFRICA WITH HVDC: A PRE-
FEASIBILITY STUDY

Clerici, A.
ABB SpA, Italy

" CIGRE Int’l Colloguium on HVDC and FACTS,

Johannesburg,South Africa, September 28-30, 1997

In view of the continuous improvement of HVdc
technology and its possible increasing application to the
transmission of large amounts of power over long
distances, in 1993 ABB performed a pre-feasibility
study for an EHVdc line from the Inga Fall (Zaire) to
the Republic of South Africa (RSA). The study was
carried out on the basis of the terms of reference
prepared by Prof. Francesco Iliceto (Rome University,
Italy), who originated the study. This paper provides a
summary of both the main hypotheses considered and
the main results of the 1993 study. Although some data
on line and HVdc terminal costs may have changed in
the last four years with a better cost positioning of
HVdc systems, the possible variations do not modify the
conclusions. The same applies to the new technology
developments in HVdc substations. The study was to
provide initial technical and economical data for
preliminary evaluations of transmitting cheap
hydroelectric power from Inga in Zaire. Analyses were
confined to 3000 to 4500 MW at the sending end. The
two voltage levels of 600 and +800 kV were chosen as
optimum for such a long transmission path (3000-4000
km). The study considered only one bipolar line, while
further analyses involving the effects on cost and
reliability of separate monopolar lines in the same or
separate rights of way were left to later studies. Al
aspects related to HVdc terminal stations and line
routing were studied with ABB Power Systems of
Sweden and ABB Feralin of South Africa. The +800-
kV voltage level was considered feasible and available
for the project under evaluation.

[1998] 01B -2

A FEASIBILITY STUDY OF AN
ASYNCHRONOUS INTERCONNECTION FOR
INDUSTRIES WITH CAPTIVE GENERATION
Kumar, A.; Prasad, M.; Chakraborty, R.;
Maheshwari, R.C.



ABB Ltd, New Delhi, India

Proceedings, 37th CIGRE Conf, Paris, France, August
30-September 5, 1998

This paper presents the results of a techno-economic
feasibility study for an asynchronous link (i.e., an HVdc
back-to-back or a frequency stabilizer) for an aluminum
industry with its own captive generation. The main
objective of the study was to eliminate the problems
being faced by the industry due to adverse operational
characteristics of the Northern Region grid of India,
especially prolonged operation at off-normal frequency.
It is demonstrated that the interconnection through the
asynchronous link makes the process and its associated
captive power plant (CPP) immune to all the quasi
steady state grid parameter variations as well as the
majority of grid disturbances. The pay-back period of
such an investment for the industry under study has
been estimated to be just over three years.

{1997] 01B - 3

A METHOD FOR IDENTIFICATION OF BEST
SITING OF CONVERTERS FOR IMPROVING
VOLTAGE STABILITY BY USING ESTIMATION
OF VOLTAGE SENSITIVITY. .

Tada, Y.; Okamoto, H.; Sekine, Y.
Tokyo Elec Power Co, Inc, Japan

Denki Gakkai Denryoku Gijutsu Kenkyukai Shiryo
(Japan), vol 97, no 48, 50-53, 55-58, 60-62, pp 1-6

Japanese

This paper discusses a method for identifying the best
sites for converters in order to improve voltage stability
using estimation of voltage sensitivity. HVdc systems
decrease reactive power loss at ac transmission lines.
This paper describes that voltage/active power
sensitivity expresses variation of reactive power loss.
Using this fact, the authors propose an index for
determining the best sites for HVdc converters.

[1997] 01B - 4

ANALYSIS OF THE HVDC INVERTER IN THE
HARMONIC DOMAIN

Bathurst, G.; Smith, B.C.; Watson, N.R.; Arrillaga,
J.

European Power Electronics Conf EPE '97, Oslo,
Norway, September 1997

Abstract not available.

[1996] 01B -5

APPLICATION AND OPERATING EXPERIENCE
OF MULTI-VARIABLE FREQUENCY
CONTROLLER OF HVDC SYSTEM

Honjo, N.
Elec Power Dev Co Ltd, Tokyo, Japan

Proceedings, Int’l Conf on Electrical Engineering
(ICEE’'96), Beijing, China, August 12-15, 1996, vol 1,
pp 597-600

The Hokkaido-Honshu HVdc link connects two
separated Japanese power systems (the Honshu and
Hokkaido systems) with an HVdc transmission line (dc
250 kV 600-MW). This HVdc link is used not only for
bulk power transmission, but also for the frequency
control of each power system by modulating the
transmission power of the HVdc system. The authors
applied traditional proportional control before the
extension of the HVdc system. When they started to
survey in detail the extension of the HVdc system, these
studies showed that the frequency controller based on
proportional control did not have sufficient capability
for an extended HVdc system. They therefore applied
modern control theory instead of traditional
proportional control for frequency control and put this
into use in 1993. Here, the authors introduce the new
frequency control method as well as its effect. 1 Ref.

[1998] 01B - 6

AUTOMATIC GENERATION CONTROL IN A
DEREGULATED POWER SYSTEM

Bakken, B.H.; Grande, O.S.

Norwegian Elec Power Research Inst, Trondheim,
Norway

IEEE Trans on Power Delivery, Preprint order
number PE-183-PWRS-0-11-1997

Load-frequency control (LFC) has been used for many
years as part of the automatic generation control (AGC)
in power systems around the world. In the sycnhronous
Nordic power system, however, this function (termed
secondary control) has so far been handled with manual
control actions. Increased operation strain due to new
HVdc connections in the next decade will make it
increasingly difficult to maintain the current manual
control system. In this paper a model of the
interconnected power systems of Norway and Sweden is
used to show how introduction of AGC might aid the
system operator in handling the increased strain.
However, the classical LFC based on the area control
error is difficult to implement in a deregulated
environment. An alternative concept is thus introduced




where selected units are automatically following load
changes on the HVdc connections. This ramp following
controller (RFC) supported by manual control seems to
be a promising option.

[1997] 01B - 7

EAST EUROPEAN ELECTRICITY
INFRASTRUCTURE, INTERCONNECTIONS,
AND ELECTRICITY EXCHANGES

Hammons, T.J.

Univ of Glasgow, UK

Electric Machines and Power Systems, vol 25, no 7,
August-September 1997, pp 693-711

This paper discusses the east and central European
electricity infrastructure, interconnections and electricity
exchanges following the segregation of the republics of
former USSR and the independence of east European
countries, and likely developments in future years. The
study focuses on the present and future state of the
electric power sector, future expansion of European
power systems, co-operation, new capacity, separation of
power systems in former USSR countries, the direction
of reform in the industry, interstate relations in the fuel
and energy complex, and impact of privatization on
electricity supply. The role of Russian power systems in
the future unified electrical power system of the Euro-
Asian continent is also examined.

[1997] 01B - 8

EUROPE'S POWER BRIDGE FOR THE NEXT
MILLENNIUM

Kischer, W.

Int’l Power Generation (UK), vol 20, no 1, January
1997, pp 11-12

The collapse of the Soviet Union and the political
reorientation of its former satellites in eastern Europe,
prompted the countries involved to seek a new
“commercial realism” with the European Union and in
particular with those states sharing common borders.
German power utilities (Germany has the longest land
frontier with the former Soviet bloc) must now consider
the possibility of exchanging electrical power with east-
European generators. What is missing, however, is the
means of economically transmitting such potentially
large amounts of energy westwards, i.e. into the power
networks of western Europe yet at the same time
guaranteeing the high standards of security expected by
western European consumers. There are essentially
three practicable means of doing this. Two combinations

of 750-kV ac working with back-to-back HVdc, and the
third, purely HVdc. A 500:kV direct current line has
been clearly demonstrated to be the most economically
feasible. The author explains the commercial and
political thinking behind the trans-European power line
that will link eastern Europe into the West's supply
network by 2010. The route of the transmission line and
its cost are outlined.

[1996] 01B - 9

EXTENSION OF CO-OPERATION IN EUROPE:
TECHNOLOGY OF ELECTRICITY
TRANSMISSION

Eichholtz, A.

PreussenElektra AG, Hanover, Germany

Elektrizitaetswirtschaft (West Germany), vol 95, no 13,
17 June 1996, pp 865-866, 868, 870

German

Progress towards close and successful collaboration
between the German power supply undertakings and
those of Western Europe is reviewed, with new
technology developments being pursued in Germany for
optimizing electricity supply to meet the need for
reliability in an economically and ecologically
acceptable manner. Maps show the regions served by
the author's company and others in the UCPTE network
and its HVdc links to Scandinavia (Nordel) and the
Baltic Ring project. Photographs of outdoor installations
and valve towers at the Lubeck-Herrenwyk convertor
station on the Baltic Cable link to Sweden are
reproduced. O Refs.

[1997] 01B - 10

FEASIBILITY STUDY FOR INCREASED POWER
EXCHANGE BETWEEN NORWAY AND
CONTINENTAL EUROPE BY NEW HVDC LINKS

Carlsen, T.H.; Rittiger, J.; Witzmann, R.
Siemens AG, Erlangen, Germany
Elektrizitaetswirtschaft (Germany), vol 96, no 19,
September 8, 1997, pp 1026-1028, 1030-1032
German

The benefits of utilizing energy exchange between the
Norwegian hydroelectric power system and the thermal
power systems in Europe make it interesting to establish
new HVdc sea cable interconnections. As the required -
licenses are issued by the national authorities involved,
several new HVdc links may be established from the
Southern part of Norway to the continent, each having a



cable length of approximately 550 km. A total power of
3000 MW or more can then be exchanged through the
HVdc links including the existing Skagerrak
interconnection. It is planned to transmit a maximum
power of 600 MW or even 800 MW, by each new HVdc
link at a dc voltage of 500 kV, assuming that progress
in submarine power cable technology allows this voltage
level in the coming years. A feasibility study with
detailed modeling of all HVdc interconnections, the ac
system of Southern Norway and relevant parts of the
UCPTE system has been carried out. Especially, the
close electrical proximity between the HVdc power
converter stations in Norway (the distance between these
stations is 40-60 km)- requires detailed studies using
digital simulation. In this paper, the advantages of
energy interchange, technical aspects and the main
results of the power system dynamic study are discussed.

[1996] 01B - 11

HIGH-VOLTAGE DC TRANSMISSION: A
POWER ELECTRONICS WORKHORSE

Hingorani, N.G.

Hingorani Power Electronics, Los Altos Hills, CA,
USA

IEEE Spectrum, vol 33, no 4, April 1996, pp 63-72

The economic stirrings in many parts of the world could
be invigorated by access to surplus electric power
generated elsewhere. One means of access now coming
to the fore is high-voltage dc (HVdc) transmission. This
technology is often an economical way to interconnect
certain power systems as well as to transmit power over
long distances by overhead transmission. Worldwide,
more than 70 HVdc projects have been completed, for a
total transmission capacity in operation of about 46,000
MW at voltages up to £600 kV. In the last two decades,

the average HVdc capacity brought into service has been
about 2000 MW per year, indicating power electronic
converter capacity of 4000 MW. This transistor-based
technology thrives when it comes to highly reliable
power transfer across natural or national boundaries or
between ac system designed for different frequencies or
incompatible frequency controls. 8 Refs.

[1997] 01B - 12

HVDC ECONOMIC ASSESSMENT IN A
SOUTHERN AFRICAN CONTEXT

Baker, M.H.; Hepburn, A.; Lewis, W.P.

GEC ALSTHOM Power Electrn Sys Ltd, Stafford,
UK

CIGRE Int’l Colloguium on HVDC and FACTS,
Johannesburg,South Africa, September 28-30, 1997

Efficiently harnessing the hydroelectric energy of
Africa's great river systems is a primary reason for the
trend towards regional cooperation and transmission
interconnection. Within the Southern African region,
interconnecting the central hydroelectric potential with
the southern thermal (coal-based) large generation
enables the optimization of regional primary energy
resources. Interconnection should bring benefits to all
participants. This is the fundamental objective behind
the establishment of the Southern African Power Pool
(SAPP). Strategies for interconnection and electricity
trade should be based on a careful review of scenarios
for interconnecting regional electrical networks
according to the individual needs and aspirations of
participants. The purpose of this paper is to identify the
important -institutional and economic criteria for
successful interconnection, and the transport of bulk
power over large distances via HVdc transmission.

[1997] 01B - 13

IEEE GUIDE FOR PLANNING DC LINKS
TERMINATING AT AC LOCATIONS HAVING
LOW SHORT-CIRCUIT CAPACITIES

IEEE Transmission and Distribution Committee
T&D Committee of the IEEE PES, USA
IEEE Std 1204-1997, December 31, 1997, 205 pp

Guidance on the planning and design of dc links
terminating at ac power system locations having low
short-circuit capacities relative to the dc power infeed is
provided in this guide. This guide is limited to the
aspects of interactions between ac and dc systems that
result from the fact that the ac system is "weak"
compared to the power of the dc link (i.e., ac system
appears as a high impedance at the ac/dc interface bus).
This guide contains two parts: Part I, AC/DC
Interaction Phenomena, classifies the strength of the
ac/dc system, provides information about interactions
between ac and dc systems, and gives guidance on
design and - performance; , and Part II, Planning
Guidelines, considers the impact of ac/dc system
interactions and their mitigation on economics and
overall system performance and discusses the studies
that need to be performed.

[1997] 01B - 14

10

IMMINENT CHALLENGES OF BULK POWER
TRANSMISSION FROM THE HIMALAYAN
REGION FOR INDIA



Prasad, M.; Deb, S.K.; Dass, R.; Isacsson, G.;
Borsos, A.

ABB Ltd, New Delhi, India

CIGRE Int'l Colloquium on HVDC and FACTS,
Johannesburg,South Africa, September 28-30, 1997

This paper discusses the available hydroelectric
potential in northeastern India and Nepal and the
challenges of developing optimal transmission
alternatives with due cognizance of emerging
transmission technologies, especially HVdc, for voltages
higher than 600 kV and EHVac transmission at 800 kV
or even 1100 kV. It presents a few conceptual
transmission alternatives which deliver power to the
beneficiaries in need of bulk power. The paper also
indicates scenarios arising out of turnkey development
of both the power plants and their associated
transmission.

[1997] 01B - 15

INCREASING POWER TRANSMISSION
CAPABILITY OF AC SYSTEMS BY MEANS OF
POWER ELECTRONIC EQUIPMENT

Lei, X-Z.; Povh, D.; Renz, K.; Retzmann, D.
Siemens AG, Erlangen, Germany

Proceedings, CIGRE Regional Meeting “Power
Quality — Assessment of Impact,” New Delhi, India,
September 10-11, 1997, vol VI-3, pp 25-34

Power electronic equipment (FACTS) has been
developed and used as an economic and efficient means
of solving problems concerning the full utilization of the
capacity of long, heavily loaded, interconnected ac
transmission systems and in scheduling power transfers
between subsystems. Various FACTS devices, such as
HVdc, SVC, TCSC, STATCON and UPFC are focused
on improving the system stability and enhancing the
transfer capability of interconnected systems with long
transmission links, These are described in this paper.
Based on a simple interconnected system with long
transmission links, the effects of different FACTS
devices, such as HVdc, SVC and TCSC, are

demonstrated at transient conditions.

[1996] 01B - 16

IS THE EAST-WEST POWER BRIDGE
ECONOMIC?
Anon.

Modern Power Systems (UK), vol 16, no 2, February
1996, pp 21, 23, 25

11

An HVdc transmission project, so large and ambitious
that many authorities dismissed the idea as
unfinanceable, now has to be taken seriously. The 4000-
MW East-West Power Bridge, minning some 1800 km
from Borken near Frankfurt-am-Main in Germany
across eastern Germany, Poland, Belarus and Russia to
Smolensk with five interconnections to national ac
networks, has now been calculated to be economically
viable. The Russian participants are already planning to
build vital connections at the eastern end of the system.
These were the conclusions of the latest conference of
the East-West Energy Bridge project in Warsaw on
October 24-25, 1995. The major findings of this
conference are discussed, in particular the technical and
economic benefits of such a link. 0 Refs.

[1996] 01B - 17 -

DESIGNING A SUSTAINABLE ELECTRIC
SYSTEM FOR THE TWENTY-FIRST CENTURY

Hedenstedt, A.; Hansson, B.
Vattenfall AB, Stockholm, Sweden

21st New Electricity Conf on Providing a Sustainable
Electric System, Paris, France, May 22-24, 1995, pp
219-224

After the national grids were established, the
comprehensive integration of the Nordic countries took
place during a 20-year period beginning in early 1960s.
A characteristic feature of the interconnection of the
Nordic electric power systems is the need for long HVdc
submarine cables for several of the interconnection
links. Today the Nordel system is almost considered as
one system. At present there are several ongoing,
actively considered and planned projects for the
integration of the Nordel system and the UCPTE
system. Interconnection offers a number of benefits for
both the systems. One very important benefit is the
stabilization effect on the power supply security and the
price of electricity. This is of special importance in view
of the expected de-regulation of the electricity market.

[1996] 01B - 18

NEW TECHNOLOGY FOR IMPROVED
UTILIZATION OF THE INTERCONNECTED
POWER SYSTEM

Enger, A.K.
Norsk Elektroteknisk Forening, Porsgrunn, Norway

Proceedings, Norway as a Power Producer for
Northern Europe, Technological and Environmental
Challenges, Skien, Norway, September 4-5, 1996, 34




pp
Norwegian

The present paper deals with methods used for
improving the utilization of interconnected power
systems. The author discusses new technologies for
improvement and safety of power transmission. The
main themes covered are HVdc systems in Norway,
possibilities of load management control, other
possible/necessary measures in the grid system, and
other developments and trends. 21 figs.

[1997] 01B - 19

NONLINEAR POWER SYSTEM BEHAVIOR
USING NORMAL FORMS: EXTENSION OF
LINEAR SYSTEM ANALYSIS VIA HIGHER ‘
ORDER CORRECTION

Sobajic, D. (EPRI prog mgr)
EPRI, Palo Alto, CA, USA

EPRI Technical Report TR-107798, February 1997,
224 pp

Today's heavily loaded and stressed power transmission
networks exhibit very complex dynamic behavior when
subjected to small or large disturbances. EPRI
investigators analyzed power system dynamic behavior
under stressed operating conditions by using normal
forms of vector fields. This technique obtained
nonlinear corrections to the linear behavior through
normal form analysis. This second order analysis has
provided insight into real power network dynamic
problems associated with interaction of control modes,
system separation, and effect of nonlinear elements like
high-voltage direct current (HVdc) that were not
obvious from linear analysis.

[1997] 01B - 20

OPTIMAL TRANSMISSION SYSTEM UPGRADE
OPTIONS FOR AC-DC HYBRID REGION
NETWORK .

Singh, S.; Bhatele, R.P.; Dhoke, M.M.;

Parameswaran, S.; Sarkar, B.N.; Murty, A.S.R.;
Prasad, M.; Deb, S.K.; Moni, R.S.

Madhya Pradesh Elec Board, Jabalpur, India

CIGRE Int’l Colloquium on HVDC and FACTS,
Johannesburg,South Africa, September 28-30, 1997

This paper presents the results of studies made to
remove the operational and evacuation constraints of
India's largest state, Madhya Pradesh, as it embarks on
an ambitious program to increase power generation.

The studies show the benefit of carrying out realistic
load flow analyses prior to detailed contingency analysis
and dynamic simulations. There are several options
available to increase power evacuation capability of an
existing transmission system. However, growth brings
in several constraints, not the least of which is the right-
of-way limitations for constructing transmission lines.
In a system where power stations have to necessarily be
located far away from load centers, this has a profound
influence on the design of the transmission system. It is
possible to overcome the constraints by proper choice of
technology. An open approach in selecting the
appropriate technology could turn out to be
economically attractive, giving a high benefit-to-
investment ratio. This paper will be useful to power
systems which are undergoing rapid expansion while
facing increasing resources and land constraints

[1996] 01B - 21

PERFORMANCE CALCULATIONS OF HVDC
SYSTEMS WITH MINIMUM COMPUTER AID

Calverley, T.E.
Mott Ewbank Preece, UK

Proceedings, 6th IEE Int’l Conf on AC and DC Power
Transmission, London, UK, April 29-May 3, 1996, pp
93-99

The complexity of ac/dc/ac power systems and the large
number of alternative designs to be evaluated, make
necessary the use of advanced computer and simulator
facilities. However, there is a place for a simpler
approach, both in the initial planning stages, and as an
indication of the consequences of many events. Here, the
author describes how, for instance, it can be instructive
to: (1) appraise the sensitivity of the initial design of a
proposed HVdc project to a range of major variables,
such as SCR, cos phi , ac system X/R and commutating
reactance Xr; and (2) understand the consequences of
many transient events, without recourse to computers or
possibly with their use on a very limited scale.
Performance calculations of HVdc power transmission
systems with a minimum of computer use are presented
in this paper. 5 Refs.

[1997] 01B - 22
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PLANNING INTERCONNECTIONS TO
DEVELOP A SOUTHERN AFRICAN GRID

Akapelwa, K.; Sumary, C.S.; Mandalasi, O.C.;
Hepburn, A.; Leask, K.P.

ZESCO, Zambia



[

O

CIGRE Int’l Colloquium on HVDC and FACTS,
Johannesburg,South Africa, September 28-30, 1997

This paper presents an overview of the methods applied
in regional inter-utility planning studies. The need for
these studies arose from the desire of the participating
utilities to have a better understanding of the operation
of their networks if coupled with a transmission
interconnector, ~ Where mutual advantages were
identified, this has led to development of financial
justification and implementation of some of the projects.
The conclusions from planning studies of two such
possible ac interconnections together with their reactive
compensation requirements are reviewed.

[1996] 01B - 23

POWER ELECTRONICS IN INDIA -
RETROSPECT AND PROSPECTS

Sarkar, T.K.
Govt of India, New Delhi, India

Proceedings, IEEE Int’l Conf on Power Electronics,
Drives & Energy Systems for Industrial Growth
(PEDES'96), New Delhi, India, January 8-11, 1996,
vol 2, pp 1059-1064

Electric power is the key to the economic growth of any
country. Developing countries are faced with gaps
between demand and supply of electricity, on one hand,
and rising cost of power generation on the other. Power
electronics helps in conservation of electricity and the
improvement of power quality. India has witnessed a
moderate growth in power electronics activities in the
past two-and-a-half decades and has built-up reasonable
infrastructure concerning its manufacture, application
and skilled manpower requirements. Economic reforms
in the country are opening up new opportunities for
larger application. Greater efforts by industry to build-
up an internal strength on technology using available
resources is now essential to meet these challenges.

[1996] 01B - 24

RECONSTRUCTION OF OVERHEAD LINES FOR
THREE-PHASE CURRENT INTO HVDC LINES

Haeusler, M.; Schlayer, G.; Fitterer, G.

ABB Calor Emag Schaltanlagen AG, Mannheim,
Germany

Elehtrizitaetswirtschaft (Germany), vol 95, no 19,
September 9, 1996, pp 1226-1230

German
One way of overcoming the shortage of long-distance

transmission lines for electric power is by converting
existing HVac lines into HVdc lines. An example is
presented. The reconstruction cost amounts to about
one-third to one-half of the cost of a newly constructed
transmission system, while power transmission would
be increased to more than 2.5 times the original
capacity. The specific transmission cost is reduced
significantly.

[1997] 01B - 25

REDUCING VULNERABILITY OF AN
ELECTRICITY-INTENSIVE PROCESS
THROUGH AN ASYNCHRONOUS
INTERCONNECTION

Kumar, A.; Prasad, M.; Maheshwari, R.C.
ABB Ltd, New Delhi, India

CIGRE Int’l Colloguium on HVDC and FACTS,
Johannesburg,South Africa, September 28-30, 1997

This paper presents the results of a study conducted for
M/s Hindalco Industries Ltd., to find ways and means to
reduce the wulnerability of its . electricity-intensive
smelting process. The industry's power system is
interconnected with the Northern Regional Grid of
India, which experiences rather frequent disturbances
and operates within a wide frequency range. It has been
found that an asynchronous connection of the industry
power system, which includes its captive power plant, to
the grid in association with an intelligent load
management scheme, is one of the most suitable means
of tackling its stability, frequency excursion and power
flow-related problems. With the proposed frequency
stabilizer being placed between the grid and Hindalco
Plant 1 busbar, the industry will be in a position to
operate its generating units at near rated frequency of 50
Hz, irrespective of the operating grid frequency and at
the same time avail continuous support from the grid
under normal or emergency operating conditions. The
pay-back period for such an investment has been
estimated to be just over three years.

[1996] 01B - 26

SCOPE AND YOLTAGE GRADE OF THE
DIRECT CURRENT TRANSMISSION PROJECT

FROM XIAOWAN POWER STATION TO
GUANGDONG PROVINCE

Liu, S-L.; Zhang, C-H.

Kunming Hydroelec Survey, Min of Elec Power,
Kunming, China

Power System Technology (China), vol 20, no 9,



September 1996, pp 17-19
Chinese

The authors discuss the scope and voltage grade of the
direct current transmission project from Xiaowan
hydroelectric power station in Yunnan Province to
Guangdong Province. They carry out a techno-
economical comparison among various combinations of
transmission capacities and cross-sectional areas of
transmission lines when a voltage grade of 500 kV is
adopted, and suggest proposals for the scale of the
project. An empirical formula for selecting the voltage
grade for direct current transmission is put forward in
this paper. 0 Refs.

{1997} 01B - 27

SOME ASPECTS OF THE FEASIBILITY OF AN
INTERCONNECTION BETWEEN THE
DEMOCRATIC REPUBLIC OF CONGO AND
EGYPT

Swidan, M.; Sakrini, M.; Julliard, G.; Adam, P.;
Bohner, R.

Egyptian Electricity Authority, Egypt

CIGRE Int’l Colloguium on HVDC and FACTS,
Johannesburg,South Africa, September 28-30, 1997

This paper presents the main technical questions related
to the transmission of large amount of electricity over a
very long distance, and more specifically to the project
of an interconnection between the hydroelectric site of
Inga in the Democratic Republic of Congo, and the
Egyptian 500-kV unified power system near Cairo.
After a description of the main parameters of the
project, it shows how different criteria have been
considered to define an adequate level of losses. Once
applied to the project, these principles have led to the
definition of the main equipment of the project: the
main converter stations, the parallel and series tap
stations, and the switching substations along the 5300-
km line route. Some results of the dynamic
performances of the interconnection are also given,
based on digital simulation using stability and
electromagnetic transient programs. As a conclusion,
the authors indicate that except for the 800-kV dc
voltage and the proposed conductor bundie
arrangements (8 x 806 mm), the project is based on
proven HVdc techniques and technologies that make
thi$ very long interconnection feasible from a technico-
economic point of view.

[1997] 01B - 28

STATE OF THE ART; DEVELOPMENT OF
HVDC TRANSMISSION TECHNOLOGY IN

JAPAN

Hayashi, T.

CRIEPI, Tokyo, Japan

Ohm (Japan), vol 84, no 12, pp 65-70
Japanese

Abstract not available.

[1997] 01B - 29

SUBJECTS FOR EXPANSION OF HVDC

Nakamura, F.

Sci Univ of Tokyo, Japan

Denki Gakkai Zenkoku Taikai Koen Ronbunshu
(Japan), vol 1997, no 6, p 8.23.41

Japanese

Abstract not available.

[1996] 01B - 30

SYSTEM ANALYSIS OF HYBRID HVDC
TRANSMISSION

Twata, Y.; Tanaka, S.; Kawazoe, H.; Konishi, H.
Tokyo Elec Power Co, Inc, Japan

Proceedings, Annual Conf of Power & Energy Society,
IEE of Japan (Denki Gakkai Denryoku, Enerugi
Bumon Taikai Ronbunshu), vol 7, no 2, pp 421-422

Japanese

Abstract not available.

[1996] 01B - 31

14

SYSTEM CHARACTERISTICS OF HAENAM-
CHEJU HVDC LINK IN KOREA

Kim, J-Y.; Kwon, G-O.; Lim, S-J.
T&S Dept, Korea Elec Power Corp, South Korea

Proceedings, Int’l Conf on Electrical Engineering
(ICEE’96), Beijing, China, August 12-15, 1996, vol 1,
pp 558-562

The Korea mainland to Cheju island HVdc link has
many characteristics. This system is the 300-MW,
+180-kV bi-directional dc link and a 100-km long
submarine bipolar cable scheme, scheduled for
operation no later than June, 1997. This paper describes
the main system features, generation planning and
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control characteristics and examines the transient
response from faults at both rectifier and inverter
terminal busbars. 5 Refs.

[1997] 01B - 32

TECHNICAL AND ECONOMIC ASPECTS OF
USING A LONG SUBMARINE HVDC
CONNECTION FOR FREQUENCY CONTROL

Bakken, B.H.; Faanes, H.H.
Norwegian Univ of Sci and Tech, Trondheim,
Norway

IEEE Trans on Power Systems, vol 12, no 3, August
1997, pp 1252-1257

Several new submarine HVdc connections between the
hydro dominated Norwegian power system and the
thermal dominated UCPTE system of western Europe
are being planned, giving a total transfer capacity of
approximately 3000 MW. Both existing and new HVdc
exchange agreements are based mainly on the pumped
storage principle, where Norwegian hydro power is
exported during peak load, while surplus energy can be
imported during off-peak periods. This paper focuses on
an additional benefit of these HVdc connections: the
possibility to supply frequency control in the thermal
system of northern UCPTE. Typical costs related to
frequency control in thermal units are estimated, giving
a strong economic motivation for this possibility.
Furthermore, it is shown that the substitution of thermal
frequency control reserves with a long submarine HVdc
connection is possible without additional equipment or
extensive control strategies, and without causing large
disturbances in either the thermal or the hydro system. 9
Refs,

[1996] 01B - 33

THE NEXT GENERATION OF HVDC - NEEDED
R&D, EQUIPMENT COSTS, AND COST
COMPARISONS

VanCoevering, J.; Stoval, J.P.; Hauth, R.L.; Tatro,
P.J.; Railing, B.D.; Johnson, B.K.

Oak Ridge Natl Lab, Oak Ridge, TN, USA
Proceedings, EPRI The Future of Power Delivery
1996 Conf, April 9-11, 1996, Washington, DC,
December 1996, pp 3/183-3/195

High voltage dc transmission (HVdc) offers important
advantages over ac because of its ability to move more
power over a given right of way than ac lines of
comparable voltage, as well as allowing exchanges of
power between otherwise nonsynchronous ac systems.

HVdc may also be appealing in a competitive utility
environment because of its ability to precisely control
power flow, avoiding parallel path problems. Finally,
HVdc may be more acceptable than ac transmission to a
public concerned over potential health impacts of ac
power lines. These advantages can only be realized if
the cost of HVdc as a planning option is competitive
with the cost of ac construction. HVdc transmission
lines are cheaper than comparably rated ac lines, but
terminal costs are much higher. The challenge,
therefore, is to reduce the cost of the HVdc converter
terminal to about half its current value. A research and
development program to reduce dc converter terminal
costs is presented and consists of five research areas:
converter configurations, valves-and devices, advanced
converter transformer designs, technology assessment,
and monopolar operation. As part of the technology
assessment, turnkey costs of today's converter terminal
have been identified to be about $100/kW/terminal. The
costs of other ac equipment have also been identified as
the basis for economic comparisons. A comparison of
dc and ac transmission shows the break-even distance
near their thermal ratings.

[1996] 01B - 34

THE OUTLINE OF KII CHANNEL HVDC LINK
Yamaji, K.
Shikoku Elec Power Co, Inc, Japan

Pawa Erekutoronikusu Kenkyukai Ronbunshi (Japan),
vol 22, no 1, pp 14-19

Japanese

An HVdc project of £500-kV and 2800-MW bipolar
system is planned to interconnect the ac 500-kV
networks of Shikoku Electric Power Company and The
Kansai Electric Power Company. At the first stage, the
HVdc system will be commissioned at £250 kV and
1400 MW in the year 2000. The HVdc system will link
the two 500-kV systems in parallel with existing ac 500-
kV interconnection lines, transmit power from a coal
power station to the Kansai area, and reinforce the
existing interconnection. This paper describes the
planning of the HWVdc project and the technical
innovation involved with this project.

[1996] 01B - 35

15

TRENDS IN HVDC
Povh, D.
Siemens AG, Erlangen, Germany

Proceedings, Int’l Conf on Electrical Engineering




(ICEE'96), Beijing, China, August 12-15, 1996, vol 2,
pp 1316-1327

The HVdc technique has become a conventional
technology in the area of back-to-back and two-terminal
long-distance and submarine cable schemes. Three-
terminal schemes have been realized and multiterminal
schemes are being planned. The introduction of
thyristor technology and engineering improvements
have resulted in strong cost reductions for HVdc
stations. However, increased system requirements have
flattened down this trend. The report discusses
experiences with HVdc technique and expected trends,
with the goal of making making HVdc even more
economical in the future. 2 Refs.
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01C HVDC Projects: Description,

Commissioning, Testing,
Performance

[1997] 01C - 1

350-KV HVDC OIL-FILLED SUBMARINE CABLE
PROJECT IN THE PHILIPPINES

Harada, K.; Yoshida, F.; Midorikawa, M.; Koibuchi,
S.

Hitachi Cable Ltd, Japan
Hitachi Cable Review (Japan), no 16, pp 3-8

In July 1994, Hitachi Cable, Ltd was awarded a dc 350-
kV submarine power cable project to lay cable between
Samar Island and Luzon Island as part of the HVDC
Interconnection Project to deliver electric power from
Leyte Island to Luzon Island. The project required two
dc 350-kV submarine power cables to be manufactured
in continuous lengths of 22 km each, without factory
joints, and installed across the strait, whose maximum
depth exceeds 160 m. After careful investigation and
thorough planning based on the route survey results, the
cables were installed along the optimum cable route and
protected and stabilized by covering with rock at some
free-span portions of the route where they were
susceptible to harm.

[1996] 01C - 2
A SUMMARY OF THE OPERATION
PERFORMANCE OF GE-NAN HVDC LINK IN
1994
Wang, M-X.; Zeng, N-C.; Tao, Y.
Elec Power Research Inst, Beijing, China
Power System Technology (China), vol 20, no 5, May
1996, pp 53-57
Chinese
This paper is a summary of the operation performance
of Ge-Nan HVdc link in 1994. The causes of faults and
the actions of dc protection are given, the utilization of
dc equipment is evaluated, and the problems which




remain to be solved are pointed out. 2 Refs.

[1996] 01C - 3

ASPECTS AND EXPERIENCES FOR GESHA
HVDC LINK

Zhou, D-B.; Yuan, Q-Y.

CCEPG, Wuhan, China

Proceedings, Int’l Conf on Electrical Engineering
(ICEE'96), Beijing, China, August 12-15, 1996, vol 1,
pp 563-568

The 1989 Gesha (Gezhouba to Shanghai) HVdc project
was the first imported HVdc transmission system with
advanced technologies to be built. This paper collected
data on electricity exchange, energy use, forced outages,
and availability of Gesha HVdc link from 1989 to 1995.
Some forced outages have been analyzed. Existing
problems of the Gesha HVdc link are pointed out and its
main configuration and parameters discussed. 0 Refs.

[1997] 01C - 4

BIG PROJECTS OF HVDC(HIGH VOLTAGE
DIRECT CURRENT) SYSTEM. KII-CHANNEL
HVDC INTERCONNECTION PROJECT

Oue, Y.; Nakagoshi, Y.; Hatano, M.

Kansai Elec Power Co, Inc, Japan

Ohm (Japan), vol 84, no 2, pp 22-30

Japanese )

The project in the title is the largest class dc
interconnection facility in the world, connecting the

Kansai Electric Power system and Shikoku Electric

Power system. The two utilities and the Electric Power
Development Co. are cooperating on construction the
link.  This paper outlines the Kii Channel dc
interconnection project, construction progress, features
of Anan substation, Kohoku substation and the Ura
switching station. 1400 MW out of 2100 kW from the
Tachibana bay thermal power plant will go to the
Kansai Power system.

[1997] 01C-5

BIG PROJECTS OF HVDC (HIGH VOLTAGE
DIRECT CURRENT) SYSTEM. MINAMI-
FUKUMITSU HVDC BTB (BACK-TO-BACK)
SYSTEM .

Sasaki, K.; Mori, Y. .

Chubu Elec Power Co, Ltd, Japan

Ohm (Japan), vol 84, no 2, pp 38-42
Japanese

This paper introduces the Minami-Fukumitsu back-to-
back interconnection facility (BTB) which is under
construction to strengthen the interconnection between

the Chubu Electric Power Co. and the Hokuriku Electric
Power Co. systems. This paper describes purpose of the
Minami-Fukumitsu dc interconnection, outlines the
facility, special design and construction features, and
the future schedule. The BTB interconnection facility
installed at Minami-Fukumitsu connects the dc outputs
of the transformers directly, without using dc
transmission lines.

[1997] 01C - 6

BIG PROJECTS OF HVDC (HIGH VOLTAGE
DIRECT CURRENT) SYSTEM. HVDC PROJECTS
IN FOREIGN COUNTRIES

Hayashi, T.

CRIEPI, Tokyo, Japan

Ohm (Japan), vol 84, no 2, pp 43-48
Japanese

This paper describes recent developments in multi-
terminal HVdc transmission.

[1997] 01C -7
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BIG PROJECTS OF HVDC (HIGH VOLTAGE
DIRECT CURRENT) SYSTEM. HIGASHI-
SHIMIZU FREQUENCY CONVERTER STATION

Sasaki, K.

Chubu Elec Power Co, Ltd, Japan
Ohm (Japan), vol 84, no 2, pp 31-37
Japanese

The East Shimizu Substation now being constructed in
Shimizu City is not only an electric power supply base
but also functions as a frequency exchange substation to
strengthen the power exchange between 50-Hz and 60-
Hz systems. This paper describes background and
significance of the installation of the East Shimizu
frequency exchange facility, special features of the
equipment, construction progress, and future plans.
Plane diagrams of the substation, equipment layout
drawings, specifications of the main equipment, single
wire circuit diagrams, etc., are shown.



[1997] 01C - 8

CAHORA BASSA GMPC TESTING USING AN
REAL TIME DIGITAL SIMULATOR

Claus, M.; Neufeldt, T.; Retzmann, D.; Troger, D.;
Coetzee, M.; Venter, F.; Forsyth, P.; Maguire, T.

Siemens AG, Germany

Proceedings, 1997 Int’l Conf on Digital Power
Systems Simulators, Montreal, Canada, May 28-30,
1997, pp 251-256

This paper presents the use of an RTDS™ simulator for
the testing of a grid master power controller (GMPC)
implemented in a commercial project for the Cahora
Bassa HVdc upgrade. Three ac systems are connected by
the 1500-km bipolar HVdc and a relatively weak
330/400-kV ac link. The GMPC uses coordinated HVdc
and braking resistor control technologies for the
stabilization of the system during and after transients. A
GPS satellite signal provides long distance ‘angle
measurement facilities, The real-time simulation
requires detailed models of the complex HVac and
HVdc systems. The verification of the simulator setup is
done by comparison with site recordings, EMTDC™
and PSS/E™ and NETOMAC(R) study results. The
GMPC performance is verified by different types of ac
and dc faults. Results of the tests are presented.

[1997] 01C -9

CAHORA BASSA HVDC LINE BEGINS A
SECOND LIFE

Breuer, W.; Habur, K.
Electric Power Int’l, June 1997, pp 32, 34

Africa's most powerful high-voltage direct current link,
the Cahora Bassa HVdc link between South Africa and
Mozambique, and the first worldwide to use thyristors,
has been dormant for over 15 years due to the civil war
in Mozambique. Following a modernization project, it
will begin operation in autumn 1997. The authors
discuss the user friendly controls, grid control, and the
Songo converter station upgrades that have enabled this
link to be reactivated.

[1996] 01C - 10

CHANDRAPUR-PADGHE HVDC LINK IN
MAHARASHTRA

Isacsson, G.; Nadkarny, R.V.
ABB Power Sys AG, Ludvika, Sweden

Indian Journal of Power and River Valley
Development (India), vol 46, no 12, December 1996,

pp 230-234, 238

The authors describe the Chandrapur-Padghe HVdc
bipole (India) which is rated for 1500-MW continuous
power flow and has also a two hour overload at 1650
MW and a five seconds overload at 2000 MW. The two
hour overload capability can also be utilized
continuously at low ambient, i.e.. temperatures below
33°C. The minimum power flow is set to 75 MW at
monopolar operation. The link is operated at a direct
voltage of +500 kV and on the ac sides it is connected to
400 kV in both Chandrapur and Padghe. The ac voltage
is allowed to vary between 380 kV to 430 kV in
Chandrapur and between 360 kV to 420 kV in Padghe.
The frequency can vary between 47.5 Hz and 51.5 Hz.
There are four ac filter banks at both stations. Each
bank is rated 200 MVAr. There are two dc filter
branches per pole and station. 0 Refs.

[1997] 01C - 11

CHANDRAPUR-PADGHE HVDC LINK
COMBATS BLACKOUTS

Lescale, V.
ABB Power Sys, Ludvika, Sweden

Modern Power Systems (UK), vol 17, no 3, March
1997, pp 45, 47, 49

The blackout experienced across large parts of northern
India has highlighted the benefits that high capacity
HVdc links can bring to such countries. India has
already made considerable progress in implementing
and strengthening regional interconnections as part of
its programme to create a national grid. The latest
connection, a 1500-MW link in the western region, is
under construction and should be operating by early
1998. The Maharashtra State Electricity Board with
BHEL and ABB is building the 750-km Chandrapur to
Padghe link to reinforce the network and extend the
1000-MW HVdc link constructed to interconnect the
western and southern electricity regions.

[1997] 01C - 12
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COMMISSIONING AND OPERATING
EXPERIENCE WITH THE APOLLO CAHORA
BASSA HVDC SCHEME

Venter, F.P.; Marshall, D.A.; Guedes, C.; Diseko,
N.L.
ESKOM, South Africa

CIGRE Int’l Colloquium on HVDC and FACTS,
Johannesburg,South Africa, September 28-30, 1997




The civil war in Mozambique brought the power
transmission on the Apollo Cahora-Bassa HVdc scheme
to an abrupt halt.  Extensive modernizing and
recommissioning efforts have recently been made in

preparation for the planned recommissioning in 1997.
This paper will discuss the salient recommissioning
activities and the new electrical environment in which
the HVdc will be operating. The impact of the
developing Southern African grid will also be
considered.

[1998] 01C - 13

COMMISSIONING THE 1000 MW BACK-TO-
BACK HVDC LINK AT CHANDRAPUR, INDIA

Andersen, B.R.; Monkhouse, D.R.; Whitehouse, R.S.;
Williams, J.D.G.; Prasher, V.K.; Kumar, D.

GEC ALSTHOM, UK

Proceedings, 37th CIGRE Conf, Paris, France, August
30-September 5, 1998

This paper describes the commissioning of the
Chandrapur 2x500-MW back-to-back HVdc link in
India and explains the characteristics of the station
which have been optimized to suit this location. One
particular feature is the control of reactive power
exchange with both ac networks by the HVdc
converters. Commissioning and subsequent operating
experience have shown that the HVdc link performs as
designed, meets the specification and effectively
integrates with the ac networks to which it is connected.
The HVdc link is thus able to transfer at least 1000-MW
of power to either ac system under a wide range of ac
system operating conditions.

[1996] 01C - 14

DEEP DC SOUNDINGS IN SOUTHWESTERN
FINLAND USING THE FENNO-SKAN HVDC
LINK AS A SOURCE

Kaikkonen, P.; Pernu, T.; Tiikkainen, J.; Nozdrina,
A.A.; Palshin, N.A. ; Vanyan, L.L.; Yegorov, LV.

Dept of Geophys, Oulu Univ, Finland

Physics of the Earth and Planetary Interiors
(Netherlands), vol 94, no 3-4, April 1996, pp 275-290

The Fenno-Skan high voltage direct current (HVdc)
power line links Finland and Sweden across the
Bothnian Sea. A 180-km long cable has been installed
at the sea bottom. A return current up to 1280 A flows
through water and sea-bottom rocks. This source gives a
unique possibility for large-scale dc sounding. First test
measurements were done by the Department of

Geophysics, University of Oulu in May 1991. In June
1992, a bilateral experiment was carried out by Finnish
and Russian geophysicists. On the base of 42 sites
measured during two field seasons, apparent resistivity

values were calculated. For the interpretation of the
measured data, a thin-sheet approximation was used.
The model consisted of two thin sheets. The uppermost
sheet had a conductance S due to the sea water and
sediments according to a priori information, while the
second one had a depth-integrated resistivity R due to
the Earth's upper crust. A good conductor was located
beneath. Comparisons of the experimental and
theoretical apparent resistivities show that the R value
for the Earth's upper crust in southwestern Finland is
about 3 x 10° {/m® which is in good agreement with
the value calculated from the magnetotelluric (MT) data

in the Proterozoic Central Finland Granitoid Complex.
However, it is more than a factor of 10 lower than the
value calculated similarly from the MT data in the
Kuhmo region in the Archacan part of the
Fennoscandian Shield in eastern Finland and the
reported value based on the magnetohydrodynamic
(MHD) data in the Kola Peninsula. The results do not
reveal any distinct crustal conductors within the
research area. This experiment indicates that deep
geoelectrical resistivity studies can be carried out
successfully at rather large distances, at least 50 km, in
the surroundings of a high voltage, dc power link. 23
Refs.

[1998] 01C - 15
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GE-NAN +500-KV HVDC TRANSMISSION
SYSTEM OPERATION ANALYSIS

Li, W-Y.; Li, Z-Y.
China Power Grid Development Co., Ltd

H‘oceedings, 37th CIGRE Conf, Paris, France, August
30-September 5, 1998

Ge-Nan £500-kV HVdc transmission system has been in
operation for over seven years. It connects the East and
Central China networks, which are two of China’s five
regional electric power networks. One interconnected
electric power network has been formed after its
construction. This paper gives some information about
Ge-Nan HVdc transmission system operation. After
analysis of the present situation of Ge-Nan HVdc
transmission system, some existing problems discussed,
along with some suggestions for improving operation
and equipment.



[1996] 01C - 16

HVDC TRANSMISSION LINK BETWEEN
DENMARK AND GERMANY

Hausler, M.; Jonsson, B.; Krause, J.

ABB Calor Emag Schaltanlagen AG, Mannheim,
Germany

ETZ (Germany), vol 117, no 23-24, December 1996,
pp 38-43

German

The new Kontek link enables Scandinavian
hydroelectric power to be utilized in Germany, and
conversely, shortages of energy in Scandinavia to be
alleviated from lignite power stations in eastern
Germany. The HVdc rectifiers regulate the flow of
power between the networks in accordance with
demand. Experience so far shows high reliability of the
installation. 1 Ref.

[1997] 01C - 17

IEEE GUIDE FOR COMMISSIONING HIGH-
VOLTAGE DIRECT-CURRENT (HVDC)
CONVERTER STATIONS AND ASSOCIATED
TRANSMISSION SYSTEMS

Substations Committee, IEEE PES, USA
IEEE Std 1378-1997, October 13, 1997, 25 pp

General guidelines for commissioning high-voltage
direct-current (HVdc) converter stations and associated
transmission systems are provided in this IEEE
Standard. These guidelines apply to HVdc systems
utilizing 6-pulse or 12-pulse thyristor-valve converter
units operated as a two-terminal HVdc transmission

system or an HVdc back-to-back system.

[1997] 01C - 18
INTERCONNECTED HVDC STATIONS LINK
EUROPE

Liegl, K.; Richter, W.
Bayernwerk AG, Munchen, Germany

Transmission & Distribution World, vol 49, no 5, May
1997, pp 54-56, 58-60

The 420-kV transmission systems in Austria were first
interconnected to the Czech Grid in 1983 via the
Durnrohr HVdc back-to-back station (BBS). In 1993,
two additional HVdc stations were commissioned at
Etzenricht and Vienna Southeast bridging the
transmission systems of Germany and the Czech
Republic, as well as Austria and Hungary. These three

21

HVdc links between the UCPTE and CENTREL
networks have a nominal capacity of 1750 MW.
Because these links are important for energy exchange
agreements between countries in Western and Eastern
Europe, circuit availability and component reliability
were the main objectives considered at the design stage.
The BBS at Etzenricht links the transmission systems of
the German utility, Bayernwerk AG (UCPTE network),
and the Czech utility CEZ (CENTREL network).
Vienna Southeast BBS links the networks of
Osterreichische Elektrizitatswirtschafts-AG in Austria
(UCPTE network) and the Hungarian utility Magyar
Villamos Muvek Rt (MVM) (CENTREL network).
After two years in operation their performance is
compared with the design specification. The two
stations are of similar design. The availability
specification, reliability measures, spare components,
and reliability and operating performances are
discussed.

[1996] 01C - 19

INTRODUCTION OF KII CHANNEL HVDC LINK
Hasegawa, T.; Yamaji, K.; Oi, H.

Kansai Elec Power Co, Inc, Japan

Doryoku (Japan), vol 46, no 237, pp 15-21

Japanese

Shikoku Electric Power Company and Electric Power
Development Company are now constructing
Tachibanawan thermal power station (2800 MW) in
Tokushima Prefecture in Shikoku Island. Part of the
power (1400 MW) will be transmitted to Kansai Electric
Power Company. Kii Channel HVdc is constructed
between Anan Converter Station in Shikoku Island and

Kihoku Converter Station in Kii Peninsula to transmit
the power generated at Tachibana PS. Kii Channel
HVdc link will be 100 km long (cable: 50.7 km; over-
head line: 50.9 km) and will be commissioned in July
2000 with a capacity of 1400 MW (and ultimately
espanded to 2800 MW). Kii Channel HVdc will be the
sixth and the largest HVdc system in Japan. It will apply
some new technologies to achieve reliable and
economical operation.

[1996] 01C - 20

MORE HVDC TRANSMISSION PROJECTS BY
TECHNICAL BREAKTHROUGH

Hasegawa, T.
Kansai Elec Power Co, Inc, Osaka, Japan
Denki Gakkaishi (Journal of the Institute of Electrical




Engineers in Japan), vol 116, no 10, September 20,
1996, pp 658-661

Japanese

This paper surveys the state of 500-kV dc transmission
by taking the Kii Channel project as an example. The
Kii Channel project consists of four thyristor ac-dc
converters of £500,000 V, 140 kW installed in converter
stations at both ends of the channel, four strings of 500-
kV dc submarine cables of about 50 km and a 500-kV
dc overhead cable of about 50 km. If the conventional
technology had been used, 8,000 thyristors would have
been needed, but development of an 8-kV 3.5-kA class
thyristor with a six-inch diameter reduced the number
by half. In order to reduce cost of the dc submarine
cable, a semi synthetic insulation composed of paper
and polypropylene which has been used in ac
application was used to reduce insulation thickness. For
controlling the ac-dc converter when ac voltage has
dropped, a continuous dc operation control system
which analyzes operation patterns by simulation was
developed. Tank coating technology, trapping device
technology and a Y-suspension insulator string device
were developed to prevent salt damage. The newly
developed technologies are expected to have good
results with ac transmission as well. 9 figs.

[1997] 01C - 21

NEW DC CONTROL AND OPERATOR
INTERFACE FOR THE CAHORA BASSA HYDC
SYSTEM

Venter, F.; Greuer, W.; Guedes, G.; Kuhn, M.;
Sebening, C.

ESKOM, South Africa

CIGRE Int’l Colloquium on HVDC and FACTS,
Johannesburg,South Africa, September 28-30, 1997

After a 15-year interruption of power transfer, due to the
civil war in Mozambique, the Cahora Bassa HVdc
system will be in operation once again in 1997.
Extensive modernizing and recommissioning efforts
have been made to bring the Cahora HVdc system back
into operation. One part of this project has been the
complete replacement and upgrade of the open loop dc
control and the operators desk in both converter stations
with modern, high performance programmable logical
controllers (PLCs) and computer-based man machine

interface (MMI). This task included the removal of the
old relay-based systems, and the design, manufacturing,
installation and commissioning of the new computerized
system based on standard PLCs and workstation-based
MMI. This paper deals with the general design

philosophy of the dc control system, including operator
interface and its components in comparison to the old
relay technology. The focus of this paper is to describe
the advantages of the upgrade and replacement and the
new features of the operator interface.

[1996] 01C - 22

DESIGNING A SUSTAINABLE ELECTRIC
SYSTEM FOR THE TWENTY-FIRST CENTURY

Carcano, C.; Oliva, P.
ENEL, Rome, Italy
21st New Electricity Conf on Providing a Sustainable

Electric System, Paris, France, May 22-24, 1995, pp
205-209

Interconnection between the power networks of Italy
and Greece has long been declared of European interest.
The link, which will directly connect Greece with the
power network of UCPTE, is perfectly in line with the
targets of the European Union in terms of trans-
European power networks. The interconnection, which
benefits from a financial contribution of the EU, will
rely on a 400-kV dc transmission system with one
submarine cable between the Italian and Greek coasts,
overhead lines on land, dc/ac conversion stations, return
of current to sea via marine electrodes. The main
technical features of the project are described,
highlighting its most significant design concepts.

[1996] 01C - 23
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OPERATING EXPERIENCE OF RIHAND-DADRI
+500-KV HVDC TRANSMISSION SYSTEM

Dube, S.K.; Sasmal, R.P.; Bronsdon, J.A.N.;
Crocker, T.; Howsam, J.M.

Power Grid Corp of India Ltd, India

Proceedings, 6th IEE Int’l Conf on AC and DC Power
Transmission, London, UK, April 29-May 3, 1996, pp
134-138

The first high voltage direct current transmission system
in India was planned between Rihand Super Thermal
Power Station and Dadri to transmit bulk power of 1500
MW at £500 kV over a distance of 810 km. National
Thermal Power Corporation (NTPC) specified the
overall design and supervised the construction and
commissioning. Operating in parallel with this HVdc
line, are 400-kV ac lines. These are required to supply
Delhi and part of the Northern Grid. Under a
Government re-organization of the power industry,
ownership was transferred to the National Power
Transmission Corporation Limited, subsequently
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renamed as Powergrid Corporation of India Ltd
(POWERGRID) in 1993. The first pole was
commissioned in December 1990 and the second pole in
September 1991. Since then the HVdc link has regularly
transmitted between 1000 MW and 1100 MW
continuously; at times reaching 1200 MW. The scheme
has operated successfully and has established a high
availability and reliability. Because this project was the
first of its kind in India and since there was no previous
experience of design, construction and operation
available within the Indian utilities, the scheme is not
entirely without problems. A few of the salient points
which affect the performance of the link are discussed
and modifications which have been carried out in order
to improve availability and reliability are described. 1

Ref.

[1996] 01C - 24

OPERATING EXPERIENCES OF THE NELSON
RIVER HVDC SYSTEM

Dhaliwal, N.S.; Recksiedler, L.D.; Tang, D.T.Y.
Manitoba Hydro, Winnipeg, Canada

Proceedings, 1-fth IEEE T&D Conf Conf, Los
Angeles, CA, September 15-20, 1996, pp 174-180

This paper discusses unique operation problems on the
Nelson River HVdc system. They are: - HVdc line
faults; repeated commutation failures; filter reactor

replacement; ferroresonance and dc neutral circuit
resonances. 3 Refs.

[1997] 01C - 25

OPERATING EXPERIENCE OF HOKKAIDO-
HONSHU HIGH VOLTAGE DIRECT CURRENT
LINK

Sampei, M.; Magoroku, H.; Hatano, M.

Elec Power Development Co, Ltd, Tokyo, Japan

IEEE Trans on Power Delivery, vol 12, no 3, July
1997, pp 1362-1367

The Hokkaido-Honshu HVdc link was increased to 600
MW in 1993. In the dc link, new devices and
equipment, such as light-triggered thyristors, dead-tank-
type dc filters and so on, are employed. This dc link
features a unique control system, Automatic Frequency
Control (AFC), applying modern control theory. This
paper describes these new techniques and operating
experiences, The Tohoku Region, where the one
terminal is located, was hit by a large earthquake in
1994, the effects and damages to the equipment was
described in this paper. 2 Refs.

[1998] 01C - 26

OPERATION EXPERIENCE OF VYBORG BACK-
TO-BACK HVDC LINK

Kovalev, V.D.; Khoudiakov, V.V.; Mazurenko, A.K.;
Taratuta, LP.; Balyberdin, L.L; Kazarov, S.S.

All Russian Electrotechnical Inst, Russia

Proceedings, 37th CIGRE Conf, Paris, France, August
30-September 5, 1998

Vyborg back-to-back link has been operating for 16
years. It contains equipment manufactured in 1980.
Computation of availability of the link at the project
design stage helped establish reliability specifications
for the equipment and create the methods and program

for equipment reliability tests. The extensive quality
assurance program was developed to achieve the
specified reliability of the equipment. Operating
experience was of great importance for the future
expansion of the link and the design of new HVdc links.
Since Vyborg HVdc link was one of the first back-to-
back HVdc links in 1981, the operational experience
data of HVdc systems collected and published by SC 14
of CIGRE was of great value in evaluating reliability
specifications for Vyborg at the design stage. Collection
of operational experience of Vyborg converter station
after commissioning and the presentation of annual
operational reports for the SC 14 helped to evaluate its
availability and reliability data, to compare them with
the customers specifications, with world standards, and
to define measures for future improvements. After five
years of operation, reconstruction of the link was begun.
Most changes concerned HV thyristor valves, C-P
equipment and ac filters. Operation experience of the

link is summarized in this paper.

" [1997] 01C - 27
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OPERATIONAL TESTS ON HVDC THYRISTOR
MODULES IN A SYNTHETIC TEST CIRCUIT
FOR THE SYLMAR EAST RESTORATION
PROJECT. DISCUSSION

Bauer, T.; Lips, H.P.; Thiele, G.; Tylutki, T.; Uder,
M.

Siemens AG, Erlangen, Germany

IEEE Trans on Power Delivery, vol 12, no 3, 1997, pp
1151-1158

According to IEC 700 and IEEE 857, operational tests
on HVdc thyristor modules can be performed either in a
six-pulse back-to-back test circuit or in a synthetic test
circuit. Because of the high rating of modern thyristors,
the use of a six-pulse bridge configuration would require
facilities with a high installed capacity. In a synthetic




test circuit even high current and voltage stresses can be
represented using less than 1/100 of that installed
capacity. Thus, synthetic test circuits are an economical
alternative to test a representative part of a modern
thyristor valve. The paper describes the operational tests
on thyristor modules for the Sylmar East Restoration

Project, which were completely carried out in a synthetic
test circuit. 8 refs.

[1997] 01C - 28

POWER TRANSMISSION AND HVDC
CONVERTER TECHNOLOGY

Irokawa, H.; Otsubo, Y.; Terashima, K.
Elec Power Development Co Ltd, Japan

Dengen Kaihatsu K.K. Chosa Shiryo (Japan), no 100,
pp 159, 161-181

Japanese

It was in October 1965 that the Sakuma Frequency
HVdc Converter Station, which we constructed using
imported dc power transmission technology,
commenced commercial operation with a transmission
capacity of 300 MW. About 30 years have passed since
then. Today, dc transmission facilities are in operation
at three locations with a total transmission capacity of
1,500 MW, and similar facilities are under construction
at three more locations for a total transmission capacity
of 3,500 MW. The Shin-Shinano Frequency HVDC
Converter Station (Tokyo Electric Power Co.) and the
Hokkaido-Honshu HVDC Link, the two units
constructed after Sakuma, reflect the research results of
the Sakuma Thyristor Laboratory, which was
established in 1970 to develop indigenous dc
transmission technology. The results of research and
development projects implemented thereafter have
provided the prime motive force for the construction of
additional facilities (Shin-Shinano No. 2, which
commenced commercial operation in May 1993, and the
third addition to the Hokkaido-Honshu HVDC Link,
which went into commercial operation in May 1994)
and replacement facility (Sakuma Frequency HVDC
Converter Station, which commenced commercial
operation in June 1994). We are now developing dc
500-kV equipment and dc multi-terminal power
transmission technology in anticipation of increases in
the scale of dc transmission facilities and application of
such facilities to trunk transmission systems. Since the
early days of our history, we have been constructing
major overhead transmission lines across channels and
straits, bulk-power submarine cables, and bridge
installed cables to link regional electric power networks
separated due to geographical conditions.

[1997] 01C - 29

QUALITY ASSESSMENT OF HVDC
COMPONENTS BY PD ANALYSIS

Morshuis, P.; Beyer, J.
Tech Univ of Delft, Netherlands

Proceedings, IEEE Annual Conf on Electrical
Insulation and Dielectric Phenomena, Minneapolis,
MN, October 19-22, 1997, vol 2, pp 542-545

HVdc components for both energy (HVdc submarine
cables) and non-energy (X-ray equipment, television
screens, traveling wave tubes) applications can
successfully be tested for partial discharges (PD).
Contrary to the situation for ac equipment that is used
for the electrical energy supply (IEC270), no detailed
PD testing procedures are available for dc. ASTM 1868
only mentions “repetitive pulses of more than one per
minute.” In this paper, the merits of PD testing will be
shown for several HVdc components. By carefully
representing the PD data, a surprising amount of
information can be obtained on the PD generating
defect. The conclusion is that PD analysis, specially
designed for dc, can be of great help when designing

and testing HVdc equipment. 6 Refs.

[1998] 01C - 30

RECOMMISSIONING EXPERIENCE WITH THE
APOLLO-CAHORA BASSA HVDC SCHEME

Venter, F.P.; Marshall, D.A.; Guedes, C.;
Oberholzer, G.

ESKOM, South Africa

Proceedings, 37th CIGRE Conf, Paris, France, August
30-September 5, 1998

The Apollo-Cahora Bassa HVdc scheme has been
dormant for more than a decade due to the political
situation in Mozambique. Recent developments in
Southern Africa, however, have paved the way for
extensive modernizing and refurbishment efforts in
preparation for the planned recommissioning in 1997
and 1998. This paper will discuss the salient
recommissioning activities, focusing on the required
equipment  changes, refurbishment of plant,
commissionning results and operational requirements.

[1996] 01C - 31

24

SURVEY OF HVDC OPERATING AND
MAINTENANCE PRACTICES AND THEIR
IMPACT ON RELIABILITY AND
PERFORMANCE



Cochrane, J.J.; Emerson, M.P.; Donahue, J.A.; Wolf,
G.

New England Power Co, Ayer, MA, USA

IEEE Trans on Power Delivery, vol 11, no 1, January
1996, pp 514-518

A questionnaire about operating, maintenance, and
spare parts practices and station performance was sent
to all HVdc converter stations worldwide. This survey is
sponsored by IEEE Working Groups 15.05.08,
Economics and Operating Strategies, and 17, Reliability
of HVdc Converter Stations. Responses from thirty-
eight stations are analyzed, and information about the
most popular practices is reported. One important
conclusion is that energy contracts, ac system
constraints, and dedicated generation frequently have
strong influences on the operation and maintenance
practices of HVdc stations. A search is made for
correlations between the operating, maintenance, and
spare parts practices, including spending, and the
stations' performance and availability. No conclusions
about the most cost-effective practices can be made. The
results are compared with those of a study published in
1992 which covered a few of the same topics. 2 Refs.

[1997] 01C - 32

SWEDISH AND POLISH GRIDS TO BE
CONNECTED BY SWEPOL LINK

Sodeerberg, L.; Johnson, T.

Modern Power Systems (UK), vol 1 7 no 12, December
1997, pp 33, 35-36

This paper describes the SwePol 600-MW high voltage
direct current link connecting the Swedish and Polish
400-kV power grids, which is scheduled to be in
commercial operation by November 1. 1999. Two
turnkey contracts were signed between the operating
company SwePol Link AB and ABB Power Systems for
the power converter substations, and ABB High Voltage
Cables for the cable, on 23 July 1997. The 230-km
power cable is to be installed beneath the Baltic Sea

from Karlshamn in the South of Sweden to Slupsk in
the North of Poland.

[1997] 01C - 33
SYSTEM DESIGN OF HVDC SYSTEM
Tanaka, M.; Murakami, H.; Honjo, N.
Kansai Elec Power-Co, Inc, Japan

Denki Gukkai Denryoku Gijutsu Kenkyukai Shirpo
(Japan), vol 97, no 159-166, 168-172, pp 7-12

Japanese
We explain about the design of HVdc systems, use

system design of HVdc system, according to the case
study for Kii Channel HVDC Link system design. This

paper convers the basic conditions of system design,
system configuration and analysis.

[1996] 01C - 34

TIAN-GUANG HVDC TRANSMISSION PROJECT
FUNDAMENTAL FREQUENCY OVERVOLTAGE
AND OVERVOLTAGE LIMITING MEASURES

FOR TIANSHENGQIAO CONVERTER STATION

Bailu, Q.; Xigiao, Z.; Burton, R.S.

Central Southern China Elec Power Design Inst,
Wuhan, China

Proceedings, IEE Int’l Conf on AC and DC Power
Transmission, London, UK, April 29-May 3, 1996, pp
112-117

For the Tian-Guang HVDC Transmission Project, the
fundamental frequency overvoltages which can occur as
a result of partial or complete interruption to transmitted
power play an important role in the design and
operation of the converter at Tianshengqiao. The paper
describes some of the operating conditions which may
result in high values of overvoltages along with
solutions and trade-offs which were adopted to limit the
overvoltages to acceptable levels.

[1997] 01C - 35

TIAN-GUANG WILL 'i‘RANSMIT 500 KV OVER
1000 KM

Albrecht, H.J.

Siemens AG, Erlangen, Germany

Modern Power Systems (UK), vol 17, no 6, June 1997,
pp 59, 61, 63 -

When a country has disparate generating capacity
spread over an area of what amounts to a subcontinent,

a means of distribution other than three-phase ac needs
to be considered. A good example of this is the new
1000-km HVdc transmission link that will transport
power generated at Tianshengqiao in southwest China
(in Guangxi province) to Guangzhou Beijiao (in
Guangdong province).

[1996] 01C - 36

UHV AC AND HVDC TRANSMISSION LINES IN
THE WORLD

25




Matsui, S.

NGK Insul Ltd, Japan

NGK Rebyu (Japan), no 56, pp 51-57

Japanese

The total length of 500-kV transmission line becomes
5000 km in Japan, and commercial use of 1000-kV line
is planned for the beginning of the 2lst century.
Hokkaido-Honshu £250-kV dc transmission system is in
commercial use, and Anan-Kihoku +£500-kV line is also

planned. This paper outlines the present states and

future plans of dc power transmission systems in Japan
and the world. The latest data on UHV and dc
transmission are reported.

[1996] 01C - 37

UTILITY PROJECTS SHOW THE RANGE OF
T&D TECHNOLOGY

Lewis, S.

Transmission & Distribution World, vol 48, no 1,
January 1996, pp 70-71

Utilities around the world are upgrading and adding to
their facilities in order to remain competitive and
provide reliable service. New or advanced technologies,
such as static VAr systems, distribution automation
software and controls, power thyristors for HVdc
systems and static condensers, are enabling utilities to
improve power flow through power grids while lowering
costs and achieving greater reliability and control. The
application of these technologies is occurring around the
world in both developed and developing countries. Some
of these projects are briefly outlined. O Refs.

[1996] 01C - 38

VALVE HALL FIRE REPORT AND ANALYSIS
FOR GEZHOUBA CONVERTER STATION

Lou, D-Q.; Yuan, Q-Y.

Gezhouba Converter Station, Natl Grid Constr Co,
China

Proceedings, 1996 T&D Conf Conf and Exposition,
Los Angeles, CA, September 15-20, 1996, pp 152-157

A valve fire occurred in the Gezhouba HVdc Converter
Station in China on June 25, 1994. This paper reports
on the investigation and analysis of the incident
involving a 12-pulse thyristor valve. Valve hall fire
detection and fire control is also discussed. 0 Refs.
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MORE HVDC TRANSMISSION PROJECTS BY
TECHNICAL BREAKTHROUGH

For Abstract see entry 01A - 12

[1996] 01C - REF

THE ROLE OF DIRECT CURRENT ELECTRIC
POWER TECHNOLOGY IN ELECTRIC POWER
OPERATION. WORLD TRENDS

For Abstract see entry 01A - 23

[1997] 01C - REF

CONVERTING AC POWER LINES TO PC FOR
HIGHER TRANSMISSION RATINGS

For Abstract see entry 01A -3
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DIRECT CURRENT DISTRIBUTION LINE
INSTALLED IN SWEDEN

For Abstract see entry 01A -5
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DESIGNING A SUSTAINABLE ELECTRIC
SYSTEM FOR THE TWENTY-FIRST CENTURY

For Abstract see entry 01B - 17
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SYSTEM CHARACTERISTICS OF HAENAM-
CHEJU HVDC LINK IN KOREA

For Abstract see entry 01B — 31
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For Abstract see entry 01B - 34
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THYRISTOR VALVE REPLACEMENT OF THE
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500-KV HVDC CONVERTER STATION
For Abstract see entry 02C - 38

[1996] 01C - REF
DEVELOPMENT AND FIELD TEST RESULTS OF

THE AC 275-KV COMPACT FILTER
For Abstract see entry 02D - 11

[1997] 01C - REF

HARMONIC EVALUATION OF BENMORE
CONVERTER STATION WHEN OPERATED AS
A GROUP CONNECTED UNIT

For Abstract see entry 02D - 13

[1996] 01C - REF

SAFETY AND SIGNALING UNIT FOR THE
FILTRATION AND COMPENSATION CIRCUITS
OF THE VYBORGSK SUBSTATION

For Abstract see entry 02D - 24

[1997] 01C - REF

APPLICATION OF REAL TIME DIGITAL
SIMULATION FOR COMMISSIONING
AUTOMATIC VOLTAGE REGULATORS FOR
SYNCHRONOUS CONDENSERS

For Abstract see entry 02D - 5

[1996] 01C - REF

FIELD TESTS OF HVDC 500-KV-600-KV SFs GAS
TANK TYPE SURGE ARRESTERS

For Abstract see entry 02G - 6
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DC 500-KV OIL-FILLED CABLES AND
ACCESSORIES

For Abstract see entry 04B - 7
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DEVELOPMENT AND TESTING OF
PROTOTYPE TRANSFORMER CORE MODELS
FOR A HIGH-POWER SELF-COMMUTATED
AC/DC CONVERTER

For Abstract see entry 05A -7
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DESIGN ASPECTS OF UPGRADATION FROM 6
PULSE TO 12 PULSE OPERATION OF NHVDC
PROJECT

For Abstract see entry 05B - 27

[1996] 01C - REF

MODERN CONTROL AND PROTECTION
SYSTEM FOR HVDC

For Abstract see entry 05B - 50

[1996] 01C - REF

PERFECTION OF THE COMPUTER
AUTOMATIC CONTROL FUNCTION IN
GESHANG HVDC CONVERTER STATIONS

For Abstract see entry 05B - 56
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AC-DC INTERCONNECTED SYSTEM WITH
LARGE CAPACITY THERMAL POWER PLANTS
IN THE VICINITY

For Abstract see entry 05C - 14
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PROPOSED SWEDEN/POLAND HVDC
SUBMARINE CABLE LINK: IMPACT ON
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For Abstract see entry 05D - 25
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JOINT OPERATION HVDC/SVC
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NELSON RIVER HVDC LINE FAILURES
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ENVIRONMENTAL AND GEOGRAPHICAL
ASPECTS IN HVDC ELECTRODE DESIGN

For Abstract see entry 051 - 2
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[1996] 01C - REF

AVAILABILITY AND RELIABILITY OF THE 600
MW HVDC BACK-TO-BACK STATIONS
ETZENRICHT/GERMANY AND VIENNA
SOUTHEAST/AUSTRIA

For Abstract see entry O5L — 4
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FURNAS HVDC SYSTEM PERFORMANCE AND
EXPERIENCE
For Abstract see entry OSL - 7
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A GROWING NEED FOR QUALITY POWER
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02 CONVERTER STATIONS
AND COMPONENTS

02A Station Layout

[1997] 02A -1
HVDC SUBSTATIONS AUDIBLE NOISE
Nyman, A.
CIGRE WG 14.26

Proceedings, Int’l Colloguium on HVDC and FACTS,
Johannesburg, South Africa, September 1997

The purpose of the Working Group 14.26 is to develop
recommendations to guide the development of IEC and
other standards related to equipment audible noise
performance and station acoustic modeling. The
proposed guide will develop in a logical flow, starting
with general aspects followed by existing acoustic
environments, regulations, equipment producing audible
noise and sound reduction measures, HVdc station
operation conditions to be used for audible noise

calculations, sound level prediction and measurements,
and finally verification of component sound power and
station sound levels.

[1996] 02A - 2

NEW TECHNOLOGIES IN HVDC CONVERTER
STATION DESIGN

Persson, A.; Carlsson, L.; Asplund, G.
ABB Power Sys AB, Ludvika, Sweden

Proceedings, Int’l Conf on Electrical Engineering
(ICEE'96), Beijing, China, August 12-15, 1996, vol 1,
pp 601-605

HVdc technology took a big step forward around 20
years ago when thyristor valves succeeded the mercury
arc valves previously used. The converter station
concept introduced at that time, however, has remained
practically unchanged since then. The time has now
come for a further major advance in technology. The
introduction of new concepts will change whole
approach to building an HVdc station. Even though this
innovation may not be quite as significant as when
thyristor valves were introduced, the new features will
greatly improve the operating characteristics of HVdc
transmissions and reduce the size and complexity of
converter stations. The new generation of converter
stations is now likely to include some of the following
features: a new type of converter circuit, the capacitor
commutated converter; actively timed ac filters; air
insulated outdoor thyristor valves; and active dc filters.
This paper briefly describes the above concepts and their

combination forming the next generation of HVdc
power converter substations. 4 Refs.

[1996] 02A - 3

NEW TECHNOLOGIES IN HVDC CONVERTER
DESIGN

Persson, A.; Carlsson, L.
ABB Power Sys, Ludvika, Sweden

Proceedings, 6th IEE Int’l Conf on AC and DC Power
Transmission, London, UK, April 29-May 3, 1996, pp
387-392

The new generation of HVdc power converter
substations is now likely to include some of the
following features; a new type of power converter
circuit--the capacitor commutated converter; actively
tuned ac filters; air-insulated outdoor thyristor valves;
and active dc filters. This paper briefly describes the
above concepts and their combination, forming the next
generation of HVdc power converter substations. 4
Refs. '

[1996] 02A - 4
SYSTEM DESIGN OF AN HVDC CONVERTER
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STATION
Hasegawa, T.; Yamaji, K.; Sanpei, M.; Tada, K.;
Yasuda, S.; Ishiguro, F.

Kansai Elec Power Co, Inc, Osaka, Japan

Mitsubishi Electric Review (Mitsubishi Denki Giho)
(Japan), vol 70, no 5, 1996, pp 5-12

Japanese

The article reports on system design procedures for dc
converter stations, design specifications and network
conditions essential for appropriate system-level
behavior, and optimization of various parameters.
System analysis examples are also presented. The
design of a high-capacity ac/dc converter system
requires far-ranging studies and extensive simulation
analysis, Experience gained through the dc converter
system design will contribute to the design of future dc
power-transmission systems. 4 Refs.

[1997] 02A - REF

VERIFICATION OF THE CCC CONCEPT IN A
HIGH POWER TEST PLANT

For Abstract see entry 02B - 8

02B Converter Assemblies

[1997] 02B - 1

CAPACITOR COMMUTATED CONVERTERS
FOR HVDC SYSTEMS

Bjorklund, P.-E.; Jonsson, T.
ABB Power Sys AB, Ludvika, Sweden
ABB Review, no 2, 1997, pp 25-33

HVDC 2000 is the name given by ABB to a new
generation of high-voltage dc power transmission
systems based on the capacitor commutated converter,
or CCC. The concept, which has been mainly of
academic interest for many years, has now become
reality on account of numerous special features offered
by the CCC. Capacitor commutated converters perform
better than conventional converters and are less
sensitive to ac system disturbances. 1 Refs.

[1996] 02B - 2

COMPACT AND EFFICIENT
TRANSFORMERLESS POWER CONVERSION
SYSTEM

Limpaecher, R.
DC Transformation, Inc, Beverly, MA, USA .

Proceedings, IEEE Int’l Conf on Power Electronics,
Drives & Energy Systems for Industrial Growth
(PEDES'96), New Delhi, India, January 8-11, 1996,
vol 2, pp 649-655

The power conversion system (PCS) is a new technology
that efficiently transforms power between ac and dc.
The conversion process permits the input voltage level
to be stepped up or down without the use of magnetic
core transformers. The transformation is accomplished
using solid-state switching devices, capacitors, air-core
inductors and an intelligent control system. The
technology is based on the property of resonance
charging, thereby permitting the use of self
commutating switches. The current through the
switches, being sinusoidal in nature, has a low di/dt.
This permits the use of slower, less expensive thyristors,
similar to those used in high voltage phase control
applications. Using these components, a highly efficient
inverter can be constructed for a variety of large utility
applications. 4 Refs.

[1997] 02B - 3

COMPARISON OF ALTERNATE CONVERTER
TOPOLOGIES

Sadek, K.; Pereira, M.; Brandt, D.P.; Gole, A.M.;
Daneshpooy, A.

Seimens AG, Erlangen, Germany

European Power Electronics Conf EPE '97, Oslo,
Norway, September 1997

Abstract not available.

[1996] 02B - 4

CONVERTER FOR HIGH VOLTAGE DIRECT
CURRENT TRANSMISSION

Yoshino, T.; Tanabe, S.
Toshiba Corp, Japan

National Convention Record, IEE Japan, Industry
Applications Society (Denki Gakkai Sangyo Oyo
Bumon Zenkoku Taikai Koen Ronbunshu), vol 1996,
pt 3, pp S$.27-8.30

Japanese

Abstract not available.

[1997] 02B -5
DEVELOPMENT OF HIGH-PERFORMANCE
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SELF-COMMUTATED AC/DC CONVERTER

Nakajima, T.; Suzuki, H.; Izumi, K.; Sugimoto, S.;
Hakugin, T.; Abe, H. ; Kitahara, T.; Aizawa, H.;
Asaeda, T.

Tokyo Elec Power Co, Inc, Japan

Trans of the Institute of Electrical Engineers of Japan,
vol 117B, no 7, July 1997, pp 1006-1015

Japanese

A technical project is under way to develop a high-
performance, self-commutated ac/dc power converter for
future HVdc bulk power transmission and dc
interconnection. In the first stage of the project,
prototype power converter models for a 300-MW self-
commutated converter were developed. The models were
subjected to factory testing to verify the technologies for
series connection of multiple gate turn-off thyristors
(GTOs), a gate power supply from the high voltage
main circuit, and regeneration of energy in snubber
circuits. The power converter mounting technologies for
the application of the most advanced GTO, rated at 6
kV/6 kA/500 Hz, were also developed and tested.
Satisfactory results were obtained.

[1997] 02B - 6

Deleted

[1996] 02B - 7

STATE-OF-THE-ART VERIFICATION OF THE
HARD DRIVEN GTO INVERTER
DEVELOPMENT FOR A 100 MVA INTERTIE

Steimer, P.K.; Gruning, H.; Werninger, L;
Schroder, D.

ABB Ind AG, Turgi, Switzerland

Conf Record, 27th IEEE Power Electronics Specialists
Conf (PESC), Baveno, Italy, June 23-27, 1996, vol 2,
pp 1401-1407

The 100-MVA intertie described is mainly characterized
by the following innovations: a hard driven GTO (HD-
GTO) with a new housing; series connection of hard
driven GTOs; low-inductive high power HD-GTO
inverter valves; and fuseless high power HD-GTO
inverters. The presented HD-GTO technology allows the
robust, reliable and cost-efficient series connection of
GTOs. The concept of the 100-MVA intertie, which is
based on the HD-GTO technology, is reviewed. The
development of the high power HD-GTO inverter
" module through a state-of-the-art development process
is presented. The use of a circuit simulator with accurate
physical models of the power semiconductors, especially

during the concept phase, supported the development
and verification phases. 6 Refs.

[1997] 02B - 8

VERIFICATION OF THE CCC CONCEPT IN A
HIGH POWER TEST PLANT

Hagman, 1.; Jonsson, T.
ABB Power Sys AB, Ludvika, Sweden

CIGRE Int’l Colloguium on HVDC and FACTS,
Johannesburg,South Africa, September 28-30, 1997

This paper presents the first high power verification of
ABB's capacitor commutated converter (CCC) concept.
The high power tests were performed in a 6-pulse back-
to-back test plant. The purpose of the CCC tests was to
gather experience of the concept with the plant run at
high power and with components manufactured in the
same manner as for commercial plants. The test results
presented include steady state operation, valve short
circuit and ac ground faults. The CCC tests in the high
power test circuit have also verified the results obtained
from calculations and computer simulations. The high
power tests have confirmed that the CCC is a safe and
robust converter alternative.

[1996] 02B - REF

NEW TECHNOLOGIES IN HVDC CONVERTER
STATION DESIGN

For Abstract see entry 02A -2

[1996] 02B - REF

NEW TECHNOLOGIES IN HVDC CONVERTER
DESIGN

For Abstract see entry 02A - 3

[1997] 02B - REF

SPACE VECTOR PATTERN GENERATORS FOR
MULTI-MODULE LOW SWITCHING
FREQUENCY HIGH POWER VAR
COMPENSATORS

For Abstract see entry 05A - 20

[1997] 02B - REF
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DEVELOPMENT AND TESTING OF
PROTOTYPE MODELS FOR A HIGH-
PERFORMANCE 300 MW SELF-COMMUTATED
AC/DC CONVERTER




For Abstract see entry 05A - 6

[1996] 02B - REF

DIGITAL FIRING CONTROL FOR LINE-
COMMUTATED HIGH POWER CONVERTERS

For Abstract see entry 05A -9

[1996] 02B - REF

REACTIVE POWER COMPENSATION OF HVDC
CONVERTER BY FORCED COMMUTATION
SVC. BEHAVIOR IN UNBALANCED FAULT
CONDITION

For Abstract see entry 05B - 59

[1996] 02B - REF

A NOVEL MULTI-LEVEL INVERTER
CONFIGURATION FOR HIGH VOLTAGE
CONVERSION SYSTEM

For Abstract see entry 17B -3

[1996] 02B - REF

CONVERTERS FOR GRID-CONNECTED DC
ENERGY SOURCES: A SIMULATION TOOL TO
MEET EXPECTED UTILITY SPECIFICATIONS

For Abstract see entry 17B - 8

02C Switching Elements, Valves

[1997] 02C -1
6-KV, 5.5-KA LIGHT-TRIGGERED THYRISTOR

Katoh, S.; Choi, J.H.; Yokota, T.; Watanabe, A.;
Yamaguchi, T.; Saito, K.

Research Lab, Hitachi Ltd, Ibaraki, Japan
Proceedings, 9th Int’l Symp on Power Semiconductor

Devices and IC's, Weimar, Germany, May 26-29,
1997, pp 73-76

A 6-kV, 5.5-kA light-triggered thyristor has been
developed for BTB (back-to-back) converter systems. A
double-diffused p emitter structure was used to improve
the trade-off relationship between on-state voltage and
blocking capability, and a high-injection low-lifetime
structure was used to improve the trade-off relationship
between on-state voltage and reverse recovery charge.
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The double-diffused p emitter consists of a thin p*
emitter in the main area and a thick p~ emitter there and
elsewhere. High injection was achieved by increasing
the p* emitter concentration and decreasing the p’
emitter thickness. A locally-controlled lifetime profile
was used to compensate for the high injection efficiency.
These structures decreased the on-state voltage by about
0.15 V.

[1996] 02C -2
A 500-KV HVDC VALVE USING 8-KVLTT
Hasegawa, T.; Yamaji, K.; Irokawa, H.; Tanabe, S.
Kansai Elec Power Co, Inc, Osaka, Japan

Proceedings, 6th IEE Int'l Conf on AC and DC Power

Transmission, London, UK, April 29-May 3, 1996, pp
393-398

Japan's demands for electric power have been
increasing year after year. Increased difficulty in
obtaining rights-of-way for new power generating plants
and their growing distances to consumer areas are
giving rise to many problems, such as longer
transmission lines, more submarine cables, power

interchanges among utilities, and an increase in the °

short-circuit capacity of the existing ac power systems.
Under these circumstances HVdc transmission is
drawing attention as a useful means for solving these
problems. In Japan, the £250-kV, 600-MW Hokkaido-
Honshu HVdc link is in service in good condition, but
we have no experience with a 500-kV HVdc system.
Hence, we decided to develop a valve, a core of the
HVdc system, to be applied to a £500-kV/2800-A, 2800-
MW system. The valve consists of an 8-kV light-
triggered thyristor (LTT) using a 150-mm diameter
silicon wafer, which has its characteristic optimized to
reduce the external size and loss of the valve. Main
development items are described. 3 Refs.

[1996] 02C -3
ADVANCED GTO DEVELOPMENT
Eriksson, L.O.; Barrow, J.
GE Power Sys Eng, Schenectady, NY, USA

EPRI Technical Report TR-107012, Final Report,
October 1996, 193 pp (M. Wilhelm, EPRI prog mgr)

This report was initiated to leapfrog existing technology
" by developing the buried grid version of the gate-turn-
off (GTO) thyristor. Considerable challenges were
encountered and overcome. Experiments conducted at
the 'GE Static Power Components Operation led to
consideration of a GTO thyristor with a mesa-like



structure. This GTO was produced using conventional
thyristor processing steps and a lower temperature, high
lifetime oxidation system. A computer program was
written to optimize diffusion profiles, resulting in the
lowest P sheet resistance with an 18- to 25-V cathode
avalanche. These new diffusion profiles and a new
island design resulted in a new GTO device operating at
15 V gate with higher spike voltage capability and a
lower snubber capacitor and at inherently lower cost.
Samples were delivered to the US Army, Fort
Monmouth, New Jersey in 1989, and to GE Corporate
Research Development in 1990. The initial step towards
commercialization was marked by an order from
Westinghouse Science and Technology Center,
Pittsburgh, Pennsylvania.

[1996] 02C - 4

AN 8-KV/3.6-KA LIGHT-TRIGGERED
THYRISTOR

Satoh, K.; Ohta, K.; Yamamoto, M.; Ide, K.;
Taguchi, K.

Mitsubishi Electric Review (Mitsubishi Denki Giho)
(Japan), vol 70, no 3, 1996, pp 67-69

Japanese

Mitsubishi Electric has developed the world's largest
capacity light-triggered thyristor using a 6 in wafer.
Using a new circuit design, the device achieves an 8-kV
blocking voltage and 3.6-kA average current capacity.
The article reports on the construction, features, ratings
and other characteristics. The device has applications in
ac-dc converters and static VAr compensators for
electric power systems. 0 Refs.

[1998] 02C -5
ANODE REACTOR CORE FOR THYRISTOR
VALVES
Horie, H.; Tanabe, S.
Toshiba Corp, Japan
Journal of the Magnetics Society of Japan (Nippon
Oyo Jiki Gakkaishi), vol 22, no 2, pp 45-51
Japanese

For high reliability and effective operation of electric
power systems, power electronic technologies are being
increasingly applied in power converters, such as the
thyristor valves used in high-voltage dc (HVdc)
transmission, 50-60-Hz link, and back-to-back. The
thyristor valves consist of many thyristor. modules, in
which anode reactors are key components. The reactors

protect the thyristors from turn-on stress and surges.
This paper describes some required properties of the
anode reactor core material, and outlines a newly
developed magnetic powder core material for the anode
reactors.

[1997] 02C-6 -

CORROSION IN HVDC VALVE COOLING
SYSTEMS ~

Jackson, P.O.; Abrahamsson, B.; Gustavsson, D.;
Igetoft, L.

ABB Power Sys, Ludvika, Sweden

IEEE Trans on Power Delivery, vol 12, no 2, April
1997, pp 1049-1052

Stainless steel couplings in the main cooling water pipes
of HVdc thyristor valves have been in use since 1983,
with an overall satisfactory behavior. However, some
water leakage due to corrosion below the sealing O-
rings of the couplings was observed during 1992. An
extensive investigation and follow-up worldwide showed
a direct correlation between water quality and the
corrosion rate of the stainless steel couplings.
Recommendations are given about actions to be taken in

order to maintain a long lifetime for the fine water
systems.

[1998] 02C - 7

DC TRANSMISSION BASED ON VOLTAGE
SOURCE CONVERTERS

Asplund, G.; Eriksson; K.; Jiang, H-B.; Lindberg, J.;
Palsson, R.; Svensson, K.

ABB Power Sys AB, Ludvika, Sweden

Proceedings, 37th CIGRE Conf, Paris, France, August
30-September 5, 1998

Voltage source converters (VSC) have for the first time
been used for HVdc transmission in a real network.
Experience from the design and commissioning of the
transmission shows that the technology has now reached
the stage where it is possible to build high-voltage
converters utilizing insulated gate bipolar transistors
(IGBTs). Operation and system tests have proved that
the properties that have been discussed for many years
regarding VSCs for HVdc are a reality now. They
include independent control of active and reactive
power, operation against isolated ac netwoiks with no
generation of their own, very limited need of filters, and
no need of transformers for the conversion process.
This is only the first installation of VSC for HVdc. The
development of semiconductors and control equipment
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is presently very rapid and it is evident that this
technology will play an important role in the future
expansion of electric transmission and distribution
systems,

[1997] 02C - 8

DC V-T CHARACTERISTICS OF FRP
INSULATORS FOR THYRISTOR VALVES

Yamada, S.; Kuroda, H.; Taniguchi, Y.; Tanabe, S.
Toshiba Corp, Japan

Denki Gakkai Zenkoku Taikai Koen Ronbunshu
(Japan), vol 1997, no 2, p 2.56

Japanese
Abstract not available.

[1996] 02C - 9

DEVELOPMENT OF 500-KV HIGH VOLTAGE
LARGE CAPACITY THYRISTOR VALVES

Yoshida, Y.; Oue, Y.
Kansai Elec Power Co, Inc, Japan

Denki Gakkai Kaihei Hogo Kenkyukai Shiryo (Japan),
vol SP-96, no 62-80, pp 1-10

Japanese

Reinforcing power system interconnection is a major
trend among electric utilities. More HVdc transmission
or BTB projects will be adopted for solid
interconnection. Cost.reduction of the converter station
is a big concern of the utilities. Compact large capacity
thyristor valves of 500 kV are developed for cost
reduction and good seismic performance. This paper
describes recent works about development of 6-inch
light-triggered thyristors of the rating of 8 kV and 3500
A, and development of 500-kV thyristor valves with 6-
inch thyristors.

[1996] 02C - 10

DEVELOPMENT OF 500-KV AC-DC
CONVERTING SUBSTATION EQUIPMENTS. (
PART 1). DEVELOPMENT OF HIGH VOLTAGE
AND LARGE CAPACITY THYRISTOR VALVES

Yamada, M.

Kansai Elec Power Co, Inc, Japan

R&D News Kansai (Japan), no 347, pp 21-22.
Japanese ‘
A high voltage large capacity thyristor valve using 6-

inch optical thyristor elements was developed as a
device for a 500-kV large capacity ac/dc conversion
substation. A report is made regarding the development
of the element, the module and the proto-valve. This
research and development will lead to the realization of
a compact, high-voltage, low-loss, large capacity
thyristor.

[1996] 02C - 11

DEVELOPMENT OF A 500-KV HIGH-VOLTAGE,
HIGH-CAPACITY THYRISTOR VALVE

Yoshida, Y.; Hirose, M.; Irokawa, H.; Yamamoto,
Y.; Takeda, M.

Mitsubishi Electric Review (Mitsubishi Denki Giho)
(Japan), vol 70, no 5, 1996, pp 13-20

Japanese

Mitsubishi Electric has cooperated in the joint
development of a thyristor valve rated at 500 kV and
2800 A for enhancing the capacity of dc power-
transmission systems. The four-arm laminated valve is
insulated by air, water-cooled and utilizes 6-inch. light-
triggered thyristors. Basically designed to achieve low
loss and high reliability, the valve is planned for
application in the - submarine-cable dc power-
transmission project between Kansai and Shikoku. 4
Refs.

[1996] 02C - 12

DEVELOPMENT OF A LIGHT-TRIGGERED
THYRISTOR .

Hayashida, H.; Nishio, T.; Isaji, H.; Nakagawa, T.;
Yamameoto, M.; Sato, K.

Mitsubishi Electric Review (Mitsubishi Denki Giho)
(Japan), vol 70, no 5, 1996, pp 21-24

Japanese

Mitsubishi Electric has cooperated in the joint
development of the world's largest capacity light-
triggered thyristor, rated at 8 kV and 3.6 kA, for use in
thyristor valves for dc transmission systems. Based on a
six-inch wafer, the device features new structures for the
light-sensitive area and gate-emitters that improve dv/dt
and di/dt capability and light sensitivity. Low loss is
achieved through a high-purity wafer process and
optimized carrier lifetime control. 0 Refs.

[1996] 02C - 13

DEVELOPMENT OF A THYRISTOR VALVE FOR
NEXT GENERATION 500-KV HVDC



TRANSMISSION SYSTEMS

Hasegawa, T.; Yamaji, K.; Irokawa, H.; Shirahama,
H.; Tanaka, C.; Akabane, K.

Kansai Elec Power Co, Inc, Osaka, Japan

IEEE Trans on Power Delivery, vol 11, no 4, October
1996, pp 1783-1788

A high voltage thyristor valve is the basic component of
an HVdc transmission systems is described. First, the
power loss of the valve is analyzed to decide a
reasonable wafer size for the light-triggered thyristor,
From these results, a six-inch diameter wafer size is
selected. A light-triggered thyristor, with ratings of 8
kV and 3.5 kA, is developed using the six-inch wafer.
The design of the valve employing the thyristor and test
results with a prototype valve prove that a 500-kV valve
can be realized by this design method. 17 Refs.

[1996] 02C - 14

DEVELOPMENT OF A THYRISTOR VALVE FOR
500-KV HVDC TRANSMISSION SYSTEMS

Yoshida, Y.; Irckawa, H.; Hashimote, T.; Ishida, T.

Kansai Elec Power Co, Inc, Japan

Denki Gakkai Denryoku, Enerugi Bumon Taikai
Ronbunshu (Japan), vol 7, no 1-J, pp 281-286

Japanese

A half-size prototype was produced in order to develop
thyristor valve of, 700 MW, 500 kV and 2800 A per
converter and/or inverter. The light-triggered thyristor
element, with a rating for 6-inch wafer, 8 kV, 3.5 kA,
was developed and manufactured to minimize the
converter loss. The valve was constituted by thyristor
module which mounted 6 to 7 thyristors on one arm,
and seismic analysis was carried out by finite element
method. As a result of the test, an outlook for the
realization of the 500-kV valve was obtained.

[1997] 02C - 15

DEVELOPMENT OF HIGH-PERFORMANCE
THYRISTOR VALVE USING LARGE LIGHT-
TRIGGERED THYRISTORS WITH 6-INCH
WAFERS

Hasegawa, T.; Yamaji, K.; Irokawa, H.; Takeda, M.;
Chishaki, H.

Kansai Elec Power Co, Inc, Japan

Trans of the Institute of Electrical Engineers of Japan,
vol 117B, no 7, July 1997, pp 945-952

Japanese

A thyristor valve for a large HVdc power system is
required to have such characteristics as compact size,
small power consumption and high reliability. The
authors have developed a dc 500-kV thyristor valve
using 8-kV light-triggered thyristors with 6-inch wafers
which can meet the above requirements. Studies into the

rating of the thyristors show that an 8-kV thyristor with
6-inch wafer can be the most optimum for the proposed
valve. Newly developed 8-kV light-triggered thyristors
provide good characteristics. The most optimum
parameters of valve components to keep the valve
within its allowable level against the critical stresses are
made clear from the quantitative analysis. An effective
test method for valve turn-on test during the arrester
discharging is proposed. The test results show that the
proposed method can impose proper turn-on stresses on
the thyristors. A dc 500-kV prototype valve developed
with the aid of the above studies shows that it can satisfy
the requirements.

[1996] 02C - 16

DEVELOPMENT OF THE EQUIPMENT FOR 500-
KV AC/DC CONVERSION STATIONS. PARTS 1-
4. HIGH-VOLTAGE LARGE-CAPACITY
THYRISTOR VALVE, TRANSFORMER AND DC
REACTOR FOR CONVERSION, DC, GIS, AND
GROUND TYPE AC AND DC FILTERS

Yamada, M.; Tanaka, M.; Yomo, M.; Tatsuoka, K.
Kansai Elec Power Co, Inc, Osaka, Japan

R and D News Kansai (Japan), vol 347, September 10,
1996, pp 21-28

Japanese

This paper outlines the future development of the
equipment for 500-kV ac/dc conversion stations.
Thyristor valves for ac/dc and dc/ac conversion are
indispensable for conversion stations. Kansai Electric
Power Co. developed, first in the world, the high-
voltage large-capacity thyristor valve with the 6-inch
optical thyristor device largest in the world. The
compact efficient transformer and dc reactor for
conversion was developed for 500-kV large-capacity dc
transmission. In the newly developed 500-kV dc GIS,
the effect of conductive foreign materials under dc
electric field, and the effect of charging phenomenon on
solid insulator surfaces on withstand voltage
characteristics at polar inversion were considered as
proper phenomena for dc. In order to prevent the
adverse effect of electromagnetic interference and
voltage distortion on common communication lines due
to harmonic currents generated by ac/dc conversion
equipment, the compact safety ac and dc filters were
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developed whose condenser tanks are directly installed

on the ground. 17 figs., 3 tabs.

[1997] 02C - 17
EARTHQUAKE AND FIRE RESISTANT.

MEASURES TAKEN AT SYLMAR SUBSTATION,

US WEST COAST
Fischer, W.

Int’l Power Generation ( UK), vol 6, no 1, October
1997, pp 47-49

A high-voltage current transmission line runs north for
1361 km along the west coast of the USA from the
Sylmar substation to the south of Los Angeles. Two
groups of 500-kV, 12-pulse thyristor valves connected
in parallel were installed at the Sylmar-East converter
station in 1988 in order to upgrade the transmission
capacity of the line. In October 1993, one of the new
groups of thyristor valves was destroyed by a fire in the
converter building. The program to replace the
components with the latest generation of thyristor
and
subsystems, within tight time and cost constraints, is
described. The opportunity was taken to reduce fire risk
for the future and also, since the sub-station is near the
San Andreas fault line, to improve the station's

resilience to seismic effects such as severe vibrator

valves, and all the associated assemblies

ground motions,

[1997] 02C - 18

HUMIDITY DEPENDENCE OF DC INSULATION
CHARACTERISTICS OF FRP INSULATORS FOR

THYRISTOR VALVES

Yamada, M.; Hashimoto, T.; Irokawa, H.;
Kobayashi, K.; Ishida, T.; Tanaka, C.; Endo, F.
Kansai Elec Power Co, Inc, Japan

Proceedings of the Annual Conf of Power & Energy
Society. IEE of Japan (Denki Gakkai Denryoku,
Enerugi Bumon Taikai Ronbunshu), vol 8, no 2, pp
690-691

Japanese
Abstract not available.

[1997] 02C - 19

IEEE RECOMMENDED PRACTICE FOR TEST
PROCEDURES FOR HIGH-VOLTAGE DIRECT-
CURRENT THYRISTOR VALVES

IEEE Substations Committee

Substations Committee, IEEE PES, USA
IEEE Std 857-1996, July 29, 1997, 27 pp

Information and recommendations for the type testing of
thyristor valves for high-voltage direct-current (HVdc)
power transmission systems are provided. These tests
cover only the principal tests on the valves and do not
include tests of auxiliary equipment associated with the
valves.

[1996] 02C - 20

INSULATION CHARACTERISTIC OF 500-KV
WATER-COOLED THYRISTOR VALVE FOR
HVDC TRANSMISSION

Hasegawa, T.; Yamaji, K.; Irokawa, H.; Tanabe, S.
Kansai Elec Power Co, Inc, Japan

Denki Gakkai Denryoku, Enerugi Bumon Taikai
Ronbunshu (Japan), vol 7, no 1-E, pp 303-308

Thyristor valve of 500-kV rating for 2800-MW, 500-kV
dc system was developed. One of the development
objectives is a decrease in the outside dimension of the
valve by a rational insulation design. Therefore, the
following were attempted: (1) Optimization of the gap
insulation distance between top and bottom thyristor
modules. (2) Optimization of the creepage insulation
distance of insulation poles. The optimization was
carried out by in long-term field analysis, preparation of
an insulation model between modules, and study of dc
V-t characteristics of insulation poles. As the result, the
valve was reduced to 75% of its height and 70% of its
volume in the 8-kV optical-trigger thyristor in
comparison with the thyristor valve of Hokkaido-
Honshu dc interconnection system. Insulation
characteristics in the cooling water leakage were
examined, and it was confirmed that flashover was not
caused.

[1997] 02C - 21

35

INVESTIGATION OF ELECTRO-STATIC
ATOMIZATION PHENOMENON IN AN HVDC
THYRISTOR VALVE

Yamada, M.; Miyazaki, N.; Kawakami, S.; Chishaki,
H.; Tadokoro, M.; Nojima T.; Sato, A.

Kansai Elec Power Co, Inc, Japan

Proceedings of the Annual Conf of Power & Energy
Society. IEE of Japan (Denki Gakkai Denryoku,
Enerugi Bumon Taikai Ronbunshu), vol 8, no 2, pp
1032-1033

Japanese




Abstract not available.

[1996] 02C - 22

INVESTIGATION OF THE TEMPERATURE RISE
OF THE 500-KV THYRISTOR VALVE

Takahashi, N.; Shoji, Y.; Hibino, A.; Miyashita, T.;
Takeda, M.; Hasegawa, T.; Hirose, M.; Irokawa, H.
Mitsubishi Electric Corp, Hyogo, Japan

Denki Gakkai Denryoku, Enerugi Bumon Tuaikai
Ronbunshu (Japan), vol 7, no 1-E, pp 309-314

The diffusion of heat of air was only 5% of the total loss
in the water-cooling thyristor valve, but it affected the
temperature rise of a photodiode and a capacitor in the
snubber circuit. Consequently, the temperature
distribution was estimated, and thermal equilibrium
experiments and simulations of the model’s valve were
carried out. This paper describes test equipment, and
fundamental equation of the simulation and the result.
In the simulation, the fundamental equation was solved
by the finite-volume method, and hydrodynamic
calculation program STAR-CD was utilized.
Calculation results agreed well with experimental
results. Intake air-volume necessary for a 500-kV, 2800-
A valve was estimated to be 340 m¥minute per single
phase.

[1996] 02C - 23

MAGNETIC CORES MADE OF VITROVAC AND
VITROPERM IN SEPARATING
TRANSFORMERS USED IN THYRISTOR
TRIPPING CIRCUITS

Markowski, G.; Szczyglowski, J.
Tech Univ of Czestochowa, Poland

Journal of Magnetism and Magnetic Materials, vol
160, July 1, 1996, pp 215-216.

The paper discusses the possibility of using VITROVAC
and VITROPERM magnetic cores in circuits generating
the current impulse tripping thyristors in current
transforming units. The magnetic cores used in present-
day technology are usually made with a ferrite of high
impulse permeability and low-loss generating tripping
current impulses of 0.5-1.0 A/psec which ensure
constant thyristor switching times, independent of the
parameter values. This study has shown that steeper
steering impulses of about 5-6 A/psec can be obtained
using VITROVAC 6030F cores with higher impulse
permeabilities p//p equals 60 000-100 000. The use of
such magnetic cores in dc transformers also reduces the
energy losses in thyristor steering circuits to be used in

HVdc transformer stations. It may be possible to
simplify the steering system, especially compared with
systems exploiting opto-isolation. 3 Refs.

[1996] 02C - 24

MODERN HVDC THYRISTOR VALVES
Stomberg, H.; Abrahamsson, B.; Saksvik, O.
ABB Power Sys, Ludvika, Sweden

Proceedings, Int’l Conf on Electrical Engineering
(ICEE'96), Beijing, China, August 12-15, 1996, vol 1,
pp 606-610

The modern HVdc power converter valve has been
designed for high reliability and availability. Essentially
based on the earlier well-proven generation, the authors
describe how the modern valve adds features such as:
implemented fire safety measures in valve design and
choice of materials; improved plant utilization through
the HAS concept; simplified voltage sharing circnits;
single circuit cooling system; improved water leakage
detection; and higher thyristor voltage and current
rating. 0 Refs.

[1997] 02C - 25

NEXT-GENERATION POWER
SEMICONDUCTOR DEVICES. HIGH-VOLTAGE,

LARGE-CAPACITY GTO AND LTT
Twasaki, M.; Harada, T.; Nimura, T.
Toshiba Corp, Tamagawa Work, Japan
Toshiba Rebyu (Japan), vol 52, no 2, pp 51-54
Japanese

The ratings of gate turn-off thyristors (GTOs) and light-
triggered thyristors (LTTs) have been growing year by
year over the past 15 years. GTOs and LTTs are power
semiconductors that are widely used for power converter
applications in the several-hundred-kVA and MVA
range for rolling stock, static VAr compensators, high-
voltage dc transmission systems, and large industrial
motor drives. This paper describes our 6-kV-6-kA GTO
(anode-short type), 4.5-kV-4.5-kA GTO (reverse-
blocking type) and 8-kV-3.5-kA LTT using 6-inch
silicon wafers. These power semiconductors have the
highest voltage/current ratings in the world for devices
of this type, and can contribute to lower power losses in

converter equipment.

[1996] 02C - 26

NUMERICAL INVESTIGATION OF THE




EFFECT OF VALVE REACTOR DESIGN ON
THYRISTOR STRESS IN AN HVYDC THYRISTOR

VALVE

Tadokoro, M.; Yamamoto, T.; Shoji, Y.; Yamaji, K.;
Hasegawa, T.; Irokawa, H.

Mitsubishi Elec Corp, Hyogo, Japan

Proceedings, 14th IEEE T&D Conf Conf, Los
Angeles, CA, September 15-20, 1996, pp 320-325

Overvoltage on thyristor elements is of particular
interest in equipment design. The dependence of the
behavior of the overvoltage on the characteristics of the
anode reactor was investigated by numerical simulation
with a transient voltage program. The point in the valve,
to which the core of the anode reactor is connected,
critically changes the voltage that appears on the
thyristor elements. The stray capacitance of the winding
to the core is another important characteristic value. A
structure supported thyristor valve for dc transmission of
+500 kV, 2800 MW was developed. 2 Refs.

[1996] 02C - 27

OPERATIONAL TEST METHODS ON VALVE
SECTIONS FOR HVDC THYRISTOR VALVE

Tanabe, S.; Kobayashi, S.
Toshiba Corp, Tokyo, Japan

Toshiba's Selected Papers on Science and Technology
(Japan), vol 10, no 4, January 1996, pp 119-124

The recent progress of power semiconductor technology
is now making possible the practical use of large single-
crystalline silicon wafers of 150-mm diameter.
Thyristors are thus increasing in capacity. Thyristors
now becoming available have a voltage rating in excess
of 8-kV for HVdc applications and a current rating in
excess of 5 kA for BTB applications. From the
background where thyristor capacity is increasing more
and more, the synthetic test which requires only a small
facility capacity will become increasingly advantageous.
This paper proposes an oscillatory circuit composed of
inductance and capacitance as synthetic test circuit for
periodic firing and extinction tests on a valve section.
The proposed test circuit has such features as
equivalency of voltage and current stresses, simple test
facilities, and the ease with which individual thyristors
can be observed. 3 refs., 13 figs.

[1997] 02C - 28

OPERATIONAL TESTS ON HVDC THYRISTOR
MODULES IN A SYNTHETIC TEST CIRCUIT
FOR THE SYLMAR EAST RESTORATION

PROJECT

Bauer, T.; Lips, H.P.; Thiele, G.; Tylutki, T.; Uder,
M.

Siemens AG, Erlangen, Germany

IEEE Trans on Power Delivery, vol 12, no 3, July
1997, pp 1151-1158

According to IEC 700 and IEEE 857, operational tests
on HVdc thyristor modules can be performed either in a
six-pulse back-to-back test circuit or in a synthetic test
circuit. Because of the high rating of modern thyristors
the use of a six-pulse bridge configuration would require
facilities with a high installed capacity. In a synthetic
test circuit even high current and voltage stresses can be
represented using less than 1/100 of that installed .
capacity. Thus synthetic test circuits are an economical
alternative to test a representative part of a modern
thyristor valve. The paper describes the operational tests
on thyristor modules for the Sylmar East Restoration

" Project which were completely carried out in a synthetic

test circuit. 8 Refs.
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POWER ELECTRONICS TECHNOLOGIES IN
THE FIELD OF ELECTRIC POWER
ENGINEERING. DEVELOPMENT OF HIGH-
PERFORMANCE THYRISTOR VALVE USING
LARGE LIGHT-TRIGGERED THYRISTORS
WITH 6-INCH WAFERS

Hasegawa, T.; Yamaji, K.; Irokawa, H.; Takeda, M.;
Chishaki, H.

Kansai Elec Power Co, Inc, Japan

Trans of the Institute of Electrical Engineers of Jupan
(Denki Gakkai Ronbunshi), vol 117-B, no 7, pp 945-
952

Japanese

A thyristor valve for a large HVdc system is required to
have such characteristics as compactness in size,
smaller power consumption and higher reliability. The
authors developed a dc 500-kV thyristor valve using 8-
kV light-triggered thyristors with 6-inch wafers which
can meet above requirements. Followings are the results
of development and investigation in this paper; (1)
Studies about the rating of thyristors show that a 8-kV
thyristor with 6-inch wafer can be the most optimum for
the objective valve. Newly developed 8-kV light-
triggered thyristors provide good characteristics. (2) The
most optimum parameters of valve components to keep
the valve within its allowable level against the critical
stresses are made clear from the quantitative analysis.
(3) An effective test method for valve turn-on test



during the arrester discharging is proposed. The test
results show that the proposed method can impose
proper turn-on stresses on the thyristors. (4) A dc 500-
kV proto-valve developed with the aide of above studies
shows that it can satisfy the requirements,

[1997] 02C - 30
POWER ELECTRONICS TECHNOLOGIES IN
THE FIELD OF ELECTRIC POWER
ENGINEERING. SOME DISCUSSIONS ON
THYRISTOR CHARACTERISTIC
OPTIMIZATION FOR HVDC VALVES

Tanabe, S.; Kobayoshi, S.
Toshiba Corp, Japan

Trans of the Institute of Electrical Engineers of Japan

(Denki Gakkai Ronbunshi), vol 117-B, no 7, pp 1024-
1031

Japanese

We have been developing thyristor valves for high-
voltage dc transmission systems for more than 20 years.
During this period, the size, power loss and reliability
are dramatically improved and one of the technical
advancements which support the improvements is to
increase the voltage and current rating of thyristors.
However when thyristor voltage rating becomes higher
than 6 kV, increasing the voltage rating does not lead
size and power loss reduction of the valve because of
turn-off characteristic deteriorations. This paper
describes the method which can optimize the thyristor
characteristics in such a way that the size and power
loss of valves are minimized. Two different approaches
for HVdc and back-to-back systems are presented.

[1996] 02C - 31

POWER ELECTRONICS. APPLICATION OF
SELF-COMMUTATED INVERTERS TO
ELECTRIC POWER SYSTEMS

Kanai, T.; Kawakami, N.; Ishizuki, T.; Irokawa, S.
Toshiba Corp, Fuchu Work, Japan

Toshiba Rebyu (Jupan), vol 51, no 4, pp 10-15
Japanese

The remarkable development of power electronics
technologies has enabled the wide application of various
types of equipment in electric power systems. Typical
examples are high-voltage dc (HVdc) transmission
systems for prompt power exchange, and static VAr
compensators (SVCs) for improving voltage stability. In
particular, further demand will be created for self-

commutated converters using self-turn-off devices such
as gate turn-off thyristors (GTOs), due to their
advantages such as reduced dependence on system
conditions, increased controllability, compactness, and
so on. This paper outlines two self-commutated

converters which were recently applied to power
systems: a GTO converter for an adjustable-speed
generator-motor, and one for a large-capacity self-
commutated SVC.

[1997] 02C - 32

RECENT TRENDS IN DEVELOPMENT OF
THYRISTOR VALVES AND POWER DEVICES

Muraoka, Y.
Hitachi, Ltd, Japan

Denki Gakkai Zenkoku Taikai Koen Ronbunshu
(Japan), vol 1997, no 6, pp S.23.5-S.23.8

Japanese
Abstract not available.
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SECULAR CHANGE IN CHARACTERISTICS OF
THYRISTORS USED IN HVDC VALVE

Sampei, M.; Yamada, T.; Tanabe, S.; Takeda, H.;
Kobayashi, S. ’

Elec Power Development Co, Inc, Tokyo, Japan

IEEE Trans on Power Delivery, vol 12, no 3, July
1997, pp 1159-1167

The Hokkaido-Honshu HVdc link entered service in
1979 for the first phase (150 MW, 125 kV-1200 A) and
in 1980 for the second phase (300 MW, 250 kV-1200
A) and has since been operating in good condition. In
the Kamikita converter station situated on the Honshu
side, the thyristor valves for the first and second phases
use 1,344 thyristors rated 4 kV-1.5 kA. To examine
secular changes in the characteristics of thyristors and
estimate their life expectancy, we picked up eight
thyristors from the thyristor valves, measured main
characteristics and compared measurements with the
corresponding values measured before they entered
service. Further, two thyristors were subjected to
temperature and voltage acceleration tests to check for a
change over time of leakage current. From the results of
these investigations it was verified that the thyristors
that have been in service for 16 years have the
characteristics and service life equivalent to those of the
new ones. But further investigation is required as to the
change of turn-off characteristics. 5 Refs.

38




[1997] 02C - 34

SEMICONDUCTOR POWER DEVICES FOR USE
IN HVDC AND IN FACTS CONTROLLERS

Lips, H.P. _

Siemens AG, Erlangen, Germany )
Proceedings, Int’l Colloguium on HVDC and FACTS,
Johannesburg, South Africa, September 1997

This paper is based on a CIGRE Report which was
developed by Working Group 14.17 "Semiconductor
Power Devices." Although the report was finalized in
June 1996, and printed in April 1997, because of the

rapid progress in power semiconductor technology,
some of its results already seem to have been overtaken

by reality. Thus it is inevitable that some of the views
expressed in this paper are different to those given in
the base report.

[1997] 02C - 35
Deleted
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THE STATUS OF CVD DIAMOND FOR POWER
ELECTRONIC APPLICATIONS

Katz, A. (EPRI prog mgr)
EPRI, Palo Alto, CA, USA

EPRI Technical Report TR-107122, January 1997, 82

pp

The physical and electrical properties of diamond--wide
band gap, high breakdown voltage, high saturated-drift
velocity, radiation hardness, and high thermal
conductivity--make it a promising material for
fabrication of high-power, high-frequency, and high-
temperature electric devices. This report provides a
comprehensive description of the state-of-the-art in
chemical vapor deposition (CVD) diamond technology
including its prospects for widespread commercial use.

back-to-back power systems. New design features give
the device double the power control capacity of previous
LTTs based on four-inch wafers while mitigating the
problems that occur with large-capacity devices. 0 Refs.

[1996] 02C - 38

THYRISTOR VALVE REPLACEMENT OF THE
PACIFIC INTERTIE EXPANSION SYLMAR EAST
500-KV HVDC CONVERTER STATION

Christl, N.; Faehnrich, W.; Lips, P.; Rasmussen, F.;
Sadek, K.

Siemens AG, Erlangen, Germany

Proceedings, 6th IEE Int’l Conf on AC and DC Power
Transmission, London, UK, April 29-May 3, 1996, pp
128-133

The Pacific Intertie Expansion Project was successfully

commissioned in 1988 in order to expand the overall

transmission capacity of the 500-kV dc transmission

line connecting Sylmar substation with the northern

terminal at Celilo converter station from 2000 MW to

3100 MW. This upgrading had been realized by current

upgrading from 2000 A dc to 3100 A dc by means of
paralleling two new 500-kV dc 12-pulse groups at the

Sylmar East Converter Station operated by the City of
Los Angeles Department of Water and Power (DWP).

One of these expansion converters was completely

destroyed in October 1993 by a hazardous fire inside the

converter building. To improve the energy availability

and to reduce the risk for a similar event in the-
remaining group in the future, an emergency plan was

launched to design, manufacture and commission a new

thyristor valve 12-pulse group with improved fire

withstand capabilities and to replace the hazardous

components in the other healthy converter group. The

main objectives during this project execution were to

study and design new thyristor valves, which are able to

operate under the same system conditions as the original

valves. 3 Refs.
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THE WORLD'S LARGEST-CAPACITY 8-KV/3.6
KA LIGHT-TRIGGERED THYRISTOR

Sato, K.
Mitsubishi Electric Advance (Japan), vol 75, June
1996, pp 31-32 )

Mitsubishi Electric has developed an 8-kV/3.6-kA light-
triggered thyristor (LTT) based on a six-inch wafer for
power converter applications in HVdc transmission and

39

UNIFIED PROPOSAL IN THE
CHARACTERISTICS TESTING METHODS OF 8-
KV 3.5 KA CLASS LIGHT TRIGGERED
THYRISTORS

Asano, Ka.; Sugawara, Y.

Kansai Elec Power Co, Inc, Japan

Denki Gakkai Denshi Debaisu Kenkyukai Shiryo

. (Japan), vol 97, no 42-55, pp 25-29

Japanese



Unified testing standards are proposed for 8-kV, 3.5-kA
class light-triggered thyristors, based on the operating
requirements of the Kii Channel HVdc project.

[1997] 02C - 40

V-T CHARACTERISTICS OF ARTIFICIALLY
POLLUTED SOLID INSULATORS UNDER DC

VOLTAGE APPLICATION

Yamada, M.; Hashimoto, T.; Hatano, M.; Kimura,
T.; Chishaki, H.; Hasegawa, T.; Fujii, H.

Kansai Elec Power Co, Inc, Japan

Denki Gakkai Koden'atsu Kenkyukai Shiryo (Jupan),
vol HV-97, no 29-43, pp 33-38

Japanese

Understanding of the V-t characteristics of artificially
polluted solid insulating materials under dc voltage.
application is very important to achieve reliable
insulation design of thyristor valves for HVdc
transmission system. FRP pipes, Teflon pipes and
optical fiber cables were tested. As a result, it was found
that the slope of the V-t curves of these insulating
materials with contamination of 0.03 mg/cm®
(equivalent salt deposition) under 50.DEG.C. and 80%
RH was very small.

[1996] 02C - 41

VIBRATION TESTS OF 500-KV THYRISTOR
VALVE

Oue, Y.; Hirose, M.; Irokawa, H.; Teramoto, H.;
Kiso, M.; Asada, M.

Kansai Elec Power Co, Inc, Japan

Denki Gakkai Zenkoku Taikai Koen Ronbunshu
(Japan), vol 1996, no 6, pp 6.194-6.195

Japanese
Abstract not available.

[1996] 02C - 42

VOLTAGE DISTRIBUTION CHARACTERISTICS
OF THE 500-KV THYRISTOR VALVE AGAINST
STEEP FRONT IMPULSE STRIKES

Yoshida, Y.; Hirose, M.; Irokawa, H.; Yamamoto,
T.; Chishaki, H.; Yamamoto, Y.

Kansai Elec Power Co, Inc, Japan

Denki Gakkai Zenkoku Taikai Koen Ronbunshu
(Japan), vol 1996, no 7, p 7.175

Japanese

Abstract not available.

[1996] 02C - 43

YOLTAGE DISTRIBUTION OF HVDC
THYRISTOR VALVE IN CASE OF STEEP FRONT
IMPULSE OCCURS

Yamada, M.; Hirose, M.; Irokawa, H.; Yamato, L;
Ishida, T.

Kansai Elec Power Co, Inc, Japan

Proceedings, Annual Conf of Power & Energy Society,

IEE of Japan (Denki Gakkai Denryoku, Enerugi
Bumon Taikai Ronbunshu), vol 7, no 2, pp 858-859

Japanese
Abstract not available.
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MORE HVDC TRANSMISSION PROJECTS BY
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OPERATING EXPERIENCE OF HOKKAIDO-
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LINK

For Abstract see entry 01C - 25
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For Abstract see entry 01C - 27
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NEW TECHNOLOGIES IN HVDC CONVERTER
DESIGN

For Abstract see entry 02A - 3
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[1996] 02D - 1

AC SYSTEM MODELLING FOR AC FILTER
DESIGN-AN OVERVIEW OF IMPEDANCE
MODELLING

Arrillaga, J.; Juhlin, L.; Lahtinen, M.; Ribeiro, P.;
Saavedra, A.R.

Electra (France), no 164, February 1996, pp 132-151
French; English
As therc is a gencral fecling that ac filters for HVdc



stations have been unnecessarily conservatively
designed, CIGRE WG 14.03 is making an overall
review of the factors influencing ac filter specification
and design. The aim is to get an optimal filter solution
which takes into account the costs of specification,
engineering and equipment as well as those related to
the final distortion level in the network, i.e. all the costs
which in the end have to be paid by the power
consumers. In this respect, it must be emphasized that
the cost involved in design calculations are not
insignificant. This, coupled to the fact that filter design
is normally on the critical path for the completion of
HVdc schemes, often forces the use of relatively simple
representations of the ac system. Clearly a balance must
be found to provide realistic models which are not
unnecessarily complex. While in some cases general
rules based on simple empirical values may be
acceptable for the ac system model, in general detailed
calculations of harmonic interference and harmonic
penetration in the ac network have to be performed. An
overview of ac modelling algorithms has been carried
- out with special interest in transmission lines and linear
power system components, as well as the derivation of
the harmonic impedance loci needed for ac filter design.
Although the main interest of the report is concerned
with ac filters for HVdc convertors, the principles and
conclusions are equally applicable to other harmonic
producing sources such as SVC, arc furnaces and
thyristor-controlled power equipment. 33 Refs.

[1997] 02D - 2
ACTIVE DC FILTERS IN HVDC APPLICATIONS

Andersen, N.; Gunnarsson, S.; Pereira, M.; Fitz, P.;
Damstra, G.C.; Enslin, J.H.R.; O'Lunelli, D.

CIGRE WG 14.28

Proceedings, Int'l Colloguium on HVDC and FACTS,
Johannesburg, South Africa, September 1997

The conversion process in an HVdc transmission system
injects harmonic currents into the transmission lines
connected to the converters. These currents may cause
interference in the adjacent systems, like
telecommunication equipment. The conventional
solution to reduce the harmonic currents has been to
install passive filters in converter stations. The
development of power electronics devices and digital
computers has made it possible to manufacture a new
powerful way for mitigation of harmonics, namely,
active filters. The active filters can be divided into two
groups, active ac and dc filters. Active dc filter
applications are in operation in several HVdc links and
have been economically competitive due to increased

demand on telephone interference levels on the dc lines.
An active ac filter prototype installation is still to be
expected. Since no active ac filters are available, this
paper will only focus on the already installed active dc
filters in HVdc schemes today.

[1997] 02D - 3

ACTIVE POWER FILTERS--RECENT
ADVANCES

Mohan, N.; Kamath, G.R.
Univ of Minnesota, Minneapolis, MN, USA

Sadhana (India), vol 22, pt 6, December 1997, pp 723-
732

Power electronic loads inject harmonic currents into the
utility causing overheating of power transformers and
neutral wires in the power system, unpredictable
performance of protection systems, etc. In addition,
electric resonances in such loads can also cause other
undesirable phenomena like voltage fluctuations, radio
frequency interference (RFI), etc. To mitigate these
undesirable effects, a new class of power electronics
equipment (active filters) is being considered. A review
of present-day solutions in the area of active filters is
conducted in this paper. Finally, this paper discusses
the trends in the design of active filters and the factors
influencing them.
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AN EVALUATION OF DIFFERENT ACTIVE
FILTER TOPOLOGIES FOR THE CAHORA
BASSA HVDC PROJECT

Holtzhausen, H.N.; Enslin, J.H.R.; Venter, F.
Univ of Stellenbosch, South Africa

CIGRE Int’l Colloquium on HVDC and FACTS,
Johannesburg,South Africa, September 28-30, 1997

At present passive filters are installed at the converter
substations of the Cahora Bassa HVdc line. Pending the
evaluation of these filters on the recommissioned line,
active filtering may be necessary at Apollo inverter
station to reduce the induced telephone interference.
This paper investigates the different active filter
topologies that could be useful in this regard. The
active filters are analyzed and suitable control
algorithms are developed for a simplified circuit.
Simulations are conducted on TMTDC with the
objective of comparing these filters with one another.
Useful results are obtained that will form the foundation
of more detailed simulations and practical verification.
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[1997] 02D - 5

APPLICATION OF REAL TIME DIGITAL
SIMULATION FOR COMMISSIONING
AUTOMATIC VOLTAGE REGULATORS FOR
SYNCHRONOUS CONDENSERS -

Valiquette, R.; Mazur, G.; Dhaliwal, N.; Jiang, X.;
Wierckx, R.

Manitoba Hydro, Winnipeg, Canada

Proceedings, 1997 Int’l Conf on Digital Power

Systems Simulators, Montreal, Canada, May 28-30,
1997, pp 211-216

This paper describes the use of a real time digital
simulator (RTDS) for commissioning and optimization
of the excitation system of a synchronous machine.
Manitoba Hydro is replacing the excitation system on
three synchronous condensers at Dorsey HVDC
Converier Station. A discussion is included on RTDS
models for the synchronous machine, 6-pulse exciter
bridge, three winding converter transformer, 278-MW
valve group and 230-kV system equivalent developed on
RTDS. RTDS featurcs available for model development
arc also addressed. The tests performed on the AVR are
described and the results are presented.

[1996] 02D - 6

ASPECTS OF FILTER DESIGN FOR THE
CHANDRAPUR 2*500 MW HVDC BACK-TO-
BACK CONVERTOR STATION

Luckett, M.J.; Macleod, N.M.; Young, D.J.

GEC ALSTHOM Power Electrn Sys Ltd, Stafford,
UK

Proceedings, 6th IEE Int’l Conf on AC and DC Power
Transmission, London, UK, April 29-May 3, 1996, pp
191-196

In back-to-back HVdc power convertor substations, such
as that at Chandrapur in India, considerable benefits can
be realized by dispensing with a dc smoothing reactor.
This paper considers the effects of this design of
convertor substation on the generation of harmonic
currents and on the design of the ac harmonic filters.
Other factors which influenced the filter design for the
Chandrapur project were the wide variation of system
frequency, possible resonance conditions with the ac
power system, operation of the convertors at high firing
angle for reactive power control and the presence of an
adjacent HVdc scheme. A successful filter design was
achicved using a common design for both ac systems
with only two filter types. 4 Refs.

[1996] 02D - 7

CALCULATION OF HVDC CONVERTER
NONCHARACTERISTIC HARMONICS USING
DIGITAL TIME-DOMAIN SIMULATION
METHOD

Sarshar, A.; Iravani, M.R.; Li, J.
Trench Electric, Scarborough, Ontario, Canada

IEEE Trans on Power Delivery, vol 11, no 1, January
1996, pp 335-343

In this paper, noncharacteristic harmonics of an HVdc
converter station are calculated based on the use of
digital time-domain simulation methods. An enhanced
version of the Electromagnetic Transients Program
(EMTP) is used for the studies. The noncharacteristic
harmonics of interest are (1) the dc side triplen
harmonics, and (2) the ac side second harmonic.
Impacts of loading conditions, neutral filter, and
converter firing angle on the dc side triplen harmonics
are discussed. Effects of ac side network parameters,
static VAr compensator (SVC), transformer half-cycle
saturation, and geomagnetically induced current (GIC)
on the ac side second harmonic instability are also
presented. This paper concludes that the digital time-
domain simulation method provides significant
flexibility for accurate prediction of (1) generation
mechanism, and (2) adverse impacts of HVdc
noncharacteristic harmonics. 20 Refs.

[1997] 02D -8

43

DC HARMONIC DISTORTION MINIMIZATION
OF THYRISTOR CONVERTERS UNDER
UNBALANCED VOLTAGE SUPPLY USING
ASYMMETRICAL FIRING ANGLE

Ngandui, E.; Olivier, G.; April, G.-E.; Guimaraes, C.

Dept of Elec & Computer Eng, Ecole Polytech de
Montreal, Quebec, Canada

IEEE Trans on Power Electronics, vol 12, no 2, March
1997, pp 332-342

Noncharacteristic harmonics of significant magnitude
are produced at the output and input terminals of phase-
controlled power converters under unbalanced voltage
supply conditions. The concept of switching functions
has been proposcd before to evaluate the harmonics
produced by a phase-controlled six-pulse power
converter under both balanced and unbalanced power
supply conditions. This paper extends the switching-
functions approach to establish analytical equations for
the dc output voltage harmonics produced by 12-, 18-,



and 24-pulse power converters. The problem is
approached from the standpoint of symmetrical voltage
components. The increase in distortion under unbalance
is caused by the appearance of a second harmonic
component. A method, based on an asymmetrical firing
angle, to cancel the second harmonic at the power
converter output under unbalanced voltage supply is
also presented. Cancellation of the second harmonic
improves power converter dc output voltage quality.

[1996] 02D - 9

DC SIDE FILTERS FOR MULTITERMINAL
HVDC SYSTEMS

Working Groups on Multiterminal HVDC Systems
and Harmonic Aspects of HVDC Transmission

IEEE Trans on Power Delivery, vol 11, no 4, 1996, pp
1970-1984

Multiterminal HVdc systems present challenges in the
specification and design of suitable dc side filtering.
This document examines the existing experience and
addresses the particular technical problems posed by
multiterminal systems. The filtering requirements of
small taps are discussed, as is the potential use of active
filters. Aspects of calculation and design are considered
and recommendations made to guide the planners and
designers of future multiterminal schemes. 29 refs.

[1996] 02D - 10

DC SIDE HARMONIC REDUCTION IN HVDC
CONVERTERS BY DIRECT RIPPLE
REINJECTION

Arrillaga, J.; Enright, W.; Wood, A.R.; Perez
Hidalgo, F.

Canterbury Univ, Christchurch, New Zealand

Proceedings, 6th IEE Int’l Conf on AC and DC Power
Transmission, London, UK, April 29-May 3, 1996, pp
197-201

The conventional means for the reduction of dc side
harmonics from HVdc power converters is the passive
filter, an expensive solution, and therefore normally
restricted to the elimination of the twelfth harmonic.
However, higher order harmonics can still be a source of
electromagnetic interference and often need to be
filtered. A novel scheme to remove the higher order
harmonics has been recently implemented in the form of
a combined passive-active filter configuration which
uses the capacitor of the twelfth harmonic filter to inject
the smaller current harmonic content in opposition. This
paper describes an alternative solution to passive and

active filter arrangements on the dc side of the power
converter. It shares with the active filter the principles
of an active cancellation of harmonic content, but differs
from it in the absence of processing and amplification
and in the use of voltage rather than current harmonic
cancellation. Another concept to reduce the harmonic
content is pulse multiplication. A dc ripple reinjection
scheme has been proposed to increase the number of
pulses on both sides of the conventional ac/dc power
converter. In that scheme, the dc ripple was used as the
commutating voltage of a single-bridge thyristor-
controlled rectifier, which is placed in series with dc
line or load. The concept proposed here is not pulse-
related and unlike the earlier dc ripple reinjection
scheme, only attenuates the dc side harmonics. It is,
however, considerably simpler than the above
alternatives since does not involve any switching
devices. 7 Refs.

[1996] 02D - 11

DEVELOPMENT AND FIELD TEST RESULTS OF
THE AC 275-KV COMPACT FILTER

Yamazaki, T.; Karaki, S.; Muraoka, T.; Matsumoto,
Y.; Oonishi, K.; Inno, S.

Tokyo Elec Power Co, Inc, Japan

IEEE Trans on Power Delivery, vol 11, no 4, October
1996, pp 1707-1712

The ac filters of an HVdc converter station usually
require a large installation space and are sensitive to
seismic activity due to using an air-insulation platform.
As a solution to these problems, we have developed
compact filters in which all energized parts are
enclosed. As a result, the installation space is one-third
of the platform type and seismic performance
considerably improves. After the field tests were
conducted, these filters were put in service in May,
1992. 5 Refs.

[1996] 02D - 12

44

EXPERIMENTAL MEASUREMENT OF NON-
CHARACTERISTIC HARMONIC POWER
GENERATED BY THYRISTOR PULSE-
CONTROLLED AC/DC THREE PHASE
CONVERTERS

Segura, A.N.; Sanchez, P.B.
Univ de las Americas, Puebla, Mexico

Proceedings, IEEE Int’l Symp on Industrial
Electronics (ISIE'96), Warsaw, Poland, June 17-20,
1996, vol 1, pp 549-554



This paper presents an experimental investigation to
measure the non-characteristic harmonic power caused
by network asymmetries in the ac source feeding
thyristor-controlled ac/dc three-phase power converters.
The experimental measurements were made in an
ac/dc/ac transmission link physical model. Two three-
phase converters linked by a Ilumped parameters
transmission line are operating in its rectifying and
inverting modes, respectively. The converter acting in
the rectifier mode of operation allows the simulation of
weak ac-line non-characteristic power generation as is
usual in the electrochemical and electrometallurgical
industries, when they are fed by ac/dc power rectifiers.
The converter acting in the inverter mode of operation
serves to simulate the effects of network asymmetries in
the reception end of HVdc transmission links. To the
authors' best knowledge no desegregation has been
produced neither theoretically nor experimentally
between the characteristic harmonic power generated
during steady-state operating conditions and the non-
characteristic harmonic power generated that follows a
transient-state operating condition. It is the authors'
opinion that this research may prove to be helpful
within the framework of investigations that are being
carried out to achieve full or partial suppression of non-
characteristics harmonics. This is argued in the
following pages, where the above mentioned research
efforts are also further commented. 17 Refs.

[1997] 02D - 13

HARMONIC EVALUATION OF BENMORE
CONVERTER STATION WHEN OPERATED AS
A GROUP CONNECTED UNIT

Dinh, Q.N.; Arrillaga, J.; Wood, A.R.; Chen, S.;
Enright, W.; Smith, B.C.; Du, Z.
Univ of Canterbury, Christchurch, New Zealand

IEEE Trans on Power Delivery, vol 12, no 4, October
1997, pp 1730-1735

Three-phase harmonic measurements of a group
connected generator-HVdc converter unit were recently
carried out at the Benmore end of the New Zealand
HVdc link. This paper describes the test measurement
procedures, the set up and configuration of the CHART
instrumentation, and presents the results which include
measured waveforms and their harmonic contents in
sequence components for a range of dc line current.
Dynamic simulation accurately predicts the harmonic
current contents. The generator harmonic impedances
are estimated from the measured and simulated terminal
voltages and currents. The generator harmonic ratings
for direct connections are also investigated. 5 Refs.

[1996] 02D - 14

HARMONIC FLOW AND INSTABILITIES IN
POWER GRIDS WITH HVDC

Hernes, M.

Energiforsyningens Forskningsinstitutt A/S,
Trondheim, Norway

Energiforsyningens Forskningsinstitutt A/S,
Trondheim (Norway), Report Number EFI-TR-A-
4498, December 1996, 70 pp

Norwegian

This report is based on a literature search for
publications which describe possible problems, methods
of analysis and possible remedies related to harmonic
flow and harmonic interaction between the ac and dc
sides in high voltage direct current (HVdc) terminals.
The main objective is to (1) give a survey of the extent
of the problem by sorting out publications reporting
problems actually experienced; (2) systematize the
problem of harmonic interaction by type of
phenomenon; (3) describe analysis methods and
simulation tools, pointing out their limitations and
sources of errors; and (4) describe ways of damping or
eliminating harmonic flow. 15 refs., 28 figs.

[1996] 02D - 15

45

HARMONIC GENERATION BY HVDC
SCHEMES INVOLVING CONVERTERS AND
STATIC VAR COMPENSATORS

Yacamini, R.; Resende, J.W.
Univ of Aberdeen, UK

IEE Proceedings Generation, Transmission and
Distribution (UK), vol 143, no 1, January 1996, pp 66-
72

The paper makes use of interactive harmonic analysis
(THA) to examine the harmonic behavior of an HVdc
scheme. The scheme is treated as a complete system
including HVdc converters, static VAr compensators,
system impedance and harmonic filters. It is shown that
the type and performance of the controller can have a
significant effect on harmonic behavior. The paper
illustrates by analytical and computational analysis the
effect of equally pulse spaced EPS controllers and
voltage zero crossing (VZC) type for both the above
power electronic circuits. The EPS has clear advantages
for 6- and 12-pulse HVdc converters, but has little
influence on the behavior of thyristor-controlled
reactors. The need to represent the complete systems is
highlighted by example. 10 Refs.



[1998] 02D - 16

INFLUENCE OF THE FIRING ANGLE
CONTROL IN THE HARMONIC GENERATION
OF THYRISTOR PULSE-CONTROLLED

AC/DC/AC SYSTEMS

Nava-Segura, A.; Banuelos-Sanchez, P.
Univ de las Americas Puebla, Puebla, Mexico

Proceedings, Intl Power Electronics Congress,
Cuernavaca, Mexico, October 14-17, 1996, pp 207-211

This paper presents selected results of experimentally-
based research into the firing angle control influence on
the harmonic level generated by two 6-pulse-controlled,
three-phase converters connected in an ac/dc/ac
configuration. The sending end of this scheme is
constituted by a rectifier, while the reception end is
made up of a three-phase converter acting in its inverter
mode of operation. Thus, such harmonic phenomena as
the one presented in a weak ac line feeding
electrochemical and electro-metallurgical industries is
readily simulated. Also, the harmonic effects of network
asymmetries in the reception end of HVdc transmission
links can be easily implemented in this physical model.
The paper includes selected graphs showing the
dependence of both individual harmonic voltages and
currents on the firing angles of rectifier and inverter
operations. The firing angle control impact is observed
for both filtered and non-filtered harmonic phenomena.
11 Refs.

[1997] 02D - 17

INVESTIGATION OF AC/DC CONVERTER
HARMONICS BY AN ANALYTICAL BASED
TIME-DISCRETE APPROACH

Grotzbach, M.; Ried, C.

Dept of Elec Eng, Univ of Fed Defense, Neubiberg,
Germany

IEEE Trans on Power Delivery, vol 12, no 2, April
1997, pp 874-880

By investigating ac/dc converter harmonics in more
detail, the interaction of ac and dc side as well as
nonideal conditions have to be considered. This paper
proposes a time discrete approach, which allows one to
calculate analytically the steady-state dc currents at the
firing points of each thyristor, if voltage harmonics or
asymmetries disturb the ideal operation conditions. This
forms the basis for an effective and accurate evaluation
of ac/dc converter harmonics, especially for the
investigation of parameter dependencies and for the
application in harmonic distortion studies. Selected
examples demonstrate particularly the analytical
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description of the discrete dc currents.

[1996] 02D - 18
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NEW EXPERIMENTAL METHOD TO
DESEGREGATE THE HARMONIC POWER
PRODUCED BY THYRISTOR AC/DC THREE
PHASE CONVERTERS

Nava-Segura, A.; Banuelos-Sanchez, P.
Univ de las Americas Puebla, Puebla, Mexico

Proceedings, Intl Power Electronics Congress,
Cuernavaca, Mexico, October 14-17, 1996, pp 188-193

A new experimental method that desegregates the
harmonic power in the ac coupling point of thyristor
pulse-controlled ac/dc three-phase power converters is
presented. This method resolves the total harmonic
power into two orthogonal harmonic components,
whose existence is demonstrated for sinusoidal voltage
and non-sinusoidal current conditions. A scaled down
ac/dc/ac transmission link physical model that includes
characteristic harmonics passive filtering, and ac
primary side weakening facilities is used for
measurement purposes. Balanced and unbalanced
voltage conditions are also simulated in physical model.
22 Refs.

[1996] 02D - 19

NONCHARACTERISTIC HARMONICS IN AC/DC
CONVERTER GENERATED BY SUPPLY
VOLTAGE UNBALANCE. I. FUNDAMENTALS
AND UNCONTROLLED DIODE CONVERTER

Grotzbach, M.; Bauta, M.

Dept of Elec Eng, Univ of Federal Defense,
Neubiberg, Germany

Proceedings, 7th Int’l Conf on Harmonics and Quality
of Power (ICHQP), Las Vegas, NV, October 16-18,
1996, pp 775-780

The behavior of a three-phase ac/dc power converter is
not affected by the zero sequences of an unbalanced
supply voltage system. Thus, a simplified presentation
of voltage unbalance by the distortion of only one phase
voltage is proposed to reduce significantly the analytical
description by discrete small-signal models. The results
of the investigation of a diode converter show a strong
influence of the dc current smoothing on the generation
of noncharacteristic harmonics. Using a normalized
presentation of the complex third line current harmonics
as phasor diagrams, an estimation of the maximum
value can be carried out by geometrical addition of
weighted phasors. 9 Refs.



[1996] 02D - 20

NONCHARACTERISTIC HARMONICS IN AC/DC
CONVERTER GENERATED BY SUPPLY
VOLTAGE UNBALANCE. II. CURRENT
CONTROLLED THYRISTOR CONVERTER

Grotzbach, M.; Tseggai, F.

Dept of Elec Eng, Univ of Federal Defense,
Neubiberg, Germany

Proceedings, 7th Int’l Conf on Harmonics and Quality
of Power (ICHQP), Las Veguas, NV, October 16-18,
1996, pp 781-787

For Part I, see 02D-19, above. Based on the preparatory
work in Part I, a simplified small signal model of
controlled ac/dc converters is presented to describe the
effect of voltage unbalance on the discrete dc current
behavior. This analytical approach shows that the
effective voltage unbalance is determined by a control
angle dependent rotation of the disturbance vector’of the
phase voltage. A normalized presentation of the
behavior of noncharacteristic line current harmonics
allow both more physical insight into basic mechanisms,
and the estimation of 3rd harmonics using the
superposition of corresponding weighted phasors.
Comparing simulations proves the validity of the
proposed method within the limits of voltage

asymmetries laid down in the standards. 9 Refs.

[1997] 02D - 21

NOVEL CALCULATION OF HYDC CONVERTER
HARMONICS BY LINEARIZATION IN THE
TIME-DOMAIN

Perkins, B.K.; Iravani, ML.R.
Uniy of Toronto, Ontario, Canada

IEEE Trans on Power Delivery, vol 12, no 2, April
1997, pp 867-873

There is an increasing interest in the steady-state
analysis of high power converter circuits for the
computation of both characteristic and uncharacteristic
harmonics. Uncharacteristic harmonics arise due to
asymmetries in excitation/operation and are of
particular interest given their overall adverse effect on
the power system. Frequency domain methods for
harmonic analysis are efficient though not necessarily
comprehensive; that is not all the necessary details of
the system are simultaneously modeled. This paper
presents a novel technique that is both efficient and
comprehensive as the time domain nature of the
differential/algebraic equations describing the converter
operation is retained. Efficient convergence of the time
domain boundary value problem is assured by an

appropriate linearization. Subsequent Fourier analysis of
the time domain solution yields the harmonic spectra.
Comparison is made with time domain steady-state
solutions obtained by brute-force computation. 8 Refs.

[1996] 02D - 22

NOVEL METHOD FOR HARMONIC ANALYSIS
OF AC/DC POWER SYSTEMS COUPLED BY
THYRISTOR CONVERTERS

Jiang, J-G.; Xie, W-M.; Zhang, T-Z.
China Univ of Mining and Tech, Jiangsu, China

Proceedings, Intl Conf on Industrial Technology,
Shanghai, China, December 5-9, 1994, pp 740-744

For harmonic analysis of ac/dc power systems coupled
by thyristor converters, a novel method is proposed in
this paper, i.e., the switching-points sampling (SPS)
method. Only recording the sampling data at switching
points, merely computing the harmonics of two current
equations, the harmonics of the integrated system
containing ac and dc sides can be obtained. The
suggested method has the advantages of less memory
capacity needed, fast computation and high accuracy. It
is very useful and effective in estimating harmonic
sources, predicting the harmonic flow and propagation
and researching harmonics suppression. According to

the number of sampling-points and the sampling length,
the SPS method can be divided into the twelve-points or
twenty-four-points sampling method and the periodic
sampling method. The computing results agree closely
with the measured results. 2 Refs.

[1996] 02D - 23

REACTIVE POWER CONTROL IN HIGH
VOLTAGE DIRECT CURRENT TRANSMISSION

Pandit, N.N.
Gujarat Electrical Board, Baroda, India

Proceedings, Int’l Conf on Electrical Engineering
(ICEE'96), Beijing, China, August 12-15, 1996, vol 1,
pp 574-578

Reactive power control is the center of focus among the
controlling parameters of HVdc transmission. The
necessity of reactive power control, sources of reactive
power control and a case study of HVdc transmission on
the Rihand-Delhi line is discussed. 3 Refs.

[1996] 02D - 24

SAFETY AND SIGNALING UNIT FOR THE
FILTRATION AND COMPENSATION CIRCUITS



OF THE VYBORGSK SUBSTATION

Zhdanov, E.V.; Ivanova, G.S.; Kirilina, V.A.;
Lutsenko, G.A.; Sharlot, V.A.; Zarkov, N.\W.;
Vladimirov, LV.

All-Russian Elect Eng Inst, Russia

Russian Electrical Engineering (Elektrotekhnika), vol
67, no 9, 1996, pp 76-80

The Vyborgsk rectifier-inverter substation (Russia) was
designed as three identical rectifier and power converter
modules (RCM). To compensate the reactive power in
the ternary windings of the power converter
transformers, rectifiers and inverters of each RCM,
38.5-kV capacitor batteries’ are employed which
compensate around half of the reactive power of the
modules. This paper describes a device which is
intended to signal the presence of faults in the tunable
and broad-band filters (including capacitor batteries,
filter reactors and damping resistors) used in HVdc
converter substations, as well as static thyristor
compensators.

[1996] 02D - 25

SIMULATION STUDY ON THE SWITCHING
TRANSIENTS DURING DE-ENERGISATION OF
FILTER AND CAPACITOR BANKS

Fu, Y.H.

KEMA Nederland BV, Netherlands

Proceedings, 6th IEE Int’l Conf on AC and DC Power
Transmission, London, UK, April 29-May 3, 1996, pp
375-380 '

A simulation study on the switching transients during
de-energization of filter and shunt capacitor banks for
HVdc applications is presented by using the EMTDC
program. The circuit breaker restrike phenomenon can
be simulated by applying the restrike and current
interruption conditions in the circuit breaker model.
Case studies of de-energizing filter or capacitor bank
after clearing of a three-phase ac fault have been carried
out. Factors which influence the severity of the circuit
breaker recovery voltage have been studied, as well as
factors which govern the severity of the switching
overvoltage with or without restrikes. This treatment

can also be used to evaluate the methods of controlling
the switching transient overvoltage. 6 Refs.

[1996] 02D - 26

SMOOTHING TRANSFORMER, A NEW
CONCEPT IN DC SIDE HARMONIC
REDUCTION OF HVDC SCHEMES

Enright, W.; Arrillaga, J.; Wood, A.R.; Perez
Hidalgo, F.

Elec Corp of New Zealand Ltd, Wellington, New
Zealand

IEEE Trans on Power Delivery, vol 11, no 4, October
1996, pp 1941-1947

Direct connection schemes have been a subject of recent
investigation, offering operational flexibility and
substantial reductions in ac components. In these
schemes the use of active dc filters has been suggested
to replace the conventional tuned passive filter design.
This paper presents the smoothing transformer as a new
means for reducing dc harmonics at characteristic and
non-characteristic frequencies wusing only passive
components. A realistic smoothing transformer design is
examined using the New Zealand HVdc system
operating in the direct connection ‘mode. The steady-
state and transient performance of the smoothing
transformer design is compared with that of the existing
dc smoothing reactor and filter bank. 9 Refs.

[1997] 02D - 27

STUDY ON CONNECTING ADF TO DC-SIDE OF
HVDC STATION

Tang, Z.; Ren, Z.; Lu, Z.; Wang, G.; Dai, Y.
Chongqing Univ, China

Automation of Electric Power Systems (China), vol 21,
no 11, November 1997, pp 31-34, 38

Chinese

Applying a hybrid passive-active filter (HPA) to
suppressing harmonic current on the dc-side of an HVdc
station is feasible from both the technical and
economical point of view. This paper analyzes the GZB-
NQ filtering characteristic of passive filters on the dc-
side of a GZB HVdc station using a frequency analysis
method and points out its drawbacks in construction. In
order to reasonably design ways to connect an active dc
filter (ADF), the paper proposes a new construction
model for HPA filters and proves its reasonableness.
The new model not only overcomes these defects
existing in original filters, but also puts forward a
reasonable location for connecting ADF to the HVdc

system.

[1996] 02D - 28
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THE NEW CONCEPTS OF CHARACTERISTIC
AND NON-CHARACTERISTIC HARMONIC
REACTIVE POWER IN AC/DC POWER
SYSTEMS



Nava-Segura, A.; Banuelos-Sanchez, P.

Univ de las Americas Puebla, Mexico

Proceedings, 7th Int’l Conf on Harmonics and Quality .

of Power (ICHQP), Las Vegas, NV, October 16-18,
1996, pp 96-102

This paper presents a theoretical and experimental
investigation to desegregate the reactive harmonic
power, generated by thyristor-controlled ac/dc three-
phase power converters, into two orthogonal reactive
harmonic power components. These two components
have been given, by the authors, the names of
characteristic = harmonic  reactive = power and
noncharacteristic harmonic reactive power, respectively.
The characteristic harmonic reactive power is produced
by the so-called characteristic harmonic currents, i.e.,
those of order 5, 7, 11, 13, etc, while the
noncharacteristic harmonic reactive power is produced
by the so-called noncharacteristic harmonic currents,
i.e., those of order other than 5, 7, 11, 13, etc. The
theoretical analysis departs from the instantancous
power's general formulation of a set of nonsinusoidal
voltages and nonsinusoidal currents. This situation can
appear practically when ac/dc three-phase thyristor-
controlled converters are fed by weak and unbalanced ac
systems. Experimentally, research was undertaken by
measuring both characteristic and noncharacteristic
harmonic reactive power, in an ac/dc scaled-down
physical model operating under unbalanced voltage
conditions. The paper includes, for illustration, some
experimentally obtained oscillograms of measured
instantaneous voltage, current and power, as well as the
voltage/current  harmonic  spectra and  power
relationships for strong and weak ac voltage conditions.
Filtered and nonfiltered situations were investigated in

order to desegregate the harmonic reactive power into
its two components. 13 Refs,

[1997] 02D - 29

THE USE OF MODULATION THEORY TO
CALCULATE THE HARMONIC DISTORTION IN
HVDC SYSTEMS OPERATING ON AN
UNBALANCED SUPPLY

Hu, L.; Morrison, R.E.
Staffordshire Polytech, Stafford, UK

IEEE Trans on Power Systems, vol 12, no 2, May
1997, pp 973-980

This paper describes a means of calculating harmonic
distortion due to an HVdc power converter operating on
a nonideal supply. The switching functions of a power
converter system are derived including the effects of an

unbalanced supply and unbalanced ac side impedance,
The paper describes how the functions can be used in
the calculation of harmonic and interharmonic currents
in HVdc and similar power systems.

[1997] 02D - REF

POWER TRANSMISSION AND HVDC
CONVERTER TECHNOLOGY OF ELECTRIC
POWER DEVELOPMENT CO. LTD

For Abstract see entry 01A - 16

[1996] 02D - REF
UNIT CONNECTED HVDC SCHEMES
For Abstract see entry 01A - 25

[1996] 02D - REF

HVDC - FACTS. STATE OF THE ART - POWER
SYSTEM HARMONICS

For Abstract see entry 01A -7

[1997] 02D - REF

PLANNING INTERCONNECTIONS TO
DEVELOP A SOUTHERN AFRICAN GRID

For Abstract see entry 01B - 22

[1996] 02D - REF

OPERATING EXPERIENCES OF THE NELSON
RIVER HVDC SYSTEM

For Abstract see entry 01C - 24

[1997] 02D - REF

OPERATING EXPERIENCE OF HOKKAIDO-
HONSHU HIGH VOLTAGE DIRECT CURRENT
LINK

For Abstract see entry 01C - 25

[1996] 02D - REF

NEW TECHNOLOGIES IN HVDC CONVERTER
STATION DESIGN

For Abstract see entry 02A -2

[1996] 02D - REF
NEW TECHNOLOGIES IN HVDC CONVERTER

49



DESIGN
For Abstract see entry 02A -3

[1996] 02D - REF

DEVELOPMENT OF THE EQUIPMENT FOR 500-
KV AC/DC CONVERSION STATIONS. PARTS 1-
4. HIGH-VOLTAGE LARGE-CAPACITY
THYRISTOR VALVE, TRANSFORMER AND DC
REACTOR FOR CONVERSION, DC, GIS, AND
GROUND TYPE AC AND DC FILTERS

For Abstract see entry 02C - 16

[1998] 02D - REF

HARMONIC CANCELLATION OF A HYBRID
CONVERTER

For Abstract see entry 05A - 11

[1997] 02D - REF

PERFORMANCE CHARACTERISTICS OF
ARTIFICIALLY COMMUTATED HVDC
CONVERTER

For Abstract see entry 05A - 16

[1996] 02D - REF

PWM AND CONTROL OF THREE LEVEL
VOLTAGE SOURCE BACK-TO-BACK STATION

For Abstract see entry 05A - 17

[1997] 02D - REF

SPACE VECTOR PATTERN GENERATORS FOR
MULTI-MODULE LOW SWITCHING
FREQUENCY HIGH POWER VAR
COMPENSATORS

For Abstract see entry 05A - 20

[1997] 02D - REF

VOLTAGE CONTROL OF MODIFIED SERIES-
CONNECTED HVDC BRIDGES

For Abstract see entry 05A - 22

[1998] 02D - REF

A REVIEW OF ITERATIVE HARMONIC
ANALYSIS FOR AC-DC POWER SYSTEMS

For Abstract see entry 05C - 1

[1996] 02D - REF

HARMONIC INTERACTION ON AC/DC
SYSTEMS: EFFECTS OF CONTROL ACTIONS

For Abstract see entry 05C - 12

[1996] 02D - REF

NEWTON SOLUTION FOR THE STEADY-STATE
INTERACTION OF AC/DC SYSTEMS

For Abstract see entry 05C - 16

[1998] 02D - REF

HARMONIC TENSOR LINEARIZATION OF
HVDC CONVERTERS

For Abstract see entry 05D - 12

[1997] 02D - REF

HARMONIC TRANSFER IN HVDC SYSTEMS
UNDER UNBALANCED CONDITIONS

For Abstract see entry 05D - 13

[1996] 02D - REF
METHOD FOR THE INDICATION OF POWER
TRANSFORMER SATURATION
For Abstract see entry 05D - 18

[1996] 02D - REF
APPLICATION OF SVC IN HVDC SYSTEM
For Abstract see entry 05G - 1

[1997] 02D - REF

DYNAMIC COMPENSATION TO THE
FLUCTUATION OF REACTIVE POWER
CONSUMPTION AT HVDC CONVERTER WITH
THE INSTALLATION OF SSC-SVC

For Abstract see entry 05G - 3

[1996] 02D - REF

DYNAMIC PERFORMANCE OF A STATCON AT
AN HVDC INVERTER FEEDING A VERY WEAK
AC SYSTEM

For Abstract see entry 05G - 4
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[1997] 02D - REF

HARMONICS IN POWER SYSTEMS. AN
OVERVIEW _

For Abstract see entry 17C - 15

[1998] 02D - REF

ANALYSIS OF RESONANCE PROBLEMS AND
HARMONIC FILTER DESIGN IN POWER
FACTOR CORRECTION CAPACITOR
APPLICATIONS

For Abstract see entry 17C - 4

[1997] 02D - REF

APPLICATION AND DESIGN TRENDS OF
FILTERS

For Abstract see entry 17C - 5

02E Transformers, Reactors

[1996] 02E - 1

CONSIDERATION OF IMPEDANCE AND
TOLERANCES FOR HVDC CONVERTER
TRANSFORMER

Lindroth, A.; Jorendal, G.; Kennedy, W.N.;
Harrison, T.H.; Yasuda, E.J. ; Astrom, B.; Sharma,
C.M.; Hall, A.C.; Lair, P.; Persson, J.-O.; Lintz,
N.P.; Desilets, G.L.; Peixoto, C.A.O.; Okuyama, K.;
Lokhanin, A.K.; Stein, W.W.; Preininger, G.;
Bickley, T.A.; Tada, K.; Bhardwaj, A.

CIGRE, Paris, France

Electra (France), no 167, August 1996, pp 48-57
French; English

The HVdc power converter transformer plays an
important part in the design, construction, size and cost
of an HVdc power converter substation. In particular,
the transformer impedance strongly influences the
design of the valves and associated equipment. The level
of impedance is controlled by the need to resist short
circuits, and to optimize the valve assembly design. In
general terms, low impedance transformers are larger,
heavier and more costly so that there is an economic
trade-off between the transformer cost and the cost of
the valve equipment. Having fixed a basic level of
impedance, however, a further complication arises from
the need to have tolerance limits on impedance relating

to the base level, across the tapping range and between
windings on different phases or bridges. This paper
presents the results from a CIGRE JWG 12/14.10 study
into the consideration of the possibilities. 0 Refs.

[1997] 02E - 2

DIELECTRIC STRENGTH OF TRANSFORMER
INSULATION AT DC POLARITY REVERSAL

Hasegawa, T.; Hatano, M.; Yamaji, K.; Kouan, T.;
Hosokawa,N. '
Kansai Elec Power Co, Inc, Osaka, Japan

IEEE Trans on Power Delivery, vol 12, no 4, October
1997, pp 1526-1531

Among special insulation tests for dc power converter
transformers, polarity reversal tests can be substituted by
applied ac voltage tests from a stress similarity in oil
ducts. In order to investigate equivalent levels of other
insulation tests to polarity reversal tests, the dielectric
strength of a transformer at polarity reversals was
examined by use of a model of typical oil/paper
composite insulation. From the comparison of polarity
reversal and other insulation tests, it was found that
dielectric strength of transformer insulation at polarity
reversals is phenomenally similar to that under
switching impulse stresses. Equivalent ac test voltage to
polarity reversal test was also estimated from the
experimental results. The breakdown characteristics of
polarity reversal tests showed that partial discharges at
polarity reversals impose less harmful stress on
insulation barriers than those at usual ac or impulse
tests.

[1996] 02E - 3
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HVDC CONVERTER TRANSFORMER NOISE
CONSIDERATIONS

Lindroth, A.; Jorendal, G.; Kennedy, W.N.;
Harrison, T.H.; Yasuda, E.J. ; Astrom, B.; Sharma,
C.M.; Hall, A.C.; Lair, P.; Persson, J.-O.; Lintz,
N.P.; Desilets, G.L.; Peixoto, C.A.O.; Okuyama, K.;
Lokhanin, A.K.; Stein, W.W.; Preininger, G.;
Bickley, T.A.; Tada, K.; Bhardwaj, A.

CIGRE, Paris, France

Electra (France), no 167, August 1996, pp 38-46
French; English

The environmental impact from HVdc converter
transformers due to acoustic noise is of growing interest.
Compared to normal ac operation, the problem is
aggravated with HVdc operation due to the harmonic



content of the winding currents and distorted voltages.
In this paper, the importance of transformer noise in
HVdc substations is illustrated, the differences between
actual noise levels in service and values recorded during
standard factory sound level tests under no-load

conditions are exemplified. Finally, the use and effect of
noise reduction methods is discussed briefly. 0 Refs.

[1996] 02E - 4

HVDC CONVERTER TRANSFORMERS
Darwin, A.W.; Harrison, T.H.; White, A.

GEC ALSTHOM Trans & Dist Projects Ltd,
Stafford, UK

GEC ALSTHOM Technical Review (France), no 19,
March 1996, pp 29-40

In addition to long distance transmission, HVdc
substations are used to connect large HVac electrical
transmission systems in "back-to-back" schemes where
the converter and inverter operation are contained in
one substation. GEC ALSTHOM has completed such a
scheme at Chandrapur in India. The article describes
the HVdc transformers which in addition to the normal
ac high voltage, high power considerations also had to
satisfy the special HVdc scheme requirements. These
include dielectric, electromagnetic, noise, impedance
and short circuit current performance together with
issues related to the major sub-components, the on-load
tapchanger and bushings. Reference is made to the
modern design tools. These permit the design engineer
to examine, modify and confirm performance "on line"
and thus produce an optimized, secure design meeting
the specification constraints. 0 Refs.

[1997] 02E - 5

IMPROVED SIMULATION OF HVDC
CONVERTER TRANSFORMERS IN

ELECTROMAGNETIC TRANSIENT PROGRAMS

Arrillaga, J.; Enright, W.; Watson, N.R.; Wood,
AR.

Univ of Canterbury, Christchurch, New Zealand

IEE Proceedings Generation, Transmission and
Distribution (UK), vol 144, no 2, March 1997, pp 100-
106 '

In electromagnetic transient simulation, HVdc converter
transformers are normally represented as magnetically
independent single-phase units. However, three-limb
converter transformers are often used in HVdc schemes.
Single-phase and three-limb three-phase transformer
models are derived using a unified magnetic equivalent

circuit concept. The new models are verified with
laboratory and field data. Also, a comparison is made
between the transient performance of HVdc converters
with conventional and proposed transformer models. 6

Refs.

[1997] 02E -6

LOAD LOSSES IN HVDC CONVERTER
TRANSFORMERS

Lindroth, A.; Jorendal, G.; Kennedy, W.N.;
Harrison, T.H.; Yasuda, E.J. ; Astrom, B.; Sharma,
C.M.; Hall, A.C.; Lair, P.; Persson, J.-0.; Lintz,
N.P.; Desilets, G.L.; Peixoto, C.A.O.; Okuyama, K.;
Lokhanin, A.K.; Stein, W.W.; Preininger, G.;
Bickley, T.A.; Tada, K.; Bhardwaj, A.

CIGRE, Paris, France

Electra (France), no 174, October 1997, pp 52-57
French; English

HVdc power converter transformers are exposed to
nonsinusoidal currents during normal  service
conditions. This circumstance increases the eddy losses
of the transformer in a dramatic way. The traditional
way to solve this problem has been to establish an
equivalent 50/60-Hz current giving the same load loss
as in service and to run load loss and heat run tests with
the same current. The main task is to estimate the load
losses with consideration of the harmonics in the service
load current. Here, a new calculation procedure based
on the IEC proposal for industrial transformers is
proposed. The difference is that the division of the eddy
losses between winding and other structural parts is
calculated based on the actual loss measurements.

[1996] 02E - 7
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SPECIFIC REQUIREMENTS ON HVDC
CONVERTER TRANSFORMERS

Carlson, A.
ABB Transformers AB, Ludvika, Sweden

Proceedings, Int’l Conf on Electrical Engineering
(ICEE'96), Beijing, China, August 12-15, 1996, vol 1,
pp 611-614

The converter transformer is an integral part of an
HVdc system. High ac and dc voltages put specific
requirements on the dielectric insulation. Nonsinusoidal
currents give rise to additional losses which are
considered. The transformer connections, dielectric
stress, losses, short circuit impedance, tap-changer and
tapping range, dc magnetization, and general design are



discussed. 4 Refs.

[1996] 02E - 8

TRANSFORMER AND REACTOR
DEVELOPMENT FOR DC POWER-
TRANSMISSION SYSTEMS

Yoshida, Y.; Sugihara, H.; Hatano, M.; Koan, T.;
Oue, T.; Hosokawa, N.

Mitsubishi Electric Review (Mitsubishi Denki Giho)
(Japan), vol 70, no 5, 1996, pp 33-40

Japanese

Mitsubishi Electric has cooperated in the joint
development of insulation technologies for transformers
and reactors that will be used in 500-kV dc power
transmission systems. The authors examined the dc
insulation performance of the main component (oil and
paper), investigated the optimum construction ratio of
these materials, and then constructed full-scale models.
DC voltage capability and other insulation performance
parameters were successfully tested. The improved
insulation reduces equipment size and contributes to low
power loss. 3 Refs.

[1996] 02E - REF

DEVELOPMENT OF THE EQUIPMENT FOR 500-
KV AC/DC CONVERSION STATIONS. PARTS 1-
4. HIGH-VOLTAGE LARGE-CAPACITY
THYRISTOR VALVE, TRANSFORMER AND DC
REACTOR FOR CONVERSION, DC, GIS, AND
GROUND TYPE AC AND DC FILTERS

For Abstract see entry 02C - 16

[1996] O2E - REF

VERIFICATION AND TESTING OF DC POWER-
TRANSMISSION EQUIPMENT

For Abstract see entry 02F - 18

[1996] 02E - REF

INSULATION MODEL TESTS OF PRINCIPAL
PARTS FOR HVDC CONVERTER
TRANSFORMER AND SMOOTHING REACTOR

For Abstract see entry 02G -9

[1996] 02E - REF

METHOD FOR THE INDICATION OF POWER
TRANSFORMER SATURATION

For Abstract see entry 05D - 18

[1996] 02E - REF

-

MITIGATING POTENTIAL TRANSFORMER
FERRORESONANCE IN A 230-KV CONVERTER
STATION

For Abstract see entry 05D - 19

[1996] 02E - REF

SOLVING THE FERRORESONANCE PROBLEM
WHEN COMPENSATING A DC CONVERTER
STATION WITH A SERIES CAPACITOR

For Abstract see entry 05D - 32

[1996] 02E - REF

COORDINATION OF THE INSULATION OF
SUPERHIGH-VOLTAGE CONVERTER

TRANSFORMERS
For Abstract see entry 05J -2

02F Switchgear, Gas-Insulated

Systems (GIS), DC Circuit
Breakers
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A TWO-STAGE DC THYRISTOR CIRCUIT
BREAKER

McEwan, P.M.; Tennakoon, S.B.
Sheffield Hallam Univ, UK

IEEE Trans on Power Electronics, vol 12, no 4, July
1997, pp 597-607

High-current dc thyristor circuit breaker (TCB) devices,
based on the parallel capacitor-current commutation-
forced turn-off principle, require very large capacitors to
effect correct operation as fault-current interrupters in
electrical circuits. The commutation capacitors of TCB
devices that interrupt current in a single switching
operation absorb virtually all the electromagnetic energy
stored in circuits, where they operate during the single
switching process. These device types interrupt current
extremely fast, but because of the scale of the energy
transfer to the commutation -capacitor, they are
especially prone to producing short-duration switching

overvoltages of excessive magnitude. A novel TCB




device involving two switching operations or stages is
presented and analyzed. With this device type, the
circuit-stored energy is transferred to the commutation
capacitor in two stages, which, in so. doing, produces
significantly lower switching overvoltages than the
conventional "single-stage" TCB device. Results of a
range of tests on a low-voltage two-stage TCB device
and a high-power-prototype version are given together
with the basis for determining their optimum design
criteria. Comparative simulation studies are also
provided. Finally, the limitations of TCB devices are
examined and discussed in conjunction with cost
comparisons and their merits and limitations for typical
applications.

[1996] O2F - 2

CIGRE WG 13.06 STUDIES ON THE
RELIABILITY OF SINGLE PRESSURE SF¢-GAS
HIGH-VOLTAGE CIRCUIT-BREAKERS

Janssen, A.L.J.; Brunke, J.H.; Heising, C.R.; Lanz,
W.
KEMA, Netherlands

IEEE Trans on Power Delivery, vol 11, no 1, January
1996, pp 274-282

The final results of the CIGRE second international
inquiry on the reliability of high voltage circuit-breakers
in service are presented. In the seventies the first
international inquiry, that covered all technology
circuit-breakers, was conducted. The second
international inquiry (from 1.1.88 to 31.12.91) was
limited to single-pressure SFg gas circuit-breakers, thus
showing the improvements due to this technology. The
main conclusion is that the reliability concerning major
failures has increased considerably and that the
maintainability of modern SF;s circuit-breakers is much
better than the older technology circuit-breakers. Also
the conclusions from several other studies, based on the
- results of the inquiries, are presented. The publication of
this paper, as a result of an international effort by
CIGRE SC 13, is sponsored here by the IEEE
Switchgear Committee in order to support this valuable
contribution to the industry and to continue the
cooperation between the two organizations. 15 Refs.

[1996] 02F - 3

CIRCUIT BREAKERS FOR MESHED
MULTITERMINAL HVDC SYSTEMS. II.
SWITCHING OF TRANSMISSION LINES IN
MESHED MTDC SYSTEMS

Greenwood, A.; Kanngiessner, K.W.; Lesclae, V.;

Margaard, T.; Schultz, W.
Electra (France), no 164, February 1996, pp 62-82
French; English

The meaning of multiterminal HVdc (MTDC) schemes
and the specific advantages of meshed MTDC systems
have been described in Part I. The importance of line
redundancy has been emphasized and it was shown that
it can be fully utilised only with the application of HVdc
circuit breakers (DCCBs) which allow switching
operations and clearing of line-to-ground faults without
reducing the converter current to zero. In Part II we
concentrate on line breakers, i.e. DCCBs which connect
each line section at both ends to the remaining MTDC
system. The single pole representation of a meshed
MTDC system in its simplest form, ie. a ring-shaped
configuration, is considered. We assume that in reality a
meshed MTDC system will always be of bipolar design.
This is the reason why a bipolar simulator set-up has
been used for the investigations described in this report.
The basic elements of a DCCB as assumed in this
investigation are shown. Control plays a decisive role in

the performance of an MTDC system and must not
interfere with the DCCB operation. 3 Refs.

[1996] 02F - 4

DC DIELECTRIC CHARACTERISTICS AND
CONCEPTION OF INSULATION DESIGN FOR
DC GIS

Hasegawa, T.; Yamaji, K.; Hatano, M.; Aoyagi, H.;
Taniguchi, Y.; Kobayashi, A.

Kansai Elec Power Co, Inc, Osaka, Japan

IEEFE Trans on Power Delivery, vol 11, no 4, October
1996, pp 1776-1782

In order to discuss the dielectric performance of dc GIS,
the flashover characteristics of gas-insulated bus were
studied under conical- and disk-type spacers. The test
involves the investigation on effect of electrification for
charge to be accumulated in spacers and the effect of
metallic particles. As the result, it was found that the
dielectric characteristics of conical-type spacer are better
than disk type. Moreover, the dielectric performance of
dc GIS is more affected by the characteristics of coaxial
electrode system than spacer surface with regard to
metallic particle. On the basis of the results of these
tests, this report presents the conception of insulation
design for dc GIS. 10 Refs.

[1997] 02F - 5
DEVELOPMENT AND DESIGN OF DC-GIS
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Shikata, M.; Yamaji, K.; Hatano, M.; Tsuchie, E.;
Takeuchi, H.; Inami, K.

Kansai Elec Power Co, Inc, Japan

Trans of the Institute of Electrical Engineers of Japan
(Denki Gakkai Ronbunshi), vol 117-B, no 5, pp 737-
742

Japanese

In order realize a reliable, compact and economical
converter station for HVdc transmission, applications of
gas-insulated switchgears (GIS) for dc transmission
lines are considered. The characteristics of dc gas
insulation are different from those of ac. The behavior
of metallic particles left in the enclosure is one of the
largest differences. The accumulation of electrical
charges on solid insulators is another essential factor in
designing a dc-GIS. Also degradation of metal oxide
arrester blocks under dc stress must be considered.
Based on the fundamental studies, we developed the
components of the £500-kV dc-GIS. Electrical and
mechanical performances of these components have
been tested and proven to be satisfactory. Finally these
components had been assembled into a full dc-GIS and
subjected to a long-term voltage endurance test. In this
paper, design philosophy of £500-kV dc-GIS, details of
the components and the test results are described.

[1996] 02F - 6

DEVELOPMENT OF 500-KV DC GAS
INSULATED SWITCHGEAR

Yoshida, Y.; Takahata, K.; Hatano, M.; Takatsuka,
K.; Tsuchie, E.

Mitsubishi Electric Review (Mitsubishi Denki Giho)
(Japan), vol 70, no 5, 1996, pp 25-32

Japanese

Mitsubishi Electric has been cooperating in the joint
development of 500-kV dc gas-insulated switchgear for

Yamaji, K.; Nakagoshi, Y.
Shikoku Elec Power Co, Inc, Japan

Denki Gakkai Kaihei Hogo Kenkyukai Shiryo (Japan),
vol SP-96, no 62-80, pp 11-20

Japanese

500-kV dc gas-insulated switchgear (dc GIS) which is
composed of _dc buses, lightening arresters,

disconnecting switches and dc circuit breakers has been
recently developed to improve the reliability and
economy of HVdc transmission systems. Though there
were many technical difficulties such as metallic
particles in GIS and charge accumulation on spacers
which reduce dielectric strength greatly, those problems
were conquered through enthusiastic studies and
discussions by the participants of the utilities and
manufacturers. Prototype models of 500-kV dc GIS were
manufactured and tested to meet the specifications by
several kinds of tests. This paper describes the design -
and specifications of dc GIS equipment and the results
of the prototype model's test.

[1996] 02F - 8

DEVELOPMENT OF GAS INSULATED
SWITCHGEAR FOR HVDC. (PART 2)

Shikata, M.; Shinohara, R.; Asai, Y.; Kashimura,
K.; Yamaji, K.; Hatano, M.
Kansai Elec Power Co, Inc, Japan

Denki Gakkai Zenkoku Taikai Koen Ronbunshu
(Japan), vol 1996, no 6, pp 6.321-6.322

Japanese
Abstract not available.

[1997] 02F -9

DEVELOPMENT OF GAS INSULATED
SWITCHGEAR FOR HVDC. (PART 3)

dc switching in ac/dc power conversion substations. The

development team investigated basic specifications for
the switchgear, solved dc problems such as charge
accumulation on insulator surfaces and the "fire-fly"
phenomenon caused by conducting particles, and then
assembled and tested a prototype device. Plans call for
the first production units to be completed early in the
next decade. 4 Refs.

[1996] 02F - 7

DEVELOPMENT OF 500-KV DC GAS-
INSULATED SWITCHGEAR

Shikata, M.; Shinohara, R. Yamada, H.; Yamagiwa,
T.; Yamaji, K.; Hatano, M.

Kansai Elec Power Co, Inc, Japan

Proceedings, Annual Conf of Power & Energy Society,
IEE of Japan (Denki Gakkai Denryoku, Enerugi
Bumon Tuikai Ronbunshu), vol 7, no 2, pp 800-801

Japanese
Abstract not available.

[1996] 02F - 10
DEVELOPMENT OF GAS INSULATED
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SWITCHGEAR FOR HVDC. (PART 4)

Shikata, M.; Shinohara, R.; Kashimura, K.; Kida,
J.; Ozawa, J.; Yamaji, K.; Hatano, M.

Kansai Elec Power Co, Inc, Japan

Denki Gakkai Zenkoku Taikai Koen Ronbunshu
(Japan), vol 1997, no 6, pp 6.401-6.402

Japanese
Abstract not available.

[1997] 02F - 11

DEVELOPMENT OF INSULATION STRUCTURE
AND ENHANCEMENT OF INSULATION
RELIABILITY OF 500-KV DC GIS

Hasegawa, T.; Yamaji, K.; Hatano, M.; Endo, F.;
Rokunohe, T.; Yamagiwa, T.

Kansai Elec Power Co, Inc, Osaka, Japan

IEEE Trans on Power Delivery, vol 12, no 1, January
1997, pp 194-202

The paper describes the development of insulation
structure and enhancement of insulation reliability of
500-kV dc GIS (gas-insulated switchgear). Considering
problems of metallic particles and charge accumulation
on spacers, the developed insulation structure of GIS
consisted of three regions, ie. the spacer, particle
scavenging and nonlevitating regions. Particles could be
efficiently scavenged, and the developed GIS withstood
all insulation specifications with sufficient margins
under both clean and particle-contaminated conditions.

Long-term testing of the 500-kV dc GIS began in
October 1995.

[1996] 02F - 12

HVDC DC CLOSED LOOP CURRENT
COMMUTATION TEST OF GIS
DISCONNECTOR

Shikata, M.; Takahata, K.; Hatano, M.; Kokumai,
T.; Koshizuka, T.; Takahashi, N.; Nishiwaki S.

Kansai Elec Power Co, Inc, Japan

Denki Gakkai Zenkoku Taikai Koen Ronbunshu
(Japan), vol 1996, no 6, p 6.327

Japanese

Abstract not available.

[1996] 02F - 13

INFLUENCE OF THE HVDC SYSTEM TO THE
MRTB DC CURRENT INTERRUPTION

Shikata, M.; Takahata, K.; Hatano, M.; Koshizuka,
T.; Nishiwaki, S.; Kobayashi, A.; Murao T.
Kansai Elec Power Co, Inc, Japan

Denki Gakkai Zenkoku Taikai Koen Ronbunshu
(Japan), vol 1996, no 6, pp 6.319-6.320

Japanese

Abstract not available.

[1998] 02F - 14

INSTABILITY CHARACTERISTIC OF DC ARC
IN GAS CIRCUIT BREAKER

Ito, H.; Sawada, T.; Kamei, K.; Nitta, E.; Hidaka,
M.; Tbuki, K.

Mitsubishi Elec Corp, Japan

Denki Gakkai Kaihei Hogo Kenkyukai Shiryo (Japan),
vol 98, no 1-13, pp 53-58

Japanese
Arc-circuit instability in an HVdc circuit breaker was
analytically  investigated. @ Frequency and an

amplification coefficient of an amplitude of an
oscillation that leads to the current zero can be obtained
as a function of an arc time constant, an arc loss, a
capacitance and a reactance by this analysis. The critical
frequency for a negative arc characteristic decreases
with an increasing amplitude of a current oscillation. A
linear differential equation for a perturbation component
in the interrupting current gives analytical solutions of
frequency and the amplification coefficient on various
circuit parameters. The amplification coefficient has a
maximum at an optimum reactance. The effect of a stray
capacitance and a cable inductance on the breaker
performance was also explained by this analysis method.

[1997] 02F - 15
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INSTABILITY OF DC ARC IN SFs CIRCUIT
BREAKER

Ito, H.; Hamano, S.; Ibuki, K.; Yoshinaga, K.;
Yamaji, K.; Hasegawa, T.; Irokawa, H.

Mitsubishi Elec Corp, Hyogo, Japan

IEEE Trans on Power Delivery, vol 12, no 4, October
1997, pp 1508-1513

Instability of the arc in an HVdc circuit breaker was
investigated both analytically and experimentally. The
analytical work showed that the amplification
coefficient and the frequency of the oscillation that leads
to the current zero can be given as functions of parallel
impedance and arc characteristics. The process of




estimating the arc characteristics from the amplification
coefficient and the experimentally observed frequency
was proposed and the result compared with the
estimation of the same characteristics by the analysis of
| the current zero behavior. It was shown that a
' description of the dc arc by a simple Mayr-type model
could reproduce the initiation and the growth of the
oscillation and the interruption of the current. 4 Refs.

[1998] 02F - 16
INTERRUPTING DUTIES ON HVDC SYSTEM
Shin, M.; Hatano, M.; Akutsu, K.; Hidaka, M.
Kansai Elec Power Co, Inc, Japan

Denki Gakkai Kaihei Hogo Kenkyukai Shiryo (Japan),
vol 98, no 1-13, pp 11-12

Japanese
Abstract not available.
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) REQUIREMENTS FOR HVAC CIRCUIT

J BREAKER USED IN HVDC CONVERTER

" STATIONS - STUDY OF THE CAHORA BASSA
DC AND AC BUSBAR CONDITIONS

Kuntze, T.; Schmitt, H.; Schmidt, H.-P.; Voelcker,
O.; de Grijp, M.; Diseko, D.

Siemens AG, Erlangen, Germany

CIGRE Int’l Colloguium on HVDC and FACTS,
Johannesburg,South Africa, September 28-30, 1997

] In HVdc converter stations, very specific requirements
] for the switchgear may be encountered.  This
' necessitates a detailed study of the switching processes
for the proper specification of the switchgear. A case
study covering a wide variety of system conditions
shows the implications for the circuit breaker ratings.
The Cahora Bassa HVdc system in Mozambique is the
subject of this investigation. Here, a new ac line will be

' linked in parallel to the existing HVdc transmission

o scheme. A dedicated bus-coupler circuit breaker will
connect the dc busbar and the ac busbar linking the new
line. "The voltage and current stresses on the bus
coupler and the line breaker are assessed by detailed
numerical simulations. The results of the calculations
are discussed in the light of circuit breaker ratings and
the implications for the specification are given.

I [1996] 02F - 18
| VERIFICATION AND TESTING OF DC POWER-

TRANSMISSION EQUIPMENT

_ Yoshida, Y.; Satoh, M.; Hashimoto, T.; Irokawa, H.;
Takeuchi, H.; Oue, M.; Naito, H.

Mitsubishi Electric Review (Mitsubishi Denki Giho)
(Japan), vol 70, no 5, 1996, pp 49-58

Japanese

Mitsubishi Electric is cooperating in the joint
development of 500-kV dc power transmission
equipment and practical applications are planned for
early in the next decade. The article reports on the
accelerated voltage testing of dc gas-insulated
switchgear and tests on a power transformer and dc
reactor for ac/dc power conversion. The authors
conducted verification testing using a real-time power

grid simulator designed to test the suitability of various
dc transmission control algorithms. 0 Refs.

[1996] 02F - REF

DEVELOPMENT OF THE EQUIPMENT FOR 500-
KV AC/DC CONVERSION STATIONS. PARTS 1-
4. HIGH-VOLTAGE LARGE-CAPACITY
THYRISTOR VALVE, TRANSFORMER AND DC
REACTOR FOR CONVERSION, DC, GIS, AND
GROUND TYPE AC AND DC FILTERS

For Abstract see entry 02C - 16

02G Insulation, Bushings, Surge
Arresters

[1996] 02G - 1

BEHAVIOR OF HVDC WALL BUSHINGS
UNDER NONUNIFORM RAIN : VOLUME 1

Lambeth, P.J.; Beausejour, Y.; Kamel, S.1.

Hydro-Quebec, Varennes, Quebec, Canada

Canada Electricity Association, Report Number CEA-
203 T 787, July 1996, 300 pp

A study was conducted in which attempts were made to
improve the performance of HVdc wall bushings in
critical weather conditions. The objective of the work
was to develop better booster sheds by using a new
principle, and show their performance on wall bushings
with porcelain and aged RTV silicone-rubber surfaces.
Performance tests were also conducted on SFg-filled
wall bushing with a glass-fiber/silicone rubber housing
in high-conductivity, critical non-uniform rain, and in
clean fog conditions. The degradation of each surface
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was measured. The study showed that wall bushing
flashovers occur in a wide variety of wetting conditions
from mist to icing, but mostly in light rain. Flashovers
were not confined to heavily polluted sites or dirty
bushings. A new multi-layer method for coating
polymer surfaces with a pollution layer, without
damaging it, was developed. Complementary long-term
monitoring of wall bushings fitted with booster sheds of
a simple disk pattern was carried out in a service
environment. Measurements showed that the maximum
voltage measured on the voltmeter collar on the negative
polarity bushing was 2.8 times the value of that of
uniform voltage distribution. This value is close to the
breakdown strength of the dry collar/flange gap. 29
refs., 40 tabs., 56 figs.

[1996] 02G - 2

DC INSULATION CHARACTERISTICS OF FRP
INSULATORS AND LIGHT GUIDES FOR
THYRISTOR VALVES

Yamada, M.; Hashimoto, T.; Irokawa, H.;
Kobayashi, K.; Ishida, T.; Tanaka, C.; Endo, F.
Kansai Elec Power Co, Inc, Japan

Proceedings, Annual Conf of Power & Energy Society,
IEE of Japan (Denki Gakkai Denryoku, Enerugi
Bumon Taikai Ronbunshu), vol 7, no 2, pp 860-861

Japanese
Abstract not available.
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DEVELOPMENT OF SURGE ARRESTER FOR
THYRISTOR VALVE

Tanaka, M.; Hashimoto, T.; Irokawa, H.; Takeshina,
T.; Nozuki, M.; Shimizu, N.

Kansai Elec Power Co, Inc, Japan

Denki Gakkai Zenkoku Taikai Koen Ronbunshu
(Japan), vol 1996, no 6, pp 6.340-6.341

Japanese
Abstract not available.
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DEVELOPMENTS OF HVDC 500-KV-600-KV SFs
GAS TANK TYPE SURGE ARRESTERS

Hasegawa, T.; Yamaji, K.; Hatano, M.; Watahiki,
S.; Shirakawa, S.

Kansai Elec Power Co, Inc, Japan

Denki Gakkai Denryoku, Enerugi Bumon Taikai
Ronbunshu (Japan), vol 7, no 1-E, pp 315-320

Reducing the insulation level of the equipment in an
ac/dc converter station is important for the
miniaturization of the facility, and therefore, an arrester
of high-performance with low discharge voltage using a
zinc oxide element, was developed. Protection levels
were reduced by about 25% by this system in the dc
500-kV system in comparison with a conventional
system. The discharge voltage was 945 kV/10 kA in LL
characteristics, and the insulation level of the main dc
circuit was possible to reduce to LIWV 1300 kV by
installing this arrester at the entrance of the dc facility.
In addition, the arrester of the gas tank type is more
resistant to stain and earthquake than the insulator type,
and it is advantageous for connection with cable heads
and gas-insulation circuit breakers.

[1997] 02G - 5

EVALUATION OF CONTAMINATION
CHARACTERISTICS OF DC TWO STAGED
PORCELAIN TYPE SURGE ARRESTERS

Shirakawa, S.; Watahiki, S.; Shikata, M.; Yamaji,
K.; Hatano, M.

Hitachi, Ltd, Japan

Trans of the Institute of Electrical Engineers of Japan
(Denki Gakkai Ronbunshi), vol 117-B, no 2, pp 252-
257

Japanese

There is a little data on the contamination
characteristics of HVdc porcelain-type surge arresters.
Therefore, this paper describes contamination withstand
characteristics of dc 250-kV porcelain-type surge
arresters with special sheds and nominal sheds. Uniform
pollution and non uniform pollution (partial wetting)
slurry methods have been.applied to contamination
evaluations. This dc 250-kV porcelain-type surge
arrester with special sheds can withstand on slurry
pollution tests at equivalent salt deposit density 0.01-
0.03 mg/cm®.

[1996] 02G - 6

58

FIELD TESTS OF HVDC 500-KV-600-KV SF¢s GAS
TANK TYPE SURGE ARRESTERS

Shikata, M.; Shirakawa, S.; Watahiki, S.;
Kanazawa, T.; Takahata, K.; Hatano, M.

Kansai Elec Power Co, Inc, Japan

Proceedings, Annual Conf of Power & Energy Society,
IEE of Japan (Denki Gakkai Denryoku, Enerugi



Bumon Taikai Ronbunshu), vol 7, no 2, pp 401-402
Japanese
Abstract not available.

[1996] 02G - 7

HYDROPHOBICITY LOSS AND LEAKAGE
CURRENTS OF LONG-TERM AC- AND DC-
ENERGIZED POLYMERIC INSULATORS

Sorqvist, T.; Vlastos, A.E.

Dept of Elec Machines & Power Eng, Chalmers Univ
of Tech, Goteborg, Sweden

Proceedings, Nordic Insulation Symp, Bergen,
Norway, June 10-12, 1996, pp 249-256

At Anneberg outdoor field station, on the west coast of
Sweden, a long-term study of polymeric insulators
started in 1987. This paper presents a relative
comparison of the performance, with respect to leakage
current peaks exceeding * 25 mA, of several
commercially available EPDM, silicone rubber and
porcelain line insulators. The paper also presents the
hydrophobicity of the insulators. The results refer to
both HVac (130 kV RMS phase-to-ground) and HVdc
(+300 kV) energized insulators. The results show that
the EPDM rubber-based insulators lose their initial
hydrophobicity in a relatively short period of
environmental exposure and that this hydrophobic loss
results in substantial leakage currents and heavy arcing
under wet and salt polluted conditions, while the
silicone rubber-based insulators maintain their high
surface resistance and low leakage currents. During a
salt-storm, the magnitude of the leakage current activity
of the EPDM rubber-based insulators is generally higher
than that of the porcelain insulators. Moreover, a highly
stressed silicone rubber insulator can under severe
contamination conditions lose its high surface
resistivity, which results in considerable surface arcing.
14 Refs,

[1996] 02G - 8

INSULATION CHARACTERISTICS OF FRP
INSULATORS FOR THYRISTOR VALVE

Yamada, M.; Hashimoto,T.; Irokawa, H.;
Kobayashi, K.; Ishida, T.; Endo, F.

Kansai Elec Power Co, Inc, Japan

Denki Gakkai Zenkoku Taikai Koen Ronbunshu
(Japan), vol 1996, no 2, p 2.84

Japanese

Abstract not available.

[1996] 02G - 9

INSULATION MODEL TESTS OF PRINCIPAL
PARTS FOR HVDC CONVERTER
TRANSFORMER AND SMOOTHING REACTOR

Hasegawa, T.; Yamaji, K.; Hatano, M.; Hosokawa,
N.; Koan, T.; Oue, T.

Kansai Elec Power Co, Inc, Japan

Denki Gakkai Zenkoku Taikai Koen Ronbunshu
(Japan), vol 1996, no 3, pp 5.243-5.244

Japanese

Abstract not available.

[1996] 02G - 10

INVESTIGATION OF SINGLE UNIT
FLASHOVERS IN HVDC INSULATOR STRINGS

Ishikawa, K.; Kageyama, H.; Yamada, Y.;
Matsuoka, R.; Ito, S.; Sakanishi, K.

Kansai Elec Power Co, Inc, Osaka, Japan

IEEE Trans on Power Delivery, vol 11, no 4, October
1996, pp 1888-1894

In HVdc transmission lines, a special phenomenon, so
called single unit flashover, is observed under some
special conditions. Only one or two insulator units
repeat flashovers, not resulting in an overall flashover
along the string. However, higher magnitudes of audible
noise, radio and television interference, may cause
serious problems. Based on the investigation on +500-
kV full scale insulator strings, higher occurrence
probability of single unit flashovers under cold-wet-
switch-on conditions was clarified and compared with
normal continuous operating voltage conditions.
Effectiveness of our newly proposed countermeasures to
prevent single unit flashovers was demonstrated by
experiments in the laboratory and in the field. 7 Refs.

[1997] 02G - 11

59

NUMERICAL EVALUATION OF THE EFFICACY
OF BOOSTER SHEDS AND RTV COATING IN
IMPROVING THE PERFORMANCE OF HVDC
WALL BUSHINGS

Tang, L.; Raghuveer, M.R.
Univ of Manitoba, Winnipeg, Canada

Proceedings, IEEE Conf on Electrical Insulation and
Dielectric Phenomena, Minneapolis, MN, October 19-
22, 1997, vol 2, pp 410-413

In this paper, the critical flashover voltages of a 600-kV
HVdc wall bushing with booster sheds and RTV coating



are estimated by using a model recently developed by
the authors. Their efficacy in improving the
performance of HVdc wall bushings is numerically
verified, which agrees well with the results of large
scale experiments and operational experience. The
numerical evaluation and results obtained are very
helpful in assessing the performance of HVdc wall
bushings under different severe conditions and
promoting the use of remedial measures. 9 Refs.

[1996] 02G - 12

NUMERICAL PREDICTION OF HVDC WALL
BUSHING FLASHOVER CAUSED BY UNEVEN
WETTING

Tang, L.; Raghuveer, MLR.
Univ of Manitoba, Winnipeg, Canada

Proceedings, Conf on Electrical Insulation and
Dielectric Phenomena (CEIDP), Millbrae, California,
October 20-23, 1996, vol 2, pp 455-458

In this paper, a numerical model is developed to
determine the critical flashover voltage of an unevenly
wetted HVdc wall bushing. The electric field of a 600-
kV HVdc wall bushing is calculated by using the finite
element method, and the E-field distribution,
particularly that along the critical line, is used to
determine the critical flashover voltage (CFO). The
simulation results show that predicted critical flashover
voltages agree well with experimental data in literature.
Furthermore, various aspects of uneven wetting
flashover phenomena are verified. The influence of the
dry zone length, rain conductivity, air pressure as well
as altitude on the critical flashover voltage are also
investigated using the developed model. The results
presented in this paper suggest that the proposed E-
field-based model is an effective tool to evaluate the
performance of an HVdc wall bushing. 8 Refs.

[1996] 02G - 13

ON THE ION MIGRATION OF FRP ROD UNDER
HVDC '

Chen, Y.; Liang, X-D.; Lu, G-Q.; Guan, Z-C.;
Zhang, R-Y.

Tsinghua Univ, Beijing, China

Proceedings, 1996 Asian Intl Conf on Dielectrics &
Electrical Insulation Diagnosis (96’ AICDEI & 4th-

JCCEID), Xi'an, China, October 8-11, 1996, pp 283-
286

Ion migration is one of the main factors causing
conventional insulators' faults under HVdc, but it is

unknown whether the ion migration under HVdc can
cause composite insulators' electric strength to
deteriorate. In this paper, a set of ion migration test
equipment used for composite insulators is designed, a
test lasting two months has been done and some
conclusions have been drawn. 3 Refs.

[1997] 02G - 14

OUTDOOR POLYMERIC INSULATORS LONG-
TERM EXPOSED TO HVDC

Sorgvist, T.; Vlastos, A.E.
Chalmers Univ of Tech, Gothenburg, Sweden

IEEE Trans on Power Delivery, vol 12, no 2, April
1997, pp 1041-1048

Field experience from outdoor polymeric insulators
exposed to HVdc under natural contamination
conditions is presented. This paper summarizes the peak
leakage current statistics, the hydrophobicity and the
surface material conditions studied by electron
spectroscopy for chemical analysis (ESCA) and
attenuated total reflection Fourier transform infrared
(ATR-FTIR) spectroscopy. The results show a strong
interrelation between the surface conditions and the
performance with respect to leakage currents. Moreover,
the results show that the surface conditions and the
performance of the insulators exposed to HVdc are
rather similar to those of the insulators exposed to
HVac.

[1996] 02G - 15

SEISMIC PERFORMANCE OF HVDC 500-KV-
600-KV SF; GAS TANK TYPE SURGE
ARRESTERS

Tanaka, M.; Watahiki, S.; Shiga, M.; Shirakawa, S.;
Hashimoto, T.; Hatano, M.
Kansai Elec Power Co, Inc, Japan

Denki Gakkai Zenkoku Taikai Koen Ronbunshu
(Japan), vol 1996, no 6, pp 6.336-6.337

Japanese
Abstract not available.

[1997] 02G - 16

SIMULATION OF HVYDC WALL BUSHING
PERFORMANCE UNDER UNEVENLY WETTED
CONDITIONS

Tang, L.; Raghuveer, M.R.
Univ of Manitoba, Winnipeg, Canada



Proceedings, IEEE WESCANEX Conf on
Communications, Power and Computing, Winnipeg,
Manitoba, Canada, May 22-23, 1997, pp 109-113

The electric field distributions for HVdc wall bushings
with different dry zone lengths are discussed and their
critical flashover voltages predicted using an E-field-
based model. The simulation yields results in good
agreement with experimental results, It is shown that

some important aspects of wall bushing flashover, such
as the U-shaped characteristics of critical flashover

voltage versus dry zone length, critical dry zone length, -

aré well reproduced by the simulation. 9 Refs.

[1996] 02G - 17

THE DESIGN OF DIELECTRIC BARRIERS FOR
HVDC BUSHINGS

Sellars, A.G.; MacGregor, S.J.

Dept of Electrn & Elec Eng, Strathclyde Univ,
Glasgow, UK

IEE Colloquium on Field Modelling: Applications to
High Voltage Power Apparatus (Digest No.1996/008)
(UK), January 17, 1996, pp 3/1-6

High voltage bushings employ capacitive grading foils
to control the electric field distribution under ac
conditions. However, under dc conditions, the foils are
unable to prevent a concentration of electric field within
the bushing due to its high resistivity relative to that of
the surrounding oil. A method of controlling the electric
field is therefore required for dc conditions, and this is
usually achieved through the use of dielectric barriers
which surround the oil-immersed end of the bushing.
This paper describes analytical techniques used to assess
the performance of a particular barrier configuration in
order to optimize its design. 4 Refs.

[1996] 02G - 18

V-T CHARACTERISTICS OF SOLID
INSULATORS FOR THYRISTOR VALVES

Yamada, M.; Yamaji, K.; Irokawa, H.; Kimura, T.;
Chishaki, H.; Fujii, H.
Kansai Elec Power Co, Inc, Japan

Denki Gakkai Zenkoku Taikai Koen Ronbunshu
(Japan), vol 1996, no 2, p 2.85

Japanese
Abstract not available.

[1996] 02G - 19

WHAT DO YOUNG MEMBERS AIM AT AT
PRESENT ? LIQUID INSULATION : UHV, HVDC
TRANSFORMER INSULATION TECHNOLOGY

Yamada, S.; Taniguchi, Y.

Toshiba Corp, Japan

Hoden Kenkyu (Japan), no 151, pp 32-41
Japanese

Abstract not available.

[1997] 02G - REF

HUMIDITY DEPENDENCE OF DC INSULATION
CHARACTERISTICS OF FRP INSULATORS FOR
THYRISTOR VALVES

For Abstract see entry 02C - 18

[1997] 02G - REF

DC V-T CHARACTERISTICS OF FRP
INSULATORS FOR THYRISTOR VALVES

For Abstract see entry 02C - 8

[1997] 02G - REF

DIELECTRIC STRENGTH OF TRANSFORMER
INSULATION AT DC POLARITY REVERSAL

For Abstract see entry 02E - 2

[1996] 02G - REF
HVDC CONVERTER TRANSFORMERS
For Abstract see entry 02E - 4

03 OVERHEAD
TRANSMISSION LINES

03A Tower Designs, Conductors,
Insulation

[1996] 03A - 1

PRINCIPAL PECULIARITIES OF CERAMIC AND
COMPOSITE INSULATORS FOR OVERHEAD

61




ERV/UHV POWER TRANSMISSION LINES:
ELECTRICAL CHARACTERISTICS,
PERFORMANCE, RELIABILITY AND
APPLICATION AREAS

Tikhodeev, N.N.

Dept of High Voltage Tech, HYDC Power Trans
Research Inst, St. Petersburg, Russia

European Trans on Electrical Power (Germany), vol 6,
no 6, November-December 1996, pp 419-125

Areas of rational application of cap-and-pin and rod line
insulators manufactured from various materials
(porcelain, glass and polymers) are discussed in terms of
ensuring high reliability and adequate performance of
strings on EHV and UHV ac and dc overhead power
transmission lines. It is shown that the most critical
characteristics of both cap-and-pin and rod units are
their quality in terms of annual in-service failure rates
and their polluted dielectric strength at long-duration
exposure to operating voltages. Additional features of
importance for HVdc power lines are high resistivity of
the dielectric and good dielectric strength of each
individual unit. 14 Refs.

03B Corona Effects and Losses

[1996] 03B - 1

CALCULATION OF SINGLE PHASE AC AND
MONOPOLAR DC HYBRID CORONA EFFECTS

Zhao, T.; Sebo, S.A.; Kasten, D.G.
Ohio State Univ, Columbus, OH, USA

IEEE Trans on Power Delivery, vol 11, no 3, July
1996, pp 1454-1463

Operating a hybrid HVac and HVdc line is an option for
increasing the efficiency of power transmission and
overcoming the difficulties in obtaining a new right-of-
way. This paper proposes a new calculation method for
the study of hybrid line corona. The proposed method
can be used to calculate dc corona losses and corona
currents in dc or ac conductors for single-phase ac and
monopolar dc hybrid lines. Profiles of electric field
strength and ion current density at ground level can be
estimated. The effects of the presence of an energized ac
conductor on dc conductor corona and dc voltage on ac
conductor corona area are included in the method. Full-
scale and reduced-scale experiments were utilized to
investigate the hybrid line corona effects. Verification of
the proposed calculation method is given. 16 Refs.

[1996] 03B - 2

CALCULATION OF SINGLE PHASE AC AND
MONOPOLAR DC HYBRID CORONA EFFECTS.
DISCUSSION

Zhao, T.; Sebo, S.A.; Kasten, D.G.

Ohio State Univ, Columbus, OH, USA

IEEE Trans on Power Delivery, vol 11, no 3, 1996, pp
1454-1463

Operating a hybrid HVac and Hvdc line is an option for
increasing the efficiency of power transmission and
overcoming the difficulties in obtaining a new right-of-
way. This paper proposes a new calculation method for
the study of hybrid line corona. The proposed method
can be used to calculate dc corona losses and corona
currents in dc or ac conductors for single-phase ac and
monopolar dc hybrid lines. Profiles of electric field
strength and ion current density at ground level can be
estimated. The effects of the presence of an energized ac
conductor on dc conductor corona and dc voltage on ac
conductor corona are included in the method. Full-scale
and reduced-scale experiments were utilized to
investigate the hybrid line corona effects. Verification of
the proposed calculation method is given. 16 refs.

[1996] 03B - 3

62

CORONA DISCHARGE IN A TWIN-WIRE
SYSTEM

Taplamaciogul, M.C.
Gazi Univ, Turkey

Denki Gakkai Hoden Kenkyukai Shiryo (Jupan), vol
ED-96, no 156-163, pp 11-19

In HVdc lines bundle geometry is mainly used for the
purpose of reducing the electric field at the surface of
the subconductors with a subsequent decrease of corona
losses, radio and television interference and audible
noise. Bundle geometry decreases the surge impedance
and increases the power carrying capacity in power
systems. In the present paper, twin conductor system
experiments, within a cylindrical boundary, are
conducted in ambient air at positive polarity. The effects
of wire separation are analyzed on the current density
and field profiles. The electric field modification by
corona is analyzed in the twin system and results are
compared both Laplacian and measured corona values
of the single wire (paraxial) data. For physical
modelling, the interaction of two drift regions from
independent corona sources has been little studied.




R —

[1996] 03B - 4

CORONA LOSSES IN HVDC BIPOLAR LINES
Corbellini, U.; Pelacchi, P.
Univ of Pisa, Italy

IEEE Trans on Power Delivery, vol 11, no 3, July
1996, pp 1475-1481

The problem related to the prediction of corona losses in
HVdc bipolar lines has been solved, in the past, by
means of semi-empirical monomial formulae. However,
the proposed formulae that are simpler to use do not
always give adequate calculation precision, while the
formulae that provide the closest results require implicit
functions of different complexity, which are difficult to
apply; moreover, it is not possible to understand clearly
what influence the variations of the different line
parameters have on the losses themselves. The new
monomial semi-empirical relationship, proposed to
predict the corona losses in HVdc bipolar lines, is very
simple to use; it highlights the dependence of power
losses due to the corona effect by the different line
parameters, The formula has been developed by
elaborating a considerable amount of available
experimental data. 33 Refs.

[1997] 03B - 5

DEVELOPMENT OF CORONA-RELIEF SHIELDS
FOR 500-KV HVDC THYRISTOR VALVES
Satyanarayana, S.; Bhoomaiah, A.; Rajaraman, R.;
Mukherji, S.; Sheriff, K.R.S.; Arunachalam, M.;
Singh, S.; Holla, K.G.; Lal, G.

Osmania Univ, Hyderabad, India

BHEL Journal (India), vol 18, no 1, February 1997,
pp 9-16

BHEL, playing a key role in the country in establishing
HVdc systems, has developed corona-relief shields for
thyristor valves of £500-kV HVdc systems. Shields of
different profiles and sizes have been designed, based on
extensive analytical studies using electrostatic field

plots. They have performed successfully under all
evaluation tests for voltage withstand and corona levels.

[1996] 03B - 6

FINITE ELEMENT SOLUTION OF ]
MONOPOLAR CORONA AS INFLUENCED BY
ION LIFE TIME

Al-Hamouz, Z.

King Fahd Univ of Petrol & Min, Dhahran, Saudi
Arabia

Conf Record, 31st IAS, San Diego, CA, October 6-10,
1996, vol 4, pp 1919-1924

This paper presents an iterative finite element technique
for the analysis of monopolar ionized fields in
transmission line conductor to plane configurations.
One of the main underlying assumptions adopted in the
literature namely, the constant ion mobility, is waived in
a simple way. The impact of waiving this assumption on
the computed corona current and ground plane current
density profile is investigated. A laboratory model was
built to check the accuracy of the calculated corona
current and the ground plane current density
characteristics. It has been found that the present
calculated corona current and the ground plane current

_density, which assumed variable ion mobility, agreed

well with those measured experimentally for laboratory
and full scale models and are less than those obtained
when assuming constant ion mobility. 27 Refs.

[1997] 03B - 7

FINITE ELEMENT SOLUTION OF
MONOPOLAR CORONA ON BUNDLE
CONDUCTORS

Al-Hamouz, Z.; Abdel-Salam, M.

King Fahd Univ of Petrol & Min, Dhahran, Saudi
Arabia

Proceedings, 32nd Industry Applications Conf (IAS

'97), New Orleans, LA, October 5-9, 1997, vol 3, pp
1777-1783

A modified finite element iterative-based method (FEM)
is developed to analyze the monopolar ionized ficld and
hence compute the associated corona power loss on
bundle conductors (bundles two, three and four are
considered). The effect of the number of bundles, and
the bundle spacing on the corona current and ground
plane current density profiles is investigated. It has been
found that with the increase in the number of bundles,
the corona current decreases. On the other hand, the
corona current increases with the increase in the bundle
spacing. A laboratory model was built to check the
accuracy of the calculated corona current and the
ground plane current density profiles. It has been found
that the present results agreed well with the present and

previous experimental values.

[1996] 03B - 8
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IMPROVED CALCULATION OF FINITE
ELEMENT ANALYSIS OF BIPOLAR CORONA
INCLUDING ION DIFFUSION

Al-Hamouz, Z.; Abdel-Salam, M.; Mufti, A.




King Fahd Univ of Petrol & Min, Dhahran, Saudi
Arabia

IEEE Trans on Industry Applications, vol 34, no 2,
March/April 1998, pp 301-309

This paper presents an iterative method for the analysis
of bipolar corona associated with the ionized field
around high-voltage bipolar direct-current (HVdc)
transmission line conductors. A new finite element
technique (FET) is proposed to solve Poisson's equation
where the constancy of the conductors' surface field at
the corona onset value is directly implemented in the
finite element formulation. Satisfying the current
continuity condition and updating the space charge
density are based on the application of Kirchoff's current
balance law at each node of the finite element grid and
take the ion diffusion into account. In order to
investigate the effectiveness of the proposed method, a
laboratory model was built. It has been found that the
calculated V-I characteristics and the ground plane
current density profiles agreed well with those measured
experimentally. The simplicity in writing the computer
program in addition to the low number of iterations
required to achieve convergence characterize the new
method of analysis. 17 Refs.

[1998] 03B - 9

INCEPTION VOLTAGE OF CORONA IN
BIPOLAR IONIZED FIELDS - EFFECT ON
CORONA POWER LOSS

Al-Hamouz, Z.M.; Abdel-Salam, M.; Al-Shehri,
A.M.

King Fahd Univ of Petrol and Min, Dhahran, Saudi -
Arabia

IEEE Trans on Industry Applications, vol 34, no 1,
January-February 1998, pp 57-65

In this paper, an iterative finite-element-based
algorithm is presented as a numerical tool for the
solution of the bipolar ionized field around high-voltage
dc (HVdc) transmission lines. The effect of including
unequal values of the positive and negative corona
inception voltages and ion mobilities on the corona
power loss is investigated. In addition, the effect of
negative ion field enhancement on reducing the positive
conductor corona inception voltage is also studied. The
present algorithm is applied to different laboratory and
full-scale transmission line configurations. Comparison
with previously computed V-I characteristics showed
that the present computed values were in better
agreement with the experiment. Also, it has been found
that the effect of unequal corona inception voltages on
the corona power loss (or corona current) is noticeable

at applied voltages very near to the inception values. 17
Refs.

[1996] 63B - 10

ON THE CORONA VOLTAGE-CURRENT
CHARACTERISTIC OF UNIPOLAR HVDC
TRANSMISSION LINES

Li, X.; Raghuveer, M.R.; Ciric, LR.
Univ of Manitoba, Winnipeg, Canada
Proceedings, Conf on Electrical Insulation and

Dielectric Phenomena (CEIDP), Millbrae, California,
October 20-23, 1996, vol 2, pp 654-657

Simplified analytical analysis of ionized fields
associated with HVdc transmission lines is possible if it
is based on Deutsch's assumption. The resulting voltage-
current (V-I) characteristic may be conveniently used to
calculate the power losses of an HVdc transmission line.
However, such an approach has been criticized because
Deutsch's assumption is considered invalid for the line-
plane geometry. This paper verifies the validity of the
V-I characteristic thus obtained by comparing it with
numerical results which are generated using a new
method developed by the authors, in which Deutsch's
assumption is not employed. 9 Refs.

[1996] 03B - 11 -

64

THE UNIPOLAR ION CORONA CURRENTS IN
OVERHEAD SHVDC AND UHVDC POWER
TRANSMISSION LINES

Tikhedeyev, N.N.

Applied Energy: Russian Journal of Fuel, Power and
Heat Systems (Energetika), vol 34, no 4, 1996, pp 55-
72

The specific influence of overhead SHVdc and UHVdc
power lines on the environment is largely ascribed to
unipolar corona currents flowing from the conductors
(poles) of a bipolar line to ground. These currents
considerably increase ion-current density, ion
concentration (n;), and electric-field intensity near the
ground surface near overhead power lines, change the
charging mechanism of big rubber-tired vehicles, etc.
To limit E, j, and n; to admissible quantities, one must
have an experimental or a fairly accurate forecast of the
situation under a designed overhead dc line. In this
paper, methods of estimation and physical modeling of
the main quantities of unipolar currents I, j, and E are
proposed and discussed. 25 Refs.
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ADAPTIVE FINITE-ELEMENT BALLOONING
ANALYSIS OF BIPOLAR IONIZED FIELDS

For Abstract see entry 03D - 1

[1997] 03B - REF

OPEN-BOUNDARY FINITE-ELEMENT
ANALYSIS OF IONIZED FIELD AROUND
MONOPOLAR TRANSMISSION LINES [HVDC]

For Abstract see entry 03D - 12

[1997] 03B - REF

PARTIAL DISCHARGE PART XXIV: THE
ANALYSIS OF PD IN HVDC EQUIPMENT

For Abstract sce entry 03D - 13

[1996] 03B - REF

CLASSIFICATION OF PARTIAL DISCHARGES
FOR DC EQUIPMENT

For Abstract see entry 03D -3

[1997] 03B - REF

HIGHLY STABLE FINITE VOLUME BASED
RELAXATION ITERATIVE ALGORITHM FOR
SOLUTION OF DC LINE IONIZED FIELDS IN
THE PRESENCE OF WIND

For Abstract see entry 03D - 6

03C Radio and Television
Interference (RI and TVI)

[1996] 03C - 1
INVESTIGATIONS ON RADIO INTERFERENCE

AND POWER LINE CARRIER INTERFERENCE
OF A BACK-TO-BACK CONVERTER

Jaekel, B.W.
Siemens AG, Erlangen, Germany
Proceedings, 6th IEE Int’l Conf on AC and DC Power

Transmission, London, UK, April 29-Muay 3, 1996, pp
58-63

The first German link between the power distribution
networks of western and eastern Europe was installed in
Etzenricht/Bavaria in 1993. It is realized as a back-to-

back station and connects the asynchronous operation of
the Bavarian and the Czech power networks. The main
components of such stations are the converter valves
consisting of many hundreds of connected thyristors.
Due to the processes at the firing of the valves, high
frequency currents occur leading to high frequency
emissions-radiation as well as-noise on the power lines-
from the converter station. In order to ensure the
electromagnetic compatibility (EMC) of the station,
calculations of these emissions were carried out. These
calculations were performed by means of network

analysis and an integral equation method which is based
on the method of moments in order to cover radiation
effects self consistently. The influence of power line
carrier filters as well as of the shielding effectiveness of
the station building was also considered. A comparison
between the theoretical results and experimental data
recorded at the operational station shows a good
correspondence. 4 Refs.

[1997] 03C - REF

AN EVALUATION OF DIFFERENT ACTIVE
FILTER TOPOLOGIES FOR THE CAHORA
BASSA HVDC PROJECT

For Abstract see entry 02D - 4

[1996] 03C - REF

INVESTIGATION OF SINGLE UNIT
FLASHOVERS IN HVDC INSULATOR STRINGS

For Abstract see entry 02G - 10

03D Electric Fields, Magnetic
Fields, Biological Effects,

Environmental Issues

[1996] 03D - 1
ADAPTIVE FINITE-ELEMENT BALLOONING
ANALYSIS OF BIPOLAR IONIZED FIELDS
Al-Hamouz, Z.M.
King Fahd Univ of Petrol & Min, Dhahran, Saudi
Arabia
IEEE Trans on Industry Applications, vol 32, no 6,
November-December 1996, pp 1266-1277

This paper presents an adaptive finite-clement iterative
method for the analysis of the ionized field around
bipolar high-voltage direct-current (HVdc) transmission
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line conductors without resort to Deutsch's assumption.
A new iterative finite-clement ballooning technique is
used to solve Poisson's equation wherein the commonly
used artificial boundary around the transmission line
condugtors is simulated at infinity. Unlike all attempts
reported in the literature for the solution of ionized
field, the constancy of the conductors' surface field at

the corona onset value is directly implemented in the
finite-element formulation. In order to investigate the

effectiveness of the proposed method, a laboratory
model was built. It has been found that the calculated V-
I characteristics and the ground-plane current density
agreed well with those measured experimentally. The
simplicity in computer programming in addition to the
low number of iterations required to achieve

convergence characterize this method of analysis. 30
Refs.

[1997] 03D - 2

ANALYSIS OF THE IONIZED FIELD
ASSOCIATED WITH A BUNDLED DC LINE
INCLUDING EFFECT OF WIND

Li, X.; Raghuveer, M.R.; Ciric, LR.
Univ of Manitoba, Winnipeg, Canada
Proceedings, IEEE Conf on Electrical Insulation and

Dielectric Phenomena, Minneapolis, MN, October 19-
22, 1997, vol 2, pp 406-409

In this paper, the ground level ionized field quantities of
a bundled line are investigated by using an upwind
node-centered finite volume method (FVM)-based
algorithm recently introduced by the authors. The
geometries considered are typical of practical HVdc
transmission lines and the effect of wind is included.
The validity of the equivalent single conductor approach
is verified. 5 Refs.

[1996] 03D - 3

CLASSIFICATION OF PARTIAL DISCHARGES
FOR DC EQUIPMENT

Hoogenraad, G.; Morshuis, P.H.F.; Petrarca, C.
Tech Univ of Delft, Netherlands

Proceedings, Conf on Electrical Insulation and
Dielectric Phenomena (CEIDP '96), Millbrae, CA,
October 20-23, 1996, vol 1, pp 110-112

Computer aided partial discharge detection, recognition
and classification at ac voltage has become common
practice in recent years. Characteristic discharge phase
distributions have been found, thus providing the
possibility to recognize and assess possible defects in

HV apparatus. For diagnostic purposes, fingerprints
from these distributions can be derived and compared to
those previously ascertained and stored in a data-bank.
For dc voltage a similar technique can be used when the
phase angle is replaced by the time between discharges.
Successful results have been obtained by employing this

method on several artificial defects.

[1997] 03D - 4

COMPARISON OF CALCULATED AND
MEASURED MAGNITUDES OF ELECTRIC
FIELD ADJACENT TO A SWITCH LINE IN A DC
SWITCHYARD

Raghuveer, M.R.; Tarko, N.J.; Lu, C.; Norris-Elye,
0.C.

Univ of Manitoba, Winnipeg, Canada

Electric Power Systems Research, vol 42, no 1, July
1997, pp 41-46

Although the electric field due to high voltage power
transmission lines has received considerable attention,
relatively few papers have been published concerning
fields prevalent in an HVdc switchyard. This paper
reports measurements of electric field intensity
conducted adjacent to and along a switch line in the
Dorsey Converter Station of Manitoba Hydro at and
above ground level. In addition, system data and
weather information were also compiled. Because of the
large volume of data collected, a database approach was
used to analyze the results based upon chosen criteria.
The magnitude of the electric field at the. measurement
locations has been computed using the charge
simulation method. Three models are considered, each
incorporating different levels of refinement. The
calculated values are then compared with the recorded
maximum and overall average values. 11 Refs.

[1996] 03D - 5

66

ENVIRONMENTAL CONCERNS FOR HIGH-
VOLTAGE TRANSMISSION LINES IN UNIPEDE
COUNTRIES

Kalkani, E.C.; Boussiakou, L.G.
Natl Tech Univ, Athens, Greece

Journal of Environmental Engineering, vol 122, no
11, November 1996, pp 1042-1045

High-voltage transmission lines can pose an
environmental problem, especially in countries where
the electricity production is at a distance from the
demand location. Planning, construction, and operation
of high voltage transmission lines should be conducted




within a comprehensive environmental policy, which
may include assessment of visual impact, landscape and
wildlife protection, and reduction of health risks. This
paper reviews the environmental policies and action in

planning, construction, and operation as developed by
the utility members of the Union Internationale des
Producteurs et Distributeurs d'Energie Electrique
(UNIPEDE). The paper also presents a brief outline of
the health issues associated with the effects of

electromagnetic fields to humans. 7 Refs.

[1997] 03D - 6

HIGHLY STABLE FINITE VOLUME BASED
RELAXATION ITERATIVE ALGORITHM FOR
SOLUTION OF DC LINE IONIZED FIELDS IN
THE PRESENCE OF WIND

Li, X.; Ciric, LR.; Raghuveer, M.R.
Univ of Manitoba, Winnipeg, Canada
Int’l Journal of Numerical Modelling: Electronic

Networks, Devices and Fields, vol 10, no 6, November-
December 1997, pp 355-370

This paper presents a highly stable relaxation iterative
algorithm for solving the ionized fields of unipolar
HVdc transmission lines in the absence or in the
presence of wind. The finite element method is
cmployed to solve Poisson's equation, and the upwind
finite volume method is applied to solve the current
continuity equation. The algorithm has been tested up to
a wind velocity of 45 m/s. Results obtained for a
unipolar HVdc transmission line model show that the
application of the upwind method increases the stability
and convergence of the iterative algorithm when wind is

ion currents. An exposure chamber simulating
conditions present in the vicinity of high-voltage dc
(HVdc) lines was designed and built for this purpose. In
these experiments, the facility was used to expose

observers to dc electric fields up to 50-kV/m and ion
current densities up to 120 nA/m> Forty-eight
volunteers (25 women and 23 men) between the ages of
18 and 57 years served as observers. Perception of dc
fields was examined by using two psychophysical
methods: an adaptive staircase procedure and a rating
method derived from signal-detection theory. Subjects
completed three different series of observations by using
each of these methods; one was conducted without ion
currents, and the other two involved various
combinations of electric fields and ion currents. Overall,
subjects were significantly more likely to detect dc fields
as the intensity increased. Observers were able to detect
the presence of dc fields alone, but only at high
intensities; the average threshold was 45-kV/m. Except
in the most sensitive individuals, ion current densities
up to 60 nA/m* did not significantly facilitate the
detection of dc fields. However, higher ion current
densities were associated with a substantial lowering of
sensory thresholds in a large majority of observers. Data
analysis also revealed large variations in perceptual
thresholds among observers. Normative data indicating
dc field and ion current intensities that can be detected
by 50% of all observers are provided. In addition, for the
most sensitive observers, several other detection

proportions were derived from the distribution of
individual detection capabilities. These data can form

the basis for environmental guidelines relating to the
design of HVdc lines. 23 Refs.

stronger, while the implementation of a relaxation [1996] 03D - 8

technique makes it possible for the iterative algorithm to
cover a wide range of wind velocities, geometric
parameters and ratios of the applied voltage to the
corona onset value. 25 Refs.

[1996] 03D - 7

HUMAN PERCEPTION OF ELECTRIC FIELDS
AND ION CURRENTS ASSOCIATED WITH
HIGH-VOLTAGE DC TRANSMISSION LINES

Blondin, J.-P.; Nguyen, D.-H.; Sbeghen, J.; Goulet,
D.; Cardinal, C.; Sarma Maruvada, P.; Plante, M.;
Bailey, W.H.

Dept de Psych, Montreal Univ, Quebec, Canada
Biovelectromagnetics, vol 17, no 3, 1996, pp 230-241

The objective of this study was to assess the ability of
humans to detect the presence of dc electric fields and

67

HVDC TRANSMISSION AND THE
ENVIRONMENT

Schmidt, G.; Fiegl, B.; Kolbeck, S.

Power Engineering Journal, vol 10, no 35, October
1996, pp 204-210

The increased use of electrical systems has led to
significant changes in the electromagnetic environment.
The extent to which large electrical systems, such as
HVdc transmission networks, impinge on the
environment has become a topical and even
controversial issue in recent years. This article takes a
look at some of the more important technical
considerations as well as the consequences HVdc
transmission systems have on human beings and the
environment in general. The article also considers
briefly what measures can minimize the detrimental
effects of HVdc transmission. It should be noted,



however, that the article considers only the direct-
current case; the effects of high-voltage alternating-
current transmission is a separate issue and beyond the
scope of this article. 19 Refs.

[1996] 03D - 9

MORTALITY IN PEOPLE RESIDING NEAR
ELECTRIC POWER SUPPLY STATION WITH
VOLTAGE OF 500 KV

Gurvich, E.B.; Novokhatskaya, E.A.; Rubtsova, N.B.
Inst Meditsiny Truda RAMN, Moscow, Russia

Gigiena Truda i Professional’'nye Zabolevaniya
(Russia), no 9, September 1996, pp 23-27

Russian

The epidemiological study covered causes and levels of
mortality in the settlement situated near electric power
supply line (voltage is 500 kV). The work used
retrospective cohort method adjusted for evaluation of
mortality in general population. The study revealed no
higher mortality risk with all the causes totally and with
leading causal groups under influence of high frequency
electromagnetic fields. However, higher relative
mortality risk with leukemia and suicide appeared
statistically insignificant. 8 Refs.

[1997] 03D - 10

NEW METHOD FOR SOLVING IONIZED
FIELDS OF UNIPOLAR HVDC LINES
INCLUDING EFFECT OF WIND. PART I: FEM
FORMULATION

Li, X.; Ciric, L.R.; Raghuveer, M.R.
Univ of Manitoba, Winnipeg, Canada

Int’l Journal of Numerical Modelling: Electronic
Networks, Devices and Fields, vol 10, no 1, January-
February 1997, pp 47-56

In this paper, a finite element method for solving
ionized fields is developed based on a novel solution
philosophy. Employing the Galerkin finite element
method, the solution problem of an ionized field has
been formulated as an optimization problem, ie. as a
problem of minimizing an objective function whose
minimum gives the solution. The effect of wind is taken
into account by introducing a scalar potential of its
velocity. 24 Refs.

[1997] 03D - 11

NEW METHOD FOR SOLVING IONIZED

FIELDS OF UNIPOLAR HVDC LINES
INCLUDING EFFECT OF WIND. PART II:
ITERATIVE TECHNIQUES AND NUMERICAL

TESTS
Xin, L.; Raghuveer, M.R.; Ciric, LR.
Univ of Manitoba, Winnipeg, Canada

Int’l Journal of Numerical Modelling: Electronic
Networks, Devices and Fields, vol 10, no 1, January-
February 1997, pp 57-69

The modified Gaussian algorithm is introduced for
solving the ionized fields of unipolar HVdc lines
including the effect of wind. Specific techniques of
incorporating in the algorithm the special structure of
the optimization problem of the ionized field have been
developed to economize the requirements for the
computer memory and CPU time. Numerical tests are
carried out on a coaxial cylindrical geometry and on a
line-plane geometry both in the absence and in the
presence of wind. Comparison with available
experimental data shows good agreement. 9 Refs.

[1997] 03D - 12

OPEN-BOUNDARY FINITE-ELEMENT
ANALYSIS OF IONIZED FIELD AROUND
MONOPOLAR TRANSMISSION LINES [HVDC]

Abdel-Salam, M.; Al-Hamouz, Z.M.; Mufti, A.

Dept of Elec Eng, Assiut Univ, Egypt

Journal of Electrostatics (Netherlands), vol 39, no 2,
February 1997, pp 129-144

This paper presents a new iterative finite-element
ballooning technique to solve Poisson's equation for
different numbers of ballooning layers to set different
boundaries of the ionized field around an HVdc
transmission-line coronating conductor. This is aimed at
explaining how the accuracy of calculation increases
with the increase of the number of ballooning layers. A
laboratory model was built to check the accuracy of the
calculated corona current and the ground plane current
density.

[1997] 03D - 13
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PARTIAL DISCHARGE PART XXIV: THE
ANALYSIS OF PD IN HVDC EQUIPMENT

Morshuis, P.; Jeroense, M.; Beyer, J.
Tech Univ of Delft, Netherlands

IEEE Electrical Insulation Magazine, vol 13, no 2,
March-April 1997, pp 6-16

An overview of detection and analysis techniques for



partial discharges (PD) in direct current (dc) equipment performed some measurements on the operating line
is presented. Statistical analysis of PD data from dc site, and the results verified the conclusions obtained in
systems provide detailed information about defects the HV test hall. 5 Refs.

which can be identified by comparison with the typical

defects stored in a database. An evaluation technique

was developed based on characteristic PD patterns to [1996] 03D - 16

detect various defect types. The ADAMS method is also WAVE ELECTRODYNAMIC OF THE

applied in testing the high voltage direct current STATIONARY FIELD OF THE DC
equipment for defects detection and recognition. 21 TRANSMISSION LINES

Refs. Damyanoyv, S.

Dept of Power Electrn, Tech Univ, Sofia, Bulgaria

[1996] 03D - 14 Proceedings, 7th Conf on Electromagnetic Field
PREVENTION, CONTAINMENT, CLEAN-UP OF Computation (CEFEC'96), Okayama, Japan, March
SPILLS 18-20, 1996, p 116
Manitoba Hydro . Contrary to modern electrodynamics theory, the author

initiates a wave approach to the theory of the stationary

Manitoba Hydro, Winnipeg, Canad: ! ;
anitoba Tydro, Winmpeg, Lanaca EM field of dc transmission lines. The method brings

Manitoba Hydro Sustainable Development Report, together fundamental theoretical generalization and a
1994 and 1995, Manitoba Hydro, Winnipeg, Canada, high extent of optimization. 6 Refs.

1996, pp 40-41

Manitoba Hydro intends to invest $60 million by the

year 2003 to prevent future oil spills and remediate

previous' oil.spill-dam'aged areas. ’l_'he major facilitifas 03E Maintenance
whose oil spill prevention and containment systems will ‘

be upgraded include hydroelectric and thermal

generating stations, HVdc converter stations, ac [1997] 03D - REF

stations, terminals, and mobile substations, and FINITE ELEMENT SOLUTION OF
operational diesel generator sites, buildings, and service MONOPOLAR CORONA ON BUNDLE
centers. A list of oil spill containment measures for all CONDUCTORS

these facilities is provided. Environmental risk
assessments will prioritize the order in which projects
will be undertaken. 1 tab., 1 fig.

For Abstract see entry 03B - 7

[1996] 03 - REF
[1996] 03D - 15 SEISMIC PERFORMANCE OF HVDC 500-KV-

TEST AND STUDY ON THE ELECTRIC-FIELD BU0Y i (E B VST g ORI

EFFECTS OF HVDC AND HVAC SUPERPOSED ALEHEN LIS
FIELD For Abstract see entry 02G - 15

Lu, G-Q.; He, H-M.; Xu, L-F.; Chen, S-J.; Zhang,
J.; Lin, Y-F,

Guangdong Prov Elec Power Test & Research Inst,
Guangzhou, China

04 HVDC CABLES

Proceedings, Int’l Conf on Electrical Engineering
(ICEE'96), Beijing, China, August 12-15, 1996, vol I,
7P ) 04A Installation, Performance
By means of testing in the HV test hall, the authors )

studied the electric-field effects, including ground-level

total electric field strength (GTEFS), the ion current  [1997] 04A -1

density (ICD), and sensations of a person in various DEVELOPMENT OF 500-KV DC PPLP-

HVdc and HVac superposed fields. Some significant INSULATED OIL-FILLED SUBMARINE CABLE _
regular patterns have been found. The authors have also
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Fujimori, A.; Fujii, K.; Takashima, H.; Suzuki, H.;
Mitani, M.; Fujii, O.; Shigetoshi, I.; Shimada, M.

Kansai Elec Power Co, Inc, Japan

Electrical Engineering in Japan, vol 120, no 3, August
1997, pp 29-41

This paper outlines the development of a 500-kV dc oil-
filled submarine cable capable of transmitting 2800 MW
with a +500-kV 2800 A bipole system. Although
polypropylene laminated paper (PPLP) has been
employed as ac cable insulation material, this is the
world's largest first application to dc cables. The
conductor size is 3000 mm?, which would be the largest
size for submarine cables. Various fundamental and
prototype tests have proved that the cable has excellent
characteristics electrically as well as mechanically. The
cable and accessories are currently undergoing a long-
term accelerated aging test as a final confirmation of
their reliability and stability.

[1996] 04A -2

GETTING POWER UP TO SPEED
Anon

Journal of Offshore Technology, vol 4, no 4,
November 1996, pp 35-37

Many offshore oil and gas discoveries are often too
remote to be exploited economically using subsea
technology. One of the factors limiting the stepout
distance is the ability to transmit electrical power to
remote devices. This may be solved soon following a
project to develop a new high voltage transmission
system. Work to demonstrate the viability of this
concept has resulted in the SPEED (Subsea Power
Electrical Equipment Demonstrator), which will address
problems such as siting equipment at various depths,
distances, and capacities.

[1997] 04A - 3

INSTALLATION OF DC +350-KV OIL-FILLED
SUBMARINE CABLE FOR LEYTE-LUZON
HVDC POWER TRANSMISSION PROJECT IN
THE PHILIPPINES

Seki, Y.; Yamaguchi, H.; Yamada, N.; Ishiyama, H.;
Maeda, H.; Matsushita, S.; Kiuchi, S.

Fujikura Ltd, Japan

Fujikura Giho (Japan), no 92, pp 28-32

Japanese

This paper describes the design, manufacture, tests, and
laying of dc £350-kV single core oil-filled submarine

cable to supply power from Leyte to Luzon in the
Philippines.  Oil-filled-type  submarine cable was
employed for this project and installed in the San

Bernardino Strait, which measured about 22.5 km in
length and had a maximum depth of 166 m.

[1997] 04A - REF
POWER TRANSMISSION AND HVDC
CONVERTER TECHNOLOGY OF ELECTRIC
POWER DEVELOPMENT CO. LTD

For Abstract see entry 01A - 16

[1997] 04A - REF

350-KV HVDC OIL-FILLED SUBMARINE CABLE
PROJECT IN THE PHILIPPINES

For Abstract see entry 01C - 1

04B Cable Design, Insulation
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+250-KV DC XLPE CABLE-LONG-TERM
PERFORMANCE VERIFICATION TEST

Fujii, K.; Terashima, K.; Watanabe, C.; Suzuki, H.;
Hozumi, N.; Yoshida, M.; Kataoka, K.; Watanabe,
K.; Watanabe, A.; Takahashi, T.; Miyata, H.;
Yamanouchi, H.; Yokoyama, S.; Shiseki, N.; Ikeda,
H.; Sakaguchi, H.

Fujikura Giho (Japan), no 92, April 1997, pp 43-49
Japanese

+250-kV XLPE-insulated dc power cables have been
developed, which have used a kind of XLPE compound
containing an inorganic filler to suppress the
accumulation of space charge within XLPE insulation.
After a series of research and development work, such
as material investigation, evaluation of model cables
and electrical initial performance test of full sized £250-
kV dc cables and factory joints, a long-term
performance verification test was carried out as the final
stage of development. This paper reports the contents
and results of this long-term test.

[1996] 04B - 2

BASIC STUDY ON POLYMER-INSULATED DC
CABLE

Uchida, K.; Yamamoto, M.; Kawashima, T.; Uozumi,
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T.; Inoue, Y.; Hata, R.
Chubu Elec Power Co, Inc, Nagoya, Japan

Proceedings, 1996 Asian Intl Conf on Dielectrics &
Electrical Insulation Diagnosis (96'AICDEI & 4th-
JCCEID), Xi'an, China, October 8-11, 1996, pp 89-92

The development of polymer-insulated dc cables is
affected by the morphology on the interface between two
insulation layers and between a semiconductor layer and
an insulation layer. The number of space charges
accumulated on the interfaces increases with the
temperature during voltage application. The dc
breakdown strength is almost similar regardless of the
difference of the morphology on the interface. 1 Refs.

[1997] 04B - 3

CHARGE BUILBUP IN LOSSY DIELECTRICS
WITH INDUCED INHOMOGENEITIES

Coclho, R.; Aladenize, B.; Guillaumond, F.
Alcatel Alsthom Recherche, France

IEEE Trans on Dielectrics and Electrical Insulation,
vol 4, no 5, October 1997, pp 477-486

In addition to their normal inhomogeneities, insulation
may also become inhomogeneous under stress, for
instance if its temperature is not uniform. Then, a
charge density builds up wherever material properties
such as conductivity and permittivity are not uniform.
This is, the case of HVdc cables, in which the core is
heated by the Joule effect, while the sheath remains at
near ambient temperature, so that an average
temperature gradient of less than equivalent to 50 K/cm
may occur in the insulation, under a field which can
reach 100 kV/cm. If the conductivity of the insulation is
assumed to depend only on temperature, with an
activation energy of 1 eV, the steady charge density
predicted by electrostatics may reach levels easily
measurable by the techniques now available. This
charge density is somehow lowered in non-ohmic
insulation. An early analysis of the transient charge
build-up is discussed here, and extended to the case of a
non-ohmic insulation. This allows calculation of the
transient current generated in the external circuit by the
accumulating charge, in the cases of ohmic and non-
ohmic insulation. Finally, other manifestations of the
space charges in question are mentioned. Among these,
unexpected results on electroconvection in slightly ionic
liquids in the presence of a temperature gradient are
analyzed in terms of these charges, and suggest practical
applications. 25 Refs.

[1997] 04B - 4

CHARGES AND DISCHARGES IN HVDC
CABLES-IN PARTICULAR IN MASS-
IMPREGNATED HVDC CABLES

Jeroense, M.J.P.
Tech Univ of Delft, Netherlands

PhD dissertation, Technische University Delf,
Netherlands, ISBN-90-407-1419-3, March 24, 1997,
209 pp

Mass-impregnated HVdc (high voltage direct current)
cables are just as reliable as high voltage, ac cables.
However, there is still a lack of knowledge concerning
HVdc cables. In addition , the tests for HVdc cables are
less well developed than those for high voltage ac
cables. The purpose of this study is to gain a better
understanding of the HVdc cables and to propose a
better-developed set of tests. This is of particular interest
in respect to new generations of HVdc cables which
have higher operating voltages and higher power
transmission capacities. ’

[1997] 04B - S
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CHARGES IN NON HOMOGENEOUS
DIELECTRICS

Coelho, R.
Alcatel Alsthom Recherche, Marcoussis, France

Proceedings, IEEE Conf on Electrical Insulation and
Dielectric Phenomena, Minneapolis, MN, October 19-
22, 1997, vol 1, pp 1-10

If a weakly conducting non-homogeneous medium is
stressed by an applied field, a charge density builds up
in areas where the conductivity and/or the permittivity
are not uniform. The non-uniformity may be
constitutional, but may also appear in uniform media,
for instance if the temperature is not uniform. This is
the case, in particular, of HVdc cables in which the core
is heated by Joule effect while the sheath remains
roughly at ambient. For non polar materials with an
activation energy of 1 eV in a mean field of 100 kV/cm
and a temperature gradient of 50 K/cm, usual in HVdc
cables, this generates a charge density which should be
measurable by the advanced techniques now available.
The build-up of this space-charge obeys an integro-
differential equation involving the mean radius at which
the field equals the Laplace field. The analytic solution
given by Lau for a conductivity depending on
temperature alone is extended to the case where it also
increases with the field, and is used to derive the current
transient generated in the external circuit by the
accumulating charge. Finally, other manifestations of




the space-charges in question and their potential
applications, are mentioned. 25 Refs.

[1996] 04B - 6

CONFERENCE RECORD OF THE 1996 IEEE
INTERNATIONAL SYMPOSIUM ON
ELECTRICAL INSULATION. VOLUME 2

Wang, S.; Fujita, M.; Tanimoto, G.; Aida, F.;
Fujiwara, Y.

Showa Electric Wire and Cable Co, Ltd, Kawasaki,
Kanagawa, Japan
Conf Record, 1996 IEEE Int’l Symp on Electrical

Insulation, Montreal, Canada, June 16-19, 1996, pp
657-660

Applicability of polyethylene polymerized using a
metallocene catalyst to an insulation material for dc
power cables has been investigated. The accumulation
properties of space charge in a range from room
temperature to 90 C was examined using the pulse
electroacoustic method. The result indicated that hetero-
charge was observed in the vicinity of the surface of the
sample at increased temperature, and that hetero-space
charge produced by activation of an antioxidant added
to the sample was increased or decreased with the
increase of the temperature of the sample. A hetero-
charge absorber was added for controlling the hetero-
space charge. As a result, hetero-charge was not
observed on the sample in a high electric field extending
from room temperature to high temperature. It was
confirmed that the volume resistivity of sample was
increased at high temperature.

[1996] 04B - 7

DC 500-KV OIL-FILLED CABLES AND
ACCESSORIES

Hara, T.; Miyafuji, R.; Nakiri, T.; Terashima, K.;
Morikawa, T.; Takashima, H.; Okamoto, T.; Suzuki,
H.; Hozumi, N.; Nakao, Y.; Matsuura, T.; Hirasawa,
T.; Iwata, T.; Shigetoshi, I.; Nakamura, Y.;
Maruyama, T.; Kebayashi, T.; Kurai, Y.; Sano, A.
Fujikura Giho (Japan), no 91, October 1996, pp 19-28
Japanese

At present, a 500-kV dc submarine cable project is
under way to establish a 2800-MW dc link between the
Honshu and Shikoku islands in Japan. As a result of a
feasibility study, an oil-filled-type power cable
employing a 3,000-mm’ conductor and polypropylene

laminated paper (PPLP) insulation was developed for its
higher permissible conductor temperature and

reliability. At the final stage of development, long-term
accelerated aging tests have been carried out since
November 1994, and will be finished by February 1996.
This paper outlines the design/test results of the cable
and its accessories. 27 Refs.

[1997] 04B - 8

DC AND IMPULSE TREEING
CHARACTERISTICS IN INSULATING
MATERIAL FOR HVDC CABLE

Katsuta, G.; Itaya, T.; Nakatsuka, T.; Miyata, H.;
Takahashi, T.; Niwa, T.
Tokyo Elec Power Co, Inc, Yokohama, Japan

Proceedings, 5th IEEE Int’l Conf on Properties and
Applications of Dielectric Muterials, Seoul, South
Korea, May 25-30, 1997, vol 1, pp 422-425

We have developed new insulating material, modified
high density polyethylene (modified HDPE), for high
voltage dc cable, and tested several electrical properties
of the material (in the forms of sheet and cable), such as
dc dielectric breakdown, conductivity, and space charge
property. In practical use, defects in material, especially
metallic impurities are serious matter for cables. In this
paper, the breakdown characteristics of modified HDPE
have been tested, using treeing sample with needle
electrode, for four kinds of voltage (dc, dc polarity
reversal, impulse (Imp), and impulse superposed on to

dc voltage). As a result, it was clarified that the treeing
breakdown voltage largely depended on kind of voltage.
Namely, the order of breakdown strength were dc
greater than Imp greater than Imp superposed on to dc
greater than equivalent to dc polarity reversal, and the
scattering of breakdown voltage become smaller in the
above order. With respect to radius dependence of
needle tip, breakdown voltage was almost same value
from 1.5 pm to several tens mu m, showing polarity
effect for dc and Imp. These experimental results are
thought to correspond to the space charge formation
near the needle tip, dependent on the kind of voltage. 6
Refs.

[1997] 04B - 9

DEPENDENCE OF DC INSULATION
RESISTIVITY OF POLYETHYLENE ON
TEMPERATURE AND ELECTRIC FIELD

Khalil, M.S.; Gastli, A.
Sultan Qaboos Univ, Alkhod, Oman

Proceedings, IEEE Conf on Electrical Insulation and
Dielectric Phenomena, Minneapolis, MN, October 19-
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22, 1997, vol 1, pp 296-299

Recently, the development of HVdc cables with
polymeric insulation has received renewed attention.
The present work aims at determining the dependence
of the dc insulation resistivity on temperature and
electric field for low-density polyethylene (LDPE),
which is used for manufacturing modern high voltage ac
cables. Using a highly precise technique, resistivity
measurements were made using thick (approximately 2
mm) disc samples at different dc electric fields ranging
from 17 kV/mm to 33 kV/mm for a temperature range
from 50°C to 80°C. Results indicate that the dc
insulation resistivity of the investigated LDPE (p) is a
rapidly decreasing function of both temperature (T) and
electric field (E). Comparison between the present
results and similar previously reported measurements
made on less clean grades of LDPE indicates that the
inherent dependence of the dc insulation resistivity of
LDPE on temperature and electric field has not been
appreciably improved by using a ultra-clean polymer. It
is concluded that the successful utilization of LDPE for
HVdc cables will require the modification of such
dependence. 13 Refs. )

[1997] 04B - 10
DESIGN FOR HVDC PLASTIC INSULATED

CABLES. STUDY OF PERMISSIBLE DEFECT
LEVEL .

Katsuta, G.; Tanaka, T.; Itaya, T.; Nakatsuka, T.;
Miyata, H.; Takahashi, T.

Tokyo Elec Power Co, Inc, Japan

Fujikura Giho (Japan), no 92, pp 58-62

Japanese

We have found that modified HDPE has an excellent dc
characteristic for the development of high voltage dc
cable, and have investigated this characteristic in the
hope of applying the material to the production of
cables. In this paper, we studied about harmful defects
for dc cable and permissible defect level to design a
practical HVdc cable. Firstly, diclectric breakdown tests
were done for a sample containing contaminant, and it
was found that metallic contaminant is the most
harmful. Secondly, using a block sample with treeing
needle, a breakdown test applying four types of voltage
were done, and dependence of breakdown voltage on tip
radius of the needle was obtained. Finally, we have
considered the mechanism of breakdown at tip of
needle.

[1996] 04B - 11

DEVELOPMENT OF NEW INSULATING .
POLYMER FOR HVDC CABLES

Katsuta, G.; Tanaka, T.; Itaya, T.; Miyata, H.;
Nakatsuka, T. Takahashi, T.
Tokyo Elec Power Co, Inc, Japan

Denki Gakkai Densen, Keburu Kenkyukai Shiryo
(Japan), vol EC-96, no 26-32, pp 11-20

Japanese

In this paper, we describe the process for the selection of
modified HDPE as new insulating material for HVdc
cable. The effect of insulation thickness and the long-
term V-t characteristics for dc breakdown of the
modified HDPE cable were investigated and promising
results for an application to HVdc cable were obtained.
In order to clarify the mechanism of the excellent dc
characteristics of modified HDPE cable, we examined
the space charge characteristics of modified HDPE by
using a pulsed electro-acoustic method. The
advantageous space charge distribution in modified
HDPE is found to be the complex effect of a modified
group and additives which are included in modified
HDPE.

[1998] 04B - 12
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ELECTRIC FIELDS IN HVDC PAPER-
INSULATED CABLES

Jeroense, M.J.P.; Morshuis, P.H.F.

Tech Univ of Delft, Netherlands

IEEE Trans on Dielectrics and Electrical Insulation,
Vol 5, no 2, April 1998, pp 225f

HVdc cables are beginning to play a more and more
important role in interconnecting national grids. This
paper deals with the calculation of electric fields in
HVdc cables. The calculation of fields in an HVdc
cable is far more complex than the equivalent case in

HVac cables. This is due to the fact that the
conductivity of the cable insulation is temperature- and
field-dependent and that the electric fields under dc
voltage may be time-dependent. The field distribution
in an HVdc cable may be of a capacitive, intermediate
(and time-dependent) or resistive nature. The kind of
field depends on the stage the cable finds itself in: for
instance, whether the voltage has just been applied,
whether a polarity reversal has occurred, or whether the
field distribution has become stable. For each stage, the
method of calculating, together with the computed
results on a real HVdc cable are discussed. Usually, the
effect of heating of the insulation by the leakage current




may be disregarded. However, in certain cases, i.e., the
cable temperature and applied voltage are high enough,
the field distribution is influenced by these insulation
losses. They even may lead to an instability that causes
breakdown of the cable. A cable in service may be
subjected to impulses superimposed on the dc voltage.
The most severe case is that of an impulse superimposed
on a dc voltage of opposite polarity. The calculation of
the field distribution in this situation also is carried out.

[1997] 04B - 13
Deleted

[1997] 04B - 14
INTERNATIONAL RESEARCH AND
DEVELOPMENT TRENDS AND PROBLEMS OF
HVDC CABLES WITH POLYMERIC
INSULATION

Khalil, M.S.
Sultan Qaboos Univ, Alkhod, Oman

IEEE Electrical Insulation Magazine, vol 13, no 6,
November-December 1997, pp 35-47

The effects of space charges on the performance of
HVdc cables with polymeric insulation are difficult to
assess using indirect methods and destructive techniques
of space charge measurements. With the development of
the modern non-destructive methods for investigating
space charge in solid polymeric materials, space charge
effects can be determined with accuracy, not only on
material samples or miniature cables but also on actual
cables. The problems of developing HVdc cables with
polymeric insulation are diversified, and the evaluation
of the new material/cable should be made using
different methods and by measuring different relevant
parameters. 76 Refs.

[1996] 04B - 1S
MECHANISM OF DC DETERIORATION IN
MATERIAL FOR DC CABLE

Katsuta, G.; Itaya, T.; Nakatsuka, T.; Miyata, H.;
Yamamoto, S.

Tokyoe Elec Power Co, Inc, Japan

Denki Gakkai Hoden Kenkyukai Shiryo (Japan), vol
97, no 79-92 94-95, pp 95-103

Japanese

We found new insulating material, modified HDPE, for
HV dc cable and reported its dc characteristics in

previous reports. In this paper, we report that, using
treeing needle, dc and dc polarity reversal breakdown
depend on radius of the tip for clarification of the
mechanism of dc deterioration. In addition, in dc
polarity reversal repeat test, electrical tree grows when
the polarity is changed from minus to plus.

[1996] 04B - 16

MPS [MORE POWER SUBMARINE] CABLES
COULD BE MIND [MASS IMPREGNATED NON-
DRAINING CABLE] BLOWING FOR 1200 MW
LINKS

Anon.

Modern Power Systems (UK), vol 16, no 7, July 1996,
pp 43, 45-46

ABB High Voltage Cables AB started the MPS (More
Power Submarine cables) project in 1993 with a view to
exploring new technology opportunities. The goal is to
design and type test a submarine HVdc cable for a
capacity of 1200 MW at 600 kV. On the day before
ABB announced its success in winning the contract for
the world's largest ever submarine HVdc link project for
the gigantic Bakun project in Malaysia, ABB Power
Systems described progress to date at a symposium in
Karlskrona. The proceedings included a test
demonstration on an extruded cable which eventually
broke down at a stress of over 935 kV--not in the
insulation itself but in the end terminations. The electric
field was in excess of 200 kV/mm which is higher than
ever before reported. (UK)

[1996] 04B - 17

NO DANGER WITH LEAKS IN DC SUBMARINE
CABLES

Worzyk, T.B.
ABB High Voltage Cables, Karlskrona, Sweden

Elektrizitaetswirtschaft (Germany), vol 95, no 26,
December 16, 1996, pp 1731-1732, 1734-1735

German

The proportion of HVdc transmission sections in long-
distance power transmission is increasing. High-power
submarine cables pertaining to many HVdc systems run
through habitats close to shores. The author shows that
bulk-impregnated HVdc submarine cables as used in the
Baltic Cable System pose no threat to the environment.
Their extremely compact structure effectively dams any
leakage of oil even from a broken cable. 2 Refs.
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[1997] 04B - 18

ON THE INTRINSIC SPACE CHARGE IN A DC
POWER CABLE

Aladenize, B.; Coelho, R.; Guillaumond, F.;
Mirebeau, P.

Alcatel Alsthom Recherche, Marcoussis, France

Journal of Electrostatics, vol 39, no 4, August 1997, pp
235-251

In an HVdc power cable connected to its standard load,
radial thermal, and thercfore conductivity gradients
exist which, combined with the local field, build up an
intrinsic space charge. This steady-state space charge is
calculated with a simplified account of a field-dependent
conductivity as well as with field independent
conductivity. The shape of the accumulating charge
distribution is shown to depend strongly on the thermal
gradient, An approximate solution for temperature- and
local field-dependent conductivity provides a ‘sound
basis for numerical solution. Comparison with measured
charged and field distributions suggests extrinsic space
charges to be crucial to the cable life, and therefore
should be identified. 8 Refs.

[1996] 04B - 19

ON THE USE OF DOPED POLYETHYLENE AS
AN INSULATING MATERIAL FOR HVDC
CABLES

Khalil, M.S.
College of Eng, Sultan Qaboos Univ, Muscat, Oman

Conf Record, IEEE Int’l Symp on Electrical .
Insulation, Montreal, Canada, June 16-19, 1996, vol
2, pp 650-656

The merits of HVdc power cables with polymeric
insulation are well recognized. However, the
development of such cables is still hampered due to
problems resulting from the complicated dependence of
the electrical conductivity of the polymer on the
temperature and the dc electric field and the effects of
space charge accumulation in this material. Different
methods have been suggested to solve these problems
yet none of these methods seem to give a conclusive
solution, The present report provides a critical review of
the previous works reported in the literature concerning
the development of HVdc power cables with polymeric
insulation. Different aspects of those works are
examined and discussed. An account is given on an
investigation using low-density polyethylene (LDPE)
doped with an inorganic additive as a candidate
insulating material for HVdc power cables. Preliminary
results from measurements of dc breakdown strength

and insulation resistivity of both the undoped and the
doped materials are presented. It is shown that the
incorporation of an inorganic additive into LDPE has
improved the performance of the doped material under
polarity reversal dc conditions at room temperature.
Moreover, the dependency of the insulation resistivity
on temperature for the doped material appears to be
beneficially modified. 9 Refs.

[1996] 04B - 20

PARTIAL DISCHARGE MEASUREMENTS ON A
HIGH VOLTAGE DIRECT CURRENT MASS
IMPREGNATED PAPER CABLE

Jeroense, M.J.P.; Krenger, F.H.
NKF KABEL B.V., Delft, Netherlands

Proceedings, IEEE Int’l Symp on Electrical
Insulation, Montreal, Canada, June 16-19, 1996, vol
1, pp 134-137

Partial discharge measurement has been a good tool for
the quality assurance of cables under alternating
voltage. With the growing interest in high voltage direct
current cables it seems therefore logical to extend this
technique for use at direct voltage. The paper describes
this technique as used on an HVdc cable with mass
impregnated paper. The different phases of operation
(no load, full load, cooling phase, etc.) are characterized
by a different discharge behavior. Special attention is
given to the dangerous cooling phase. Models have been
developed which can explain the discharge patterns that
were measured. This paper gives an insight in the
electrical behavior of an HVdc cable with mass
impregnated paper insulation. 5 Refs.

[1997] 04B - 21

RECENT PROGRESS AND TECHNICAL TRENDS
OF HVDC CABLE

Hata, R.; Hirose, M.
Sumitomo Elec Ind, Ltd, Japan

Denki Gakkai Zenkoku Taikai Koen Ronbunshu
(Japan), vol 1997, no 6, pp S.23.17-S.23.20

Japanese
Abstract not available.

[1997] 048 - 22

RECOMMENDATIONS IN HV DC TESTING OF
MV CABLE-INSULATION

Finke, B.H.




Okonite Co of Atlanta, GA, USA

IEEE Industry Applications Magazine, vol 3, no 5,
September-October 1997, pp 85-87

Concern over the effect of dc testing on extruded cross-
linked polyethylene (XLPE) insulated cable has driven
the utility industry to recommend and implement
changes in cable standards to reduce the levels and
frequency of dc testing. Statistical analysis of factory
testing shows dc testing after ac withstand and corona
tests has no additional benefit. The first organization to
make changes and recommendations was the
Association of Edison Hluminating Companies (AEIC)
followed by the IEEE and Insulated Cable Engineers
Association (ICEA). Other industry organizations have
revised and are preparing standards which reflect the dc
voltage test requirements similar to AEIC standards.

[1998] 04B - 23

RESEARCH AND DEVELOPMENT OF £250-KV
DC XLPE CABLES

Terashima, K.; Sukuki, H.; Hara, M.; Watanabe, K.

Elec Power Development Co Ltd, Tokyo, Japan

IEEFE Trans on Power Delivery, vol 13, no 1, January
1998, pp 7-16

This paper describes the development of £250-kV dc
XLPE cables. Through a series of material
investigations and the evaluation of model cables using
two kinds of XLPE compound containing inorganic
filler to suppress the accumulation of space charge
within XLPE insulation, £250-kV dc XLPE cables and
factory joints were designed and manufactured. To
check the dc electrical performance and reliability of
+250-kV  dc submarine cable, electrical tests,
mechanical test and long-term aging tests were
performed. The test results showed that they had
sufficient properties and reliability for practical use.

[1998] 04B - 24

SPACE CHARGE BEHAVIOR IN FULL-SIZE 250-
KV DC XLPE CABLES

Takeda, T.; Hozumi, N.; Suzuki, H.; Fujii, K.;
Terashima, K.; Hara, M.; Mutrata, Y.; Wantanabe,
K.; Yoshida, M.

CREIPI, Japan

IEEE Trans on Power Delivery, vol 13, no 1, January
1998, pp 28-39

The space charge in full size 250-kV HVdc power
cables was measured using the pulse-electroacoustic

method. Measurements of two types of newly developed
dc XLPE cables with 20-mm insulation were taken
under a dc voltage of 500 kV with the conductor

temperature at room temperature and at 85°C. A
qualitative analysis of the space-charge distribution and
a quantitative analysis of the electric fields in the
vicinity of semiconductor interfaces were conducted. It
was shown that the field in the vicinity of the inner
semiconductor tends to increase by 10-40% when the
polarity of the applied voltage was reversed, in the case
when the conductor was kept at 85°C. However, the
distortion of the electric field was significantly less than
that expected in conventional XLPE cables. As the
result, the subjected dc cables are considered to have
stable dc characteristics from the viewpoint of space-
charge behavior.

[1997] 04B - 25

SPACE CHARGE IN HVDC CABLE INSULATION
Morshuis, P.; Jeroense, M.
Tech Univ of Delft, Netherlands

Proceedings, IEEE Conf on Electrical Insulation and
Dielectric Phenomena, Minneapolis, MN, October 19-
22, 1997, vol 1, pp 28-31

High voltage cables that are used for dc transmission are
subjected to a range of operating conditions. The
resulting distribution of the electric field inside the cable
is highly dependent on, for instance loading of the cable
and polarity reversals. This is because the conductivity
of the insulation is dependent both on the temperature
and on the electric field. An essential parameter in the
process to determine the internal electric field is space
charge. For a thorough understanding of the behavior of
the cable, knowledge of the location and amount of
space charge under different operating conditions is
paramount. 3 Refs.

[1997] 04B - 26

Deleted

[1996] 04B - 27

76

THE 800-MW HVDC SUBSEA CABLE ALMOST
READY FOR USE 0

Bjoerlow-Larsen, K.
Eleltro (Norway), vol 2, 1996, pp 24-27
Norwegian

The article relates to the development of an new high
voltage direct current (HVdc) subsea cable. The



Norwegian developed cable, having a transmission
capacity of 800 MW, is soon to be on the market. The
cable design and procedure of deep water installation is

[1997) 04C -2

INVESTIGATION ON THE RAMP-RATE -
LIMITATION OF SUPERCONDUCTING CICC

discussed. 3 figs.

[1996] 04B - REF

MORE HYDC TRANSMISSION PROJECTS BY
TECHNICAL BREAKTHROUGH

For Abstract see entry 01C - 20

[1997] 04B - REF
DEVELOPMENT OF 500-KV DC PPLP-
INSULATED OIL-FILLED SUBMARINE CABLE

For Abstract see entry 04A - 1

[1997] 04B - REF .

INSTALLATION OF DC £350-KV OIL-FILLED
SUBMARINE CABLE FOR LEYTE-LUZON
HVDC POWER TRANSMISSION PROJECT IN
THE PHILIPPINES

For Abstract sec entry 04A -3

04C Superconducting Cables

[1996] 04C - 1

DC TRANSMISSION CABLE PROTOTYPE
USING HIGH-TEMPERATURE
SUPERCONDUCTORS

Beales, T.P.; Friend, C.M.; Segir, W.; Ferrero, E.;
Vivaldi, F.; Ottonello, L.
BICC Cables Ltd, Tyne and Wear, UK

. Superconductor Science & Technology vol 9, no 1,

(CABLE-IN CONDUIT CONDUCTOR)
Jeong, S.-K.

Trans of the Korean Institute of Electrical Engineers
(South Korea), vol 46, no 4, April 1997, pp 490-495

Korean

Cable-in-conduit conductor (CICC) is widely accepted
as an advanced superconductor configuration for large
scale applications such as superconducting tokamak
fusion reactors, MAGLEV (magnetic levitation), and
SMES (superconducting magnetic energy storage). The
stability of CICC which is cooled with supercritical
helium can be very high if it is operated below a certain
limiting current. This limiting current can be
determined by Stekly-type energy balance equation. The
stability characteristic of CICC for ac operation is more
complicated than that of dc because there are additional
instability sources which are associated with local flux
change. Ramp-rate limitation is a phenomenon
discovered during US-DPC  (United  States-
Demonstration Poloidal Coil) program, which showed
apparent quench current degradation associated with
high dB/dt. This paper describes experimental
investigation results on the ramp-rate limitation and
discusses current imbalance, induced current, current
redistribution due to local quench of the strand in the
cable.

[1996] 04C - REF

SUPERCONDUCTORS IN ELECTRICAL
ENGINEERING: IT IS FOR SOON

For Abstract see entry 14A - 131

January 1996, pp 43-47

This paper gives the results from a recent collaboration
between BICC Cables Ltd, its Italian subsidiary Ceat
Cavi srl, and Ansaldo Ricerche srl on the design and
testing of a high-temperature superconducting dc
transmission cable prototype. The cable was designed to
carry 10 000 A to 40 kV, operating at 40 K.
Qualification testing was carried out from 4.2 K up to
40 K. At an operating temperature of 31 K the prototype
cable had a current capacity of 11 067 A (the largest dc
current reported in a high-temperature prototype to
date), which represents a tenfold increase in current
over a conventional 1000-mm~ copper cable. 21 Refs.

05 SYSTEM DESIGN AND
OPERATION

0SA Converter Design and
Specification

[1998] 05A -1

ANALYSIS OF DIVIDE CAPACITOR VOLTAGE
OF DUAL CONNECTED MULTI-LEVEL
CONVERTER

77




Matsumoto, A.; Kimura, N.; Morizane, T.;
Taniguchi, K.

Osaka Inst of Tech, Japan

Denki Gakkai Handotai Denryoku Henkan Kenkyukai
Shiryo (Japan), vol 98, no 10-21, pp 1-6

Japanese

Voltage source-forced commutation converter is
investigated for high power applications, such as
STATCOM or HVdc. To reduce higher harmonics
while keeping switching frequency at fundamental
frequency, a multilevel converter is an attractive
configuration. In this paper, we have performed loss
analysis of proposed dual-connected 5-level converter.
From the results, we show the relation between the
phase angle and the pulse-width of the converter. We
also show the restriction for the stable operation and
verify it with the simulation results of P'Spice.

[1997] 05A -2

BASIC CHARACTERISTICS OF A CAPACITOR
COMMUTATED CONVERTER FOR HVDC
LINKS

Yamada, T.; Sano, T.; Yamato, I.; Ohashi, T.;
Kashiwazaki, H.

Elec Power Development Co, Ltd, Japan

Denki Gakkai Zenkoku Taikai Koen Ronbunshu
(Japan), vol 1997, no 6, pp 6.320-6.321

Japanese
Abstract not available.

[1998] 05A - 3

CAPACITOR COMMUTATED CONVERTER
CIRCUIT CONFIGURATIONS FOR DC
TRANSMISSION

Sadek, K.; Pereira, M.; Brandt, D.P.; Gole, A.M.;
Daneshpooy, A. :

Siemens AG, Erlangen, Germany

IEEE PES Winter Meeting, Tampa, Florida, February
1-5, 1998

Two non-conventional HVdc converter arrangements
are compared. These include the capacitor-commutated
converter (CCC), in which series capacitors are included
between the converter transformer and the valves, and
the controlled series capacitor converter (CSCC), based
on more conventional topology, in which series
capacitors are inserted between the ac filter bus and the
ac network. Results show that both options have

comparable steady-state and transient performance.
Danger of ferroresonance with the CSCC option is
eliminated by controlling the amount of series
compensation.

[1998] 05A - 4

CHARACTERISTICS OF A CURRENT SOURCE
AC/DC CONVERTER WITH ENERGY
RECOVERY SNUBBER CIRCUITS UNDER THE
PWM CONTROL

Oka, T.; Ise, T.; Kumagai, S.

Osaka Univ, Japan

Denki Gakkai Handotai Denryoku Henkan Kenkyukai
Shiryo (Japan), vol 98, no 10-21, pp 7-12

Japanese

In this paper, a computer simulation is used to study an
ac/dc current source converter using pulse-width
modulation control.

[1997] 05A - 5

DC TRANSMISSION BASED ON VOLTAGE
SOURCE CONVERTERS

Asplund, G.; Eriksson, K.; Svensson, K.
ABB Power Sys AB, Ludvika, Sweden

CIGRE Int’l Colloguium on HVDC and FACTS,
Johannesburg,South Africa, September 28-30, 1997

This paper surveys the development and limitations of
HVdc transmission technology, in particular the need
for rotating machines in the receiving network and the
risk of commutation failure (i.e., no transmission of
power for some cycles), which have been alleviated by
the application of voltage source converter (VSC)
technology.

[1997] 05A - 6

78

DEVELOPMENT AND TESTING OF

PROTOTYPE MODELS FOR A HIGH-
PERFORMANCE 300 MW SELF-COMMUTATED
AC/DC CONVERTER

Suzuki, H.; Nakajima, T.; Izumi, K.; Sugimoto, S.;
Mino, Y.; Abe, H.
Tokyo Elec Power Co, Inc, Yokohama, Japan

IEEE Trans on Power Delivery, vol 12, no 4, October
1997, pp 1589-1598

A technical project is under way in Japan to develop a
high-performance self-commutated converter for future




HVdc transmission and dc interconnection. In the first
stage of the project, prototype converter models for a
300-MW self-commutated converter were developed.
The models were subjected to factory testing to verify
the technology for series connection of a large number
of gate turn-off thyristors (GTOs), a gate power supply
from the high voltage main circuit, and regeneration of
energy in snubber circuits, Satisfactory results were
obtained. 7 Refs,

[1997] 05A - 7

DEVELOPMENT AND TESTING OF
PROTOTYPE TRANSFORMER CORE MODELS
FOR A HIGH-POWER SELF-COMMUTATED
AC/DC CONVERTER

Suzuki, H.; Nakajima, T.; Izumi, K.; Sugimoto, S.;
Yonezawa, H.; Abe, H. ’

Tokyo Elec Power Co, Inc, Japan

Denki Gakkai Denryoku Gijutsu Kenkyukai Shiryo
(Jupan), vol 97, no 94-109, pp 91-99

Japanese

A project is under way to develop a high-power self-
commutated ac/dc converter system for future HVdc
transmission and dc interconnection. Prototype core
models of the transformer for a 300-MW self-
commutated ac/dc converter were developed. The
models were subjected to factory testing to verify the
technologies for improvement of voltage sharing
between series connected ac windings, prevention of dc
magnetization, and reduction of core losses and audible
noises, Satisfactory results were obtained.

[1998] 05A - 8

DEVELOPMENT OF A CONTROL SYSTEM FOR
A HIGH-PERFORMANCE SELF-COMMUTATED
AC/DC CONVERTER

Sakamoto, K.; Yajima, M.; Ishikawa, T.; Sato, T.;
Sugimoto, S.; Abe, H.

Tokyo Elec Power Co, Inc, Yokbhama, Japan

IEEE Trans on Power Delivery, vol 13, no 1, January
1998, pp 225-232

A self-commutated ac/dc converter composed of
controlled turn-off devices to be applied to future system
interconnections is described. The advantages of a
control system for this type of converter are: (1)
Commutation does not fail when the system voltage is
decreased or distorted by a power system fault. (2) It
needs no equipment for reactive power supply, such as

static capacitors or synchronous rotating condensers,
when used in a low short-circuit capacity power system.
(3) It can independently control active power through dc
lines and reactive power from each terminal. The
proposed back-to-back (BTB) control system using the
voltage margin method was verified with a power
system simulator, and the results demonstrated the
excellent features of the high-performance self-
commutated converter. 5 Refs.

[1996] 0SA -9

DIGITAL FIRING CONTROL FOR LINE-
COMMUTATED HIGH POWER CONVERTERS

Hugelschafer, L.; Vaupel, G.
Fachhochschule Hamburg, Germany

Proceedings, 6th IEE Int’l Conf on AC and DC Power
Transmission, London, UK, April 29-May 3, 1996, pp

- 157-162

Typical line-commutated high power converters for
HVac systems are thyristor-controlled reactors (TCR),
thyristor-switched capacitors (TSC), high voltage direct
current transmission (HVdc) and rectifiers for dc arc
furnaces. These high power converters require higher

dynamics and higher quality of their control hardware
than applications of smaller size because they are
directly affected by disturbances in the HV-network. In
order to reach a high system availability, the converter
has to remain in operation and to recover within a few
cycles. To meet the requirements of control accuracy
and speed in new installations, only digital controls are
used. Even old analog equipment is being replaced
because of the technical and economic advantages of
digital systems over analog ones. The interface between
power electronics and control system, called firing
control, provides line synchronous firing pulses to the
thyristor valves according to the firing angle ordered by
the control. Implementation of the digital firing control
requires high computing performance. The computer
hardware used performs the necessary filtering and
achieves better accuracy and more equidistant firing
than the former analog hardware. 4 Refs.

[1998] 05A - 10

79

FUNDAMENTALS OF A SERIES CAPACITOR
COMMUTATED HVDC TERMINAL

Kazachkov, Y.
Power Technologies, Inc, Schenectady, NY, USA

IEEE Trans on Power Delivery, Preprint order
number PE-682-PWRD-0-11-1997




The increased interest in this HVdc technology, which
has been put forward as one of the possible advanced
HVdc technologies to be implemented in the next
century, is based on studies accomplished as early as in
the 1950s and 1960s. This paper contains basic
equations, derived long ago by Russian experts, and
their analysis. The considerations on the controllability
of a series capacitor-commutated converter and on the
transformerless arrangement of a series capacitor-
commutated HVdc terminal, will hopefully be useful in
further development of this technology.

link. The controller design is performed using discrete
control systems theory based on discrete HVdc system
model. The designed controller consists of two
compensators placed in series with the existing PI
controller. When compared with the original system,
for the same harmonic disturbance on the dc line, the
system with the new controller shows much reduced
oscillations on system output signals. Practical
implementation issues were also taken into
consideration in designing the compensators.

[1996] 05A - 13

[1998] 05A - 11

HARMONIC CANCELLATION OF A HYBRID
CONVERTER

Jiang, H.; Ekstrom, A.
Royal Inst of Tech, Stockholm, Sweden

IEEE Trans on Power Delivery, Preprint order
number PE-096-PWRD-1-12-1997

All HVdc converter stations have until now been built
up of line-commutated current source converters
(CSCs). The CSC has the advantages of being robust
and able to control the dc current, especially at ground
faults on the dc lines. However, one disadvantage has
been the sensitivity to ac voltage disturbance and the
need to supply reactive power from the ac system.
Forced commutated voltage source converter (VSC)
which would be less sensitive to disturbances in the ac
network and which can supply reactive power has, on
the other hand, the disadvantage of being more
expensive and very sensitive to disturbance on the dc
side. Some studies have shown that a possible
alternative solution could be to use a hybrid converter
consisting of a CSC connected in series on the dc side
with a VSC. It is shown in this study that the VSC can
be used as an active filter to compensate the harmonics

MICROPROCESSOR CONTROL AND SAFETY
SYSTEM FOR A 24-PHASE RECTIFIER-
INVERTER MODULE

Mazurenko, A.K.; Mestergazi, V.A.; Kubareva, LS.;
Lobastov, K.Z.

Russian Electrical Engineering (Elektrotekhnika), vol
67, no 9, 1996, pp 69-75

The All-Russian Institute of Electrical Engineering
(AEI) has developed the KURB control and safety (CS)
complex for a 24-phase rectifier-inverter module under
a program of modernization of the CS equipment at the
Vyborgsk segment of the Russia-Finland HVdc
transmission line. It is undergoing acceptance testing.
The distinguishing feature of the new generation of CS
equipment is the complex solution of high-speed
control, automation and safety problems within a single
device in which the control and safety systems share a
common channel for the input of current and voltage
signals from power equipment. This considerably
reduces the volume of the input unit and the equipment
for connecting the control and safety equipment and
consequently improves the power consumption, metal
content and other important parameters.

generated to the ac side from the current source [1998] 05A - 14

converter.

[1997] 05A - 12

HARMONIC REDUCTION IN HVDC LINK BY
MODIFIED DC CURRENT CONTROLLER

Jovcic, D.; Pahalawaththa, N.; Zavahir, M.

Univ of Auckland, New Zealand

Proceedings, IPEC '97, Singapore, May 1997, pp 304-
309

This paper presents a design procedure for a new
current controller for an HVdc link, which can be used
to attenuate low order no-characteristic harmonics on dc

80

MODELING OF AN HVDC SYSTEM AS A
LINEAR CONTINUOUS MIMO SYSTEM

Jovcic, D.; Pahalawaththa, N.; Zavahir, M.
Univ of Auckland, New Zealand

Proceedings, IASTED MIC '98, Grindelwald,
Switzerland, February 1998

This paper presents important principles in analytical
modeling of HVdc systems. The paper emphasizes that
the dynamics of ac systems connected to an HVdc
system must be properly represented in the overall

system model. The dynamics of phase-locked loops and
HVdc-HVac interactions in general, are also crucial for




the system behavior. The discrete representation of
conversion process on the other hand, is not necessary
for the study of system stability in the frequency range
below 100 Hz. The inverter firing angle and the
conventionally used rectifier firing angle are considered
in this paper as control inputs. This has prompted the
investigation of multi-input multi-output properties of
the system. The analysis of the system principal gains
and relative gain array gives initial recommendations
for the selection of feedback signals at the inverter side.
The studies show that direct current feedback is the least
desirable inverter feedback strategy, despite the fact that
this control logic is sometimes used in industry.

[1996] 0SA - 15

NEW PRINCIPLES FOR BIG-SIZED
CONVERTER STATIONS

Anon.
Elektro (Norway), vol 108, no 8, 1996, pp 12, 18
Norwegian

The article relates to new principles of big-sized
converter stations for the high voltage dc systems of

. submarine lines. These lines are designed for the supply

of electric power between Norway and the European
continent. Two types of converters are discussed. 4 figs.

[1997] 05A - 16

PERFORMANCE CHARACTERISTICS OF
ARTIFICIALLY COMMUTATED HVDC
CONVERTER

Kanetkar, V.R.; Dawande, N.S.; Kalra, P.K.

ABB Ltd, Vadodara, India

Proceedings, 2nd Int’l IEEE Conf on Power
Electronics and Drive Systems (PEDS), Singapore,
May 26-29, 1997, vol 2, pp 889-895

The reactive power drawn by artificially commutated
converters (ACCs) can be reduced in comparison with
natural commutated converters (NCCs) over maximum
possible operating range of the firing angle by properly
selecting the Xc/X1 ratio. However, the dv/dt stress on
the thyristors increases considerably as this ratio
increases. This can have constraints on ACC design and
implementation. The non-characteristic harmonics in ac
line are observed to be less than 3% of the operating
output direct current. Thus, they do not pose any serious
threat to the input filter design. A single high pass filter
can be effectively used to attenuate the higher order
harmonics beyond 6 to an acceptable limit. 7 Refs.

[1996] 05A - 17

PWM AND CONTROL OF THREE LEVEL:
VOLTAGE SOURCE BACK-TO-BACK STATION

Lindberg, A.; Larsson, T.
Royal Inst of Tech, Stockholm, Sweden

Proceedings, 6th IEE Int’l Conf on AC and DC Power
Transmission, London, UK, April 29-May 3, 1996, pp
297-302

The forced commutated voltage source converter (VSC) is
an interesting alternative for HVdc back-to-back stations.
The use of pulse width modulation (PWM) for the VSC
result in less low frequency harmonics in the bridge ac
voltage and increased speed of response at disturbances and
load changes. By using the three-level converter instead of
the two-level converter, further improvements of the
harmonic levels and the control responses are achieved.
Carrier-based PWM in combination with inner current loop
control is used for the control of the three-level converters
in the back-to-back station. System performance, when the
switching frequency per valve is 400 Hz or 1 kHz, has been
studied at load changes and single-phase ac faults. Results
are presented from dynamical studies in an analog real time
simulator with a digital control system. 7 Refs.
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SIMULATION STUDY OF A HYBRID HVDC
SYSTEM COMPOSED OF A SELF-
COMMUTATED CONVERTER AND A LINE-
COMMUTATED CONVERTER

Iwata, Y.; Tanaka, S.; Sakamoto, K.; Konishi, H.;
Kawazoe, H.

Tokyo Elec Power Co, Inc, Japan

Proceedings, 6th IEE Int’l Conf on AC and DC Power
Transmission, London, UK, April 29-May 3, 1996, pp
381-386

Development of large-capacity, gate turn-off thyristors
(GTOs) has led to a self-commutated power converter
(SCC) system applicable to electric power transmission
systems. During introduction of the SCC systems, a
hybrid HVdc system composed of a conventional line-
commutated converter (LCC) and the SCC was studied.
The LCC controls dc current as a rectifier and the SCC
controls dc voltage as an inverter. In this paper, new
control schemes, start-stop operations and behaviors of
ac system faults of the hybrid HVdc system were studied
by digital simulations. Comparisons were made to the
HVdc systems, both terminals of which were composed
of LCCs or SCCs, and to the hybrid HVdc systems. 3
Refs. ;



[1996] 05A - 19

SIMULATION STUDY OF AN HVDC SYSTEM
COMPOSED OF SELF-COMMUTATED
CONVERTERS

Iwata, Y.; Tanaka, S.; Sakameto, K.; Konishi, H.;
Kawazoe, H.

Tokyo Elec Power Co, Inc, Japan

Proceedings, Int’l Conf on Electrical Engineering
(ICEE'96), Beijing, China, August 12-15, 1996, vol 1,
pp 579-383

Development of large-capacity, gate turn-off thyristors
(GTOs) has led to a self-commutated converter (SCC)
system applicable to electric power transmission
systems. During introduction of the SCC system, a
hybrid HVdc system composed of a conventional line-
commutated converter (LCC) and the SCC was studied.
In the hybrid HVdc system, the LCC controls dc current
as a rectifier and the SCC controls dc voltage as an
inverter. In this paper, a new control system for the SCC
is proposed and start-stop operations and behavior of ac
system faults of the hybrid HVdc system using the
proposed control system are studied by digital
simulations. 3 Refs. ‘

[1997] 05A - 20

SPACE VECTOR PATTERN GENERATORS FOR
MULTI-MODULE LOW SWITCHING
FREQUENCY HIGH POWER VAR
COMPENSATORS

Bakhshai, A.R.; Joos, G.; Jin, H.
Concordia Univ, Montreal, Quebec, Canada

Proceedings, 28th IEEE Power Electronics Specialists
Conf, St. Louis, MO, USA, June 23-26, 1997, vol 1, pp
344-350

Force-commutated series-connected multi-converter
modules have found applications in SVC and dc
transmission stations, high power drive systems, and
reactive power compensation units. This paper shows
how relatively slow gate turn off (GTO) thyristors may
be utilized In multi-converter modules in conjunction
with a delayed sampling principle applicable to the
space vector modulation (SVM) technique. The paper
demonstrates the advantages of the SVM over the other
existing modulation techniques in terms of switching
frequency, voltage utilization, harmonic distortion,
implementation, and control. 6 Refs.

[1996] 0SA - 21

TIAN-GUANG HVDC TRANSMISSION PROJECT
FUNDAMENTAL FREQUENCY OVERVOLTAGE
AND OVERVOLTAGE LIMITING MEASURES
FOR TIANSHENGQIAO CONVERTER STATION
Jansson, B.; Friis, T.; Stovring-Hallsson, S.; Quan,
B-1.; Zhu, X-Q.; Burton, R.S.

ABB Power Sys, Ludvika, Sweden

Proceedings, 6th IEE Int’l Conf on AC and DC Power
Transmission, London, UK, April 29-May 3, 1996, pp
118-123

For the Tian-Guang HVdc Transmission Project, the
fundamental frequency overvoltages which can occur as
a result of partial or complete interruption to transmitted
power play an important role in the design and
operation of the converter at Tianshengqgiao. The paper
describes some of the operating conditions which may
result in high values of overvoltages along with
solutions and trade-offs which were adopted to limit the
overvoltages to acceptable levels. 0 Refs,

[1997] 0SA - 22

VOLTAGE CONTROL OF MODIFIED SERIES-
CONNECTED HVDC BRIDGES .

Al-Majali, H.D.
Mu'tah Univ, Al-Karak, Jordan

Electric Power Systems Research, vol 43, no 1,
October 1997, pp 37-44

High voltage direct current (HVdc) power transmission
systems constitute an important application of power
electronics technology. This article presents a new
method to control the HVdc converters by modified
series-connected bridges to give a reduction in both
harmonic generation and reactive volt-ampere
absorption for the rectifier and inverter modes of
operation. Moreover, a voltage control scheme is
proposed which uses by-pass thyristor valves connected
to tapping points on the secondary windings of the
transformer for one bridge with the other one operating
as a conventional bridge. Fast and continuous control of
the dc voltage are possible using the proposed scheme
without the conventional on load-tap changer on the
converter transformer. 15 Refs.
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UNIT CONNECTED HVDC SCHEMES
For Abstract see entry 01A - 25
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[1996] 0SB - 1

A CONSTANT MARGIN ANGLE CONTROL IN
HVDC TRANSMISSION TAKING ACCOUNT OF
FREQUENCY DEVIATION

Nobayashi, M.; Yamaji, K.; Honjo, N.; Fujii, T.;
Hamano, A.; Morishima, N.

Kansai Elec Power Co, Inc, Japan

Proceedings, Annual Conf of Power & Energy Society,
IEE of Japan (Denki Gakkai Denryoku, Enerugi
Bumon Taikai Ronbunshu), vol 7, no 2, pp 403-404

Japanese
Abstract not available.

[1997] 05B - 2

A DESIGN OF SELF-TUNING FUZZY
CONTROLLERS USING GENETIC ALGORITHM

FOR HVDC CURRENT CONTROL

Yoon, J.Y.; Hwang, G.H.; Park, J.H.

Trans of the Korean Institute of Electrical Engineers
(South Korea), vol 46, no 10, October 1997, pp 1461-
1467

Korean

This paper presents an optimal design method for fuzzy
controllers using genetic algorithms (GA) in HVdc
system. Inherently, an HVdc system has the advantage
of allowing fast power controls and madulation. Also,
HVdc systems are highly nonlinear, depending on
ignition angles of converters. Generally speaking, fuzzy
logic systems show good control performances when
systems are complex and nonlinear. In this paper, fuzzy
controllers using GA are applied to the IEEE
Benchmark system in order to damp the dynamic
disturbances, such as sudden changes of ac system
loads. The dynamic performances of fuzzy controllers
are compared with those of PI controllers. In both
controllers, GA is used for tuning fuzzy membership
functions and PI gains. All of the simulation results
including tuning and any other conditions show that the
disturbances are well damped by both controllers and
the dynamic performances of fuzzy controllers have
better responses than those of PI controllers when ac
system load changes suddenly.

[1996] 0SB - 3
A DISTRIBUTED SEQUENTIAL CONTROL

83




SYSTEM FOR THE APOLLO HVDC
SUBSTATION

Venter, F.; Grant, J.; Joannides, C.
ESKOM, Johannesbufg, South Africa

Proceedings, IEEE 4th Conf in Africa (AFRICON'96),
Stellenbosch, South Africa, September 24-27, 1996,
vol 2, pp 869-873

The refurbishment of the Apollo-Cahora Bassa HVdc
system between South Africa and Mozambique required
the application of state of the art technology in order to
get the availability and reliability of the HVdc scheme to
levels that are in accordance with present day power
electronic and power equipment standards. This paper
deals with the refurbishment of the open-loop control
system for the Apollo Converter Station and how the
goals of high reliability and availability were achieved.
0 refs.

[1996] 05B - 4

A NEURAL NETWORK BASED FEEDBACK
LINEARISING CONTROLLER FOR HVYDC
LINKS

Routray, A.; Dash, P.K.; Mishra, B.R.

Regional Eng College, Rourkela, India

Proceedings, 9th National Power Systems Conf (NPSC
'96), Kanpur, India, 1996, vol 1, pp 218-224

Feedback linearization has been used successfully to
address some practical control problems. This paper
introduces a practical control philosophy for a point-to-
point HVdc link, based on the above principle. The
basic dc link equation has been used to evaluate the
firing angle for the rectifier. An-Adaline has been
trained to identify the parameters of the simplified
system model prior to the application of this control.
The simulation results presented in this paper proves the
advantage of the proposed control scheme. ’

[1997] 0SB -5

A STUDY OF MARGIN ANGLE CONTROL TO
THE CCC-BVDC SYSTEM

Watanabe, K.; Tanaka, K.; Funaki, T.; Matsuura, K
Osaka Univ, Japan

Denki Gakkai Zenkoku Taikai Koen Ronbunshu
(Japan), vol 1997, no 6, p 6.322

Japanese
Abstract not available.

[1996] 0SB - 6

A STUDY ON COMPARATIVE ANALYSIS OF
DIRECT CURRENT CONTROL IN A.C-D.C
INTERCONNECTED POWER SYSTEM

Chong, H-H.; Wang, Y-P.; An, B-C.; Lee, K-W.

Dong-A Univ, Pusan, South Korea

Chongi Hakhoe Nonmunchi (Trans of the Korean
Institute of Electrical Engineers) (Korea), vol 45, no 4,
April 1996, pp 474-483

Korean

In this paper, as a part of the method improving
stability, the load-flow calculation in dc power system
and the models for stability analysis are studied with ac-
dc interconnected power system transmission.
Moreover, the theory is established in relation to each
control method of dc power systems. Then the stability
of ac-dc interconnected power systems is compared
using various control modes. The dynamic characteristic
of terminal voltage, frequency, active-reactive power
and rotor angle of the generator with disturbances and
load fluctuations are considered. A comparative analysis
is made of the direct current control method and
stability analysis of ac-dc interconnected power system.
24 refs., 10 figs., 2 tabs.

[1997] 0SB - 7

A VARIABLE PULSE NUMBER PWM SCHEME
FOR SELF-COMMUTATED HVDC SYSTEM

Nakajima, T.; Suzuki, H.; Shigeta, M.; Yamamoto,
H.; Karube, T.

Tokyo Elec Power Co, Inc, Japan

Denki Gakkai Denryoku Gijutsu Kenkyukai Shiryo
(Japan), vol 97, no 94-109, pp 79-84

Japanese

Large pulse number PWM (Pulse Width Modulation) is
effective to improve transient performance of HVdc
(High Voltage dc) transmission converter terminals.
The large number of switching operations, however,
cause large power losses and lowers efficiency of the

converter. Variable pulse number PWM is a solution to
the issue. This paper investigates the multiple space
vector control which is one of the variable pulse number
PWM techniques and discusses basic characteristics of
the control to apply self-commutated HVdc transmission
systems.

[1996] 0SB - 8
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ADMITTANCE RELAY HELPS WASH OUT




SYSTEM INSTABILITY
Sweezy, G.; Swift, G.; Zhang, Z.
Minnesota Power, Duluth, MN, USA

IEEE Computer Applications in Power, vol 9, no 1,
January 1996, pp 48-52

The delta-current admittance relay (DCAR) has been
successfully applied at the Forbes 500-kV switching
substation for detecting severe power system
disturbances and initiating fast power order reduction
signal to Manitoba Hydro's Nelson River high voltage
dc transmission system. Real-time testing and actual
power system operation have verified the effectiveness
of the DCAR algorithm as well as its hardware
implementation.

[1996] 05B - 9

ADVANCED HVDC LINK CONTROL FOR
DAMPING POWER SYSTEM OSCILLATIONS

Dash, P.K.; Mohapatra, A.; Liew, A.C.

Dept of Elec Eng, Regional Eng College, Rourketa,
India

Electric Machines and Power Systems, vol 24, no 3,
April-May 1996, pp 249-262

This paper presents a new approach to the design of an

integrated ac/dc power system control scheme using.

variable structure systems theory based on the concepts
of sliding mode control. The sliding mode control
constrains the system motion to a state trajectory and
provides greater robustness and insensitivity to plant
parameter variations and is practically realizable. The
paper highlights the designs of the dc link current
regulator and gamma modulation controllers for fast
transient stability control of an interconnected ac/dc

power system, 11 Refs.

[1996] 05B - 10

ANALYSIS OF AN HVDC SYSTEM
CONSIDERING VARIOUS CONTROLS

Tsukamoto, M.; Kawarai, H.; Honjo, N.; Mori, T.;
Noro, Y.; Arai, J.
Shikoku Elec Power Co, Inc, Japan

Proceedings, Annual Conf of Power & Energy Society,
IEE of Japan (Denki Gakkai Denryoku, Enerugi
Bumon Taikai Ronbunshu), vol 7, no 2, pp 419-420

Japanese
Abstract not available.

[1998] 0SB - 11

APPLICATION OF A RADIAL BASIS FUNCTION
(RBF) NEURAL NETWORK FOR FAULT
DIAGNOSIS IN AN HVDC SYSTEM

Narendra, K.G.; Sood, V.K.; Khorasani, K.; Patel,
R

Concordia Univ, Montreal, Quebec, Canada

IEEE Trans on Power Systems, vol 13, no 1, February
1998, pp 177-183

The application of a radial basis function (RBF) neural
network (NN) for fault diagnosis in an HVdc system is
presented in this paper. To provide a reliable pre-
processed input to the RBF NN, a new pre-classifier is
proposed. This pre-classifier consists of an adaptive
filter (to track the proportional values of the
fundamental and average components of the sensed
system variables), and a signal conditioner which uses
an expert knowledge base (KB) to aid the pre-
classification of the signal. The proposed method of
fault diagnosis is evaluated using simulations performed
with the EMTP package. 12 refs.

[1997] 05B - 12

AUTOMATIC FEEDBACK STRATEGY FOR
REGULATION OF REAL AND REACTIVE
POWER IN AN ASYNCHRONOUS LINK BASED
ON A YOLTAGE-SOURCE MATRIX
CONVERTER

Lu, B.; Kazerani, M.; Ooi, B.-T.
McGill Univ, Montreal, Quebec, Canada

Proceedings, 28th IEEE Power Electronics Specialists
Conf, St. Louis, MO, USA, June 23-26, 1997, vol 2, pp
842-846

One application of the voltage-source, matrix converter
is as am asynchronous link, joining two ac power
systems with different frequencies (50 Hz/60 Hz), or at
the same frequency (60 Hz/60 Hz) but at different phase
angles. This paper shows that for this kind of link, there
exists an automatic closed-loop feedback strategy to
control the real and reactive powers quickly and
independently. Digital simulations are presented. 9
Refs.
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BALANCE CONTROL OF DC YVOLTAGES FOR
SERIES CONNECTED SELF-COMMUTATED
POWER CONVERTERS FOR HVDC
TRANSMISSION




Nakajima, T.; Suzuki, K. Suzuki, H.; Shigeta, M.;
Yamamoto, H.; Karibe, T.

Tokyo Elec Power Co, Inc, Japan

Denki Gakkai Zenkoku Taikai Koen Ronbunshu
(Japan), vol 1997, no 4, pp 4.265-4.266
Japanese

Abstract not available.

[1997] 0SB - 14

CHARACTERISTICS ANALYSIS OF
COOPERATIVE CONTROL FOR PARALLEL
BTB SYSTEMS COMPOSED OF SELF-
COMMUTATED CONVERTERS AND LINE-
COMMUTATED CONVERTERS

Sugimoto, S.; Koda, I.; Konishi, H.; Kawazoe, H.
Chubu Elec Power Co, Ltd, Japan

Denki Gakkai Denryoku Gijutsu Kenkyukai Shiryo
(Japan), vol 97, no 94-109, pp 73-78

Japanese

Development of HVdc or back-to-back (BTB) systems
composed of self-commutated converters (SCCs) are
expected to be used in future power transmission
systems and interconnections, since the SCC is capable
of controlling active and reactive power independently.
Parallel BTB systems, one of which consists of
conventional line-commutated converters (LCCs) and
the other of SCCs, are studied using EMTP simulations.
In this paper, SCC control methods in cooperation with
the LCC control were proposed and it was confirmed
that the proposed cooperative control could make the
LCC operation stable.

[1996] 05B - 15

CONTROL AND PROTECTION
TECHNOLOGIES FOR DC POWER-
TRANSMISSION SYSTEMS

Sato, M.; Murakami, H.; Honjo, N.; Hayashi, S.;
Tamai, S.; Toki, N.
Kansai Elec Power Co, Inc, Japan

Mitsubishi Electric Review (Mitsubishi Denki Giho)
(Japan), vol 70, no 5, 1996, pp 41-48

Japanese
Mitsubishi Electric has cooperated in the joint

control equipment and works in concert with generator
control to increase power transmission reliability.
Digital simulations were used to develop and test the
system, and an analog simulator was constructed for
testing a prototype control unit. The control equipment
proved ready for practical service. 4 Refs.

[1997] 05B - 16

CONTROL SCHEME OF OVERCURRENT AND
OVERVOLTAGE OF HVDC SYSTEM WITH -
SELF-COMMUTATED CONVERTER

Takasaki, M.; Gibo, N.; Takenaka, K.; Konishi, H.;
Tanaka, S.; Ito, H.
CRIEP], Tokyo, Japan

Denki Gakkai Zenkoku Taikai Koen Ronbunshu
(Japan), vol 1997, no 6, pp 6.331-6.332

Japanese
Abstract not available.

[1997] 0SB - 17

CONTROL STRATEGIES OF HVDC SYSTEM

WITH SELF-COMMUTATED CONVERTERS.
COMPOUND METHOD OF VOLTAGE DROP
AND AVR

Suzuki, H.; Suzuki, K.; Sakamoto, K.; Ishii, J.;
Tsumenaga, M.; Otsuki, M.
Tokyo Elec Power Co, Inc, Japan

Denki Gakkai Zenkoku Taikai Koen Ronbunshu
(Japan), vol 1997, no 6, pp 6.327-6.328

Japanese
Abstract not available.

[1997] 0SB - 18

development of a power converter control system that -

can cope with harmonics or unbalanced ac voltages
present during and immediately after ac power system
faults. The system improves the performance of network

86

CONTROL STRATEGIES OF HVDC SYSTEM
WITH SELF-COMMUTATED CONVERTERS.
ADJUSTMENT OF CONTROL GAIN FOR
VOLTAGE DROP METHOD

Suzuki, H.; Suzuki, K.; Sakamoto, K.; Ishii, J.;
Kawakami, N.; Karube, T.

Tokyo Elec Power Co, Inc, Japan

Denki Gakkai Zenkoku Taikai Koen Ronbunshu
(Japan), vol 1997, no 6, pp 6.325-6.326

Japanese

Abstract not available.




[1997] 05B - 19

CONTROL STRATEGIES OF SELF-
COMMUTATED HVDC CONVERTER FOR
ISOLATED SYSTEM OPERATION

Sugimoto S.; Koda L; Otsuki M.; Tamura Y.

Chubu Elec Power Co, Ltd, Japan

Denki Gakkai Denryoku Gijutsu Kenkyukai Shiryo
(Japan), vol 97, no 94-109, pp 61-66

Japanese

A voltage-type self-commutated converter operates as an
ac voltage source. Therefore, it is possible for it to
behave stably by means of a suitable control when it is
forced into sudden isolated operation. We have
developed the control strategies of self-commutated
converter for isolated operation and investigated it by
digital simulations.

[1996] 0SB - 20

CONTROLLER STRUCTURE AND DESIGN OF
FIRING ANGLE CONTROLLERS FOR (UNIT
CONNECTED) HVDC SYSTEMS

Rae, T.A.; Boje, E.; Jennings, G.D.; Harley, R.G.;
Wishart, M.T.

Dept of Elec Eng, Natal Univ, Dalbridge, South
Africa

Proceedings, IEEE 4th Conf in Africa (AFRICON'96),
Stellenbosch, South Africa, September 24-27, 1996,
vol 2, pp 856-863

This paper investigates the control of an HVdc link, fed
from an ac source through a controlled rectifier and
feeding an ac line through a controlled inverter. The
overall objective is to maintain maximum possible link
voltage at the inverter while regulating the link current.
In this paper the practical feedback design issues are
investigated with a view of obtaining simple, robust
designs that are easy to evaluate for safety and
operability. The investigations are applicable to back-to-
back links used for frequency decoupling and to long dc
lines. The design issues discussed include: (1) a review
of overall system dynamics to establish the time scale of
different feedback loops and to highlight feedback
design issues; (2) the concept of using the inverter firing
angle control to regulate link current when the rectifier
firing angle controller saturates; and (3) the design
issues for the individual controllers including robust
design for varying line conditions and the trade-off
between controller complexity and the reduction of
nonlinearity and disturbance effects. 10 Refs.

[1996] 0SB - 21

COUNTERMEASURES ON OVERVOLTAGE
GENERATED NEARBY HVDC SYSTEMS DUE
TO AC SYSTEM FAULT. (PART 1)

Matsushita, J.; Kawaji, A.; Kato, K.; Matori, L;
Komiya, Y. )

Kansai Elec Power Co, Inc, Japan

Proceedings, Annual Conf of Power & Energy Society,
IEE of Japan (Denki Gakkai Denryoku, Enerugi
Bumon Taikai Ronbunshuy), vol 7, no 2, pp 409-410

Japanese
Abstract not available.

[1996] 05B - 22

COUNTERMEASURES OF OVERVOLTAGE
GENERATED NEARBY HVDC SYSTEMS DUE
TO AC SYSTEM FAULT. (PART 2)

Matsushita, J.; Kawaji, A.; Kato, K.; Komiya, Y.;
Matori, 1.

Kansai Elec Power Co, Inc, Japan

Proceedings, Annual Conf of Power & Energy Society,
IEE of Japan (Denki Gakkai Denryoku, Enerugi
Bumon Taikai Ronbunshu), vol 7, no 2, pp 411-412

Japanese
Abstract not available.
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CURRENT-LOOP GAIN WITH A NONLINEAR
COMPENSATING RAMP

Dong Tan, F.
TRW Inc, Redondo Beach, CA, USA

Conf Record, 27th IEEE Power Electronics Specialists
Conf (PESC), Baveno, Italy, June 23-27, 1996, vol 1,
pp 796-802

It is revealed for the first time that the crossover
frequency of current-loop gain can be designed to be
independent of duty ratio if a nonlinear compensating
ramp, instead of a linear ramp, is used. This unique
property allows current programming to be extended to
(active) ac-to-dc and dc-to-ac power converters, where
duty ratio is constantly changing. The basic principle
behind this technique is first presented. Current-loop
gain and the invariance of crossover frequency are then
established. Measurement of current-loop gain for
different values of duty ratio supports analytical

predictions. 9 Refs.




[1996] 0SB - 24

DAMPING CONTROL METHOD FOR DC
POWER OSCILLATION IN HVDC SYSTEM
FOLLOWING AC FAULT CLEARANCE

Nobayashi, M.; Tsukamoto, M.; Honjo, N.;
Nishimura, M.; Kawamura, N.
Kansai Elec Power Co, Inc, Japan

Proceedings, Annual Conf of Power & Energy Society,
IEE of Japan (Denki Gakkai Denryoku, Enerugi
Bumon Taikai Ronbunshu), vol 7, no 2, pp 415-416

Japanese
Abstract not available.

[1997] 0SB - 25

DECENTRALIZED ROBUST LOAD-
FREQUENCY CONTROL IN COORDINATION
WITH FREQUENCY-CONTROLLABLE HVDC
LINKS

Lim, K.Y.; Wang, Y.; Zhou, R.

Nanyang Tech Univ, Singapore

Int’l Journal of Electrical Power and Energy Systems
(UK), vol 19, no 7, October 1997, pp 423-431

A decentralized robust load-frequency controller
(DRLFC), in coordination with auxiliary frequency
controllers (AFCs), is introduced. It is designed for a
power system comprising areas interconnected by
normal tie-lines and frequency-controllable high-voltage
direct current (HVdc) transmission links where AFCs
are present. The bounds of system parameter
uncertainties are also considered for robustness. The
DRLFC comprises local load-frequency controllers, one
for each area, which operates on its local measurements.
Overall system stability, for all admissible uncertainties,
is ensured when the DRLFC and the AFCs are in
operation. The coordination among the DRLFC and
AFCs is demonstrated by a three-area example system.
17 Refs.

[1996] 0SB - 26

DESIGN AND TESTING OF THE BIPOLAR 12-
PULSE HVDC PROTECTION SYSTEM

Fang, M.; Liang, D.; Jiang, S-F.; Ni, Y-X.
Academia Sinica, Beijing, China

Proceedings, 31st Universities Power Engineering
Conf, Iraklio, Greece, September 18-20, 1996, vol 2,
pp 531-534

This paper presents a multiprocessor-based protection

system for the bipolar 12-pulse high voltage direct
current (HVdc) transmission, which is developed
according to the operating requirements of Gezhouba to
Shanghai (GS) HVdc project in China. For improved
reliability, a two-level hierarchical multiprocessor
architecture is used. The developed protection system
covers all the protection functions of that imported from
ABB Corporation and with a superior performance-to-
price ratio. Besides, a new traveling wave protection is
proposed to detect line faults. The simulation test
showed that the protection system has improved
performance and reliability. 5 Refs.

[1996] 05B - 27

DESIGN ASPECTS OF UPGRADATION FROM 6
PULSE TO 12 PULSE OPERATION OF NHVDC
PROJECT

Singhal, A.; Gera, R.; Tripathy, A.K.; Adhikari, T.;
Hanif, M.; Prakash, K.S.; Das, R.L.

Bharat Heavy Electricals Ltd, New Delhi, India

Proceedings, IEEE Int’l Conf on Power Electronics,
Drives & Energy Systems for Industrial Growth
(PEDES'96), New Delhi, India, January 8-11, 1996,
vol 2, pp 1065-1070

In India, the first high voltage dc (HVdc) project was a
back-to-back link between the Northern grid and the
Western grid at Vindhyachal. The stage 1 of this
National HVDC (NHVDC) project was successfully
commissioned in October 1990, and has since operating
satisfactorily. In continuation of this effort, India has
approved a stage II project. A unique feature of this
project over stage I will be the possibility of operating a
12-pulse system in either of the two six-pulse modes.
Also, the control and protection systems for the two six-
pulse will use different technologies. An effort has been
made to include the new six-pulse into the existing six-
pulse system with minimum changes in the latter. The
final setup will greatly improve the reliability and
availability of the HVdc system. 1 Refs.
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DEVELOPMENT OF A HYBRID MARGIN
ANGLE CONTROLLER FOR HVDC
CONTINUOUS OPERATION

Sato, M.; Yamaji, K.; Sekita, M.; Amano, M.;
Nishimura, M.; Konishi, H. ; Oomori, T.
Kansai Elec Power Co, Inc, Osaka, Japan

IEEE Trans on Power Systems, vol 11, no 4,
November 1996, pp 1792-1798




The objective of this paper is to present a new hybrid
margin angle control method for HVdc continuous
operation under ac system fault conditions. For stable
continuous operation' of HVdc systems, the margin
angle controller must be designed to maintain the
necessary margin angle to avoid commutation failures.
The proposed method uses the open loop margin angle
controller (MAC) as the basic controller, and adds
output from the closed loop MAC to correct the control
angle. A fast voltage detection algorithm is used for
open loop control, and margin angle reference
correction using harmonics detection for closed loop
control are also developed. The combination of open
and closed loop control provides quick responses when
faults occur with stable and speedy recovery after fault
clearance. The effectiveness of the developed controller
is confirmed through EMTP digital simulations and also
with the experiments using an analog simulator. 7 Refs.
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DEVELOPMENT OF CONTROL FOR SELF-
COMMUTATED CONVERTER. (PART I).
DEVELOPMENT OF SIMULATOR MODEL AND
STUDY ON CONVERTER OVERCURRENT IN
AC SYSTEM FAULT CONDITION

Takasaki, M.; Gibo, N.; Takenaka, K.
CRIEPI, Tokyo, Japan

Denryoku Chuo Kenkyujo Komae Kenkyujo Hokoku
(Japan), no T95073, 41 pp

Japanese

Application of self-commutated converter to the future
trunk power system is expected as an effective measure
for enhancing transmission capability and overall
control performance. It is important to develop a stable
control scheme for various system faults as well as to
consider converter losses and cost reductions. This
report first describes component configuration and
functional feature of newly developed self-commutated
converter model for ac-dc power system simulator, then
discusses the cause of converter overcurrent of self-
commutated HVdc system in ac system fault condition
and its control scheme through simulator test. (1)
Development of self-commutated converter model.
Subjects to be developed using the simulator had been
clarified prior to designing and manufacturing the self-
commutated converter model. Functions such as the
availability to implement user-defined control and the
capability to change between 21- & 9-pulse operation
are equipped to investigate the principal research items
which contain the control of converter overcurrent and
overvoltage. (2) Cause of converter overcurrent and its

control scheme. Converter overcurrent in ac system fault
condition is mainly caused by the saturation of the
converter current control input signal detected at ac
system unbalanced fault. Overcurrent control can be
realized through the adequate processing of input signal
into converter control.

[1996] 05B - 30

DEVELOPMENT OF DC CONTROL FUNCTION.
DEVELOPMENT OF UNINTERRUPTED
CONTROL IN CASE OF AS SYSTEM ACCIDENT

Nobayashi, M.
Kansai Elec Power Co, Inc, Osaka, Japan

R and D News Kansai (Japan), vol 345, July 10, 1966,
pp 29-31

Japanese

Control method for dc systems enabling uninterrupted
operation in case of ac system accident was developed
for application to the Kii channel dc linkage. In case of
an accident in the ac system, there emerge a voltage
drop, voltage phase deviation, and waveform
deformation due to harmonics in the ac/dc converter
plant bus-bar voltage. For the purpose of coping with
such troubles, three methods were developed and
verified. In a closed loop AyR method, the thyristor
valve reverse voltage period is directly detected, and the
obtained value is treated as an object of feedback. In an
adaptive AYR method, the conventional open loop-type
control is combined with a closed loop-type control
using the reverse voltage time. A high-speed open loop
AyR method is a higher-speed version of the
conventional AyR in which not only the ac voltage
magnitude but also the phase and harmonics are
detected, and the control angle is so adjusted that a
proper allowance angle will be assured. For each of the
three methods, performance was confirmed by
simulation analysis. Serviceability was also confirmed,
by use of experimentally built devices, by manufacturers'
simulators and by the advanced power system analyzer
of Technical Research Center of The Kansai Electric
Power Co., Ltd. 8 figs.
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ENHANCING TRANSIENT STABILITY BY
SUPPLEMENTARY DC DAMPING CONTROL OF
AN BVDC CONVERTER

Hammons, T.J.; Sim, K.Y.; Kacejko, P.A.
Univ of Glasgow, UK

Proceedings, 32nd Univertsities Power Engineering




Conf (UPEC'97), Manchester, UK, September 10-12,
1997, vol 2, pp 621-625

This paper describes a new method of control of power
flow of an HVdc transmission link which connects two
arid networks asynchronously to enhance transient

stability of a power system. The study is undertaken first
on an elementary single machine infinite busbar system,
then on a mirror image system to check whether the
computer programs are functioning correctly and finally
on a multi-machine benchmark system (modified
CIGRE system). Comparisons are made using HVdc
control and power system stabilizer and other controls to
compare quality of control and transient system
performance. Comparisons are made by studying critical
fault clearing times and system damping. Algorithms
are based on readily available system variables using
linear theory. 4 Refs.
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FAST AND PREDICTIVE HVDC EXTINCTION
ANGLE CONTROL

Tamai, S.; Naitoh, H.; Ishiguro, F.; Sate, M.;
Yamaji, K.; Honjo, N.

Mitsubishi Elec Corp, Hyogo, Japan

IEEE Trans on Power Systems, vol 12, no 3, August
1997, pp 1268-1274

This paper proposes unique dc control strategies to
prevent dynamic commutation failures during and
following faults, and to obtain better recovery from the
faults. The strategy is based on an idea of sine-cosine
components detector in which ac voltages are detected
fast in terms of two components on the rotational
reference frame synchronized with an ac system
frequency. The controller quickly predicts a necessary
control angle according to the magnitude, the phase
angle, and involved harmonics that are calculated from
these two components. The validity and effectiveness of
the controller are confirmed through the EMTP
simulations. The dc simulator results using the
fabricated controller confirm the EMTP simulations. 6
Refs.
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FAULT DETECTION AND DIAGNOSIS OF
POWER CONVERTERS USING ARTIFICIAL
NEURAL NETWORKS

Swarup, K.S.; Chandrasekharaiah, H.S.
Indian Inst of Sci, Bangalore, India
Proceedings, IEEE Int’l Conf on Power Electronics,

Drives & Energy Systems for Industrial Growth
(PEDES'96), New Delhi, India, January 8-11, 1996,
vol 2, pp 1054-1058

Fault detection and diagnosis in real-time are areas of
research interest in knowledge-based expert systems.
Rule-based and model-based approaches have been
successfully applied to some domain, but are too slow to
be effectively applied in a real-time environment. This
paper explores the suitability of using artificial neural
networks for fault detection and diagnosis of power
converter systems. The paper describes a neural network
design and simulation environment for real-time fault
diagnosis of thyristor converters used in HVdc power
transmission systems. 13 Refs.
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FUZZY LOGIC CONTROL FOR HVDC
TRANSMISSION

Daneshpooy, A.; Gole, A.M.; Chapman, D.G.;
Davies, J.B.

Univ of Manitoba, Winnipeg, Canada

IEEE Trans on Power Delivery, vol 12, no 4, October
1997, pp 1690-1697

The conventional proportional-integral-type control
system loops for the current and extinction angle
controllers in high voltage dc converters are replaced
with fuzzy logic-based controls. The two approaches are
compared using simulations on an electromagnetic

. transients simulation program. A method to further

refine the fuzzy logic formulation to improve the
transient response is presented. The results show that
the fuzzy logic-based approach can provide, at the
minimum, a marginal improvement over the P-I-based
controller. 11 Refs.
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FUZZY LOGIC CONTROL OF HIGH VOLTAGE
DC TRANSMISSION SYSTEM

Olcer, E.; Karagoz, B.; Dincer, H.; Ozdemir, E.;
Karakas, E.; Reusch, B.

Dept of Computer Sci Eng, Kocaeli Univ, Izmir,
Turkey

Proceedings, Computational Intelligence Theory and
Applications. Int’l Conf, 5th Fuzzy Days, Dortmund,
Germany, April 28-30, 1997, pp 492-500

The paper introduces a fuzzy controller for the rectifier
side in a high voltage direct current (HVdc) system. The
rectifier side of the typical point-to-point system has
been given special consideration. In the rectifier,



thyristors are used as control devices that can handle
high voltage and power. Turn on, turn off triggering
and protection of these devices have lots of problem and
are very sensitive. These problems appear upon
changing voltage and frequency. Therefore, the dc
current of the rectifier output becomes unstable. Device
dissipation, transmission losses and environment effects
exacerbate these problems. A fuzzy controller is
designed to solve these problems. Finally, a comparative
study has been performed with and without fuzzy
control,

[1996] 0SB - 36

FUZZY SELF-TUNING PI CONTROLLER FOR
HVDC LINKS

Routray, A.; Dash, P.K.; Panda, S.K.
Regional Eng College, Rourkela, India

IEEE Trans on Power Electronics, vol 11, no 5, ‘
September 1996, pp 669-679

This paper introduces a fuzzy logic-based tuning of the
controller parameters for the rectifier side current
regulator and inverter side gamma controller in a high
voltage direct current (HVdc) system. A typical point-
point system has been taken with the detailed
representation of converters, transmission links,
transformers, and filters, The current error and its
derivative and the gamma error and its derivative are
used as the principal signals to adjust the proportional
and integral gains of the rectifier pole controller and the
inverter gamma controller, respectively, for the
optimum system performance under various normal and
abnormal conditions. Finally, a comparative study has
been performed with and without tuning, to prove the
superiority of the proposed scheme. 10 Refs.
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GAIN SCHEDULING ADAPTIVE CONTROL
STRATEGIES FOR HVDC SYSTEMS USING
FUZZY LOGIC

Dash, P.K.; Routray, A.; Panda, S.K

Regional Eng College, Rourkela, India

Proceedings, IEEE Int’l Conf on Power Electronics,
Drives & Energy Systems for Industrial Growth
(PEDES'96), New Delhi, India, January 8-11, 1996,
vol 1, pp 134-139

The paper introduces different types of fuzzy tuning
methods for the controller parameters of the firing and
extinction angle controller of an HVdc link. The test
system, a point-to-point dc link has been subjected to

various small and large disturbances to examine the
effectiveness of the proposed schemes. The current error
and its derivative in case of rectifier and the gamma
error and its derivative in case of the inverter are taken
as the two principal signals to generate the change in
the proportional and the integral gains according to a
definite rule base. The results obtained have been
compared graphically to prove the superiority of the
proposed controllers. 10 Refs.
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HIGH-POWER VOLTAGE SOURCE
CONVERTER CONTROL RESPONSE AT LARGE
AC VOLTAGE PHASE SHIFTS

Lindberg, A.; Lindberg, L.
Royal Inst of Tech, Stockholm, Sweden

Int’l Journal of Electronics, vol 80, no 2, February
1996, pp 377-390

In high-power applications, i.e., HVdc and SVC, the

coupling between rating, performance and utilization is
of high interest. Therefore, the performance of inner
current loop control for large voltage source converters
is studied with respect to the ability to limit the
-converter current during disturbances in the supplying
ac network. The disturbance studied here is the impact
of a phase shift in the ac bus voltage that can occur at
line disconnections. A comparison is made between
whether the inner current loop is implemented in either
the alpha beta-plane or the rotating dg-plane. The
influences of an extra time delay introduced using
digital control and the sample period (pulse number) are
also evaluated. Results are presented from dynamical
studies, using both digital simulations and real-time
analog simulations with a digital control system. The
simulations verify that the ability of the implemented
inner current loop to limit the converter current during a
phase shift in the line voltage is highly dependent on the
chosen sample period (i.e., switching frequency). 13
refs.

HVDC CONVERTER CONTROL FOR FAST
POWER RECOVERY AFTER AC SYSTEM
FAULT

Sato, M.; Honjo, N.; Yamaji, K.; Yoshino, T.; Arai,
J.

Kansai Elec Power Co, Inc, Osaka, Japan

IEEE Trans on Power Delivery, vol 12, no 3, July
1997, pp 1319-1326




This paper describes an elementary control system that
enhances ac system stabilization by HVdc. This control
system focuses on HVdc power recovery after the ac
system fault. The control function has been developed
through digital simulation. Finally, a prototype
controller with this control function has been evaluated
by simulator tests. The digital simulation results and the
simulator test results were consistent and the control
function was verified to be applicable to an actual HVdc
project. 7 Refs.
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HVDC PROTECTION SYSTEM BASED
MULTIPROCESSOR

Fang, M.; Jiang, S-F.; Jiao, L-W.; Chen, S-S.;
Zhang, W.; Guo, H-G.; Chen, J.

Dept of Elec Eng, Tsinghua Univ, Beijing, China

Proceedings, Int’l Conf on Electrical Engineering
(ICEE'96), Beijing, China, August 12-15, 1996, vol 1,
pp 619-623

In this paper, a multiprocessor-based protection system
for the bipolar 12-pulse high voltage direct current
(HVdc) transmission is described, which is developed
according to the operating requirements of Gezhouba to
Shanghai (GS) HVdc project in China. The developed
protection system is based on a two-level hierarchical
multiprocessor architecture, and covers all the
protection functions of the imported HVdc protection
system from ABB Corporation with a superior
performance to price ratio.- The extensive test on an
advanced HVdc has been made, and the results prove
that the system scheme is feasible and the developed
prototype can meet the needs of the real HVdc project.
This paper describes the basic hardware and software
constructions. The typical test results for line faults are
also reported and analyzed in detail. 6 Refs.
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INFLUENCE OF LOAD CHARACTERISTICS ON
THE POWER/VOLTAGE STABILITY OF HVDC
SYSTEMS, PART 1: BASIC EQUATIONS AND
RELATIONSHIPS

Aik, D.L.H.; Andersson, G.

Royal Inst of Tech, Stockholm, Sweden

IEEE PES Winter Meeting, Tampa, Florida, February
1-5, 1998

Recently, the influence of load characteristics on the
power stability of a specific HVdc system configuration
had been shown. This points to a more fundamental

influence of load characteristics on the power/voltage
stability of HVdc systems in general.  Thus, a
fundamental analysis of the influence of Iload
characteristics on the power/voltage stability of three
typical HVdc system configurations is carried out in this
two-part work. Three aspects are treated: (1) the basic
power/voltage stability equations incorporating load
characteristics, the effect of load characteristics and
system parameters; (2) the relationships between the
maximum power and voltage sensitivity-based methods
for all the configurations incorporating load
characteristics; (3) the most unfavorable load
characteristics with respect to degrading power/voltage
stability margins and the sensitivity of these margins to
load characteristics. This paper, which constitutes part
1 of the work, presents (1) and (2), while a companion
paper dealt with (3).
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INFLUENCE OF LOAD CHARACTERISTICS ON
THE POWER/VOLTAGE STABILITY OF HVDC
SYSTEMS, PART 2: STABILITY MARGIN
SENSITIVITY

Aik, D.L.H.; Andersson, G.

Royal Inst of Tech, Stockholm, Sweden

IEEE PES Winter Meeting, Tampa, Florida, February
1-5, 1998, Preprint order number PE-270-PWRD-0-
12-1997

Recently, the influence of load characteristics on the
power stability of a specific HVdc system configuration
had been shown. This points to a more fundamental
influence of load characteristics on the power/voltage
stability of HVdc systems in general. Thus, a
fundamental analysis of the influence of load
characteristics on the power/voltage stability of three
typical HVdc system configurations is carried out in this
two-part work. Three aspects are treated: (1) the basic
power/voltage stability equations incorporating load
characteristics, the effect of load characteristics and
system parameters; (2) the relationships between the
maximum power and voltage sensitivity-based methods
for all the configurations incorporating load
characteristics; (3) the most unfavorable Iload

characteristics with respect to degrading power/voltage
stability margins and the sensitivity of these margins to
load characteristics. This paper, which constitutes part
2 of the work, presents (3), while the first paper dealt
with (1) and (2).



————
|

[1997] 05B - 43

INSPECTION OF SELF-COMMUTATED HVDC
SYSTEM CONNECTED WITH LINE-
COMMUTATED HVDC SYSTEM IN PARALLEL

Sugimoto, S.; Koda, I.; Otsuki, M.; Tamura, Y.
Chubu Elec Power Co, Ltd, Japan

Proceedings of the Annual Conf of Power & Energy
Society. IEE of Jupan (Denki Gakkai Denryoku,
Enerugi Bumon Taikai Ronbunshu), vol 8, no 2, pp
443-444

Japanese
Abstract not available.
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INTELLIGENT CURRENT CONTROLLER FOR
AN HVDC TRANSMISSION LINK

Narendra, K.G.; Khorasani, K.; Sood, V.K.; Patel,
R.V.

Concordia Univ, Montreal, Quebec, Canada

Proceedings, 20th IEEE Int’l Conf on Power Industry
Computer Applications, Columbus, OH, May 11-16,
1997, pp 67-74 (Preprint order number PE-188
PWRS-16-09-1997) .

This paper describes an intelligent current controller for
the fast and flexible control of an HVdc transmission
link using artificial neural network (ANN) and fuzzy
logic (FL) paradigms. A simple yet effective ANN
architecture is presented with on-line adaptation of the
activation function and learning parameters. Two
methods of adapting the learning parameters are
presented, In the first method, a heuristic approach to
evaluate the learning rate as a polynomial of an energy
function is considered. In the second method, a FL-
based on-line adaptation of the learning parameters is
discussed. Performance of ANN, ANN-FL-based and PI
controllers are compared. A feasibility analysis is
carried out to implement the proposed neural controller
algorithm in real-time. 12 Refs.
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INVERTER CONTROLLER FOR VERY WEAK
RECEIVING AC SYSTEMS

Jovcic, D.; Pahalawaththa, N.; Zavahir, M.
Univ of Auckland, New Zealand

Provisional patent document no 329981, March 1998,
New Zealand Ministry of Commerce Patent Office

This document describes a novel HVdc inverter control

strategy aimed primarily for HVdc operation with very
weak receiving ac systems. The new control method
consists of an additional inverter feedback loop with a
second order feedback filter. The controller can
significantly improve the system dynamic performance,
by eliminating the critical oscillatory mode (2-7 Hz),
when the inverter ac system has very low SCR. The
controller is tested on CIGRE HVdc Benchmark Model.
The simulation results show that the system has
satisfactory dynamic responses with SCR as low as
SCR=1.0. The controller also significantly improves the
system robustness to the changes in ac system
parameters.
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INVESTIGATION INTO AN ARTIFICIAL
NEURAL NETWORK BASED ON-LINE
CURRENT CONTROLLER FOR AN HVDC
TRANSMISSION LINK

Narendra, K.G.; Sood, V.K.; Khorasani, K.; Patel,
RYV. -

Concordia Univ, Montreal, Quebec, Canada

IEEE Trans on Power Systems, vol 12, no 4,
November 1997, pp 1425-1431

An artificial neural network (ANN)-based current
controller for an HVdc transmisston link is described in
this paper. Different ANN architectures and activation
functions (AFs) are investigated for this ANN
controller. Small (set current change) and large (dc-line
fault) signal perturbations are applied to optimize the
learning parameters for the controller. Performance
evaluation of the ANN controller under noise conditions
is studied. A comparison between a traditional PI and
the proposed ANN controller is made for various system
contingencies and it is shown that the latter has many
attractive features. 11 Refs.
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MARGIN ANGLE CONTROL ON CCC-HVDC
AND ITS PARTICIPATION WITH OPERATING
PARAMETERS

Watanabe, K.; Funaki, T.; Matsuura, K.

Osaka Univ, Japan

Proceedings of the Annual Conf of Power & Energy
Society. IEE of Japan (Denki Gakkai Denryoku,
Enerugi Bumon Taikai Ronbunshu), vol 8, no 2, pp
389-390

Japanese

Abstract not available.
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MICROPROCESSOR BASED HVDC
CONVERTER PROTECTION

Madan, S.; Bollinger, K.E.; Banerjee, S.K.

Univ of Alberta, Edmonton, Canada

Proceedings, Canadian Conf on Electrical and
Computer Engineering (CCECE'96), Calgary,
Canada, May 29-29, 1996, vol 2, pp 750-753

High voltage direct current (HVdc) transmission system
complements the characteristics of existing ac networks.
One big advantage is the ability to control power
between the sending and the receiving end. This paper
describes the development of a microprocessor-based
dedicated protection unit for converter protection and dc
line to ground fault. 7 Refs.
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MODERN MAN-MACHINE INTERFACE FOR
HVDC SYSTEMS

Laursen, O.; Bjorklund, H.; Stein, G.
ABB Power Sys AB, Ludvika, Sweden

CIGRE Int’l Colloquium on HVDC and FACTS,
Johannesburg,South Africa, September 28-30, 1997

The relevance of a well designed and flexible man
machine interface (MMI) is obvious when it comes to
more demanding application areas such as HVdc power
transmission.  Conveying the information to the
operator in a comprehensive yet systematic way is of
great importance. The new -generation of integrated
MMI adopted by ABB Power Systems, the station
control and monitoring (SC) system, employs the most
advanced software concepts with regard to system
openness and flexibility as well as ergonomic aspects.
Distributed over an Ethernet LAN, the Windows NT-
based OWSs are characterized by high performance and
an open software architecture based on the latest trends
in data engineering supporting TCP/IP, SQL and DDE.
The SCM system integrates a large number of features,
such as: Control of the HVdc from process images;
sequence of event recorder; archiving of events;
powerful alarm handling via list windows; effective user
defined data filtering; flexible handling of both on-line
and historical trends; on-line help functions and direct
access to plant documentation; TFR analysis; remote
control; instant access to standard applications such as
e-mail, word processing, spreadsheet, internet;
automatic performance report generation; developed
with most versatile graphical on the market, InTouch.
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MODERN CONTROL AND PROTECTION
SYSTEM FOR HVDC

Karlsson, T.; Hyttinen, M.; Carlsson, L.; Bjorklund,
H.
ABB Power Sys AB, Ludvika, Sweden

Proceedings, Int’l Conf on Electrical Engineering
(ICEE'96), Beijing, China, August 12-15, 1996, vol 2,
pp 1163-1167

For high voltage direct current (HVdc) applications, the
control and protection system plays an essential role in
the overall performance of the transmission system. The
control and production system adopted by ABB Power
Systems uses the latest technology from the fields of
electronics and microprocessors. The main objective of
this paper is to describe the experience from using the
MACH (modular advanced control for HVdc) system
with Base Design, from development, design,
implementation and testing to commercial use. MACH
is a fully computerized control and protection system.
Base Design is the internal name of a complete well-
proven platform for the implementation of the control
and protection system for an HVdc project, including
the method of working of such a project. 0 Refs.
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MULTIPLE SPACE VECTOR CONTROL FOR
SELF-COMMUTATED POWER CONVERTERS

Nakajima, T.; Suzuki, H.; Sakamoto, K.; Shigeta,
M.; Yamamoto, H.; Miyazaki, Y.; Tanaka, S.; Saito,
S.

Tokyo Elec Power Co, Inc, Yokohama, Japan

IEEE PES Winter Meeting, Tampa, Florida, February
1-5, 1998

This paper proposes the multiple space vector control
strategy for self-commutated converters. The strategy
makes it possible to realize a significant reduction in
power losses with lowest possible switching frequency
in steady state, continuous operation with high-speed
tracking of commands in the transient state and flexible
controls with the utilization of degrees of freedom in the
assignment of voltage vectors to the converters. High
efficiency of the strategy is confirmed by experiments in
which two-pulse switching mode and the speed of

. response in 5 ms, with one side model of the converter

terminals of self-commutated HVdc. The continuous
operation is verified by simulations in a one-line ground
fault. Another simulation based on the unbalanced dc
voltages shows the balance control of dc voltages to be
effective in HVdc transmission with self-commutated



converters connected in series on the ac and dc sides.

[1996] 0SB - 52

NEW CLOSED LOOP CONTROL METHOD FOR
HVDC TRANSMISSION

Karlecik-Maier, F.
Siemens AG, Erlangen, Germany

IEEE Trans on Power Delivery, vol 11, no 4, October
1996, pp 1955-1960

The paper presents a new closed loop control method
which uses information locally available at each
converter station and combines and coordinates control
possibilities with the objective of improving the dynamic
behavior during fault recoveries and disturbances
around the operating points. 2 Refs.
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NOVEL CURRENT CONTROLLER FOR
ELIMINATION OF DOMINANT OSCILLATORY
MODE ON AN HVDC LINE

Jovcic, D.; Pahalawaththa, N.; Zavahir, M.
Univ of Auckland, New Zealand

IEEE PES Summer Meeting, San Diego, July 12-16,
1998

A procedure for designing a novel HVdc current
controller is presented. The proposed controller makes
HVdc system performance less prone to fundamental
frequency oscillations on a dc line, and thus less
susceptible to the second harmonic instability. The
design is based on a linearized ac/dc system model and
on the pole-placement technique. Controller
performance is tested against the CIGRE HVdc

Benchmark Model using the EMTDC/PSCAD

simulation package. It is demonstrated that this
controller eliminates the dominant oscillatory mode on
the dc side, and that it gives a significant improvement
in system response, even for low SCR ac systems.
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' OVERCURRENT CONTROL COMPENSATING
NEGATIVE CURRENT COMPONENT FOR
HVDC WITH SELF-COMMUTATED
CONVERTER
Kibo, N.; Takasaki, M.; Hayashi, T.; Konishi, H.;
Tanaka, S.
CRIEPI, Tokyo, Japan
Denki Gakkai Denryoku Gijutsu Kenkyukai Shiryo

(Japan), vol 97, no 94-109, pp 67-71
Japanese

Self-commutated devices have been studied extensively .
Control and protection development requires numerical
simulation using highly detailed models.
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OVERCURRENT PHENOMENA FOR HVDC
SYSTEM WITH SELF-COMMUTATED

CONVERTER

Gibo, N.; Takasaki, M.; Takenaka, K ; Konishi, H.;
Tanaka, S.; Ito, H.

CRIEPI, Tokyo, Japan

Denki Gakkai Zenkoku Taikai Koen Ronbunshu
(Japan), vol 1997, no 6, pp 6.329-6.330

Japanese
Abstract not available.
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PERFECTION OF THE COMPUTER
AUTOMATIC CONTROL FUNCTION IN
GESHANG HVDC CONVERTER STATIONS

Liu, G-Y.; Lou, D-Q.; Dai, Y-J.

Gezhouba Hydraulic Power Plant Converter Station,
Yichang, China

Automation of Electric Power Systems (China), vol 20,
no 9, September 1996, pp 64-63, 73

Chinese

This paper describes the function of the power setting
generators (PSG) installed in the power converter
substations of the Geshang HVdc transmission project,

China. The PSG have played an important part in the
perfection of computer control methods and the
realization of load dispatch automation. 0 Refs.
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PHASE ROOT LOCUS APPROACH TO DESIGN
ROBUST CONTROLLERS FOR POWER
SYSTEMS

Jones, L.E.; Herbig, A.; Andersson, G.
Royal Inst of Tech, Stockholm, Sweden

Proceedings, 32nd Univertsities Power Engineering
Conf (UPEC'97), Manchester, UK, September 10-12,
1997, vol 1, pp 519-522

This paper demonstrates the use of phase-root locus

95




(PRL) as a graphical tool for designing robust auxiliary
controllers to improve the stability and performance of
power systems. PRL provides a means to study how the
phase margin, hence robustness of stability and
performance, is affected by changes in the phase of the
closed-loop system. The main points about plotting PRL
are explained as well as the relationships to the well-
known Nyquist and Bode plots. In addition, related
robustness issues are discussed. To illustrate the use of
PRL, a supplementary controller for HVdc power
modulation is designed for a test power system. 5 Refs.
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PROTECTION SYSTEM OF KI1 CHANNEL
HVDC LINK

Sato, M.; Murakami, H.; Honjo, N.; Yoshizumi, T.;
Kawamura, N.

Kansai Elec Power Co, Inc, Japan

Denki Gakkai Hogo Rire Shisutemu Kenkyukai Shiryo
(Japan); vol 97, no 10-17, pp 19-24

Japanese

This paper presents a summary of the protection scheme
for the Kii Channel HVdc Link commissioned in the
year 2000. The summary describes technical features
and new developments on the protection for dc
transmission line, return neutral line and pole/group
convertors, including cooperative dc blocking and ac
tripping sequence.
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REACTIVE POWER COMPENSATION CF HVDC
CONVERTER BY FORCED COMMUTATION
SVC. BEHAVIOR IN UNBALANCED FAULT
CONDITION

Funaki, T.; Matsuura, K.; Xu, X.; Kimura, N.
Osaka Univ, Japan

National Convention Record, IEE Japan, Industry
Applications Society (Denki Gakkai Sangyo Oyo
Bumon Zenkoku Taikai Koen Ronbunshu), vol 1996,
pt2, pT1.27

Japanese

Abstract not available.
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SELECTING ROBUST INPUT SIGNALS FOR
HVDC DAMPING CONTROLLERS

Jones, L.E.; Andersson, G.

Royal Inst of Tech, Stockholm, Sweden

Proceedings, 6th IEE Int’l Conf on AC and DC Power
Transmission, London, UK, April 29-May 3, 1996, pp
152-156

A systematic procedure for selecting robust input signals

for HVdc damping controllers is presented in this paper.
A set of robust signal candidates are identified by
applying quantitative measures of modal controllability
and observability. The criteria for selecting the robust
signals from the set are formulated on the basis of
generic power system stability properties, linear control
theory, requisites imposed by physical constraints, and
rules of thumb. The procedure follows the conventional
approach to determine robustness which involves
repeated small-signal analysis of a power system over a
range of operating conditions. The steps in the
procedure are discussed briefly. A simplified ac/dc test
system is used to illustrate the procedure. 11 Refs.

[1997] 05B - 61

SELF-TUNING FUZZY LOGIC CONTROLLERS
USING GENETIC ALGORITHM: HVDC SYSTEM
APPLICATION

Yoon, 1.Y.; Park, D.W.; Hwang, G.H.; Park, J.H.

Korea Electrotech Research Inst, Changwon, South
Korea

Proceedings, 1997 Conf on Intelligent System
Applications to Power Systems (ISAP '97), Seoul,
South Korea, July 6-10, 1997, pp 291-295

This paper presents an optimal design method for fuzzy
logic controllers using genetic algorithms in an HVdc
power system. Fuzzy logic controllers are applied for the
fast damping of dynamic disturbances such as sudden
changes of ac system loads. The dynamic performance
of fuzzy logic controllers is compared with that of PI
controllers. In both controllers, the genetic algorithm is
used for tuning membership functions and PI gains.
Simulation results show that the dynamic performances
of fuzzy controllers have better responses than those of

PI controllers when the ac system load changes.

[1997] 05B - 62

96

STUDY ON CALCULATION TIME OF SELF-
COMMUTATED CONVERTER CONTROLLER
FOR HVDC SYSTEM

Hayashi, T.; Takasaki, M.; Konishi, H.; Kawazoe, H.
CRIEPI, Tokyo, Japan

Proceedings of the Annual Conf of Power & Energy .
Society. IEE of Japan (Denki Gakkai Denryoku,



Enerugi Bumon Tuaikai Ronl;unshu), vol 8, no 2, pp
447-448

Japanese
Abstract not available.

[1997] 0SB - 63

STUDY ON ROBUST MULTIVARIABLE
EMERGENCY FREQUENCY CONTROL BY
HVDC

Kawarai, H.; Tsukamoto, M.; Sekita, M..; Amano, -
M.; Sekoguchi, M.; Shimamura, H.

Kansai Elec Power Co, Inc, Japan

Denki Gakkai Zenkoku Taikai Koen Ronbunshu
(Japan), vol 1997, no 6, pp 6.333-6.334

Japanese
Abstract not available.

[1996] 0SB - 64

THE APPLICATION OF VDCOL FOR
OVERVOLTAGE LIMITING CONTROL UNDER
ABNORMAL INVERTER GATE BLOCK IN
HVDC TRANSMISSION

Tanaka, M.; Yamaji, K.; Hatano, M.; Kuroda, K.;
Morishima, N.

Kansai Elec Power Co, Inc, Japan

Proceedings, Annual Conf of Power & Energy Society,

IEE of Japan (Denki Gakkai Denryoku, Enerugi
Bumon Taikai Ronbunshu), vol 7, no 2, pp 407-408

Japanese
Abstract not available.

[1996] 05B - 65

THEORETICAL ANALYSIS OF STEADY-STATE
PERFORMANCE OF UNSYMMETRICALLY
OPERATED AC/DC INTERCONNECTOR
Emarah, A.S.; El-Sharkawy, M.A.; Migalla, G.R.;
Yassin, L; Swidan, M.A.

Ain-Shams Univ, Cairo, Egypt

Proceedings, 31st Universities Power Engineering

Conf, Iraklio, Greece, September 18-20, 1996, vol 1,
pp 187-190

This paper presents a theoretical analysis of three-phase
steady state performance of ac/dc power systems under
unbalanced loading. New equations relating converter
dc voltage, currents and extinction angles are obtained

assuming unbalanced ac voltages. In the analysis
performed, two types of dc controls are used: namely
individual phase control (IPC) and equidistant pulse
control (EPC): A three-phase simulation program based
on phase-coordinates is used to check the steady-state
performance obtained for the converter using the
developed model. Both approaches have been applied
for a study system consisting of two ac systems
interconnected by a dc link. The results obtained using
both approaches show good agreement. 8 Refs.

[1996] 0SB - 66

TIAN-GUANG HVDC TRANSMISSION PROJECT
FUNDAMENTAL FREQUENCY OVERVOLTAGE
AND OVERVOLTAGE LIMITING MEASURES

FOR TIANSHENGQIAO CONVERTER STATION

Quan, B-L.; Zhu, X-Q,; Burton, R.S.

Central Southern China Elec Power Design Inst,
‘Wuhan, China.

Proceedings, 6th IEE Int’l Conf on AC and DC Power
Transmission, London, UK, April 29-May 3, 1996, pp
112-117

For the Tian-Guang HVdc transmission project, the
fundamental frequency overvoltages, which can occur as
a result of partial or complete interruption to transmitted
power, play an important role in the design and
operation of the converter at Tianshengqiao. The paper
describes some of the operating conditions which may
result in high values of overvoltages along with
solutions and trade-offs which were adopted to limit the
overvoltages to acceptable levels. 0 Refs.

[1997] 0SB - 67

TRENDS AND DEVELOPMENTS OF HVDC
CONVERTER CONTROL AND PROTECTION

Yoshino, T.; Noro, Y.; Irolgawa, S.
Toshiba Corp, Japan

Denki Gakkai Zenkoku Taitkai Koen Ronbunshu
(Japan), vol 1997, no 6, pp S.23.9-S.23.12

Japanese
Abstract not available.

[1997] 0SB - 68

97

WIDE-AREA PROTECTION AGAINST
VOLTAGE COLLAPSE

Ingelsson, B.; Lindstrom, P.-Q.; Karlsson, D.;
Runvik, G.; Sjodin, J.-O0.




Svenska Kraftnat, Sweden

IEEE Computer Applications in Power, vol 10, no 4,
October 1997, pp 30-35

A wide-area protection system against long-term voltage
collapse was designed, implemented, tested, modified,
and commissioned. The system is based on the SCADA
system in southern Sweden, which has been
complemented with input signals and equipment to
execute action orders from the protection system. Bus
voltages from the transmission system, reactive power
output from generators, and current limiter information
from main generators were used as input signals to the

wide-area protection system. Actions from the
protection system are shunt reactor
disconnection/capacitor connection, start of gas

turbines, emergency power request from the HVdc
connection to Germany, low priority load disconnection,
and shedding of high priority load.

[1996] 0SB - REF

APPLICATION AND OPERATING EXPERIENCE

OF MULTI-VARIABLE FREQUENCY
CONTROLLER OF HVDC SYSTEM

For Abstract see entry 01B - 5

[1996] 05B - REF

MORE HVDC TRANSMISSION PROJECTS BY
TECHNICAL BREAKTHROUGH

For Abstract see entry 01C - 20

[1997] 0SB - REF

NEW DC CONTROL AND OPERATOR
INTERFACE FOR THE CAHORA BASSA HVDC
SYSTEM

For Abstract see entry 01C - 21

[1997] 05B - REF

OPERATING EXPERIENCE OF HOKKAIDO-
HONSHU HIGH VOLTAGE DIRECT CURRENT
LINK

For Abstract see entry 01C - 25

[1997] 05B - REF

CAHORA BASSA GMPC TESTING USING AN
REAL TIME DIGITAL SIMULATOR

For Abstract see entry 01C - 8

[1997] 0SB - REF

CAPACITOR COMMUTATED CONVERTERS
FOR HVDC SYSTEMS

For Abstract see entry 02B - 1

[1996] 0SB - REF

SAFETY AND SIGNALING UNIT FOR THE
FILTRATION AND COMPENSATION CIRCUITS
OF THE VYBORGSK SUBSTATION

For Abstract see entry 02D - 24

[1996] 0SB - REF

MICROPROCESSOR CONTROL AND SAFETY
SYSTEM FOR A 24-PHASE RECTIFIER-
INVERTER MODULE

For Abstract see entry 05A - 13

[1996] 05B - REF

SIMULATION STUDY OF AN HVDC SYSTEM
COMPOSED OF SELF-COMMUTATED
CONVERTERS

For Abstract see entry 05A - 19

[1997] 05B - REF

SPACE VECTOR PATTERN GENERATORS FOR
MULTI-MODULE LOW SWITCHING
FREQUENCY HIGH POWER VAR
COMPENSATORS

For Abstract see entry 05A - 20

[1998] 05B - REF

DEVELOPMENT OF A CONTROL SYSTEM FOR
A HIGH-PERFORMANCE SELF-COMMUTATED
AC/DC CONVERTER

For Abstract see entry 05A - 8

[1996] 0SB - REF

EFFECT OF HVDC SYSTEM WITH SELF-
COMMUTATED CONVERTER FOR
ENHANCING TRANSMISSION CAPABILITY

For Abstract see entry 05C - 11

[1996] 0SB - REF

98

IMPACT OF OPTIMAL CONTROL OF HVDC



CONVERTERS ON TRANSIENT STABILITY OF
MULTI-MACHINE POWER SYSTEMS

For Abstract see entry 05C - 13

[1997] 0SB - REF

INVESTIGATION OF NONLINEAR MODAL
BEHAVIOR OF HVDC/AC POWER SYSTEMS
THROUGH A SCANNING TOOL VIA NORMAL
FORM TECHNIQUE

For Abstract see entry 05C - 15

[1996] 05B - REF

ON LINE IDENTIFICATION AND CONTROL OF
AN AC/DC POWER SYSTEM

For Abstract see entry 05C - 18

[1997] 05B - REF

POWER ELECTRONICS TECHNOLOGIES IN
THE FIELD OF ELECTRIC POWER
ENGINEERING. POWER SWING DAMPING
CONTROL BY HVDC POWER MODULATION IN
AC/DC HYBRID TRANSMISSION SYSTEM

For Abstract see entry 05C - 21

[1996] 0SB - REF

A STUDY ON LOAD FREQUENCY CONTROL
OF AC-DC POWER TRANSMISSION USING
FUZZY CONTROL 0

For Abstract see entry 05C - 3

[1996] 05B - REF

MODELLING OF CURRENT CONTROL IN THE
ANALYSIS OF HARMONIC INTERACTIONS IN
HVDC SYSTEMS

For Abstract see entry 05D - 20

[1997] 05B - REF

CONTROL OF 100-Hz GAMMA OSCILLATIONS
ON NEW ZEALAND HVDC LINK

For Abstract see entry 05D - 6

[1996] 0SB - REF

DAMPING OF TORSIONAL OSCILLATIONS IN
A PARALLEL AC/DC SYSTEM USING AN

ARTIFICIAL NEURAL NETWORK TUNED
SUPPLEMENTAL SUBSYNCHRONOUS
DAMPING CONTROLLER

For Abstract see entry 05D - 8

[1997] 0SB - REF

DEVELOPMENT OF CONTROL FOR SELF-
COMMUTATED CONVERTER. (PART II).
CONTROL SCHEME OF OVERCURRENT AND
OVERVOLTAGE AT SYSTEM FAULT

CONDITION
For Abstract see entry 05H - 3

[1996] 0SB - REF

SEISMIC EXPERIMENT OF FRP COLUMNS IN A
THYRISTOR VALVE BY A REAL-TIME HYBRID
VIBRATION TESTING METHOD

For Abstract see entry 05N -2

[1996] 0SB - REF
'STABILITY ANALYSIS OF HVDC SYSTEM

CONNECTED TO WEAK AC SYSTEMS
For Abstract see entry 06A -2

[1997] 0SB - REF

VALIDATING THE REAL TIME DIGITAL
SIMULATOR FOR HVDC DYNAMIC
PERFORMANCE STUDIES

For Abstract see entry 06E - 12

[1997] 0SB - REF

ADVANCED AC/DC REAL-TIME AND
COMPUTER SIMULATIONS FOR THE GMPC
CAHORA BASSA DESIGN VERIFICATION

For Abstract see entry 06E - 2

[1997] 0SB - REF

AN INTEGRATED SIMULATION AND
CONTROL IMPLEMENTATION ENVIRONMENT

For Abstract see entry 06E - 3
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DISSIPATIVITY AS A UNIFYING CONTROL
DESIGN FRAMEWORK FOR SUPPRESSION OF



LOW FREQUENCY OSCILLATIONS IN POWER
SYSTEMS

For Abstract see entry 18A -9

05C AC-DC Interaction

[1998] 05C - 1

A REVIEW OF ITERATIVE HARMONIC
ANALYSIS FOR AC-DC POWER SYSTEMS

Smith, B.C.; Arrillaga, J.; Wood, A.R.; Watson, N.R.
Univ of Canterbury, New Zealand

IEEE Trans on Power Delivery, vol 13, no 1, January
1998, pp 180f

Detailed models of a static converter capable of
representing the effect of ac and dc system distortion, as
well as harmonic modulation of the firing and
commutation angles, are becoming available. Using
iterative techniques, such models are combined with
linear harmonic penetration into ac network equivalents
to provide accurate information about the system
harmonic content. This paper provides a critical review
of the state of the art in interactive harmonic analysis.

[1996] 05C - 2

A SOLUTION FOR THE STEADY-STATE
INTERACTION OF THE AC/DC SYSTEMS WITH
WEAK AC AND DC SYSTEMS

Smith, B.C.; Watson, N.R.; Wood, A.R.; Arrillaga, J.

Proceedings, 7th Int’l Conf on Harmonics and Quality
of Power (ICHQ96), Las Vegas, NV, October 16-18,
1996

Abstract not available.

[1996] 05C - 3

A STUDY ON LOAD FREQUENCY CONTROL
OF AC-DC POWER TRANSMISSION USING
FUZZY CONTROL

Yukita, K.; Kunishi, R.; Goto, Y.; Mizutani, Y.
Tokai Univ, Kanagawa, Japan

Trans of the Institute of Electrical Engineers of Japan,
vol 116-B, no 3, March 1996, pp 367-368

With an increasing demand for electric power, electric
power systems are becoming more and more
complicated. Therefore, the supply of electric power

with stability and high reliability is required. Then,
high-voltage direct current (HVdc) power transmission
that can permit the connection of two power systems
having different power frequencies and capable of fast
and precise power flow control is regarded as important.
This paper presents a control method to improve the
characteristics of load frequency control of ac-dc
transmission in power systems. 2 Refs.

-

[1996] 05C - 4

AC-DC INTERACTION STUDY OF CAPACITOR
COMMUTATED CONVERTER HVDC SYSTEM

Onishi, K.; Matsukawa, N.; Nagasaki, N.; Kuroda,
K.; Thara,S.

Nissin Elec Co, Ltd, Japan

Denki Gakkai Denryoku Gijutsu Kenkyukai Shiryo
(Japan), vol PE-96, no 107-118, pp 111-120

Japanese

This paper presents the results of ac-dc interaction study
of capacitor ccmmutated converter HVdc system, CCC.
The parameters of the commutation capacitors, CC for
CIGRE Benchmark Model are studied and a 3LG-fault
simulation by EMTP is presented. The results indicate
that CCC can reduce the possibility of the core
saturation instability.

[1996] 05C -5

AC/DC SYSTEM TRANSIENT STABILITY
ANALYSIS

Hu, L-X.; Chen, X-Y.

Journal of the Harbin Institute of Technology
(China), vol 28, no 3, June 1996, pp 77-81

Chinese

Based on the detailed simulation of an HVdc power line
regulator, this paper presents a fast algorithm to
calculate the transient stability of ac/dc power systems
using factor technology and the regular solution between
differentials of Taylor series expansion. The
calculations of two power systems prove that the
algorithm is both fast and accurate. 3 Refs.

[1998] 05C - 6

100

ANALYTICAL MODELLING OF HYDC-HVAC
SYSTEMS

Jovcic, D.; Pahalawaththa, N.; Zavahir, M.
Univ of Auckland, New Zealand




IEEE PES Summer Meeting, San Diego, Jz.dy 12-16,
1998

A new HVdc-HVac analytical model is presented in this
paper. The model is comprised of three subsystems: ac
system, PLL and dc system. The model is structured in
such a manner to enable small signal analysis of HVdc-
HVac interactions and possible problems arising from
these interactions, CIGRE HVdc Benchmark Model is
uséd as a test system. Model verification, performed
using PSCAD/EMTDC simulations, showed good
response matching for all dc and ac system variables.
As an example of an application of this model, the
influence of PLL dynamics on the system stability is
studied, offering important rules for tuning of PLL
gains,

[1997] 05C -7

CHARACTERISTICS OF HVDC CONNECTED
TO WEAK AC SYSTEMS. 1

Xu, Z.
Zhejiang Univ, Hangzhou, China

Power System Technology (China), vol 21, no 1,
January 1997, pp 12-16

Chinese

Through the analysis of the simplified ac/dc
interconnected system model, the transmission
capabilities of HVdc systems connected to weak ac
systems have been studied in detail. The concepts and
their computation algorithm of the maximum power
curve, the maximum available power, the critical short
circuit ratio, and the boundary short circuit ratio are
discussed. The strength classification of the connected
ac systems according to the critical short circuit ratio
and the boundary short circuit ratio is proposed in this
paper.

[1996] 05C - 8

CONTROL MEASURES TO ENSURE DYNAMIC
STABILITY OF THE CAHORA BASSA SCHEME
AND THE PARALLEL HVAC SYSTEM

Bayer, W.; Habur, K.; Povh, D.; Jacobson, D.A.;
Guedes, J.M.G.; Marshall, D.

Siemens AG, Erlangen, Germany

Proceedings, 6th IEE Int’l Conf on AC and DC Power
Transmission, London, UK, April 29-May 3, 1996, pp
146-151

The paper discusses parallel operation of a 1500-km
bipolar HVdc link and a relatively weak parallel

400/330-kV ac link. Stable operation can be ensured by

use of a thyristor-switched braking resistor and control
of the voltage angle difference between sending and
receiving end. During critical contingencies, dynamic
splitting of the HVdc and ac link at the sending end is
necessary with respect to stability. 0 Refs.

[1996] 05C - 9

COORDINATION OF POWER RAMP AND
MODULATION FOR AC/DC PARALLEL
SYSTEM WITH WEAK AC LINKS

Liu, Z-H.; Shi, Y.; Xi, H-H.
Elec Power Research Inst, Beijing, China

Proceedings, Int’l Conf on Electrical Engineering
(ICEE'96), Beijing, China, August 12-15, 1996, vol 1,
pp 591-596

This paper describes the coordination method of dc
power quick ramp, large signal active power modulation
and small signal power modulation using the HVac/dc
parallel system from TSQ to Guangdong as an
application example. It is proposed to utilize both the
quick dc power ramp with quick washout based on
logical signal and large signal active power modulation
with proper strength to enhance the first-swing stability
and to improve the adaptability of the additional control
of the HVdc system to system configuration and
operation conditions. In order to eliminate the effect of
large signal modulation in steady state operation mode
and system performance after minor disturbances, a
dead zone was applied. Small signal active power
modulation was used to improve the damping of the

.ac/dc parallel power system. According to eigenvalue

analyses based on linearized systems under various
operating conditions and dynamic simulation based on
nonlinear system models, the effectiveness of the
method proposed in this paper was clearly
demonstrated. 6 Refs.

[1998] 05C - 10

DAMPING IMPROVEMENT OF AN AC-DC
INTERCONNECTED SYSTEM USING A FUZZY
LOGIC COORDPINATED MODULATION
CONTROLLER

Peiris, H.J.C.; Annakkage, U.D.; Pahalawaththu,
N.C.

‘Univ of Auckland, New Zealand

Proceedings, Energy Management Power Delivery

Conf (EMPD'98), Singapore, March 3-5, 1998, paper
S13-3




Abstract not available

[1996] 05C - 11

EFFECT OF HVDC SYSTEM WITH SELF-
COMMUTATED CONVERTER FOR
ENHANCING TRANSMISSION CAPABILITY

Takasaki, M.; Hayashi, T.

CRIEP], Tokyo, Japan

Proceedings, 6th IEE Int’l Conf on AC and DC Power
Transmission, London, UK, April 29-May 3, 1996, pp
411-416

HVdc systems with self-commutated converters can
greatly improve overall ac-dc system performance in
comparison with a conventional line-commutated HVdc
system. It is acheived by the capability of controlling
active and reactive power independently. This paper
presents a comprehensive P-Q control scheme for self-
commutated HVdc system for overall stability
improvement. Its effect on transmission capability
enhancement has been evaluated through stability
simulation study using a model system which typically
represents large interconnected power system. Transient
converter controls required to ensure HVdc system
stable operation are also discussed. 7 Refs.

[1996] 05C - 12

HARMONIC INTERACTION ON AC/DC
SYSTEMS: EFFECTS OF CONTROL ACTIONS

Mattavelli, P.; Perna, M.
Dept of Elec Eng, Univ of Padova, Italy

Proceedings, 7th Int’l Conf on Harmonics and Quality
of Power (ICHQP), Las Vegas, NV, October 16-18,
1996, pp 501-508

In ac/dc thyristor power converters, noncharacteristic
harmonics can arise due to the interaction between the
ac and dc sides. The control action, if it is not properly
designed, may greatly amplify the converter current
harmonics and cause instability in the whole power
system. In order to analyze the effects of control action,
a small-signal model of an ac/dc thyristor-controlled
system which includes the ac and dc impedance effects
is derived. This allows the analysis of low-order ac/dc
harmonic interaction and the evaluation of the transfer
function between firing angle and dc current taking into
account line impedances, resonances introduced by
harmonic filters and load behavior effects. Based on this
analysis, suitable design criteria for the current
regulator of ac/dc power systems and for the damping
resistors of the harmonic filters can be derived. As an

application example, a dc arc furnace installation is
considered. The frequency domain model has been
verified by extensive comparison with a detailed time
domain simulation based on EMTP. 16 Refs.

[1996] 05C - 13

IMPACT OF OPTIMAL CONTROL OF HVDC
CONVERTERS ON TRANSIENT STABILITY OF
MULTI-MACHINE POWER SYSTEMS

Kacejko, P.A.; Hammons, T.J.; Gwee, C.L.;
Wancerz, M.

Tech Univ of Lublin, Poland

Proceedings, 31st Universities Power Engineering
Conf, Iraklio, Greece, September 18-20, 1996, vol 2,
pp 539-542

The transient stability of an ac power system can be
enhanced by optimally controlling the HVdc
transmission link to damp ac electromechanical
oscillations. Algorithms are also presented for HVdc
power control which may be used during abnormal ac
system conditions. These algorithms are based on
minimizing the time of dissipation of turbine-generator
rotor oscillation energy due to transients. 3 Refs.

[1997] 05C - 14

102

INTERACTIONS AND COUNTERMEASURES OF
AC-DC INTERCONNECTED SYSTEM WITH
LARGE CAPACITY THERMAL POWER PLANTS
IN THE VICINITY

Yamaji, K.; Tanaka, M.; Sekita, M.; Matori, 1.
Shikoku Elec Power Co, Inc, Japan

Trans of the Institute of Electrical Engineers of Japan,
vol 117B, no 7, July 1997, pp 975-984

Japanese

The large capacity (1400-MW) HVdc link connecting
Shikokn and Kansai is under construction to be
commissioned in the year of 2000. Its significant
features include: (1) largest converter capacity ever
made in Japan; (2) hybrid mode system configuration in
parallel with 500-kV ac trunk lines; and (3) possibility
for an islanded transmission mode with direct
connection to the large thermal power plant. Since this
HVdc link is large in its capacity and plays significant
roles in the 60-Hz power systems, studies and
countermeasures on various subjects arising from ac/dc
interaction phenomena are very important. This paper
describes  mechanisms, analysis results and
countermeasures for ac overvoltages, harmonic
instability, dc power oscillation and SSTI (turbine-



generator subsynchronous torsional interactions) which
take place based on ac and dc interactions.

[1997] 05C - 15

INVESTIGATION OF NONLINEAR MODAL
BEHAVIOR OF HVDC/AC POWER SYSTEMS
THROUGH A SCANNING TOOL VIA NORMAL
FORM TECHNIQUE

Ni, Y.; Vittal, V.; Kliemann, W.
Yowa State Univ, Ames, IA, USA

Proceedings, 1997 IEEE Int’l Symp on Circuits and
Systems (ISCAS), Hong Kong, June 9-12, 1997.
Circuit Theory and Power Systems Communication
and Multimedia, vol 2, pp 945-948

In this paper, a scanning tool based on the normal form
technique is developed for the investigation of nonlinear
modal behavior of ac/dc power systems with dc .power
modulation. The ac-dc interface variables are solved by
symbolic calculation software MAPLE. A state space
model is then formed for normal form method with
second order approximation. A four-generator ac/dc
power system is studied with different fault locations
and various input signals for dc power modulation. 8
Refs.

[1996] 05C - 16

NEWTON SOLUTION FOR THE STEADY-STATE
INTERACTION OF AC/DC SYSTEMS

Smith, B.C.; Watson, N.R.; Wood, A.R.; Arrillaga, J.
Univ of Canterbury, Christchurch, New Zealand

IEE Proceedings Generation, Transmission and
Distribution (UK), vol 143, no 2, March 1996, pp 200-
210

The steady-state interaction of a six-pulse converter with
a Thevenin equivalent of the three-phase ac and dc
systems is solved. The converter is represented by
harmonic phasor mismatch equations, and the
interaction between the converter and ac and dc systems
is embodied in the solution of harmonic mismatch
equations for the converter terminal conditions. Since
there are a large number of simultaneous nonlinear
equations to be solved, a sparse Newton-type solution is
developed that exploits the harmonic three-port nature
of the converter, and the relatively weak interaction
between switching angles and terminal harmonics. The
resulting solution is fast, and closely matches a time
domain simulation of the test system. 21 Refs.

[1996] 05C - 17

NONLINEAR MODAL INTERACTION IN
HVDC/AC POWER SYSTEMS WITH DC POWER
MODULATION

Ni, Y-X.; Vittal, V.; Kliemann, W.; Fouad, A.A.
Tsinghua Univ, Beijing, China

IEEE Trans on Power Systems, vol 11, no 4,
November 1996, pp 2011-2017

In this paper investigation of nonlinear modal
interaction using the normal form of vector fields
technique is extended to HVdc/ac power systems with dc
power modulation. The ac-dc interface equations are
solved to form a state space model with second order
approximation. Using the normal form technique, the
system's nonlinear dynamic characteristics are obtained.

The proposed approach is applied to a four-generator

HVdc/ac test power system, and compared with the time
domain solution. 9 Refs.

[1996] 0SC - 18

ON LINE IDENTIFICATION AND CONTROL OF
AN AC/DC POWER SYSTEM

To, K.W.V.; David, A.K.
Dept of Elec Eng, Hong Kong Polytech, China

Int’l Journal of Electrical Power & Energy Systems
(UK), vol 18, no 4, May 1996, pp 223-227

This paper is concerned with the control of a parallel
ac/dc power systems using low-order models derived
directly from test data. Experimental data are obtained
by applying a pseudo random binary sequences (PRBS)
signal to the excitation system and one dc power
converter terminal of a laboratory system and recursive
least-squares-based system identification, premised on
the exciter and dc current order as reference inputs, is
implemented. The models so obtained have been
successfully used for ac/dc power system controller
design. 5 Refs.

[1997] 05C - 19

103

OPERATING CONDITIONS OF CONTROLLED
POWER TRANSMISSION LINES

Kochkin, V.L; Shakaryan, Y.G.
AO VNIIE, Moscow, Russia
Elektrichestvo (Russia), no 8, August 1997, pp 2-8

- Russian

The paper considers a controlled ac transmission line,
with a low power dc/ac back-to-back link used as a



controller. Analytical dependences are obtained to show
a relationship between the operational parameters of the
controlled power transmission line and the operational
parameters of its converter part. It is shown that the line
considered is an effective means of active power flow
control. It is underscored that it is possible, in this case,
to obtain optimal reactive power flows at the ends of the
line. 8 Refs.

[1997] 05C - 20

Deleted

[1997] 05C - 21

POWER ELECTRONICS TECHNOLOGIES IN
THE FIELD OF ELECTRIC POWER
'ENGINEERING. POWER SWING DAMPING
CONTROL BY HVDC POWER MODULATION IN
AC/DC HYBRID TRANSMISSION SYSTEM

Tomiyama, K.; Sato, M.; Yamaiji, K.; Sekita, M.;
Goto, M.

Kansai Elec Power Co, Inc, Japan

Trans of the Institute of Electrical Engineers of Japan
(Denki Gakkai Ronbunshi), vol 117-B, no 7, pp 938-
944

Japanese i

This paper describes a power swing damping control by
HVdc power modulation. In a hybrid system (ac
transmission system and HVdc system compose a loop
transmission system), a damping control of power
swings by control of HVdc power is called power
modulation control. The new inter-connection by HVdc
link between Shikoku and Kansai power systems
composes a loop transmission system, a power
modulation control can be applied to stabilize the ac
system. In this paper, a newly developed power
modulation control system to damp two power swing
modes occurring in a 60-Hz inter-connected system
using the HVdc converter. Characteristics of power
swings in ac systems, the principle of power swing
damping control by power modulation, design of the
control system, and results of verification tests by digital
and analog simulator are described. It is shown that the
developed power modulation system applied to the
HVdc link is effective for damping two power swing
modes.

[1997] 05C - 22

POWER LIMITATIONS OF THE HVDC
TRANSMISSION SYSTEM

Kremens, Z.; Seleem, Z.

Inst of Elec Power Eng, Tech Univ of Wroclaw,
Poland

Archives of Electrical Engineering (Poland), vol 46,
no 1, 1997, pp 89-100

The scope of the presented paper concentrates on a two-
terminal HVdc transmission system. The intention of
the paper is to present a precise insight into the
limitations of the power transmitted through an HVdc
system incorporated into a real ac power system. The
paper demonstrates the impacts of the combined ac/dc
system model parameters on the power transmitted
through the dc link. An efficient method of ac/dc load
flow study is also developed. This method
accommodates perfectly the various types of HVdc
power system control modes. In addition, the switching
between these control modes can be performed easily in
the developed method. Moreover, the method is
considered a reliable computational tool used to evaluate
the power limitations of the HVdc transmission system.
Then, the effectiveness of the developed method of
calculation and the influence of the system parameters
on the capability of the HVdc transmission system are
investigated on a test system composed of two parallel
HVdc/ac lines incorporated into an ac power system.

[1997] 05C — 23

Deleted
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RESEARCH ON THE OVERLOAD PARAMETER
OF TIAN-GUANG HVDC AND THE
IMPROVEMENT OF THE PARALLEL AC
SYSTEM POWER TRANSMISSION CAPABILITY

Chen, X.

Power Test & Research Inst, Guangdong Provincial
Power Bureau, China

Proceedings, Int’l Conf on Electrical Engineering
(ICEE'96), Beijing, China, August 12-15, 1996, vol 1,
pp 584-590

The authors put forward an advanced small disturbance
and power shifting power system stability program
calculation method based on the definition of static state
stability (SSS), and a new kind of method based on
increasing dc tramsient overload capability whilst
properly decreasing overload time. These propositions
have been adopted by Tian-Guang HVDC Engineering,
China. The calculation results show that the SSS limit
and power transmission capability are increased



significantly without further engineering investment. 7
Refs,

[1998] 05C - 25

SMALL SIGNAL ANALYSIS OF HYDC-HVAC
INTERACTIONS

Jovcic, D.; Pahalawaththa, N.; Zavahir, M.
Univ of Auckland, New Zealand

IEEE PES Summer Meeting, San Diego, July 12-16,
1998

This paper presents a small signal analysis of
interactions between HVac and HVdc systems. The
eigenvalue analysis, along with analysis of participation
factors, is first described. The eigenvalue sensitivity
analysis shows how the changes of ac system parameters
influence the stability of the considered HVdc-HVac
system. The influence of SCR changes on both the
rectifier and the ‘inverter ac system, is studied by
‘examining the relative movement of the system
eigenvalues. The most important conclusions about ac-
dc interactions are obtained by investigating the nature
of inherent feedback loops between the systems. By
examining the changes of all interaction variables, it is
determined which of the interaction variables should be
controlled and which are better left uncontrolled.

[1998] 05C - 26
STABILITY AND CONTROL OF HVDC AND AC
TRANSMISSIONS IN PARALLEL

Hammad, A.E.

Consultant, NE Swiss Power Co., Baden, Switzerland

IEEE PES Winter Meeting, Tampa, Florida, February
1-5, 1998.

A generic concept combining transient angle and
voltage stabilities of parallel ac/dc transmission is
introduced. It proves that HVdc schemes in parallel
operation with ac transmission are prone to both
transient swing angle and voltage instabilities. This
tendency is intensified as the parallel ac interconnection
becomes stronger. The concept also explains why an
HVdc scheme fitted with classical dc power controls
does not contribute to system synchronizing torque and
may increase the risks for instability. The concept offers
a solid means to develop robust strategies to control the
dynamic operation of dc and ac transmissions in
parallel. With such strategies, the HVdc scheme can
positively participate in the instantaneous rescheduling
of power according to changing network conditions,
particularly during disturbance conditions.

[1996] 05C - 27

STUPY OF MODULATION CONTROLLER: TO
DAMP POWER OSCILLATIONS OF PARALLEL
AC LINE IN THE TIANSHENGQIAO TO
GUANGDONG HVDC TRANSMISSION

Hao, C.

Central Southern China Elec Power Design Inst,
‘Wuhan, China

Proceedings, 6th IEE Int’l Conf on AC and DC Power
Transmission, London, UK, April 29-May 3, 1996, pp
169-172

The 1800-MW Tianshenggiao to Guangdong HVdc
transmission link in China, will be provided with an
HVdc power modulation feature intended to stabilize the
ac power system. In a transmission system which has
both ac and dc lines running in parallel, a reduction in
the power swings in the ac line thus increases the
stability limit of the integrated ac/dc power system.
Comprehensive digital computer studies show the
importance of the power modulation for the
Tianshenggiao to Guangdong HVdc transmission link.
This paper describes the results of a study carried out to
design the power modulator for the HVdc link. It shows
how the transient stability limit can be increased by
power modulation on HVdc systems. 0 Refs.

[1997] 05C - 28

STUDY OF POWER TRANSFER CAPABILITY
OF DC SYSTEMS INCORPORATING AC LOADS
AND A PARALLEL ACLINE

Reeve, J.; Uzunovic, E.

Univ of Waterloo, Ontario, Canada

IEEE Trans on Power Delivery, vol 12, no 1, January
1997, pp 426-434

Concepts of maximum power transfer of dc systems and
associated ac voltage variations, particularly at inverter
stations having low short-circuit ratios, have been
extended to include various ac load models and an ac
line in parallel with the dc line. The operating
capabilities are shown to vary from those predicted from
either a Thevenin ac source model or the corresponding
short-circuit ratio. The study used an ac/dc load flow
program. 7 Refs.

[1996] 05C - 29
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VARIABLE STRUCTURE CONTROL OF AC-DC
SYSTEM

Dash, P.K.; Panda, S.K.




Dept of Elec Eng, Regional Eng College, Rourkela,
India

Electric Machines and Power Systems, vol 24, no 4,
June 1996, pp 345-362

The paper presents a new approach to the design of
variable structure current and VAr regulators for
improving the dynamic stability of parallel ac-dc
systems. The variable structure regulators are based on
the concept of sliding mode control which constrains the
system motion to a state trajectory. The sliding mode
control provides greater robustness and insensitivity to
plant parameter variations and is feasible for practical
implementation. The transient simulations for a typical
parallel ac-dc system connected to a weak ac system are
performed to demonstrate the effectiveness of the
variable structure control. 8 Refs.
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Interactions, GIC Effects

[1997] 05D - 1

A CONTROLLER FOR HIGH VOLTAGE
DIRECT CURRENT CONVERTER

Jovcic, D.; Pahalawaththa, N.; Zavahir, M.; Brown,
R

Univ of Auckland, New Zealand
Provisional patent document no 328801, September
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1997, Patent Office, New Zealand Ministry of
Commerce

This document presents a design of an HVdc controller
intended for elimination of 100-Hz oscillations on the
dc side (dc current and gamma angle). The primary
cause for second harmonic on the dc side is the ac
system unbalance. = The new controller can be
implemented as a modification of the existing current
controller, in the frequency domain of interest. The
controller performance affects primarily the following
three variables; ac voltage unbalance, dc current, and
extinction angle gamma, leading to a careful trade off
and balancing the importance between the three
variables, The tests with the New Zealand HVdc system
show that it is possible to reduce gamma oscillations to

less than 40 percent of its original value, without
introducing negative influence on the ac system voltage
unbalance.

[1996] 05D -2

A DIRECT FREQUENCY DOMAIN
INVESTIGATION OF THE PROPERTIES OF
CONVERTOR TRANSFORMER CORE
SATURATION INSTABILITY

Chen, S.; Wood, A.R.; Arrillaga, J.
Canterbury Univ, Christchurch, New Zealand

Proceedings, 6th IEE Int’l Conf on AC and DC Power
Transmission, London, UK, April 29-May 3, 1996, pp
173-178

A direct frequency domain approach has been used in
this paper to describe the properties of HVdc
transmission  systems susceptible to convertor
transformer core saturation instability. The properties
considered are the impedance profiles of ac and dc
power systems, the influence of the convertor controller

and the ecffect of different convertor steady-state
operating conditions.

[1996] 0SD - 3

A NEW APPROACH TO SSR PROBLEM IN
POWER SYSTEM WITH HVDC

Wu, J-Y.; Cheng, S-J.
Huazhong Univ of Sci & Tech, Wuhan, China

Automation of Electric Power Systems (China), vol 20,
no 11, November 1996, pp 9-12

Chinese

In this paper, a complex frequency domain model of
HVdc power systems and a complex frequency domain

network equation of multiple machine ac/dc power
systems under arbitrary topologies are derived. The
effects of HVdc power systems on the subsynchronous
resonance (SSR) of interconnected power systems are
investigated. The calculation results of a three-machine
ac/dc power system verify the correctness and
effectiveness of the proposed approach. 4 Refs.

[1996] 05D - 4

A SCREENING METHOD FOR CORE
SATURATION INSTABILITY IN HVDC SYSTEM
AND ITS APPLICATION

Matsushita, J.; Tomiyama, K.; Oue, Y.; Hasegawa,
T.; Tatsuoka, K.; Thara, S.

Kansai Elec Power Co, Inc, Japan

Denki Gakkai Denryoku Gijutsu Kenkyukai Shiryo
(Japan), vol PE-96, no 60.62-71, pp 81-90

Japanese

Low-order harmonic interaction can interfere with
HVdc system performance. An unstable oscillation may
start during an ac fault and recovery, or may grow out-of
steady-state condition without initiating events. This
paper describes the harmonic instability involving the
core saturation of the converter transformers. Also
presented is a screening method to measure the potential
for core saturation instability. This method uses the core
interaction factor determined simple analysis of the ac
and dc system impedance. The validity of the method is
demonstrated with EMTP simulation. The paper
characterizes system design concepts to prevent core
saturation instability.

[1996] 05D - 5

ANALYSIS OF EFFECT OF HVDC WITH SELF-

COMMUTATED CONVERTER ON SHAFT
TORSIONAL OSCILLATION BY FREQUENCY
RESPONSE METHOD

Nishi, K.; Yokoyama, A.
Univ of Tokyo, Japan

Denki Gakkai Zenkoku Taikai Koen Ronbunshu
(Japan), vol 1996, no 6, pp 6.103-6.104

Japanese
Abstract not available.

[1997] 0SD - 6

CONTROL OF 100-Hz GAMMA OSCILLATIONS
ON NEW ZEALAND HVDC LINK



Jovcic, D.; Pahalawaththa, N.; Zavahir, M.; Brown,
R.

Univ of Auckland, New Zealand

CIGRE Int’l Colloquium on HVDC and FACTS,
Johannesburg,South Africa, September 28-30, 1997

This paper presents a novel control strategy for
reduction of second harmonic oscillations on the dc side
of an HVdc link. The paper presents an analytical
model for harmonic transfer through ac-dc converters
and gives causes of the 100-Hz gamma oscillations.
Based on this analytical model and a discrete HVdc
system model, a new control strategy is developed and
new controller designed. The controller was tested on

the New Zealand HVdc system PSCAD/EMTDC model.-

The results from simulations show that the controller
can noticeably reduce 100-Hz gamma oscillations with
very little negative effect on the connected ac system.
The controller shows good robustness when tested
against various disturbances of the inverter ac system.
The paper also discusses the possibility of controlling
the ac voltage unbalance using the presented controller.
The controller implementation requirements are
analyzed in the last section.

[1996] O0SD - 7

DAMPING CONTROL FOR GENERATOR
TORSIONAL OSCILLATION DUE TO THE
INTERACTION WITH HVDC

Sato, M.; Yamaji, K.; Kato, K.; Sekoguchi, M.;
Matori, L; Goto, M.

Kansai Elec Power Co, Inc, Japan

Denki Gakkai Denryoku, Enerugi Bumon Taikai
- Ronbunshu (Japan), vol 7, no 1-E, pp 75-80

Abstract not available.

{1996] 0SD - 8

DAMPING OF TORSIONAL OSCILLATIONS IN
APARALLEL AC/DC SYSTEM USING AN
ARTIFICIAL NEURAL NETWORK TUNED
SUPPLEMENTAL SUBSYNCHRONOUS
DAMPING CONTROLLER

Jeng, L-H.; Hsn, Y-Y.

Natl Taiwan Univ, Taipei, Taiwan

Praceedings of the National Science Council,
Republic of China, Part A: Physical Science and
Engineering, vol 20, no 2, March 1996, pp 174-184

Torsional oscillations in an ac/dc transmission system
are damped by the supplemental subsynchronous

damping control (SSDC), which is, in principle, a
rectifier current regulator (RCR). To provide good
damping characteristics of torsional oscillations under
disturbance conditions, it is desirable to adapt the
parameters of SSDC according to generator load
changes. To do this, a multilayer feedforward neural

network is used to achieve the desired control action
based on generator loading conditions. After having
been trained by a supervised training process with the
patterns in the training set, the artificial neural network
(ANN) can be used to tune the control parameters.
When a pair of generator outputs P and Q, which are
used to describe the operating point of a generator, are
fed to the input terminal of the ANN, a suitable set of
parameters for SSDC will be generated by the ANN as
its outputs. To demonstrate the effectiveness of the
proposed adaptation scheme, both single-machine and
multi-machine systems were used as test systems. Time
domain simulations were performed on these systems
for comparison purposes. It is concluded from the
results that the proposed adaptive SSDC can provide
better damping effects of torsional oscillations than
other control schemes can over a wide operating range
of generators. Refs.

[1997] 05D - 9

DRAMATIC CALCULATION OF TURBO-
GENERATOR SHAFT TORSIONAL VIBRATION
IN COMPLEX AC/DC POWER SYSTEM

Wu, J.; Chen, X.; Wang, F.; He, Y.Z.; Cheng, S.
Huazhong Univ of Sci & Tech, Wuhan, China

Automation of Electric Power Systems (China), vol 21,
no 4, April 1997, pp 6-8, 20

Chinese

In this paper, a new approach to calculate the turbo-
generator shaft torsional vibration characteristics based
on the complex frequency domain port-equivalent
conductance matrix concept and the distributing
elimination method has been proposed. The shaft
torsional vibration problems in the Huazhong network
and Gezhouba-Shanghai HVdc system are investigated.

[1996] 05D - 10

108

FREQUENCY DOMAIN ANALYTICAL METHOD
FOR STUDYING HARMONIC INTERACTION
BETWEEN AC AND DC SIDES OF CONVERTERS
IN HVDC

Jiang, Y.; Ekstrom, A.

Dept of Elec Eng, Royal Inst of Tech, Stockholm,




Sweden

Proceedings, 7th Int’l Power Electronics and Motion
Control Conf (PEMC'96), Budapest, Hungary,

September 2-4, 1996, vol 2, pp 339-343

This paper presents a frequency domain analysis method
for studying harmonic interactions between the ac and
dc sides of power converters in HVdc applications. With
the help of the space-vector and the switching function
of HVdc power converters, the open-loop transfer
function for a two-terminal HVdc power system is
developed. Possible resonance frequencies for the
complete system are identified by evaluating the
frequency characteristic of the obtained transfer function
denominator. This frequency domain analysis method is
also verified with EMTDC-based time domain
simulations, 15 Refs.

[1997] 05D - 11

HARMONIC CROSS-MODULATION IN HVDC
TRANSMISSION

Arrillaga, J.; Wood, A.R.; Ainsworth, J.D.;
Arrillaga, J.; Bergdahl, B.; Eggleston, J.F.; Rittiger,
J.; Yacamini, R,

CIGRE WG 14.25

Proceedings, Int’l Colloquium on HVDC and FACTS,
Johannesburg, South Africa, September 1997

The objective of the Working Group is to provide a
rigorous explanation of the mechanism of frequency
cross-modulation and to quantify its effect. This paper
considers the harmonic interactions for the case where
the ac and dc systems are very strong, This means that
the ac system impedance is very low, and the dc system
admittance is very low. This eliminates some second
order interactions, and facilitates explanation of the
mechanisms involved. Strictly speaking, a harmonic is
an integer multiple of the fundamental frequency.
However, in this report we are using the term
"harmonic" in a broader sense, to represent also inter-
harmonics (frequencies of non-integer multiple orders)
and subharmonics (frequencies below the fundamental).
The factor "k" is used throughout to indicate frequencies
as a multiple of the fundamental; k may or may not be
an integer. The discussion is related exclusively to 12-
pulse converters, although the principles are the same
for other pulse numbers.

[1998] 05D - 12

HARMONIC TENSOR LINEARISATION OF
HVDC CONVERTERS

Smith, B.C.; Watson, N.R.; Wood, A.R.; Arrillaga, J.
Univ of Canterbury, Christchurch, New Zealand

IEEE PES Winter Meeting, Tampa, Florida, February
1-5, 1998

The equivalent harmonic impedances associated with
time-variant devices such as FACTS and HVdc
converters are in many cases phase dependent. The
second rank tensor is proposed as a means of
performing the nodal analysis of networks incorporating
phase-dependent admittances. A useful geometric
interpretation of phase dependency is developed, and
applied to the calculation of the harmonic phase-
dependent impedance of an HVdc converter on the ac
side.

[1997] 05D - 13

HARMONIC TRANSFER IN HVDC SYSTEMS
UNDER UNBALANCED CONDITIONS

Sadek, K.; Pereira, M.

Siemens AG, Erlangen, Germany

CIGRE Int’l Colloguium on HVDC and FACTS,
Johannesburg,South Africa, September 28-30, 1997

The harmonic interaction between ac and dc systems
has been discussed in various publications with respect
to both characteristic and non-characteristic harmonics
injected into ac power transmission systems by HVdc
converters. This paper presents a method to determine
the transfer of harmonics from the supplying ac network
to the dc system and vice versa. The imbalance in both
fundamental and harmonic voltages is introduced in the
mathematical model by the corresponding symmetrical
components, e.g., by their positive and negative
components. The method presented is valid for both
power flow directions.

[1996] 05D - 14

109

HVDC CONVERTER TRANSFORMER CORE
SATURATION INSTABILITY: A FREQUENCY
DOMAIN ANALYSIS

Chen, S.; Wood, A.R.; Arrillaga, J.
Univ of Canterbury, Christchurch, New Zealand
IEE Proceedings Generation, Transmission and

Distribution (UK), vol 143, no 1, January 1996, pp 75-
81

The interaction between an HVdc converter and the
saturation characteristic of a converter transformer can
lead to a type of harmonic instability widely known as
converter transformer core saturation instability. The




paper presents a linearized direct frequency domain
analysis of the mechanism behind this instability. Using
linearized converter transfer functions and transformer
saturation characteristics on ac and dc system
equivalents, the system equations are solved to describe
the phenomenon. A measure of the level of stability,
saturation stability factor, is derived and utilized to
predict the system dynamics. The analysis is verified by
dynamic simulation of several systems. 10 Refs.

[1997] 05D - 15

HYBRID SIMULATION STUDY OF FACTORS
CONTRIBUTING TO HARMONIC INSTABILITY
OF HVDC SYSTEMS

Nojiri, K.; Ikeda, T.; Kita, T.
Kansai Elec Power Co, Inc, Japan

Proceedings of the Annual Conf of Power & Energy
Society. IEE of Japan (Denki Gakkai Denryoku,
Enerugi Bumon Taikai Ronbunshu), vol 8, no 2, pp
131-132

Japanese
Abstract not available.
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[1996] 05D - 17

INVESTIGATIONS OF THE IMPACTS OF HVDC
SELF-COMMUTATED CONVERTER SYSTEM
ON TORSIONAL OSCILLATIONS

Issarachai, N.; Mitani, Y.; Funaki, T.; Matsuura, K.
Osaka Univ, Japan

Denki Gakkai Denryoku Gijutsu Kenkyukai Shiryo
(Japan), vol PE-96, no 60.62-71, pp 91-100

The recent development of large capacity self-turnoff
switching devices, such as, GTO etc., has made it
possible to apply the self-commutated converter to HVdc
converter systems instead of line-commutated converter
which is used in conventional HVdc systems. Because of
the superior characteristics of self-commutated
converter, such as feasibility of simultaneous and
independent control of active and reactive power,
independent control of magnitude and phase angle of
converter output voltage. On the other hand, the
torsional oscillations interactions between turbine-
generator set and HVdc self-commutated converter
system have not been sufficiently discussed yet. This
paper investigates the impacts of an HVdc self-

commutated converter system on the torsional
oscillations of turbine generator set. The eigenvalue
analysis and frequency response method are used to
investigate the effects of the self-commutated converter
which influence the occurrence of the torsional
oscillations and to explain the mechanism of occurrence
of this phenomena. The results from two methods show
that the control system of the HVdc self-commutated
converter system may excite the torsional oscillations
mode. In this paper, the supplementary subsynchronous
damping control based on lead-lag control is used to
damp the unstable torsional mode of turbine-generator
set. From the results, it can effectively stabilize the
torsional oscillations.

[1996] 05D - 18

METHOD FOR THE INDICATION OF POWER
TRANSFORMER SATURATION

Tousignant, D.; Bolduc, L.; Dutil, A.

Inst de Recherche d'Hydro-Quebec, Varennes,
Quebec, Canada

Electric Power Systems Research, vol 37, no 2, May
1996, pp 115-120

DC currents flowing from the earth cause many Hydro-
Quebec transformers to saturate due to geomagnetically
induced currents (GICs) or monopolar operation of
HVdc systems with ground return. The resulting voltage
distortion may affect the operation of control systems.
This paper offers an explanation of the internal behavior
of currents generated in the presence of dc currents. It
also contains a harmonic analysis of these currents
together with a detailed study of the magnetizing
current. In saturation, a transformer core acts as a
source of current generating harmonics, some of which
will flow directly toward the primary and secondary
windings. On the basis of these observations, the paper
proposes a measurement method for obtaining the
parameters needed to calculate a reliable indicator of the
state of saturation of transformers. The method is based
on the difference between the primary and secondary
currents and on amplitude readings of the second and
fourth harmonics. 5 Refs.

[1996] 05D - 19
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MITIGATING POTENTIAL TRANSFORMER
FERRORESONANCE IN A 230-KV CONVERTER
STATION

Jacobson, D.A.N.; Swatek, D.R.; Mazur, R W.
Manitoba Hydro, Winnipeg, Canada



Proceedings, 1996 T&D Conf Conf and Exposition,
Los Angeles, CA, September 15-20, 1996, pp 269-275

A wound potential transformer failed catastrophically
on the Manitoba Hydro system. The failure was
attributed to excessive current flow in the primary
winding due to a sustained ferroresonance between the
circuit breaker grading capacitance and nonlinear
magnetizing inductance of the potential transformer. In
order to prevent future occurrences, switching
guidelines have been revised and permanently
connected damping resistors were installed. Modern
nonlinear techniques of analysis are evaluated for their
suitability of defining safe and unsafe zones of
operation. A new two-dimensional bifurcation diagram
is proposed as a new visualization tool. 11 Refs.

[1996] 05D - 20

MODELLING OF CURRENT CONTROL IN THE
ANALYSIS OF HARMONIC INTERACTIONS IN
HVDC SYSTEMS

Padiyar, K.R.; Bhowm'ick, A.

Indian Inst of Sci, Bangalore, India

Proceedings, 9th National Power Systems Conf (NPSC
'96), Kanpur, India, 1996, vol 1, pp 207-211

This paper presents the modelling of current control in
the analysis of harmonic interactions in HVdc systems.
The analysis results are validated by time domain digital

simulation. The effects of the variation in the gains and
time constants are studied.

[1997] 05D - 21

POWER ELECTRONICS APPLICATION
TECHNOLOGY TO ELECTRIC POWER FIELD

Hayashi, T.; Sakurai, T.
CRIEP], Tokyo, Japan

Trans of the Institute of Electrical Engineers of Japan,
vol 117B, no 7, July 1997, pp 901-904

Japanese
Abstract not available.

[1997] 05D - 22

POWER ELECTRONICS TECHNOLOGIES IN
THE FIELD OF ELECTRIC POWER
ENGINEERING. STEADY-STATE STABILITY
ANALYSIS OF SHAFT TORSIONAL

OSCILLATION IN AC-DC INTERCONNECTED
SYSTEM WITH SELF-COMMUTATED

CONVERTERS
Nishi, K.; Yokoyama, A‘,; Nakajima, T.
Univ of Tokyo, Japan

Trans of the Institute of Electrical Engineers of Japan
(Denki Gakkai Ronbunshi), vol 117-B, no 7, pp 905-
914

Japanese

Recent progress of power electronics technology makes
it possible that self-commutated converter using GTOs
(gate turn-off thyristors) is considered to be applied to
HVdc transmission systems. Since the self-commutated
converter can be operated stably without depending on
ac-side voltage, the magnitude and the phase angle of
the converter output voltage can be controlled
independently. Therefore, this type of converter will
improve the voltage stability at its ac side. On the other
hand, shaft-torsional oscillation of a thermal power
plant caused by the interaction between shaft-generator
system and control system of the self-commutated
converter is still an open problem. In this paper, a
linearized model for eigenvalue analysis of a power
system including HVdc interconnection with self-
commutated converters is described to analyze the effect
of the self-commutated converter on the shaft-torsional
oscillation of a thermal power plant. Then, numerical
results from the eigenvalue analysis of the shaft-
torsional oscillation are presented. Results obtained by
frequency response method are also reported. The
numerical results make it clear that there exist the
parameter regions of DC-AVR and ACR control
systems of the self-commutated converter where the
shaft-torsional oscillation may be caused.

[1996] 05D - 23
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PREDICTION OF CORE SATURATION
INSTABILITY AT AN HVDC CONVERTER

Burton, R.S.; Fuchshuber, C.F.; Woodford, D.A.;
Gole, A.M. .

Teshmont Consultants Inc, Winnipeg, Manitoba,
Canada

IEEE Trans on Power Delivery, vol 11, no 4, October
1996, pp 1961-1969

Core saturation instability has occurred on several HVdc
schemes resulting from interactions between second
harmonic and dc quantities (voltages and currents) on
the ac side of the converter and fundamental frequency
quantities on the dc side of the converter. The instability
can be reinforced by unbalanced saturation of the

converter transformers. The paper presents an analytical
method which can be used to quickly screen ac and dc



system operating conditions to predict where core
saturation instability is likely to occur. Analytical results

have been confirmed using the digital transients
simulation program PSCAD/EMTDC. 11 Refs.

[1998] 05D - 24

PROPOSED 4 GW RUSSIA-GERMANY LINK -
IMPACT OF 1 GW INVERTER STATION ON
TORSIONAL STRESSING OF GENERATORS IN
POLAND

Hammons, T.J.; Lim, C.K.; Lim, Y.P.; Kacejko, P.
Univ of Glasgow, UK

IEEFE Trans on Power Systems, vol 13, no 1, February
1998, pp 190-196

The European power systems are in the process of a new
orientation which will facilitate and promote exchange
of electric power between Eastern and Western
European nations. One such example is the 4 GW HVdc
link from Russia to Germany where a 1 GW converter
station has been proposed for central Poland. This paper
considers the impact of the proposed 4 GW Russia-
Germany HVdc link on the Polish Grid Network and
possible excitation of torsional vibrations in shafts of
steam turbine-generator-exciter units connected to the
system by non-characteristic currents due to the link.
Excitation of torsional vibrations in machine shafts due
to modulating currents and the level of risk of damage
to machine shafts due to subsynchronous currents
injected into the network by the inverter is assessed.
Dynamic parameters of system loads and the power
factor of loads which influence system scaling factors
are also discussed. The paper also examines the most
probable location of the proposed 1000-MW converter
on the Polish Grid Network. System scaling factors are
evaluated for different system configurations for each
generator at risk and generators most at risk are
identified. The paper then investigates transient
behavior of the Polish power system following loss of
the proposed link at full import. Transient stability
performance is also evaluated for a range of system
faults of different fault durations, distances, and
locations from power plants. 3 Refs.

[1997] OSD - 25

PROPOSED SWEDEN/POLAND HVDC
SUBMARINE CABLE LINK: IMPACT ON
POLISH GENERATORS AND GRID NETWORK

Hammons, T.J.; Lee, E.C.L.; Kacejko, P.A.
Univ of Glasgow, UK

Proceedings, 32nd Univertsities Power Engineering
Conf (UPEC'97), Manchester, UK, September 10-12,
1997, vol 2, pp 626-629

This paper analyzes rectifier ripple current
superimposed on the dc current of a proposed 600-MW,
450-kV HVdc monopolar asynchronous link in
evaluating possible torsional vibrations in steam
turbine-generator-exciter  shafts. The studies are
performed for machines in close proximity to an
inverter station in northern Poland. It extends earlier
work to analyze attenuation or amplification of dc ripple
current at the inverter due to the submarine cable with
its overhead line and smoothing inductors. It examines
HVdc link harmonic scaling factors and ac system
scaling factors for modulation product harmonic
currents impressed on generators of the Polish grid
network by the inverter not examined in the literature
heretofore. Amplitude of shaft torsional torque due to
resonant excitation imposed by the link is also
discussed. 4 Refs.

[1998] 05D - 26

SCREENING AC/DC HARMONIC
INSTABILITIES

Hasegawa, T.; Matsushita, J.; Oue, Y.; Tomiyama,
K.; Thara, S.; Pratico, E.R.; Walling, R.A.; Zhu, W.

Kansai Elec Power Co, Inc, Japan

IEEE PES Winter Meeting, Tampa, Florida, February
1-5, 1998

A small signal analysis method has been successfully
applied to efficiently screen a variety of conditions for
core saturation instability and second harmonic
amplification. The screening measures have been
defined in terms of the dc system driving point
impedances.

[1997] 05D - 27
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SECOND HARMONIC INSTABILITY ON HVDC
SYSTEMS

Jovcie, D.; Pahalawaththa, N.; Zavahir, M.

Univ of Auckland, New Zealand

Proceedings, 4th New Zealand Postgraduate Conf,
Hamilton, NZ, July 1997, pp 71-77

This paper addresses the second harmonic instability on
HVac/HVdc systems. Two reported cases of harmonic
instability are first reviewed. The mechanism of
instability is studied and the conditions which lead to
the instability are explained. The paper also elaborates
the possible conventional solutions to the problem. A



control solution which was successfully implemented on
Chateauguay HVdc scheme is briefly presented. A
novel control method for elimination of the instability,
based on the pole assignment technique and state space
feedback, is presented in the last section of the paper.

[1997] 05D - 28

SIMULATION STUDY OF METHOD OF
DAMPING SSO IN AC/DC SYSTEM

Yu, J.; He, F.; Zhou, B.

North China Inst of Elec Power, Baoding, China
Proceedings of the CSEE (China), vol 17, no 6,
November 1997, pp 386-390, 402

Chincse

A simulation study of the method of damping SSO is
made in an ac/dc power system composed of two
turbogenerator units connected to an infinite bus via an
HVdc line. A BORLAND C-++ based digital simulation
program for both steady state and SSO in time domain
is compiled. The measurement for damping SSO in this
present paper is proved to be effective.

[1997] 05D - 29

SIMULATOR STUDY RESULT OF DAMPING
CONTROL FOR GENERATOR TORSIONAL
OSCILLATION DUE TO INTERACTION WITH
HVDC. PART 1. STABILITY LIMITS BY AC
SYSTEM STRENGTH

Murakami, H.; Azuma, M.; Sekita, M.; Omori, T.;
Nishimura, M.

Shikoku Elec Power Co, Inc, Japan

Proceedings of the Annual Conf of Power & Energy
Society. IEE of Jupan (Denki Gakkai Denryoku,

Enerugi Bumon Taikai Ronbunshu), vol 8, no 2, pp
379-380

Japanese
Abstract not available.

[1997] 05D - 30
SIMULATOR STUDY RESULT OF DAMPING
CONTROL FOR GENERATOR TORSIONAL
OSCILLATION DUE TO INTERACTION WITH
HVDC. PART 2. EFFECT OF DAMPING
CONTROL

Murakami, H.; Azuma, M.; Sekita, M.; Shimamura,
H.; Sekoguchi, M.

’Shikokt; Elec Power Co, Inc, Japan

Proceedings of the Annual Conf of Power & Energy
Society. IEE of Japan (Denki Gakkai Denryoku,
Enerugi Bumon Taikai Ronbunshu), vol 8, no 2, pp
381-382

Japanese
Abstract not available.

[1997] 05D - 31

. SIMULATOR STUDY RESULTS OF SUB-
SYNCHRONOUS RESONANCE DAMPING BY
HVDC CONVERTER CONTROL
Murakami, H.; Azuma, M.; Kida, Y.; Yoshino, T.;
Tanomura, K.; Ota, S.

Shikoku Elec Power Co, Inc, Japan

Denki Gakkai Zenkoku Taikai Koen Ronbunshu
(Japan), vol 1997, no 6, pp 6.335-6.336

Japanese
Abstract not available.

[1996] 0SD - 32

'SOLVING THE FERRORESONANCE PROBLEM
WHEN COMPENSATING A DC CONVERTER
STATION WITH A SERIES CAPACITOR

Woodford, D.A.
Manitoba HVdc Res Center, Winnipeg, Canada

IEEE Trans on Power Systems, vol 11, no 3, August
1996, pp 1325-1331

When a dc link feeds into an ac system where the short
circuit ratio is low or very low, the ac voltage requires
some form of supplementary control. The concept of a
series capacitor located between the ac system and the
dc link has been an attractive consideration but is
susceptible to ferroresonance between the series
capacitor and the converter transformers. Using dc link
controls judiciously, it is shown that any onset of
ferroresonance can be eliminated. Benefits to series
compensating a dc converter are presented. 6 Refs.

[1996] 05D - 33

STEADY-STATE STABILITY ANALYSIS OF
EFFECT OF HVDC WITH SELF-COMMUTATED

CONVERTER ON SHAFT TORSIONAL
OSCILLATION

Nishi, K.; Yokoyama, A.
Univ of Tokye, Japan

113




Denki Gakkai Denryoku, Enerugi Bumon Taikai
Ronbunshu (Japan), vol 7, no 1, pp 97-102

Japanese

Torsion vibration of shaft, which is caused by the
interaction of a generator shaft system and a self-excited
converter control system, is an unsolved problem. This
paper proposes a linearization model of dc electric
power system interconnection using the eigenvalue
method and analyzes the effect on the torsion vibration
of shafts of a thermal power plant of a self-excited
converter. Solutions of the eigenvalue are shown and as
results of further analysis by the frequency response
method, it is proven that the control loop which passes
through direct current AVR and ACR gives large effect
for occurrence of the torsion vibration of the shafts.

[1997] 05D - 34

STUDY OF HARMONIC INSTABILITIES IN
HVDC SYSTEM

Yamaji, K.; Azuma, M.; Honjo, N.; Noro, Y.;
Hibana, M.; Ota, S.

Shikoku Elec Power Co, Inc, Japan

Denki Gakkai Zenkoku Taikai Koen Ronbunshu
(Japan), vol 1997, no 6, pp 6.337-6.338

Japanese
Abstract not available.

[1997] 05D - 35

STUDY OF NON-INTEGER HARMONIC
INSTABILITIES IN HVDC SYSTEM

Yamaji, K.; Azuma, M.; Honjo, N.; Noro, Y.;
Yoshino, T.

Shikoku Elec Power Co, Inc, Japan

Denki Gakkai Denryoku, Enerugi Bumon Taikai
Ronbunshu (Japan), vol 8, no 1, pp 235-240

Japanese

Harmonic instability is a phenomenon in which illogical
harmonic currents occur from some cause and are
expanded by interactions with ac and dc systems,
making stable operation of the dc system impossible.
Phenomenon which occur in integer order, such as those
caused by a phase detection system and control system,
or magnetic saturation of transformers for conversion,
and phenomena which occur in non-integer order are
reported. Especially, analysis has not been sufficiently
carried out on harmonic instability phenomenon which
occurs in non-integer order. This paper proposes a
method to quantitatively judge the harmonic stability

limit of non-integer order and examine the result of this
method, comparing with a test result of an analog
simulator, to provide a guideline for harmonic
instability countermeasures.

[1997] 05D - 36

STUDY RESULT OF DAMPING CONTROL FOR
GENERATOR TORSIONAL OSCILLATION DUE
TO INTERACTION WITH HVDC

Uehara, N.; Omori, T.; Nishimura, M.; Azuma, M.;
Sekita, M.; Sekoguchi, M.

Shikoku Elec Power Co, Inc, Japan

Denki Gakkai Denryoku Gijutsu Kenkyukai Shiryo
(Japan), vol 97, no 159-166, 168-172, pp 19-24

Japanese

An interaction between the turbine-generator shaft
torsional oscillation and the high voltage direct current
(HVdc) transmission system has- a possibility of
occurring and the shaft torsional oscillation of
increasing, when turbine-generators are connected to an
HVdc converter station without any ac network. We
have developed a damping control scheme for generator
torsional oscillation. The damping control using a bus
voltage at the converter station is verified as effective
according to a real-time digital simulator (RTDS) and a
time-domain digital simulation.

[1996] 05D - 37

SUBSYNCHRONOUS OSCILLATIONS
COMPARISON STUDY BETWEEN HVDC LINE
AND SELF-COMMUTATED CONVERTER
SYSTEM

Issarachai, N.; Funaki, T.; Matsuura, K.
Osaka Univ, Japan

Denki Gakkai Zenkoku Taikai Koen Ronbunshu
(Japan), vol 1996, no 6, p 6.107

Abstract not available.

[1996] 05D - 38
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THE APPEARANCE OF SUBSYNCHRONOUS
RESONANCE BETWEEN AN HVDC SYSTEM
AND A TURBINE GENERATOR

Aten, M.; Kling, W.L.; Mijnlieff, J.D.
GEC ALSTHOM, Stafford, UK

Elektrotechniek (Netherlands), vol 74, no 2, February
1996, pp 104-108



Dutch

Subsynchronous résonance (SSR) can be described as a

condition where the electric network exchanges energy
with the mechanical part of a turbine generator at one of
the natural (eigen) frequencies of the combined system.
The oscillations have a frequency which is below the
synchronous system frequency, in the range of 5-50 Hz.
Subsynchronous resonance, in case of an HVdc system,
can occur because of the interaction between the HVdc
thyristor control scheme and the rotational masses of a
production unit. After a random disturbance, these
subsynchronous oscillations might be poorly damped or
even become unstable, resulting in a possible shortening
of the lifetime of the rotor shaft of the turbine generator
or in the most severe case direct damage to the shaft.
Besides the features of the turbine generator, the
following is of influence: the parameters of the current

" control, the transmitted dc power, the firing angle
[alpha] and the strength of the connected ac network.
The adverse interaction is at most in case of an HVdc
rectifier together with a production unit isolated from
the grid. 9 figs., 9 refs.

[1997] 05D - 39 _
TORQUES IN TURBINE-GENERATOR-EXCITER

SHAFTS DUE TO DC CURRENTS IN
ASYNCHRONOUS HVDC LINKS

Hammons, T.J.; Bremner, J.J.; Kacejko, P.A.
Glasgow Univ, UK

Electric Machines and Power Systems, vol 25, no 1,
January 1997, pp 87-105

This paper makes an in-depth analysis of excitation of
shaft torsional vibrations in steam turbine-generator-
exciter shafts by variable-frequency ripple currents
superimposed on dc currents in asynchronous links.
Shaft torques in multimachine power networks are
estimated by proportioning HVdc link disturbance
current to each machine at risk using system network
data, generator data, fault analysis data, and load flow
data, considering the frequency dependence of the
system parameters. 660-MW and 1000-MW machines
are considered in the analyses that are made.

[1996] 05D - REF

OPERATING EXPERIENCES OF THE NELSON
RIVER HVDC SYSTEM

For Abstract see entry 01C — 24

[1996] 0SD - REF
HARMONIC FLOW AND INSTABILITIES IN
POWER GRIDS WITH HVDC

For Abstract see entry 02D - 14

[1997] 05D - REF

INVESTIGATION OF AC/DC CONVERTER
HARMONICS BY AN ANALYTICAL BASED
TIME-DISCRETE APPROACH

For Abstract see entry 02D - 17

[1996] 05D - REF

ASPECTS OF FILTER DESIGN FOR THE
CHANDRAPUR 2*500 MW HVDC BACK-TO-
BACK CONVERTOR STATION

For Abstract see entry 02D - 6

[1996] 0SD - REF

CALCULATION OF HVDC CONVERTER
NONCHARACTERISTIC HARMONICS USING
DIGITAL TIME-DOMAIN SIMULATION
METHOD

For Abstract see entry 02D -7

[1998] 05D - REF

NOVEL CURRENT CONTROLLER FOR
ELIMINATION OF DOMINANT OSCILLATORY
MODE ON AN HVDC LINE

For Abstract see entry 05B - 53

[1997] 05D - REF

INTERACTIONS AND COUNTERMEASURES OF
AC-DC INTERCONNECTED SYSTEM WITH
LARGE CAPACITY THERMAL POWER PLANTS
IN THE VICINITY

For Abstract see entry 05C - 14

[1996] 05D - REF

NEWTON SOLUTION FOR THE STEADY-STATE
INTERACTION OF AC/DC SYSTEMS

For Abstract see entry 05C - 16

[1996] 05D - REF
MODELING AND SIMULATION OF THE
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0SE

PROPAGATION OF HARMONICS IN ELECTRIC
POWER NETWORKS PART II: SAMPLE
SYSTEMS AND EXAMPLES

For Abstract see entry 17C - 17

[1997] 05D - REF

FOURTH SUPPLEMENT TO A BIBLIOGRAPHY
FOR THE STUDY OF SUBSYNCHRONOUS
RESONANCE BETWEEN ROTATING
MACHINES AND POWER SYSTEMS

For Abstract see entry 18A - 16

Multi-Terminal Transmission
Systems and Taps

[1998] OSE - 1

A CUSTOMIZED AIR-CORE TRANSFORMER
FOR A SMALL POWER TAPPING STATION

Aghaebrahimi, M.R.; Menzies, R W.
Univ of Manitoba, Winnipeg, Canada

IEEE PES Winter Meeting, Tampa, Florida, February
1-5, 1998, Preprint order number PE-063-PWRD-0-

11-1997

In this paper, a specially designed air-core transformer,
to be employed in a small power tapping scheme from
HVdc transmission systems, is studied. First, the
transformer is analyzed by classical electromagnetic
theory. Next, a small prototype transformer is built and
studied in the laboratory. Experimental results, confirm
the validity and accuracy of the proposed method for
calculating the self- and mutual-inductances of the
transformer. The results of the digital simulation of the
transformer by the PSCAD/EMTDC software package,
too, are in good agreement with the lab observations.
Next, the transformer is incorporated into the proposed
tapping scheme and the system performance is digitally
analyzed. It is concluded that with this transformer, a
load of 600 kW can be successfully tapped from the
HVdc system. Finally, the field effects of the
transformer are studied.

[1996] OSE - 2

AN OBJECT ORIENTED PERSPECTIVE FOR
AC/MTDC SYSTEM SIMULATION

Bhanu Prakash, M.R.; Chandrasekharaiah, H.S.

Dept of High Voltage Eng, Indian Inst of Sci,
Bangalore, India

Electric Power Systems Research (Switzerland), vol
39, no 1, October 1996, pp 9-15

The object oriented methodology (OOM) has added a
new dimension for the representation, modeling and
simulation of various day-to-day applications. The basic
paradigm of OOM reflects the closeness to which the
methodology relates to the real world entities. Over a
period of time, the requirement of detailed and exact
representation with no approximation of real world
objects that reflects its behavioral pattern is on the rise.
This has resulted in the terminology of complex objects
in system simulation. An AC-MTDC system has several
interrelated/interconnected components and poses a
complex picture. Objectifying such a system will
improve system design, analysis, identification,
performance evaluation and control and provide a better
understanding of the system in its entirety. In this paper
a full representation of the various dc system sub-
components is used for developing classes of
components. A detailed representation along with the
various attributes and methodologies associated with
each of these components is given. The case study
undertaken in this paper is a four-terminal MTAC/DC
system with all its terminal components. The paper
highlights the various advantages the OOM technique
offers for power system modeling. This notation is of
immense help, especially during the system design stage
wherein the tuning of various system components can be
achieved without undergoing the rigor of conventional
methods. 15 Refs.

[1996] OSE - 3

116

ANALYSIS OF HYBRID MULTI-TERMINAL
HVDC TRANSMISSION COMPOSED OF SELF-
COMMUTATED CONVERTER AND LINE-
COMMUTATED CONVERTER

Abe, H.; Konishi, H.; Kawazoe, H.
Elec Power Development Co, Ltd, Japan

Denki Gakkai Denryoku Gijutsu Kenkyukai Shiryo
(Japan), vol PE-96, no 107-118, pp 101-110

Japanese

Performance of multi-terminal HVdc system composed
of self-commutated converters (SCCs) and line-
commutated converters (LCCs) are analyzed using
EMTP. In the system, one of the SCCs controls dc
system voltage, while LCCs control dc current. And
power margin is added to the power reference of the dc
voltage-controlled converter. Simulation studies confirm



that stable operation of the system can be obtained using
the proposed control system without coordination of
power references even when one of the converter of the
system lost by accidents.

[1996] 0SE - 4

CONTROL STRATEGIES OF HYBRID MULTI-
TERMINAL HVDC SYSTEM

Suzuki, M.; Abe, H.; Otsuki, M. Tsumenaga, M.
Elec Power Development Co, Ltd, Japan

Denki Gakkai Denryoku Gijutsu Kenkyukai Shiryo
(Japan), vol PE-96, no 107-118, pp 91-100

Japanese

Hybrid multi-terminal HVdc (MTDC) system with self-
commutated converters and line-commutated converters
is an efficient method for reliable power transmission
with comparatively low cost. This paper proposes a
contro! strategy of a hybrid multi-terminal HVdc system
based on the 2-AVR control, which is the method for
MTDC with self-commutated converters, and the 2-level
ACR control, which is the method for MTDC with line-
commutated converters, and describes the simulation
study using EMTP,

[1996] OSE - 5

CONTROL SYSTEM FOR MULTI-TERMINAL
HVDC SYSTEM COMPOSED OF SELF-
COMMUTATED CONVERTERS

Konishi, H.; Kawazoe, H.

Hitachi Research Lab, Japan

Denki Gakkai Zenkoku Taikai Koen Ronbunshu
(Japan), vol 1996, no 6, pp 6.198-6.199
Japanese

Abstract not available.

[1997] OSE - 6

DEVELOPMENT OF ADVANCED MULTI-
TERMINAL HVDC CONTROL AND
PROTECTION SYSTEMS AND SIMULATOR
TESTS

Ooi, H.; Watanabe, T.; Kawada, K.; Hayashi, T.;
Konishi, H.; Hirose, S.

Elec Power Dev Co, Ltd, Tokyo, Japan

Trans of the Institute of Electrical Engineers of Japan,
vol 117B, no 7, July 1997, pp 967-974

Japanese

A technical project is undertaken for a development of
multi-terminal HVdc (MTDC) control and protection
systems applicable to future long distance HVdc bulk
power  transmissions and  power  network
interconnections. Through study and digital analyses of
the previously proposed MTDC control and protection
systems, the advanced voltage margin control system
and the 2-automatic current regulator (2-ACR) control
system are developed with new control functions. Then
simulator tests are performed for the two systems with
power network models expected to be realized in the
future. The results of simulator tests are believed that
the two MTDC control and protection systems are
capable of application to the future long distance HVdc
bulk power transmissions and power mnetwork
interconnections in Japan.

[1997] 0SE -7

DIGITAL SIMULATION OF THE DC
CONNECTION OF A WIND FARM

Karlecik-Maier, F.; Rittiger, J.; Wuensche, H.
Siemens AG, E;langen, Germany

Elektrizituetswirtschaft (Germany), vol 96, no 24,
November 17, 1997, pp 1464-1467

German

In areas other than coastal areas, wind energy can be
harnessed in certain sites only. But often, then, an ac
transmission line or a consumer center nearby is not
available. The novel concept of a multiterminal HVde
transmission is described, which permits connection of a
wind farm to a remote ac grid at low cost and with little
line disturbance. (orig./)

[1998] OSE - 8

117

MULTITERMINAL HVDC SYSTEMS IN URBAN
AREAS OF LARGE CITIES

Jiang, H.; Ekstrom, A.
Royal Inst of Tech, Stockholm, Sweden

IEEE PES Winter Meeting, Tampa, Florida, February
1-5, 1998

Subtransmission and distribution systems for large cities
are usually built up of underground cable systems of
considerable length. With regard to both cost and
performance, a multiterminal HVdc system might be an
interesting alternative to the conventional HVac system.
The performance of such a multiterminal system has
been studied. The simulation results have shown that a
great improvement might be offered by the introduction




of such a multiterminal HVdc system, especially with
regard to power quality and disturbances from earth
faults.

[1996] 0SE - 9

Deleted

[1997] 05E - 10

ON THE CONTROL OF A MULTITERMINAL
HVDC SYSTEM HAVING ALSO WEAK
INVERTER STATIONS

Joetten, R.; Wess, T.; Woodford, D.
Electra (France), no 171, April 1997, pp 7-32
French; English

In a multiterminal system an inverter station which is
weak in rated power, in the short-circuit ratio, or both,
poses some difficult problems. In the paper, such a
substation is called a "weak" inverter. There are some
obvious reasons to run the weakest substation preferably
in the current-control-mode, with a sufficient reserve of
available direct voltage, hence an increased extinction
angle in the case of an inverter. It is not advisable to
assign the determination of the system voltage to this
inverter. In the gamma-control-mode the system voltage
would considerably decrease with the load of this weak
station. The weak station would have to absorb transient
current imbalances due to disturbances. Thus it would
be vulnerable to commutation failures consequential to
such disturbances. Conventional converter theory is
used to calculate the reserve margins of the substations,
including the weak one, assuming rated voltage at the ac
bus. In this paper, these problems are investigated using
the FGH simulator and the EMTDC program at
Manitoba HVdc Research. The system chosen for the

Div of Network Planning, PreussenElektra AG,
Hanover, Germany

ETZ (West Germany), vol 117, no 7, 1996, pp 36-38,
40, 42

German

Considerations are presented as to how the three-phase
networks of eastern Europe can be combined with the
UCPTE network in order to permit an exchange of
power between eastern and western Europe. In principle
the two power systems can be coupled by a three-phase
or a dc link. The former is not feasible on account of the
different strategies of frequency regulation. The
alternative is suggested as the most technically and
economically favorable solution. A bipolar dc link is
planned with a maximum transmission capacity of 4
GW at a dc voltage of £500 kV. The control strategy for
multiterminal transmission is treated in particular. 6
Refs.

[1996] OSE - 13

investigations, mode change of the weak inverter into

gamma control, the mode change of the weak inverter
into the direct voltage control, recovery from faults in
the ac system, and the substation breaker at the weak
inverter are discussed.

[1997] OSE - 11

Deleted

[1996] 0SE - 12

REGULATION CONCEPT FOR A
MULTITERMINAL HIGH-VOLTAGE DC
TRANSMISSION

Clodius, D.; Kulicke, B.; Povh, D.; Rittiger, J.

118

SIMULATION OF A S-TERMINAL HVDC
CONFIGURATION BETWEEN EASTERN AND
WESTERN EUROPE

Rittiger, J.; Kulicke, B.; Clodius, D.
Siemens AG, Erlangen, Germany

Proceedings, 6th IEE Int’l Conf on AC and DC Power
Transmission, London, UK, April 29-May 3, 1996, pp
106-111

Investigations have been made into how the ac networks
in eastern Europe can be coupled together with the
UCPTE system so that energy exchange between the
existing interconnected systems will become possible. In
order to study the performance of a dc interconnection, a
simulation model of a bipolar 5-terminal HVdc system
was developed. The calculation model was used for
studies of the system stability of the connected ac
networks which is substantially influenced by the
reaction of the dc link. One major demand was that it
should be possible to study also dc faults in detail which
normally is not possible with conventional stability
programs, where the dc transfer functions are
represented only in a simplified manner. For this reason
an improvement in the simulation program was made
that allows stability calculation of large ac networks
using complex admittances and parallel solution of the
differential equations in the dc circuit. With this new
method for stability studies, accurate transient behavior
of the dc quantities can be obtained. In the following,
the calculation model is referred to as the advanced
stability model (ASM). After an overview at the system




configuration some economic aspects are discussed and
a description of the HVdc multiterminal configuration is
given, Then the ASM is discussed and comparisons
with a detailed commutation model of the multiterminal
HVdc are shown in order to demonstrate the
performance and the accuracy of the ASM. In the last
section, some relevant simulation results of the
multiterminal configuration are presented. 5 Refs.

[1997] 0SE - 14

SMALL POWER TAPPING FROM HVDC

TRANSMISSION SYSTEMS: A NOVEL
APPROACH

Aghacbrahimi, M.R.; Menzies, R.W.
Univ of Manitoba, Winnipeg, Canada

IEEE Trans on Power Delivery, vol 12, no 4, October
1997, pp 1698-1703

This paper deals with the issue of small power tapping
from HVdc transmission systems. Based on the
availability of powerful solid state devices in the market,
a novel solution is proposed and studied. The proposed
scheme is digitally simulated by the aid of the
EMTDC/PSCAD software package. Simulation results
indicate the feasibility of the proposed scheme. The
operation of the tapping station meets necessary
standards in terms of power quality as well as the non-
dependency of the tapped power on the normal range of
power being transmitted through the HVdc line. 8 Refs.

[1996] 0SE - 15

STUDY OF CONTROL AND PROTECTION
SYSTEM OF MULTI-TERMINAL HVDC

CONTROL SYSTEM COMPOSED OF SELF
COMMUTATED CONVERTERS

Abe, H.; Konishi, H.; Kawazoe, H.
Elec Power Development Co, Ltd, Japan

Denki Gakkai Denryoku Gijutsu Kenkyukai Shiryo
(Japan), vol PE-96, no 107-118, pp 81-90

Japanese

Basic control and protection systems have been studied
using EMTP simulation for a multi-terminal HVdc
system composed of self-commutated converters. A new
control system is proposed. In the control system, each
converter has active power control circuits and a dc
voltage control circuit. One of the converters controls a
dc voltage and the rest control active power. A power
margin is added to the voltage-controlled converter.
EMTP simulations such as ac and dc system faults, loss

of converters were done with the control system and
confirmed verification of the control system.

[1997] OSE - 16

STUDY OF POWER FLOW SOLUTIONS WITH
MULTI TERMINAL HVDC SYSTEMS. PART II

Sasaki, H.; Kubokawa, J.; Iwat.a, J.

Hiroshima Univ, Japan

Denki Gakkai Zenkoku Taikai Koen Ronbunshu
(Japan), vol 1997, no 6, pp 6.181-6.182 '
Japanese

Abstract not available.

[1996] OSE - 17

THE CONTROL PROBLEMS OF CONVERTER
IN A MULTITERMINAL HVdc SYSTEM ON THE
EXAMPLE OF EAST-WEST TRANSMISSION
LINE

Plenzler, G.; Fedak, V.; Fedor, J.

Inst of Elec Power Eng, Poznan Tech Univ, Poland
Proceedings, Int’l Conf on Electrical Drives and
Power Electronics (EDPE'96), The High Tatras,
Slovakia, October 1-3, 1996, vol 2, pp 484-489

The paper deals with the basic problems in cooperation
of devices and the rules of selection of external
characteristics in multiterminal dc power networks.
Possible loads of particular stations of the East-West
transmission system were given and shapes of external
characteristics of converters to be installed in these
stations were proposed. These characteristics will ensure
the operation of the line at the planned loads and during
maintenance or emergency shut-downs of particular
stations as well. 5 refs.

[1997] OSE - REF

POWER TRANSMISSION AND HVDC
CONVERTER TECHNOLOGY OF ELECTRIC
POWER DEVELOPMENT CO. LTD

For Abstract see entry 01A - 16

[1997] 05E - REF

STATE-OF-ART AND DEVELOPMENT OF
MULTI-TERMINAL HVDC CONTROL SYSTEMS

For Abstract see entry 01A - 21



[1997] OSE - REF

BIG PROJECTS OF HVDC(HIGH VOLTAGE
DIRECT CURRENT) SYSTEM. HVDC PROJECTS
IN FOREIGN COUNTRIES

For Abstract see entry 01C - 6

[1996] 0SE - REF

DC SIDE FILTERS FOR MULTITERMINAL
HVDC SYSTEMS

For Abstract see entry 02D - 9

[1996] OSE - REF

CIRCUIT BREAKERS FOR MESHED
MULTITERMINAL HVDC SYSTEMS. 1L
SWITCHING OF TRANSMISSION LINES IN
MESHED MTDC SYSTEMS

For Abstract see entry 02F - 3

[1996] 0SE - REF

STUDY OF POWER FLOW SOLUTIONS WITH
MULTI TERMINAL HVDC SYSTEM

For Abstract see entry 06B - 4

0SF Multi-Infeed HVdc Systems

[1996] OSF - 1
HVDC MULTI-INFEED PERFORMANCE
Andersson, G.; De Toledo, P.F.; Liss, G.
ABB Power Sys, Ludvika, Sweden

Proceedings, Int’l Conf on Electrical Engineering
(ICEE'96), Beijing, China, August 12-15, 1996, vol 1,
pp 569-573

The number of power system configurations with two or
more HVdc links feeding power to different points in
the same ac network area is increasing as the total
number of HVdc links in the world increases. This gives
rise to a greater interest in studying the performance of
such applications. A very special and extreme case of
multi-infeed is the asynchronous interconnection of the
Scandinavian (the NORDEL) network to continental
Europe, today by 6 cable poles, but probably using more
poles in the future. A number of technical aspects
specifically related to multi-infeed configurations must
be considered: is coordination of recovery control

needed? How can dc power modulation for stabilization
be established? Infeed by two or more dc transmissions
to one and the same ac network area often means that a
large amount of power is fed into a network that is
relatively weak, thus risking voltage instability. The
consequence of feeding a large amount of power into a
weak network must be considered. And how effective is
the electrical separation between inverters in reducing
the risk of mutual commutation failures? A method is
described which is a generalization of the method of
analysis used for single-infeed HVdc systems. The
method has been proposed and work is going on
concerning the implications and use of the method. It is
the intention that it should be a powerful and useful
method for future system planners when analyzing and
designing multi-infeed HVdc systems. 2 Refs.

[1998] OSF - 2

USE OF PARTICIPATION FACTORS IN MODAL
VOLTAGE STABILITY ANALYSIS OF MULTI-
INFEED HVDC SYSTEMS

Aik, D.L.H.; Andersson, G.

Royal Inst of Tech, Stockholm, Sweden

IEEE Trans on Power Delivery, vol 13 no 1, January
1998, pp 203-211

In recent works, a method based on the eigenvalue
decomposition technique, known as modal analysis, had
been applied to the voltage stability analysis of multi-
infeed HVdc systems. In this method, not only the
critical eigenvalues are useful in evaluating the voltage
stability of the system, but their associated eigenvectors
also contain information on the most severe
disturbances to the system. In this paper, the use of
these modal information for such analysis is further
exploited. In particular, bus participation factors are
used to identify the critical ac commutation bus for
effective remedial measures to be implemented. The
significant influence of system parameters on the bus
participation factors are also investigated. 13 Refs.

[1997] OSF - 3

120

VOLTAGE STABILITY ANALYSIS OF MULTI-
INFEED HVDC SYSTEMS

Aik, D.L..H.; Andersson, G.
Royal Inst of Tech, Stockholm, Sweden

IEEE Trans on Power Delivery, vol 12, no 3, July
1997, pp 1309-1318

With the increased use of HVdc transmission systems in
power systems, situations have arisen and will be even




more frequent in the future, where several HVdc
systems are located in the vicinity of each other. It is
evident that interactions between the different HVdc
systems will occur in such configurations, and it is of

importance to analyze such systems in a systematic way
to ensure that there are no risks of adverse interactions.
A method of analysis to cope with this task is presented
and motivated in this paper. This method is
demonstrated by application to a system with dual HVdc
converters, and using the identified factors influencing
the interactions, its practical realization is also
illustrated. 1 Refs.

05G Coordinated Control with

FACTS and Other Systems

[1996] 0SG -1

APPLICATION OF SVC IN HVDC SYSTEM
Wang, Y-L.; Ren, Z.; Wang, G-J.

Beijing Grad School, North China Inst of Elec
Power, Beijing, China

Power System Technology (China), vol 20, no 12,
December 1996, pp 34-37

Chinese

In the inverter station of an HVdc system, SVC can be
successfully used for reactive power compensation. A
method of using SVC in an HVdc system is proposed in
this paper, and its feasibility is also proved.
Investigating the steady-state performance of SVC by
the node analysis method, the compensation capacity of
SVC and the steady-state values of voltage at each node
are calculated. Then, by means of dynamic simulation,
the dynamic performance of SVC used in an HVdc
system is researched. The compensation capacity and
the corresponding parameters of SVC for the voltage
fluctuation on the ac bus of the inverter station and for
three typical faults are emphatically analyzed. To verify
this method, the comparison .of SVC with shunt
capacitor sets in the fields of restraining voltage
fluctuation and improving the transient voltage stability
of an ac system is carried out. The result of comparison
reveals that this SVC compensation is of benefit. 4
Refs.

[1997] 05G - 2

COORDINATION OF CONTROLS WITH
MULTIPLE FACTS/HVDC CONTROLLERS IN

THE SAME AREA: SURVEY OF PRACTICAL
EXPERIENCE

Bilodeau, H.; Liss, G.; Szechtman, M.; Thio, C.V.;
Woodford, D.A.

CIGRE WG 14-29

CIGRE Int’l Colloquium on HVDC and FACTS,
Johannesburg,South Africa, September 28-30, 1997

Working group 14-29 was established in 1995, aiming
at producing a report that could summarize the various
forms of interactions when multiple power electric
controllers (HVdc, SVC, TCSC, STATCOM, etc.) are
located in the same electrical area; and to define
mechanisms of interaction that would require
coordination studies in order to optimize the overall
system performance and avoid possible detrimental

effects resulting from the action of one controller upon
the others. This paper summarizes the proposed report.

[1997] 05G - 3

DYNAMIC COMPENSATION TO THE
FLUCTUATION OF REACTIVE POWER
CONSUMPTION AT HVDC CONVERTER WITH
THE INSTALLATION OF SSC-SVC

Funaki, T.; Matsuura, K.

Osaka Univ, Japan

Proceedings of the Annual Conf of Power & Energy
Society. IEE of Japan (Denki Gakkai Denryoku,

Enerugi Bumon Taikai Ronbunshu), vol 8, no 2, pp
439-440

Japanese
Abstract not available.

[1996] 05G - 4

121

DYNAMIC PERFORMANCE OF A STATCON AT
AN HVDC INVERTER FEEDING A VERY WEAK
ACSYSTEM

Zhuang, Y.; Menzies, R.W.; Nayak, 0.B.; Turanli,
H.M.

Univ of Manitoba, Winnipeg, Canada

IEEE Trans on Power Delivery, vol 11, no 2, April
1996, pp 958-964

This paper investigates the dynamic performance of the
advanced static VAr compensator or STATCON at a
high voltage direct current (HVdc) converter terminal
where the ac systems has a very low short circuit ratio
(SCR). The STATCON is based on a nine-level GTO
thyristor inverter. The studies include operating




characteristics of the STATCON under various ac and
dc disturbances. The simulation results are compared
with other types of reactive power compensation options
available for such applications. It is shown that the
STATCON has clear advantages over the other
compensators, in areas such as; fault response time,
voltage support ability, and dc recovery, while operating
with very weak ac systems. 15 Refs.

[1996] 05G - 5

JOINT OPERATION HVDC/SVC

Thorvaldsson, B.; Arnlov, B.; Saethre, E.; Ohnstad,
T.

ABB Power Sys, Sweden

Proceedings, 6th IEE Int’l Conf on AC and DC Power
Transmission, London, UK, April 29-May 3, 1996, pp
281-284 ’

This paper highlights some of the benefits of using SVC
together with HVdc. It is based on the experience from
studying, designing and installing an SVC in Norway.
In June 1995 the SVC rated +200 MVAr was
commissioned in Kristiansand, Norway. It is located
within the Kristiansand HVdc converter station. The
HVdc converter station is part of the 1000-MW
Skagerrak HVdc link connecting the Norwegian power
grid to Jutland on the Danish mainland via three
submarine cables. The decision to install the SVC was
primarily taken in order to eliminate the operational
restrictions and to efficiently substitute a syanchronous
condenser. A desire to enhance the system dynamic
performance in respect of voltage was also a major
factor behind the decision. 3 Refs.

[1996] 05G - 6

PROSPECTIVE USE OF HVDC AND FACTS FOR
ENHANCEMENT OF POWER SYSTEM
STABILITY IN THE MAIN GRID OF THE
SOUTHERN NORWAY

Flolo, R.; Gjerde, J.O.; Gjengedal, T.

Eng Dept for Trans Sys, Oslo Energi Konsult AS,
Oslo, Norway

Proceedings, 12th Power Systems Computation Conf,
Dresden, Germany, August 20-23, 1996, vol 2, pp
1105-1111

This paper discusses the application of HVdc and
thyristor-controlled series compensation (TCSC) for
enhancing system stability in a multi-machine power
system. A decentralized control scheme has been
applied for control of a TCSC device and power

frequency controllers have been applied for the control
of HVdc transmissions. Case studies from the main grid
in the southern Norway are presented to illustrate the
dynamic behavior of the power system at various load
conditions. 16 Refs.

[1996] 05G - 7

STATCOM APPLICATION TO THE REACTIVE
POWER COMPENSATION FOR THE
CONVENTIONAL HVDC CONVERTER

Funaki, T.; Fukui, S.; Matsuura, K.; Kimura, N.;
Morita, M.
Osaka Univ, Japan

Denki Gakkai Denryoku, Enerugi Bumon Taikai
Ronbunshu (Japan), vol 7, no 1-E, pp 81-86

Abstract not available.

[1997] 05G - REF

POWER TRANSMISSION AND HVDC
CONVERTER TECHNOLOGY OF ELECTRIC
POWER DEVELOPMENT CO. LTD

For Abstract see entry 01A - 16

[1997] 05G - REF

INNOVATIONS IN HVDC FOR TRANSMISSION
QUALITY ENHANCEMENT. APPLICATIONS
AND STUDIES.

For Abstract see entry 01A - 9

" [1996] 05G - REF

HARMONIC GENERATION BY HVDC
SCHEMES INVOLVING CONVERTERS AND
STATIC VAR COMPENSATORS

For Abstract see entry 02D - 15

[1996] 05G - REF

CONTROL MEASURES TO ENSURE DYNAMIC
STABILITY OF THE CAHORA BASSA SCHEME
AND THE PARALLEL HVAC SYSTEM

For Abstract see entry 05C - 8

[1998] 0SG - REF

122

CONTROLLING SVCs FOR BETTER
MANAGEMENT OF NORTHERN GRID OF
INDIA




For Abstract see entry 08A - 45

0SH Faults, Failures in HVdc
Transmission Systems

[1996] 05H - 1

COMMUTATION FAILURES IN HVDC
TRANSMISSION SYSTEMS

Thio, C.V.; Davies, J.B.; Kent, K.L,
Manitoba Hydro, Winnipeg, Canada

IEEE Trans on Power Delivery, vol 11, no 2, April
1996, pp 946-957 :

This paper provides a formulation for the initiation or
onset mechanism of commutation failures in line-
commutated thyristor converters, assuming infinite
(zero impedance) ac systems. A theoretical development
and a parametric analysis is given. Theory validation by
simulation and comparison to actual field experience
data is also given. 8 Refs.

[1996] 05H - 2

COMMUTATION FAILURES IN HVDC
TRANSMISSION SYSTEMS DUE TO AC SYSTEM
FAULTS

Aneon.

CIGRE, Paris, France

Elektra (France), no 169, December 1996, pp 58-85
French; English

A theoretical development and formulation for the

initiation or onset mechanism of commutation failures
in line-commutated thyristor converters has been
produced. Theory validation by simulation, a parametric
analysis, simulation on various HVdc schemes and a
comparison to actual field experience is given. 6 Refs.

{1997] 05H - 3

DEVELOPMENT OF CONTROL FOR SELF-
COMMUTATED CONVERTER. (PART 1I).
CONTROL SCHEME OF OVERCURRENT AND
OVERVOLTAGE AT SYSTEM FAULT
CONDITION

Takasaki, M.; Gibo, N.; Takenaka, K.; Hayashi, T.
CRIEPI, Tokyo, Japan

Denryoku Chuo Kenkyujo Komae Kenkyujo Hokoku

(Japan), no T96035, 31 pp
Japanese

To extensively apply self-commutated converters to
future trunk power systems, it is important to develop a
stable operation scheme at system fault conditions as
well as to pursue cost reduction through rationalized
converter and system design. This report first discusses
the cause of converter overcurrent and HVdc system
overvoltage at various ac and dc system fault conditions.
Converter control and protection schemes with
coordinated control of overcurrent and overvoltage are
newly developed through AC DC Power System
Simulator test and EMTP analysis. (1) Development of
control and protection at ac system fault condition
Converter overcurrents at ac system fault are caused by
(a) control impossibility in PWM switching interval just
after a balanced ac line fault, and (b) converter current
control delay in compensating negative-sequence
current at an unbalanced fault condition. To achieve
continuous operation with suppressing converter
overcurrent below about 1.5 pu, an effective control has
been developed by adding a converter current order
limiter and a negative sequence compensation to the
converter control, which has sufficient sampling control
speed and PWM pulse number. (2) Development of
control and protection at dc system fault condition
Coordinated control of converter overcurrent and dc line
overvoltage can be achieved by the combination of (a)
selection of adequate resistance and capacitance in
neutral line grounding, and (b) adoption of converter
gate block by detecting dc line voltage drop. A control
and protection sequence employing converter gate block
followed by dc circuit breaker opening (to restore dc line
insulation by extinguish fault current) and reclosing
ensures high speed stop-restart operation as fast as line-
commutated HVdc system.

[1996] 0SH - 4

123

DYNAMIC ANALYSIS OF VOLTAGE
INSTABILITY IN AC-DC SYSTEMS

Padiyar,'K.R.; Rao, S.S.

Indian Inst of Sci, Bangalore, India

Int’l Journal of Electrical Power and Energy Systems
(UK), vol 18, no 1, January 1996, pp 11-18

This paper presents the analysis and study of voltage
collapse at any converter bus in ac-dc systems
considering the dynamics of dc system. The problem of
voltage instability is acute when HVdc links are
connected to weak ac systems, the strength determined
by short circuit ratio (SCR) at the converter bus. The
converter control strategies are important in




determining voltage instability. Small signal analysis is
used to identify critical modes and evaluate the effect of
ac system strength and control parameters. A sample
two-terminal dc system is studied and the results
compared with those obtained from static analysis. Also,
the results obtained from small signal analysis are
validated with nonlinear simulation. 14 Refs.

[1997] 0SH -5

ENERGIZATION TRANSIENTS OF SHUNT
REACTORS

Wang, X.; Iravani, M.R.
Xi'an Jiaotong Univ, Xi'an, China

IEEE Trans on Power Systems, vol 12, no 4,
November 1997, pp 1626-1631

This paper investigates impacts of energization
transients of large shunt reactors on the operation of
HVac and HVdc/ac power systems. The Electromagnetic
Transients Program for dc systems (EMTDC) is used for
the simulation studies. The studies conclude that shunt
reactor energization can result in undesirable response
of power system apparatus and even interruption of
power flow, e.g. commutation failure of HVdc
converters. The studies also indicate that the
energization transients can be adequately alleviated
based on the use of pre-insertion resistor and/or
controlled energization strategies. 9 Refs.

[1996] 05H - 6

IMPROVEMENT OF AN HVDC OPERATION
CONTROL SYSTEM IN A SYSTEM ACCIDENT

Higashi, M.; Shimamura, H.; Nishimura, M.; Omori,
T.; Tsukamoto, M.; Honjo, N.

Kansai Elec Power Co, Inc, Japan

Denki Gakkai Tokyo Shibu Ibaraki Shisho Kenkyu
Happyokai Koen Yokoshu (Japan), vol 4, pp 101-102

Japanese
Abstract not available.

[1996] OSH - 7

LINE-COMMUTATED THYRISTOR INVERTER
OPERATION DURING SHORT-CIRCUITS IN
POWER SYSTEM

Plenzler, G.
Inst of Elec Power Eng, Poznan Univ of Tech, Poland
Archives of Electrical Engineering (Poland), vol 45,

no 3, 1996, pp 307-326

Conditions of operation of a three-phase line
commutated thyristor inverter bridge with interference
caused by ac system short-circuits have been presented
in the paper. The conditions have been formulated for
the safe commutation when the asymmetry of the system
parameters occurs. The influence of the short-circuits
upon the limits of the safe inverter's work has also been
given. The system of checking the thyristor control
process enabling decrease of the decays in the inverter
during short-circuits, has also been presented. The
analysis has been illustrated by the diagrams of current
and voltages obtained by the digital simulation method.
8 Refs.

[1997] 05H - 8

NELSON RIVER HVDC LINE FAILURES
Rashwan, M.M.
Manitoba Hydroe, Winnipeg, Canada

CIGRE In?’l Colloquium on HVDC and FACTS,
Johannesburg,South Africa, September 28-30, 1997

On September 5, 1996, a severe windstorm destroyed 19
HVdc transmission towers on the two bipolar Nelson
River system. The storm also destroyed several wooden
poles on both electrode lines. The event was the first of
its kind on the Nelson River HVdc system in its 25 years
of commercial operation. This paper describes the event
and discusses the design criteria of the dc lines as well
as the repairs and the impact on Manitoba Hydro's
system following an event of this magnitude.

[1997) 0SH - 9

OPERATIONAL CHARACTERISTICS OF HVDC
SYSTEM COMPOSED OF SELF-COMMUTATED
CONVERTERS UNDER AC SYSTEM FAULT

Hayashi, T.; Takasaki, M.; Konishi, H.; Kawazoe, H.
CRIEPI, Tokyo, Japan

Denki Gakkai Zenkoku Taikai Koen Ronbunshu
(Japan), vol 1997, no 6, pp 6.323-6.324

Japanese

Abstract not available.

[1996] 05H - 10

124

SIMULATION STUDY USING EMTDC ON
THREE GORGES HVDC TRANSMISSION
SYSTEM

Shi, Y.; Zeng, N-C.




Elec Power Research Inst, Beijing, China

Proceedings, Int’l Conf on Electrical Engineering
(ICEE'96), Beijing, China, August 12-15, 1996, vol 1,
pp 624-629

In this paper, based on a simulation analysis using
EMTDC for three HVdc links from Three Gorges hydro
power station multiply-terminated at the ac network of
East China Power Network (ECPN), the possibility of
simultaneous commutation failure of the three dc
inverters is investigated and the preliminary conclusions
obtained. It is also shown that commutation failure will
occur in a certain critical condition due to a sudden drop
in commutation voltage caused by a disturbance, and the
critical value of commutation voltage is presented. 9
Refs,

[1996] OSH - REF

OPERATING EXPERIENCES OF THE NELSON
RIVER HVDC SYSTEM

For Abstract see entry 01C - 24

[1996] 0SH - REF

TIAN-GUANG HVDC TRANSMISSION PROJECT
FUNDAMENTAL FREQUENCY OVERVOLTAGE
AND OVERVOLTAGE LIMITING MEASURES

FOR TIANSHENGQIAO CONVERTER STATION

For Abstract see entry 01C - 34

[1996] 05H - REF

SIMULATION STUDY OF A HYBRID HVDC
SYSTEM COMPOSED OF A SELF-

COMMUTATED CONVERTER AND A LINE-
COMMUTATED CONVERTER

For Abstract see entry 05A - 18

[1996] 05H - REF

TIAN-GUANG HVDC TRANSMISSION PROJECT
FUNDAMENTAL FREQUENCY OVERVOLTAGE
AND OVERVOLTAGE LIMITING MEASURES

FOR TIANSHENGQIAO CONVERTER STATION

For Abstract see entry 05A - 21

[1998] 05H - REF

APPLICATION OF A RADIAL BASIS FUNCTION
(RBF) NEURAL NETWORK FOR FAULT
DIAGNOSIS IN AN HVDC SYSTEM

For Abstract see entry 05B - 11

[1997] 0SH - REF

CONTROL SCHEME OF OVERCURRENT AND
OVERVOLTAGE OF HVDC SYSTEM WITH
SELF-COMMUTATED CONVERTER

For Abstract see entry 05B - 16

[1996] 05H - REF

DEVELOPMENT OF CONTROL FOR SELF-
COMMUTATED CONVERTER. (PART I).
DEVELOPMENT OF SIMULATOR MODEL AND
STUDY ON CONVERTER OVERCURRENT IN
AC SYSTEM FAULT CONDITION

For Abstract see entry 05B - 29

[1996] 05H - REF

DEVELOPMENT OF DC CONTROL FUNCTION.
DEVELOPMENT OF UNINTERRUPTED
CONTROL IN CASE OF AS SYSTEM ACCIDENT

For Abstract see entry 05B - 30

[1997] 05H - REF

FAST AND PREDICTIVE HVDC EXTINCTION
ANGLE CONTROL

For Abstract see entry 05B - 32

[1996] 05H - REF

FAULT DETECTION AND DIAGNOSIS OF
POWER CONVERTERS USING ARTIFICIAL
NEURAL NETWORKS

For Abstract see entry 05B - 33

[1996] 05H - REF

MICROPROCESSOR BASED HVDC
CONVERTER PROTECTION

For Abstract see entry 05B - 48

[1997] 05H - REF

OVERCURRENT PHENOMENA FOR HVDC
SYSTEM WITH SELF-COMMUTATED
CONVERTER

For Abstract see entry 05B - 535
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[1997] 05H - REF

WIDE-AREA PROTECTION AGAINST
VOLTAGE COLLAPSE

For Abstract see entry 05B - 68

[1998] 05H - REF

MULTITERMINAL HVDC SYSTEMS IN URBAN
AREAS OF LARGE CITIES

For Abstract sce entry 05E - 8

[1997] 0SH - REF

ADVANCED AC/DC REAL-TIME AND
COMPUTER SIMULATIONS FOR THE GMPC
CAHORA BASSA DESIGN VERIFICATION

For Abstract see entry 0GE -2

051 Ground Return, Electrode
Design

[1996] 0SI - 1

CAHORA BASSA-APOLLO HVDC LINK
Moore, R.J.
ESKOM, Johannesburg, South Africa

Proceedings, IEEE JtH Conf in Africa
(AFRICON'96), Stellenbosch, South Africa,
September 24-27, 1996, vol 2, pp 699-704

The Cahora-Bassa HVdc link consists of two 533-kV
lines spaced approximately 1 km apart. If one line is out
power can be supplied with one line and earth return.
The current being dc will flow through the whole earth,
however where it enters or leaves the earth the cross
sectional area must reduce before it can pass up the
electrode connecting the conductor to earth. The author
discusses the design of the earth electrodes and an
electronically conducting backfill material which
excluded ionic conduction. Laboratory tests on backfill
media are discussed as is the testing and installation of
the new electrode. 0 Refs.

[1996] 051 - 2

ENVIRONMENTAL AND GEOGRAPHICAL
ASPECTS IN HVDC ELECTRODE DESIGN

Tykeson, K.; Nyman, A.; Carlsson, H.
Sydkraft Konsult AB, Malmo, Sweden

IEEE Trans on Power Delivery, vol 11, no 4, October
1996, pp 1948-1954

An essential element in HVdc electrode design is to
minimize all environmental stresses in order to meet
and verify conformance to the laws and regulations
associated with the concessions granted by the
authorities. The environmental disturbance caused in
anode or cathode operation is more or less entirely
dependent on the materials used, the geographical
location and the electrode size. The electrode materials
and the related -electrochemical process in the
surrounding medium are discussed in the paper in order
to shed further light on the chemical properties of
different materials in an electrolyte process. The
geographical location of an electrode is described,
taking into account new aspects such as the impact of
the earth's magnetic field and the interaction with
existing HVdc electrodes. The experiences described in
this paper are based on the design, tests and operation of
the electrodes in the Baltic Cable HVdc link and other
Scandinavian HVdc links. 8 Refs.

05J Insulation Coordination

[1996] 05J - 1
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APPLICATIONS OF EMTP ON CALCULATING
OVERVOLTAGE IN HIGH VOLTAGE
INSULATION SYSTEM

Chu, R-H.

Northwest Elec Power Test & Research Inst, Xi'an,
China

Proceedings, 1996 Asian Intl Conf on Dielectrics &
Electrical Insulation Diagnosis (96'AICDEI & 4th-
JCCEID), Xi'an, China, October 8-11, 1996, pp 295-
298

Electro Magnetic Transient Program (EMTP) has been
a valid tool of solving overvoltages in power systeimns.
Two calculations, which are ferro-resonance overvoltage
calculation and reignition overvoltage calculation of
shunt capacitors, are finished by using EMTP. The
paper offers how to describe power system by EMTP,
such as equivalent circuit of system, parameter selection
and setting, simultaneously, provides the calculating
results and charts which represent the varied theories of
the overvoltage as their parameters changed. The
calculation results are compared with measured data
and standards separately, and coincide with them too.
They have great value in insulation design and safety
operation of electrical apparatus, and can be references




to practical operation of power system. 2 Refs.

[1996] 05J - 2

COORDINATION OF THE INSULATION OF
SUPERHIGH-VOLTAGE CONVERTER
TRANSFORMERS

Lokhanin, A.K.

Russian Electrical Engineering (Elektrotekhnika), vol
67, no 8, pp 34-36

The electric strength of insulation for dc power-
transmission equipment depends on the conductivity
fields and, hence, on factors such as the temperature,
humidity, level and type of pollution, electric field
strength, and duration of voltage application. In
addition, for dc transmission equipment, fundamentally
new electrical factors associated with the position of the
electrostatic and conduction fields, must be considered.
For superhigh-voltage dc power transformers in Russia,
oil-barrier insulation is mainly used. The electrical
strength of oil-barrier insulation is largely determined
by the voltage distribution between the oil and the solid
insulation. For direct current, depending on the ratio of
resistivities of the cardboard and oil, the strength of the
insulation may be determined by the load of the oil or
that of the cardboard. The voltage distribution between
the oil and the solid insulation under the action of a dc
voltage may be found by calculation or by direct
measurement, for example, using probes. 2 Refs.

[1997) 05J - 3

INSULATION CHARACTERISTICS OF 500-KV
WATER-COOLED THYRISTOR VALVE FOR
HVDC TRANSMISSION :

Tanabe, S.; Hasegawa, T.; Yamaji, K.; Irokawa, H.
Toshiba Corp, Japan

Trans of the Institute of Electrical Engineers of Japan,
vol 117B, no 6, June 1997, pp 791-797

A thyristor valve rated at 500-kV is being developed for
use in a 2800-MW, 500-kV HVdc power system. One

aim of this development effort is to reduce valve size by
adopting a rational insulation design. The authors
studied the optimization of the air-gap insulation
between the upper and lower thyristor modules and of
creepage insulation distance of insulation poles, both
being considered to make the greatest contribution to
size reduction. An electric field analysis was performed
to determine the air-gap insulation. Next, a module-to-
module insulation model was manufactured to verify the
adequacy of the analysis. A long-term dc V-t

characteristic (voltage-time characteristic) for insulation
poles under postulated environmental conditions was
obtained to optimize creepage insulation distance of the
insulation poles. Such a rationalized -insulation design
combined with the adoption of an 8-kV light-triggered
thyristor offered the prospect of reducing the height of
the thyristor -valves by about 25% and the volume by
about 30% compared with those designed by the
Hokkaido-Honshu dc link design method. They also

investigated the change in insulation characteristic
caused by cooling water leakage.

[1996] 05J - REF

INVESTIGATION OF SINGLE UNIT
FLASHOVERS IN HVDC INSULATOR STRINGS

For Abstract see entry 02G - 10

0SK Measurements,

Instrumentation

[1996] 05K - 1
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PHASE ANGLE MEASUREMENT TECHNIQUES
Madge, R.; Fischer, D.
Ontario Hydro Technologies, Toronto, Canada

Canada Electricity Association, Report Number CEA-
466 T 957, January 1996, 90 pp

Real-time measure of the power transfer across a
transmission line is discussed. Phase angle
measurement techniques, algorithms and applications
relevant to power utilities are assessed. Phase-based
applications compute the voltage angle difference
between two stations, thereby allowing for power
transfer calculations and power system control
applications. A list of phase angle measurement
applications is provided. It includes frequency
measurement, state estimation, adaptive relaying, power
system control, system restoration, real power flow

monitoring and stability assessment, reactive power
requirements monitoring, HVdc modulation,
subsynchro-nous resonance, sequence of event
recording, and loss reduction and fault location. The
optimum timing requirement is determined for each
application. Among the timing systems available today,
the Global Positioning System (GPS), supported by
powerful computers and other custom hardware, is the
only tool that can provide the accuracy and coverage
needed by today's power system applications.



Commercially available equipment for phase angle
measurements are also reviewed. 30 refs., 32 tabs., 5
figs.

[1996] 05K - REF

THE INFLUENCE OF THREE-PHASE
QUANTITY SYMMETRY ON MEASURING
ERROR OF REACTIVE POWER TRANSDUCER

For Abstract see entry 18E - 22

[1996] 05K - REF

CURRENT TRANSDUCER BEHAVIOR IN A
NOISY ENVIRONMENT

For Abstract see entry 18E - 6

0SL Reliability

[1998] 05L - 1

A SURVEY OF THE RELIABILITY OF BVDC
SYSTEMS THROUGHOUT THE WORLD
DURING 1995-1996

Christofersen, D.J.; Elahi, H.; Bennett, M.G.
CIGRE Study Committee 14

Proceedings, 37th CIGRE Conf, Paris, France, August
30-September 5, 1998

CIGRE Working Group 14.04 collects data annually on
the reliability performance of HVdc systems in
operation throughout the world. This report is a
summary of the reliability performance of HVdc systems
in operation throughout the world during 1995 and
1996. The summary was developed through data
prepared by utilities that operate the HVdc systems and
submitted to Working Group 04 of CIGRE Study
Committee 14 (DC Links). The report contains data on
energy availability, energy utilization, forced and
scheduled outages and other data in accordance with a
reporting protocol developed by the Working Group,
which was revised in January 1997 and distributed in
time to be used for the 1996 survey. The report contains
statistics on the frequency and duration of forced
outages for the years 1995 and 1996 and combined with
previous data to present a cumulative average of forced
outages by frequency and duration covering the years
1988 to 1996. The cumulative averages are categorized
by back-to-back stations and stations with one and two
converters per pole. The data in this report, together

with that published in previous reports, provide a
continuous record of reliability performance for the
majority of HVdc systems in the world since they first
went into operation. This now constitutes about 350
system-years of data on thyristor valve systems.

[1997] OSL -2

AN EXAMPLE OF REPORTING HVDC
THYRISTOR VALVE PERFORMANCE USING
1983-1994 AVERAGE UNAVAILABILITY DATA

Christofersen, D.J.; Kahle, V.; Thio, C.V.

CIGRE WG 14.04 and TF 14.04.03

CIGRE Int’l Colloquium on HVDC and FACTS,
Johannesburg,South Africa, September 28-30, 1997

CIGRE Study Committee 14 (SC14). Working Group
(WG) 14.04 annually collects performance data from
HVdc systems in operation throughout the world. A
performance report is prepared from the data and
presented at the SC 14 Technical Session during the
Paris CIGRE biennial symposium. The protocol for
reporting all systems developed within WG 14.04 was
updated in 1997. Use of this protocol will be
demonstrated by utilizing HVdc system component
average unavailabilities obtained from performance data
reported between 1983 and 1994. The average
unavailability data may be used for benchmarking
performance of HVdc systems. WG 14.04 is also
considering revising the format of the biennial report
and this paper may be a prelude of the reporting style
being considered.

[1996] OSL - 3

128

AVAILABILITY AND RELIABILITY OF HVDC
MULTI-TERMINAL PLANTS

Alm, S. ; Haeusler, M.
ABB Power Sys AB, Ludvika, Sweden

Elektrizituetswirtschaft (Germany), vol 95, no 23,
November 4, 1996, pp 1567-1571

German

A large HVdc multi-terminal system allows access to
remote power stations, but requires an energy
availability comparable to that of power stations in close
proximity. Transmission of remotely-supplied energy
by means of HVdc two-terminal system is a tried and
tested method. The authors explain that the reliability
and availability of multi-terminal HVdc systems is
almost as good as that of two-terminal systems. This
statement is corroborated by experiences with the HVdc




multi-terminal system in Quebec, Canada.

[1996] OSL - 4

AVAILABILITY AND RELIABILITY OF THE 600
MW HVDC BACK-TO-BACK STATIONS
ETZENRICHT/GERMANY AND VIENNA
SOUTHEAST/AUSTRIA

Flasshbeck, W.; Liegl, K.; Hofbauer, F.; Ritcher, W.
Siemens AG, Erlangen, Germany

Proceedings, 6th IEE Int’l Conf on AC and DC Power
Transmission, London, UK, April 29-May 3, 1996, pp
139-145

The 600-MW HVdc back-to-back station at Etzenricht
connects the 420-kV transmission systems of
Bayernwerk AG in Bavaria, Germany (UCPTE
network) and the Czech power utility CEZ (CENTREL
network). The station went into commercial operation in
June 1993. To link the 420-kV transmission systems of
Osterreichische Elektrizitatswirtschafts-AG in Austria
(UCPTE network) with the Hungarian power utility
MVM Rt. (CENTREL network) the 600-MW HVdc
back-to-back  station  Vienna  Southeast was
commissioned in June 1993. The HVdc back-to-back
stations at  Etzenricht/Germany and Vienna
Southeast/Austria have now been in operation since
completion in 1993. This report describes the measures
taken in considering the levels of availability and
reliability of the two installations. The in service
experiences gained during network operation is
evaluated here in detail, and confirm the effectiveness of
the measures taken. The report also discusses other
constructive proposals made on the basis of operating
results, 8 Refs,

[1998] 05L - 5

DESIGNING HVDC TRANSMISSION SCHEMES
FOR DEFINED AVAILABILITY

Barker, C.D.; Sykes, A.M.
GEC ALSTHOM T&D Power Electrn Sys Ltd, UK

IEE Colloquium on Power Electronics Reliability -
Promise and Practice (Does it Deliver?) (Digest
No0.1998/202) (UK), 11 February 1998, pp 4/1-11

Over long distances bulk power transfer can be carried
out by a high voltage direct current (HVdc) connection
cheaper than by a long distance ac transmission line.
HVdc transmission can also be used where an ac
transmission scheme could not (e.g. through very long
cables or across borders where the two ac systems are
not synchronized or operating at the same frequency).

However, in order to achieve these long distance
transmission links, power convertor equipment is
required, which is a possible point of failure and any
interruption in delivered power can be costly. It is
therefore of critical importance to design an HVdc
scheme for a given availability.

[1997] OSL - 6

DIAGNOSING THE HEALTH OF BULK
GENERATION AND HVDC TRANSMISSION
SYSTEMS

Billinton, R.; Aboreshaid, S.; Fotuhi-Firuzabad, M.
Univ of Saskatchewan, Saskatoon, Canada

IEEE Trans on Power Systems, vol 12, no 4,
November 1997, pp 1740-1745

This paper presents a technique to evaluate the degree of
reliability well-being of bulk generation and HVdc
transmission systems. The system well-being is
categorized in terms of system health and margin in

addition to the conventional risk index. Such a
technique enable power system designers, planners and
engineers to analyze the generating system and the
HVdc transmission system independently by obtaining
the well-being area diagrams for each system. The bulk
generation and HVdc transmission well-being area
diagram can be found by combining both diagrams. Two
performance indices designated as the expected healthy
performance index and the not at risk performance
index which-account for the system load characteristics
are introduced to describe the degree of system well-
being. The technique is illustrated by application to a
simple hypothetical configuration and a practical HVdc
system. 11 Refs.

[1996]} OSL - 7

129

FURNAS HVDC SYSTEM PERFORMANCE AND
EXPERIENCE

Santos, R.P.P.; de Aquino, C.A.S.; Neto, E.C.; Alves,
S.R.M.

Furnas Centrais Eletricas S.A, Foz do Iguacu, Brazil

Proceedings, 14th IEEE T&D Conf Conf, Los
Angeles, CA, September 15-20, 1996, pp 164-169

The main performance indexes, mean time between
failure, mean time to repair, availability and reliability
of Itaipu HVdc transmission system in the last years are
presented and commented. General maintenance aspects
emphasis on flash-overs in bypass breakers and valve
hall fire detection system are seen. Operational aspects
about high-MVAr and reduced voltage operation,




parallel operation and double monopolar operation are
also discussed. 5 Refs.

[1997] 05L - 8

HYBRID DETERMINISTIC/PROBABILISTIC
TECHNIQUE FOR HVDC SYSTEM
RELIABILITY EVALUATION

Billinton, R.; Aboreshaid, S.; Fotuhi-Firuzabad, M.
Univ of Saskatchewan, Saskatoon, Canada

Proceedings, IEEE WESCANEX Conf on
Communications, Power and Computing, Winnipeg,
Manitoba, Canada, May 22-23, 1997, pp 35-40

This paper extends the conventional probabilistic
approaches for reliability evaluation of high voltage
direct current (HVdc) transmission systems by including
acceptable deterministic criteria in the stochastic
evaluation of the reliability indices. The operation of the
HVdc transmission system is categorized into three
operating states designated as healthy, marginal and at
risk. The well-being of the system is quantified using
the healthy and marginal states in addition to the
existing conventional risk index. A brief discussion on
the modeling techniques used to translate the single line
diagram of an HVdc system into a reliability diagram is
also presented. The impact on the system well-being of
factors such as component failure rates and repair times
is also illustrated. The propose technique is illustrated
by application to a hypothetical system. 13 Refs.

[1996] O5SL - 9

RELJABILITY ASSESSMENT OF AUTONOMOUS
POWER SYSTEMS INCORPORATING HVDC
INTERCONNECTION LINKS

Dialynas, E.N.; Koskolos, N.C.; Agoris, D.
Natl Tech Univ, Athens, Greece

IEEE Trans on Power Delivery, vol 11, no 1, January
1996, pp 519-525

The objective of this paper is to present an improved
computational method for the overall reliability
assessment of autonomous power systems that may or
may not contain HVdc interconnection links. This is a
hybrid method based on a Monte - Carlo simulation
sequential approach which incorporates an analytical
approach for the reliability modeling of the HVdc
transmission links. The developed models and
techniques have been implemented into a computer
program that can be used to simulate the operational
practices and characteristics of the overall system under
study efficiently and realistically. A set of reliability

indices are calculated for each load-point of interest and
the entire system while a set of additional indices is
calculated for quantifying the reliability performance of
the interconnection links under the specified operating
requirements. The analysis of a practical system is also
included for a number of studies representing its various
operating and design characteristics. 19 Refs.

[1996] OSL - REF

HVDC TRANSMISSION LINK BETWEEN
DENMARK AND GERMANY"

For Abstract see entry 01C-16

[1997] OS5L - REF

INTERCONNECTED HVDC STATIONS LINK
EUROPE

For Abstract see entry 01C - 18

[1996] 0SL - REF

ASPECTS AND EXPERIENCES FOR GESHA
HVDC LINK

For Abstract see entry 01C - 3

[1996] 05L - REF

SURVEY OF HVDC OPERATING AND
MAINTENANCE PRACTICES AND THEIR
IMPACT ON RELIABILITY AND
PERFORMANCE

For Abstract see entry 01C - 31

[1997] OSL - REF

BIG PROJECTS OF HVDC(HIGH VOLTAGE
DIRECT CURRENT) SYSTEM. HVDC PROJECTS
IN FOREIGN COUNTRIES

For Abstract see entry 01C - 6

[1997] OSL - REF

DEVELOPMENT OF INSULATION STRUCTURE
AND ENHANCEMENT OF INSULATION
RELIABILITY OF 500-KV DC GIS

For Abstract see entry 02F - 11

[1997] OSL - REF

130

DEVELOPMENT OF 500-KV DC PPLP-




INSULATED OIL-FILLED SUBMARINE CABLE
For Abstract see entry 04A - 1

[1996] OSL - REF
DESIGN AND TESTING OF THE BIPOLAR 12-
PULSE HVDC PROTECTION SYSTEM
For Abstract see entry 05B — 26

[1996] OSL - REF

DESIGN ASPECTS OF UPGRADATION FROM 6
PULSE TO 12 PULSE OPERATION OF NHVDC
PROJECT

For Abstract see entry 05B - 27

[1996] OSL - REF

A DISTRIBUTED SEQUENTIAL CONTROL .
SYSTEM FOR THE APOLLO HVDC
SUBSTATION

For Abstract see entry 05B - 3

[1996] 05L - REF

SEISMIC EXPERTMENT OF FRP COLUMNS IN A
THYRISTOR VALVE BY A REAL-TIME HYBRID
VIBRATION TESTING METHOD

For Abstract see entry 05N - 2

05M Telecommunications

[1997] 05M - 1
TELECOMMUNICATION TECHNOLOGY

Yamaoka, K.; Tamada, S.; Yoshioka, K.; Nakamizo,
H.

Elec Power Development Co Ltd, Japan

Dengen Kaihatsu K.K. Chosa Shiryo (Japan), no 100,
pp 203, 205-213

Japanese

This chapter describes our telecommunication facilities,
and in particular, historical developments in our data
transmission technologies and facilities. It briefly
reviews transmission technologies, developments and
features of transmission devices, contemplated concepts,
and so on. With regard to information transmission
technology, we have been actively performing remote

control of power stations since our establishment.
Besides reviewing early remote control and information
transmission technologies, this chapter describes cyclic
digital data transmission(CDT) systems used for
concentrated control and the high-speed information
transmission system for the Hokkaido-Honshu HVdc
Link. Since our establishment, a large number of
unmanned radio relay stations have been constructed.

OSN Safety and Seismic Considerations

[1998] 05N - 1

PROCEEDINGS, IEEE POWER ENGINEERING
SOCIETY'S 8TH INTERNATIONAL
CONFERENCE ON TRANSMISSION AND
DISTRIBUTION CONSTRUCTION, OPERATION,
AND LIVE-LINE MAINTENANCE (EMSO '98)

IEEE Power Engineering Society, IEEE Piscatmway,
NJ,

IEEE EMSO '98 focused on the practical, hands-on
methods and procedures for the construction, operation,
maintenance and safety of overhead and underground
transmission and  distribution lines, including
substations. The conference included two days of
outdoor field demonstrations and exhibits.

[1996] OSN - 2

131

SEISMIC EXPERIMENT OF FRP COLUMNS IN A
THYRISTOR VALVE BY A REAL-TIME HYBRID
VIBRATION TESTING METHOD

Inoue, M.; Horiuchi, T.
Hitachi, Ltd., Mech Eng Research Lab, Japan

Trans of the Japan Society of Mechanical Engineers
(Nippon Kikai Gakkai Ronbunshuy), pt C, vol 62, no
596, April 1996, pp 1295-1300

Japanese

A thyristor valve is a power electrical system in which
thyristor modules are supported by metal frames and
electrical isolation columns made of fiber-reinforced
plastic (FRP). Since the stiffness of the FRP columns is
not very large, seismic reliability is a important design
factor of thyristor valves. However, it is difficult to
conduct experiments on seismic response of the
structure using a shaking table because of its large scale
and heavy weight. Therefore, we conducted a seismic
experiment on a part of the FRP columns by means of a
real time hybrid vibration experimental method, in




which an actuator-excited vibration experiment and a
response analysis with a computer are on line combined
and simultaneously conducted in real time. From the
results of the experiments, it was found that the FRP

columns were damaged only at their end-flanges and the
failure of the entire structural system was not observed
even with strong excitation. 8 Refs.

[1996] OSN - REF

DEVELOPMENT OF A THYRISTOR VALVE FOR
500-KV HVDC TRANSMISSION SYSTEMS
For Abstract see entry 02C - 14

[1997] 05N - REF

EARTHQUAKE AND FIRE RESISTANT.
MEASURES TAKEN AT SYLMAR SUBSTATION,
US WEST COAST

For Abstract see entry 02C - 17

[1996] 05N - REF

THYRISTOR VALVE REPLACEMENT OF THE
PACIFIC INTERTIE EXPANSION SYLMAR EAST
500-KV HVDC CONVERTER STATION

For Abstract see entry 02C - 38

[1996] 05N - REF

DEVELOPMENT AND FIELD TEST RESULTS OF
THE AC 275-KV COMPACT FILTER

For Abstract see entry 02D - 11

[1996] 05N - REF

SEISMIC PERFORMANCE OF HVDC 500-KV-
600-KV SF; GAS TANK TYPE SURGE
ARRESTERS

For Abstract see entry 02G - 15

[1996] OSN - REF

MICROPROCESSOR CONTROL AND SAFETY
SYSTEM FOR A 24-PHASE RECTIFIER-
INVERTER MODULE

For Abstract see entry 05A - 13

06 MODELING AND
SIMULATION OF HVDC

 SYSTEMS

06A Small Signal Stability

[1997] 06A - 1
S-DOMAIN MODEL OF AN HVDC CONVERTER

Todd, S.; Wood, A.R.; Bodger, P.S.
IEEE Trans on Power Delivery, vol 12, no 4, October
1997, pp 1723-1729

This paper describes a technique to model an HVdc
converter installation in the s-domain. A system
equivalent is developed, utilizing a frequency domain
model, allowing the closed loop frequency response to
be expressed. A rational function approximation of the
closed loop frequency response is found by writing an
overdetermined equation set, solved directly using
singular value decomposition. System poles and zeros in
the s-domain are extracted through the solution of the
rational function roots. Validation of the model at two
converter operating points is obtained via time domain
simulation and step response techniques for an inverter
voltage perturbation. 11 Refs.

[1996] 06A - 2

STABILITY ANALYSIS OF HVDC SYSTEM
CONNECTED TO WEAK AC SYSTEMS

Pandey, R.K.; Sachchiudanand; Ghosh, A.
MMM Eng College, Gorakhpur, India

Proceedings, 9th National Power Systems Conf (NPSC
'96), Kanpur, India, 1996, vol 2, pp 669-677

This paper describes the development of a discrete-time
ac/dc system model for small signal stability analysis.
-The operation of HVdc converters is discrete in nature.
It is, therefore, proper to take into account the discrete
behavior of converter operation while developing the
complete system model. - The converter model is
developed utilizing the concept of multirate sampling.
The ac/dc system model developed has a modular
structure and is quite general. The model does not
assume that the converter ac bus voltages at different
terminals are coincident. The model developed is
utilized to critically examine the effect of the ac system
strength on the stability characteristics in an integrated
.ac/dc system.
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[1996] 06A - REF

NONCHARACTERISTIC HARMONICS IN AC/DC
CONVERTER GENERATED BY SUPPLY
VOLTAGE UNBALANCE. I. FUNDAMENTALS
AND UNCONTROLLED DIODE CONVERTER

For Abstract see entry 02D - 19

[1996] 06A - REF

NONCHARACTERISTIC HARMONICS IN AC/DC
CONVERTER GENERATED BY SUPPLY
VOLTAGE UNBALANCE. II. CURRENT
CONTROLLED THYRISTOR CONVERTER

For Abstract see entry 02D - 20

[1997] 06A - REF c

NOVEL CALCULATION OF HVDC CONVERTER
HARMONICS BY LINEARIZATION IN THE
TIME-DOMAIN

For Abstract see entry 02D - 21

[1996] 06A - REF

SMOOTHING TRANSFORMER, A NEW
CONCEPT IN DC SIDE HARMONIC
REDUCTION OF HVDC SCHEMES

For Abstract see entry 02D - 26

[1998] 06A - REF

CAPACITOR COMMUTATED CONVERTER
CIRCUIT CONFIGURATIONS FORDC
TRANSMISSION

For Abstract see entry 05A - 3

[1998] 06A - REF

INFLUENCE OF LOAD CHARACTERISTICS ON
THE POWER/VOLTAGE STABILITY OF HVDC
SYSTEMS, PART 1: BASIC EQUATIONS AND
RELATIONSHIPS

For Abstract see entry 05B - 41

[1998] 06A - REF

INFLUENCE OF LOAD CHARACTERISTICS ON
THE POWER/VOLTAGE STABILITY OF HVDC
SYSTEMS, PART 2: STABILITY MARGIN
SENSITIVITY

For Abstract see entry 05B - 42

[1996] 06A - REF

A STUDY ON COMPARATIVE ANALYSIS.OF
DIRECT CURRENT CONTROL IN A.C-D.C
INTERCONNECTED POWER SYSTEM

For Abstract see entry 05B - 6

[1996] 06A - REF

* SELECTING ROBUST INPUT SIGNALS FOR
HVDC DAMPING CONTROLLERS

For Abstract see entry 05B - 60

[1996] 06A - REF

HARMONIC INTERACTION ON AC/DC
SYSTEMS: EFFECTS OF CONTROL ACTIONS

For Abstract see entry 05C - 12

[1996] 06A - REF

RESEARCH ON THE OVERLOAD PARAMETER
OF TIAN-GUANG HVDC AND THE
IMPROVEMENT OF THE PARALLEL AC
SYSTEM POWER TRANSMISSION CAPABILITY

For Abstract see entry 05C - 24

[1998] 06A - REF

SMALL SIGNAL ANALYSIS OF HVDC-BVAC
INTERACTIONS

For Abstract see entry 05C - 25

[1998] 06A - REF

ANALYTICAL MODELLING OF HVDC-HVAC
SYSTEMS

For Abstract see entry 05C - 6

[1996] 06A - REF

COORDINATION OF POWER RAMP AND
MODULATION FOR AC/DC PARALLEL
SYSTEM WITH WEAK AC LINKS

For Abstract see entry 05C - 9

[1996] 06A - REF
HVDC CONVERTER TRANSFORMER CORE
SATURATION INSTABILITY: A FREQUENCY
DOMAIN ANALYSIS
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For Abstract see entry 05D - 14

[1996] 06A - REF

INVESTIGATIONS OF THE IMPACTS OF HVDC
SELF-COMMUTATED CONVERTER SYSTEM
ON TORSIONAL OSCILLATIONS

For Abstract see entry 05D - 17

[1997] 06A - REF

POWER ELECTRONICS APPLICATION
TECHNOLOGY TO ELECTRIC POWER FIELD

For Abstract see entry 05D - 21

[1997] 06A - REF

POWER ELECTRONICS TECHNOLOGIES IN
THE FIELD OF ELECTRIC POWER
ENGINEERING. STEADY-STATE STABILITY
ANALYSIS OF SHAFT TORSIONAL
OSCILLATION IN AC-DC INTERCONNECTED
SYSTEM WITH SELF-COMMUTATED
CONVERTERS

For Abstract see entry 05D - 22

[1996] 06A - REF

STEADY-STATE STABILITY ANALYSIS OF
EFFECT OF HVDC WITH SELF-COMMUTATED
CONVERTER ON SHAFT TORSIONAL
OSCILLATION

For Abstract see entry 05D - 33

[1996] 06A - REF

DYNAMIC ANALYSIS OF VOLTAGE
INSTABILITY IN AC-DC SYSTEMS

For Abstract see entry 05H - 4

[1997] 06A - REF

ANALYSIS OF POWER OSCILLATIONS IN THE
SOUTH AFRICAN HIGH-VOLTAGE GRID
USING COMBINED TIME DOMAIN AND
EIGENVALUE TECHNIQUES

For Abstract see entry 06C - 2

[1998] 06A - REF
APPROPRIATE HVDC TRANSMISSION

SIMULATION MODELS FOR VARIOUS POWER
SYSTEM STABILITY STUDIES

For Abstract see entry 06C - 3

[1996] 06A - REF

CONVERTERS FOR GRID-CONNECTED DC
ENERGY SOURCES: A SIMULATION TOOL TO
MEET EXPECTED UTILITY SPECIFICATIONS
For Abstract see entry 17B — 8

06B Power Flow, Contingency

Analysis

[1996] 06B - 1

A NEWTON SOLUTION FOR THE HARMONIC
PHASOR ANALYSIS OF AC/DC CONVERTERS

Smith, B.C.; Watson, N.R.; Wood, A.R.; Arrillaga, J.

IEEE Trans on Power Delivery, vol 11, no 2, April
1996, pp 965-971

Abstract not available.

[1996] 06B - 2

134

DEVELOPMENT OF OPTIMAL POWER FLOW
ALGORITHM FOR COMBINED AC-DC SYSTEM

Sasaki, H.; Nakamura, S.; Kubokawa, J.
Hiroshima Univ, Japan

Trans of the Institute of Electrical Engineers of Japan,
vol 116-D, no 2, February 1996, pp 181-186

Japanese

Optimal power flow (OPF) is to minimize a certain
power system objective function such as generation cost
or transmission loss while satisfying various constraints
posed from system operations and hence can be a
powerful tool for making up reasonable operation plans.
Since the advent of dc transmissions in mid 1950s, it
has been used as a useful substitute of ac transmission in
cases of long distance transmission, transmission
through marine cables, frequency changers, ac-dc
parallel transmission, etc. Therefore, it is highly needed
to develop an efficient OPF algorithm into which dc
transmission systems can be integrated without
significant modifications of an OPF program for ac
systems. This paper presents an extension of the current
Newton OPF program, which directly solves the Kuhn-

Tucker conditions and is regarded as most efficient and




robust at present, so that the OPF can incorporate dc
transmission systems. The control schemes of dc
systems have been satisfactorily integrated into the
developed OPF algorithm. Numerical experiments on a
test system have verified the effectiveness of the
proposed algorithm. 12 Refs.

[1997] 06B - 3

MATHEMATICAL STUDY OF VERY HIGH
VOLTAGE POWER NETWORKS. I. THE
OPTIMAL DC POWER FLOW PROBLEM

Bonnans, J.F.

Inst Natl de Recherche en Inf et Autom,
Rocquencourt, France

SIAM Journal on Optimization, vol 7, no 4, November
1997, pp 979-990

The optimal power flow problem involves setting the
voltage and power delivered at the nodes of an electrical
network in order to minimize the loss of power over the
lines. The paper is the first of a series dedicated to the
mathematical study of this problem. We use an
asymptotic analysis in which the small parameter is the
inverse of the reference voltage of the network. We call
this scheme the very high voltage approximation. We
deal with the case of direct current. We obtain an
analytic expansion for the optimal value and the
solution.

[1996] 06B - 4

STUDY OF POWER FLOW SOLUTIONS WITH
MULTI TERMINAL HVDC SYSTEM

Sasaki, H.; Iwata, J.; Kubokawa, J.
Hiroshima Univ, Japan

Denki Gakkai Denryoku Gijutsu Kenkyukai Shiryo
(Japan), vol PE-96, no 37-48, pp 43-50

Japanese
This paper presents a method of power flow solutions

with multi terminal HVdc system. Formulation for both

parallel-connected and series-connected ac-dc converter
are described. Jacobian matrix has particular structure
in order to use its sparsity for fast solution. Simulation
result of model system based on IEEE 57 system is
shown,

[1997] 06B - 5

VOLTAGE STABILITY ANALYSIS OF AC/DC
SYSTEMS

Kim, Y.-H.; Nam, H.-K.

Trans of the Korean Institute of Electrical Engineers
(South Korea), vol 46, no 2, February 1997, pp 171-
178

Korean

This paper describes an extension of a pair of multiple
load flow solutions and nose curve method developed
for the voltage stability analysis of ac systems to ac/dc
power systems. ac/dc power flow equations are solved by
an improved eliminated variable method; the accurate
power converter equations are incorporated and dc
variables are numerically eliminated in the power flow .
equations. Assuming that the converters consume the
same power at the both stable and unstable solutions

comprising the upper and lower PV nose curves, the
unstable solutions are determined by a pair of multiple
load flow solutions. These nose curves are fitted to
third-order Lagrange polynomials and the critical point
for voltage collapse is determined as the extreme point
of the polynomial. This method is very efficient, since
the voltage collapse point and the voltage stability
margin are determined by a few iterations of multiple
load flow solutions. The Jacobian matrix obtained in the
process of the improved eliminated variable method is
readily applicable to modal analysis. Such modal
analysis results are also presented.

[1996] 06B - REF

SIMULATION STUDY ON THE SWITCHING
TRANSIENTS DURING DE-ENERGISATION OF
FILTER AND CAPACITOR BANKS

For Abstract see entry 02D - 25

[1998] 06B - REF

INFLUENCE OF LOAD CHARACTERISTICS ON
THE POWER/VOLTAGE STABILITY OF HVDC
SYSTEMS, PART 1: BASIC EQUATIONS AND
RELATIONSHIPS

For Abstract see entry 05B - 41

[1998] 06B - REF

135

INFLUENCE OF LOAD CHARACTERISTICS ON
THE POWER/VOLTAGE STABILITY OF HVDC
SYSTEMS, PART 2: STABILITY MARGIN
SENSITIVITY

For Abstract see entry 05B - 42




[1996] 06B -~ REF

A STUDY ON COMPARATIVE ANALYSIS OF
DIRECT CURRENT CONTROL IN A.C-D.C
INTERCONNECTED POWER SYSTEM

For Abstract see entry 05B - 6

IEE of Japan (Denki Gakkai Denryoku, Enerugi
Bumon Taikai Ronbunshu), vol 7, no 2, pp 423-424

Japanese
Abstract not available.

[1997] 06C - 2

[1998] 06B - REF

A REVIEW OF ITERATIVE HARMONIC
ANALYSIS FOR AC-DC POWER SYSTEMS

For Abstract see entry 05C - 1

[1997] 06B - REF

OPERATING CONDITIONS OF CONTROLLED
POWER TRANSMISSION LINES

For Abstract see entry 05C - 19

[1997] 06B - REF

POWER LIMITATIONS OF THE HVDC
TRANSMISSION SYSTEM

For Abstract see entry 05C — 22

[1997] 06B - REF

STUDY OF POWER TRANSFER CAPABILITY

OF DC SYSTEMS INCORPORATING AC LOADS
AND A PARALLEL AC LINE

For Abstract see entry 05C - 28

[1997] 06B - REF

STUDY OF POWER FLOW SOLUTIONS WITH
MULTI TERMINAL HVDC SYSTEMS. PART II

For Abstract see entry 05E - 16

ANALYSIS OF POWER OSCILLATIONS IN THE
SOUTH AFRICAN HIGH-VOLTAGE GRID
USING COMBINED TIME DOMAIN AND
EIGENVALUE TECHNIQUES

Rittiger, J.; Witzmann, R.; Wang, X.; Muller, D.;
Boshoff, S.; Davel, P.

Siemens AG, Erlangen, Germany

CIGRE Int’l Colloquium on HVDC and FACTS,
Johannesburg,South Africa, September 28-30, 1997

In this paper, the results of a study of the dynamic
behavior of the ESKOM power grid are presented. An
analysis of inter-area oscillations in the South African
power system and between the ESKOM system and
South Africa's neighboring countries was performed.
The simulation model comprises ESKOM's complete
high-voltage system, including the HVdc from Cahora
Bassa. The high-voltage ac grids of the neighboring
countries are represented by equivalent networks. The
dynamic behavior of the power system was analyzed for
different load flow and fault scenarios. In order to

check the correctness of the digital simulation model,
comparison calculations with on-site recordings were
performed. The study was carried out using a combined
time domain and eigenvalue analysis approach, which
gives optimum insight into the behavior of a large
power system. An explanation of the mechanism of
power oscillations is given. Mitigation strategies for
inter-area power oscillations and the application of
FACTS devices in the ESKOM system are discussed.

[1998] 06C - 3

06C Transient Stability, Long-
Term Stability

[1996] 06C - 1

AC SYSTEM ANALYSIS OF MULTI-TERMINAL
HVDC SYSTEM COMPOSED OF SELF-
COMMUTATED CONVERTERS

Abe, H.; Konishi, H.; Kawazoe, H.

Elec Power Development Co, Ltd, Japan
Proceedings, Annual Conf of Power & Energy Society,
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APPROPRIATE HVDC TRANSMISSION
SIMULATION MODELS FOR VARIOUS POWER
SYSTEM STABILITY STUDIES

Arabi, S.; Kundur, P.; Sawada, J.H.

Powertech Labs Inc

IEEE Trans on Power Delivery, Preprint order
number PE-085-PWRS-1-12-1997

HVdc stability modeling requirements differ for various
studies, as well as for various systems. In particular,

representation of fast dynamics may significantly slow
down the time simulations due to smaller step size




requirements. While such details are required in some
cases, their proper simplification may be quite desirable
in many routine planning and operating studies,
especially for longer term or on-line simulations. In this
paper, detailed and response models are developed using
both time domain and eigenvalue analyses, as well as
comparison with field information. A novel two-time
scale reduction of the detailed model is presented, which
offers a flexible compromise between detail and
efficiency. Appropriate model selection is discussed.

[1998] 06C - 4

COMBINED TRANSIENT AND DYNAMIC
ANALYSIS OF HVDC AND FACTS SYSTEMS

Sultan, M.; Reeve, J.; Adapa, R.
Hatch Associates

IEEE PES Winter Meeting, Tampa, Florida, February
1-5, 1998

A new approach to HVdc and FACTS transient/dynamic
simulation based on an interactive execution of an ac
transient  stability program (TSP) and the
Electromagnetic Transients Program (EMTP) is
described. Through the integration of the detailed
transient model of FACTS with the transient stability
program, authentic simulation is achieved without
simplifications, Both HVdc and thyristor-controlled
series capacitor (TCSC) systems are used to validate the
approach, under different coupling situations between
both TSP and EMTP.

[1997] 06C -5

DYNAMIC SIMULATION OF HVDC
TRANSMISSION SYSTEMS ON PC-AT. PART-I:
MATHEMATICAL MODEL

Sarkar, T.K.N.; Singh, A.
Punjab Eng College, Chandigarh, India

Advances in Modelling and Analysis A, vol 32, no 1,
1997, pp 35-45

) Dynamic simulation of HVdc link using central process
technique have been presented in this paper. Each
bridge convertor of HVdc system is represented by
central process, repetitive use of central process simulate
the continuous operation of bridge. The mathematical
representation of central process by set of differential
equations is given in this paper. The solution procedure.
for dynamic simulation of HVdc system is discussed in
Part II of the paper. 9 Refs.

[1997] 06C - 6

DYNAMIC SIMULATION OF HVDC
TRANSMISSION SYSTEMS ON PC-AT. PART Il -
COMPUTATIONAL ALGORITHM AND TEST
RESULTS

Sarkar, T.K.N.; Singh, A.

Punjab Eng College, Chandigarh, India

Advances in Modelling and Analysis A4, vol 32, no 1,
1997, pp 46-56

Based on the mathematical model developed in Part I of
the paper, an algorithm for solving dynamic simulations
of HVdc systems is presented in this paper. Test results
obtained for an HVdc link are also given. 4 Refs.

[1997] 06C - 7

RATIONAL FUNCTIONS AS FREQUENCY
DEPENDENT EQUIVALENTS FOR TRANSIENT
STUDIES

Todd, S.; Wood, A.R.; Bodger, P.S.; Smith, B.C.

Int’l Conf on Power System Transients (IPST 97),
Seattle, June 22-26, 1997, pp 137-142

Abstract not available.

[1997] 06C - REF

SOME ASPECTS OF THE FEASIBILITY OF AN
INTERCONNECTION BETWEEN THE
DEMOCRATIC REPUBLIC OF CONGO AND
EGYPT

For Abstract see entry 01B - 27

[1997] 06C - REF

ENHANCING TRANSIENT STABILITY BY
SUPPLEMENTARY DC DAMPING CONTROL OF
AN HVDC CONVERTER

For Abstract see entry 03B - 31

[1996] 06C - REF

A STUDY ON COMPARATIVE ANALYSIS OF
DIRECT CURRENT CONTROL IN A.C-D.C
INTERCONNECTED POWER SYSTEM

For Abstract see entry 05B - 6

[1996] 06C - REF

ADVANCED HVDC LINK CONTROL FOR
DAMPING POWER SYSTEM OSCILLATIONS
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For Abstract see entry 05B - 9

[1996] 06C - REF

STUDY OF MODULATION CONTROLLER: TO
DAMP POWER OSCILLATIONS OF PARALLEL
AC LINE IN THE TIANSHENGQIAO TO
GUANGDONG HVDC TRANSMISSION

For Abstract see entry 05C - 27

[1996] 06C - REF

AC/DC SYSTEM TRANSIENT STABILITY
ANALYSIS

For Abstract see entry 05C — 5

[1998] 06C - REF

PROPOSED 4 GW RUSSIA-GERMANY LINK -
IMPACT OF 1 GW INVERTER STATION ON
TORSIONAL STRESSING OF GENERATORS IN
POLAND

For Abstract see entry 05D - 24

[1996] 06C - REF

SIMULATION OF A 5S-TERMINAL HVDC
CONFIGURATION BETWEEN EASTERN AND
WESTERN EUROPE

For Abstract see entry 05E - 13

[1997] 06C - REF

ADVANCED AC/DC REAL-TIME AND
COMPUTER SIMULATIONS FOR THE GMPC
CAHORA BASSA DESIGN VERIFICATION

For Abstract see entry 06E -2

06D Electromagnetic Transients

[1997] 06D - 1

EMTP MODEL FOR HVDC WITH SELF-
COMMUTATED CONVERTER

Gibo, N.; Takasaki, M.; Takenaka, K.
CRIEP], Tokyo, Japan

Proceedings of the Annual Conf of Power & Energy
Society. IEE of Japan (Denki Gakkai Denryoku,
Enerugi Bumon Taikai Ronbunshu), vol 8, no 2, pp

41442
Japanese
Abstract not available.

[1996] 06D - 2

EMTP MODELLING OF CIGRE BENCHMARK
BASED HVDC TRANSMISSION SYSTEM
OPERATING WITH WEAK AC SYSTEMS

Sood, V.K.; Khatri, V.; Jin, H.
Hydro-Quebec, Varennes, Canada

Proceedings, IEEE Int’l Conf on Power Electronics,
Drives & Energy Systems for Industrial Growth
(PEDES'96), New Delhi, India, January 8-11, 1996,
vol 1, pp 426-432

An EMTP-based study of a CIGRE Benchmark-based
HVdc system operating with weak ac systems is carried
out. The modeled system provides a starting point for
educators teaching HVdc transmission courses and for
utility planners to develop their own low-cost dedicated
digital simulators for training purposes. In this paper,
modelling details of the ac-dc system, dc converters and
controls are presented. To validate the control schemes
presented, the HVdc system is tested under ac-dc fault
conditions. Results obtained from an EMTP-based study
under these fault conditions are also presented in this
paper. 8 Refs.

[1997] 06D - 3

138

IMPLEMENTATION AND EFFECTIVENESS OF
LINEAR INTERPOLATION WITHIN DIGITAL
SIMULATION

Kuffel, P.; Kent, K.; Irwin, G.
Manitoba Hydro, Winnipeg, Canada

Int’l Journal of Electrical Power and Energy Systems
(UK), vol 19, no 4, May 1997, pp 221-227

The greater use of detailed models and the increasing
size and complexity of system studies in power system
digital simulation has resulted in the need to re-examine
the ability of digital computations performed at finite
time intervals to accurately represent the actual system,
These concerns are manifested in two distinct areas. The
first is the ability to switch elements at a specific point
in time. Traditional digital simulation techniques allow
switching elements to change state only at discrete
computation times, whereas in reality switching can
occur at any instant in time. The second area of concern
is in the ability to accurately represent detailed control
systems. These concerns are of particular importance in




simulations containing a large number of controlled
switching devices, such as HVdc systems or ac systems
containing FACTs devices. This paper presents a
discussion of the implementation and effectiveness of
linear interpolation techniques in a digital simulation
program, The paper addresses interpolation in both the
network solution and the control system. The CIGRE
HVdc Benchmark Model (Szechtman, M. et al., Electra,
1991, 135 and Wess, T. and Ring, H., CIGRE Report,
WG 14-02, 1988) with detailed control models is used
to demonstrate how linear interpolation is implemented
and its effectiveness. All simulation results presented
were generated using EMTDC, but the techniques
discussed can be applied to any -electromagnetic
transients program. 9 Refs.

[1996) 06D - 4

SOME EXPERIENCES IN POWER SYSTEM .
SIMULATION USING ELECTROMAGNETIC
TRANSIENT PROGRAMS

Bui, L.X.; Morin, G.
Hydro-Quebec, Montreal, Canada

Proceedings, Canadian Conf on Electrical and
Computer Engineering, Calgary, Canada, May 26-29,
1996, vol 2, pp 647-650

In recent years, considerable progress in computer
techniques has allowed power system engineers to
perform complex transient analysis through the use of
various available large scale power network simulation
tools, New trends in control system design fully exploit
the better capability of microprocessors to achieve
advances in controlling power system networks. For
example, the Hydro-Quebec-New
multiterminal dc transmission (HQ-NE) system is one
excellent example of the success of such techniques.
This paper presents some experiences of the simulation
of the HQ-NE power system using EMTP. Some cases
of numerical simulations, validated against simulator
and field tests, are also included. Finally, a brief
discussion on available commercial and noncommercial
software is also given. 7 Refs.

[1996] 06D - 5

STUDY OF SYNTHETIC COMPANION MODEL
METHOD IN HVDC SYSTEM'S DIGITAL
SIMULATION

Chen, C-Y.; Wang, G.; Li, Y-L.; He, J-L.
Tianjin Univ, China
Proceedings of the Chinese Society of Electrical

Engineering (Zhongguo Dianji Gongcheng Xuebao),
vol 16, no 4, July 1996, pp 279-284

Chinese

Based on the analysis of companion model method in
HVdc system's digital simulations, this paper presents a
synthetic companion model method in which the
complex elements, such as valves and filters, are
considered as a whole element and their synthetic
companion models are deduced respectively. For the
commutating power transformers a new simulation
model based on the theory of dependent sources is
proposed, which enables to computer both the ac and dc
side synchronously. The method can greatly simplify the
computation and increase its speed and accuracy. The
calculation examples show that the method is effective.
7 Refs.

[1997] 06D - 6
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THE IMPLEMENTATION AND EFFECTIVENESS
OF LINEAR INTERPOLATION WITHIN
DIGITAL SIMULATION

Kuffel, P.; Kent, K.; Irwin, G.
Manitoba Hydro, Winnipeg, Canada

International Journal of Electrical Power and Energy
Systems (UK), vol 19, no 4, 1997, pp 221-227

The greater use of detailed models and the increasing
size and complexity of system studies in power system
digital simulation has resulted in the need to re-examine
the ability of digital computations performed at finite
time intervals to accurately represent the actual system.
These concerns are manifested in two distinct areas.
The first is the ability to switch elements at a specific
point in time. Traditional digital simulation techniques
allow switching elements to change state only at discrete
computation times, whereas in reality switching can
occur at any instant in time. The second area of concern
is in the ability to accurately represent detailed control
systems. These concerns are of particular importance in
simulations containing a large number of controlled
switching devices, such as HVdc systems or ac systems
containing FACTS devices. This paper presents a
discussion of the implementation and effectiveness of
linear interpolation techniques in a digital simulation
program. The paper addresses interpolation in both the
network solution and the control system. The CIGRE
HVdc Benchmark Model with detailed control models is
used to demonstrate how linear interpolation is
implemented and its effectiveness. All simulation
results presented were generated using EMTDC, but
techniques discussed can be applied to any
electromagnetic transients program.




[1997] 06D - 7

VALIDATION OF EMTDC FOR HVDC
DYNAMIC PERFORMANCE STUDIES

Lagerkvist, M.; Tulkiewicz, T.
ABB Power Sys, Ludvika, Sweden

Proceedings, 1997 Int’l Conf on Digital Power
Systems Simulators, Montreal, Canada, May 28-30,
1997, pp 239-243

The development of the electromagnetic transients
analysis program EMTDC offers an alternative to
traditional simulation tools such as the analog simulator
for optimizing the conmtrol software in respect of the
dynamic properties of HVdc power transmission control
systems. This paper presents the results of a validation
study of the EMTDC program developed by the
Manitoba HVdc Research Centre, Canada. As a
reference, an analog simulator model for a dynamic
performance study performed by ABB Power Systems
AB of Ludvika, Sweden as part of the Leyte-Luzon
HVdc project on the Philippines, has been used. All
relevant main circuits and HVdc control functions have
been considered. The results show very good agreement
between the resulits in EMTDC and the analog
simulator. The general conclusion of this validation
study is that EMTDC could well be used as a simulation
tool in studies of dynamic performance, provided that
the control system is identical to the delivery version. To
ensure this, a procedure for downloading the delivery
control system code to EMTDC has been developed.

[1997] 06D - REF

SOME ASPECTS OF THE FEASIBILITY OF AN
INTERCONNECTION BETWEEN THE
DEMOCRATIC REPUBLIC OF CONGO AND
EGYPT

For Abstract see entry 01B - 27

[1997] 06D - REF

CAHORA BASSA GMPC TESTING USING AN
REAL TIME DIGITAL SIMULATOR

For Abstract see entry 01C - 8

[1996] 06D - REF

SMOOTHING TRANSFORMER, A NEW
CONCEPT IN DC SIDE HARMONIC
REDUCTION OF HVDC SCHEMES

For Abstract see entry 02D - 26

[1996] 06D - REF

CALCULATION OF HVDC CONVERTER
NONCHARACTERISTIC HARMONICS USING
DIGITAL TIME-DOMAIN SIMULATION
METHOD

For Abstract see entry 02D - 7

{1997] 06D - REF

IMPROVED SIMULATION OF HVDC
CONVERTER TRANSFORMERS IN
ELECTROMAGNETIC TRANSIENT PROGRAMS

For Abstract see entry 02E - 5

[1997] 06D - REF

NUMERICAL EVALUATION OF THE EFFICACY
OF BOOSTER SHEDS AND RTV COATING IN
IMPROVING THE PERFORMANCE OF HVDC
WALL BUSHINGS

For Abstract see entry 02G - 11

[1997] 06D - REF

SIMULATION OF HVDC WALL BUSHING
PERFORMANCE UNDER UNEVENLY WETTED
CONDITIONS

For Abstract see entry 02G - 16

[1998] 06D - REF

CAPACITOR COMMUTATED CONVERTER
CIRCUIT CONFIGURATIONS FOR DC
TRANSMISSION

For Abstract see entry 05A -3

[1998] 06D - REF

APPLICATION OF A RADIAL BASIS FUNCTION
(RBF) NEURAL NETWORK FOR FAULT
DIAGNOSIS IN AN HVDC SYSTEM

For Abstract see entry 05B - 11

[1997] 06D - REF
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CHARACTERISTICS ANALYSIS OF
COOPERATIVE CONTROL FOR PARALLEL
BTB SYSTEMS COMPOSED OF SELF-
COMMUTATED CONVERTERS AND LINE-
COMMUTATED CONVERTERS




For Abstract see entry 05B - 14

[1996] 06D - REF

DEVELOPMENT OF A HYBRID MARGIN
ANGLE CONTROLLER FOR HVDC
CONTINUOUS OPERATION

For Abstract see entry 05B - 28

[1996] 06D - REF

DEVELOPMENT OF DC CONTROL FUNCTION.
DEVELOPMENT OF UNINTERRUPTED
CONTROL IN CASE OF AS SYSTEM ACCIDENT

For Abstract see entry 05B — 30

[1997] 06D - REF

FAST AND PREDICTIVE HVDC EXTINCTION
ANGLE CONTROL

For Abstract see entry 05B - 32

[1997] 66D - REF

FUZZY LOGIC CONTROL FOR HVDC
TRANSMISSION

For Abstract see entry 05B - 34

[1996] 06D - REF

HIGH-POWER VOLTAGE SOURCE
CONVERTER CONTROL RESPONSE AT LARGE
AC VOLTAGE PHASE SHIFTS

For Abstract see entry 05B - 38

[1997] 06D - REF

HVDC CONVERTER CONTROL FOR FAST
POWER RECOVERY AFTER AC SYSTEM
FAULT

For Abstract see entry 05B - 39

[1998] 06D - REF

INVERTER CONTROLLER FOR VERY WEAK
RECEIVING AC SYSTEMS

For Abstract see entry 05B - 45

[1998] 06D - REF
NOVEL CURRENT CONTROLLER FOR

ELIMINATION OF DOMINANT OSCILLATORY
MODE ON AN HVDC LINE

For Abstract see entry 05B - 53

[1997] 06D - REF

OVERCURRENT CONTROL COMPENSATING
NEGATIVE CURRENT COMPONENT FOR
HVDC WITH SELF-COMMUTATED
CONVERTER

For Abstract see entry 05B - 54

[1996] 06D - REF

HARMONIC INTERACTION ON AC/DC
SYSTEMS: EFFECTS OF CONTROL ACTIONS

For Abstract see entry 05C - 12

[1996] 06D - REF

NONLINEAR MODAL INTERACTION IN
HVDC/AC POWER SYSTEMS WITH DC POWER
MODULATION

For Abstract see entry 05C - 17

[1996] 06D - REF

VARIABLE STRUCTURE CONTROL OF AC-DC
SYSTEM

For Abstract see entry 05C - 29

[1998] 06D - REF

~ ANALYTICAL MODELLING OF HVDC-HVAC
SYSTEMS

For Abstract see entry 03C - 6

[1996] 06D - REF

COORDINATION OF POWER RAMP AND
MODULATION FOR AC/DC PARALLEL
SYSTEM WITH WEAK AC LINKS

For Abstract see entry. 05C - 9

[1996] 06D - REF

FREQUENCY DOMAIN ANALYTICAL METHOD
FOR STUDYING HARMONIC INTERACTION
BETWEEN AC AND DC SIDES OF CONVERTERS
IN HVDC

For Abstract see entry 05D - 10
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[1996] 06D - REF

PREDICTION OF CORE SATURATION
INSTABILITY AT AN HVDC CONVERTER

For Abstract see entry 05D - 23

[1997] 06D - REF

SIMULATION STUDY OF METHOD OF
DAMPING SSO IN AC/DC SYSTEM

For Abstract see entry 05D - 28

[1997] 06D - REF

STUDY RESULT OF DAMPING CONTROL FOR
GENERATOR TORSIONAL OSCILLATION DUE
TO INTERACTION WITH HVDC

For Abstract see entry 05D - 36

[1996] 06D - REF

A SCREENING METHOD FOR CORE
SATURATION INSTABILITY IN HVDC SYSTEM
AND ITS APPLICATION

- For Abstract see entry 05D - 4

[1997] 06D - REF

CONTROL OF 100-Hz GAMMA OSCILLATIONS
ON NEW ZEALAND HVDC LINK

For Abstract see entry 05D - 6

[1998] 06D - REF

A CUSTOMIZED AIR-CORE TRANSFORMER
FOR A SMALL POWER TAPPING STATION

For Abstract see entry OSE - 1

[1997] 06D - REF

ON THE CONTROL OF A MULTITERMINAL
HVDC SYSTEM HAVING ALSO WEAK
INVERTER STATIONS

For Abstract see entry 05E - 10

[1997] 06D - REF

SMALL POWER TAPPING FROM HVDC
TRANSMISSION SYSTEMS: A NOVEL
APPROACH

For Abstract see entry 05E - 14

[1996] 06D - REF

ANALYSIS OF HYBRID MULTI-TERMINAL
HVDC TRANSMISSION COMPOSED OF SELF-
COMMUTATED CONVERTER AND LINE-
COMMUTATED CONVERTER

For Abstract see entry 05E - 3

[1996] 06D - REF

SIMULATION STUDY USING EMTDC ON
THREE GORGES HVDC TRANSMISSION
SYSTEM

For Abstract see entry 05H - 10

[1996] 06D - REF

APPLICATIONS OF EMTP ON CALCULATING
OVERVOLTAGE IN HIGH VOLTAGE
INSULATION SYSTEM

For Abstract see entry 05J - 1

[1997] 06D - REF
S-DOMAIN MODEL OF AN HVDC CONVERTER
For Abstract see entry 06A - 1 '

[1998] 06D - REF

APPROPRIATE HVDC TRANSMISSION
SIMULATION MODELS FOR VARIOUS POWER
SYSTEM STABILITY STUDIES

For Abstract see entry 06C - 3

[1998] 06D - REF

COMBINED TRANSIENT AND DYNAMIC
ANALYSIS OF HVDC AND FACTS SYSTEMS

For Abstract see entry 06C - 4

[1997] 06D - REF

DYNAMIC SIMULATION OF HVDC
TRANSMISSION SYSTEMS ON PC-AT. PART II -
COMPUTATIONAL ALGORITHM AND TEST
RESULTS

For Abstract see entry 06C — 5

[1997] 06D - REF

DYNAMIC SIMULATION OF HVDC
TRANSMISSION SYSTEMS ON PC-AT. PART-I:
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MATHEMATICAL MODEL
For Abstract see entry 06C - 6

(1997] 06D - REF

ADVANCED AC/DC REAL-TIME AND
COMPUTER SIMULATIONS FOR THE GMPC
CAHORA BASSA DESIGN VERIFICATION

For Abstract see entry 06E - 2

[1996] 06D - REF

CONVERTERS FOR GRID-CONNECTED DC
ENERGY SOURCES: A SIMULATION TOOL TO

MEET EXPECTED UTILITY SPECIFICATIONS
For Abstract see entry 17B - 8

[1996] 06D - REF

MODELLING OF HIGH-VOLTAGE
THYRISTORS UNDER DYNAMIC CONDITIONS

For Abstract see entry 19D - 12

[1997] 06D - REF

GUIDELINES FOR MODELING POWER
ELECTRONICS IN ELECTRIC POWER
ENGINEERING APPLICATIONS

For Abstract see entry 19D -7

06E Simulators, Experimental
Models

[1997] 06E - 1

ACCURATE SOLUTION OF HVDC
CONVERTERS IN REAL TIME TRANSIENTS
SIMULATION

Marti, J.R.; Acevedo, S.; Linares, L.R.; Dommel,
- H.W.; Fujimoto, Y.

Int’l Conf on Power System Transients (IPST 97),
Seattle, June 22-26, 1997, (pages not noted)

A very efficient model has been developed to represent
HVdc converters in real-time transient simulators.
Real-time performance of 46 ms per solution step has
been achieved for a 12-pulse monopolar converter and
81 ms for the bipolar converter using an inexpensive
off-the-shelf Pentium Pro 200 MHz desktop computer.

The converter model is solved simultaneously with the
power network, making it valid for continuously
running real-time power system simulators. The critical
damping adjustment (CDA) technique is used to provide
numerically clean and accurate waveforms.

[1997] 06E - 2

ADVANCED AC/ﬁC REAL-TIME AND
COMPUTER SIMULATIONS FOR THE GMPC
CAHORA BASSA DESIGN VERIFICATION

Coetzee, M.; Venter, F.; Guedes, J.M.G.; Da Silva,
F.M.; Forsyth, P.; Maguire, T.; Claus, M.; Esters,
P.H.;

Neufeldt, T.; Retzmann, D,

ESKOM, South Africa

CIGRE Int’l Colloquium on HVDC and FACTS,
Johannesburg,South Africa, September 28-30, 1997

This paper discusses the use of an RTDS real time
simulator for testing the grid master power controller
(GMPC) of the Cahora Bassa HVdc upgrade. The
GMPC uses coordinated HVdc and optional braking
resistor control technologies to ensure stable operation.
The physical design of the dynamic braking resistor is
described as well as the GMPC setup with SIMADYN D
and RTDS. For the real-time simulation, detailed
models of the complex HVac and HVdc systems are
represented in RTDS. The verification of the simulator
setup is done by comparison with site recordings,
EMTDC, PSS/E and NETOMAC study results. The
GMPC performance is verified by different types of ac
and dc faults. Results of the tests are presented.

[1997] 06E - 3

AN INTEGRATED SIMULATION AND
CONTROL IMPLEMENTATION ENVIRONMENT

Wild, G.; Messner, G.; Moosburger, A.; Xie, M.H.;
Gole, A.M.; Brandt, D.P.

Int’l Conf on Power Systems Transients (IPST97),
Seattle, WA, June 22-26, 1997, pp 150-155

Abstract not available.

[1997] 06E - 4
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CONTROL SYSTEM MODELLING USING THE
REAL-TIME DIGITAL SIMULATOR

Wierckx, R.P.; Yu, M.; Forsyth, P.A.

Proceedings, 2nd Int’l Conf on Power System
Simulators (ICDS '97), Montreal, Quebec, Canada,




May 28-30, 1997, pp 197-202
Abstract not available.

[1997] O6E - 5

FAST DECOUPLED SIMULATION OF LARGE
POWER ELECTRONIC SYSTEMS USING NEW
TWO-PORT COMPANION LINK MODELS

Hui, S.Y.R.; Fung, KK
City Univ of Hong Kong, Kowloon, China

IEEE Trans on Power Electronics, vol 12, no 3, May
1997, pp 462-473

Algorithms of novel two-port companion link models
for fast decoupled simulation are presented. The link
models enable a large circuit to be broken down into
many small subcircuits for easy circuit formulation and
fast simulation. The proposed link algorithms are
demonstrated in a converter-fed dc transmission system
with a transmission-line length equivalent to 1000 km.
Simulation and experimental results from a laboratory
setup have confirmed the validity of the link models.
Proposed simulations are also found to be faster and
more accurate than PSpice simulations in the example.
10 Refs.

[1997] 06E - 6

HVDC OPERATOR TRAINING SIMULATOR
FOR THE NEW ZEALAND HYBRID HVDC LINK
- A TOOL FOR OPERATOR DIVERSIFICATION

Brown, RW.
Transpower NZ Ltd, Wellington, New Zealand

CIGRE Int’l Colloguium on HVDC and FACTS,
Johannesburg,South Africa, September 28-30, 1997

Due to the highly automated and reliable nature of the
New Zealand HVdc link, the operators gain insufficient
experience from day-to-day operation of the link to
maintain their essential skill base. In 1996 the New
Zealand HVdc operator training simulator, the first
comprehensive HVdc operator training simulator, was
completed and training programs utilizing it
commenced. This paper explains the need for the
simulator, its development, its use as a training tool, and
the confidence it has given its owner to move HVdc

operational centers.

[1996] 06E - 7

HVDC SIMULATION TRAINING SYSTEM
Zhang, J-H.; Shi, Y.; Zhao, G.; Jiao, B-L.

Elec Power Research Inst, Beijing, China

Proceedings, Int’l Conf on Electrical Engineering
(ICEE’96), Beijing, China, August 12-15, 1996, vol 1,
pp 630-633

This paper introduces the HVdc simulation training
system developed by EPRI, China. The software
platform of this system is X windows and INGRES
database. The hardware platform is a SUN Sparc

workstation and the HVdc simulator developed by BBC.
The architecture and the outstanding features are
presented in this paper. 4 Refs.

[1996] OGE - 8

INTRODUCING DIGITAL SIMULATION INTO
AN ANALOG REAL-TIME POWER SYSTEM
SIMULATOR

Gick, B.; Gallenkamp, T.; Wess, T.
FGH, Mannheim, Germany

Proceedings, 6th IEE Int’l Conf on AC and DC Power
Transmission, London, UK, April 29-May 3, 1996, pp
369-374

A new digital real-time simulator (DRTS) with a high
resolution, high-speed interface to an analog simulator
(ARTS) is presented for power system modelling. The
ability of the DRTS is shown in an experimental setup,
using the ARTS for modelling a point-to-point HVdc
transmission system. The multiprocessor DRTS
simulates a synchronous generator with a 50 mu s
calculation time step. 11 Refs.

[1997] O6E - 9
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NOVEL SIMULATION SCHEME OF POWER
ELECTRONICS SYSTEM WITH THE PARALLEL
INFERENCE MACHINE (PIM)

Masada, E.; Baba, J.; Wakamiya, H.; Tamura, M.
Univ of Tokyo, Japan

Proceedings, IEEE 1997 Power Conversion Conf,
Nagaoka, Japan, August 3-6, 1997, vol 1, pp 379-384

This paper proposes a parallel inference machine (PIM)
is proposed for dynamic simulation of power converters
and their control systems. The PIM emulates a parallel
computing machine with several hundreds of
processors. Utilizing its para-cell soft-ware, the
simulation can be realized with a multi-layered
structure, which is convenient to separately describe
controllers, converters and plants. The authors examine
PIM simulator for two cases: the one is HVdc system
and the other is SMES system. Simulation results were



compared with analog simulator and other simulating
methods. It was concluded that power electronics
control system simulation can be made on PIM without
much knowledge on the numerical technique. The
multilayered cell structure provides easy access to the
model for modification and parameter adjustment.
Improvement of PIM itself will make this approach
more powerful and possible for the real-time control
purpose. 6 Refs. ]

[1996] 0GE - 10

SIMULATOR OF HVDC TRANSMISSION
SYSTEM

Onishi, T.; Miki, M.; Kawasaki, K.
Univ of Tokushima, Japan

Denki Kankei Gakkai Shikoku Shibu Rengo Taikai
Koen Ronbunshu (Japan), vol 1996, p 65

Japanese
Abstract not available.

[1998] 06E - 11

STUDY OF CONTROL STRATEGIES FOR NEW
CIGRE HVDC BENCHMARK MODEL

Narayanan, M.M.B.; Parameswaran, S.

Central Power Research Inst, Bangalore, India

Proceedings, 37th CIGRE Conf, Paris, France, August
30-September 5, 1998

This paper presents the results of a Simulator study on
the new CIGRE HVdc Benchmark Model using plant-
size digital control system. Comparison is made with
the results obtained through EMTDC simulation. The
Simulator control system is the same generation of
‘controls as the Rihand-Delhi project in India. The
object of the study was to investigate the steady state and
dynamic performance of this control system using the
new CIGRE Benchmark Model, which represents an
operationally difficult dc system. Tuning of current
controller and voltage dependent current order limits
under steady state and dynamic conditions are
discussed. Fault recovery plots are also presented. The
dc system response to rectifier-side ac faults have been
found to be satisfactory. For inverter-end ac faults,
there is a reduction in dc power level following fault
recovery. Reasons for this have been explained. It was
found that there is a good correlation between physical
simulator and EMTDC simulation results.

[1997] O6E - 12

VALIDATING THE REAL TIME DIGITAL
SIMULATOR FOR HVDC DYNAMIC
PERFORMANCE STUDIES

Duchen, H.; Lagerkvist, M.; Lovgren, N.; Kuffel, R.
ABB Power Sys, Ludvika, Sweden

Proceedings, 1997 Int’l Conf on Digital Power
Systems Simulators, Montreal, Canada, May 28-30,
1997, pp 245-250

This paper. describes and presents results from a
validation study in which the Real Time Digital
Simulator (RTDS™) was compared with a conventional
analog simulator. The particular phase of the validation
work presented relates to dynamic performance studies
(DPS) of HVdc systems and their associated controls.

[1997] OGE - REF

OPERATIONAL TESTS ON HVDC THYRISTOR
MODULES IN A SYNTHETIC TEST CIRCUIT
FOR THE SYLMAR EAST RESTORATION

PROJECT. DISCUSSION

For Abstract see entry 01C - 27

[1997] 0GE - REF

CAHORA BASSA GMPC TESTING USING AN
REAL TIME DIGITAL SIMULATOR

For Abstract see entry 01C - 8

[1997] OGE - REF

OPERATIONAL TESTS ON HVDC THYRISTOR
MODULES IN A SYNTHETIC TEST CIRCUIT
FOR THE SYLMAR EAST RESTORATION
PROJECT

For Abstract see entry 02C - 28

[1996] 06E - REF

EXPERIMENTAL MEASUREMENT OF NON-
CHARACTERISTIC HARMONIC POWER
GENERATED BY THYRISTOR PULSE-
CONTROLLED AC/DC THREE PHASE
CONVERTERS

For Abstract see entry 02D - 12

[1996] 06E - REF
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NEW EXPERIMENTAL METHOD TO




DESEGREGATE THE HARMONIC POWER
PRODUCED BY THYRISTOR AC/DC THREE
PHASE CONVERTERS '

For Abstract see entry 02D - 18

[1996] O6E - REF

NOVEL METHOD FOR HARMONIC ANALYSIS
OF AC/DC POWER SYSTEMS COUPLED BY
THYRISTOR CONVERTERS

For Abstract see entry 02D - 22

[1996] 06E - REF

THE NEW CONCEPTS OF CHARACTERISTIC
AND NON-CHARACTERISTIC HARMONIC
REACTIVE POWER IN AC/DC POWER
SYSTEMS

For Abstract see entry 02D — 28

[1997] 06E - REF

APPLICATION OF REAL TIME DIGITAL
SIMULATION FOR COMMISSIONING
AUTOMATIC YVOLTAGE REGULATORS FOR
SYNCHRONOUS CONDENSERS

For Abstract see entry 02D - 5

[1996] 06E - REF

VERIFICATION AND TESTING OF DC POWER-
TRANSMISSION EQUIPMENT

For Abstract see entry 02F - 18

[1997] 06E - REF

NUMERICAL EVALUATION OF THE EFFICACY
OF BOOSTER SHEDS AND RTV COATING IN
IMPROVING THE PERFORMANCE OF HVDC
WALL BUSHINGS

For Abstract see entry 02G - 11

[1997] 06E - REF

SIMULATION OF HVDC WALL BUSHING
PERFORMANCE UNDER UNEVENLY WETTED
CONDITIONS

For Abstract see entry 02G - 16

[1996] OGE - REF

CALCULATION OF SINGLE PHASE AC AND
MONOPOLAR DC HYBRID CORONA EFFECTS.
DISCUSSION

For Abstract see entry 03B - 2

[1996] OGE - REF

FINITE ELEMENT SOLUTION OF
MONOPOLAR CORONA AS INFLUENCED BY
ION LIFE TIME

For Abstract see entry 03B - 6

[1996] OGE - REF

IMPROVED CALCULATION OF FINITE
ELEMENT ANALYSIS OF BIPOLAR CORONA
INCLUDING ION DIFFUSION

For Abstract see entry 03B - 8

[1996] 06E - REF

ADAPTIVE FINITE-ELEMENT BALLOONING
ANALYSIS OF BIPOLAR IONIZED FIELDS

For Abstract see entry 03D - 1

[1997] 06E - REF

OPEN-BOUNDARY FINITE-ELEMENT
ANALYSIS OF IONIZED FIELD AROUND
MONOPOLAR TRANSMISSION LINES [HVDC]

For Abstract see entry 03D - 12

[1997] O6E - REF

DC AND IMPULSE TREEING
CHARACTERISTICS IN INSULATING
MATERIAL FOR HVDC CABLE

For Abstract see entry 04B - 8

[1996] OGE - REF

PWM AND CONTROL OF THREE LEVEL
VOLTAGE SOURCE BACK-TO-BACK STATION

For Abstract see entry 05A - 17

[1997] 06E - REF

DEVELOPMENT AND TESTING OF
PROTOTYPE MODELS FOR A HIGH-
PERFORMANCE 300 MW SELF-COMMUTATED
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AC/DC CONVERTER
For Abstract see entry 05A - 6

[1998] 06E - REF

DEVELOPMENT OF A CONTROL SYSTEM FOR
A HIGH-PERFORMANCE SELF-COMMUTATED
AC/DC CONVERTER

For Abstract see entry 05A - 8

[1996] 0GE - REF

CONTROL AND PROTECTION
TECHNOLOGIES FOR DC POWER-
TRANSMISSION SYSTEMS

For Abstract see entry 05B - 15

[1996] OGE - REF
DESIGN AND TESTING OF THE BIPOLAR 12-
PULSE HVDC PROTECTION SYSTEM
For Abstract see entry 05B - 26

[1996] OGE - REF

DEVELOPMENT OF A HYBRID MARGIN
ANGLE CONTROLLER FOR HVDC
CONTINUOUS OPERATION

For Abstract see entry 05B - 28

[1996] OGE - REF

DEVELOPMENT OF CONTROL FOR SELF-
COMMUTATED CONVERTER. (PART I).
DEVELOPMENT OF SIMULATOR MODEL AND
STUDY ON CONVERTER OVERCURRENT IN
AC SYSTEM FAULT CONDITION

For Abstract see entry 05B - 29

[1996] O0GE - REF

DEVELOPMENT OF DC CONTROL FUNCTION.
DEVELOPMENT OF UNINTERRUPTED
CONTROL IN CASE OF AS SYSTEM ACCIDENT

For Abstract see entry 05B - 30

[1996] 0GE - REF

HIGH-POWER VOLTAGE SOURCE
CONVERTER CONTROL RESPONSE AT LARGE
AC VOLTAGE PHASE SHIFTS

For Abstract see entry 05B - 38

[1997] 0GE - REF

HVDC CONVERTER CONTROL FOR FAST
POWER RECOVERY AFTER AC SYSTEM
FAULT

For Abstract see entry 05B - 39

[1996] OGE - REF

HVDC PROTECTION SYSTEM BASED
MULTIPROCESSOR

For Abstract see entry 05B - 40

[1997] 06E - REF

INTELLIGENT CURRENT CONTROLLER FOR
AN HVDC TRANSMISSION LINK

For Abstract see entry 05B - 44

[1997] 06E - REF

OVERCURRENT CONTROL COMPENSATING
NEGATIVE CURRENT COMPONENT FOR
HVDC WITH SELF-COMMUTATED
CONVERTER )

For Abstract see entry 05B - 54

[1996] OGE - REF

ON LINE IDENTIFICATION AND CONTROL OF
AN AC/DC POWER SYSTEM

For Abstract see entry 05C - 18

[1997] OGE - REF

POWER ELECTRONICS TECHANOLOG,IES IN
THE FIELD OF ELECTRIC POWER

ENGINEERING. POWER SWING DAMPING
CONTROL BY HVDC POWER MODULATION IN
AC/DC HYBRID TRANSMISSION SYSTEM

For Abstract see entry 05C - 21

[1997] 06E - REF

HYBRID SIMULATION STUDY OF FACTORS\
CONTRIBUTING TO HARMONIC INSTABILITY
OF HVDC SYSTEMS

For Abstract see entry 05D - 15
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[1997] O6E - REF

SIMULATOR STUDY RESULT OF DAMPING
CONTROL FOR GENERATOR TORSIONAL
OSCILLATION DUE TO INTERACTION WITH
HVDC. PART 1. STABILITY LIMITS BY AC
SYSTEM STRENGTH

For Abstract see entry 05D - 29

[1997] O6E - REF

SIMULATOR STUDY RESULT OF DAMPING
CONTROL FOR GENERATOR TORSIONAL
OSCILLATION DUE TO INTERACTION WITH
HVDC. PART 2. EFFECT OF DAMPING
CONTROL

For Abstract see entry 05D - 30

[1997] 06E - REF

SIMULATOR STUDY RESULTS OF SUB-
SYNCHRONOUS RESONANCE DAMPING BY
HVDC CONVERTER CONTROL

For Abstract see entry 05D - 31

[1997] OGE - REF

STUDY RESULT OF DAMPING CONTROL FOR
GENERATOR TORSIONAL OSCILLATION DUE
TO INTERACTION WITH HVDC

For Abstract see entry 05D - 36

[1998] 0GE - REF

A CUSTOMIZED AIR-CORE TRANSFORMER
FOR A SMALL POWER TAPPING STATION

For Abstract see entry 05E - 1

[1997] 06E - REF

ON THE CONTROL OF A MULTITERMINAL
HVDC SYSTEM HAVING ALSO WEAK
INVERTER STATIONS

For Abstract see entry O5E - 10

[1997] 0GE - REF

DEVELOPMENT OF ADVANCED MULTI-
TERMINAL HVDC CONTROL AND

PROTECTION SYSTEMS AND SIMULATOR
TESTS

For Abstract see entry 05E - 6

[1996] 06E - REF

COMMUTATION FAILURES IN HVDC
TRANSMISSION SYSTEMS

For Abstract see entry 05H - 1

[1996] 06E - REF

SOME EXPERIENCES IN POWER SYSTEM
SIMULATION USING ELECTROMAGNETIC
TRANSIENT PROGRAMS

For Abstract see entry 06D - 4

[1997] O6E - REF

VALIDATION OF EMTDC FOR HVDC
DYNAMIC PERFORMANCE STUDIES

For Abstract see entry 06D -7

[1996] OGE - REF

A FULLY DIGITAL POWER SYSTEM
SIMULATOR OPERATING IN REAL TIME

For Abstract see entry 19E - 1

[1996] OGE - REF

GRAPHICAL ELECTROMAGNETIC
SIMULATION LABORATORY FOR POWER
SYSTEMS ENGINEERING PROGRAMS

For Abstract see entry 19E - 20

[1997] 06E - REF

STABILITY SIMULATION USING REAL TIME
POWER SYSTEM SIMULATOR

For Abstract see entry 19E - 23

[1998] 06E - REF

AN ADVANCED AND POWERFUL REAL-TIME
DIGITAL TRANSIENT NETWORK ANALYZER

For Abstract see entry 19E - 9
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FLEXIBLE AC TRANSMISSION SYSTEMS (FACTS)

07 FACTS SYSTEMS AND
PLANNING

07A General Concepts of FACTS

[1996] 07A - 1

A COMPARISON OF ALTERNATIVES TO
ENHANCE THE POWER AND ENERGY
TRANSFER CAPABILITY OF TRANSMISSION
LINES

Tam, K.S.

Virginia Polytech Inst and State Univ, Blacksburg,
VA, USA

Proceedings, 58th American Power Conf, Chicago, IL,
April 9-11, 1996, pp 1562-1567

In response to the Energy Policy Acts of 1992 and the
subsequent actions by the Federal Energy Regulatory
Commission (FERC), electric utilities are motivated to
increase the power and energy transfer capability of
transmission facilities and rights-of-way, not only to
cope with present and future challenges but als§ as a
new alternative to generate revenues. Towards
addressing this need, this paper provides a technical
comparison of several approaches that can be used to
increase the power and energy transfer capability of
transmission lines. The first approach modifies the
characteristics of transmission networks by using
FACTS (flexible ac transmission system) devices. The
second approach uses load management techniques and
pricing incentives to modify transmission load patterns.
The third approach uses advanced energy storage

systems (such as battery energy storage systems,
superconductive magnetic energy storage systems, etc.)
to perform one or more of the following functions: (1) to
modify the transmission load pattern; (2) to provide real
and/or reactive power control; and (3) to improve
transient stability. In addition to a comparison of
individual approaches, the impact of combining these
approaches, the concept of energy storage link and its
impact on reducing loop flows are also discussed.

[1997] 07A -2

Deleted

[1997] 07A - 3
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A COMPARISON OF ALTERNATIVES TO
ENHANCE THE UTILIZATION OF
TRANSMISSION LINES

Tam, K.S.

Bradley Dept of Elec Eng, Virginia Polytech Inst and
State Univ, Blacksburg, VA, USA

Electric Power Systems Research (Switzerland ), vol
41, no 2, 1997, pp 131-138

While the growing environmental concerns and other
economic and regulatory factors make it very difficult
for utilities to build new transmission lines, the need for
new transmission facilities is compounded by the trend
to deregulate the electric power industry. The need to
build new lines may be lessened if existing transmission
lines can be more effectively utilized. The objective of
this paper is to provide a comparison of various
alternatives that can enhance the nutilization of
transmission lines. The major constraints that limit real
power transfer are identified and various ways to
overcome one or more of these constraints constitute the




various alternatives to improve the power and energy
transfer capabilities of transmission lines. An evaluation
framework has been developed to provide a quantitative
comparison of various alternatives. The results
demonstrate that ntilization of transmission lines can be
significantly enhanced by several alternatives. The best
alternative in each performance category and the best
alternative from the viewpoint of overall performance
are presented. (c) 1997 Elsevier Science S.A.

[1996] 07A - 4

A PRELIMINARY STUDY ON PARALLEL
PATHS FLOW CONTROL [POWER SYSTEM
LOAD FLOW]

Liu, Y-H.

Monthly Journal of Taipower's Engineering (Taiwan),
vol 571, March 1996, pp 61-69

Chinese

This paper presents a preliminary study of the control
methods of parallel paths load flow problems occurring
in the Taiwan power system. The control alternatives
include transmission system reconfiguration and
conventional and modern equipment installation. The
merits and disadvantages of these alternatives are briefly
discussed. Cost estimates are also included in this paper.
15 Refs.

[1996] 07A -5

A REVIEW ON TRANSIENT STABILITY
CONTROL IN POWER SYSTEMS

Liu, Y-T.; Du, Z-C.; Xia, D-Z.
Shandeng Univ of Tech, Jinan, China

Automation of Electric Power Systems (China), vol 20,
no 8, August 1996, pp 53-57

Chinese

This paper presents a review on the recent advances in
the transient stability control of electric power systems.

Proceedings, Int’l Conf on Electrical Engineering
(ICEE’96), Beijing, China, August 12-15, 1996, vol 2,
pp 889-892

In this paper an improved statement on FACTS
definition and a new term for FACTS controllers were
suggested aiming at helping unification of different
views, and an expanded scope of FACTS controllers
was also introduced based on the new definition and the
research achievements on FACTS technology. 23 Refs.

[1996] 07A -7

AN INVESTIGATION INTO THE REALITIES OF
FACTS DEVICES

McGillis, D.T.; Toussaint, M.; Galiana, F.D.; Joos,
G.; Marceau, R.; Atanackovic, D.; Cheng, J.

McGill Univ, Montreal, Quebec, Canada

Proceedings, 6th IEE Int’l Conf on AC and DC Power
Transmission, London, UK, April 29-May 3, 1996, pp
252-257

Increasing the transmission capability of an electric
power network while respecting jts design criteria may
require enhancements such as the implementation of
FACTS devices. The impact of these devices is studied
in the context of the steady-state and transient behavior
of the network as well as from the perspective of power
system interconnections and the emerging deregulated
environment. Possible electronic implementation of
these devices is also examined. The underlying
consideration is whether the improvement in power
system performance justifies the cost of the
enhancements required. 11 Refs.

[1998] 07A - 8

Nonlinear stability control, artificial intelligence and

FACTS technology all show promise. 18 Refs.

[1996] 07A - 6

AN IMPROVED DEFINITION FOR FACTS
TECHNOLOGY AND EXPANDED SCOPE OF ITS
CONTROLLERS

He, D-Y.

Elec Power Research Inst, Beijing, China

150

AN OUTLINE OF POWER SYSTEM
TECHNOLOGIES IN JAPAN

Torizuka, T.; Tanaka, H.
Tokyo Elec Power Co, Inc, Japan
Electric Power Systems Research, vol 44, 1998, pp 1-5

Metropolitan areas such as Tokyo, Osaka and Nagoya
are major consumers of electricity in Japan. As the
construction of power plants near these areas has
become more difficult in recent years, there is a
tendency for large-scale power plants to be constructed
in remote locations. The construction of transmission
lines and substations is also becoming more difficult, so
that power is being transmitted by fewer lines over long
distances. Consequently, the stability of the power
system is a very important problem, and numerous
stabilizing technologies are therefore being used. With




this as a background, the author focuses on the main
stabilizing technologies applied in the Japanese power
system and outlines them in this paper.

[1998] 07A -9
BIBLIOGRAPHY ON VOLTAGE STABILITY
Ajjarapy, V,; Lee, B.
Iowa State Univ, Ames, IA, USA

IEEE Trans on Power Systems, vol 13, no 1, February
1998, pp 115f

This paper provides a comprehensive list of books,
reports, workshops and technical papers related to
voltage stability and security.

[1996] 07A - 10

CUSTOM POWER: OPTIMIZING
DISTRIBUTION SERVICES

Douglas, J.

EPRI Journal, vol 21, no 3, May-June 1996, pp 6-11,
13,15 g

Power disturbances that once would barely have been
noticed may now produce costly malfunctions in critical
customer equipment. Fortunately, 2 new generation of
power electronic controllers is becoming available for
use on distribution systems, which will enable utilities to
provide premium-quality electricity to customers with
sensitive loads. The first of these controllers, called
Custom Power devices, are now entering utility service,
providing a cost-effective alternative to the power-
conditioning equipment previously installed on
customers' premises. Eventually the integration of
Custom Power controllers with distribution automation
equipment will help create distribution systems that are
optimized from both the utility's and the customer's
point of view. The Custom Power devices discussed
include switches, dynamic voltage restorer, static
compensator, and the IntelliVAr reactive power
compensator. O Refs.

(19971 07A - 11
DEFINING INTERCONNECTED OPERATIONS
SERVICES UNDER OPEN ACCESS
Adapa, R. (EPRI prog mgr)
EPRI, Palo Alto, CA, USA
EPRI Technical Report TR-108097, May 1997, 156

pp
Interconnected Operations Services (I0S), also referred

to as ancillary services, are the unbundled electric
services necessary to facilitate electric market
operations. These services provide for system reliability,
enable transmission system access, and address equity
concerns in electric market operations. This report
provides definitions, technical requirements, and
commercial rights and obligations associated with these
services.

[1997] 07A - 12
DYNAMIC IDLE CURRENT COMPENSATION
Kirschner, H.

GHK Energie- und Datentechnik, Ostfildern,
Germany :

ETZ (Germany), vol 118, no 20, October 1997, pp 24-
27

German

Thyristor-controlled idle current compensation systems
have been used in power distribution networks for
several decades now to improve the network quality.
Dynamic compensation systems are even more favorable
and have a wider range of applications.

[1998] 07A - 13

ELIMINATION OF DYNAMIC BIFURCATION
AND CHAOS IN POWER SYSTEMS USING
FACTS DEVICES

Srivastava, K.N.; Srivastava, S.C.
ABB Corp Research, Vasteras, Sweden

IEEE Trans on Circuits and Systems I: Fundamental
Theory and Applications, vol 45, no 1, January 1998,
pp 72-78

Existence of dynamic bifurcations and chaos has been
shown by some of the researchers in simple power
system networks. This brief first demonstrates, through
numerical simulation, the existence of various types of
dynamic bifurcations in two sample power systems.
Presence of torus and limit point of periodic orbits has
been observed for the first time in a power system
medel. Further study has been performed to damp out
the Hopf bifurcation using flexible ac transmission
system (FACTS) devices such as controllable series
capacitors (CSCs), controllable phase angle regulators
(PARs), and static VAr compensators (SVCs). The
participation of states for the critical mode to undergo
Hopf bifurcation has been used to select appropriate
input to these control elements. 14 Refs.
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[1997] 07A - 14

END-USE LOAD CONTROL FOR POWER
SYSTEM DYNAMIC STABILITY
ENHANCEMENT

Dagle, J.E.; Winiarski, D.W.; Donnelly, M.K.

Pacific Northwest Lab (PNL), Richland, WA, USA

Pacific Northwest Laboratory, Richland, WA,
February 1997, PNNL-11488 (DE97052455), 51 pp

Faced with the prospect of increasing utilization of the
transmission and distribution infrastructure without
significant upgrade, the domestic electric power utility
industry is investing heavily in technologies to improve
network dynamic performance through a program
loosely referred to as flexible ac transmission system
(FACTS). Devices exploiting recent advances in power
electronics are being installed in the power system to
offset the need to construct new transmission lines.
These devices collectively represent investment potential
of several billion dollars over the next decade. A similar
development, designed to curtail the peak loads and thus
defer new transmission, distribution, and generation
investment, falls under a category of technologies
referred to as demand side management (DSM). A
subset of broader conservation measures, DSM acts
directly on the load to reduce peak consumption. DSM
techniques include direct load control, in which a utility
has the ability to curtail specific loads as conditions
warrant. A novel approach has been conceived by
Pacific Northwest National Laboratory (PNNL) to
combine the objectives of FACTS and the technologies
inherent in DSM to provide a distributed power system
dynamic controller. This technology has the potential to
dramatically offset major investments in FACTS devices
by using direct load control to achieve dynamic stability
objectives. The potential value of distributed versus
centralized grid modulation has been examined by
simulating the western power grid under extreme
loading conditions. In these simulations, a scenario is
analyzed in which active grid stabilization enables
power imports into the southern California region to be
increased several hundred megawatts beyond present
limitations. Modeling results show distributed load
control is up to 30 percent more effective than
traditional centralized control schemes in achieving grid
stability.

[1998] 07A - 1S -

FACTS CONTROLLERS AND THE
DEREGULATED ELECTRIC UTILITY
ENVIRONMENT

Ooi, B-T.; Joos, G.; Galiana, F.D.; McGillis, D.;
Marceau, R.

McGill Univ, Montreal, Quebec, Canada

Proceedings, IEEE Canadian Conf on Electrical and
Computer Engineering, Waterloo, Ontario, May 1998,
vol 1, pp 597f

The push towards deregulation in the electric utility
industry is forcing a revaluation of the way transmission
systems are operated. Reliance on the natural flow of
current cannot meet the new requirements imposed by
deregulation. One method to dictate the power flows is
the increased reliance on flexible ac transmission
systems (FACTS). This paper presents some of the new
directions being investigated to adapt and exploit the
potential of power electronic converters to increase the
flexibility and reliability of modern power systems.

[1996] 07A - 16
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FACTS DEVICES IN UPLIFT CONTROL
Strbac, G.; Jenkins, N.

Centre for Elec Energy, Univ of Manchester Inst of
Sci & Tech, UK

Proceedings, 6th IEE Int’l Conf on AC and DC Power
Transmission, London, UK, April 29-May 3, 1996, pp
214-219

Traditionally, security constrained economic dispatch is
implemented by adding constraints to the plain
economic dispatch-typically limits on line flows and
nodal voltages for all credible post-disturbance
configurations. However, advances in power electronics,
and in particular the concept of FACTS are now
challenging conventional approaches to system security
operation, planning and overall economy of power
systems. Based on FACTS devices, some part: of the
security of the system can be achieved in post
contingency mode, after an outage occurs. Such an
economic dispatch, that incorporates the abilities of
FACTS devices to assist in post-fault rearranging of
transmission system power flows, allows the system to
be operated with relaxed security most of the time. This
results in reduction of the system operating costs
without actually jeopardizing the level of system
security. In the context of the England and Wales
electricity market, this paper demonstrates how FACTS
devices can be used in uplift control. The paper proposes
a method to the solution of the economic dispatch




problem with an optimal balance between the level of
security achieved in preventive and in corrective mode.
The method is based on mathematical programming
decomposition techniques that allow the iterative
solution of a base-case economic dispatch for the intact
system and separate contingency analysis with post-
contingency corrective control by FACTS devices used
to eliminate line/transformer overloads. A case study on
a test system is presented and discussed. 3 Refs.

[1996] 07A - 17

FACTS EQUIPMENT AND POWER SYSTEM
DYNAMICS

Lacoste, J.; Cholley, P.; Trotignon, M.; Daniel, D.;
Nativel, G.

Electricite de France

power system, incorporating theoretical considerations
and simulations into their analysis. The simulations are
produced with the EUROSTAG program and make use
of power systems and FACTS models produced earlier.

6 refs_.

[1996] 07A - 18

Collection de notes internes de la Direction des etudes -

et recherches. Materiel electrique, transport et
distribution d'energie (France), no 9, 1996, 8 pp

FACTS offer a way of controlling certain parameters of
the system : voltage, impedance, phase shift etc. They
can also improve operation of an electrical power system
subject to power flow limitations, electromechanical
stability and voltage stability. One of the major
challenges of current research into this area consists in
determining the most suitable FACTS for each power
system problem likely to arise. The methodology
adopted for comparing the effectiveness of different
types of FACTS refers to modeling work, theoretical
studies and simulations. The authors also give the
results obtained using this approach. The paper is
structured in three sections. The first section sets out the
general method drawn up, which is a two-stage one. The
first stage is the result of a broad approach, which
consists in studying the different FACTS for a range of
representative power system configurations, given in the
form of diagrams equivalent to those used for real power
systems. Next, studies of selected real power system
configurations, by incorporating the latest developments
in powerful regulator technology for the most promising
FACTS. The second section sets out the results of
research carried out on an equivalent power systems.
The authors first cover modeling-related aspects, setting
out equivalent power system diagrams, and designing
the FACTS models studied: static VAr compensator
(SVC), advanced static VAr compensator (ASVC),
superconducting magnetic energy storage (SMES),
dynamic brake, thyristor-controlled series ilmpedance,
advanced series impedance, unified power flow
controller (UPFC). The authors go on to analyze the
effect of FACTS on the dynamic performance of the

FACTS FOR DISTRIBUTION APPLICATIONS
Barnard, J.; Loser, T.

Elektron (South Africa), vol 13, no 4, April 1996, pp
15-17

Flexible ac transmission systems (FACTS) was initiated
by the Electric Power Research Institute (EPRI) in
America as part of their research program. FACTS
devices use advanced power electronics to control the
network parameters. he power electronics used are
mainly gate controllable i.e. gate turn-off thyristors
(GTOs) and insulated gate bipolar transistors (IGBTS).
This controllability and the switching frequency
introduces a new generation of devices superior to any
devices previously available. Some of these devices are
briefly described and a case study comparing the *
alternatives for an 88-kV distribution network is
discussed. 1 Ref.

[1997] 07A - 19
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FACTS TECHNOLOGY AND NEW PROGRESS
IN THE DEVELOPMENT OF ITS
CONTROLLERS-TCPST, IPC (TCIPC) AND SSSC

He, D.
China Elec Power Inf Centre, Beijing, China

Automation of Electric Power Systems (China), vol 21,
no 6, July 1997, pp 1-6

Chinese

The technology of flexible ac transmission systems
(FACTS) as well as its controllers have been developed
ahead at an increasing pace, and are recognized
worldwide as a new effective’ power transmission
technology. Moreover the new progress achieved in the
FACTS concept and specification. The technology of its
controllers is also developing rapidly. This paper
presents the research results of three new controllers
(TCPST, IPC (interphase power controller) and SSSC
(static synchronous series compensator)) classified as
“controllers which are expected to be available in the
foreseeable future" by the IEEE's FACTS Working
Group. Meanwhile, their working layout and operating
features have received insufficient understanding and
attention. Besides, some analysis or proposals of FACTS




controller's comparison and application raised in the
paper may serve altogether for further discussion and
reference.

[1996] 07A - 20

FLEXIBLE AC TRANSMISSION SYSTEMS
Hingorani, N.G.
Hingorani Power Electronics, Los Altos Hills, CA

Electricity Transmission Pricing and Technology,
Klumer Academic Publishers, Dordrecht, Netherlands,
pp 259-275

Narain Hingorani and Karl Stahlkopf conclude this
volume with two related papers concerning a major
wave of the future: the Flexible Alternative Current
Transmission System (or FACTS). FACTS involves the
use of high-power microelectronics to enhance the
controllability and capacity of utility transmission
systems, secure loading of conductors to thermal limits,
reduce necessary generation margins through increased
usable capacity, and prevent cascading outages by
limiting the effects of faults and equipment failures.
These opportunities arise from the ability of FACTS to
control the inter-related parameters that constrain

today's transmission systems including series and shunt

impedance, phase angle, and the occurrence of
frequency oscillations below the rated frequency. The
papers discuss the nature of the constraints, the power
electronic controllers that can overcome these
constraints, and the scope of applications. A separate
abstract has been prepared for the paper of Stahlkopf. 10
figs.., 6 refs.

[1997] 07A - 21

FLEXIBLE AC TRANSMISSION SYSTEMS PART
3 CONVENTIONAL FACTS CONTROLLERS

Moore, P.; Ashmole, P.

Poiwer Engineering Journal (UK), vol 11, no 4, August
1997, pp 177-183

In this tutorial FACTS controllers are examined which
are currently commercially available, or could be
developed in the short term using currently available
hardware - conventional FACTS controllers. The
distinguishing feature of conventional FACTS
controllers, compared to advanced FACTS controllers,
is that the former are based on the use of conventional
thyristors, i.e. thyristors relying on natural
commutation.

[1996] 07A - 22

FLEXIBLE AC TRANSMISSION LINES

Ivakin, V.N.; Kovalev, V.D.; Khudyakov, V.V.

Russian Electrical Engineering (Elektrotekhnika), vol
67, no 8, pp 16-22

Voltage-inverter circuits based on switchable thyristors
offer great promise for the application of modern power
converter technology in the power industry. On the basis
of such circuits, flexible ac power transmission lines
may be created; such power lines may radically
transform power systems in the future and permit
considerable increase in carrying capacity and
controllability of power systems. This topic has been
much discussed in CIGRE publications and in non
Russian journals. It is a fundamental trend in power
system development. This paper argues, therefore, that
research, design and development work on static power
converter (statcon) prototypes and other equipment for
flexible ac transmission lines must be given high
priority. 8 Refs.
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FLEXIBLE AC TRANSMISSION SYSTEMS
(FACTS)

Hammons, T.J.; Lim, S.K.
Glasgow Univ, UK

Electric Machines and Power Systems, vol 25, no 1,
January 1997, pp 73-85

The paper reviews literature which addresses the
application of flexible ac transmission system (FACTS)
concepts to the improvement of power system utilization
and performance. It summarizes literature on using high
speed thyristor based control of HVAC power system
elements to enhance the power carrying capacity of
existing transmission circuits without compromising
reliability. It describes a study system representative of
existing power systems that has been developed to
evaluate the economic and technical issues of loading
transmission lines to their thermal limits. Considered
are two scenarios, a multi-line corridor and a long radial
interconnection, where the issues addressed are
transient and dynamic stability, power flow control,
reactive support and voltage stability. A benchmark
system is developed to validate performance of the more
simple devices. It is concluded that FACTS devices have
the potential to significantly increase system stability
margins thereby increasing loading capability of
existing transmission corridors such as between
Scotland and England. Economic evaluations of the
applications reviewed in the literature show that FACTS




devices are attractive when compared with the other
methods of achieving similar performance objectives.

[1997] 07A - 24

FLEXIBLE AC TRANSMISSION SYSTEMS: A
STATUS REVIEW

Padiyar, K.R.; Kulkarni, A.M.

Sadhana (India), vol 22, pt 6, December 1997, pp 781-
796 ‘

With the availability of high power semiconductor
switches with turn-off capability, voltage source
converter based controllers for power transmission
system applications have become a reality. Prototypes
of some second generation flexible ac transmission
system (FACTS) controllers like TCSC and STATCON
have been installed. This paper presents a review of the
progress in FACTS. A generalized description of
FACTS controllers is also presented.

[1997] 07A - 25

FLEXIBLE AC TRANSMISSION SYSTEMS
(FACTS) FOR THE IMPROVEMENT OF
NETWORK QUALITY

Braun, K.; Posh, D.; Pregizer, K.; Retzmann, D.;
Weinhold, M.

Seimens AG, Erlangen, Germany
ETZ (Germany), vol 118, no 6, March 1997, pp 28-31

German

The article deals with problems concerning reliability
and quality of the supply of electricity arising especially
in developing countries where the demand is apt to
overtake the means for meeting it and excessive
fluctuations of frequency (+3 HZ) and voltage (20%) not
to mention complete breakdown, are apt to occur. It
describes a number of means for improving the quality
of supply, notably better network planning, aided by
computer simulation and digital network models,
flexible ac transmission systems (FACTS), HVDC
transmission, the Siemens Power Conditioner
(SIPCON), static compensation systems, and small
economic transmission systems (SETS).

[1996] 07A - 26

FLEXIBLE ALTERNATING CURRENT
ELECTRIC TRANSMISSIONS

Ivakin, V.N.; Kovalev, V.D.; Khudyakov, V.V.
Russian Electrical Engineering (Elektrotekhnika)

(Russia), no 8, August 1996, pp 16-20
Russian

Lately are investigated very intensively the special
devices for alternating current electric power
transmission on the base of new power semiconductor
devices. The electric transmissions with these devices
are called the double prime flexible double prime
electric power transmissions on the base of autonomous
voltage inverters with locked thyristors shunted with
semiconductor diodes. It is shown that the circuits of
voltage inverters with locked thyristors may be used for
development of flexible electric transmissions of
alternating current with substantially improved
performances. 8 Refs.

[1996] 07A - 27

GLOBAL LINK OF RENEWABLE ENERGY
SOURCES: TECHNICAL, ECONOMICAL, AND
ENVIRONMENTAL ASPECTS OF AN
INTERCONTINENTAL ELECTRICITY
TRANSMISSION AND DISTRIBUTION SYSTEM

Wiese, A.; Kaltschmitt, M.
Lahmeyer Int GmbH, Frankfurt, Germany

Energy Sources, vol 18, no 8, December 1996, pp 841-
854 :

The -present energy system mainly depends on
worldwide transport of fossil primary energy carriers.
One way to reduce fossil fuel consumption would be to
substitute the worldwide transport of fossil primary

energy carriers by transportable secondary energy
carriers converted from renewable energy sources. This
could also reduce global and local environmental effects
resulting from the use of fossil fuels as energy. By
means-of a global link the regions with large supplies of
renewable energy could be connected to regions where
the energy demand is relatively high. In this context, it
is the objective of this article to, first, give a general
overview of the different possibilitics. Then possible
compensation and equalization effects of an
intercontinental electricity transmission and distribution
system are analyzed; environmental and economic
aspects are also discussed. Some conclusions are drawn
in the final section. 8 Refs.
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GUIDE TO CHOICES IN ELECTRIC POWER
SUPPLY FOR STEEL MAKING ARC FURNACES

Kratz, M.

Electricite de France




Collection de notes internes de la Direction des etudes
et recherches. Materiel electrique, transport et
distribution d'energie (France), no 53, 1996, 36 pp

French

The main function of an arc furnace, whether supplied
with alternating or direct current, is to melt down solid
scrap iron (or possibly of pre-reduced ore), transforming
it into raw liquid steel. This raw steel may be refined,
i.e. brought to its final composition through a number of
further metallurgical operations, either within the
furnace itself, or without, in another, more appropriate
installation (ladle furnace). For faster arc furnace steel
processing, electric power must be transmitted as
efficiently as possible to the charge. This can only be
achieved if the arc is perfectly controlled, in particular
its position and stability. However, phenomena of arc
instability and power electronics based power supply are
the underlying cause of a number of disturbances
transmitted into the electric power network (flicker and
harmonics). After presenting the characteristics of the
various arc furnaces used in steel making, the present
document describes the disturbances caused by arc
furnaces, and possible technical solutions to such
problem, as applied to the electrical power supply for
such furnaces. Flicker compensation techniques are : -
increase in network short-circuit power; serial capacity
compensation; linear or saturable reactor; static VAr
compensator; serial dimmer, new power supply
architectures for dc furnaces. Harmonic compensation
techniques are: increase in network short-circuit power;
antiharmonic filtering; converter optimization. A
reduction of these disturbances by appropriate systems is
beneficial first to the steel makers, as it improves arc
stability, and consequently optimizes the efficiency of
furnaces, while also increasing equipment service life.
Secondly, any reduction in electric network disturbances
is also desirable from the energy distributor's point of
view, in order to keep constant quality in electrical
power supplies to other customers connected to the same.
electric networks. 10 refs.

[1997] 07A - 29

IMPROVEMENT OF SUPPLY QUALITY IN
DISTRIBUTION SYSTEMS

Povh, D.; Pregizer, K.; Weinhold, M.; Zurowski, R.
Siemens AG, Erlangen, Germany

CIGRE Int’l Colloquium on HVDC and FACTS,
Johannesburg, South Africa, September 28-30, 1997

The growing number of low-pulse power electronic
loads in distribution networks causes an increasing line
voltage distortion. At the same time, a large portion of

consumers are sensitive to deviations of the line voltage
from -its -ideal sinusoidal waveform, which can also
result from network faults or unbalanced loading. This
paper describes the main power quality problems in
distribution systems and ways of solving them by
utilizing state-of-the-art power electronic equipment, the
so-called power conditioner.

[1998] 07A - 30

INTERCONNECTED POWER SYSTEM
DYNAMICS TUTORIAL: DYNAMICS OF
INTERCONNECTED POWER SYSTEMS
TUTORIAL: SECOND EDITION

Sobajic, D. (prog mgr)

EPRI, Palo Alto, CA, USA

EPRI Technical Report TR-107726-R1, January 1998,
745 pp

Thousands of readers in the power system community
have benefited from the first edition of this tutorial as a

training tool and reference document on power system
operation and engineering. This edition substantially
revises the earlier tutorial and incorporates many
suggestions and requests offered by users.
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INVESTIGATING THE DIFFERENT
COMBINATIONS OF FACTS DEVICES IN LOW
COST RURAL ELECTRIFICATION

Mostert, C.; Thiel, S.; Enslin, JJH.R.; Herman, R.;
Stephen, R.

Univ of Stellenbosch, South Africa

CIGRE Int’l Colloquium on HVDC and FACTS,
Johannesburg, South Africa, September 28-30, 1997

More economically viable rural electrification schemes
have to be found in order to make the enormous task of
Southern African rural electrification possible. The
proposal rests on the implementation of FACTS devices.
This idea incorporated an active rectifier front-end
together with an inverter. This would enable the
system, commonly referred to as USE (universal
semiconductor electrification), to supply an ac voltage

within the +10 percent regulation, while the supply to
the USE system could vary up to +40 percent at a rating
of 45 kW-100 kW. This paper gives practical results
and focuses on the viability of different combinations of
high and lower power units. Advantages and
disadvantages will be discussed, including dc
reticulation. Cogeneration plants can also be integrated
with this system. These include photovoltaic and hydro




generators with minimal energy storage.

[1996] 07A - 32

LOAD FLOW CONTROL IN POWER SUPPLY
NETWORKS-VISION AND REAL POSSIBILITIES

Gampenrieder, R.; Hausler, M.; Povh, D.
Bayernwerk AG, Munich, Germany

Elektrizitaetswirtschaft (Germany), vol 95, no 25,
December 2, 1996, pp 1671-1674, 1676-1677

German

This paper explains the content of flexible ac

transmission systems (FACTS) for load flow control
with power electronics, and what can be achieved in
networks with them. 11 Refs.

[1996] 07A - 33

MARKET OPTIONS FOR REACTIVE POWER
Wilson, D.
Ian Pope Associates Ltd

IEE Colloguium (Digest) (UK), no 190, 1996, pp 4/1-
4/3.

Some of the issues involved in the development of a
market in reactive energy are discussed. The primary
factor to be considered is the control over the production
and absorption of reactive energy which is essential for
the operation of any integrated power system. The
component on a power system that can either generate
or absorb reactive energy include: generating plant,
synchronous compensators; reactors an capacitors; static
VAr systems; overhead lines and transformers. The cost
of provision of reactive energy as well as its inarket
characteristics and requirements require discussion
since these are one of the most influential factors on the
market development of reactive power.

[1997] 07A - 34

MODELING SYNCHRONOUS VOLTAGE
SOURCE CONVERTERS IN TRANSMISSION
SYSTEM PLANNING STUDIES

Kosterev, D.N.
Oregon State Univ, Corvallis, OR, USA

IEEE Trans on Power Delivery, vol 12, no 2, April
1997, pp 947-952

A Voltage Source Converter (VSC) can be beneficial to
power utilities in many ways. To evaluate the VSC
performance in potential applications, the device has to

be represented appropriately in planning studies. This
paper addresses VSC modeling for EMTP, powerflow,
and transient stability studies. First, the VSC operating
principles are overviewed, and the device model for
EMTP studies is presented. The ratings of VSC
components are discussed, and the device operating
characteristics are derived based on these ratings. A
powerflow model is presented and various control
modes are proposed. A detailed stability model is
developed, and its step-by-step initialization procedure
is described. A simplified stability model is also derived
under stated assumptions. Finally, validation studies are .
performed to demonstrate performance of developed
stability models and to compare it with EMTP
simulations. 11 Refs.
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MODELING, CONTROL AND STABILITY
ANALYSIS OF A PEBB-BASED DPS

Thandi, G.S.; Zhang, R.; Xing, K.; Lee, F.C.;
Boroyevich, D.

Analog Devices, Santa Clara, CA, USA

IEEE PES Summer Meeting, San Diego, July 12-16,
1998

Power electronic building block (PEBB) concept is to
provide generic building blocks for power conversion,
regulation and distribution with control intelligence and
autonomy. A comprehensive modeling and analysis of a
PEBB-based dc distributed power system (DPS),
comprising of a front end power factor correction (PFC)
boost rectifier, a dc-dc converter and a three-phase,
four-leg inverter is performed. All the subsystems of the
dc DPS are modeled and analyzed for stability and good
transient performance. The effect of impedance overlap
on the system and individual subsystems is examined.
Ability of a PEBB-based converter to stabilize the
integrated system by actively changing the system
bandwidth is presented.
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NETWORK UPGRADING: UNIFIED POWER
FLOW CONTROLLER: THE ULTIMATE FACTS
DEVICE

Stahlkepf, K.E.
EPRI, Palo Alto, CA, USA

Modern Power Systems (UK), vol 16, no 4, April 1996,
pp 57, 59, 61

The flow of power in ac transmission systems is difficult
to control resulting in loop flows and bottlenecks.




Mechanical voltage controllers react too slowly to keep
voltage disturbances from spreading. The Electric Power
Research Institute (EPRI) has sponsored the
development of a new generation of electronic power
controllers which can form the basis of a flexible ac
transmission system (FACTS), described here. FACTS

will be especially valuable in the USA where increasing
electric power ‘sales are placing a strain on the
interconnected power grids. Devices such as the unified
power flow controller (UPFC) will allow power systems
to function well beyond their design capacity at a time
when there is increased demand but little construction of
new transmission facilities. (UK)

[1996] 07A - 37

NEW TECHNOLOGY IN POWER SYSTEM-
DEVELOPMENT AND STUDY OF FLEXIBLE AC
TRANSMISSION SYSTEMS

Wu, S-Y.; Zhou, X-X.; Zhao, H.; Zhang, W-T.
Elec Power Research Inst, Beijing, China

Power System Technology (China), vol 20, no 5, May
1996, pp 1-3, 7

Chinese

The flexible ac transmission system (FACTS) is a new
technology in the field of power systems. This paper
gives a general overview of its development and briefly
describes its component elements. Simulation and test
results are used to demonstrate the effectiveness of these
FACTS elements. 18 Refs.

[1996] 07A - 38

NEW TRANSMISSION CONTROL SYSTEMS
OPTIMIZE POWER FLOW

Beaty, W.

Electric Light and Power, vol 74, no 3, March 1996,
pp 19-21

This article is a review of developments in the control of
power distribution systems. Historical aspects of the
problem are first noted, and then current techniques are
discussed. These include: (1) STATCON---a static
condenser device developed by Westinghouse for
voltage support within the TVA system, (2) unified
power flow controller---a device developed by EPRI and
Westinghouse for American Electric Power Company,
(3) Static Synchronous Series Converter---a solid-state
voltage source inverter connected in series with the
transmission line, and (4) Electro-Optic Voltage
Transducer System---a state-of-the-art voltage sensing
device developed by a team consisting of ABB, NYPA,

TVA, and the Empire State Electric Energy Research
Corp.

[1997] 07A - 39

ON THE NEW PROGRESS EXTENDED IN THE
FACTS CONCEPT

He, D.
China Elec Power Inf Centre, Beijing, China

Power System Technology (China), vol 21, no 2,
February 1997, pp 9-14

Chinese

In this paper, R&D progress in the FACTS (flexible ac
transmission lines) field, as a result of several years'
discussion and mutual consultation by the IEEE and
CIGRE are described. The author presents both the
rapid develop-ment of FACTS technology and the
further explicitness of technical specifications of the
FACTS concept as well as its controllers. A brief
enumeration of cooperative development projects of
FACTS controllers in China is also given.

[1997] 07A - 40

POWER ELECTRONIC BASED SYSTEM FOR AC
TRANSMISSION SYSTEM

Tamai, S.

Systems, Control and Information (Japan), vol 41, no
7, July 1997, pp 252-257
Japanese

The following topics are discussed: power system
stability; power electronics; ac power transmission;
FACTS, and var compensation.
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POWER ELECTRONIC DEVICES AND THEIR
IMPACT FOR POWER TRANSMISSION

Ballad, J.P.; Bassett, R.J.; Davidson, C.C.
GEC ALSTHOM Eng Res Centre, Stafford, UK

Proceedings, 6th IEE Int’l Conf on AC and DC Power
Transmission, London, UK, April 29-May 3, 1996, pp
245-251

The use of power semiconductor devices in the
transmission of electrical power is at once well
established and growing rapidly. HVDC transmission is
an established technology for which the thyristor has
become the workhorse since the installation of the first
solid-state power converter at Eel River in 1972. For




improving the utilization of ac networks and the quality
of the supply of ac power, flexible ac transmission
systems (FACTS) technology can be utilized. FACTS
equipment based on thyristors, e.g. the static VAr
compensator (SVC), are now well established, whilst
others, requiring fully controllable (bimodal) power
electronic devices, are under development. Examples
include the advanced static compensator (STATCOM),
the unified power flow controller (UPFC) and the active
filter. Additionally, power integrity may be reinforced

by drawing from a reservoir of energy, for example a

superconducting magnetic energy store (SMES),
requiring access via power electronic converters. 13
Refs, ’
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POWER ELECTRONICS AND APPLIED
SUPERCONDUCTIVITY

Murakarﬁi, Y.; Ise, T.

Systems, Control and Information (Japan), vol 41, no
7, July 1997, pp 258-266

Japanese

The following topics are discussed: superconducting
magnet energy storage (SMES); four quadrant SMES
current control, H” fusion magnet current control;
magnetic  levitation; and  high  temperature
superconductor motors.
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POWER ELECTRONICS AND DRIVES-
TECHNOLOGY STATUS AND ADVANCEMENT

Bose, B.K.

Tennessee Univ, Knoxville, TN, USA

Proceedings, IEEE Int’l Symp on Industrial
Electronics (ISIE '97), Guimaraes, Portugal, July 7-
11, 1997, vol 1, pp TU1

Summary form only given. The technology of power
electronics and ac motor drives has advanced
tremendously in recent years. The reduction of cost and
improvement of performance of power electronic
apparatus have promoted their widespread applications
in dc and ac drives, dc and ac power supplies, high

frequency lighting, static VAr and harmonic
compensation, electrochemical processes, induction
heating, etc. Increasing emphasis on industrial

automation and energy saving are making power
electronics and drives more important day by day. This

comprehensive tutorial reviews the recent power
semiconductor devices, important converter topologies,

industrial drives using induction and synchronous
motors and advanced control of ac drives including the
modern intelligent control techniques. The presentation
starts with a discussion on the importance of the
technology, various applications and R&D trends.
Among the devices, IGBTs and MCTs are particularly
emphasized. Both hard-switched and soft-switched
power converters are discussed. Variable frequency ac
drives and their control principles are adequately
illustrated  with practical applications.  Finally,

sensorless control and intelligent control with fuzzy
logic and neural networks are discussed.

[1996] 07A - 44

POWER ELECTRONICS ENTERS ELECTRIC
POWER NET

Daniel, D.; Therond, P.G.; Lafon, L.

Electricite de France, Paris, France

Recherche (France), Special Edition, 1996, pp 38-40
French

FACTSs (flexible alternating current transmission
systems) developed with high voltage GTOs (gate turn-
off thyristors) allow the control of long and
interconnected power lines thanks to ac to dc, and then
controlled dc to ac conversions. Enhanced circuit
breakers optimize the net efficiency by unloading power
lines of excess load only. Electricite de France works on
one of these computerized power conditioning circuits,
and in particular on a switching circuit made of six
series connected GTOs. (D.L.). 3 figs., 1 photo.
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POWER ELECTRONICS: A REVIEW

Virani, H.

Electrotechnology (UK), vol 7, no 4, August-
September 1996, pp 26-27

Power electronics has been defined” as - a

multidisciplinary technology that encompasses power
semiconductor devices, converter circuits, electrical
machines, signal electronics, control theory and
microcomputers. The author reviews some significant
developments as follows: power semiconductor devices;
modern power devices; ac-dc power converters; ac-ac

. power converters; dc-dc power converters; dc-ac power
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converters; and power integrated circuits. 0 Refs.
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POWER SYSTEM DYNAMICS AND STABILITY
Machowski, J.; Bialek, J.W.; Bumby, J.R.

J. Wiley & Sons Ltd., 1997, ISBN 0-471-95643-0

Chapter 9 of this textbook deals with deriving optimal
control strategy of damping power swings in the system
using series and shunt FACTS devices. Lyapunov direct
method is employed and implemented using local
measurements available at the point of the device
installation.

[1998] 07A - 47

PROCEEDINGS, ENERGY MANAGEMENT
POWER DELIVERY CONFERENCE (EMPD'98)

Proceedings, Energy Management Power Delivery
Conf (EMPD'98), Singapore, March 3-5, 1998, paper
§02.2

Abstract not available

[1997] 07A - 48 ,

PROCEEDINGS, INTERNATIONAL
CONFERENCE ON INTELLIGENT SYSTEM
APPLICATION TO POWER SYSTEMS

Park, Y.-M.; Park, J.-K; Lee, K.Y. (eds)
Korean Inst of Elec Engineers

Int’l Conf on Intelligent System ;4pplication to Power
Systems (ISAP '97), Seoul, Korea, July 6-10, 1997

Abstract not available.
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PROCEEDINGS: FACTS CONFERENCE 3
Adapa, R. (EPRI prog mgr)
EPRYI, Palo Alto, CA, USA

Proceedings, EPRI FACTS Conf 3, October 5-7, 1994,
Baltimore Maryland, May 1997

This volume contains the .papers and discussions of the
Third International Conference on flexible "ac
transmission systems (FACTS). Organized by the Grid
Operations & Planning Business Area of EPRI's Power
Delivery Group (PDG), the -conference was held in
Baltimore, Maryland, on October 5-7, 1994. An
international team of power electronics applications
experts gathered for this conference, including
engineers and executives from EPRI member utilities,
university researchers, consultants and equipment
manufacturers. Conference topics centered on EPRI's

FACTS initiative to achieve the maximum possible
loading, control, flexibility and utilization of the ac
power grid using semiconductors and advanced control
concepts. Four sessions covered the following topics:
Session I: Operating Experience of FACTS Controllers;
Session II: FACTS Demonstration Projects; Session III:
FACTS Implementation Studies and Planning; Session
IV: Panel Session on Research Directions.
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PROPOSED TERMS AND DEFINITIONS FOR

" FLEXIBLE AC TRANSMISSION SYSTEM

(FACTS)

Edris, A.-A.; Adapa, R.; Baker, M.H.; Bohmann, L.;
Clark, K.; Habashi, k.; Gyugyi, L.; Lemay, J.;
Mehraban, A.S.; Myers, A.K.; Reeve, J.; Sener, F.;
Torgerson, D.R.; Wood, R.R.

IEEE Trans on Power Delivery, vol 12, no 4, October
1997, pp 1848-1853

FACTS is an acronym which stands for flexible ac
transmission system. FACTS is an evolving technology-
based solution envisioned to help the utility industry to
deal with changes in the power delivery business. This
paper presents results of Task Force 3 of the IEEE's
FACTS Working Group of the dc and FACTS
Subcommittee which had the assignment to establish
appropriate definitions of FACTS-related terminology.
These definitions will be included in the IEEE
Dictionary. 14 Refs.
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PROSPECTS FOR A NEW GENERATION OF
HIGHLY RELIABLE 1150 KV ELECTRICAL
EQUIPMENT

Varivedov, V.N.; Volkova, 0.V.; Kovalev, V.D.;
Kozlov, V.B.; Koryavin, A.R.; Ostapenko, E.L

Russian Electrical Engineering (Elektrotekhnika), vol
67, no 8, pp 8-15

As it develops, electrical-engineering equipment is
increasing in unit power and rated voltage. Equipment
for the 1150-kV Ekibastuz-Ural ac power line has been
developed and introduced. Equipment for the 1500-kV
Ekibastuz-Tsentr ac power line has been developed.
Development work is underway on 1800-kV ac
electrical-engineering equipment and 3000-kV dc
equipment. However, in the short term, the Russian
electric-power industry calls for equipment of voltage no
higher than 1150 kV. Around the world, research has
begun on controllable devices based on converter
technology for the creation of flexible ac energy




systems. The corresponding devices permit increase in
the capacity of transmission lines and in the
controllability of energy systems. The prospects for the
development of a new generation of 1150-kV electrical-
energy equipment are considered. Converter equipment
for the creation of flexible ac transmission lines are
reviewed, and their operating principles are described.
Engineering methods for calculating the electrical
strength of the external insulation on superhigh- and
ultrahigh-voltage terminals are proposed; these methods
permit significant reduction in the volume of
experiments required. 9 Refs.
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REACTIVE POWER CONTROL: VOLTAGE OR

. POWER FACTOR?

Cowan, P.; Saunders, R.

Elektron (South Africa), vol 14, no 3, March 1997, pp
59-60

Electricity supply utilities use reactive power devices
(capacitors, reactors, SVCs, synchronous machines) to
control busbar voltage for improved power transfer and
stability. This article discusses the question of how to
control reactive power equipment, namely by power
factor or voltage sensing,

- [1996] 07A - 53

REAL-TIME-MONITORING AND DYNAMIC
THERMAL RATING OF POWER
TRANSMISSION CIRCUITS

Douglass, D.A.; Edris, A.-A.
Power Technologies, Inc, Schenectady, NY, USA

IEEE Trans on Power Delivery, vol 11, no 3, July
1996, pp 1407-1418

ANSI standards for power equipment, describe various
method by which thermal ratings may be adjusted if
actual weather conditions are known or if the 'overload'
is to be applied for a limited period of time. These
methods have been given various names including
dynamic thermal rating, on-line rating, and dynamic
ratings to describe the process of adjusting thermal
ratings of power equipment for actual weather
conditions and actual electrical load patterns. This paper
discusses in detail a recent project undertaken by the
Electric Power Research Institute as part of its research
on flexible AC transmission. This project avoids
dependence on temperature measurement, instead,
calculating critical equipment component temperatures
based solely on real-time weather and electrical current.

9 Refs.
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RELOCATABLE STATIC VAR COMPENSATORS
HELP CONTROL UNBUNDLED POWER FLOWS

Knight, R.C.; Young, D.J.; Horwill, C.
The National Grid Co, UK

Modern Power Systems (UK), vol 16, no 12, December
1996, pp 49, 51-54

In competitive electricity markets, the operators of
electricity transmission networks may no longer have
direct control over the siting of power plant nor of the
timing of plant retirement. Combined with variability in
load patterns, these changes lead to new requirements
for reactive power control and power system planning.
This paper describes how, in England and Wales, the
National Grid Company plc (NGC) has identified the
need for reactive power plant that can be relocated at
short notice, and GEC Alsthom's T&D division has

been commissioned to design and install three

relocatable static VAr compensators at NGC's Iron
Acton substation near Bristol. 0 Refs.
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SECURITY SUPERVISORY CONTROL IN
ELECTRIC POWER SYSTEMS

Sobajic, D. (EPRI prog mgr)
EPR], Palo Alto, CA, USA
EPRI Technical Report TR-108327, June 1997, 64 pp

Control systems for power systems are typically
hierarchical in structure with higher level controllers
coordinating lower level controllers. This report
investigates the synthesis of supervisory controllers for
power system security applications in which both the
system and its controlling agent are viewed as discrete-
event systems.

[1996] 07A - 56

STATE OF THE ART AND FUTURE PROSPECTS
OF SUPERCONDUCTOR APPLICATIONS-
DREAM IS COMING TRUE

Tsukamoto, O.; Umeda, M.; Akita, S.
Yokohama Natl Univ, Japan

Trans of the Institute of Electrical Engineers of Japan,
vol 116-B, no 7, July 1996, pp 762-769

Japanese




Abstract not available. 25 Refs.

[1996] 07A - 57

STATE OF THE ART AND LEADING EDGE
TECHNOLOGIES OF POWER ELECTRONICS
APPLICATIONS TO POWER TRANSMISSION

Naitoh, H.; Yamamoto, H.; Irokawa, S.
Ind Equipment Dept, Toshiba Corp, Japan
Proceedings, 7th Int’l Power Electronics and Motion

Control Conf (PEMC'96), Budapest, Hungary,
September 2-4, 1996, vol 2, pp 102-109

The worldwide demand for electrical energy will
increase steadily in the coming decades. Power
transmission systems must expand to keep pace with
this. It is likely that some limits arise on ac power
transmission alone. Power electronics has provided
power transmission with promising alternatives. This
paper first surveys existing power electronics
applications mainly based on thyristors and line-
commutated power converters. The advent of self-

turnoff power semiconductor devices with high voltage
and large capacity ratings have made the self-
commutated power converters more attractive for the
use in power transmission systems, while there are
many problems to be solved for their practical use. This
paper proposes two innovative- techniques which
contribute to better use of these self-commutated power
converters. 8 Refs.

[1997] 07A - 58

STATE OF THE ART AND FUTURE IN POWER
ELECTRONICS FOR ELECTRIC POWER
FIELDS

Imai, K.
Toyota Tech Inst, Nagoya, Japan

Trans of the Institute of Electrical Engineers of Japan,
vol 117B, no 7, July 1997, pp 898-900

Japanese
Abstract not available.

[1997] 07A - 59

SUBJECTS FOR ELECTRIC ENERGY SUPPLY
IN THE 21ST CENTURY. FACTS(FLEXIBLE AC
TRANSMISSION SYSTEM) IDEA

Hayashi, T.
CRIEP], Tokyo, Japan

Ohm (Japan), vol 84, no 1, pp 57-61
Japanese
Abstract not available.

[1996] 07A - 60

SUPERCONDUCTING STORAGE SYSTEMS: AN
OVERVIEW

Luongo, C.A.
Bechtel Corp, San Francisco, CA, USA

IEEE Trans on Magnetics, vol 32, no 4, pt 1, July
1996, pp 2214-2223

The last couple of years have seen an expansion on both
applications and market development strategies for
SMES (superconducting magnetic energy storage).
Although originally envisioned as a large-scale load-
leveling device, today's utility industry realities point to
other applications of SMES. These applications:
transmission line stabilization, spinning reserve, and
voltage control, are likely to open the door to SMES
commercialization in the utility sector. In the industrial
sector, power quality concerns are already driving the
development of a market for micro-SMES devices, and
load-leveling at an industrial scale is fast becoming a
potential” application. Work recently completed as part
of the U.S. SMES program, as well as ongoing design
activities, point to self- (or cold-) supported SMES as
the design option in the near-future. This is a major
departure from the earth-supported SMES systems first
envisioned 25 years ago for utility load-leveling. The
path to commercialize SMES is not likely to include a
large “demonstration’ unit, or model, but rather follow
an evolutionary process in which bigger and better units
will be fielded in response to specific applications. This
paper reviews the developments in the U.S. SMES
program that have taken us to where we are today,
briefly reviews SMES-related activities around the
world, and points out trends in applications and
development of SMES. 80 Refs.

[1997] 07A - 61

SYSTEM SYMMETRIZATION BY FACTS FOR
INCREASED TRANSMISSION CAPACITY

Glavitsch, H.
Swiss Fed Inst of Tech, Zurich, Switzerland

CIGRE Int’l Colloquium on HVDC and FACTS,
Johannesburg, South Africa, September 28-30, 1997

Realizing that the majority of faults on transmission
circuits are unsymmetrical faults gives rise to the idea
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that the sound conductors not affected by the fault
should be utilized for the transmission of power.
FACTS devices offer the possibility to absorb and inject
currents at the terminals of a disturbed circuit such that
from the outside the circuit appears as symmetrical.
The analysis for the necessary currents performing the
symmetrization and for determining the gain in
transmission capacity is given. The FACTS device is a
compensator which acts as a single-phase to three-phase
converter connected phase to ground and is a var
compensator at the same time. Gains for the
transmission capacity are worked out. An equivalent
circuit for the symmetrized circuit can be used for a
general security analysis in a multi-node network
without resorting to the details of symmetrization. An
extension to a distributed use of compensators in large
networks is suggested allowing reduced ratings of the

FACTS devices,

[1998] 07A - 62

TECHNOLOGY ASSESSMENT AND BUSINESS
PLANNING FOR POWER CONDITIONING
TECHNOLOGIES

Edris, A.~A. (prog mgr)

EPRI, Palo Alto, CA, USA

EPRI Technical Report TR-109896, January 1998,

111 pp

This report includes a review of technologies for power
quality improvement and an assessment of the future
potential for these technologies. With a focus on
providing ride-through support for voltage sags and
momentary interruptions, the report also addresses other

power quality concerns, including the economics of
evaluating power conditioning alternatives

[1996] 07A - 63

TECHNOLOGY DEVELOPMENT OF FLEXIBLE
AC TRANSMISSION SYSTEM

Edris, A.-A.

EPRI, Palo Alto, CA, USA

Proceedings, Int’l Conf on Electrical Engineering
(ICEE'96), Beijing, China, August 12-15, 1996, vol 2,
pp 882-888

Flexible ac transmission system (FACTS) is a
technology-based solution envisioned by the Electric
Power Research Institute (EPRI) in the USA to help the
utility industry fo deal with changes in the power
delivery business. A major thrust of FACTS is the
development of controllers that control the power flow

by changing the impedance of a transmission line, phase
angle and voltages at critical buses. Power electronic-
based controllers are the vehicles that provide the speed
and flexibility needed for these controls to achieve better
utilization of the electric transmission system while
maintaining sufficient steady-state and transient
margins. The paper presents an overview of the
development and demonstrations of the FACTS
technology program. The following FACTS controllers
are described: thyristor-controlled series compensator;
static synchronous compensator; and unified power flow
controller. 11 Refs

[1996] 07A - 64

THE DEFINITION, OPPORTUNITIES AND
LIMITATIONS OF FACTS TECHNOLOGY

He, D-Y. ;
Elec Power Research Inst, Beijing, China

Power System Technology (China), vol 20, no 6, June
1996, pp 18-24

Chinese

FACTS (flexible ac transmission systems) technology is
a new concept which originated in 1986. Its definitions
and opportunities, background of its appearance,
limitations and existing problems are stated and
analyzed in this paper. An improved new definition is
also proposed by the author. 50 Refs.

[1996] 07A - 65
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THE FACTS CONTROLLERS AND PROPOSALS
FOR THEIR DEVELOPMENT AND
APPLICATION IN CHINA

He, D-Y.
Elec Power Inf Research Inst, Beijing, China

Power System Technology (China), vol 20, no 7, July
1996, pp 1-8, 13 :

Chinese

In this paper, FACTS controllers as well as their terms
and classification are described and analyzed. Based on
a new definition, a new classification by which FACTS
controllers are classified as three subgroups is offered,
and recent applications and the future development of
FACTS controllers are also presented. Several proposals
for foreseeing research and practical use of FACTS
controllers in China are put forward to conclude this
paper. 56 Refs.




[1996] 07A - 66

THE FUTURE OF POWER DELIVERY: 1996
CONFERENCE

Edris, A.-A. (EPRI prog mgr)
EPRI, Palo Alto, CA, USA

Proceedings, EPRI The Future of Power Delivery
1996 Conf, April 9-11, 1996, Washington, DC,
December 1996, 838 pp

EPRI's 1996 conference on the Future of Power Delivery
provided opportunities to learn about state-of-the-art
power delivery technologies for accommodating changes
in electric transmission systems or operating conditions
while maintaining sufficiently secured steady-state and
transient margins. The conference--organized by
EPRI's Power Delivery Group--explored the future of
power delivery, in specific, the four Rs: research,
reliability, regulation and regional transmission groups.
This report contains papers presented at the conference,
which was held April 9-11, 1996, in Washington, D.C.
The papers were presented by special reporters in three
sessions, covering the subjects of FACTS technologies,
system reliability aspects, and transmission system
utilization. In each session, the special reporter
presented an overview of the focus subject and
summarized the primary findings and conclusions of the
session's papers. In addition, the reporters drafted a
number of clarifying questions for each paper, and
authors were given the opportunity to respond to these
questions. The conference also included a plenary
session on the changing utility environment and a panel
session summarizing the other four sessions and
identifying future R&D needs. In all, this conference
provided a valuable opportunity to explore how the
future of power delivery must change to accommodate
new regulations and meet reliability requirements.

[1998] 07A - 67

THE FUTURE OF POWER DELIVERY IN THE
21ST CENTURY: 1998 CONFERENCE

Adapa, R. (EPRI prog mgr)
EPRI, Palo Alto, CA, USA

EPRI Technical Report TR-109806, May 1998,
Proceedings

The fifth conference on future power delivery systems
and flexible ac transmission system (FACTS) stressed
the importance of maximizing the use of existing power
systems while maintaining system security and
reliability with minimum capital investment and
reduced O&M costs. This report presents the
proceedings of that conference.

[1996] 07A - 68

. compensator (statcom) and unified power

THE INTRODUCTION OF FLEXIBLE AC
TRANSMISSION SYSTEM

Huang, C-Y.

Monthly Journal of Taipower's Engineering (Taiwan),
vol 578, October 1996, pp 18-40

Chinese

FACTS (flexible ac transmission system) devices use
power electronics to enhance the controllability of ac
transmission systems, to improve economic power
transfers and to increase system security and reliability.
Currently, based on  high-power, high-speed
semiconductor switches, a lot of FACTS devices such as
static VAr compensator (SVC), thyristor-controlled
series  capacitor (TCSC), static  synchronous
flow
controller (UPFC), have been developed. This paper
describes the operational principles, performance
characteristics and technology featurés of FACTS. 27

Refs.
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THE SECOND SILICON REVOLUTION
Stahlkopf, K.E.

EPRI, Palo Alto, CA, USA

Electricity Transmission Pricing and Technology,
Klumer Academic Publishers, Dordrecht, Netherlands,
pp 259-275

Narain Hingorani and Karl Stahlkopf conclude this
volume with two related papers concerning a major
wave of the future: the Flexible Alternative Current
Transmission System (or FACTS). FACTS involves the
use of high-power microelectronics to enhance the
controllability and capacity of utility transmission
systems, secure loading of conductors to thermal limits,
reduce necessary generation margins throngh increased
usable capacity, and prevent cascading outages by
limiting the effects of faults and equipment failures.
These opportunities arise from the ability of FACTS to
control the inter-related parameters that constrain
today's transmission systems including series and shunt
impedance, phase angle, and the occurrence of
frequency oscillations below the rated frequency. The
papers discuss the nature of the constraints, the power
electronic controllers that can overcome these
constraints, and the scope of applications. A separate
abstract has been prepared for the paper of Hingorani. 7
figs.



[1997] 07A - 70

TIGHTER CONTROLS FOR BUSIER SYSTEMS
Stahlkopf, K.E.; Withelm, M.R.

EPRI, Palo Alto, CA, USA

IEEE Spectrum, vol 34, no 4, April 1997, pp 48-52

Power flow control difficulties on contract paths lead to
flow controller development that furnished the
foundation for the flexible alternating current
transmission system (FACTS), making it possible to
redirect power in real-time and instantaneous response

(UPFC); (2) analytical studies on transmission
capability increase of the interconnected power system
applying the HVDC system with -self-commutated
converters; and (3) experimental studies of the self-
commutated converter for continuous operation of
converters at ac system faults. 5 Refs.

[1996] 07A - 72

to system disturbance. Several FACTS devices using ~

thyristor technology were developed to adapt to the
system needs, some of which are in the design stage,
while others are already in operation. To use these
devices along with on-line analysis of the system
requires analytical tools that use real time information
as well as dependable and wide area control center
communication.

[1998] 07A - 71

TRANSMISSION CAPABILITY ENHANCEMENT
USING POWER ELECTRONICS
TECHNOLOGIES FOR THE FUTURE POWER
SYSTEM IN JAPAN

Hayashi, T.; Takasaki, M.
CRIEPI, Tokyo, Japan

Electric Power Systems Research vol 44, no 1,
January 1998, pp 7-14

Many power system stabilization measures realized by
the upgrading transmission lines, generator controls,
and power system controls and protections have been
developed and utilized toward increasing transmission
capability of power systems in Japan. With restriction of
transmission routes and power system deregulation, it is
now inevitable that transmission capability will be
increased to sustain such power system reliability.
Various remarkable power electronic technologies such
as self-commutated SVC are being introduced toward
improving power system stability. It is expected that
these will also be employed in power flow control to
avoid faults from cascading throughout the entire power
system. This paper describes the present researches
related to the application of power electronics to power
systems in CRIEPI, including the recent results of the
research carried out in cooperation with ten Electric
Power Companies subsidized by MITI. Specifically: (1)
analytical studies in power system enhancement by self-
commutated  SVC,  thyristor-controlled  series
capacitance (TCSC), and unified power flow controller

TRANSMISSION CAPACITY IN POWER
NETWORKS

Hic, M.; Galiana, F.; Fink, L.; Bose, A.; Mallet, P.;
Othman, H.

"MIT, Cambridge, MA, USA

Proceedings, 12th Power Systems Computation Conf,
Dresden, Germany, August 20-23, 1996, vol 1, pp 5-21

This survey paper deals with the complex topic of
transmission capacity, starting from its definition
through modeling and analysis. Methods for evaluating
transmission capacity are also briefly described. The
second part of the paper is concerned with possible
means of increasing the transmission capacity at the
locations of most interest. The third part is concerned
with possible economic incentives for enhancing
transmission capacity in a changing electric power

industry. 53 Refs.
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TRANSPORTABLE WATTLESS POWER
COMPENSATORS

Haesler, M.; Gruenbaum, R.
ABB Calor Emag Schaltanlagen AG, Mannheim,

Germany

ETZ (Germany), vol 117, no 7, September 1996, pp 18-
23

German

Deregulation of electric power supply is now a
worldwide issue out of competitivity considerations.
This makes higher demands on the flexibility of
network control. The load-dependent wattless power
must be compensated. In case of network modifications,
it may be necessary to change the point of
compensation. Transportable wattless power
compensators developed by ABB for their UK grid solve
this problem. They are compact, modular and easily
transportable.




[1996] 07A - 74

UNBUNDLED PRODUCTS AND THE
POTENTIAL ROLE OF SUPERCONDUCTING

MAGNETIC ENERGY STORAGE IN A
COMPETITIVE ELECTRIC MARKETPLACE

Faber, S.R.
" Strategic Energy Ltd, Pittsburgh, PA, USA

Proceedings, 38th IEEE/PCA Cement Industry
Technical Conf, Los Angeles, CA, April 14-18, 1996,
pp 79-83

Like the natural gas industry before it, the electric
industry is undergoing a fundamental change from a
regulated monopoly to a competitive industry where
market forces prevail. Today, a retail electric customer
still purchases a bundled product (delivered electric
energy) from its native electric utility. However, in a
truly competitive retail environment, an end-user will be
able to competitively source its purchase of various
unbundled products from different suppliers. Types of
unbundled products that should be available include
demand and energy, load following, operating reserves,
reactive power, and others. Electric energy storage,
which is being developed using superconductor
technology, could play a vital role in the developing
competitive electric market. Superconducting magnetic
energy storage devices can presently store electric
energy up to several megawattseconds, but new
advances are creating the possibility of storing
thousands of megawatthours. This increased energy
storage would enable end-users to peak shave and
displace traditional sources of power when economically
appropriate as is currently done with gas storage. 6 Refs.

[1996] 07A - 75

UNIFIED POWER FLOW CONTROLLER: THE
ULTIMATE FACTS DEVICE

Stahlkopf, K.E.
EPRI, Palo Alto, CA, USA

Modern Power Systems (UK), vol 16, no 4, April 1996,
pp 57,59, 61

Increasing acceleration of electricity sales will place a
strain on the highly interconnected North American
power grid, which will be expected to perform functions
well beyond its original design capacity, at a time when
there is little or no incentive for construction of new
transmission facilities. Similar challenges are also
arising in many other areas of the world. Here, the
author describes how such changes can best be
accommodated by timely use of advanced power flow
control technologies, and explains how the most

versatile of these is the unified power flow controller
(UPFC). O Refs.

[1998] 07A - 76

USE OF POWER ELECTRONICS FOR RURAL
ELECTRIFICATION

Hingorani, N.G.; Stephen, R.G.; Sudja, N.; Nietsch,
C.; Weinhold, M.

Hingorani Power Electronics, Los Altes Hills, CA,
USA

Proceedings, 37th CIGRE Conf, Paris, France, August
30-September 5, 1998

The increasing demand for electricity in evolving and
developing countries requires new concepts for energy
transmission and distribution. In many cases loads are
far away from the centers of energy generation and not
big enough to justify the building of common
transmission lines and distribution systems. Therefore,
a strong demand for small economic transmission
systems (SETS) and for usage of locally available
energy sources, including regenerative sources such as
solar and wind power, exists. Power electronics can be
used to improve the rural electrification by more
economic transmission of energy, management of
decentralized distribution systems, and interfacing of
energy sources to the system. The paper addresses the
issues of rural electrification by describing the situation
in South Africa and Indonesia and summarizes the
benefits of power electronics in these typical scenarios.

[1997] 07A - 77
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USER-DEFINED MODELING FOR NEW
CONTROL EQUIPMENT IN POWER SYSTEM

Wu, S.; Zhou, X.; Zhao, H.; Zhang, W.
Elec Power Research Inst, Beijing, China

Power System Technology (China), vol 21, no 6, June
1997, pp 1-4

Chinese

A user-defined modeling method for new control
equipment and those devices with special parameters in
power systems are presented in this paper. This method
can be applied to the analysis of the network with power
electronics and FACTS devices.




[1997] 07A - 78

VOLTAGE STABILITY STUDIES FOR
SOUTHERN COMPANY SERVICES

Maratukulam, D. (EPRI prog mgr)
EPRI, Palo Alto, CA, USA

EPRI Technical Report TR-109490, December 1997,
159 pp

This report describes a study conducted under an EPRI
Tailored Collaboration project to develop and
demonstrate procedures for the assessment of voltage

security of the Southern Electric System (SES). The
contractor used EPRI steady-state analysis tools
including VSTAB (Voltage STABility assessment
program) to assess stability margins and verified them
using EPRI dynamic tools including ETMSP (Extended
Transient / Mid-term Stability Program).

[1998] 07A - 79

VOLTAGE-SOURCE MATRIX CONVERTER AS
A CONTROLLER IN FLEXIBLE AC
TRANSMISSION SYSTEMS

Ooi, B.-T.; Kazerani, M.
McGill Univ, Montreal, Quebec, Canada

IEEE Trans on Power Delivery, vol 13, no 1, January
1998, pp 247-253

This paper shows that the voltage-source matrix
converter has all the features of an asynchronous
intertie, namely: (1) frequency changing capability, (2)
360 degree phase shift range, and (3) bi-directional real
power transfer. In addition, it has the capabilities for:
(4) series line reactance compen-sation using a complex
conjugate property, and (5) static VAr compensation.
Series reactance compensation gives rise to high
synchronization power which improves transient
stability. The matrix converter also has the flexibility to
control both the transmitted r1eal power and,
independently, the reactive power flows at the sending-

end and receiving-end of the transmission line. 8 Refs.

[1997] 07A - 80
WHO SAYS YOU CAN'T STORE ELECTRICITY?
Zink, J.C.

Power Engineering, vol 101, no 3, March 1997, pp 21-
25 :

The changing face of the electric utility industry may, at
last, lead to commercial application of several energy
storage technologies. Electricity storage, when coupled
with the current regulatory and business trends, has the

potential to contribute to a revolutionary change in the
electric business. The impact of competitive pricing on
providing the impetus for electricity storage is
discussed, as are the reliability issues and the
application of storage technology. Cost competitive
storage and the dynamic benefits of storage are outlined.
The following storage techniques are then discussed:
compressed air energy storage, batteries, and
superconducting magnet energy storage.
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AN ANNOTATED BIBLIOGRAPHY OF HVDC
TRANSMISSION AND FACTS DEVICES 1994-
1995

For Abstract see entry 01A - 1

[1996] 07A - REF

MITSUBISHI SOCIO-TECH ON HVDC
TECHNOLOGY (NOT ACTUAL TITLE)

For Abstract see entry 01A - 11

[1996] 07A - REF

APPLICATION OF POWER ELECTRONICS IN
POWER SYSTEM

For Abstract see entry 01A -2

[1996] 07A - REF

HIGH-VOLTAGE TECHNOLOGY-WHAT'S
NEW REPORT FROM THE CIGRE 1996

For Abstract see entry 01A -6

[1996] 07A - REF

HVDC - FACTS. STATE OF THE ART - POWER
SYSTEM HARMONICS

For Abstract see entry 01A-7

[1997] 07A - REF

INCREASING POWER TRANSMISSION
CAPABILITY OF AC SYSTEMS BY MEANS OF
POWER ELECTRONIC EQUIPMENT

For Abstract see entry 01B - 15
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USE OF HVDC AND FACTS-COMPONENTS FOR
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ENHANCEMENT OF POWER SYSTEM
STABILITY

For Abstract see entry 07B - 65

[1996] 07A - REF

USING DISTRIBUTION STATIC
COMPENSATORS (D-STATCOMS) TO EXTEND
THE CAPABILITY OF VOLTAGE-LIMITED
DISTRIBUTION FEEDERS

For Abstract see entry 07B - 66

[1997] 07A - REF

ADVANCED SHUNT VAR GENERATOR (ASVG)
PRESENT SITUATION

For Abstract see entry 09A - 12

[1996] 07A - REF

DC-AC INVERTERS FOR STATIC CONDENSER
AND DYNAMIC VOLTAGE RESTORER
APPLICATIONS

For Abstract see entry 09A - 39

[1998] 07A - REF

SERIES COMPENSATION ON POWER SYSTEM
WITH VERY LOW HARMONIC DISTORTION

For Abstract see entry 10A - 99

[1997] 07A - REF

HTS TRANSFORMER FOR UTILITY POWERING

For Abstract see entry 14A - 61

[1998] 07A - REF

THE INTERLINE POWER FLOW CONTROLLER

CONCEPT: A NEW APPROACH TO POWER
FLOW MANAGEMENT IN TRANSMISSION
SYSTEMS

For Abstract see entry 16E - 1

[1997] 07A - REF

THREE-PHASE REACTIVE POWER
COMPENSATION USING A SINGLE-PHASE
AC/AC CONVERTER

For Abstract see entry 17B - 34

[1996] 07A - REF

FACTS CONTROLLER FOR STABILITY
IMPROVEMENT OF ELECTRICAL POWER
SYSTEMS: A FUZZY APPROACH

For Abstract see entry 18A - 15

[1996] 07A - REF

GPFC MODEL BASED LINE POWER FLOW
CONTROL OF POWER SYSTEM

For Abstract see entry 18A - 19

[1997] 07A - REF

IMPROVEMENT OF NETWORK DAMPING AND
TRANSIENT STABILITY BY ACTIVE AND
REACTIVE POWER CONTROL

For Abstract see entry 18A - 21

[1997] 07A - REF

MODELING WITH INDEPENDENT
INTELLIGENT AGENTS FOR DISTRIBUTED
CONTROL OF THE ELECTRIC POWER GRID

For Abstract see entry 18A — 25
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A GROWING NEED FOR QUALITY POWER
SUPPLIES

Evett, B.

Int’l Power Generation (UK), vol 20, no 4, July 1997,
pp 60-62

The technology associated with power transmission and
distribution is well known but is constantly being
refined to meet the requirements of new applications.
Some examples from a number of companies are
described. These include: the construction of high-
voltage direct-current (HVDC) links in the Philippines
and China; the development of three 60-MVAr
relocatable static VAr compensators and a 225 VAr




static synchronous compensator for the United
Kingdom's National Grid Company; a 4-MVA dynamic

voltage regulator for a Scottish paper mill; the-

development of disc insulators of 160-kN rating for use
in HVDC transmission lines.

[1997] 07B -2

A STUDY OF FACTS APPLICATION METHODS

TO POWER SYSTEM SECURITY
ENHANCEMENT

Lee, G.-J.; Oh, T.-K.; Chang, B.-H.; Chu, J.-B.

Trans of the Korean Institute of Electrical Engineers
(South Korea), vol 46, no 10, October 1997, pp

1435-1440
Korean

This paper presents a procedure of FACTS application
study to a practical power system and the case study
results to increase power transfer capability by
enhancing system security of KEPCO's power system.
The system behaviors were analyzed for the contingency
of route (parallel two circuit) outage due to 3 phase
faults based on the current practices of system planning
and operation of KEPCO's system. FACTS
compensation methods were applied to enhance the
transient stability for the unstable cases. The site of
FACTS controllers were selected based on load flow
study, Q-V curve anmalysis, and participation factors
calculation. As a result of this study a FACTS
application approach to stabilize KEPCO's system were
proposed. '

[1996] 07B - 3

A STUDY OF THE IMPACT OF FACTS ON THE
SECURE-ECONOMIC OPERATION OF POWER
SYSTEMS

Griffin, J.; Atanackovic, D.; Galiana, F.D.
McGill Univ, Montreal, Quebec, Canada

Proceedings, 12th Power Systems Computation Conf,
Dresden, Germany, August 20-23, 1996, vol 2, pp
1077-1082

This paper addresses the question of how to evaluate the
impact of flexible ac transmission systems (FACTS) on
the secure-economic operation of power systems. Three
measures of power system performance are discussed
here: the security constrained economic dispatch cost;
the power system loadability; and the maximum power
exchange between two arbitrary buses. These measures
are evaluated in a number of simulated cases with and
without FACTS devices. In all cases, a device called the

ideal FACTS is used to compare performances in an
objective manner. The most effective and economically
Justifiable use of FACTS technology appears to be to
increase the power system loadability and the power
exchange capability between two buses. The latter has
important implications in a deregulated environment. 8
refs.

[1997] 07B - 4

AN EFFICIENT METHOD FOR CAPACITOR
PLACEMENT WITH PARALLEL TABU SEARCH .

Mori, H.; Hayashi, T.
Meiji Univ, Japan

In?’l Conf on Intelligent System Application to Power
Systems (ISAP '97), Seoul, Korea, July 6-10, 1997

This paper presents a new method for capacitor
placement in power systems. The proposed method is
based on parallel Tabu Search that allows combinatorial
problems to be efficiently solved. Tabu Search is one of
several deterministic meta-heuristic approaches to
combinatorial problems. In order to speed up the Tabu
Search algorithm, this paper develops a parallel scheme
for Tabu Search, so that the neighborhoods of solutions
are efficiently searched. The effectiveness of the
proposed method is demonstrated in a sample system.
A comparison is made between the proposed method
and simulated annealing (SA) in capacitor placement.

[1997] 07B - 5
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AN EXPERT SYSTEM FOR POWER SYSTEM
VOLTAGE STABILITY IMPROVEMENT

Bansilal; Thukaram, D.; Parthasarathy, K.
Dept of Elec Eng, Indian Inst of Sci, Bangalore, India

Int’'l Journal of Electrical Power and Energy Systems
(UK), vol 19, no 6, 1997, pp 385-392

This paper presents a prototype of an expert system for
monitoring and improving steady-state voltage stability
in power systems. The monitoring methodology is based
on the L-index of load buses (Kessel and Glavitsch,
IEEE Transactions, 1986, PWRD-1(3), 346-354). This
index uses information on a normal load flow and is in
the range from 0 (no load on the system) to 1 (voltage
collapse). The control against voltage collapse is based
on reducing the magnitude of the L-indices of the
critical nodes for a given system operating condition
based on heuristic criteria. The control variables
considered are switchable VAr compensators, OLTC
transformers and generators excitation. The proposed
expert system technique has been tested under simulated



conditions on a few practical Indian power systems. The
performance of the expert system is compared with
conventional optimization technique and concurrent
results have been obtained. The proposed expert system
technique is found to be suitable for on-line application
in an Energy Control Center for voltage stability
improvement as the solution is obtained fast, with a
minimum of numerical computations. Results obtained
for a 24 node EHV Indian power network and a
modified IEEE 30 bus system are included for
illustration purposes. 12 refs.

[1998] 07B - 6

ANALYSIS OF CONTROL INTERACTIONS ON
FACTS-ASSISTED POWER SYSTEMS

Pilotto, L.A.S.; Ping, W.W.; Carvalho, A.R.C.; Wey,
A.; Bianco, A.; Long, W.F., Alvarado, F.L.;
DeMarco, D.L.

CEPEL, Centro de Pesquisas de Energia Eletrica,
Rio de Janeiro, Brazil

EPRI TR-109969, Final Report, January 1998 (A.-A.
Edris, EPRI prog mgr)

This report presents results of comprehensive analyses
of the dynamic behavior for power systems controlled by
multiple FACTS controllers. Using a representative
"benchmark"” power system throughout the analyses and
studies, an approach identifying the most effective
FACTS controllers, location, type and ratings was
developed. The control and coordination among the
implemented FACTS controllers in the studied power
system were extensively investigated.

[1996] 07B -7

ANALYTICAL STUDIES TO DEMONSTRATE
ADDITIONAL FACTS TECHNOLOGIES ON THE
NEW YORK STATE TRANSMISSION SYSTEM.
FINAL REPORT

Fardanesh, B.; Henderson, M.L; Zellingher, S.;
Shperling, B.R.; Rufrano, R.; Koessler, R.J.;

Mountford, J.D.; Kazachkov, Y.

Power Authority of the State of New York, NY, USA
EPRI Technical Report TR-106464, May 1996, 140 pp

Power transfers across the state of New York, resulting
from a concentration of generation in the north and west
and a concentration of load in the southeast New York
metropolitan area, are subject to thermal, voltage, and
stability constraints. Consequently, optimum power
dispatch is sometimes hindered, and economic penalties
are incurred. Difficuities in obtaining new rights-of-way

prevent resolution of the problems by constructing new
transmission. Previous work performed by the New
York power Authority (NYPA) under EPRI projects
WQ03022-12 and WQ03022-15 (see EPRI Report TR-
103641) investigated the extent to which system
operating limitations could be removed by using
thyristor-controlled series compensation (TCSC).
Evaluation of the impact, performance, and costs of
other FACTS technologies was needed. This report
evaluates the potential for application of FACTS
technologics on New York State Transmission System.
The study found that FACTS technologies and
conventional alternatives are effective means of
increasing the transfer capability across the central-east
interface by at least 200 MW.

[1997) 07B - 8

APPLICATION OF FACTS DEVICES TO
INCREASE THE NY STATE CENTRAL-
EAST/TOTAL-EAST INTERFACE TRANSFER
LIMITS

Mountford, J.D.; Lam, B.P.; Zelingher, S.;
Fardanesh, B.B.; Henderson, M.I1.

Power Technologies, Inc, New York, USA

EPRI TR-108505 Final Report, August 1997 (R.
Adapa, EPRI prog mgr)

In New York, bulk power is transferred from generation
sources in the west to meet loads in the east. Thermal,
voltage, and stability constraints impose limits on these
power transfers, resulting in suboptimal power dispatch
and economic penalties. This report addresses
implementation of a specific FACTS device, the static
compensator (STATCOM), to provide both ncar-term
and long-term benefits to the New York state
transmission system. In the near-term, the STATCOM
would provide voltage support, while in the longer-term
the device could be modified to form part of a more
global power flow control system. NYPA engineers
could achieve the latter objective through conversion of
the STATCOM to a static synchronous series
compensator (SSSC).

[1997] 07B -9
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APPLICATION OF SUPERCONDUCTING
MAGNETIC ENERGY STORAGE FOR THIRD
RAIL VOLTAGE SUPPORT

Reading, M. M.; Stolte, W.; Heinzmann, J. D.
Bay Area Rapid Transit Dist, Oakland, CA, USA
FTA-CA-26-0018-97-1, Federal Transit




Administration, Washington, DC, August 21, 1997,
© 208pp

This Report examines the technical and economic
feasibility of utilizing superconducting magnetic energy
storage (SMES) Technology on the San Francisco Bay
Area Rapid Transit system. The problem addressed was
the voltage sag on the traction power third rail during
times of high current demands by trains on the BART
system. The study establishes a functional specification
for a storage system to support the transient voltage sag
problem in BART's transbay tube.

[1996] 07B - 10

APPLICATION STUDY FOR SIZING AND
RATING CONTROLLED AND CONVENTIONAL
SERIES COMPENSATION

Kosterev, D.N.; Mittelstadt, W.A.; Mohler, R.R.;
Kolodziej, W.J.

Oregon State Univ, Corvallis, OR, USA

" IEEE Trans on Power Delivery, vol 11, no 2, April
1996, pp 1105-1111

A step by step method for determining controlled and
conventional series compensation requirements is
developed. The Montana 500-kV transmission system is
taken as an example in this study. A base transfer rating
of 2200 MW for the system already exists, and it is
assumed that as its power loading increases, controlled
series compensation is needed to reinforce the system.
Combination of conventional and thyristor-controlled
series compensators (TCSCs) is considered as a means
of increasing the system transfer capability. Powerflow
and transient stability studies are performed to rate and
size the series compensators. The TCSC reactance
control capabilities are established for steady-state and
transient conditions. An installation sequence is
developed relating facility requirements to system
loading. 10 Refs.

11998] 07B - 11

BRAZILIAN NORTH-SOUTH
INTERCONNECTION. APPLICATION OF
THYRISTOR CONTROLLED SERIES
COMPENSATION (TCSC) TO DAMP INTER-
AREA OSCILLATION MODE

Gama, C.; Leoni, R.L.; Gribel, J.; Fraga, R.; Eiras,
M.J.; Ping, W.; Ricardo, A.; Cavalcanti, J.; Tenorio,
R.

Eletronorte, Brazil
Proceedings, 37th CIGRE Conf, Paris, France, August

30-September 5, 1998

This paper presents the relevant aspects and results of a
detailed electromechanical stability study carried out to
support the task of locating and designing a TCSC to
damp the low frequency inter-area oscillation mode in
the Brazilian North-South Interconnection. It deals
with a pioneer commercial TCSC application in a very
important step of the Brazilian power system expansion.
The North/South Interconnection, a single 500-kV
compact transmission line (rx954 MCM bundle), 1020-
km long, will connect Imperatrix substation (n the State
of Maranhao) to Serra da Mesa (in the State of Golas)
and is dimensioned to transmit up to 1300 MW with
suitable operation being required from no load up to
maximum flow, in both directions. It is to be in
operation by December 1998 in order to reduce the risk
of energy deficit in the systems. A TCSC control system
suitable for transient and dynamic stability analysis was
designed and, together with extensive study results,
formed the basis for the equipment specification and its
location along the interconnection. The utilization of
two small TCSCs (6% compensation each) proved to be
very effective in damping the inter-area mode and
eliminated the technical restriction on the ac
transmission  alternative, making possible the
application of such alternative to establish the first stage
of the North-South Interconnection.

[1998] 07B - 12

CAPACITOR BANK SERIES GROUP SHORTING
(CAPS) DESIGN STUDY

Bruns, D.P.; Miske, S.A. Jr.; Newcomb, G.; Taylor,
C.W.; Lee, G.

GE Power Sys Consulting

EPRI Technical Report TR-110273, March 1998, 128
pages (A.-A. Edris, EPRI prog mgr)

The report presents results of a design study for a low-
cost, emergency volt-ampere-reactive (var)
compensator. The compensator is termed CAPS
(CAPacitor bank series group Shorting). The report
encompasses all aspects of capacitor bank 'design,
capacitor units, capacitor bank arrangement, switch-
gear, fusing (external, internal, and fuseless), control
and protection, risk assessments, and economics.

[1997] 07B - 13-

COST ANALYSIS OF ENERGY STORAGE
SYSTEMS FOR ELECTRIC UTILITY
APPLICATIONS




AKkhil, A.; Swaminathan, S.; Sen, R K.
Sandia Natl Labs, Albuquerque, NM, USA

SAND-97-0443 (DE97004047), Sandia National
Laboratories., Albuquerque, NM, February 1997, 62
pp
Under the sponsorship of the Department of Energy,
Office of Utility Technologies, the Energy Storage
System Analysis and Development Department at
Sandia National Laboratories (SNL) conducted a cost
analysis of energy storage systems for electric utility
applications. The scope of the study included the
analysis of costs for existing and planned battery,
. SMES, and flywheel energy storage systems. The
analysis also identified the potential for cost reduction of
key companents.

[1997] 07B - 14

COST OF PROVIDING ANCILLARY SERVICES
FROM POWER PLANTS: REACTIVE SUPPLY
AND VOLTAGE CONTROL

Stein, J. (EPRI prog mgr)
EPRYI, Palo Alto, CA, USA

EPRI Technical Report TR-107270-V3 ,TR-107270-
V3SI June 1997, vol 3. 115 pp, Vol 38, 98 pp

This report provides a methodology for determining the
variable costs of generating and supplying reactive
power to a transmission system, via the generator step-
up transformer, for system voltage control. The report
examines the costs of additional energy losses,
maintenance, repair, and plant aging associated with the
generation of reactive power. TR-107270-V3SI contains
System of International units.

[1997] 07B - 15

COST OF PROVIDING ANCILLARY SERVICES
FROM POWER PLANTS: VOLUME 1. A PRIMER

Stein, J. (EPRI prog mgr)
EPRI, Palo Alto, CA, USA

EPRI Technical Report TR-107270-V1, March 1997,
vol 1, 253 pp

As the electric power industry undergoes deregulation,
managers of power plants will need to decide whether it
makes business sense to provide ancillary services such
as Reactive Supply and Voltage Control and Operating
Reserves-Spinning. This report  outlines - two
methodologies for calculating the variable cost of
providing ancillary services from power plants.

[1997] 07B - 16

DAMPING OF POWER SWINGS BY OPTIMAL
CONTROL OF SERIES COMPENSATORS

Machowski, J.; Robak, S.; Bialek, J.W.

Proceedings, 10th Int’l Conf on Power System
Automation and Control, Bled, Slovenia, October
1997, pp

39-44

Direct Lyapunov method is used to derive the optimal
control strategy of damping power swings in the system
using a series compensator. This optimal strategy is

then implemented using local measurements available at
the point of the compensator installation.

[1997] 07B - 17

DRAFT ENVIRONMENTAL IMPACT
STATEMENT - BPA/LOWER VALLEY
TRANSMISSION PROJECT

Bonneville Power Administration

Bonneville Power Administration, Portland, OR,
USA

DOE/BP-2984, US Department of Energy, Bonneville
Power Administration, Portland, OR, June 1997, 269
pp

Bonneville Power Administration and Lower Valley
Power and Light, Inc., propose to solve a voltage
stability problem in the Jackson and Afton, Wyoming
areas. For the Agency Proposed Action, BPA and Lower
Valley would construct a new 115-kV line from BPA's
Swan Valley substation near Swan Valley in Bonneville
County, Idaho about 58 km (36 miles) east to BPA's
Teton substation near Jackson in Teton County,
Wyoming. The new line would be next to an existing
115-kV line. Most of the line would be supported by a
mix of single-circuit wood pole H-frame structures
would be used. The Single-Circuit Line Alternative has
all the components of the Agency Proposed Action
except that the entire line would be supported by single-
circuit structures. The Short Line Alternative has all the
components of the Single-Circuit Line Alternative
except it would then be removed. For the Static Var
Compensation Alternative, BPA would install a static
VAr compensator (SVC) at Teton or Jackson substation.
An SVC is a group of electrical equipment placed at a
substation to help control voltage on a transmission
system. The No Action Alternative assumes that no new
transmission line is built, and no other equipment is
added to the transmission system. The USFS (Targhee
and Bridger-Teton National Forests) must select al
alternative based on their needs and objectives, decide if
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[ the project complies with currently approved forest
o plans, decide if special use permits or easements are

needed for construction, operation, and maintenance of
- project facilities, and decide if they would issue special
use permits and letters of consent to grant easements for
the project.

[1997] 07B - 18

ECONOMIC ALTERNATIVE FOR VOLTAGE
; SUPPORT WHEN URBAN GENERATION IS
. RETIRED

Nelson, R.J.; McGaha, P.L.; Kohistani, G.R.
Westinghouse Elec Corp, Orlando, FL, USA

Proceedings, 59th American Power Conf, Chicago, IL,
vol 59-2, 1997, pp 1070-1075

i The application of a static shunt compensator

‘ (STATCOM) to increase apparent short circuit strength
and allow continuous voltage regulation without
increasing three-phase short circuit interrupting duties
is discussed. STATCOM proves to be the most
economical choice for supporting system voltage when

o= factors such as flexibility, life cycle costs, long range
asset management, and installation cost and lead time
are considered. It is an excellent choice for large
integrated systems as well as for interim solutions to the
concerns associated with operating uneconomic
generation urban areas. 4 Refs.

[1996] 07B - 19
ENGINEERS STRETCH POWER DELIVERY
SYSTEMS WITH TECHNOLOGY

Beaty, W.

Electric Light and Power, vol 74, no 9, September
1996, p 29

Efforts to increase electric power transmission capacity
by four major distributors are described in the article.
The Pennsylvania-Jersey-Maryland Power  Pool
restructuring for operation as an independent system
operator is discussed, and equipment upgrades are
briefly outlined. The Inex project of American Electric
Power, which uses a unified power flow controller to
operator a flexible alternating current transmission
system (FACTS), is highlighted. Options being
considered by Electricite de France are directed at
making full use of existing resources; these include
optimizing conductor alloy materials and shapes,
operating at maximum conductor temperatures, and
.using FACTS technology to maintain voltages, adjust
power flows, and improve network stability. Increasing

capacity in the National Grid Company (NGC) system
in the United Kingdom involves a combination of load
sharing according to thermal capabilities. Technical
considerations of NGCs measures to more evenly match
load flows to line ratings are also discussed.

[1996] 07B - 20

EVALUATION OF FLEXIBLE AC
TRANSMISSION SYSTEM (FACTS)
TECHNOLOGIES ON THE TENNESSEE
VALLEY AUTHORITY'S TRANSMISSION
SYSTEM

Clark, K.; Larsen, E.V.; Leonard, D.J.; Smead, M.
GE Power Sys Eng, Schenectady, NY, USA

EPRI Technical Report TR-106462, May 1996, 110 pp

(R. Adapa, EPRI prog mgr)

This report evaluated the potential for applying flexible
ac transmission system (FACTS) controllers on the
Tennessee Valley Authority (TVA) system. Part A of

this report describes the potential voltage collapse

resulting from a loss of the West Point transformer, as
well as potential solutions. an economic evaluation was
performed to provide a comparison between the various
conventional, FACTS and hybrid solutions. Part B of
the report describes the potential application of FACTS
controllers, specifically static synchronous condensers,
to loss-of-infeed problems. This section also includes an
economic evaluation that compares the various
solutions. Part C of this final report describes methods
to increase the interchange capability of the TVA
system. '

[1997] 07B - 21
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FACTS ASSESSMENT STUDY TO INCREASE’
THE ARIZONA-CALIFORNIA TRANSFER
CAPACITY .

Torre, W.V.; Carranza, J.C.
San Diego Gas & Elec, CA, USA

EPRI TR-107934 3789-04, Final Report, April 1997
(R. Adapa, EPRI prog mgr)

This report is an extension of a research effort
conducted by SDG&E over the past three years
evaluating various options to increase the
Arizona/California transfer capability. SDG&E has
reviewed concepts with other utilities to evaluate
regional solutions that benefit all involved parties. The
goal is to examine transmission improvements that can
be implemented in a staged manner so that the added
benefits to all parties can be maximized and no one be




negatively impacted. It is also desirable to increase
transmission transfer capability while maintaining inter-
regional reliability. This "screening study" examined
many alternatives evaluating FACTS performance and
costs. The western power system for 1996 was
simulated in this study using WSCC peak summer data.
Performance evaluation includes evaluation of FACTS
for improving transient stability, steady-state powerflow,
post-transient ~ voltage  stability, as well as
subsynchronous resonance damping. Economic analysis
has been performed using the latest cost estimates
provided by manufacturers and recent production cost
analysis of increased power transfer capability benefits.
Although the study did examine costs and post-transient
stability benefits, the focus of this report is to discuss the
technical merits of FACTS for increasing the Arizona-
California transfer capability based on power flow,
stability analysis and subsynchronous resonance
mitigation. As this research study was being completed,
many changes were occurring regarding the Arizona-
California transmission system and the electric utility
industry within California. The results documented in
this report may no longer be applicable. However, it
does give an expression of the relative merit of FACTS
for increasing transfer capability.

[1997] 07B - 22
FACTS FOR IMPROVED POWER QUALITY
Smale, M.J.; Jenkins, N.; Collinson, A.

EA Technology Ltd

Proceedings, 32nd Universities Power Engineering
Conf (UPEC'97), Manchester, UK, September 10-12,
1997, vol 2, pp 855-858

This paper considers the power quality problems of
concern at 11 kV and below and develops a logical
sequence to their efficient mitigation, incorporating
developments made in FACTS. This analysis is part of a
study into power conditioning technology with the aim
of developing design tools and cost/benefit models to aid
decision making for such technology. 5 Refs.

[1996] 07B - 23

FLEXIBLE AC TRANSMISSION SYSTEM
(FACTS) SYSTEM STUDIES: SOUTHERN
COMPANY SERVICES

D'Aquila, R.; Hill, A.T.; Miller, N.W.; Price, W.W,

GE Power Sys Eng Consulting, Schenectady, NY,
USA

EPRI Technical Report TR-106461, May 1996, 272 pp

(R. Adapa, EPRI prog mgr)

The objective of the study is to evaluate the dynamic
performance of the transmission interface between
Southern Company (SC) and Florida Power Light
Company (FPL) as it is affected by the addition of
reactive compensation to the existing 500-kV tie lines.
The focus of this study is on the voltage stability of the
interface, and the dynamic performance of the two
interconnected systems under conditions of voltage
stress. The potential to increase transfer on the interface
through the addition of series compensation is
examined. The intent is to provide quantitative insight
into performance, and to explore how flexible ac
transmission system (FACTS) controllers might be
employed to improve that performance. Consideration of
the economics of the reinforcement is made. The use of
series compensation is demonstrated to allow a
substantial improvement in the power transfer capability
and loss of performance of the system. The possibility of
including thyristor controller series compensation
(TCSC) in a voltage regulating mode is introduced. One
significant benefit of this is to permit using larger series
compensation banks than could otherwise be allowed
using only conventional series compensation in a single
site. This result has significance since this introduces
the potential for utilities to develop fewer sites than
might otherwise be required. It is shown that, even
though a conventional compensation plan may be the

preferred option for this specific application, a TCSC-
augmented approach could be the preferred option in
other situations. In addition, a TCSC-augmented
approach may be preferable for systems where improved
voltage controllability, reduced SSR risk, and better
system damping, are significant. The results indicate
that TCSC is a viable option for utilities whose
operating constraints tend to be voltage and
postcontingency power flow, as well as systems with
faster dynamic concerns.

[1996] 07B - 24
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FLEXIBLE AC TRANSMISSION SYSTEMS PART
2 METHODS OF TRANSMISSION LINE
COMPENSATION

Moore, P.; Ashmole, P.
Univ of Bath, UK
Power Engineering Journal, vol 10, no 6, December

1996, pp 273-278

A report published last December 1995 presented an
overview of FACTS and explained the importance of
FACTS controllers. The present report gives a detailed
appreciation of the effects of applying FACTS



controllers from a systems point of view without specific
reference to how they work and describes the effect of
applying compensation methods to a simple two-ended

transmission line model.

[1996] 7B - 25

FLEXIBLE AC TRANSMISSION SYSTEM
DEVICES ON.LARGE INTERCONNECTED
POWER SYSTEMS

Besanger, Y.; Feuillet, R,
Natl Polytech Inst, Grenoble, France

PhD dissertation at the French National Polytechnic
Institute, Grenoble, France. 1996-97, 205 pp

French

FACTS devices are designed to improve the
performance of transmission systems and interconnected
networks. Several studies that have been done recently
on FACTS devices are concerned with increasing of the
speed of controlling line parameters (voltage,
impedance, and phasing). Shunt and series
compensation utilize power electronics systems related
to the FACTS concept and permit greater network
flexibility. The shunt compensation application is
primarily for voltage support, while the series
compensation is used to reduce line impedance.
Therefore, the series compensation allows an increase in
the capacity of power transfers and improves the power
transmission distribution on the network. The stability
margins can be equally increased. Several systems have
been developed in past years. This report describes a
study comparing the static and dynamic behavior of
three FACTS devices for network transmission: the
SVC, the STATCON and the TCSC. This work is

based on the voltage stability and the power transfer

capability, and includes the effect of transformer
regulators (LTC). The effects of PSS are also analyzed
for comparison with other FACTS devices. The resuits
have been obtained from different network tests (14
nodes of IEEE network, simplified French UHV
network, 39 nodes of the New England network) and
have demonstrated the impact of each FACTS device
upon the power network.

[1996] 07B - 26

FLEXIBLE AC TRANSMISSION SYSTEM
(FACTS) TECHNOLOGIES ON THE TVA
TRANSMISSION

Adapa, R. (EPRI prog mgr)
EPRI, Palo Alto, CA, USA

EPRI Technical Report TR-106462, June 1996, 126 pp

This report evaluated the potential for applying FACTS
controllers on the TVA Transmission System. Study
results indicate that FACTS solutions are technically
feasible and economically viable for voltage collapse
mitigation from a loss of the West Point transformer,
meeting minimum reliability requirements during loss
of in-feed problems, and increasing the interchange
capability of the TVA system.

[1996] 07B - 27

FOR NOW, ADAPTIVE VAR COMPENSATOR IS
BIGGER NEWS IN OTHER COUNTRIES THAN
IN CANADA

Anon.
Electricity Today, vol 8, no 2, February 1996, p 13

Development by a Canadian firm, Trench Electric Inc,,
of an adaptive VAr (volt, amp, reactive) compensator
(AVC), was announced. AVC is a solid-state switched
capacitor device compensating for reactive power
fluctuations. As a result, electrical energy can be used
more efficiently, saving money and allowing utilities to
run their systems without sudden losses of energy.
Interest in Canada was said to be slow in developing,
however, it is very high in the United States and in
Europe , where expanding electrical generating systems
are becoming increasingly difficult. Costs vary from
$50,000 to $500,000 for an AVC unit but savings on
electrical costs mean the AVC is paid for in about two
years.

[1996] 07B - 28
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FREQUENCY RESPONSE ANALYSIS FOR.
INVESTIGATING THE IMPACT OF FACTS ON
POWER TRANSMISSION SYSTEMS

Caldon, R.; Mari, A.; Paolucci, A.; Turri, R.
Univ of Padova, Italy

Proceedings, 31st Universities Power Engineering
Conf, Iraklio, Greece, September 18-20, 1996, vol 1,
pp 176-179

In this work a simplified procedure which could be used
at the planning stage for assessing the dynamic
performance of FACTS devices on interconnected
systems is described. The method is based on a
linearized model of the power system which account for,
besides the action of FACTS, the other regulations
usually present in a transmission system. This procedure
enables to easily assess the impact on the power system
of different FACTS control strategies and to analyze the
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interactions with the other system regulations. 11 Refs.

[1997] 07B - 29

GUIDE FOR ECONOMIC EVALUATION OF
FLEXIBLE AC TRANSMISSION SYSTEMS
(FACTS) IN OPEN ACCESS ENVIRONMENTS
Clark, K.; Clayton, R.E.; Larsen, E.V.; Miller,
N.W.; Mukerji, R.; Oplinger, J.L.; Pourbeik, P.;
Schorr, M.M.; Zhu, W.

GE Power Sys Eng Consulting, Schenectady, NY,
USA

EPRI TR-108500, Final Report, August 1997 (R.
Adapa, EPRI prog mgr)

The pending deregulation of many countries' power
industry has created a situation in which utilities may be
reluctant to make reinforcements to their power delivery
infrastructure. This reluctance is due primarily to three
perceived risks: (1) that improved infrastructure will
allow other power providers easier access to their
customer base; (2) that transmission and distribution
investments may be unrecoverable (i.e., stranded); and
(3) that development of such devices will be delayed or
blocked by opposition from other interconnected system
users. The emergence of new power electronics devices
and improvements in other complementary
technologies, such as capacitors, have introduced new
options for utilities. New systems, including various
FACTS devices, provide electric utilities with the
capability to control power flows, increase selected
transfer capability and provide increased options for
siting of new generation. By careful placement and
control of these systems, utilities can serve future load
growth while eliminating or deferring risky major
power delivery infrastructure investments.  These
environmentally friendly systems also have the potential
to provide substantial benefits in terms of improved
voltage profiles and protection from power interruptions
when compared to conventional reinforcements. The
development of regional, competitive and unbundled
corporate structures with an emphasis on regional
planning and open access will create a favorable
environment for the application of power electronic
devices. This report describes this new -environment,
and shows the possible advantages from the application
of power electronics and reviews the range of new
technology options.

[1998] 07B - 30

IMPROVEMENT OF THE DYNAMIC
PERFORMANCE OF THE SPANISH POWER

SYSTEM WITH FACTS DEVICES

Crindo, R.; Rouce, L.; Rodriguez, J.M.; Noroozian,
M.

Iberdrola, Spain

Proceedings, 37th CIGRE Conf, Paris, France, August
30-September 5, 1998

This paper explores the application of FACTS devices
for the improvement of the dynamic performance of the
Spanish power system. The application of controllable
series capacitors to improve the damping of its inter-
area oscillations is examined. The results of this study
are compared with the suggestions of previous steady-
state studies. Small -signal stability tools (i.e.,
eigenvalue sensitivities) are used to find the best
locations of controllable series capacitors to damp the
inter-area oscillations and to design the device damping
controller. A non-linear time domain simulation tool is
also used to verify the dynamic performance of the
system. A realistic model of the Spanish power system
is considered by both tools.

[1997] 07B - 31
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INDICES FOR SELECTING THE BEST
LOCATION OF PSSS OR FACTS-BASED
STABILIZERS IN MULTIMACHINE POWER
SYSTEMS: A COMPARATIVE STUDY

Wang, H.F.; Swift, F.J.; Li, M.
Manchester Metropolitan Univ, UK

IEE Proceedings Generation, Transmission and
Distribution (UK), vol 144, no 2, March 1997, pp 155-
159

One of the first stages in the design of a PSS or a
FACTS-based stabilizer in a multimachine power
system is the selection of the best installing location.
Among the most popular techniques used to perform
this selection, two groups of indices from the residue
and the damping torque analysis (DTA) methods were
considered to be different both in their calculation and
principle of derivation. However, the authors have found
that these two groups of indices are in fact closely
related to each other, and indeed are equivalent under
certain conditions. In the paper, this finding is presented
by considering the relationship between these two
groups of indices and shows how equivalence may be
concluded. Thus a deeper insight into the residue and
DTA methods emerges which facilitates a comparison
between the accuracy of these indices. 14 Refs.




[1996] 07B - 32

INDUSTRY UPHEAVAL DRIVES CHANGES AT
EPRI

Zink, J.C.

Power Engineering (Barrington), vol 100, no 12,
November 1996, pp 70-74

This article describes how the Electric Power Research
Institute (EPRI) is rethinking and modifying its
program and business relationships with its members to
reflect the significant changes occurring in the utility
business. They are in the midst of changes as profound
as any the (electric utility) industry has ever seen,
according to Kurt Yeager, EPRI's new president and
CEO. The renewed availability of natural gas for power
generation, along with the development of more
efficient gas turbines, have been important factors. The
ability to better manage the delivery system has
contributed to the arguments in favor of increased
competition, although the application of the
management tools, such as flexible ac transmission
systems (FACTS), is not coming as quickly as many had
expected. And new digitally-controlled
electrotechnologies have made electricity a growth
business again, creating a third wave of growth driven
by technologies that allow more precise and efficient
control of industrial processes. '

[1998] 07B - 33

LOAD-FLOW CONTROL IN EHV NETWORKS.
FEASIBILITY STUDY ON THE POSSIBILITIES
OF APPLICATION OF FACTS ELEMENTS IN
THE GERMAN POWER SYSTEM

Gampenrieder, R.; Gick, B.; Wess, T.; Haeusler, M.;
Rittiger, J.; Glaunsinger, W.; Zimmermann, U.

Bayernwerk, Muenchen, Germany

Proceedings, 37th CIGRE Conf, Paris, France, August
30-September 5, 1998

In the framework of a feasibility analysis, the
possibilities of using flexible ac transmission systems
(FACTS) in the closely meshed German grid were
investigated under technical and economic aspects. The
calculations were carried out on the basis of a realistic
model network. The results of the model calculations
show that the use of FACTS elements in the closely
meshed German power system with a view to increasing
the transmission capacity can be profitable only in the
case of a high load increase with generation partly
remote from consumption centers and with considerable
superimposed power transport. in such cases, FACTS
elements are temporarily used until remedy of the

overload situation. From the technical point of view,
the use of FACTS elements could be particularly
advisable if they carry out additional functions such as
damping of low-frequency oscillations. under
competitive aspects, FACTS elements basically permit
to influence power flows for strategic purposes which
require a permanent action of FACTS elements. In the

concrete case, the desired load-controlling effects
necessitate a high technical expenditure which has to be
compared tot he economic benefit of power transmission
by means of FACTS. The model analysis permitted to
derive basic technical findings as well as the
requirements that have to be met by a load-flow control
concept. However, a verification on quantitative terms
can only be obtained through a concrete case of
planning. A concrete solution concept is described
below as an example of superordinate FACTS control
(master controller).
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MEOP: A SOFTWARE FOR OPTIMIZATION OF
POWER PLANT UTILIZATION FOR THE LOAD
DISPATCH CENTER OF BEWAG, BERLIN

Kreye, H.; Lorenz, U.; Voigt, B.
BerlinerhKraft- und Licht, Berlin, Germany

Proceedings, EPRI The Future of Power Delivery
1996 Conf, April 9-11, 1996, Washington, DC,
December 1996, pp 2/61-2/74

For the company "Berliner Kraft- und Licht (Bewag) -
AG" which supplies the city of Berlin with electricity
and district heat, a computer program for creating
optimum generation schedules is currently developed.
Bewag is operating the largest district heating network
in West Europe and generates most of the district heat
through Combined Heat and Power Plants (CHP). The
heat is distributed in several partly interconnected
district heating networks on four energy levels. The
optimum generation schedules are created for different
periods, like day, month and year, and consider various
options such as feeding of energy from the superposed
European network, annual revision schedules, primary
control reserve and secondary control mechanisms. A
focal point is the calculation of costs for power and heat
generation in each power plant. A cost allocation
method is applied which ensures, on the one hand, that
the district heating branch gets all the advantages of the
CHP process and, on the other hand, the electricity
branch shall not subsidize the district heat branch.
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MID-POINT SITING OF FACTS DEVICES IN
TRANSMISSION LINES

Ooi, B.-T.; Kazerani, M.; Marceau, R.; Wolanski,
Z.; Galiana, F.D.; McGillis, D.; Joos, G.

McGill Univ, Montreal, Quebec, Canada

IEEE Trans on Power Delivery, vol 12, no 4, October
1997, pp 1717-1722

Many controllers of flexible ac transmission systems
(FACTS), such as the STATCOM, the unified power
flow controller (UPFC), the PWM asynchronous dc link,
the thyristor-controlled series capacitor (TCSC) and the
PWM series static VAr compensator have stabilized ac
voltage support. Thus, they can be sited at the mid-point
of the transmission line, which has been proven by the
late E.W. Kimbark, as the optimum location for shunt
capacitor compensation. This paper points out that the
of the
uncompensated line applies also to the aforementioned
FACTS devices. The mid-point siting also facilitates the
independent control of reactive power at both ends of

ability to double the power transfer

the transmission line. 14 Refs.
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ON-LINE VOLTAGE SECURITY ASSESSMENT:
FRAMEWORK AND IMPLEMENTATION
Ejebe, G.C.; Tong, J.; Waight, J.G.

Siemens Empros Power Sys Control, MN, USA

Proceedings, EPRI The Future of Power Delivery
1996 Conf, April 9-11, 1996, Washington, DC,
December 1996, pp 2/75-2/85

A framework for the implementation of an on-line
voltage security assessment (VSA) package as part of an
existing energy management system is presented. The
key components of VSA as well as requirements for
The VSA
framework allows the study of multiple contingencies
and the determination of operating and voltage security
limits for any desired type of operating contingency.
These limits may be determined for any base case
operating point as well as for near-future operating

points minutes into the contingency condition. A fast
quasi-static simulation technique called QSIM is a key

their implementation are described.

feature of the implementation.
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OPTIMAL FLEXIBLE AC TRANSMISSION
SYSTEMS (FACTS) DEVICES ALLOCATION

Lie, T.T.; Deng, W

School of Elec & Electrn Eng, Nanyang Tech Univ,
Singapore

Int’l Journal of Electrical Power and Energy Systems
(UK), vol 19, no 2,-February 1997, pp 125-134

This paper presents the development of mathematical
model representations of variable series capacitors and
static phase shifters which are also known as flexible ac
transmission systems (FACTS) in power system
economic dispatch. The objective of this research is to
find the optimal locations of FACTS devices for
improved economic dispatch. The proposed approach is
based on the decomposition-coordination method and
the network compensation technique. Taking advantage
of accumulated experience in power system optimization
and the existence of the optimal power flow (OPF)
software, the software development -cost for
implementing the proposed algorithm is reduced. In this
paper, digital simulation studies on small power systems
under different network parameters, with and without
FACTS devices, were conducted. The purpose of the
simulation studies was to assess the effectiveness of the
proposed algorithm in minimizing the operating cost
and enhancing the systems performance. The results of
the simulation studies and the proposed algorithm are
presented and discussed in detail in this paper.

[1997] 07B - 38

OPTIMAL SVC PLACEMENT FOR VOLTAGE
STABILITY REINFORCEMENT

Chang, C.S.; Huang, J.S.
Natl Univ of Singapore, Singapore

Electric Power Systems Research, vol 42, no 3,
September 1997, pp 165-172

This paper presents a scheme of hybrid optimization
using the simulated annealing and Lagrange multiplier
techniques for optimal SVC planning and voltage
stability enhancement. It also proposes a 4-step
procedure for synthesizing the optimal reactive
reinforcement. The hybrid optimization is formulated
into a constrained problem with non-differentiable
objective function in both continuous and discrete
variables. By decomposing the optimization into two
subproblems, an optimal SVC placement is obtained
and the reactive margin is maximized. 8 Refs.
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OPTIMUM SERIES COMPENSATED HIGH
VOLTAGE TRANSMISSION LINES




Bellarmine, T.
Univ of West Florida, Pensacola, FL, USA

Proceedings, IEEE SOUTHEASTCON '97:
Engineering the New Century, Blacksburg, VA, April
12-14, 1996, pp 307-309

Reduction in the line reactance of power transmission
lines can be best obtained by the use of capacitore in
series with the line conductors. The imjuitant
application of the series power capacitor is to decrease
voltage flicker problems. In this article, the steady-state
stability limits, with series power capacitors at various
locations of power transmission lines, are analyzed. The
series power capacitor can be located at the sending end,
the receiving end or at the center of the power line, or
one-third of the distance from either end. The
performance of the series power capacitor arrangement
has been compared for various locations. The center of
the transmission line is shown to be the most suitable
choice for the optimum compensation effect of a series
power capacitor. 7 Refs.
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PLANNING AND OPERATING RATINGS FOR
INVERTER-BASED FACTS POWER FLOW
CONTROLLERS

Waples, S.A.; Law, A.S.; Nelson, R.J.; Gernhardt,
M.G.

Washington Water Power, Spokane, WA, USA

Proceedings, 58th American Power Conf, Chicago, IL,
April 9-11, 1996, pp 1555-1561

The power industry may soon, join the electronic age. It
seems fair to predict that the EPRI tailored collaboration
projects, including the recent demonstration of the
Tennessee valley Authority Static Compensator
(STATCOM), the imminent introduction of the
Dynamic voltage Restorer (DVR) and the Distribution
STATCOM (D-STATCOM), as well as the initiation of
development for a unified power flow controller (UPFC)
with AEP will usher the bulk power industry into a new
era of inverter-based power electronic controllers. Just
as pocket digital calculators made analog calculators
(slide rules) obsolete, it seems likely that the day is not
too far off when bulky switched capacitors and reactors
will be supplemented by (and, in some cases, displaced
by) sleek, modern, nearly infinitely adjustable and
flexible electronic components. It seems likely that the
use of these controllers will proliferate in a deregulated,
competitive power market, since they offer a means of
increasing transmission capacity without increasing the
number of transmission lines. They also offer a means

of forcing actual flows to correspond faithfully to
contractual flows. The purpose of this paper is to outline
some of the major performance considerations
associated with specifying the planning and operating
parameters of inverter-based FACTS devices, especially
the unified power flow controller, and to outline some of
the principal differences between the inverter-based
controllers and those which are conventionally applied
to power systems. While the capabilities afforded by
these devices are quite unique and revolutionary, the
means of analyzing and designing them are often
available from a standard planning load flow.

[1997] 07B - 41

POWER QUALITY--ASSESSMENT OF IMPACT
(PROCEEDINGS)

Varma, C.V.J. (ed)
CIGRE, India

CIGRE Regional Meeting “Power Quality —
Assessment of Impact,” New Delhi, India, September
10-11, 1997

Abstract not available.
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POWER SYSTEM CONTROL IN THE NEXT
CENTURY

Lachs, W.R.; Sutanto, D.; Logothetis, D.N.
Univ of New South Wales, Sydney, Australia

IEEE Trans on Power Systems, vol 11, no 1, February
1996, pp 11-18

The present evolution of power systems is making
operational control increasingly difficult and this paper
identifies reactive power and voltage control as one of
the prime culprits. Energy storage devices incorporating
microprocessors and power electronics, coupled through
a communications network provide an opportunity to
enhance existing control measures. The continuing fast
access to the energy storage will permit direct control
measures for reducing the variations of consumer
demand throughout the total grid. This approach has the
potential of overcoming the growing technical and
financial difficulties now facing large interconnected
power systems. The projected introduction of electric
vehicles in cities will be able to provide the battery
energy storage capacity for overcoming the difficulties
of power system control. 9 Refs.
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PROBLEMS OF NORTHERN ELECTRICITY
REGION OF INDIA

Prasher, V.K.; Jha, 1.S.; Prasad, M.; Chakravorty,
S.; Moni, R.S.; Dass, R.

Power Grid Corp of India Ltd, New Delhi, India .

CIGRE Int’l Colloquium on HVDC and FACTS,
Johannesburg, South Africa, September 28-30, 1997

This paper presents the results of a study which has
been made to remove the operational and evacuation
constraints and deficiencies in India's northern
electricity region. It shows that there is a need to carry
out a realistic load flow analysis followed by dynamic
simulations. It is possible to remove the constraints by
limited investment and proper deployment of techno-
economically attractive conventional and state-of-the-art
technologies. The payback period could be quite
attractively small and there is a high benefit-to-
investment ratio. This paper will be useful in the
context of those developing countries where electrical
systems are passing through a similar transition phase.
In such cases, the problems can be avoided if the
planners take up preemptive measures by means of
planning studies followed by regular operational studies
which serve as early warning indicators and throw light
on the impending operational deficiencies or technical
shortfalls.

[1997] 07B - 44

PROSPECTS FOR FUTURE FACTS DEVICE
APPLICATION DURING TRANSMISSION
SYSTEM DEVELOPMENT IN SOUTH AFRICA

Hough, F.T.G.; Vajeth, R.A.; Smith, R.D.; Estment,
R.D.

ESKOM, South Africa

CIGRE Int’l Colloguium on HVDC and FACTS,
Johannesburg, South Africa, September 28-30, 1997

This paper deals with the prospects for future FACTS
device application during transmission system
development in South Africa. Current indications are
that the future application of these devices will be
limited to the transmission network supplying customers
‘in the Southern and Western Cape and the Kwa Zulu
Natal region. The main focus of this paper is therefore
on the static var compensators envisaged for the
transmission areas mentioned. The future application of
thyristor-controlled series compensation, albeit in a
limited fashion, is also explored.

[1997] 07B - 45

REDUCED ORDER MODAL ANALYSIS TO
SELECT THE INSTALLING LOCATIONS AND
FEEDBACK SIGNALS OF FACTS-BASED
STABILIZERS

Wang, H.F.; Swift, F.J.
Univ of Bath, UK

Proceedings, 32nd Universities Power Engineering
Conf (UPEC'97), Manchester, UK, September 10-12,
1997, vol 1, pp 13-16

A reduced-order method of modal analysis, based on the
extended Phillips-Heffron model, is proposed in this
paper for the selection of installing locations and
feedback signals of FACTS-based stabilizers in multi-
machine power systems. The method proposed is not
only as accurate as the conventional method of modal
analysis, but also guarantees that the order of all
matrices involved in the reduced-order modal analysis is
low, being not higher than the number of machines in

the power system. 5 Refs.
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RESPONDING TO THE CHANGING DEMANDS
OF LOWER VOLTAGE NETWORKS. THE
UTILIZATION OF CUSTOM POWER SYSTEMS

Taylor, G.A.; Hill,-J.E.; Burden, A.B.; Mattern, K.
Rolls-Royce, UK;

Proceedings, 37th CIGRE Conf, Paris, France, August
30-September 5, 1998

This paper addresses the improved standards of supply
quality at the distribution level that are now possible
through the utilization of power electronics devices
generically known as custom power systems. The paper
specifically focuses on the recent installation of one of
these systems, a dynamic voltage restorer, rated at 4
MVA, at the site of a paper mill in Scotland. The
impact of such developments upon the operation of
electrical networks is also discussed, with the
proposition that electricity networks will become
increasingly local in nature relying on embedded
generation and future versions of devices, such as the
one described, to facilitate active management of energy
at the distribution point.

[1996] 07B - 47

RETAINING RING FAILURE AT COMANCHE
UNIT 2: ROOT CAUSE ANALYSIS

Dorfman, L.S.; Riccardella, P.C.; Rosario, D.A.;




Sherlock, T.P.
Structural Integrity 'Assoc, Inc, San Jose, CA, USA

EPRI Technical Report TR-106640, July 1996, 190 pp
(F. Ammirato, EPRI prog mgr)

A root cause analysis was conducted of a 1994 failure of
a retaining ring in the Unit 2 generator of Public Service
of Colorado's Comanche station. Metallurgical
examination showed that the cause was not
intergranular stress corrosion cracking. Fretting fatigue
had resulted in multiple cracks in the'ring at the shrink-
fit area near the hydrogen vent scoops at both pole faces.
Crack propagation occurred at a 45° angle indicating
torsional fatigue. A stress and fracture model was
developed to relate torsional stresses in the ring to the
levels of rotational acceleration/deceleration of the
retaining ring with respect to the rotor. Levels of
torsional excitation were associated with various
operating modes at a nearby steel mill. Under certain
low-power operating conditions, the mill's static VAr
flicker controller (SVFC) system created a frequency
spike that coincided with the 114.5 Hz rotor resonance
of the generator and resulted in high level vibrations.
Several steps were taken to prevent a repeat of the ring
failure, including an improved ring design and changes
in the mills SVFC system.

[1997] 07B - 48

SELECTION OF INSTALLING LOCATIONS AND
FEEDBACK SIGNALS OF FACTS-BASED
STABILIZERS IN MULTIMACHINE POWER
SYSTEMS BY REDUCED-ORDER MODAL

ANALYSIS
Wang, H.F.; Swift, F.J.; Li, M.
Manchester Metropolitan Univ, England

IEE Proceedings Generation, Transmission and
Distribution, vol 144 (UK), no 3, May 1997, pp 263-
269

A reduced-order method of modal analysis, based on the
extended Phillips-Heffron model, is proposed for the
selection of installing locations and feedback signals of
FACTS-based stabilizers in multimachine power
systems. The method proposed is not only as accurate as
the conventional method of modal analysis, but also
guarantees that the order of all matrices involved in the

" reduced-order modal analysis is low, being not higher

than the number of machines in the power system.
Hence, the numerical difficulty of the eigensolution of
high-dimensional matrices is successfully avoided and
the computational effort is greatly reduced. The method

-is demonstrated on a sample three-machine power

system for the selection of stabilizing signal and
installing location of a static VAr compensator (SVC).
17 Refs.
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SELECTION OF THE BEST SITING OF STATIC
VAR COMPENSATORS FOR EFFECTIVE
DAMPING

Okamoto, Hi.; Kurita, A.; Kobayashi, N.; Sekine, Y.
Tokyo Elec Power Co, Inc, Japan

Electrical Engineering in Japan (Denki Gakkai
Ronbunshi), vol 117, no 1, July 1996, pp 71-84

A static Var compensator (SVC) can improve the
steady-state stability (or the small signal stability), if it
is located appropriately. The present paper proposes a
method for selecting the best siting of SVC in large-
scale power systems for damping effectively.
Conventionally, it is thought that SVC improves steady-
state stability by its voltage regulating ability. From this
point of view, the stability can be improved significantly
if SVC is located at the bus which has a large voltage
fluctuation due to the lightly damped power swing
mode. In contrast to the conventional viewpoint, the
present paper makes it clear that the steady-state
stability deteriorates by the conventional voltage
regulating control of SVC in some cases. Therefore, the
voltage fluctuation is not an appropriate index for
effective damping. This paper explains the mechanism
of improvement of steady-state stability by SVC in terms
of modal analysis. On the basis of modal analysis, an
index for determining the location of SVC is derived.

The index is called LIED (Location Index for Effective

Damping) by the authors. Digital simulations are
conducted for an 8-machine longitudinal system and a

29-machine looped system to demonstrate the validity of
the proposed index. 11 Refs.
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SIMPLE RULES FOR THE APPLICATION OF
SERIES VOLTAGE SOURCES IN POWER
TRANSMISSION SYSTEMS

Wong, K.T.

GEC ALSTHOM, UK

IEEE PES Winter Meeting, Tampa, Florida, February
1-5, 1998, Preprint order number PE-316-PWRD-0-
11-1997

This paper addresses the influence of the network
characteristics of transmission systems on the use of a
number of series voltage sources for the regulation of



power flows on transmission lines. The relationship
between the number of independent voltage sources and

the number of nodes and branches are employed to
explore the interactions among series voltage sources
taking place through the network, and to demonstrate
the viability of a simple rule, called the Smallest Tree-
Impedance Rule, for selecting locations of the series
voltage sources in a network of any size, from the point
of view of minimizing interactions.
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STUDY OF FACTS REQUIREMENTS FOR
CLEVELAND ELECTRIC ILLUMINATING
COMPANY

Adapa, R. (EPRI prog mgr)
EPRI, Palo Alto, CA, USA

EPRI Technical Report TR-108127, May 1997, 100
rp

This report assesses system compensation schemes,
including the use of flexible ac transmission system
(FACTS) devices, for the Cleveland Electric
IHluminating Company. The study recommended four
plans to accommodate different generating unit
retirement scenarios.
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SUPERCONDUCTING MAGNETIC ENERGY

STORAGE (SMES) UTILITY APPLICATION
STUDIES

Feak, S.D.
Wisconsin Elec Power Co, Milwaukee, WI, USA

IEEE Trans on Power Systems, vol 12, no 3, August
1997, pp 1094-1102

The results of a study performed with Oak Ridge
National Laboratory to assess the benefits of
superconducting magnetic energy storage (SMES) for
electric utility applications are presented. The study was
conducted for the Defense Nuclear Agency and the
Department of Energy as part of their efforts to develop
SMES for military and civilian applications. The
technical benefits of the SMES and alternative
technology options and the economic value of those
benefits were determined for two stability-related cases.
3 Refs.
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SURVEY OF UNBUNDLED ELECTRIC POWER
SERVICES

Clark, C (EPRI prog mgr)
EPRI, Palo Alto, CA, USA

EPRI Technical Report TR-109461, February 1998,
153 pp

In the separating, or unbundling, of electric power
services, electric energy generation is the sub-service
that is of the greatest direct concern to both customers
and suppliers. Generation, however, is just one
component of several for providing service to customers.
Examples include operating reserves, frequency control,
reactive power, transportation, and system operations.
How a small, representative sampling of utilities from
across the United States are presently unbundling their
electric power services provides the content for this
survey.
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SYSTEM DISTURBANCE STABILITY STUDIES
FOR WESTERN SYSTEM COORDINATING
COUNCIL (WSCC)

Adapa, R. (EPRI prog mgr)
EPRI, Palo Alto, CA, USA

EPRI Technical Report TR-108256, September 1997,
82 pp

Two 1996 system disturbances in the Western Systems
Coordinating Council (WSCC) resulted in widespread
outages across western North America. EPRI initiated
disturbance studies to gain a better understanding of the
causes of these events and to suggest ways to enhance
system reliability. This report summarizes the results of
these system disturbance stability studies and
recommends preventive and remedial strategies to
minimize interconnected system disturbances.
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T&D RESEARCH FOCUSES ON REAL-TIME
CONTROL, HIGH CAPACITY

Rodgers, B.

Public Power, vol 54, no 2, March-April 1996, pp 21-
23 ’

This article is a review of ongoing research programs on
the transmission and distribution of electric power.
Programs briefly noted include: (1) real-time system
control, (2) high capacity transmission, and (3)
advanced systems analysis.
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TAIWAN POWER TCSC EVALUATION STUDY
Arabi, S.

Powertech Labs, Inc, Surrey, British Columbia,
Canada

EPRI TR-107896, 3191-04, Final Report, May 1997
(R. Adapa, EPRI prog mgr)

This report evaluates the use of thyristor-controlled
series compensation (TCSC) and conventional series
compensation to more evenly distribute power flows on
the Taiwan Power Company's 345-kV Center-North
interface and improve system dampings. This study
concludes that the proposed compensation scheme
would significantly improve the interface's performance
capability. :
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THE APPLICATION OF FACTS IN TAIPOWER'S
SYSTEM

Lee, T-H; Tasi, L-L.

Ting Consultants Ltd, Canada

Monthly Journal of Taipower's Engineering (Taiwan),
vol 574, June 1996, pp 69-76

Chincse

This paper deals with the FACTS which could be a
candidate to eliminate the bottleneck of Taipower's
power supply capability due to the delay of completion
of the 3rd EHV transmission line and the different
capability between the 1st and 2nd transmission lines.
FACTS is also effective in enhancing power equipment
utilization. 0 Refs. :
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THE DEVELOPMENT OUTLOOK FOR FOUR
MAJOR POWER SYSTEM TECHNOLOGIES
(FACTS, AEMS, DOA, AND AIC) AND THEIR
CORRELATIONS IN THE 21ST CENTURY

He, D.
China Elec Power Inf Centre, Beijing, China

Power System Technology (China), vol 21, no 11,
November 1997, pp 16-22

Chinese

The progressive formation of the "China Unified
Interconnected Power System” based on the construction
of the Three Gorges Hydropower Station will indicate
the new high-level stage of development of China's

power industry. Meanwhile, it will also be the era that
the development of science and technology in China
will move ahead and reach a forward position in the
world. So, in the light of two related prospects of the
engineering construction and technology development,
it is useful and necessary to analyze and predict the
trend of future development of four major power system

technologies (FACTS, AEMS, DOA and AIC) as well

as the possible progress of their correlations for further
discussions.
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_commissioned in 1983.

THE PROSPECTS IN DEVELOPMENT OF
INTERCONNECTED POWER SYSTEMS IN
WEST AFRICA

Anku, N.; Modey, B.T.
Volta River Authority, Ghana

CIGRE Int’l Collogquium on HVDC and FACTS,
Johannesburg, South Africa, September 28-30, 1997

The synchronous connection of the power systems of
neighboring countries in the West Africa subregion is
relatively new. Most of the earlier transmission system
extensions were limited to the supply of power to the
recipient countries without the possibility of sending
power in the other direction. An example is the 1972
extension of the Ghana power system to neighboring
Togo/Benin and it was not until 1984 after the
commissioning of the Nangbeto hydroelectric project
that the two systems were tied together. The first major
interconnection between two utilities/countries in West
Africa was between Ghana and Ivory Coast, which was
Subsequently, a number of
power system extensions including system ties have
been constructed. Others are either under construction®
or plans are far advanced to have them implemented.
There is considerable potential for interconnecting a lot
more power systems in the subregion. And it is well
known that Nigeria has considerable amount of natural
gas resources which are currently being flared. This can
be tapped to generate cheaper electricity. to be supplied
to West African countries. It is therefore unfortunate
that the proposed 330-kV interconnection from Nigeria
through Togo/Benin to Ghana has as yet not
materialized. Meanwhile, over the past few years, there
has been a considerable shortage of electricity in parts of
the subregion. Apart from Nigeria's potential, there are
other cheaper energy sources such as the hydroelectric
potential of Cameroon and Ghana, which can easily be
implemented on a subregional basis. This paper
presents the existing, proposed and potential power
system developments in the West African subregion. It
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also discusses the problems associated with the
implementation of such schemes and recommends
strategies to be adopted for the advancement of potential
projects.
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THE STATE-OF-THE-ART OF POWER
ELECTRONICS IN JAPAN

Akagi, H.
Okayama Univ, Japan

IEEE Trans on Power Electronics, vol 13, no 2, March
1998, pp 345f

Since the late 1950s, power electronics has been
developing by leaps and bounds without saturation to
become the key technology essential to modern society
and human life as well as to electrical engineering.
This paper mainly focuses on the state-of-the-art of
power electronics technology and its medium to high-
power applications because the author cannot survey the

whole spectrum of power electronics ranging from a 5-

W switching regulator to a 2.8-GW high-voltage dc
transmission system now under construction in Japan.
This paper also presents prospects and directions of
power electronics in the 21st century, including the
personal views and expectations of the author.
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THE STUDY OF FACTS APPLICATION
EFFECTS FOR POWER TRANSMISSION
CAPABILITY ENHANCEMENT IN POWER
SYSTEM

Chang, B.-H.; Lee, G.-J.; Kim, Y.-H.

Trans of the Korean Institute of Electrical Engineers
(South Korea), vol 46, no 2, February 1997, pp 192-
197

Korean

This paper presents the study results of flexible ac
transmission systems (FACTS) application for KEPCO's
medium- (Year 2000) and long- (Year 2006) term
power system strategies. In the study, for the
compensation method, line impedance changes and
SVC models in the PSS/E simulation software are
adopted for series and shunt compensation, respectively.
For KEPCO's medium-term power system plan, the
series compensation method shows better performance
of power flow control, voltage regulation and damping
of oscillations than shunt compensation with several
contingency cases. For KEPCO's long-term power
system plan, the output of Uljin nuclear generators,

which is restricted in the dynamic stability at the
contingency condition, can be improved to the full range
of generation output with series or series-shunt
compensation to the Yeongdong-Kyungin transfer
corridor. It is verified that FACTS application is one of
the methods suitable to solve the problems which may
occur in KEPCO's medium- and long-term power
system strategies.
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THREE NEW FRONT SUBJECTS IN POWER
SYSTEMS-FACTS, INTELLIGENT CONTROL
AND DYNAMIC SECURITY ANALYSIS AND
MONITOR SYSTEM BASED ON GPS

Han, Y.; Wang, Z.; Lin, K.; Yang, Y.; Huang, Q.;
Jiang, J.

Dept of Elec Eng, Tsinghua Univ, Beijing, China

Journal of Tsinghua University (Science and
Technology) (China), vol 37, no 7, July 1997, pp 1-6

Chinese

With the development of electrification and automation,
power systems are increasing in quality and quantity.
Modern technologies are being applied in power systems
more and more. The importance, research status and
development tendency of three major new subjects-
flexible ac transmission technology, intelligent control
and a new generation of dynamic security analysis and
monitoring system based on GPS-which will cause great
changes in power systems in the beginning of 21st
Century, are systematically reviewed in this paper. The
industrial application of these new technologies will
greatly boost the development of the Chinese electric
power industry and create some new industries. The
paper argues that China should trace the new
development of these technologies and enforce the
fundamental research work which will avoid complete
dependence on imports in these new fields in the future.
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TO DEVELOP POWER SYSTEM TECHNOLOGY
SUITABLE TO THE NEED IN 21ST CENTURY

Zhou, X.
Elec Power Research Inst, Beijing, China

Power System Technology (China), vol 21, no 11,
November 1997, pp 11-15

Chinese

At the change of the 20th century into the 21st century
the development of the power system is facing a series



of challenges. such as the restraint from environment
protection, the demand on high power long distance
transmission, the interconnection of regional networks,
the trend of international interconnections. the influence
of the commercial operation of electric power etc. It is

predicted that the traditional power system will obtain a
new chance of development, thus the technical progress
and innovation suitable to the need in the 21st century
will be promoted. In the light of the demand for
developing power systems in China and according to the
trend of power system technology the development in
the following respects should be performed: high power
ac/dc transmission, FACTS, the operation and control of
interconnected large power networks, analysis and
simulation of power systems.

[1997] 07B - 64

UPFC APPLICATION ON THE AEP SYSTEM:
PLANNING CONSIDERATIONS

Rahman, M.; Ahmed, M.; Gutman, R.; O'keefe,
R.J.; Nelson, R.J.; Bian, J.

American Elec Powér, Columbus, OH, USA

IEEE Trans on Power Systems, vol 12, no 4,
November 1997, pp 1695-1701

In 1995, American Electric Power (AEP), an investor
owned electric utility company, completed detailed
planning studies to resolve voltage and thermal loading
concerns in parts of its Kentucky/West Virginia service
areas, These studies led to the initiation of a project
including a unified power flow controller (UPFC),
which is currently being developed through a tailored
collaboration by AEP, Electric Power Research Institute
(EPRI), and Westinghonse Electric Corporation
(Westinghouse), This paper describes the planning
concerns, the study objectives, and the UPFC function in
resolving these concerns. It also provides information on
the UPFC modeling for system studies and its technical
parameters that would be of interest to transmission

system planners and other prospective users of this new
technology. 16 Refs.

[1996] O7B - 65

USE OF HVDC AND FACTS-COMPONENTS FOR
ENHANCEMENT OF POWER SYSTEM
STABILITY.

Gjerde, J.O.; Flolo, R.; Gjengedal, T.
Norwegian Elec Power Res Inst, Trondheim, Norway

Proceedings, 8th IEEE Mediterranean
Electrotechnical Conf, MELECON'96, Bari, Italy,

May 13-16, 1996, vol 2, pp 802-808

This paper has discussed the application of high voltage
power electronics (FACTS) for enhancing system
stability in the main grid of Southern Norway. General
aspects of application of FACTS in the Norwegian
power system has been discussed. A decentralized
control scheme has been applied for control of a FACTS
device. Case studies with a simplified model of the
South Norwegian grid are presented to illustrate the
dynamic behavior of the power system including HVDC
transmissions and FACTS for various load conditions.
The results indicate that TCSC could be used to
redispatch the power flow on tie lines and prevent
synchronization problems after major disturbances in
the South Norwegian main grid. 14 Refs.

[1996] 07B - 66

USING DISTRIBUTION STATIC
COMPENSATORS (D-STATCOMS) TO EXTEND
THE CAPABILITY OF YOLTAGE-LIMITED
DISTRIBUTION FEEDERS

Ramsay, S.M.; Cronin, P.E.; Nelson, R.J.; Bian, J-
H.; Menendez, F.E.

UMS Group, Inc, Parsippany, NJ, USA
Proceedings, 40th IEEE Conf on Rural Electric
Power, Fort Worth, TX, April 28-30, 1996, pp A-1-1-
A4-7 )

The application of distribution system
synchronous compensators (D-STATCOMs) are
examined for distribution voltage regulation. In
particular, the concern of voltage regulation on long,
voltage-limited feeders is considered and the D-
STATCOM is shown to be a cost-effective means of
resolving it. 5 Refs.
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VARIABLE STRUCTURE TCSC CONTROL IN
MULTIMACHINE POWER SYSTEMS

Wang, Y.; Mittelstadt, W.A.; Mohler, R.

Pacificorp, Portland, OR, USA

Proceedings, 58th American Power Conf, Chicago, IL,
April 9-11, 1996, pp 1542-1547

Due to the long distances which separate electric power
generation resources from electric load centers, utility
planning engineers have been searching for ways to
increase transfer capability while maintaining system
stability and good damping performance. The
traditional solution to this problem has been to reduce
transfer impedance by constructing additional




transmission lines. However. high cost. very long lead
time and environmental concerns become more and
more severe restrictions to this option. In recent vears.
new power-electronic technology has been the basis for
a program sponsored by the Electric Power Research
Institute known as flexible ac transmission system
(FACTS). Related devices such as the thyristor-
controlled series-capacitor (TCSC), thyristor-controlled
braking-resistor (TCBR) and thyristor-controlled static-
Var-compensator are appropriately linked to powerful
network control measures because they are able to
respond very quickly to meet system demands under
transient conditions. To utilize this capability,
appropriate control for the thyristors must be developed.
This task becomes a big challenge for control experts
because the power system is very large scale
geographically, highly nonlinear and of variable
structure. In this paper, the multimachine power system
model with TCSC is derived; then the control law is
designed. Using the Bonneville Power Administration
transient stability program, the variable-structure TCSC
control is tested in a 54-bus system.

[1996] 07B - 68

WEST COAST UTILITY TRANSMISSION
BENEFITS OF SUPERCONDUCTING
MAGNETIC ENERGY STORAGE. FINAL
REPORT

DeSteese, J.G.; Dagle, J.E.; Trudnowski, D.J.
EPRI, Palo Alto, CA, USA

EPRI Technical Report TR-104803, January 1996, 75
pp

A scoping study is described that assessed the ability of
superconducting magnetic energy storage (SMES) to
improve the stability and power transfer capacity of
selected pathways in the utility transmission system
serving Southern California. Work was guided by
transmission planners from five major west coast
utilities known, for the purpose of the study, as the West
Coast Utility Group (WCUG). The scope of analyses
focused on a working case set of 11 system contingency
scenarios consisting of the 5 base cases and 6 sensitivity
cases identified by the WCUG as being of special
interest under the increased loading conditions expected
beyond the end of this century. The transmission
enhancement potential of SMEs was analyzed using the
Extended Transient/Midterm  Stability  Package,
developed by the Electric Power Research Institute. The
simulations and analyses utilized a 5,000-bus 1999
heavy summer model of the western North American
power system developed by utility members of the

Western Systems Coordinating Council. The study
evaluated the control effectiveness of SMES in each
scenario and compared SMES with other options.
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A CLOSED-LOOP REACTIVE POWER
CONTROLLER FOR POWER SYSTEM
VOLTAGE STABILITY

Raju, V.V.; Kuppurajulu, A.
CMC Ltd, Hyderabad, India
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Int’l Journal of Electrical Power and Energy Systems
(UK), vol 19, no 3, March 1997, pp 153-164

Generator overload due to excessive reactive power
generation is one of the most common and serious
causes of voltage instability. Low voltage at load buses
is another. By closely monitoring the reactive power
generation and load voltages, it is possible to avoid such
major disturbances. A closed-loop controller can steer
the system to a safer state by rescheduling the reactive
power generation from generators and SVCs through
voltage set point controls in real time. A closed-loop
controller which dynamically steers the system to a safer
state on violation of specified operating conditions of
reactive power generation and load bus voltages is
designed. During normal operation, the controller
minimizes active power transmission losses due to
reactive power transfers. The principle of the controller
is based on a multi-variable control concept. A closed-
loop controller is synthesized to steer the system
dynamically to an acceptable state while satisfying
Kuhn-Tucker conditions of optimality in steady state.
The proposed closed-loop reactive power controller
which gives set point control signals to AVRs and SVCs
in the secondary mode of control, can be viewed as a
parallel to the AGC for active power/frequency control.
The controller performs this task on a real-time basis
using SCADA measurements. The controller also issues
load shedding commands in case it is necessary. The
controller is tested under normal as well as contingency
operation. Broad details of the closed-loop controller
and its efficacy in avoiding system breakdown due to
reactive power disturbance is demonstrated with
examples.

[1997] 08A - 2

A CLOSED-LOOP REACTIVE POWER
CONTROLLER FOR POWER SYSTEM
VOLTAGE STABILITY

Veera, R.V.; Kuppurajulu, A.
CMC Limited, Hyderabad, India

Int’l Journal of Electrical Power & Energy Systems
(UK), vol 19, no 3, 1997, pp 153-164

Any imbalance between reactive power supply and
demand disturbs the normal operation of a power
system, Power system contingencies sometimes cause
excessive reactive power imbalance, even leading to
total system breakdown. The problem is usually
aggravated when the system is heavily loaded.
Generator overload due to excessive reactive power
generation is one of the most common and serious
causes of voltage instability. Low voltage at load buses

is another cause which is likely to result in voltage
stability problems. By closely monitoring the reactive
power generation and load voltages, it is possible to
avoid such major disturbances. A closed-loop controller
can steer the system to a safer state by rescheduling the
reactive power generation from generators and SVCs
through voltage set point controls in real time. A closed-
loop controller which dynamically steers the system to a
safer state on violation of specified operating conditions
of reactive power generation and load bus voltages is
designed. During normal operation, the controller
minimizes active power transmission losses due to
reactive power transfers. The principle of the controller
is based on a multi-variable control concept. A closed-
loop controller is synthesized to steer the system
dynamically to an acceptable state while satisfying
Kuhn- Tucker conditions of optimality in steady state.
The proposed closed-loop reactive power controller
which gives set point control signals to AVRs and SVCs
in the secondary mode of control, can be viewed as a

parallel to the AGC for active power/frequency control.
The controller performs this task on a real-time basis
using SCADA measurements. The controller also issues
load shedding commands in case it is necessary. The
controller is tested under normal as well as contingency
operation. Broad details of the closed-loop controller
and its efficacy in avoiding system breakdown due to
reactive power disturbance is demonstrated with
examples. 23 refs.

[1996] 08A - 3
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A DESIGN FOR A RELOCATABLE TERTIARY
CONNECTED SVC

Horwill, C.; Young, D.J.; Wong, K.T.G.

GEC ALSTHOM Power Electrn Sys Ltd, Stafford,
UK

Proceedings, 6th IEE Int’l Conf on AC and DC Power
Transmission, London, UK, April 29-Muay 3, 1996, pp
399-404

In 1994, the National Grid Company (NGC) began
procuring a new kind of static VAr compensator (SVC)
which can be connected to the tertiary of any of its
supergrid transformers (SGTSs) and, if necessary, moved
from one site to another to match the changes in VAr
demand at various parts of the network. These SVCs,
which are rated 0/+60 MVAr, are called relocatable
SVCs (RSVCs). The authors discuss the specification
requirements and design of the RSVCs. 2 Refs.
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A FLEXIBLE AC TRANSMISSION SYSTEM
"STEADY STATE AND DYNAMIC
PERFORMANCE ANALYSIS"

Dave, M.P.; Kumar, N.
Dept of Elec Eng, Roorkee Univ, India

Electric Muchines and Power Systems, vol 24, no 5,
July-August 1996, pp 541-553

The steady-state and dynamic performance of a flexible
ac transmission system (FACTS) with a midpoint
located static VAr system (SVS) are presented with and
without series compensation. The maximum capacitor
of the SVS branch in the case of lines without series
compensation, is split into two locations; two-thirds at
the sending end (for the purpose of series compensation)
and one third at the SVS branch. This has the advantage
of reduced " delta ' without upsetting greatly the cost of
equipment. The degree of series compensation thus
obtained is used to evaluate the steady-state and
dynamic  performance of series compensated
transmission lines. The results are then compared over a
wide operating range. A line reactive power auxiliary
controller and bus frequency auxiliary controller are
employed in the SVS control system to stabilize unstable

system modes and the performance of the two auxiliary
controllers is also compared over wide operating
conditions. It has been established that such a series
capacitor compensated power line can give improved
static and dynamic performance at a reduced value of
delta. 10 Refs.

[1997] 08A -5

A METHOD FOR SVC DAMPING CONTROLLER
DESIGN USING ROBUST POLE ASSIGNMENT
METHOD

Okamoto, H.; Kurita, A.
Tokyo Elec Power Co, Inc, Japan

Trans of the Institute of Electrical Engineers of Japan,
vol 117B, no 4, April 1997, pp 578-584

Japanese

A method for SVC damping controller design based on
a robust pole assignment method is proposed. In the
design procedure, the proposed method uses a nominal
model which represents weakly damped interarea
modes. The ignored higher order modes and
perturbation of the low frequency modes are considered
as multiplicative perturbations. A controller with high
performance and high robustness can be derived easily
utilizing H,, optimal control theory. The present paper

oo oot S o =0

makes it clear, through eigenvalue analyses and digital
simulations, that the designed controller is effective for
damping interarea modes and achieves higher
robustness against change of load flow condition than
the well tuned conventional controller.

[1996] 08A - 6

A METHOD OF REACTIVE POWER
COMPENSATION ARRANGEMENT TO
MAINTAIN VOLTAGE STABILITY

Tada, Y.; Okamoto, H.; Kurita, A.; Sekine, Y.
Tokyo Elec Power Co, Inc, Japan

Trans of the Institute of Electrical Engineers of Japan,
vol 116-B, no 8, August 1996, pp 956-962

Japanese

In this paper, a method of reactive power compensation
to prevent power system voltage instability is proposed.
The proposed method of reactive power compensation
maximizes the static power transfer capability under
given short circuit current constraints. The concept of a
voltage-ideal power system (ideal voltage regulated
system) is first introduced in which all node voltages are
kept constant by powerful voltage regulators such as
SVCs and synchronous condensers. This system is
absolutely free from voltage instability, but its short
circuit capacity becomes very large and a large amount
of reactive power has to be supplied in order to keep all
node voltages constant. To meet the practical levels of
reactive power requirement and short circuit current
capacity, a quasi voltage-ideal regulated system is
discussed. This system is obtained by carefully choosing
a limited number of nodes to be kept voltage constant in
order to maximize the active power transmission
capacity with a reasonable reactive power requirement
without exceeding a specified short circuit capacity
level. 10 Refs. '
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A POWER DISTRIBUTION SYSTEM. STUDY OF
VOLTAGE AND REACTIVE POWER CONTROL
METHODS FOR HIGH-EFFICIENCY
OPERATION OF DISTRIBUTION NETWORK
Fudo, H.; Genji, T.; Abe, S.; Hashimoto, T.

Kansai Elec Power Co, Inc, Japan

Trans of the Institute of Electrical Engineers of Jupan

(Denki Gakkai Ronbunshi), vol 117-B, no 10, pp 1336-
1344

Japanese



Transformers with on-load tap changer and step voltage
regulators are now mainly used for regulating the
distribution network voltage. Therefore, several
problems exist in the present system, i.e. the voltage
control is in discrete steps and the response time is not
enough satisfactory. In the meantime, power factor (p.f.)
compensation relies on capacitors installed by electricity
customers, which give another problems of unexpected
over voltage during light load and increase of power
losses. To solve those problems, the authors have
proposed a new voltage and p.f. control system for
distribution networks which adopts sophisticated power
electronics technology. This paper describes the study
for the operating theory of a inverter-controlled
regulator and a thyristor-controlled reactor, which bear
important roles in this system, and the result of
simulation through which the usefulness of these
equipment has been ascertained.

[1996] 08A -8

A PWM STATIC VAR COMPENSATOR BASED
ON PHASE-SHIFT-CONTROLLED MULTIPLE-
BRIDGE SUPERPOSITION HARMONIC
ELIMINATION TECHNIQUE

Ji, Y-C.; Hu, Y-X.; Liu, Z.; Wu, C-G.; Feng, Y-G.
Dept of Elec Eng, Harbin Inst of Tech, China

Proceedings, 31st IEEE Industry Applications Conf
(IAS '96), San Diego, CA, October 6-10, 1996, vol 2,
pp 1271-1277

In this paper, a four-bridge PWM static VAr
compensator (FB-PSVC) based on an improved version
of the PWM controller is presented in this paper, and a
novel phase-shift-controlled multiple-bridge
superposition harmonic elimination technique is also
proposed. Theoretical analysis shows that the harmonic
pairs of [(2k+1) f, + f] and [(4k+2) f, + f] generated in
each bridge are effectively eliminated through
appropriate phase shift control. To satisfy the same total
harmonic distortion (THD) requirement (usually under
5%), this new compensator can work at 200 Hz, which
is much lower than the previously reported 1.9 kHz of a
single-bridge PWM static VAr compensator (SB-
PSVC). The efficiency is increased and reliability
enhanced. The fairly low switching frequency and
multiple bridge structure facilitate its use in high-power
VAr compensators since GTOs can be employed as
power switch. Theoretical analysis was verified through
simulations and experimental results. 7 Refs.

[1998] 08A - 9

A ROBUST CONTROL STRATEGY FOR SHUNT
AND SERIES REACTIVE COMPENSATORS TO
DAMP ELECTROMECHANICAL
OSCILLATIONS

Noroozian, M.
ABB Power Sys, Vasteras, Sweden

IEEE PES Winter Meeting, Tampa, Florida, February
1-5, 1998

This paper examines improvement of power system
dynamics by use of thyristor-controlled series capacitors
(TCSCs) and static var systems (SVCs). Models
suitable for incorporation in dynamic simulation
programs for studying angle stability ‘are analyzed. A
control strategy for damping of electromechanical power
oscillations using an energy function method is derived.
Using this control strategy, each device (TCSC and
SVC) will contribute to the damping of power swings
without deteriorating the effect of the other power
oscillation damping (POD) devices. The damping effect
is robust with respect to loading condition, fault location
and network structure. Furthermore, the control inputs
are based on local signals. The effectiveness of the
controls are demonstrated for model power systems.
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A STATIC VAR COMPENSATOR CONTROL
STRATEGY TO MAXIMIZE POWER SYSTEM
DAMPING

Machowski, J.; Nelles, D.

Tech Univ of Wroclaw, Poland

Electric Machines and Power Systems, vol 24, no 3,
July-August 1996, pp 477-495

A study of power system transient stability enhancement
through effective use of static VAr compensators is
presented. An optimal theoretical control strategy is
derived from the direct Lyapunov method for a
multimachine power system model as a control method
which forces the fastest dissipation of energy released in
the power system by a given fault. The strategy of this
theoretical optimal control scheme uses a signal based
on the state variables unavailable at the compensator
bus. It is shown that the optimal control signal can be
replaced by the time derivative of locally measurable
electric quantities. The dynamic properties of two such
quantities are compared using eigenvalue analysis. On
the basis of this study, a current-orientated control
strategy is proposed. Its validity and robustness is
confirmed by simulation results for a nonlinear
multimachine power system model. 15 Refs.




[1996] 08A - 11

A STUDY ON ADAPTIVE SVC CONTROLLER
USING NEURAL NETWORKS FOR
ENHANCEMENT OF POWER SYSTEM
STABILITY

Nagahara, J.; Yokoyama, A.
Univ of Tokyo, Japan

Denki Gakkai Denryoku Gijutsu Kenkyukai Shiryo
(Japan), vol PE-96, no 13-24, pp 31-40

Japanese

Because of nonlinearity of a power system, performance
of a control system of static VAr compensator (SVC)
may deteriorate when the operating condition of the
power system changes. The authors have proposed an
adaptive control system using neural networks, which is
called Adaptive Neuro-Control System(ANCS) by the
authors, and have studied its application to generator
control. In this paper, ANCS applied to the SVC control
is compared with the conventional damping controller
of the SVC from the viewpoint of stability enhancement.
Simulation results show that the ANCS can stabilize the
power system even when the operating condition
changes widely.

[1996] 08A - 12

A STUDY ON THE EFFECT OF CONTROLLERS
IN SMALL SIGNAL STABILITY OF POWER
SYSTEMS

Kywon, S-H.; Kim, D-Y.
Korea Univ, Seoul, South Korea

Energy Engineering (Korea), vol 5, no 1, March 1996,
pp 72-79

Korean

The effect of controllers-exciter, power system
stabilizer, and static VAr compensator-in one machine
infinite bus system is investigated in this paper. The
structure of generator state matrix with controllers is
represented, while the static VAr compensator is
installed in generator terminal bus. Eigenvalue analysis
is performed and the effects of controllers to the
dominant eigenvalue in one machine infinite bus system
are represented by first order eigenvalue sensitivity
coefficients while the operating conditions of the system
are varied. Optimization of controller parameters using
first order eigenvalue sensitivity coefficients is
performed by the Simplex Method. It is proved that
exciter control is the most efficient method to improve
stability of the system and the effect of static VAr
compensator is small, in the case of one machine

infinite bus system. . 9 refs., 7 figs., 5 tabs.

[1996] 08A - 13

A THYRISTORIZED SATURABLE REACTOR
WITH SELF-EXCITATION

Lashine, A.E.
Dept of Elec Eng, Menoufia Univ, Egypt

Electric Machines and Power Systems, vol 24, no 4,
June 1996, pp 437-439

In this paper, a variable reactor suitable for voltage
control of resistive loads is presented. The proposal
gives the desired impedance variation using two
naturally commutated thyristor switches in conjunction
with a three-limb magnetic circuit. Load voltage can be
controlled by varying the thyristor firing angles and
accordingly the dc flux level in the magnetic circuit.
The effective impedance is smoothly varied with no
need for external dc excitation. It is shown that the
proposed voltage control method is accompanied by
high power factor and lower harmonic content in the
supply current. An equivalent circuit for the device is
deduced from which analytical results are obtained.
Theoretical and experimental results of a prototype are
compared and shown to be of satisfactory agreement. 6
Refs.

[1996] 08A - 14
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ADAPTIVE FUZZY LOGIC CONTROL OF A
STATIC VAR SYSTEM

Dash, P.K.; Routray, A.; Panda, P.C.; Panda, S.K.
Regional Eng College, Rourkela, India

Proceedings, IEEE Int’l Conf on Power Electronics,
Drives & Energy Systems for Industrial Growth

(PEDES'96), New Delhi, India, January 8-11, 1996,
vol 1, pp 128-132

A fuzzy gain scheduling scheme for PID controller for
transient and dynamic voltage stabilization of power
transmission systems has been presented in this paper.
Fuzzy rules and reasoning are utilized on-line to
determine the controller parameters based on the error

signal and its derivative. The static VAr controller is
designed with the bus angle deviation and its rate as the
input signal to a fuzzy PI or PID control loop. This
control is tested for a power transmission system
supplying dynamic loads and provides superior
performance. 10 Refs.
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ADAPTIVE STATIC VAR COMPENSATOR FOR
ENHANCING POWER SYSTEM STABILITY

El-Sadek, M.Z.; El-Saady, G.; El-Soud, MLA.
Assiut Univ, Egypt
Proceedings, 31st Universities Power Engineering

Conf, Iraklio, Greece, September 18-20, 1996, vol 3,
pp 969-972

The paper develops an adaptive static VAr compensator
(SVC) for enhancing power system stability. The Self
Tuning adaptive scheme is used to design the adaptive
SVC controller. The main feature of the proposed
controller is that the controller parameters are tuned and
updated on line for an optimum performance of power
system. The simulated power system consists of a
synchronous machine connected to an infinite Bus
through double circuit transmission line. The Excitation
system of synchronous machine is included and the
SVC is connected at the machine terminal. The digital
simulation results of the above power system behavior
due to three-phase short circuit or small speed deviation
of machine with the proposed adaptive SVC controller
are presented. Moreover, a comparison between the
power system response using the SVC controlled by the
conventional PI controller and the SVC controlled by
the proposed adaptive controller is obtained. The results
prove the robustness and reliability of the adaptive SVC
controller in terms of high performance of power
system, 9 Refs,

[1996] 08A - 16

ADAPTIVE VAR COMPENSATOR PROMISES
AN END TO CAPACITOR-SWITCHING WOES

Koch, W.A.
Special Reports, Seattle, WA, USA

Electrical World, vol 210, no 6, June 1996, pp 30, 33-
34

Mechanically switched capacitors, the standard cure for
low power factor, do a good job of compensating for
average power factor, but they cannot be switched fast
enough to keep up with quick and frequent variations in
reactive demand. An even greater drawback is the high
transient current caused by mechanical capacitor
switching and the havoc it plays with sensitive
computer-based loads. Here, the author describes how
the adaptive VAr compensator (AVC) offers a refined
way of switching capacitors that provides quick
response to reactive demands and the capability of
addressing power quality issues such as voltage
regulation and flicker. The device uses solid-state

devices to switch a binary stepped capacitor bank and is
capable of compensating for rapidly changing reactive
demand within one-half cycle, without generating
harmful transients or harmonics. 0 Refs.

[1998] 08A - 17

AN ACCURATE AND CONCISE METHOD OF
EVALUATING AND FLICKER REDUCTION
STRATEGIES IN POWER SYSTEMS

Jatskevich, J.; Conrad, L.; Wasynczuk, O.
Purdue Univ, West Lafayette, IN, USA

IEEE Trans on Power Delivery, Preprint order
number PE-310-PWRD-0-1-1998

The UIE/IEC flicker characteristics of a three-phase
power system which includes resistance welders are
evaluated in this paper. Welder operation produces
cyclic flicker which leads to customer complaints. An
adaptive var compensator (AVC) has been installed to
reduce flicker. In order to investigate the effectiveness
of the AVC and to set the stage for the analysis of
alternative control strategies, a detailed computer model
of the given system, including the AVC, has been
developed. The model also includes a simulation of the
UIE/IEC flicker meter to determine the effectiveness of
the AVC in an objective manner. The simulated system
response is compared with actual system measurements
revealing excellent agreement. The modeling
methodology set forth provides an efficient and
convenient means of evaluating complex flicker
resulting in a simple measure of human irritability.

[1996] 08A. - 18

195

AN EVALUATION OF STATIC VAR
COMPENSATION STRATEGIES FOR VOLTAGE
FLICKER MITIGATION IN ELECTRIC
DISTRIBUTION SYSTEMS

King, B.; Olejniczak, K.J.

Dept of Elec Eng, Arkansas Univ, Fayetteville, AR,
USA

Proceedings, 7th Int’l Conf on Harmonics and Quality
of Power (ICHQP), Las Vegas, NV, October 16-18,
1996, pp 6-11

This paper describes the application and evaluation of
various strategies for voltage flicker compensation in
electric  distribution systems. Simulations were
performed using the Electromagnetic Transients
Program (EMTP). A model of the distribution system is
first developed. Then, models for different
compensatory schemes are adapted for use in the EMTP



model of the distribution system. The compensatory
schemes evaluated include the series capacitor, the
thyristor-controlled reactor with a fixed capacitor, the
thyristor-switched capacitor, and the thyristor-switched
capacitor and thyristor-controlled reactor hybrid. 12
Refs.

[1996] 08A - 19

AN HYBRID ACTIVE POWER FACTOR
COMPENSATOR USING AN INTELLIGENT
HIERARCHICAL STRUCTURE

da Silva, L.E.B.; Lambert-Torres, G.; da Silva, V.F.;
Caloba, L.P.; Diniz, P.S.R.; de Querioz, A.C.M.;
Watanabe, E.H.

Escola Federal de Engenharia de Itajuba, Brazil

Proceedings, 38th Midwest Symp on Circuits and
Systems, Rio de Janeiro, Brazil, August 13-16, 1996,
vol 2, pp 212-215

This article describes the application of a hybrid
converter as a line conditioner. The hybrid converter
basically is a converter bridge with two GTOs, that
transform it in a fully controllable inverter. Therefore,
this converter allows independent control of voltage and
displacement factor. When appropriately controlled, this
converter can produce part of the reactive power
consumed by the load. Fabricated with a well known
technology, this converter is suitable for large power
compensation. Theoretical analysis and experimental
results are presented. A contro! strategy based on
learning is proposed. This hierarchical approach, uses
hints, coded in fuzzy conditional rules, to train a neural
network  responsible for converter  variables
manipulation. 8 Refs.

[1996] 08A - 20

Deleted

[1996] 08A - 21

ANALOG SIMULATION OF SELF-
COMMUTATED STATIC VAR COMPENSATOR
WITH COMPENSATION OF HARMONIC AND
UNBALANCED CURRENT

Kishibe, H.; Yoshioka, Y.; Konishi, S.

Tohoku Elec Power Co, Inc, Japan

Proceedings, Annual Conf of Power & Energy Society,

IEE of Japan (Denki Gakkai Denryoku, Enerugi
Bumon Taikai Ronbunshu), vol 7, no 2, pp 258-259

Japanese

Abstract not available.

[1997] 08A - 22

ANALYSIS OF INTER-AREA DAMPING
ENHANCEMENT BY STATIC VAR
COMPENSATORS IN LONGITUDINAL POWER
SYSTEMS

Messina, A.R.; Rosales, M.A.A.

ESIME Seccion de Estudos de Posgrado e
Investigacion, Mexico

Control Engineering Practice, vol 5, no 1, January
1997, pp 117-122

The work reported in this paper synthesizes the main
findings of an eigen-analysis-based research program,
aimed at assessing the potential for dynamic stability
improvement by means of static VAr compensators. The
results of the first phase of this research include the
determination of modes that are more controllable by
existent SVCs, and the use of modulation controls to
damp low-frequency inter-area modes of oscillation in
longitudinal power systems. 11 Refs.

[1997] 08A - 23

ANALYSIS OF REGIME CHARACTERISTICS OF
CONTROLLED INTERCONNECTION WITH
STATIC VOLT-AMPERE COMPENSATORS

Zelenokhat, N.1.

Moskovskij Energeticheskij Inst, Moscow, Russia
Elektrichestvo (Russia), no 3 March 1997, pp 13-18
Russian

An algorithm of control of the static volt-ampere
compensator (SVC) is developed to maintain a given re-
flow of active power via controlled interconnection. The
calculations performed confirm its effectiveness.
Different properties of controlled interconnection with
the SVC have been studied under the simple and
complex electric power system. For control of the active
power re-flow via the intersystem connection link, the
SVC operation is necessary in the reactor regime. Using
the capacitance regime allows to extend the admissible
angle variations. 5 Refs.
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ANALYSIS OF SUPPLEMENTARY CONTROLS
IN DAMPING SUBSYNCHRONOUS
OSCILLATIONS

Balasubramanyam, P.V.; Murty, A.S.R.; Sarkar,



B.N.; Murthy, P.R.
Central Research and Testing Lab, Bangalore, India

Journal of the Institution of Engineers (India),
Electrical Engineering Division, vol 77, November
1996, pp 144-150

Analysis and damping of torsional oscillations through
thyristor control reactor (TCR) is presented in this
paper. The reactive power control is achieved through
TCR at the machine terminals. Generator speed
deviation signal is used as auxiliary signal and terminal
voltage feed back signal as main control signal for TCR.
The different control strategies for auxiliary control to
TCR have been analyzed. The main objective of this
paper is to discuss the modeling aspects and analyze the
performance of different control strategies for damping
torsional oscillations when a generator is connected to
an infinite bus via double circuit 400-kV transmission
line, in which one circuit is series compensated. This
configuration is similar to IEEE benchmark two model.
11 Refs.

[1998] 08A - 25

ANALYSIS OF SVC AND TCSC CONTROLLERS
IN VOLTAGE COLLAPSE

Canizares, C.A.; Faur, Z.T.

IEEE Trans on Power Delivery, Preprint order
number PE-200-PWRS-0-2-1998

This paper presents detailed steady-state models with
controls of two flexible ac transmission system (FACTS)
controllers, namely, static VAr compensators (SVCs)
and thyristor-controlled series capacitors (TCSCs), to
study their effect on voltage collapse phenomena in
power systems. Based on results at the point of collapse,
design strategies are proposed for these two controllers,
so that their locations, dimensions and controls can be
optimally defined to increase system loadability. A
European system is used to illustrate the application of
all proposed models and techniques.

[1996] 08A - 26

APPLICATION OF AN AUXILIARY
CONTROLLED STATIC VAR SYSTEM FOR
DAMPING SUBSYNCHRONOUS RESONANCE IN
POWER SYSTEMS

Kumar, N.; Dave, M.P.

Univ of Roorkee, India

Electric Power Systems Research, vol 37, no 3, June
1996, pp 189-201

In this paper a novel concept of a static var system
(SVS) auxiliary controller application for dainping
subsynchronous resonance in power systems has been
proposed and demonstrated. An SVS controller, known
as the combined reactive power and frequency (CRPF)
auxiliary controller has been developed and
incorporated in the SVS control system located at the
middle of a series compensated long transmission line.
The studies are conducted on a system having a similar
spread of the torsional modes as the first IEEE
Benchmark Model. The proposed SVS auxiliary
controller stabilizes all the torsional modes over a wide
operating range. A digital computer simulation study
has been performed, using a nonlinear system model, to
illustrate the effectiveness of the proposed SVS auxiliary
controller. 17 Refs.

[1997] 08A - 27

APPLICATION OF STATIC VAR
COMPENSATION FOR LOAD FREQUENCY
CONTROL

El-Emary, A.A.; El-Shibina, M.A.
Cairo Univ, Egypt

Electric Machines and Power Systems, vol 25, no 9,
November 1997, pp 1009-1022

In this paper, the problem of designing a load frequency
control (LFC) system which reduces frequency
oscillation based on static VAr compensation has been
investigated. A linear model of a power system area has
been used, and a new feedback control signal sent from
SVCs to power houses is suggested. The new feedback
controller includes the frequency deviation and the
change of reactive power due to SVCs. The dynamic
response of the system is determined in the presence of
the suggested control system and compared with the
case of no control action to evaluate the capabilities of
the proposed control systems.

[1997] 08A - 28

APPLICATION OF SVS AUXILIARY
CONTROLLERS FOR POWER SYSTEM
CONTROL

Kumar, N.; Dave, M.P.
Dept of Elec Eng, Roorkee Univ, India

Int’l Journal of Power and Energy Systems, vol 17, m.)
2, 1997, pp 69-77

This paper presents " a comparative performance
evaluation of static VAr systems (SVS) auxiliary
controllers for transient stability enhancement of long

197




transmission lines. A new controller, namely,

application of auxiliary controllers

effectiveness of the auxiliary controllers

auxiliary controller has been established.

[1996] 08A - 29

APPLICATION OF THE PHILLIPS-HEFFRON
MODEL IN THE ANALYSIS OF THE DAMPING
TORQUE CONTRIBUTION TO POWER
SYSTEMS BY SVC DAMPING CONTROL
Wang, H.F.; Swift, F.J.

Manchester Metropolitan Univ, UK

Int’l Journal of Electrical Power and Energy Systems
(UK), vol 18, no 5, June 1996, pp 307-313

In this paper, an extended Phillips-Heffron model of a
power system installed with a static VAr compensator
(SVC) is established and applied to analyze the
damping torque contribution of SVC damping control to
the power system. Some basic issues, such as the
capability of the SVC damping control to supply
positive damping to the power system, the best location
of the SVC damping control, its control strategy and its
robustness to the changes of the operating conditions of
the power system, are investigated. Previous findings
from numerical calculations and simulations of the
effects of SVC damping control are confirmed by the
analytical results in the paper. To supplement the
analysis, the results of the calculations and simulations
of an example power system are also presented. 10 Refs.

[1996] 08A - 30

APPLICATIONS AND MAINTENANCE OF THE
POWER ELECTRONICS. (7). STATIC VAR
SYSTEM (SVC)

Miyata, N.
Nissin Elec Co, Ltd, Japan

Tetsudo to Denki Gijutsu (Japan), vol 7, no 9, pp 55-
59

Japanese

Abstract not available.

the
combined reactive power and frequency (CRPF)
auxiliary controller, has been developed for the SVS
located at the middle of the transmission line. The
considerably
enhances the system damping, and unstable system
modes are stabilized. A digital computer simulation
study has been performed to illustrate the comparative
under
disturbance conditions, and the superiority of the CRPF

[1997] 08A - 31

APPROACH TO DESIGNING THE FUZZY IF-
THEN RULES FOR FUZZY-CONTROLLED
STATIC VAR COMPENSATOR (FCSVC)

Yamakawa, T.; Uchino, E.; Takayama, M.
Kyushu Inst of Tech, Fukuoka, Japan

Information Sciences, vol 101, no 3-4, October 1997,
pp 249-260

This paper describes an approach to designing fuzzy if-
then rules for the fuzzy-controlled static var
compensator (FCSVC) in a three-phase electric power
system. In general, it is very difficult to control the rms
line voltage in the three-phase ac circuit. We propose
the FCSVC system to control the voltage. FCSVC is an
rms line voltage stabilizer using three static var
compensators (SVC) which are controlled by a fuzzy

Togic controller (FLC). Moreover, we propose an easier

and more efficient approach to designing the fuzzy if-
then rules of FCSVC. The effectiveness of the FCSVC
described in this paper is verified by the experimental
results. 5 Refs.

[1997] 08A - 32

AUTOMATIC CONTROL SYSTEM FOR A
THYRISTOR-CONTROLLED SHUNT
COMPENSATOR

Malafeyev, S.1.

Tech & Econ Sys Dept, Vladimir State Tech Univ,
Russia

Electrical Technology (UK), no 4-6, 1997, pp 111-121

A control system for a thyristor shunt compensator is
considered. The system ensures high-speed control of
the quadrature components of the fundamental current
harmonic of the power supply network. An analysis of
the system dynamic characteristics is carried out with
the help of an approximate discrete model.

[1997] 08A - 33
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AUTOMATIC SYSTEM FOR CONTROLLING
THYRISTOR-REACTOR COMPENSATOR

Malafeyev, S.1.
Elektrichestvo (Russia), no 6, June 1997, pp 13-18
Russian

The paper considers a control system for a thyristor
shunt compensator. The system considered ensures a
high-speed regulation of the feeding network alternating
current fundamental harmonic quadrature-lagging




component, An analysis of the system dynamic
characteristics is carried out with the help of an
approximate discrete model.

[1997] 08A - 34

AUXILIARY-CONTROLLED STATIC VAR
SYSTEM FOR DAMPING SUBSYNCHRONOUS
RESONANCE IN POWER SYSTEMS

Kumar, N.; Dave, M.P.

Dept of Elee Eng, CR State College of Eng, Murthal,
India

Int’l Journal of Power and Energy Systems, vol 17, no
3, 1997, pp 198-205

In this paper, a novel static VAr system (SVS)
controller known as the combined reactive power and
frequency (CRPF) auxiliary controller has been
developed and incorporated in the SVS control system
located at the middle of a series-compensated long
transmission line, The proposed SVS auxiliary
controller stabilizes all the torsional modes over a wide
operating range. A digital computer simulation study
has been performed, using a nonlinear system model, to
illustrate the effectiveness of the proposed SVS auxiliary
controller,

[1996] 08A - 35

CAPABILITY OF THE STATIC VAR
COMPENSATOR IN DAMPING POWER SYSTEM
OSCILLATIONS

Wang, H.F.; Swift, F.J.
Manchester Metropolitan Univ, UK

IEE Proceedings, Generation, Transmission and
Distribution (UK), vol 143, no 4, July 1996, pp 353-
358

The capability of the static VAr compensator (SVC) in
damping power system oscillations is investigated on
the basis of a Phillips-Heffron model of single-machine
infinite-bus power systems. Analysis shows that the
ability of the SVC to provide positive damping torque to
power systems is influenced not only by the load
conditions, as has been found previously, but also by the
type (or parameters) of the generator and the strength of
the SVC voltage control. It is found that the *dead point'
of the SVC damping control function, which has been
reported in two-area power systems, may also exist in a
single-machine infinite-bus power system. All the
conclusions in the paper have been obtained by
theoretical analysis, which ensures their generality and
validity in all power systems with the same basic

structure, and are confirmed by numerical calculations
and nonlinear simulations of an exampie power system.
13 Refs.

[1997] 08A.- 36

COMPARATIVE ANALYSIS OF HARMONIC
GENERATION FOR SVC AND STATCOM
SYSTEMS

Wilkosz, K.; Sobierajaski, M.; Kwasnicki, W.T.

4th Int’l Conf on Electrical Power Quality and
Utilization (JUEE'97), Krakow, Poland, September
1997

Abstract not available.
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COMPARATIVE STUDY OF DISTURBANCES
CAUSED BY AC AND DC ARC FURNACES

Mauras, P.; Kratz, M.; Martinon, J.
Electricite de France

Collection de notes internes de la Direction des etudes
et recherches. Materiel electrique, transport et
distribution d'energie (France), no 34, 1997, 29 pp

French; English

Substantial work and measurements performed by EDF
over the last few years regarding ac and dc arc furnaces
have shed light on these very special loads, their
associated disturbances, and have allowed the efficiency
of the many technical solutions to forestall these
disturbances to be ascertained. Among the main
teachings, certain values have been confirmed, such as
the order of magnitude of the difference in flicker
between ac and dc furnaces of similar size and
technology (two-fold), the flicker damping coefficients,
or the flicker reduction ratio by series reactance or SVC.
It has also been possible to identify the Kst coefficients
used in the pre-determination of flicker of a new furnace
(50 to 60 for ac furnaces without instrumented
reactance). It should be remarked that the constant
changes in metallurgical techniques (use of reduced
iron, shredding and crushing of scrap, pre-heating or
charging liquid pig-iron, post-combustion and increased
energy from fossil fuel, conductor electrode-holder
brackets, etc.) make it necessary to update these data on
a regular basis. Other findings show that phenomena are
sometimes more complex than theory may allow for.
Substantial variation is observed in the coincidence
factor of flicker produced by two furnaces, as well as a
difference in damping of flicker depending on the
direction of propagation of the disturbance. The




simultaneity of harmonics when several converters are
operating simultaneously is also difficult to
comprehend. Measurements have shown that, in some
configurations, harmonic currents can be considerably
amplified. The different technical solutions for the
reduction of these disturbances, both for flicker and
harmonics, are well under control today. One of the
most promising avenues appears to be, in the field of the

dc furnace, use of free-wheeling diode an shifted control
rectifiers at constant reactive power. 12 refs.

[1996] 08A - 38

COMPARING THE VOLTAGE CONTROL
CAPABILITIES OF PRESENT AND FUTURE VAR
COMPENSATING TECHNIQUES IN
TRANSMISSION SYSTEMS

Hammad, A.E.

Consultant, NE Swiss Power Co, Baden, Switzerland

IEEE Trans on Power Delivery, vol 11, no 1, January
1996, pp 475-481

The phenomenon of transient voltage stability in power
transmission systems is explained. A generic method is
used to examine the dynamics of stabilization as
influenced by mechanically switched shunt capacitors
and by static compensators. A comparison is made for
the voltage stabilizing performance of different
configurations of static VAr compensators. Technical
merits of newly developed devices, such as voltage-
source GTO converter-based VAr compensators and
thyristor-controlled series capacitors, in terms of
counteracting voltage instability are also examined. A
newly developed special controller for SVC schemes
with TCR in transmission systems is presented. The
controller ensures a stable operation of the load
interconnecting network at the usually unstable region
where conventional SVC controls are void. 14 Refs.

[1997] 08A - 39

COMPENSATION OF VOLTAGE DROP USING
STATIC VAR COMPENSATOR AT SECTIONING
POST IN AC ELECTRIC RAILWAY SYSTEM

Kawahara, K.; Hase, S.; Mochinaga, Y.; Hisamizu,
Y.; Inoue, T.

Railway Tech Research Inst, Tokyo, Japan
Proceedings, IEEE 1997 Power Conversion Conf,
Nagaoka, Japan, August 3, 1997, vol 2, pp 955-960

In this paper, the authors describe the application of
SVC (static VAr compensator) to ac electric railway
system, outlines SVC installed at Shin-syo sectioning

post on San-yo Shinkansen and report on the result of
verifiable site investigations. Single-phase SVC can
reduce the voltage drop in the feeding circuit and
improve the power factor at substation by compensating
the reactive power. In the case of compensating the
voltage drop, it is more effective to locate SVC at
sectioning post than at substation. The site investigation

has revealed that SVC can reliably suppress the voltage
drop. 3 Refs.

[1996] 08A - 40

CONTROL DESIGN FOR SVC'S ON THE MEAD-
ADELANTO AND MEAD-PHOENIX
TRANSMISSION PROJECT

Larsen, E.V.; Clark, K.; Hill, A.T.; Piwko, R.J.;
Beshir, M.J.; Bhuiyan, M.; Hormozi, F.J.; Braun, K.

GE Power Sys Eng, Schenectady, NY, USA

IEEE Trans on Power Delivery, vol 11, no 3, July
1996, pp 1498-1506

A major project is under construction to increase the
capability of the 500-kV transmission system between
Arizona and Southern California. This project includes
two 388-MVAr SVC's, which are needed primarily to
stabilize power oscillations across the interface. The
control system for these SVC's includes some new
concepts to accomplish this stabilizing influence. This
paper describes the important features of this control
system, including the main design considerations. 3
Refs.

[1996] 08A - 41

CONTROL METHOD FOR 50 MVA SELF-
COMMUTATED STATIC VAR COMPENSATOR

Suzuki, K.; Yajima, M.; Nohara, M.; Ueda, S.; Toita,
H.; Sato, H.
Tokyo Elec Power Co, Inc, Japan

Proceedings, Annual Conf of Power & Energy Society,
IEE of Japan (Denki Gakkai Denryoku, Enerugi
Bumon Taikai Ronbunshu), vol 7, no 2, pp 864-865

Japanese
Abstract not available.
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CONTROL METHOD OF DC YARD VOLTAGE
FLUCTUATION IN 5 LEVEL OUTPUT SELF-
EXCITED VAR COMPENSATOR

Migaki, T.; Sato, K.; Kondo, H.; Fukae, T.



Tokyo Inst of Tech, Japan

Denki Gakkai Handotai Denryoku Henkan Kenkyukuai
Shiryo (Japan), vol SPC-96, no 1-14, pp 88-98
Japanese

Regarding a method to suppress voltage fluctuation at a
dc voltage divider in a VAr compensating system with a
five level converter of diode clamp type, a study is made
with an ac equivalent circuit. If the potential of the
voltage divider is symmetrical with respect to the

‘neutral point, by controlling the charging angle of the

converter with respect to the system voltage by feeding
back the potential of the dc voltage divider, the potential
of the dc voltage divider can be kept constant.

[1996] 08A - 43

CONTROL SCHEME FOR REACTIVE POWER
COMPENSATION USING FIXED CAPACITOR
AND A SWITCHED INDUCTOR

Venkatesh, C.; Vijaykumar,'S.; Sastry, V.V.
Dept of Elec Eng, Indian Inst of Tech, Madras, India

Proceedings, 7th Int’l Power Electronics and Motion
Control Conf (PEMC'96), Budapest, Hungary,
September 2-4, 1996, vol 3, pp 556-559

This paper presents a new control scheme for a reactive
power compensator which uses a fixed capacitor and a
thyristor switched inductor. The power factor
improyement is achieved by firing the thyristors in such
a way that the instantaneous power supplied by the
source is always positive. The technique also results in
low distortion levels at the source end. The validity of
the proposed technique has been studied through
SABER and KREAN simulators. A prototype employing
the proposed technique was also built and tested for the
validity of the concept. 6 Refs.

[1996] 08A - 44

CONTROL STRATEGIES FOR A HYBRID
STATIC REACTIVE COMPENSATOR
Manjrekar, M.; Venkataramanan, G.
Montana State Univ, Bozeman, MT, USA
Proceedings, Canadian Conf on Electrical and

Computer Engineering (CCECE'96), Calgary,
Canada, May 29-29, 1996, vol 2, pp 834-837

This paper presents a hybrid approach for the reactive

power compensation. The proposed approach combines
a current regulated power electronic converter in series
with the conventional static VAr compensator (SVC)
connected in shunt to the power line. The current

through this power electronic converter is controlled to
inject sinusoidal currents of desired compensation level
into the power system. The firing angle of the thyristors
in SVC is be controlled such that the fundamental
voltage developed across it is equal to the line voltage.
Consequently, the voltage stress on the power converter
is decreased. A controller for this compensation system
along with the start up strategy is proposed in the paper.
Performance of the proposed approach is evaluated
using computer simulations. 6 Refs.
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CONTROLLING SVCs FOR BETTER
MANAGEMENT OF NORTHERN GRID OF
INDIA

Gupta, R.P.; Varma, RK.; Prabhu, S.S.;
Sachchidanand; Das, A.K.; Nath, R.; Nayar, S.;
Tripathy, A.K.

Indian Inst of Tech, Kanpur, India

Proceedings, 37th CIGRE Conf, Paris, France, August
30-September 5, 1998

The objective of the paper is to design controllers of
static var compensators (SVC) to ensure system stability
and to provide sufficient system damping during the
outage of major ac or dc trunk lines in the Northern
Region Electricity Board (NREB) system of India. The
design methodology ensures that the proposed three
SVCs do not adversely interact not only amongst
themselves but also with the existing SVC and the dc
link. The weakest network state has been determined
after conducting various outage studies.  Voltage
controllers of SVCs. have been designed using
eigenvalue analysis employing root locus technique and
subsequently their performance validated through time
domain simulation. It is shown that the three proposed
SVCs (70 MVAr capacitive and 35 MVAr inductive) at
Panki, Lucknow and Muradabad not only ensure voltage
support at critical buses in the network but also are
sufficient to retain the system stability with adequate
system damping after the outage of Lucknow-
Moradabad 400-kV line which is one of the major ac
trunk lines. The performance of the three proposed
SVCs in improving system damping is compared with
two other alternatives of making a critical 400-kV line
(Kampur-Ballabhgarh) double circuit or series
compensated. The paper also considers the problem of
recent incidents of NREB system collapse and shown
through static voltage stability studies that just one SVC

of enhanced capacity placed at Moradabad will help in
avoiding grid collapse.



[1996] 08A - 46

CONVERSION SYSTEMS USING WIND-DRIVEN
INDUCTION GENERATORS WITH
ELECTRONICALLY CONTROLLED REACTIVE
AND ACTIVE POWERS. II. DYNAMICAL

ANALYSIS
Dezza, F.C.; Di Gerlando, A.; Perini, R.
Dipt di Elettrotecnica, Politecnico di Milano, Italy

Proceedings, Symp on Power Electronics, Industrial
Drives Power Quality, Traction Systems, Capri, Italy,
June 5-7, 1996, pp B6-31-38

Some operation aspects of a wind energy conversion
system (WECS) based on the use of an autonomous self-
excited induction generator are analyzed. The reactive
power is regulated by a static VAr compensator and the
active power, transferred towards a storage battery by
means of a diode bridge, is regulated by a chopper. The
design criteria of the capacitors and of the inductors for
the harmonic filtering are defined and the control loops
of the active and reactive powers are described. The
results of some simulations in the time domain are
shown, comparing them with the design predictions and
analyzing the dynamical behavior of the system.

[1996] 08A - 47

COORDINATED FUZZY LOGIC CONTROL
BETWEEN SVC AND PSS TO ENHANCE
STABILITY OF POWER SYSTEMS

Kihara, H.; Hiyama, T.; Miyauchi, H.; Ortmeyer,
T.H.

Kumameoto Univ, Japan

Electrical Engineering in Japan (Denki Gakkai
Ronbunshi), vol 116, no 1, January 1996, pp 43-54

This paper presents a new switching control scheme for
static var compensator (SVC) using fuzzy logic control
rules to enhance the overall stability of electric power
systems. In addition, the coordination with power
system stabilizers (PSS) is also considered to achieve a
wider stable region. An SVC is set on one of the busbars
in the transmission system, where the real power flow
signal is utilized at the location of the SVC to determine
the firing angle of the thyristor switch. The switching
control scheme is simple so as not to require heavy
computation on the microcomputer-based switching
controller. The PSSs are also set on the generators in the
study system. Simulation results show the effectiveness
of the proposed fuzzy logic switching control scheme for
the SVC. The coordination between SVC and PSS is
also effective to enlarge the stable region. 13 Refs.

[1996] 08A - 48

COUNTERMEASURE FOR THE VOLTAGE
DROP IN AKITA SHINKANSEN

Kawamae, S.; Suzuki, Y.
East Japan Railway Co

Tetsudo Denki Gijutsu Kenkyu Happyokai Ronbunshu
(Japan), vol 6, pp 21-25

Japanese

The voltage drop compensation due to the feeding
distance extension in the Akita Shinkansen was
examined, and outline of a capacitor switching system
(TSC) static var compensator (SVC) using the thyristor,
and the results of its performance verification test are
described. As measures for the voltage drop, the train
load current values and calculated value of the lowest
overhead line voltage are shown, and the closing
method of the TSC system SVC and results of the
performance verification test (transient phenomenon
and voltage drop compensation effect when closing the
capacitor and higher harmonic absorption with the
SVC) are explained.

[1996] 08A - 49

DAMPING EFFICIENCY OF SVC AND CSC
[POWER SYSTEM CONTROL]

Pastos, D.A.; Voves, N.A.; Giannakopoulos, G.B.;
Lygdis, A.D.

Patras Univ, Greece

Proceedings, 6th IEE Int’l Conf on AC and DC Power
Transmission, London, UK, April 29-May 3, 1996, pp
275-280

The damping capability of controllable shunt capacitors
(SVC) and controllable series capacitors (CSC) on the
small signal system oscillations is studied and compared
and its dependence on characteristic parameters is
investigated. Based on small perturbation analysis a

method is proposed and a computer program using as
input the results of a load flow program has been
developed for the calculation of damping capability of
controllable compensators and their impact on voltage
sensitivity. Also the voltage instability related to load
characteristics is briefly studied. 10 Refs.
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DAMPING ENHANCEMENT BY ROBUST
TUNING OF SVC CONTROLLERS IN THE
PRESENCE OF LOAD PARAMETERS
UNCERTAINTY



r—

Milanovic, J.V.
Univ of Tasmania, Australia

IEEE Trans on Power Delivery, Preprint order
number PE-096-PWRS-0-12-1997

The paper explores the influence of power system loads
on static var compensator (SVC) damping effectiveness.
Equipped with properly tuned additional stabilizers,
SVCs have been successfully used for improving the
damping of electromechanical oscillations in power
systems, The damping improvement is usually achieved
through indirect voltage influence through voltage
dependent loads. Tuning of an additional compensator
stabilizer (ACS) traditionally assumes that loads are
statically voltage dependent. However, load parameters
are generally uncertain and loads often exhibit some
dynamic response. This uncertain dynamic behavior of
loads can introduce an additional phase shift between
voltage and load response and such can detune the ACS.
Examples of detuning effects of dynamic loads as well
as robust tuning of ACS are presented and discussed.

[1996] 08A. - 51

DESIGN FOR A RELOCATABLE TERTIARY
CONNECTED SVC

Horwill, C.; Young, D.J.; Wong, K.T.G.

GEC ALSTHOM Power Electrn Sys Ltd, Stafford,
UK

Elektron (South Africa), vol 13, no 10, October 1996,
pp 19-21

In 1994, the National Grid Company (NGC), UK, began
procuring a new kind of static VAr compensator (SVC)
which can be connected to the tertiary of any of its
supergrid transformers (SGTs) and, if necessary, moved
from one site to another to match the changes in VAr
demand at various parts of the network. These SVCs
which are rated 0/+60 MVATr, -are called relocatable
SVCs (RSVCs). The authors discuss the specification
requirements, design procedures, cooling, and control
system for the RSVCs.

[1996] 08A - 52

DESIGN OF A STATIC REACTIV E POWER
COMPENSATOR USING FUZZY SLIDING MODE
CONTROL

Wang, S-Y.; Hong, C-M.; Liu, C-C.; Yang, W-T.
Dept of Elec Eng, Natl Taiwan Univ, Taipei, Taiwan

Int’l Journal of Control (UK), vol 63, no 2, January
20, 1996, pp 393-413

This paper demonstrates a fuzzy sliding mode control
(FSMC) scheme for a static reactive power compensator
(static VAr compensator or SVC) to improve the
damping of a synchronous generator. A robust sliding
regime is derived to guarantee the stability of the
proposed FSMC under parameter uncertainties. Two
types of FSMC, the fuzzy switching gain compensation
and the fuzzy control signal compensation, are
recommended to regulate the reactive power of the SVC.
A synchronous generator system with the proposed
FSMC-SVC has been studied and its dynamic responses
are simulated. The results show that the suggested
FSMC scheme possesses the advantages of fuzzy control
and sliding mode control, e.g. insensitivity to parameter
variations and load disturbances. Note that the dynamic
performance of the synchronous machine system can be
improved dramatically over a wide range of operating
conditions. Furthermore, for simplification of practical
implementation, the reducing switches (or local
feedback) control is adopted. 17 Refs.
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DEVELOPMENT OF AN INDUSTRIAL LOAD
BUS POWER FACTOR REGULATOR BY USING
SVC AND PARALLEL PROCESSING OF
MICROPROCESSOR

Das, A.; Mukhopadhyay, A.K.
Dept of Appl Phys, Calcutta Univ, India

Journal of the Institution of Engineers, Electrical
Engineering Division (India), vol 77, August 1996, pp
94-98

An on-line microprocessor-based digitally-controlled
power factor regulator has been developed to regulate
the power factor in industrial load bus during running of
industry by compensating the reactive power demand by
means of a static VAr compensator (SVC). The power
factor is regulated by adjusting variable reactance,
through controlling the trigger angle of the thyristor
connected with SVC. For accurate, sequential and
symmetrical triggering control and quick response,
parallel processing of two 8085A CPU-based
microprocessors, one used as a master processor and the
other as a slave, has been taken into consideration. The
software developed is such that, at every instant the
master processor senses the status of power factor of the
load bus and checks the deviation from a pre-set value
in the range of 0.9 lagging to unity and informs the
slave processor for control action. After receiving the
message from its master the slave processor adjusts the
triggering angle and helps in maintaining power factor
within the recommended value. 3 Refs.



[1996] 08A - 54

DEVELOPMENT OF THREE-PHASE
UNBALANCE VOLTAGE FLUCTUATION
COMPENSATING SYSTEM USING SELF-
COMMUTATED STATIC VAR COMPENSATOR

Takeda, M.; Murakami, S.; Iizuka, A.; Mochinaga,
Y.

Mitsubishi Elec Corp, Japan

Trans of the Institute of Electrical Engineers of Japan,
vol 116-D, no 8, August 1996, pp 826-834

Japanese

This paper describes a self-commutated static VAr
compensator for suppressing voltage fluctuations caused
by an ac electric railway (Shinkansen, or new trunk
line). The ac electric railway is a single-phase load with
large changes of reactive power and it causes large
voltage fluctuations and power unbalances among three
phases in the power system. The authors have developed

a new voltage fluctuation compensating system using a
self-commutated static VAr compensator. This system
has the functions of reactive power compensation and
negative-phase-sequence current absorption and can
suppress rapidly-changing voltage fluctuations and
reduce the three-phase power unbalance caused by the
ac electric railway, effectively. This compensating
system with a capacity of 40 MVA has been put to
practical use, for the first time in the world, in 1993.
The test results at site show that the system has
excellent performance characteristics. Theoretical
analysis on the characteristics of voltage fluctuations
with or without the compensating system and the
evaluation of the test results including the comparison
between the theoretical values and measured ones are
also reported. 5 Refs.

[1996] 08A - 55

DEVELOPMENT OF VOLTAGE FLUCTUATION
COMPENSATING SYSTEM USING A SELF-
COMMUTATED TYPE STATIC VAR
COMPENSATOR

Takeda, M.; Murakami, S.; Iizuka, A.; Mochinaga,
Y.

Mitsubishi Elec Corp, Japan

Pawa Erekutoronikusu Kenkyukai Ronbunshi (Japan),
vol 21, no 2, pp 114-123
Japanese

This paper describes a self-commutated type static VAr
compensator for suppressing voltage fluctuations caused
by an ac electric railway. (Shinkansen, or New trunk

line). The ac electric railway is a single-phase load with
large changes of reactive power, and causes large

_ voltage fluctuations and power unbalances among three

phases. The authors have developed a new voltage
fluctuation compensating system using a self-
commutated static VAr compensator. This system has
functions of both reactive power compensation and
negative-sequence current absorption and can suppress
the rapidly changing voltage fluctuations caused by an
ac electric railway, effectively. The system of 40 MVA
has been put into practical use, first in the world, in
1993. The test results at site showed that it has excellent
performance characteristics. In this paper, the
theoretical - analysis on the characteristics of voltage
fluctuations with or without the compensating system
and the evaluation of the test results are described.

[1996] 08A - 56

DEVELOPMENT TRENDS FOR SVC'S

Stromberg, G.; Thorvaldsson, B.; Rudin, S.
ABB Power Sys, Vasteras, Sweden

Proceedings, Int’l Conf on Electrical Engineering
(ICEE'96), Beijing, China, August 12-15, 1996, vol 2,
pp 1300-1304

This paper highlights some aspects of modern-day SVC
designs. It covers the functional rating concept as well
as modern control system design. Asymmetrical voltage
control is discussed. A system for station control and
monitoring (SCM) is described. Finally two SVC
installations, one in the USA and one in Norway are
presented. The two SVCs serve as good representatives
modern-day technology. 2 Refs.
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DIGITAL AND REAL TIME STUDIES OF THE
ESKOM SVCS

Boshoff, S.; Magg, T.; Bergmann, K.; Schettler, F.
ESKOM, South Africa

Proceedings, 6th IEE Int’l Conf on AC and DC Power
Transmission, London, UK, April 29-May 3, 1996, pp
363-368

Three SVCs were installed in 1994/95 at the Natal
Transmission System of the South African utility
ESKOM. Their main task is to regulate rapidly the
voltage in order to increase the stability of the
transmission network. In addition, they are required to
exercise VAr control and to reduce existing voltage
asymmetry in the network. For this, a special SVC
layout was created and a control loop developed.




Verification was done using the ATP (alternative
transients program) computer simulation as well as the
actual control system in conjunction with an ac/dc
analog real-time simulator (TNA). This article describes
the task, design concept and verification. 6 Refs.

[1997] 08A - 58

ECONOMIC OPERATION OF A WIND PARK BY
VAR COMPENSATORS

Bergmann, K.; Renz, K.; Schettler, F.; Tyll, H.;
Weinhold, M.; Soebrink, K.

Siemens AG, Erlangen, Germany
ETZ ( Germany ), vol 118, no 20, October 1997, pp 28-
31

German

Asynchronous generators in wind power systems
necessitate dynamic idle current compensation. Static
compensators (SVC) provide the required dynamic idle
current, keep the voltage at a constant level, prevent
transmission losses and, with its fast response, limits
excessive voltage increase. This is proved by a
European project in the Danish wind farm at Rejsby
Hede.

[1997] 08A - 59

EFFECT OF STATIC VAR COMPENSATOR
UPON SYNCHRONIZING TORQUE
COEFFICIENT

El-Emary, A.A.
Cairo Univ, Egypt
Electric Muchines and Power Systems, vol 25, no 4,

May 1997, pp 371-386

As power systems have increased in size and
complexity, and as the number of power ties between
different systems has increased, the nature of the system
stability has changed. A static var compensator (SVC),
constructed by fixed capacitor (FC) and thyristor-
controlled reactor (TCR), is designed and implemented
to improve the damping of a synchronous generator, as
well as controlling the system voltage. The SVC is
placed at the generator bus terminal, with the speed and
voltage deviation as the feedback signals. In this paper,
a formula has been developed showing the effect of SVC
upon synchronizing torque coefficient, such that
damping is improved and the system voltage is
controlled, A simplified analysis of the effect of SVC on
the stability of a machine connected to an infinite bus,
as well as 21-bus real system is presented. It is observed

that the SVC is capable of increasing damping and
controlling the system voltage. 19 Refs.

[1996] 08A - 60

ENHANCEMENT OF POWER SYSTEM
STABILITY BY CONTROLLABLE SERIES
COMPENSATION

Chen, H-J.

Hohai Univ, Nanjing, China

Automation of Electric Power Systems (China), vol 20,
no 10, October 1996, pp 14-17, 36

Chinese

This paper presents an output feedback control approach
for the control of thyristor-controlled series
compensation (TCSC). Both eigenvalue analysis and
time domain simulation methods are used to investigate
the effectiveness of the approach to improve power
system dynamic, steady-state as well as transient
stability. Numerical results of a single-machine infinite
bus system has shown that the TCSC, if properly
controlled, could be very effective in enhancing power
system stability.

[1997] 08A - 61

ENHANCEMENT OF STEADY-STATE VOLTAGE
STABILITY BY STATIC VAR COMPENSATORS

El-Sadek, M.Z.; Dessouky, M.M.; Mahmoud, G.A.;
Rashed, W.L

Assiut Univ, Egypt

Electric Power Systems Research, vol 43, no 3,
December 1997, pp 179-185

Steady-state voltage instability can certainly be
enhanced by static VAr compensators which can hold
certain node voltages constant and create infinite buses
within the system nodes. Static VAr compensator
parameters needed for this purpose are found. Controller
gains, droop slopes, reference voltages and compensator
ratings are determined for maintaining the load node
voltages constant irrespective of system loadabilities to
values which lead to voltage instabilities. Influence of
system equivalent impedances on these parameters is
finally discussed. 14 Refs.

[1998] 08A - 62

EXPERIMENTAL INVESTIGATION OF

VOLTAGE SAG MITIGATION BY AN
ADVANCED STATIC VAR COMPENSATOR



Wang, P.; Jenkins, N.; Bollen, M.H.J.

IEEE PES Winter Meeting, Tampa, FL, 1998,
Preprint order number PE-289-PWRD-0-12-1997

A laboratory model of an advanced static VAr
compens