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PREFACE 
 

 

Needs of Society and High Voltage Engineering  
 

I have been involved with research and education regarding high 

voltage (HV) engineering in Universities and an electric power utility 

for over 40 years. Our circumstances in the HV engineering field 

changed drastically during this period. 

Around 40 years ago, there was a clear mission of development of 

an a.c. UHV transmission system in HV engineering in Japan. After 

the completion of basic research for the design of a.c. UHV 

transmission lines, the HV section in the manufacturers was rapidly 

downsized and many engineers and scientists in the field of HV 

engineering retired without the replacement since we have reached the 

final transmission levels.  

The educational reform was executed at the university under such trend in 

industry. That is, some universities had dropped their power engineering programs 

and the number of chairs of professor in the field of power/HV engineering was 

decreased. Young researchers in the field of HV engineering moved gradually from 

the power engineering field to the fields of applications of discharge, plasma and 

high electric stress, such as the development of new materials, industrial processes 

including material processing, chemical processing, food processing, electronic 

chip manufacturing, environmental control, bio-medicine and so on.  

This tendency should be adopted since we are facing the change from a 

traditional engineering driven industry to an economical/environmental driven 

industry and the motivation of young engineers and students reflect the needs of 

industries, utilities and research concerning HV engineering. 

Needless to say, the electric energy is essential for the development of industry 

and an affluent life, and HV engineering plays an important part in it. Hence, HV 

engineering must renew its content and methods in consideration of the above- 

mentioned situation. 

The Power Academy covering all Japan was founded to revitalize research and 

education activity in power engineering under the cooperation between universities, 

utilities, and manufacturers in 2008. The Power Academy in Kyushu also started 

operations in the Kyushu region in 2009. This attempt might establish new forms of 

cooperation between universities and industries in HV engineering in the future. 

In the meantime, the EINA magazine had featured mainly result of research 

activities in the field of HV engineering in Japan in the early stages. Today, it seems 
that the EINA magazine and its Web site (http://eina.ws) have served as a platform 

to network all Asian scientists, engineers, and graduate course students. I hope that 

the EINA contributes much more to building a partnership in the research and 

education of HV engineering in Asia. 

 

Dr. Masanori Hara 

Professor Emeritus of Kyushu University,  

Japan 

 

 

 

Professor Emeritus Masanori Hara
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OUTLINE OF TECHNICAL COMMITTEES IN IEEJ 
 
 

Dielectrics and Electrical Insulation (DEI) 
 

Chairperson:  Masayuki Nagao (Toyohashi University of Technology) 

Secretaries:  Yasuhiro Tanaka (Tokyo City University) 

 Yuichi Ashibe (Sumitomo Electric Co. Ltd.) 

Assistant Secretaries: Toshihiro Takahashi (CRIEPI) 

 Takahiro Imai (Toshiba Co. Ltd.) 
 
The Technical Committee on Dielectrics and 

Electrical Insulation (TC-DEI) was set up in 1979 

succeeding the Permanent Committee on Electrical 

Insulating Materials upon the reorganization of 

IEEJ. The activities of the Committee have been 

covering mainly solid and composite dielectric 

materials and their technologies. The important 

activity of TC-DEI is the annual domestic 

Symposium on Electrical and Electronic Insulating 

Materials and Applications in Systems (SEEIMAS), 

formerly called Symposium on Electrical Insulating 

Materials. In every 3 years, we hold SEEIMAS as 

an international one technically cosponsored by 

IEEE DEIS, namely the International Symposium 

on Electrical Insulating Materials (ISEIM).  

The 41st Symposium on Electrical and 

Electronic Insulating Materials and Applications in 

Systems is to be held in Akita city with the General 

Chair of Prof. M.Nagao on November 15-17, 2010, 

with technically cosponsored by IEEE DEIS Japan 

chapter, CIGRE Japanese national Committee and 

locally arranged by colleagues of Akita University. 

Diagnosis of electrical insulation degradation, new 

materials and the improvement of their properties, 

functional materials, nano-composite materials, 

insulation systems under inverter surges, partial 

discharge and space charge assessment, outdoor 

insulations, thin dielectric films and other topics 

will be discussed. 

Next year we will hold the international 

symposium (ISEIM) with Honorary Chair of Prof. 

Y.Ohki and the General Chair of Prof. M.Nagao, in 

September 6-10, 2011 in Doshisha University, 

Kyoto, followed by the Joint colloquium of CIGRE 

SC-A2 and D1 in Sept.11-16, 2011, in the same 

place. We are expecting your participation. 

Furthermore, the TC-DEI runs Investigation 

Committees (IC's) that organize several technical 

meetings a year. The investigation committees are 

categorized into four research areas: 

 

Macro-view of DEI technology related 

> Asset Management for Electric Power Equipments 

Based on Insulation Diagnosis (04/2008-03/2011, 

Chairperson: M. Ikeda (Nippon Petroleum Refining 
Co.)).  

 

New materials including nano-materials related   

> Nano-Interface Properties of Organic and 
Composite Thin Films and Device/Sensor 

Applications (10/2007 - 09/2010, Chairperson: K. 

Kato (Niigata University)). Next committee is now 

under consideration. 

>  Physics of Organic Dielectrics/Semiconductors 

and Interfacial Design (04/2007 - 03/2010, 

Chairperson: M. Iwamoto (Tokyo Institute of 

Technology)). Next committee is now under 

consideration. 

> Advanced Polymer Nanocomposites and their 

Applications as Dielectrics and Electrical Insulation 

(04/2010 - 03/2013, Chairperson: T. Tanaka 

(Waseda University)).  

 

Ageing and diagnosis of electric and electronic 

equipment related 

> Degradation Diagnosis Technology based on 
Characteristics of Insulation Materials in Electric 

Power Apparatus (04/2007 - 03/2010, Chairperson: Y. 

Ehara (Tokyo City University)). Next committee is 

now under consideration. 

> Partial Discharge Measurement under Repetitive 

Impulse Voltage Application (08/2007 - 07/2010, 

Chairperson: M. Hikita (Kyushu Institute of 

Technology)).  The committee is cosponsored by 

the TC-DEI and TC of Electrical Discharge and the 

next one is now under consideration. 

 

Basic dielectric and breakdown phenomena 

related 

> Standardization of Calibration and Development of 
Application on Space Charge Measurement using PEA 

Method (03/2009-02/2012, Chairperson: Y. Tanaka 

(Tokyo City University)).   

> Properties Evaluation and Improvement 

Technology of Polymeric Insulating Materials for 

Outdoor Use (04/2010 - 03/2013, Chairperson: H. 

Homma (CRIEPI)). 
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Electrical Discharges (ED) 
 

Chairperson:  Masayuki Hikita (Kyushu Institute of Technology) 

Vice-chairperson: Toshiki Nakano (National Defense Academy) 

Secretaries: Fumiyoshi Tochikubo (Tokyo Metropolitan University) 

 Akiko Kumada (University of Tokyo) 

Assistant Secretaries: Yasushi Yamano (Saitama University) 

 Naohiko Shimura (Toshiba Corporation) 
 

The Technical Committee on Electrical 

Discharge (TC-ED) belongs to the Fundamentals 

and Materials Society (A-Society) of the IEE Japan. 

The purposes of the TC-ED are mainly in the wide 

promotion of the research activities concerning to a 

variety of electrical discharges in vacuum, gas, 

liquid and on surfaces of materials and their 

applications to high technologies..  

Several investigation committees, which are the 

affiliates of the TC-ED, are established every year 

to survey the up-to-date research subjects. The 

activities of these committees usually continue for 

three years. The chairpersons shown in Table 1 

currently run four investigation committees.  

 The TC-ED organizes about six domestic 

technical meetings on electrical discharges every 

year. In these meetings, about 200 full papers are 

presented in total from both academic and industrial 

sides by researchers, engineers, professors and 

students. The domestic technical meetings are 

sometimes co-organized by other Technical 

Committees on such as High Voltage Engineering, 

Pulse Electromagnetic Energy, Plasma, and 

Dielectric /Electrical Insulating Materials. 

In order to promote the international activities in 

electrical discharges, “Japan-Korea Joint 

Symposium on Electrical Discharge and High 

Voltage Engineering” has been organized by the 

TC-EC and has been held every two years. The last 

J-K Symposium was held on November 5-7 of 2009 

in Busan, Korea. The special issue of this 

symposium will be published in the IEEJ 

Transactions on Fundamentals and Materials IEE 

Japan in October of 2010.  

The TC-ED also contributes to the organization 

of a young researcher seminar every year in 

cooperation with the Institute of Engineers on 

Electrical Discharges in Japan to encourage the 

young researchers in the field of electrical 

discharges. About 40 young researchers and 

engineers participate in the seminar and discuss 

vigorously the topics related to electrical discharges 

for two days. 

 

 

 

 
Table 1   Investigation Committees in TE-ED 

 

Chairperson Research subjects and established time 

M. Hikita  

(Kyushu Institute of Technology) 

Measurement of the partial discharges generated by repetitive 

impulse voltage  (established in August 2007) 

E. Hotta 

(Tokyo Institute  of Technology) 

Generation control and applications of vacuum and low-pressure 

discharges  (established in October 2007) 

R. Hanaoka 

(Kanazawa Institute of 

Technology) 

Discharge phenomena in liquid dielectrics and the technologies 

of EHD,ER and MR applications  (established in December 

2007) 

M. Amakawa 

(Central Research Institute of 

Electric Power Industry) 

Technologies of arc and glow discharge applications  

(established in May 2008) 
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Plasma Science and Technology (PST) 
 

Chairperson:   Ken Yukimura (Doshisha University)  

Secretaries:     Hiroshi Akatsuka (Tokyo Institute of Technology) 

     Yasunori Ohtsu (Saga University) 

Assistant Secretaries:  Nozomi Takeuchi (Tokyo Institute of Technology)  

     Shinji Ibuka (Tokyo Institute of Technology) 

 

The Technical Committee on Plasma Science 

and Technology (TC-PST) was founded in April 

1999. This committee has the basis on the plasma 

researcher’s society that had organized technical 

meetings on plasma science and technology in IEE 

Japan since about 30 years ago. The field of activity 

includes researches and investigations of various 

plasmas over wide ranges of their density, 

temperature and ionization degree, and application 

fields as nuclear fusion, plasma processing, and 

plasma chemistry. 

The major activity of this committee is to 

succeed to organize several technical meetings 

every year. In 2010, four technical meetings were 

held; in May at Hyogo Prefectural University in 

Himeji, in August in Honolulu and in Prefectural 

Culture Center Hall in Gifu, in December at Tokyo 

Institute of Technology in Tokyo. In 2009 also four 

technical meetings were held. At each symposium, 

about 20 or 30 presentations are made. 

Presentations by young researchers in bachelor 

course and master course are strongly encouraged 

and appreciated. Some of the technical meetings are 

jointly organized with TC-PPT. 

TC-PST currently runs five investigation 

committees as shown in Table 1. Here we introduce 

their activities. In the committee of economy 

improvement of thermonuclear fusion reactors, 

economic strategy of research and development as 

well as reactor design have been systematically 

investigated by the experts of plasma physics and 

fusion engineering. In the committee of 

plasma–water applications and their reacting 

processes involved in liquid interfaces, various 

types of discharge-plasma applications have been 

systematically investigated to deepen the 

understanding of plasma–water interacting 

phenomena at liquid surface boundaries. In the 

committee of kinetic description of low- 

temperature plasmas with applications to modeling 

and simulation, development of numerical models 

incorporating physical and chemical phenomena 

play a key role. The goal of this committee is to 

provide recent advances in plasma kinetic theory 

and its potential impact on their work. In the 

committee of atmospheric pressure plasma source 

for analysis of trace-order element, physics and 

chemistry of atmospheric pressure plasmas as well 

as their appropriate diagnostic methods and 

applications are being investigated. In addition, 

innovative technologies required for the various 

industrial applications are widely surveyed. Finally 

in the committee of generation and application of 

metal vapor plasmas with high density and high 

ionization degree, upon the research outputs of the 

advancement of metal sputtering plasma committee 

held in 2006 – 2008, investigations are made over 

their characteristics, overview and perspectives to 

activate related research activities in domestic 

institutes. 

 

Table 1. Investigation Committees in TC-PST 

Economy Improvement of Thermonuclear 

Fusion Reactors 

3 years from 2008, Chairperson: Y. Nagayama 

(National Institute of Fusion Science) 

Plasma–Water Applications and their Reacting 

Processes Involved in Liquid Interfaces  

3 years from 2008, Chairperson: K. Yasuoka 

(Tokyo Institute of Technology) 

Kinetic Description of Low-Temperature 

Plasmas with Applications to Modeling and 

Simulation  

3 years from 2008, Chairperson: S. Kambara 

(Gifu University) 

Atmospheric Pressure Plasma Source for 

Analysis of Trace-Order Element 

3 years from 2010, Chairperson: A. Okino 

(Tokyo Institute of Technology) 

Generation and Application of Metal Vapor 

Plasmas with High Density and with High 

Ionization Degree 

3 years from 2010, Chairperson: T. Ikehata 

(Ibaraki University) 
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Electrical Wire and Cables (EWC) 

Chairperson:  Yasuo Suzuoki ( Nagoya University ) 

Secretary:   Akitoshi Watanabe ( VISCAS Corporation ) 

Assistant Secretary:  Takashi Kuramochi (Fujikura Limited) 

Hitoshi Nojo (J-Power Systems Corporation) 

 

Technical Committee on Electrical Wire and 

Cables (TC-EWC) is a committee organized to 

support the IEEJ Power and Energy Society, and 

comprises members from universities, power 

utilities, JR Railway Company, Japan Electric Cable 

Technology Center （ JECTEC ） and cable 

manufacturers. The technical committee organizes 

technical meetings to promote R&D activities in 

this field and provides an opportunity to present 

technical achievements. Four technical meetings 

were so far held in 2010. Two technical meetings on 

breakdown, deterioration diagnosis and online 

monitoring system were held as a joint meeting with 

TC-DEI on January 18 and February 12 in Tokyo. A 

symposium on technical trends of environmental 

tests for insulation materials of distribution wires 

and cables was held on March 17 in Tokyo. A 

discussion meeting on trends in technologies for 

wires and cables in various natural conditions was 

held on September 2 in Kyushu. The technical 

committee plans to organize 5 more meetings in 

FY2010. 

In addition to organizing such technical 

meetings, the technical committee supervises 

investigation committee dealing with subjects 

relating to electrical wire and cables. During the last 

several years, Investigation Committee for 

Technology of Wires and Associated Accessories 

for Overhead Transmission Lines, Investigation 

Committee for Accessories for 66kV and Higher 

Voltage XLPE Power Cable, Investigation 

Committee for Technology of XLPE Power Cable 

and Associated Accessories for Underground 

Distribution, and Investigation Committee for 

Technical Trend of Environmental Tests for 

Insulation Materials of Distribution Wires and 

Cables were organized. The technical report of the 

last committee will be published this autumn and 

Investigation Committee for Recent Technological 

Trends in Overseas Power Transmission Cables is 

now in action. 

 

 

Discussion meeting on trends in technologies for wires and cables in various 

natural conditions (September 2, 2010, Kyushu) 
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Pulsed Electromagnetic Energy (PEE) 
 

Chairperson: Eiki Hotta (Tokyo Institute of Technology) 

Vice Chairperson: Koichi Takaki (Iwate University) 

Scientific Secretary: Sunao Katsuki (Kumamoto University) 

Scientific Secretary 

Assistance: 

Shinji Ibuka (Tokyo Institute of 

Technology) 

  

Using pulsed power technology, very high power 

electromagnetic pulses can be produced, which are 

used for generating high power lasers, high power 

electromagnetic waves, short wavelength light or 

high power particle beams.  

The application of this technology is now 

extended to the following fields; new material 

development, thin film synthesis or ion 

implantation technology in industrial field; high 

speed imaging and intense irradiation by using 

pulsed x-ray sources, sterilization or medical 

treatment in biological and medical field; waste 

treatment or ozone and radical production in 

environmental field; nuclear fusion or particle beam 

accelerator technologies in energy field, and 

moreover the destruction of rocks or concrete 

blocks in the field of civil engineering and growth 

promotion of plant in the field of agriculture 

science. The pulsed power technology thus 

becomes to be recognized as the basis of many 

technologies.  

 

Recent topics in field of PEE 

Recently, pulsed power applications in industrial 

fields using biological effects are investigated 

actively. The applications are roughly categorized 

as decontamination of air and liquid, crop growth, 

food processing, and medical treatment. The intense 

pulsed electric fields (PEFs) with a pulse length of 

longer than 10 µs are generally used for 

electroporation because the cell membrane acts as a 

capacitor and has to be charged to a sufficient 

voltage to cause membrane defects. Fig. 1 shows 

microscopic images of the grape peel tissue before 

(control) and after 30 minutes PEF treatment at 20 

kV/cm and 20 pps. The red color is stored in 

anthocyanoplasts formed by a bilipid membrane 

inside the cells in the control sample. The red color 

pigments are extracted from anthocyanoplasts and 

the red color diffuses into the cells shown in PEF 

sample. As the results, the polyphenols inside 

anthocyanoplasts are released from the peel. The 

application of ns PEFs to biological cells results in 

intracellular effects with the intense electric field 

inside the cell seemingly adding a new stress to the 

internal biological system which will be potentially 

used for biotechnology, medical treatment and 

agricultural applications. 

 

 

 

 

 

 

 

 

 

 

 

 

Recent activities of TC-PEE 

The major activity of the Technical Committee on 

Pulsed Electromagnetic Energy (TC-PEE) is to 

organize several technical meetings. In 2010, five 

technical meetings have been held or planned to be 

held, including the meetings in collaboration with 

the Technical Committees on Electrical Discharges 

or Plasma Science and Technology. This year, 

TC-PEE held the 4th Japan-US Symposium on 

Pulsed Power and Plasma Applications in Honolulu, 

Hawaii on August 5-6 (Fig. 2).  From two 

countries, 38 researchers and graduate students 

have presented 32 scientific papers on topics of 

pulsed power, plasma, and high-power 

electromagnetic radiations.  This symposium 

started in 2002 and has been operated by both 

TC-PEE and TC-PST.  Its purpose is to promote 

scientific collaboration and technical information 

exchange between Japanese and US scientists 

working in this field. 

 

  
 

 

Fig. 2 4th Japan-US Symposium on Pulsed Power 

and Plasma Applications held in Honolulu, 

Hawaii. 

  

(a) Control       (b) PFE treatment 

Fig. 1 Optical microscopy images of reaction 
inside the grape peel cell of (a) untreated samples, 
and (b) PEF treated samples at 20kV and 20 pps. 
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Activity of investigation committee in TC-PEE 

    TC-PEE is currently running an investigation 

committee named “biological effects of pulsed 

electromagnetic energy and their industrial 

applications”. The investigation committee includes 

18 members in various fields including electrical, 

chemical, mechanical engineering, biology and 

medical science joined from academia and industry. 

The activity of the committee is to hold the regular 

meeting and the symposium in addition to the 

publication of the research report. The committee 

covers the basic studies on the biological effects of 

the extreme reactive fields produced by pulsed 

electromagnetic energy such as intense 

electric/magnetic fields, atmospheric pressure 

non-thermal/thermal plasmas, plasmas in fluids, 

shock waves, intense radiations, etc., which have 

been found to be novel physical stimuli or stresses 

to biological cells, tissues, organisms and bacteria, 

and their applications to biotechnology, medical, 

cosmetic, agricultural and food industries. 

 

(Reported by Eiki Hotta, Koichi Takaki, Sunao 

Katsuki and Jiang Weihua) 

 

 

Light Application and Visual Science (LAV)  

 

Chairperson:  Hiroyuki Kamei (Tokyo Institute of Technology) 

Secretaries:   Takeshi Kinoshita (Keio University) 

Susumu Kimijima (Covalent Materials Corporation) 
 
Activities of the technical committee on light 

application and visual science (TC-LAV) have been 

covering fields of application of optical engineering 

and visual science for medical science, devices for 

visual information processing, light sources from 

far infrared to extreme ultraviolet, advanced 

lithography, and etc. Three investigation 

committees: ‘Future Technology of Infrared and 

Terahertz Waves(IC-FTITW)’, ‘Ultimate 

Technology for Lithography (IC-UTL)’, and 

‘Technologies for Next Generation Light Source 

(IC-NGLS)’, are affiliated to this TC and are 

surveying the technology trend of each field.  

The special issue of IEEJ Transaction on 

Fundamentals and Materials entailed by “New 

trends of light sources and illuminations” is being 

edited by TC-LAV and IC-NGLS and will be 

published in May, 2011.  

 In the field of light sources and illuminations, 

novel solid-state light sources such as LED and EL 

have been remarkably developed and are getting 

rapidly popular in our lives. These light sources 

have higher luminous efficacy and much longer life 

time so that these lamps are expected to relieve the 

environmental problems. On the other hand, the gas 

discharge light sources have opened new type 

application like medical/bio processes for 

disinfection or sterilization, analysis and processing 

of materials and so on. 

 Under such situations, the special issue concerned 

with new type lamps and their application are 

arranged. The contents are as follows: 

(1) Solid-stale light sources,  

・LED and Organic EL, progress of phosphors, 

・Illumination by solid-state light sources, display 
application, analysis and processing of materials, 

medical and bio applications,  

(2)  Gas discharge light sources, 

・Gas discharge development for light sources,  

・Gas discharge illumination display, analysis and 
processing for material, medical and bio 

applications. 

 

A recent topic of light application, “Novel 

lithography for helical patterning”, is introduced. 

  Various kinds of micro electro mechanical 

systems (MEMS) have been developed in these 20 

years, and some of them have become 

indispensable for our daily lives. Lithography is 

widely used for fabricating various devices of 

MEMS in addition to the usages for fabricating 

highly integrated semiconductor devices. 

  Minimum feature size for advanced 

semiconductor devices has already reached to less 

than a half pitch of 45 nm, and devices with half 

pitches of 32 nm and 22 nm are vigorously 

researched and developed. However, feature sizes 

required for MEMS are much larger than these, and 

typical pattern sizes are in the range of 1-100 µm. 

On the other hand, customized technological 

progresses such as special applicability and 

flexibility for shapes and sizes of objects to be 

patterned, special thickness or sidewall profile 

conditions of resist patterns are often required. 

  Among these requirements, patterning onto fine 

shafts or pipes is one of the technologies that are 

strongly requested. Helical patterning is especially 

useful for fabricating micro-coils that are applicable 

to springs and inductors. 

  Laser-scan exposure shown in Fig.1 is one of the 

most prospective methods for delineating such 

helical patterns onto fine pipes and wires with  
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diameters less than 100 µm
1,-3) 
. Using this system, 

specimens supported by a chuck was exposed to the 

laser beam during they were helically moved by the 

stages. Violet semiconductor laser with a 

wavelength of 408 nm was used, and the laser beam 

was focused on the specimen coated with a positive 

resist film. The beam spot was observed by a 

camera monitor to check whether the beam spot 

was correctly scanned on the specimen surfaces or 

not. 

  An example of helical resist patterns delineated 

on a copper pipe with a diameter of 100 µm is 

shown in Fig.2. The resist thickness was 

approximately 3 µm, and the mean width of the 

helical space patterns was approximately 11 µm. 

The pipe with the helical patterns was etched in 

ferric chloride solution next. As a result, a fine 

copper micro-coil was successfully fabricated, as 

shown in Fig. 3. 

  This novel lithography method will be much 

useful for developing advanced MEMS in the near 

future. 
  

Reference 

1) M. Katayama,T. Horiuchi, Jpn. J. Appl. Phys. 47 

(2008) 4762-4764. 
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Phys. 43 (2004) 4031-4035. 
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Electro-Magnetic Compatibility (EMC) 
 

Chairperson: Tsuyoshi Funaki (Osaka University) 

Secretaries: Ken Kawamata (Hachinohe Institute of Technology), 

 Tomoo Ushio (Osaka University) 

 Yoshinori Taka (Nagoya Institute of Technology) 

 
The Technical Committee on Electro-Magnetic 

Compatibility (EMC) has a vital role of researching 

following subjects;  

1. Comprehensive understanding of electrical 
power system and EMC issue,  

2. Building up interdisciplinary cooperation among 
several groups and/or institutes related with 

EMC problem,  

3. Investigations on new and high technology for 
EMC,  

4. Advertisement to the public on EMC issue and 
key technologies,  

5. Introductory advertisement of international 
EMC standard to the domestic EMC researchers.  

For these purposes the committee pays their 

attention to the causes of electromagnetic 

interference, the situation of electromagnetic 

interferences, the novel measurement techniques for 

EMC, the protection technology for EMC and 

international and domestic EMC regulations. The 

committee has been organizing four dedicated 

research sub-committees to realize the effective 

activity.  

1. Investigation committee on noise immunity for 
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Fig.1 Exposure system for delineating patterns 

onto fine pipes and wires. 

100 µm 

 

Fig. 2 Helical patterns with width of 11µm 

and pitch of 120µm pitch delineated on a 

copper pipe with a diameter of 100 µm. 
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Fig.3 Micro-coil obtained by etching the 

specimen shown in Fig. 2. It was etched in 

ferric chloride solution. 
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electric and electrical appliances. 

2. Investigation committee on EMC technologies 
for electrostatic discharge (ESD). 

3. Investigation committee on technical trends in 
evaluation of biological protection and 

compatibility with electromagnetic field. 

4. Investigation committee on the analysis 

technology of electromagnetic filed including 

human body. 

These sub-committees basically work independently, 

and each sub-committee meeting is held every two 

or three months regularly to announce their 

investigations and to share the obtained knowledge 

among sub-committee members. The practical 

period for the sub-committee activity is two or three 

years, and they are expected to publish their 

investigating results as a technical report of 

investigation committee or to have special 

conferences, which are related to their research 

theme.  

Electromagnetic environment is the field, where 

electromagnetic phenomena exist. They are 

electromagnetic fields due to naturally-originated 

sources like lightning and earthquake, and artificial 

ones generated from electrical and electronic 

equipment as well as radiated from power lines or 

communication cables, and so force. EMC is the 

capability of electrical and electronic systems, 

equipment and devices to operate in the 

above-mentioned electromagnetic environment, 

without suffering or causing unacceptable 

degradation as a result of electromagnetic 

interference. In other words, a system is considered 

as electromagnetically compatible if it satisfies the 

following three criteria: 

(1) It does not cause interference with other 

systems; 

(2) It is not susceptible to emissions from 

other systems; 

(3) It does not cause interference with itself. 

The problems related to EMC had been discussed 

in the “Special Research Committee of EMC 

Engineering”, which was established in 1997 by 

IEICE and IEEJ joint venture. The high activity of 

the committee promoted the establishment of the 

technical committee on EMC in the Fundamentals 

and Materials Society of IEEJ. The committee was 

established to substitute the former committee in 

April 1999. Then Prof. T. Takuma of Kyoto 

University was elected as the first chair of the 

committee. After that, Prof. O. Fujiwara and Prof. 

Z-I. Kawasaki chaired the committee respectively 

from 2002 to Apr. 2005, and from May 2005 to Apr. 

2008. Currently, Prof. T. Funaki succeeds the chair 

since May. 2008. 

The committee holds some technical conferences. 

They were Mar. 6
th
(40

th
) , Jul 23

th
(41

st
), Nov. 

27
th
(42

th
) for 2009, and Apr.,21

th
(43

th
), Jun.18

th
(44

th
) 

for 2010. This year, the committee co-sponsored the 

2010, PPEMC (Pan-pacific EMC joint conference), 

which was held May 27
th
-28

th
, 2010 in Sendai.  

1. Investigation Committee on Noise Immunity 

for Electric and Electrical Appliances. 

This committee, chaired by Prof. M. Tokuda of 

Musashi Institute of Technology, was established in 

Jan. 2008. The mission of this committee is to grasp 

and analyze the current situation of noise immunity 

for electric and electronics appliances and to clarify 

uncertainness of the measurement in immunity test. 

The investigation subjects are summarized as 

followings.  

1. Standards and regulations on noise immunity for 
domestic and abroad; 

2. Case examples and counter measure to the 
interference of noise; 

3. Techniques for immunity tests; 
4. Design and control technology for immunity. 
This committee envisions to clarify the difficulties 

of noise immunity for electric and electronic 

appliances, and to offer basic data to deal with. 

2. Investigation Committee on EMC 

Technologies for ElectroStatic Discharge (ESD). 

This committee, chaired by Prof. S. Minegishi of 

Tohoku-gakuin University, was established in Apr. 

2008. The mission of this committee is to study the 

EMC issues accompanied with electrostatic 

discharge phenomenon, and clarify the factor for its 

origination and the mechanisms of the generation of 

wide band noise. The committee is working on the 

following subjects.  

1. Survey the currently recognized terrors of ESD; 
2. Measurement method of wide band current and 
electric field emitted from ESD; 

3. Elucidate the mechanism in the occurrence of 
ESD, physically; 

4. Modeling and simulation of ESD. 
This committee envisions inspiring the other EMC 

engineers to recognize ESD problems as a sort of 

EMC incident. 

3. Investigation committee on technical trends in 

evaluation of biological protection and 

compatibility with electromagnetic field. 

This committee, chaired by Assoc. Prof. A. 

Hirata of Nagoya Institute of Technology, was 

established in Apr. 2010. The mission of this 

committee is to survey the formulation of 

guidelines of human protection against to the 

electromagnetic field and to investigate the trend in 

the standardization of product safety. Moreover, this 

committee aims at publicity work in clarifying the 

scientific basis of these guidelines and standards 

with applying former research work nurtured by 

antecedent committees. The investigation subjects 

are summarized as followings. 
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(a) Visible image of butane burner flame 

 
(b) Image of butane burner flame in the ultraviolet region 

Fig. 1. Image of butane flame. 

1. Trend survey in the guideline related to the 
human safety; 

2. Trend survey in the standardization of product 
safety; 

3. Scientific study in the guidelines and 
standardizations; 

4. Find an issue for future work. 
To this end, this committee recruited biological 

specialist as committee members in addition to the 

conventional electrical engineers. 

4. Investigation committee on the analysis 

technology of electromagnetic field including 

human body. 

This committee, chaired by Assoc. Prof. Y. 

Kamimura of Utsunomiya University, was 

established in Apr. 2010 to respond to the 

diversifying electromagnetic environment; such as 

popularization of wireless and radio wave sensitive 

appliances. The mission of this committee is to 

develop and establish the fast and precise 

calculation and evaluation method of 

electromagnetic field for internal and external of 

human body under complex electromagnetic 

environment. The committee is working on the 

following subjects.  

1. Survey the analytical and quasi-analytical 

calculation method of electromagnetic field inside 

and outside of human body; 

2. Survey the numerical calculation method 

of electromagnetic field suitable for medium 

frequency band; 

3. Study on the fast calculation method on 

the basis of surveyed calculation technology. 

This committee envisions providing adequate 

calculation method for evaluating the exposure of 

human body under the complex electromagnetic 

environment.

 

 

Instrumentation and Measurement (IM) 

Chairperson: Kazuo Tanabe (CRIEPI) 

Vice- Chairperson: Yoshitaka Sakumoto (JEMIC) 

 Akihito Otani (Anritsu) 

Secretaries: Terumitsu Shirai (JEMIC) 

 Kazuaki Kodaira (JEMIC) 

 

Activities  

The Technical Committee of Instrumentation 

and Measurement of IEEJ was set up in Jan. 1980, 

succeeding the Committee on Electronics 

Instrumentation and Measurement. 

Activities of the technical committee of 

instrumentation and measurement are as follows. 

i) The general meeting of the committee is held 

four times every year for discussing the various 

activities of the committee. Fifteen members 

including   chairperson, two secretaries, and an 

assistant-secretary constitute the committee. 

ii) Workshops for the presentation and 

discussion of studies and researches take place 

almost every month in principle as a main 

activity of the committee. 

iii) Visit of various professional facilities is 

planned to carry out once or twice a year. 

iv) Special volumes on the transaction of the 

society A (Fundamentals and Materials) in IEEJ 

are planned by the committee. 

 

The workshops mainly take place at Tokyo area, 

and sometimes in Kyushu, Kinki, Shikoku, and 

other locations. The themes of presentation in the 

workshop are usually focused on electromagnetic 

measurement, remote control instrumentation, 

application of optical measurement, biological 

electronic measurement, time and frequency 

measurement, application of magnetic measurement, 

and so on. In several workshops, miscellaneous 

subjects are accepted for presentation and 

discussion. The annual number of presentations in 
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Fig. 2. Measurement results for rarely occurring pulses 

using APD measuring receiver. 

 

 

 

 
(a) using the developed CFAR algorithm 

 

 
(b) using a conventional LOG/CFAR algorithm 

Fig. 3. Results using the developed CFAR and a 

conventional LOG/CFAR algorithm. 

the workshops is around 70 titles. The workshop is 

supported by IEEE IM and sometimes by other 

organizations. 

The committee planed a special volume on 

“Measurement Technology for Safety”, which 

included eight papers and was published in August 

2009. The three contents, which were also 

presented in the workshops in the preparatory stage, 

are roughly introduced in this article. 

 

Topics in special volume 

1) Flame Imaging for Safety Surveillance 
(1)
 

Flame detection is important for prevention 

of spreading of accidental fires. When combustible 

gas is ignited under daylight conditions, the flame is 

often difficult to detect by conventional imaging 

because of the high background radiation. The 

flame can be visualized by selectively detecting the 

emission of the OH radical, which is present in 

hydrocarbon or hydrogen flames. By detecting the 

OH radical emission in the solar blind region of 

wavelength below 290 nm, the background 

radiation can be effectively eliminated. In this study, 

an experimental device for visualization of flame at 

wavelength 285 nm was constructed. A combination 

of two narrowband interference filters was found to 

be sufficient to eliminate background radiation and 

selectively image the OH emission. Referring to Fig. 

1, the device could detect butane burner flame 

under daylight conditions. 

 

2) Continuous Measurement of Amplitude 

Probability Distribution and Applications to Pulses 

of Low Occurrence Frequency 
(2)
 

An Amplitude Probability Distribution (APD) 

measuring receiver that conforms to CISPR16-1-1 

2nd edition has been developed. The receiver is 

installed in a general-purpose spectrum analyzer 

that has a field programmable gate array (FPGA) 

for digital signal processing. The evaluation test 

results for measuring continuity, the results of an 

examination of the accuracy on the peak 

measurement of pulses that occur infrequently, and 

the results of an APD measurement experiment on 

rarely occurring pulses mainly caused by 

electrostatic discharge, referring to Fig. 2, were 

reported. 

 

3) Suppression of Weather Clutter by a New CFAR 

Circuit 
(3)
 

Various radar clutters obey a Weibull 

distribution under certain conditions. To suppress 

such Weibull-distributed clutter, a new adaptive 

method, in which the parameters of the Weibull 

distribution and the threshold level for an adaptive 

Constant False Alarm Rate (CFAR) detector are 

determined by calculating the variance after passing 

through a logarithmic amplifier, is proposed. To 

apply this new method to practical problems 

observed by an S-band radar, computer simulations 

were made for a finite number of samples in order 

to obtain the CFAR maintenance in Weibull radar 

clutter which included weather clutter. Finally, 

referring to Fig. 3, two ships (enclosed with circles), 

which were embedded in weather clutter, were 

clearly detected using the developed CFAR 

algorithm, as shown in (a). However, one of two 

ships was not detected when the conventional 

LOG/CFAR algorithm was used, as shown in (b). In 

comparing (a) and (b), the new algorithm resulted 

in an improvement of 30.82 dB in the 

target-to-clutter ratio. 
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WEB site and authors 

Activity of our committee is also described in 

our website (http://www2.iee.or.jp/~aim/). 

Written by Dr. Kazuo Tanabe (Chairman, 
Central Research Institute of Electric Power Industry 

(CRIEPI), e-mail: tanabe@criepi.denken.or.jp),  

T. Fukuchi, S. Arakawa, and S. Sayama. 
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Metal and Ceramics (MC) 
 

Chairperson: Ataru Ichinose (Central Research Institute of Electric Power Industry) 

Secretary: Akio Kimura (The Furukawa Electric Co., Ltd.) 

Assistant Secretary: Masanao Mimura (International Superconductivity Technology Center) 

 
Welcome to our Technical Committee on Metal and Ceramics (TC-MC) in the Institute of 

Electrical Engineers of Japan (IEEJ). It is expected the TC-MC to promote the electrical materials 

and related technologies. Therefore, we have the pleasure to inform activities of the TC-MC and to 

communicate with each other. 

 

Mission of TC-MC 

The metal and ceramic materials are 

indispensable to electric and electronic fields and in 

front of advanced technologies all the time. In the 

twenty-first century, many advanced technologies 

need promising materials such as new materials or 

new functional materials for the diversification and 

renewable society. Therefore, the metal and ceramic 

materials are significant still more and will play an 

important role as a pioneer in the future.  

As shown in figure 1, the activities of the TC-MC 

have been covering mainly electric, electronic and 

optical materials, and their technologies. Namely 

their functions are extended such as super- 

conductivity, normal conductivity, semi- 

conductivity, mechanical strength, heat transfer, 

thermoelectric, photo-electricity, optical trans- 

mission, electrochemical affinity, radio- activity, 

composites etc.   

Furthermore, our activities have been covering 

data base on their processing technologies and their 

evaluations in order to fit any applications.  
 

History of TC-MC 

The technical committee on the electrical 

materials in the IEEJ, predecessor of the present the 

TC-MC has been already set up in 1979. With 

several reorganizations of the technical committees, 

the TC-MC under the Fundamental and Materials 

Society (called A-Society) has been established in 

1999 with other eleven technical committees, 

Research and Education, Electromagnetic Theory, 

Plasma Science and Technology, Electromagnetic 

Compatibility, Pulsed Electromagnetic Energy, 

Electrical Discharges, Light Application and Visual 

Science, Insulation and Measurement, Dielectrics 

and Electrical Insulation, Magnetics, and History of 

Electrical Engineering. 
 

Recent activities of TC-MC 

The activity of the TC-MC is based on the 

Symposium in the National Convention of the IEEJ, 

the Study Meeting and the Investigation Committee 

under the TC-MC. The following introduces the 

resent Symposiums in the National Convention of 

the IEEJ and Study Meeting under the TC-MC as 

shown in Table 1 and Table 2, respectively and the 

third activities will be found in the next section. 

Regularly, the TC-MC meetings are held four 

times a year. The main topics to be discussed in the 

regular meetings involve introduction and 
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Figure 1   Activity scope of the TC-MC 
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understand for advanced metal and ceramics, and 

development of our TC-MC itself. We previously 

provided new three technologies and related 

materials such the attractive carbon nano-tube, the 

fuel cell and the functional diamond except the 

superconductors. 

Recent year, much attention has been paid on an 

investigation on advanced superconducting 

materials. The electrode materials for future 

batteries and fuel cells to be compatible with clean, 

green, renewable and sustainable society have been 

also focused. 

The investigating R&D committee whose 

chairperson was Dr. Kumakura issued a technical 

report entitled "Fabrication and superconducting 

properties of advanced superconducting tapes and 

wires”. This report won IEEJ outstanding technical 

report award in 2009. The forum using this 

technical report as a text book was held at CRIEPI 

on March 2008. 

Activities of investigation committee in TC-MC 

At present, there is one investigating R&D 

committee under TC-MC as shown in Table 3, the 

name of which is “Structure and composition of 

advanced superconducting materials”. The 

chairperson and secretary are Prof. Jyun-ichi 

Shimoyama (University of Tokyo) and Dr. Hiraku 

Ogino (University of Tokyo), respectively. 

Regularly, there are four meetings a year. 

The meetings discuss fabrication technologies 

and evaluations on electromagnetic, thermal and 

mechanical properties mainly for Nb3Al conductors, 

Bi-based oxide superconductors, MgB2 conductors 

and Y-based oxide superconductors. Most expecting 

investigation results are fabrication technologies to 

obtain the high performance and its possibility at a 

viewpoint of microstructures and chemical 

composition for various superconducting materials 

such as Nb3Al conductors, Bi-based oxide 

superconductors, MgB2 conductors and Y-based 

oxide superconductors. And their cost performances 

as the practical superconductors and their applied 

technologies to such as persistent current 

mode-coils, cables, transformers, fault current 

limiters and so on. The committee has a plan of the 

study meeting related with the advanced 

superconducting materials on October 2010. This 

meeting will be held to exchange information 

between young researchers belonging to several 

communities. Therefore, the new style of the 

presentation is adopted, which is combination of a 

short presentation and a poster session.  
 

(Manuscript received Sep. 30, 2010)

Table 1   Symposiums in the National Convention of the IEEJ 

Theme Date Site 

High magnetic field characteristics and indications for 

magnetic application of the High-Tc superconducting 

wires 

2008.03.19 Fukuoka Institute of 

Technology 

Development and problem of the high-efficiency solar 

cell 

2009.03.19 
Hokkaido University 

Metal and ceramic materials in energy strange systems  2010.03.19 Meiji University 

The 100th anniversary symposium for superconductivity 

discovery 

2011.03. Osaka University 

 

Table 2    Study Meetings in TC-MC 

Theme Date Site 

Development of advanced superconducting wires and 

their future problems 

2008.03.14 CRIEPI 

Recent research progress in advanced superconducting 

materials 

2010.10.31 University of Tokyo 

 

Table 3    Investigation Committees under the TC-MC 

Research Subject Chairperson (Affiliation) Period Remarks 

Fabrication technologies and 

characterization of advanced 

superconducting materials 

Hiroaki Kumakura 

(NIMS) 

2004.10-2007.09 Close 

Structure, composition and 

characterization of advanced 

superconducting materials 

Jyun-ichi Shimoyama 

(University of Tokyo) 

2008.10-2011.09 Open 
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IEC and CIGRE Japanese National Committees 

Related to Electrical Insulating Materials 
 

 

IEC TC15 Japanese National Committee 
 

Chairperson:  Yoshiaki Yamano (Chiba University) 

Secretary:  Yoshio Wakashima (Japan Electrical Safety & Environment Technology Lab.) 

Associate Secretary: Akihiro Kawaguchi (Japan Electrical Safety & Environment Technology Lab.) 

 

The task for IEC TC15 is to prepare international 

standards including specifications for solid 

electrical insulating materials alone and in simple 

combinations. This includes coatings which are 

applied in the liquid state but cure to solids, such as 

varnishes and coatings.  

TC15 establishes definitions, general requirements 

and specification sheets for individual types of 

materials. The standards include test methods and 

guidance where these are required for the 

specifications. The current activities of TC15 are 

carried out in 5 working groups (WGs) and 4 

maintenance teams (MTs), and more than 160 

standards are published. 20 work programs for 

standardization are in progress this year. 

Japanese national committee for TC15C held 

meetings of three times last year. Over 30 

documents for standardization have been circulated 

from IEC Central Office, including CD, CDV and 

FDIS, all of which were studied and discussed by 

the specialists of the Japanese National committee.  

 To accomplish the tasks of the WGs in TC15, the 

experts from Japan are active in MT3 (plastic films), 

WG5 (flexible insulating sleeving), WG7 (resins 

and varnish) and WG9 (cellulosic materials). They 

are contributing to accomplish the new work item 

and revisions of the present standards. 

Japanese national committee is participating to the 

standardization of new and improved insulating 

materials, such as PEN film and PP film of thin 

thickness type, in order to offer the appropriate and 

useful standards for the market. 

TC15 meeting has been annually held. The 

meeting of this year was held on May in Milan. 7 

members from Japan worked in MT/WG meetings 

and the plenary meeting.   

 

 

 

CIGRE SC D1 Japanese National Committee 

( Materials and Emerging Test Techniques ) 
 

Chairperson:  Naohiro Hozumi  (Aichi Institute of Technology) 

Secretary:  Toshio Shimizu  (Toshiba Corporation) 

Assistant Secretary:  Tsuguhiro Takahashi  (CRIEPI) 

 

CIGRE (International Council on Large Electric 

Systems) has 16 Study Committees (SC) belonging 

to each of following 4 categories: A (Equipment), B 

(Subsystems), C (Systems) and D (Horizontal). 

Among them, our SC D1 has a horizontal character 

and contributes to other CIGRE SC's. The activity 

of CIGRE SC’s is principally research oriented one, 

while some of them are closely related to the 

activities of IEC Committees which publish and 

maintain the International Standards in the field of 

the Electrotechnology.  

SC D1 has now following 5 Advisory Groups 

(AG): CSAG (Customer and Strategic related), AG 

D1.01 (Insulating Liquids), AG D1.02 (High 

Voltage Testing and Diagnostic), AG D1.03 

(Insulating Gases) and AG D1.04 (Insulating 

Solids). In 2010, SC D1 has started 5 new WG’s: 

WG D1.34 (Diagnosis for OF Cables), WG.D1.37 

(PD Detection), WG.D1.38 (Test Techniques for 

HTS Power Applications), WG.D1.40 (Data 

Collection and Analysis), WG.D1.41 (Radiation 

Ageing of Polymeric Insulation). 

 SC D1 now consists of 5 AG’s and 17 WG’s: 

the above new WG’s as well as the 12 existed 

following WG’s: WG D1.05 (Capacitors), WG 

D1.17 (HV Asset Condition Assessment Tools, 

Data Quality and Expert Systems), WG D1.19 

(Solid Insulation Endurance under Repetitive 

Transient Voltages), JWG B1/D1.20 (Water Tree 

Detection in XLPE insulation), WG D1.23 

(Diagnostics and Accelerated Life Endurance 

Testing of Polymeric Materials for HVDC 
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Application), WG D1.24 (Potential of Polymer 

Nanocomposites as Electrical Insulation for Highly 

Stressed Insulation Material in AC and DC 

Application), WG D1.25 (Application Guide for PD 

Detection in GIS using UHF or Acoustic Methods), 

WG D1.26 (Basic Principles to Determinate 

Methane Content of Cross-linked Solid Insulation 

of MV and HV Cables), WG D1.27 (Material 

Properties for New and Nonceramic Insulation), 

WG D1.28 (Optimized Gas-insulated Systems by 

Advanced Dielectric Coatings and Functionally 

Graded Materials),  WG D1.33 (High Voltage Test 

and Measuring Techniques), WG D1.29 (PD in 

Transformers).   

The preferential subjects for the 2010 SC D1 

Paris group meeting were PS1: New materials for 

improved efficiency and sustainability of AC & DC 

power equipment (Nanomaterials, biodegradable 

materials, New gas compositions, Recyclable 

materials, Innovative polymers, HTSC), PS2: 

Challenges for testing and diagnostics (New 

requirements for ultra high voltage, Interpretation 

of diagnostic results for condition assessment, New 

test and monitoring methods), PS3: Endurance of 

materials especially in harsh electrical and physical 

environments (Off-shore applications, Repetitive 

transients, load cycling, thermal overload, nuclear 

environment). From Japan, following 3 papers were 

accepted: “Endurance of polymeric insulating 

materials in nuclear power plants and needs for 

condition monitoring of electrical cables” by Y. 

Ohki, et al, “Application of new solid insulating 

materials and new gas compositions to future 

advanced gas insulated systems” by H. Hama, et al., 

“Experimental research on the feasibility of 

biodegradable polymeric insulating materials” by Y. 

Ohki, et al. The second paper by Hama et al. was 

awarded as an excellent Japanese paper for 2010 

Paris meeting. 

The next 2011 meeting is scheduled to be held  

at Doshisha University, Kyoto, Japan on September 

11-16, 2011, as a Joint Colloquium of A2 

(Transformers) and D1. The International 

Symposium on Electrical Insulation Materials will 

be held at Doshisha University as well prior to the 

CIGRE colloquium on September 6-10, 2011. All 

Japanese colleagues are waiting for your 

participation. 

The Japanese National SC D1 has usually 2 or 3 

meetings a year. 
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International Standardization of 1100 kV UHV Transmission 

Technologies Originating from Japan 

Kunihiko Hidaka 

The University of Tokyo, Hongo, Bunkyo-ku, Tokyo, 113-8656, Japan 

hidaka@hvg.t.u-tokyo.ac.jp 

 
1. Introduction 

A world economy 

expands over boundaries 

between countries and 

regions. In Japan, there are 

many splendid technol-

ogies which the world 

requires. In order to transfer 

these technologies to the 

world, an inter-national 

standard which includes 

them as a standard is 

necessary. An international trade is required to comply 

with an international standard under the Agreement on 

Technical Barrier to Trade (TBT) of the World Trade 

Organization (WTO). The International Electrotechnical 

Commission (IEC) standard is approved as an 

international standard in an electrical engineering field. In 

this situation, it becomes important for Japanese splendid 

technologies to be utilized in the world market that 

Japanese technologies are developed by basing on the IEC 

standard and/or Japanese technologies are reflected in the 

IEC standard.  

On the other hand, the International Council on Large 

Electric Systems (CIGRE) has taken a role of preparing a 

pre-document for an IEC standard in the electric power 

system. It will be important to input Japanese technologies 

in a CIGRE draft as a pre-standard stage. It might be 

desired that Japanese splendid technologies are presented 

at the Institute of Electrical Engineers of Japan (IEEJ) 

conferences including general meetings and committee 

meetings, then are summarized in IEEJ’s technical reports 

of sub-committees, are presented at CIGRE conferences 

and finally are adopted in a draft of an IEC standard.  

The 1100 kV (Ultra-High-Voltage, UHV) transmission 

system technology can be said to be a superior technology, 

which originated from Japan, since it has been initiated 

first in the world. The activities of reflecting the UHV 

technology in the IEC standard have been promoted by a 

cooperation of related organizations gathered in the 

International Standardization Committee on UHV System 

in the IEEJ Electrotechnical Committee[1][2]. 

In the IEC, the Sector Board 1(SB1), which covers the 

field of ‘electricity transmission and distribution’ has 

recommended the necessity of UHV standardization and 

the Joint IEC-CIGRE coordination group (JICCG) has 

been established to coordinate the UHV standardization, 

and coordinate opinions of countries and regions. In the 

CIGRE, study committees are initiated to investigate the 

UHV technologies, and are trying to propose drafts 

rapidly.  

These activities toward the international standardization 

of UHV system are described in this article. 

2. UHV Transmission System in Japan 

The Tokyo Electric Power Company, Inc. (TEPCO) has 

worked to expand the 550 kV network. It was, however, 

very difficult to secure multiple power transmission routes 

in Japan. In addition, counter- measures for short circuit 

capacity problems were required in order to increase the 

number of 550 kV transmission lines. It was finally 

decided to construct 1100 kV transmission lines with a 

capacity 3 to 4 times greater than that of 550 kV 

transmission lines. 

The TEPCO completed the 1100 kV transmission route 

that links a nuclear power station on the Sea of Japan to 

the metropolitan region (north-south route) in 1993 and 

the other route linking power sources on the Pacific Ocean 

(east-west route) in 1999. These transmission lines are 

now operated at 550kV and they are expected to be 

upgraded to 1100 kV in 2010’s in order to enhance 

transmission power from east to west in the control area in 

terms of transient stability and power flow security.  

For UHV transmission system design, a self-supporting 

double-circuit configuration has been adopted as the first 

attempt in the world. 

For substation design, a gas-insulated switchgear (GIS) 

has been adopted. Various verification tests have been 

conducted at UHV equipment test site in Shin-Haruna 

Substation for unexpected phenomena that had not been 

revealed in the development stage, and for acquisition of 

various field data. A photograph of the test site has 

appeared on the cover of EINA, No. 3, 1996.  

3. International Standardization through IEC 

(1) Organization of IEC 

Fig. 1 shows a schematic diagram of the IEC 

organization related to the UHV standardization. At the 

top of the organization there is the general meeting, below 

which Standardization Management Board (SMB) is 

located. SMB consists of 15 members of the National 

Committee representative, and important issues are 

discussed and decided at the SMB meeting. 

Technical Committees (TCs) and Sub-committees 

(SCs) comprise a major body for drafting a standard. They 

operate with reporting to and being directed by SMB. 

Three Sector Boards (SBs) operate under SMB now. SB1, 

SB3 and SB4 have his own field of focusing. The title 

name of SB1 is ‘Electricity Transmission and 

Distribution’, which means that SB1 is responsible for 
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SMB :                  

IEC COUNCIL

Council Board

MSB : Market

Strategy

Board

CAB： Conformity 

Assessment

Board

Executive Committee
Central Office

SB ：：：：Sector Boards

SB1 Electricity Transmission and 

Distribution

SB4 Infrastructure of 

Telecommunications Networks

SB3 Industrial automation systems

TC : Technical Committees

・・・・ ・・ ・・ ・・ ・・ ・・ ・・・・・ ・・

Standardization 

Management

Board

TC1 TC8 TC11 TC115TC28TC14 TC17 TC20 TC42TC36 TC37 TC38

TC8Systems aspects for electrical energy supply (Standard Voltages) 

TC14 Power transformers TC17 Switchgear and controlgear TC28 Insulation co-ordination

TC36 Insulators TC37 Surge arresters TC38 Instrument transformers TC42 High-voltage testing techniques

TC11 Overhead lines

TC20 Electric cables

electric power transmission and distribution network 

system and equipment. 

Members of SBs are nominated by the National 

Committee and approved by SMB members voting. There 

are three members including a chair, Prof. H. Ikeda, from 

Japan. Including two members from both Korea and China, 

members gather from the world such as USA, Canada, 

France Germany and South Africa. Related TCs can 

participate the SB meeting.  

The expected function of the SB is: first, to advice on 

the priority in the sector activities, secondly, to ensure the 

continuing market relevance of IEC standards, thirdly, to 

ensure the coherence of standardization activities at the 

system level. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.  Schematic IEC organization related to UHV standardization 

(2) First step of UHV standardization 

In 2005, five years ago, it was expected that the pilot 

project of 1100 kV UHV transmission would operate in 

China by the end of 2008. UHV engineers and researchers 

have felt growing requirements for standardization of 

UHV technologies. 

Under the encouragement of such requirements, SB1 

held the first SB1 Asian members meeting in November 

2005. The IEC standardization of the UHV technology 

was discussed at the meeting. The SB1 Asian members 

meeting is generally scheduled midway between two 

successive SB1 meetings. The reason comes from the fact 

that Asian members cannot always attend the SB1 

meeting although the Asian market, especially the 

Chinese market, becomes large and important in a 

transmission and distribution field. 

The discussion points of the SB1 Asian members 

meeting about the UHV standardization were proposed to 

the SB1 meeting held in February 2006. After discussions 

the SB1 meeting agreed to send a recommendation of the 

UHV standardization to the SMB. 

 In the SMB meeting held in May 2006, the SMB 

agreed to recognize needs for UHV transmission 

standards but decided to hold a symposium in order to 

investigate the present situation. The SMB required the 

symposium to offer clear answers to questions from the 

SMB: maturity of UHV technologies and market needs 

for UHV standards. Those initial processes are shown in 

Fig. 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2.  Process from SB1 recommendation to SMB decision of 
holding UHV symposium 
 

(3) IEC-CIGRE symposium on UHV 

Following the SMB’s decision, Chinese delegates 

promptly proposed to hold the symposium in their country. 

The IEC central office requested the SB1 to collaborate 

with CIGRE for the symposium organization. It was 

agreed that the organizing committee of the symposium 

should be jointly operated by IEC and CIGRE, China 

should form a local committee, and the SB1 should 

promote all preparatory work in IEC. The technical 

program of the symposium was originally discussed and 

made at the second SB1 Asian members meeting in June 

2006. Then it was sent to both IEC and CIGRE. 

To watch these processes and lead the international 

standardization activities, the Japanese Electrotechnical 

Committee (JEC) in IEEJ decided to establish a new 

committee, the International Standardization Committee 



 

EINA No.17 (November 2010) 18

on UHV System (chair: K. Hidaka), on Dec. 2006. The 

new committee contributed to make a detailed technical 

program, whose original program had been proposed by 

IEC-CIGRE collaboration activity. The program was 

finally approved and the call for papers was issued based 

on the program. On the call for papers, there were many 

papers submitted from around the world. 

Almost one year after the SMB’s decision, the Beijing 

UHV symposium took place successfully in July 2007. 

This symposium confirmed a strong market needs for the 

UHV standardization and maturity of the UHV 

technology. And also the symposium declared to give first 

priority to 1100 kV AC system. Closing remarks of the 

symposium noted that the joint IEC-CIGRE coordination 

group should be started as soon as possible by being 

accepted by the SMB. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.  Process after UHV symposium held in Beijing 

 

The SB1 reported clear answer from the symposium to 

the SMB. At the same time, the SB1 made a 

recommendation for the necessity of establishing a joint 

IEC-CIGRE coordination group (JICCG) for the 

standardization to the SMB. The SMB approved the 

recommendation at the meeting in October 2007. At this 

moment, the UHV standardization was given a ‘go’ sign. 

The process is schematically shown in Fig. 3. 

 

(4) Joint IEC-CIGRE coordination group (JICCG) 

According to the SMB approval of the SB1 

recommendation, the JICCG started in November 2007. 

The objectives of the JICCG are as follows: First, to 

determine the domains in UHV technology, both AC and 

DC, secondly, to make recommendations for what UHV 

standards the market requires and to develop strategies for 

international standardization of UHV technologies, thirdly, 

to prepare a road map of standardization of UHV 

technologies with full cooperation between CIGRE and 

IEC. 

About 15 members of the JICCG are selected through 

the IEC and the CIGRE. The road map for the UHV AC 

standardization was discussed at the JICCG meeting (see 

Fig. 4). There are three steps. At first, horizontal standard 

committees such as TC 8 and TC28, start operations. 

Subsequently, some equipment standard committees such 

as TC 14 TC 17, and TC 37, begin to make a draft of 

standard. Finally, other equipment standard committees 

start. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.  ROAD MAP of Standardization on UHV AC Technologies 

B3 (Substations)

Horizontal Standards 

Product Standards

CIGRE WG B3.22CIGRE WG B3.22CIGRE WG B3.22CIGRE WG B3.22

To pick out items which should 

be revised

To prepare the draft NP for 

new technologies (if needed)

Investigation of UHV technologies

CIGRE WG A3.22CIGRE WG A3.22CIGRE WG A3.22CIGRE WG A3.22A3 (High Voltage Equipment))))

TC8 Systems aspects for 

electrical energy supply 
(Standard Voltages) 
TC28 Insulation co-ordination

2008 2009 2010

TC14 Power transformers 

TC17 Switchgear and controlgear 
TC36 Insulators 
TC37 Surge arresters 

TC38 Instrument transformers 
TC42 High-voltage testing techniques
・・・・・
・・・・・

CDV (Result) FDIS IS

～～～～2012

To be reflected in 

UHV equipment 

standards

C4 (System Technical Performance)

D1 (Materials and Emerging Test Techniques)

CIGRE WG C4.306CIGRE WG C4.306CIGRE WG C4.306CIGRE WG C4.306

CIGRE AG D1.02 WG2CIGRE AG D1.02 WG2CIGRE AG D1.02 WG2CIGRE AG D1.02 WG2

TC17TC17TC17TC17

TC42TC42TC42TC42

TC28TC28TC28TC28

TC37TC37TC37TC37

UHV standardization

(Plenary)

To revise standards of UHV equipments

To prepare the draft NP for new 

technologies (if needed)

(Plenary) CDV (Result) FDIS IS

SG2Joint IEC-CIGRE Coordination Group(JICCG)



 

EINA No.17 (November 2010) 19

IEC 60038

Table I.  AC three-phase systems having a highest voltage for equipment 

exceeding 245 kV (IEC 60038) 

(5) 1100kV UHV as 

standard voltage 

The Committee Draft for 

Vote (CDV) on the 

standard voltage compiled 

by TC 8 was approved in 

2008. It was followed by 

the Final Draft of 

International Standard 

(FDIS) whose vote was 

closed on 22nd of May, 

2009. Accord-ing the result 

of voting, 1100 kV was 

approved as one of standard 

voltage values in IEC 

60038. Now, 1100 kV is 

listed in the table of AC 

three-phase systems having a highest voltage for 

equipment as shown in Table I. 

As to the standard rated withstand voltage (the testing 

voltage) in electrical insulation coordination, the CDV 

was approved in April 2009 and the FDIS was finally 

approved on 30th of October, 2009. Table II shows the 

standard rated withstand voltages for switching and 

lightning impulse waveforms including the highest 

voltage of 1100 kV in IEC 60071-1. 

A series of activities toward the international 

standardization have been discussed and carried out by 

the members of the IEEJ International Standardization 

Committee on UHV System which is characterized by 

working horizontally across fields of systems and 

products. 

 

Table II.  Standard insulation levels for equipment exceeding 

245 kV (IEC 60071-1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(6) Present and future works 

In China, the commercial operation of the UHV 

transmission system, whose test bases had been 

completed in 2007[4], started on January 2009. 

In 2009, the SMB requested the JICCG to start the 

following works: first, to carry out 2nd and 3rd steps of 

UHV AC road map, secondly, to pay special attention for 

1200kV, thirdly,  to coordinate among TCs for UHV DC. 

By the end of 2009, the SMB decided that Strategic 

Group 2 (SG2), which was newly formed, collaborated in 

a short term with the JICCG, and later took over the 

JICCG’s works in order to promote the international 

standardization of UHV technologies. 

The equipment standards are being discussed in related 

TCs in the IEC based on the reports which the CIGRE 

task groups compiled in 2009. 

4. Conclusion 

The international standardization activities mentioned 

in this article depend mainly on the Japanese renowned 

and advanced 1100 kV UHV technology. This fact would 

have an influence on future activity in the international 

standardization. 

The author would like to stress again that Japan and 

East Asia countries should collaborate more and more to 

transfer their splendid technologies to the world and to 

take the initiative in setting the international standards on 

the technologies. 
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RESEARCH ACTIVITIES AND TECHNICAL 

EXCHANGES IN ASIAN COUNTRIES 
 

Conference Records 
 

2009 Korea-Japan Joint Symposium on Electrical Discharge 

and High Voltage Engineering  (KJ2009, Busan, Korea) 

Akiko Kumada 
The University of Tokyo, Japan 

 

1. Introduction 

2009 Korea-Japan Joint Symposium on Electrical 

Discharge and High Voltage Engineering (KJ2009, 

Busan) was held at The Paradise Hotel Busan, at 

Busan in Korea from 5th to 7th November, 2009.  

In order to promote the international activities in 

electrical discharges, “Japan-Korea Joint Symposium 

on Electrical Discharge and High Voltage 

Engineering” has been organized in collaborative with 

the Technical Committee of Electrical Discharge in 

IEEJ and Electrical Discharge & High Voltage 

Engineering Society of KIEE, and has been held every 

two years since the first symposium was held at LG 

Cable & Machinery Co. Ltd. In 1996. KJ2009 Busan 

is the 11
th
 conference followed by the one at Shibaura 

Institute of Technology, Tokyo in 2007 (JK2007). 

KJ2009 is mainly organized by KIEE Electrophysics 

and Applications Society in collaborative with 

Technical Committee of  echnical Committee of 

Electrical Discharge in IEEJ and co-organized by 

Research Group of High voltage and Discharge in 

KIEE and Dong-A University. 

Table 1 lists the number of presented papers of 

KJ2009 compared with that of JK2007, and Table 2 

lists the number of participants.  The numbers of 

presented paper and participants have remained stable 

at around 100. 

Eighty-one full papers were presented in total from 

not only academic but also industrial sides by 

researchers, professors, and students. This symposium 

aimed to offer the graduate students opportunities of 

making presentation in English, and following to this 

intension, more than half papers were presented by 

graduate students. 

 

2. Outline of Symposium 

2.1 Timetable 

Table 3 indicates the symposium schedule including 

the social events of the banquet and the technical tour. 

The program committee assigned each paper to each 

session, in other words, presenters could not decide 

the presentation way. Each session has not been 

classified to any specific theme. 

 

 
2.2 Invited Lecture 

The following three invited lectures were given by 

the guest speakers from China, Japan, and Korea. 
 
 

Table 1. Number of participants of KJ2009 
symposium based on preliminary count in the 
evening of the first day. 

 JK2007 
KJ2009 

Regular Student 

Participants 136 
56 38 

94 

 
Table 2. Number of presented papers in KJ2009 
symposium. 

 
JK2007 

KJ2009 

Japan Korea 

Oral 58 11 11 

Poster 42 28 31 

Total 100 81 

 

Table 3. Schedule. 

Date Schedule 

N
ov
.0
5
 

12:00-18:00 Registration 

13:00-13:15 Opening Ceremony 

13:15-14:45 Invited Lectures 
(3 papers) 

15:00-16:40 Oral A 
(5 papers) 

Oral B 
(5 papers) 

17:00-18:10 Poster I (26 papers) 

18:30-20:30 Banquet 

N
ov
. 
0
6
 

8:40-10:00 Poster II (40 papers) 

10:20-12:00 Oral C 
(5 papers) 

Oral D 
(5 papers) 

12:00-12:30 Closing Remark 

14:00-18:00 
Technical Tour 

(Korea Electrotechnology 
Research Institute) 
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A) "Research of outdoor insulation of EHV and 
UHV transmission line in China,"  Prof. 

Zhicheng Guan (Tsinghua University, China) 

B) "University Activities in Power Apparatus 

Technology," Prof. Hiroaki Toda (Kyushu 

Institute of Technology, Japan) 

C) "Experience of R&D on the 765kV Double 
Circuit Transmission System," Prof. Jeong-Boo 

Kim (Joongbu University, Korea) 
 

2.3 BPPA 

In JK symposium, Best Presentation Paper Award 

(BPPA) is presented to the author of a high-quality 

paper written primarily by a young researcher 

including a student. The following 9 papers were 

awarded in KJ2009. 

(1) “Surface Discharge Characteristics in Different 
Media,” by Eun-Hyeok Choi (Kwang Sik Lee 

Lab., Yeungnam Univ., Korea) 

(2) “Development of the On-line iPDM System for 
the PD Diagnosis for 25.8 kV C-GIS,” by Taesuj 

Choi (Hyosung Corporation, Korea)  

(3) “Development and Type Tests of HVDC +-250kV 
MI Submarine Cable System,” by Tae-ho Lee (LS 

Cable Ltd., Korea) 

(4) “Discharge Characteristics of AC PDP with 
Cross-bar Electrode in High Xe Partial Pressure,” 

by Hyung-Woo Nam (Chung-Hoo Park Lab., 

Pusan National Univ., Korea) 

(5) “Discharge Propagation on Barrier in Dry Air” by 
Y. Oida (Hidaka Lab., The Univ. of Tokyo, Japan) 

(6) “Location of Partial Discharge at Joint Section of 
CV Cable Using Acoustic Emission Technique”, 

by K. Sakamoto (Otsubo Lab., Miyazaki Univ., 

Japan) 

(7)  “Corona Inception Electric Field of Arcing Horn 
Model by Electric Field Calculation Based on 2D 

and 3D Models,” by H. Shirai (Hikita Lab., 

Kyushu Institute of Technology, Japan) 

(8) “Breakdown Characteristics of CF3I on Dielectric 
Surface,” by T. Takeda (Hidaka Lab., The Univ. of 

Tokyo, Japan) 

(9) “Preparation and Fundamental Investigation of 
characteristics of Silicon Rubber Nano-composite 

of Outdoor Insulation,” by M. Higashikoji (Hikita 

Lab., Kyushu Institute of Technology, Japan) 

 
2.4 Summary 
This symposium is intended to encourage the young 

researchers in the field of electrical discharges by 

providing opportunities to make presentations. Not a 

few participants made their first presentation in 

English, and seemed to get valuable experiences. 

 

 

 

By Dr. Akiko Kumada 

The University of Tokyo, Japan 

 

 
 

 

 

Figure 1. Prof. Toda at the invited lecture. 

 

Figure 2. Participants in oral session. 

 
Figure 3. Best paper presentation 
announced in closing ceremony. 
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International Conference on Electrical Engineering 

(ICEE 2010 Busan, Korea)  

Prof. Seung-Jae Lee, Myongji University, Korea 
 

1. Preface 
The 16

th
 International Conference on Electrical 

Engineering (ICEE 2010) was successfully held from 

July 11
th
 to 14

th
 at the Paradise Hotel in Busan, the city 

of international tourism in Korea. 

Since its 1
st
 conference was held in Korea in 1995, 

ICEE has been hosted by Korea, Hong Kong, Japan and 

China in turns on annual basis, and has steadily 

expanded. ICEE2010, under the main theme of “The 

Smart & The Green in Electrical Engineering", was 

constituted with a welcoming reception, an opening 

ceremony, keynote speeches, technical sessions, a tour 

and a banquet in turns. At the conference, around 500 

researchers from 10 countries participated and 419 

outstanding research results were presented. The 

Organizing Committee of ICEE 2010 provided an 

opportunity to share each others’ knowledge and 

experiences through the keynote speeches by 

representatives of 4 countries. The committee also hosted 

the Industry Special Session for the first time to promote 

active participation of the industry. During the history 

session, the participants could look back ICEE’s history 

and development during the last 16 years and shared a 

meaningful time to discuss directions for the future. In 

addition, the represent- atives came to an agreement to 

publish ICEE Journals from 2011 at the representative 

meeting, which made this ICEE into a landmark in the 16 

years history of ICEE. Thanks to the agreement, ICEE 

could step forward to be the ICEE of Asia, just like IEEE 

in North America and CIGRE in Europe.  

 

2. ICEE2010’s Statistics and Programs 
Please see the tables shown below. 

 

1) Full Paper Submission Status 

Country No. of Papers Country No. of Papers 

Australia 2 Japan 155 

China 32 Korea 194 

Germany 1 Taiwan 1 

Hong Kong 12 Thailand 11 

India 3 United Kingdom 2 

Iran 6 Vietnam 1 

419 Papers from 12 Countries 

 

2) Registration Status 

Country No. of Participants Country No. of Participants 

Australia 1 Japan 201 

China 36 Korea 234 

Germany 1 Taiwan 1 

Hong Kong 14 Thailand 10 

India 3 United Kingdom 2 

Iran 3   

506 Participants from 11 Countries 

 
3) Welcoming Reception 

The welcoming reception, commenced on July 10th 

(Sun) at 6 p.m., was the beginning of ICEE 2010. Mr. 

Jong-Keun Park, the chairman of the conference, started 

the reception with his welcoming speech. Experts from 

around the world congratulated the successful hosting of 

ICEE 2010 and enjoyed their first encounters and 

reunions. 
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4) Opening Ceremony 
The opening ceremony was commenced on July 12

th
 

(Mon) at 9 a.m. under the presiding of Mr. Seung-Jae 

Lee. Representatives of each country (KIEE: President 

Jong-Keun Park, IEEJ: President Takashi Fujimoto, 

CSEE: President Yanchang Lu, HKIE: Vice President 

Fuk Cheung Chan) gave welcoming speeches. In 

addition, an appreciation plaque ceremony was held to 

show appreciation for the founders of ICEE (Mr. Fumio 

Arakawa, Mr. Hasegawa Jun, Mr. Otto Poon, Mr. Jae 

Pong Jeon) 

 

5) Keynote Speeches 
Renowned experts representing IEE of each county 

were invited to the keynote speeches. The experts gave 

representative lectures to grasp the latest research trends 

and to contribute for the future strategy regarding new 

technologies and industry creation.  

 

Speaker Speech Title 

Mr. Moon-Duk Kim Green Growth in Electricity 

Dr. Shunji Yamamoto 
Continuing Progress Our Electric Power Machinery Toward a Next 
Generation and the Enlarged Application 

Prof. Jianhua Wang The Intelligent Electrical Equipment for Smart Grid 

Prof. C. C. Chan Electric Vehicles and Smart Grid Development Roadmap 

 

   

 
6) Technical Sessions 

The presentation, commenced on July 12
th
 at 1:30 

p.m., was constituted with 3 special sessions, 35 oral 

sessions and 6 poster sessions; in overall, 167 oral 

presentations and 252 poster presentations. During the 

history session, held as the special session, participants 

enjoyed a chance to look back the history of ICEE and to 

discuss the development directions for the future. Thanks 

to the great interest of the participants, the smart grid and 

EMTP special sessions were successfully held and 

numerous questions and discussions were made under 

each theme.  
 

   

   

7) Technical Tour 
It was planned to visit Kori Nuclear Power Plant and 

Haedong Yongkung Temple on July 13
th
 in the afternoon 

with all participants wearing souvenir T-shirt. However 

the participants made a trip only to Kori Nuclear Power 

Plant due to rain. The participants felt sorry, but it was a 

meaningful tour that introduced the current status and 

future of the nuclear energy.  
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8) Banquet 
The banquet was held on July 14

th
 at 6 p.m. at the 

Grand Ballroom of Paradise Busan with 300 participants 

all wearing souvenir T-shirts. The representatives of each 

country and Mr. Ja-Hong Koo, the president of the LS 

Group also gave congratulatory speeches to celebrate the 

successful hosting of ICEE 2010. At the dinner, the 

organizing committee of ICEE 2010 announced the plan 

of ICEE Journal publication and asked for interest and 

participation. In addition, a promotional event was 

prepared to promote the upcoming ICEE 2011 in Hong 

Kong, and Mr. Jong-Keun Park, the president of KIEE, 

handed over the flag to the vice president of HKIE. After 

the dinner, a B-boy performance, which made the night 

unforgettable with the dynamic moves and strong beat.  

 

   

   
 

9) Representative Meeting 
The representative meeting was held on July 12

th
 at 5 

p.m. at Nurimaru Conference Room to discuss 

sustainable and systematic development of ICEE 2010. 

At the meeting, the representatives agreed to publish 

ICEE Journal from January 2011 onwards which turned 

the meeting into a historical moment and made the future 

of ICEE 2010 more concrete. The venue Nurimaru on 

the scenic island Dongbaik enabled the representatives to 

enjoy nice photo time and to socialize in amicable 

atmosphere.  

  

  

Reported by: Prof. Seung-Jae Lee (Chairman of the Organizing Committee) 

Myongji University, Korea 

 



 

EINA No.17 (November 2010) 25

International Conference on Condition Monitoring  

and Diagnosis 2010  (CMD2010) 

Toshihiro Takahashi 
Central Research Institute of Electric Power Industry, Japan 

 
The Institute of Electrical Engineers of Japan (IEEJ) 

has successfully held the International Conference on 

Condition Monitoring and Diagnosis 2010 (CMD2010) 

on September 6 - 11 in Toyosu campus of Shibaura 

Institute of Technology, Tokyo, Japan with 374 

participants from 31 countries and areas and 308 papers 

including plenary lectures. The conference was 

technically co-sponsored by IEEE-DEIS, CIGRE, CES, 

KIEE, and KIEEME. 

The CMD2010 covered many issues surrounding 

the electric power apparatus, such as condition 

monitoring and diagnosis, failure phenomena based on 

physical and chemical aspects, material sciences, 

financial and economic aspects like asset management 

techniques, and degradation by radiation, sun shine, and 

salty wind. Therefore, not only the researchers in 

universities and companies related to these fields but also 

the person related to operation of the power apparatus 

were welcome to attend and contribute the conference.  

After the opening address by Prof. Hitoshi Okubo of 

Nagoya University, chair of the organizing committee of 

CMD2010, on Sep. 7, three plenary lectures were 

followed. Firstly, Prof. Ernst Gockenbach of Leibniz 

Universität Hannover, Germany, gave his plenary lecture 

entitled with “Condition Monitoring and Diagnosis for 

Reliable Power Transmission and Distribution”, having 

state-of-the-art information around the CMD technology. 

Then, Dr. Ashok Sundaram of EPRI, USA, talked about 

“Enabling Asset Management with the Smart Grid” 

instead of Mr. Mark McGranaghan of EPRI. The lecture 

was filled with the latest information of the smart grid 

technology mainly in USA. Finally, Mr. Hiroshi 

Yamaguchi of The Tokyo Electric Power Co., Inc., Japan, 

made his plenary talk about “Condition Monitoring and 

Diagnosis for Aged Power Apparatus in Japan” with the 

CMD technology in Japan where the electricity plays 

quite important role in human activity. All the plenary 

lectures gathered attendees’ interest, thus the lecture hall 

was full of the audience. After the plenary talks, Prof. 

Dae-Hee Park of Wonkwang University, Korea, 

delivered his talk entitled with “Recent Activities 

Related to CMD in Korea and the Contribution of the 

late Prof. Kyu-Bock Cho” as a memorial lecture 

honoring Prof. Kyu-Bock Cho who was the chair of the 

first CMD held on 2006 in Changwon, Korea. 

The plenary talks were followed by 24 oral sessions 

and 2 poster sessions. 143 and 161 papers were listed on 

the oral and poster sessions, respectively. The detail of 

the paper number per objective power apparatus is 

shown in Table 1. As can be seen in Table 1, nearly one 

third of the papers were related to transformers, which 

can be said that issues around transformers are the most 

interested subject of recent years. 3 oral sessions were 

held parallel, and the two poster sessions were held in the 

evening of Sep. 7 and 8, respectively, independent from 

any oral sessions. All the oral sessions were filled with 

many audience and hot discussions even on the last day. 

Both poster sessions also gathered many audience and 

discussions in every parts of the session site. 

On ahead of the opening of CMD2010, tutorials 

were held on Sep. 6 with 8 courses, having their themes 

of GIS, transformers, cables, and rotating machines, each 

of them with English and Japanese. More than 240 

persons had hung on the words of lecturers who were 

specialists of the respective fields. 

23 companies related to the CMD technology had 

made their exhibition booths on the conference. All the 

companies exhibited their state-of-the-art CMD 

apparatus, techniques and so on with real apparatus by 

their specialists. All the attendees had been fascinated 

with their technology. 

Short tours were held on Sep. 7 AM and PM, for the 

Shin-Toyosu underground substation, which is the world 

first 500 kV underground substation located near from 

the conference venue. All the attendees for the short 

tours were fascinated with the sophisticated underground 

substation. 

Two technical tours were held on Sep. 9 PM. One 

course was for the Electric Power Historical Museum & 

Asakusa Kannon Temple, the other was for the 

Yokohama Thermal Power Station & Asakusa Kannon 

Temple. Attendees of the both technical tours had 

interested in the historical and the state-of-the-art power 

apparatus and Japanese historical culture with one of the 

oldest temple “Senso-Ji” and its surrounding town 

having many souvenirs, Japanese fast food, and so forth. 

The banquet following the two technical tours was 

held at Meguro Gajoen, having some gorgeous Japanese 

gardens and precious artistic handicraft articles. Meguro 

Gajoen is one of the traditional hotels in Tokyo, 

established in 1930’s. Its interior is full of arts, its walls 

and ceilings are tastefully decorated with beautiful 

pictures of flowers and birds, which impressed all the 

attendees and invited the some courtly time. 

Finally, we would like to deeply thank all of the 

participants from all over the world, and members of the 

organizing committee and the sub-committees for their 

effort to realize this symposium. We also express sincere 

appreciation to all the supporting members of this 

symposium for their tremendous contributions, and 

financial support by Commemorative Organization for 

the Japan World Exposition '70.  

The next CMD will be held in Bali, Indonesia, in 

2012. We wish not only all the participants but also the 

researchers who could not attend this CMD will come to 

Bali with the harvest of coming two years. 

 

Dr. Toshihiro Takahashi 

(Assistant Secretary of CMD 2010) 

E-mail: tosihiro@criepi.denken.or.jp 
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 Prof. Hitoshi Okubo Prof. Ernst Gockenbach Dr. Ashok Sundaram 

 at the opening address at his plenary talk at his plenary talk 

 

   

 

 

 

 

 

 

 

  
 Mr. Hiroshi Yamaguchi Prof. Dae-Hee Park  

 at his plenary talk at a memorial lecture honoring 

  Prof. Kyu-Bock Cho 



 

EINA No.17 (November 2010) 27

 

 

 

 

 

 

 

 

 

 

 

  

 Information exchange at the exhibition Discussion at a poster session 
   

 

  

 

 

  

 

 

 

 

 

 

 
 Presentation at an oral session “Kagami-wari”, traditional ceremony  

  of opening of the banquet 
   
 Number of attendees by country Number of papers by object apparatus 

 

 

 

Object apparatus Paper number

Transformer 112                 

Cable 50                   

Switchgears 31                   

Rotating machines 24                   

Overhead transmission lines 17                   

Common techniques 17                   

Optical sensor 12                   

Outdoor insulation 11                   

Arresters/Power capacitors/Others 9                     

New developments in asset management 8                     

Insulating materials 7                     

PD diagnostic methods 6                     

Total 304                 

Country attendees Country attendees

Japan 205          Russian Federation 3             

Korea 29           Singapore 3             

China 25           United States 3             

Germany 17           Egypt 2             

Canada 14           Hong Kong 2             

Indonesia 8             India 2             

Australia 7             Romania 2             

Austria 7             United Kingdom 2             

France 7             Greece 1             

Netherlands 6             Hungary 1             

Sweden 5             Iran 1             

Italy 4             Malaysia 1             

Switzerland 4             New Zealand 1             

Thailand 4             Slovenia 1             

Brazil 3             Taiwan 1             

Czech Republic 3             Total 374          
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International Conferences to be held in Asia 

 

ISEIM 2011 (International Symposium 
on Electrical Insulating Materials) 

Dates:  September 6-11, 2011 

Venue:  Kanbaikan, Doshisha Univ., Kyoto, Japan 

Chairman: Prof. Masayuki Nagao  

(Toyohashi University of Technology) 

 

ISEIM2011 targets issues on the physical, 

chemical and practical aspects on the dielectrics, 

electrical conduction and breakdown in dielectrics, not 

only in solid dielectrics but also liquid and gas 

dielectrics. ISEIM2011 will provide you an important 

chance to discuss above topics with a lot of 

researchers gathering from all around the world. It is 

sponsored by Technical Committee on Dielectrics and 

Electrical Insulation, IEEJ and technically co-

sponsored by IEEE Dielectrics and Electrical 

Insulation Society and CIGRE SCs D1 and A2. 

The conference venue, Kyoto-city, is located mid-

west of Japan, well-known as an ancient Japanese 

capital city with a 1200-year history. Since its open in 

AD 794, Kyoto has been always one of the centers of 

Japanese politics and culture. Thus, Kyoto has been 

maintaining historical architecture such as shrines and 

Buddhist temples, gardens, town and natural scenery, 

and so forth. All of you will feel heartwarming 

hospitality and the real Japan. 

 

Key dates:   
Abstract Submission:            January 31, 2011 

Acceptance Notification of Abstract:   

Middle of March, 2011 

Manuscript Submission:            May 30, 2011 

 

Secretariat:  
Dr. Toshihiro Takahashi and Dr. Norikazu Fuse 

C/o Electric Power Engineering Research Laboratory, 

Central Institute of Electric Power Industry (CRIEPI) 

2-6-1 Nagasaka, Yokosuka,  

Kanagawa 240-0196, Japan 

Tel: +81-46-856-2121, Fax: +81-46-857-5829 

Email: iseim2011@freeml.com 

URL: http://www2.iee.or.jp/~adei/ISEIM2011/ 

 
ICEE 2011 (International Conference on 
Electrical Engineering) 

Dates: July 10-14, 2011 

Venue: Harbour Grand Kowloon, Hong Kong 

Organized by HKIE 

Co-organized by CSEE, IEEJ, KIEE 

 

The International Conference on Electrical Engi-

neering (ICEE) aims to be a premium forum for 

sharing information, creative ideas, expert knowledge 

and experience among electrical engineers of the 

world. Since 1995, ICEE has been successfully held 

once a year. The Hong Kong Institution of Engineers 

(HKlE) is pleased to announce ICEE 2011 will be 

held at the Harbour Grand Kowloon Hotel from 10 to 

14 July 2011. The theme of the ICEE 2011 is 

“Towards Smart & Low-Carbon Electrical Engi- 

neering”. It is a great pleasure for the HKIE, together 

with co-organisers, The Chinese Society of Electrical 

Engineering (CSEE), The Institute of Electrical 

Engineers of Japan (IEEJ) and The Korean Institute of 

Electrical Engineers (KIEE), to invite potential 

authors to submit quality papers to be referred in the 

following areas: power systems, energy and 

environment, electric traction systems, power 

electronics, motor drives & industrial applications, 

fundamentals, materials & education and other related 

areas. 

 

Key dates: 
Abstract Submission:     December 31, 2010 

Acceptance Notification of Abstract: February 1, 2011 

Full Paper Submission:   April 1, 2011 

Acceptance Notifications of paper:  May 3, 

2011 

 

Secretariat: 

9/F Island Beverley 

No 1 Great George Street 

Causeway Bay, Hong Kong 

Tal: +852 2895-4446, Fax: +8522203-4133 

E-mail: conf3@hkie.org.hk  

URL: www.icee-con.org 

 

CMD2012 (International Conference on 
Condition Monitoring and Diagnosis) 

Dates:  September 23-27, 2012 

Venue:  Grand Bali Beach Hotel, Bali, Indonesia 

Chairman: Prof. Swarno (Bandung Inst. of Tech.) 

Organized by ? 

Co-organized by Bandung Inst. of Tech. and 

Udayana University, Bali 

 

Key dates:   
Abstract Submission:              February, 2012 

Acceptance Notification of Abstract:     April, 2012 

Manuscript Submission:               June, 2012 
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Activities of Laboratories 

 

Research in High Voltage and Electrical Insulation Laboratory 

at Tianjin University 

B.X. Du, Y. Gao and Y. Liu 

High Voltage and Electrical Insulation Laboratory 

School of Electrical Engineering and Automation, Tianjin University, Tianjin, 300072, China 

 

1. Introduction 

  High Voltage and Electrical Insulation Laboratory 

(HVEIL) at Tianjin University was founded originally to 

serve as a test site for college students of the department 

of electrical engineering who wanted to learn knowledge 

about high voltage test skills for power equipment. In 

1990s’, the HVEIL was open to scientific research and 

some of the hot topics, such as partial discharge 

measurement for high voltage transformer, were 

immediately involved at that time. The development of 

the HVEIL became even faster after the year 2002 in 

which Prof. Du joined in the laboratory and served as a 

leader. With the active work of Prof. Du and our staffs, 

we have developed scientific researches in many fields, 

including tracking behavior of polymer insulating 

materials, condition monitoring and diagnosis for power 

equipment, plasma discharge and its application, etc. Our 

work covers the fundamental study for insulating 

material and also the industry application to local power 

system in China. Over 220 scientific papers have been 

published by our staffs both in Journals and Conference 

Proceedings, which earns us a worldwide academic 

reputation and encourages us to further discover the 

unknown firmly. 

  At present, we have one full professor, one associate 

professor, two lecturers and three engineers in the 

HVEIL. Three Ph. D. candidates and eighteen 

postgraduate students are pursuing their degrees here, 

and more than twenty undergraduate students work in the 

laboratory for their Bachelor Degree Thesis every year. 

Our research projects have attracted over 2 million RMB 

as financial support from Chinese government, ministry 

of education and companies, and we would like to show 

 

Figure 1: A picture from Prof. Du’s Laboratory  

the research activities in the HVEIL in the following 

sections. 

2. Research Activities in the HVEIL 

  In the HVEIL, two main issues are currently 

performed, namely tracking behavior of polymer 

insulating material and condition monitoring and 

diagnosis for power equipment. A brief introduction of 

the research progress will be shown below in detail.  

A. Tracking Behavior of Polymer Insulating 

Materials 

  Polymer insulating materials have been widely used in 

electrical and electronic industry for over 50 years. The 

safe use of the material is very important for the 

reliability of the electrical and electronic devices. One 

particular phenomenon that occurs on the surface of 

polymer is tracking failure. The tracking is essentially a 

surface breakdown phenomenon which is characterized 

by the formation of carbonized conductive path that 

bridges the electrodes. This is considered as an important 

reason for short-circuit and even fire of the polymers. 

With the purpose of understanding the tracking behavior 

clearly, systematic works have been carried out since 

1990s’. The influence of concerned factors, such as 

ambient temperature, pressure, additives, waveform of 

applied voltage and frequency, on the tracking behavior 

has been investigated, and the results obtained containing 

valuable information for understanding the nature of 

 

Figure 2: A discharge light distribution based method to 

feature the tracking failure 
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tracking phenomenon have been published both in IEEE 

Transactions and Conference Proceedings. 

Recently, we start to focus on the radiation effect on 

the tracking behavior of polymers. Radiation environ- 

ment can be found in nuclear power stations, space 

equipment and scientific facility. A highly energetic 

radiation ray, for example gamma-ray, can have a 

significant influence on the ageing process of insulating 

material, and thereby influence the safe use of the 

equipment. We have set up a test system to investigate 

the tracking behavior of gamma-ray irradiated polymers, 

including polyethylene, epoxy resin and polybutylene 

polymers. It has been preliminarily concluded that a 

cross-linking type material is more sustained in the 

resistance to tracking than a degradation type material 

after gamma-ray irradiation. This information may help 

to choose the proper material used as insulation in 

radioactive environment. Moreover, we currently adopt 

epoxy based nano-composite as test sample to study the 

tracking behavior so as to find a new way to improve the 

resistance to tracking for polymer by nano-particle 

doping.   

  Besides the tracking phenomenon, we are also 

interested in another attractive and important 

phenomenon-surface charging and charge decay. The 

surface charge accumulation has been found a critical 

problem that rules the withstand voltage of the insulation 

surface. A considerable number of researchers have 

engaged in the work of clarifying the mechanisms of 

surface charging and charge decay, and it is generally 

established that surface charge dynamics is deeply 

related to the characteristics of localized surface states 

and is influenced by surface property, permittivity, 

surface as well as bulk resistivity, temperature, relative 

humidity and so on. The very issue we concerned is the 

radiation effect on surface charge dynamics of insulating 

polymers, and we have found that the charge behavior for 

both polyethylene and epoxy resin is evidently changed 

as the material is exposed to gamma-ray irradiation. We 

are now trying to reveal the mechanism for the results 

obtained, and such information will be helpful in 

determining the safe use of polymer in radiation 

environment. 

 

Figure 3: Surface charge image of polyethylene after 

charging by negative bias voltage (obtained in the HVEIL 

by using a self-designed electrostatic probe). 

  Those works introduced in this section is financially 

supported by National Nature Science Foundation of 

China, Doctoral Fund of Ministry of Education of China 

and Young Scholar Foundation of Tianjin University.   

B. Condition Monitoring and Diagnosis for Power 

Equipment 

  Ageing of insulating material acts as a decisive factor 

that influences the life-time of power equipment. 

Knowing the insulation status is a key point for 

understanding how risky the equipment is. A traditional 

method for getting insulation status of power equipment 

is often off-line and periodical test based. Such method is 

likely to send information deficient to make a decision 

that if the insulation is in danger or not, because the 

information is of course less accurate comparing with 

that obtained from on-line test which can reflect the real 

manner of insulation when it is in real operation. On-line 

measurement of insulation status then becomes the state 

of the art and condition monitoring and diagnosis (CMD) 

is likely to play a dominant role in power management 

system in the future. 

 

Figure 4: Devices for research of partial discharge 

measurement for XLPE power cable. 

We noticed that the CMD would facilitate to know 

insulation status of power equipment in early 1990s’, and 

the interesting topic we concerned was partial discharge 

detection. By developing very high frequency sensors, 

ultra-acoustic sensor and optical sensor, we successfully 

captured partial discharge signal in the HVEIL by 

employing insulation models that are extracted from high 

voltage transformer and XLPE cable. We also make 

efforts to develop new methods based on wavelet 

analysis to separate the real partial discharge signal from 

the data measured. Currently, we are trying to put the 

above ideas into real industry application. For instance, 

with the help of Tianjin Electric Power Corporation, we 

are establishing an on-line partial discharge monitoring 

system for a 220 kV XLPE cable route located in Tianjin 

Binhai New Area by using both high frequency current 

transformer and capacitive coupler sensor assembled at 

the cable accessories. Such a monitoring system may 

benefit from the sensor arrangement so that the location 

of partial discharge is feasible. 

  For supporting the CMD research work, we have 

carried out a series of fundamental investigations in order 

to gain a good understanding of the ageing mechanism of 
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Figure 5: PD detecting sensor assembling and laboratory 

PD test for 110 kV XLPE cable (supported by Tianjin 

Electric Power Corporation).  

polymer insulating materials. What we have concerned 

with includes electrical treeing as well as water treeing 

phenomenon, space charge measurement technique and 

its application in detecting space charge within real 

XLPE cable, interface breakdown behavior occurred at 

cable joint between XLPE and silicone rubber, effect of 

cross-linking byproducts on the insulation performance 

of XLPE.  

  Furthermore, we engage in the work of leakage current 

measurement and analysis by using a novel data 

processing method called “recurrent plot”. This method 

is proved to be available for identifying the process of 

surface discharge on outdoor insulator. It will provide 

useful information for estimating the insulation status of 

outdoor SIR insulator.  

 

Figure 6: Monitoring on process of rime-ice flashover of 

outdoor SIR insulator. 

  The researches presented in this section are mainly 

supported in finance by local electric power corporation 

in China, and we find that such cooperation between the 

HVEIL and the company can benefit both the 

participants. 

3. Academic Exchange and Cooperation 

  With the financial support of the HVEIL, we have 

frequent international academic exchanges and 

cooperation. We have sent our staffs to attend 

international conference and symposiums, such as CEIDP, 

ICSD, CMD, ICPADM, etc. We have also invited active 

researchers to visit us and make academic exchange. We 

are pleased to share the experience and facility in the 

HVEIL with researchers in the community of electrical 

engineering, high voltage/electrical insulation and 

applied physics, and we sincerely invite specialists from 

all over the world to visit the HVEIL and make 

cooperation together. 
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China Corner 
Recent Progress in Electrical Insulation of Wind Generator in China 

 

1. Overall 

1.1 Development and 

Forecast of Wind Power 

in China 
Wind energy, as an alter-

native to fossil fuels, is plenti-

ful, renewable, widely distrib-

uted, clean, and pro-duces no 

greenhouse gas emissions dur-

ing operation. The abundant 

inland and offshore wind en-

ergy resources provide China 

with potential for large-

capacity, in-grid wind farms. 

Large-scale wind farms are 

connected to the electric power transmission network; 

smaller facilities are used to provide electricity to isolated 

locations [1]. 

Fig. 1 Total installed capacity of wind power in China from 

2005 to 2009, and the predicted total installed capacity in 

2010 and 2020 are 30 GW and 150 GW, respectively.  
 

As shown in Fig. 1, wind power in China develops 

very fast from 2005, and the total installed capacity has 

reached 25 GW in 2009. It is predicted that the total in-

stalled capacity will be 30 GW in 2010 and 150 GW in 

2020, which would complete the plan that raise the total 

installed capacity of wind power to 30 GW, which is set 
 

Table 1. Energy Structure of China in 2009 

Energy 

Category 

New In-
stalled Ca-
pacity of 
2009 (GW) 

Total In-
stalled Ca-
pacity Until 
2009 (GW) 

Total Gener-
ating Capaci-
ty of 2009 
(billion kWh) 

Thermal 
Power 

60.76 652.05 2986.7 

Hydropower 19.89 196.79 512.7 

Wind Power 8.97 16.13 26.9 
Nuclear 
Power 

-- 9.08 70.0 

Total 89.70 874.07 3596.5 

by National Development and Reform Commission in 

“Medium and Long-Term Development Plan for Renew-

able Energy in China” [2-4]. 

The data in table 1 refer to the Grid-connected installed 

capacity. Although the wind power develops very fast, 

there is a big gap between the current status and the target 

that raise the share of renewable energy in total primary 

energy consumption to 15 percent in 2020.  

1.2 Wind Power Demonstration Project 
Shanghai Donghai Bridge offshore wind power 

demonstration project was completed on July 6, 2010, 

and started to supply clean energy to Shanghai city [5, 6]. 

As shown in Table 2, the wind farm established 34 

homemade 3 MW wind turbines, with a total installed 

capacity of 102,000 kW, the annual power generation 

capacity of 267 GWh, which is the first time to install 

independent research and development of 3 MW off-

shore-type units that marks the high-power wind turbine 

equipment of China among the world's most advanced 

manufacturing. 

Furthermore, the East China Sea Bridge wind farm 

Phase II (100,000 kilowatts level) preliminary work has 

been approved by the relevant departments. 

 

Table 2. Relevant parameters of the East China Sea 

Bridge wind farm 

Total number of wind turbine generators 34 

Total Capacity (MW) 102 

Electricity generation hours per year (h) 2624 
Electricity provided to the grid per year (GWh) 267 

1.3 Three National Research and Design (R&D) 

Centers of Wind Power 
China's National Energy Administration has formally 

approved 38 energy R&D centers in the last two years, in 

which have 5 R&D centers on wind power that are Na-

tional Energy Offshore Wind Power Technology and 

Equipment R&D Center, National Energy Large-scale 

wind power Grid Connected System R&D Center, Na-

tional Energy Research and Development (experimental) 

Center of Wind Turbine Blades, National Energy Wind 

turbine R&D center, and National Energy R&D center of 

Wind Power Operations [7, 8].  

These R&D centers are of great significance in estab-

lishing China’s energy and technology support system, 

meeting national and strategic needs for innovative ener-

gy structure optimization and upgrading and satisfying 

market demand for energy technology and equipment. 

2. Developments of Electrical Insulation 

Technology of Wind Generator   
Wind turbines are used to tap the potential of wind en-

ergy, which is available in millions of MW. Reliability of 

wind turbine is critical to extract this maximum amount 

of energy from the wind. Considering the complex and 

diverse operating conditions in China, such as very low 

Prof. Shengtao Li

Xi’an Jiaotong Univ.,

Xi’an, China
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or high temperatures, alternating hot and cold tempera-

tures, high humidity, salt spray, dust, high altitude, low 

wind speed and coastal areas, we need to design and pro-

duce a broad range of wind generators which can be in-

stalled in diverse climates and work efficiently in operat-

ing conditions. These harsh environments require high 

reliable wind generators, which put forward very strict 

requirements for the insulation systems [9], such as the 

insulation of stator windings, collecting ring and brush 

unit, and cable. The strategic points of the insulation sys-

tems are able to work at the harsh environments.  

The towers of the wind generators are very high, some 

of which are more than 100 m, and are usually the high-

est object in its area, so it is very easier for them to be 

stroke by the lighting. Therefore, much more attentions 

should be paid to the lighting stroke and overvoltage pro-

tection. 

2.1 Stator Windings 
The wind turbines operate at the special geographic 

environments, such as, Gobi, grassland, and seaside, 

which have special requirements on insulation system 

and materials. A lot of research and design have been 

done on this field. 

Firstly, the wind turbine insulation system consisted of 

solvent-free polyesterimide impregnating resin, mica tape 

with polyester and molten polyimide lapped magnetic 

wire was studied and the results showed that the insula-

tion system had lower dielectric dissipation factor (better 

than the excellence goods performance indicators), good 

salt spray resistance and high and low temperature insula-

tion performance (reach the excellent level), high break-

down voltage (average voltage, 24.4 kV). It was said that 

the insulation system was one of the best insulation sys-

tems with excellent insulation properties [10-12]. 

Secondly, a kind of surface insulating coating with a 

base material of high molecular weight epoxy resin used 

in wind turbine generators was developed, which demon-

strated that the coating exhibited better electrical insula-

tion properties when certain high molecular weight epoxy 

resin was used as the base material. Its volume resistivity 

achieved 9. 6 ×10
13
 Ω·m, electric strength was 67 MV/ m 

and arc- resistance was 127 s. The salt spray resistance 

was improved to 1000 h when using mica powder and 

aluminum triphosphate as pigments and fillers, and the 

wear resistance could reach 0.037 g when choosing an 

elastic curing agent modified by polyether, which meant 

that the surface insulating coating reached the same level 

of international product [13]. 

Thirdly, a kind of heat temperature epoxy resin glass 

fiber cloth laminated sheet was manufactured, and it had 

excellent high thermal endurance, machine performance 

and electrical properties, which reached the same level of 

class H epoxy resin glass fiber laminated sheet that is 

manufactured by an Europe company [14]. 

2.2 Collecting Ring and Brush Unit 
Insulation is the key technology of collecting ring and 

brush unit, which need the properties of high dielectric 

performance, low leakage current, good corona resistance 

at high voltage, stand high and low temperature, and 

enough mechanical strength and so forth according to the 

harsh operating environment of wind turbine generators 

[15-18]. 

However, the insulation materials of the original col-

lecting ring and brush unit in the wind generators pro-

duced by Chinese factories are phenolic pressure plastic, 

epoxy fabric laminates, or film mica plate, and the fit 

between conducting rod and conducting ring is clearance 

fit, which have a lot of shortcomings, such as, partial 

discharges, even arcs in the contact gap that lead to the 

aging or breakdown of the insulation materials, toner 

scattered and deposited on the insulation among the 

phases, causing short circuit of wind generators. 

 

Table 4. Comparisons of the original collecting ring and 

brush unit and the improved collecting ring and brush 

unit in China 

 Original collecting 
ring and brush unit 

Improved collect-
ing ring and brush 
unit 

Insulation 

structure 

Clearance fit be-
tween conducting 
rod and conducting 
ring 

Slip fit between 
conducting rod 
and conducting 
ring, adding insu-
lation sleeve 

Insulation 

material 

Phenolic pressure 
plastic, epoxy fab-
ric laminates, film 
mica plate  

Composite insula-
tion of mica tape 
and glass cloth 

 

As shown in table 4, plenty of researches have been 

done to improve the performance of collecting ring and 

brush unit, for example, composite insulation of mica 

tape and glass cloth was used to increase the dielectric 

properties and reduce the costs, clearance fit was changed 

to slip fit by coated the relevant components with dielec-

tric materials or added insulation sleeve inside the col-

lecting ring. Therefore, the improved collecting ring and 

brush unit are suitable for high speed and long life wind 

generators and can be used in the harsh environment with 

high humidity, very high or low temperature and lighting, 

etc.   

2.3 Power Cable 
The original wind turbine generator power cables are 

composed of single hard thick copper wire and traditional 

rubber-like insulation and sheath, which have a good heat 

resisting property. As the diameter of the copper conduc-

tor is very large, it is difficult to bend and install the cable, 

and the mechanical and tearing strength of the traditional 

rubber-like materials are very low, so the insulation and 

sheath layer are easy to crack.  

The improved cables adopt the soft brass wires or soft 

tinning brass wires with the diameter of 0.15~0.5 mm 

intertwisted with each other in the same direction as the 

conductors, and thermoplastic vulcanizate, silane cross-

linking ethylene/propylene rubber, high tear resistant 

silicone rubber compounds, polyvinyl chloride as the 

insulation materials, and vulcanizate elastomer, PUR-

elastomer compound, polyurethane as the sheath materi-

als. Moreover, many of the improved cables add some 

new layers, such as strengthening cladding layer and 

flame retardant layer, to improve the performance that are 

anti radiation, stand abrasion, seawater corrosion  
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Table 5. Comparisons of the original cables and the im-

proved cables in China 

Components Original 
Cable 

Improved Cable 

Conducting 

wire 

Single hard 

thick cop-

per wire 

Many soft brass wires 
with the diameter of 
0.15~0.5 mm intertwist 
with each other in the 
same direction 

Insulation 

layer 

Traditional 

rubber-like 

materials 

Thermoplastic vulcani-
zate, silane cross-linking 
ethylene/propylene rub-
ber, high tear resistant 
silicone rubber com-
pounds, polyvinyl chlo-
ride 

Sheath layer Traditional 
rubber-like 
materials 

Vulcanizate elastomer, 

PUR-elastomer com-

pound, polyurethane 

The others  Strengthening cladding 

layer, flame retardant 

layer 

 

resistance, and so on. Besides the general properties of 

the power cables, such as good high/low temperature 

resistance, good oil resistant, good corrosion resistance, 

etc., the improved cables have better mechanical property 

than the original ones, and they are softer, which make 

them easier to bend, distort and install, shown in table 5 

[19-22]. 

2.4 Lighting Stroke and Overvoltage Protection 
With the increase of the capacity of wind turbines, 

towers are heightened to obtain more wind energy, which 

causes the increase of the lightning stroke risk. Wind tur-

bines being repeatedly struck by lightning will increase 

generator stator insulation deterioration, eventually may 

cause insulation breakdown incidents [23-26]. 

Lightning surge on the stator windings of megawatt di-

rect-driven wind turbine generators was analyzed with 

the surge arresters installed on the terminal of generator 

and two sides of transformer, which show that the coil-to-

core voltage raise when lightning spread to the generators, 

the voltage distribution along the windings is non-

uniform initially, and the highest voltage appears near the 

neutral. The surge arresters can effectively restrain the 

lightning overvoltage. 

It is more difficult to protect the doubly fed induction 

wind generators from lighting stroke and overvoltage, for 

the doubly fed induction wind generators is easier in-

flected by the induced voltage from lighting stroke. 

Therefore, a new protection system was developed whose 

structure was that a surge arrestor and fuse grounded to 

the earth was connected in series with the stator, and a 

surge arrestor and fuse linked with a grounded gap arres-

tor was connected in series with rotor. 

In conclusion, although we have made some progress 

on the technology of insulation in wind turbine genera-

tors, we should accelerate our pace to localize at least 

70% of the wind turbine generators in the newly-built 

wind farms [2]. 
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Korea Corner 
765kV Transmission Technology Development in Korea 

 
1. Introduction 

The historic 765kV age 

began in Korea on May 8, 

2003, when operation of 

765kV double-circuit trans-

mission lines, the highest 

voltage in Asia, was started 

for the first time in the world 

from Dangjin to Shinansung, 

115 years after the first elec-

trical bulb was lit in Korea 

Kyongbok palace in Seoul. 

The opening of the era of 

765kV Extra-High Voltage 

(EHV), which we refer to as the power transmission 

highway, was a significant event for the Korean power 

industry in that it represented a major upgrade in tech-

nology. 

Due to economic development and improvement in liv-

ing standards around 2003, Korea was showed an annual 

increase in the demand for electricity of around 8%. Just 

as highways need to be built for smooth traffic flow, in a 

small-sized and densely populated country like Korea, 

the construction of 765kV transmission lines to transmit 

power from generation plants to end users was impera-

tive. 

 

2. Current Status of 765kV Facilities 

2.1 Worldwide 765kV Facilities 

Power transmission at the 700kV level began in 1965 

when Hydro-Quebec of Canada transmitted 500MW of 

power generated at the Churchill Falls Hydro Plant to 

Montreal using a nominal voltage of 735kV and a maxi-

mum voltage of 765kV. American Electric Power started 

transmitting power at a nominal voltage of 765kV and a 

maximum voltage of 800kV in 1969. Since then, 765kV 

transmission lines of nominal voltage have been intro-

duced in other areas such as New York (by NYPA), Bra-

zil, Venezuela, and South Africa. In Eastern Europe, Po-

land and Hungary started to operate of 750kV transmis-

sion lines of nominal voltage in the 1970s in order to 

receive power from the former Union. Recently, China 

and India also developed 765 kV and 1,000kV transmis-

sion lines. 

▶▶▶▶Worldwide 765kV Power Transmission 

Country 
Enhanced 
voltage (kV) Year 

Transmission 
Distance(km) 

USA 345→765 1969 300 

Russia 750→1,150 1985 2,000 

Canada 315→735 1965 600 

Japan 500→1,000 2000 250 

Brazil 375→750 1982 900 

South 
Africa 

400→765 1988 440 

India 400→765 2000 450 

Venezuela 400→765 1984 650 

Poland/ 
Hungary 

400→765 1986 114 

China 500→750→1,000 2009 640 

 

2.2 Reasons for Introducing 765kV Facilities to Korea 

Owing to the rapid economic development of Korea, 

there was a significant yearly increase in the demand for 

electricity of around 8%. Energy consumption per person 

was also rised steeply on an annual basis. In Korea, the 

area with the largest increase in electricity demand is 

concentrated in the Seoul-Gyeonggi Province region. 

However, it is difficult to construct a new power plant in 

this densely populated area. Therefore, bulk transmission 

lines are required to transport power from Central Korea 

or Kangwon Province, where large-scale power plants 

are located, to the Seoul-Gyeonggi area. Accordingly, 

Korea commenced preparations to upgrade the voltage 

class to 765kV in 1979, and research and development 

for 765kV began in 1983. In October 1997 the first 

345kV line was energized with 765kV. On May 8, 2003, 

history was made when 765kV power transmission 

commenced. 765kV transmission lines in Korea are the 

first in the world to use vertical double circuit tower 

types, which have twice the transmission capacity of the 

horizontal one-circuit types used in other countries.  

Around 2003, 765kV transmission lines extending 

340km, from Dangjin Thermal Power Plant through 

Shinseosan to Shinansung (178km), and from Shintae-

back to Shingapyung(162km), were completed; and cur-

rently, there are plants build more transmission lines, 
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▶▶▶▶Power demand in Korea 
 

including a transmission line extending from 

Shinansung-West Kyongbuk-North Kyongnam-Shinkori 

Nuclear Plant. Also 765kV single circuit line was 

completed on July, 2010. 

 

 

▶▶▶▶Route of 765kV lines 
 

2.3 Effects of Upgrading the Voltage of Transmission 

Lines 

- Solves misdistribution problems in the Seoul-

Gyeonggi area 

- Minimizes land required to build transmission facili-

ties and substations 

- Reduce electricity losses 

- Enhances the stability of the power network 

- Improves international competitiveness by improving 

technology in the power industry 

 

3. Advantage of 765kV Transmission System 

3.1 Effects of Upgrading the Voltage of Transmission 

Lines 

765kV transmission lines have 5 times the transmission 

capacity of 345kV lines. This is of great advantage for 

effectively utilizing land, as it decreases sites for trans-

mission towers and right-of-way. 

3.2 Minimizes Loss of Power during Transmission 

Loss of power during transmission is inversely propor-

tional to the square of the voltage, hence if voltage is 

raised from 345kV to 765kV, loss of power decrease 

20%. 

 

3.3 Saves Constructional Cost 

If transmission capacity is taken into consideration, 

765kV transmission lines save construction costs per 

KW by 74% compared to 345kV lines. 

Division 

154kV 
T/L 

345kV 
T/L 765kV T/L 

Double 
circuit 

Double 
circuit 

Double 
circuit 

Double 
circuit 

Transmission 
capacity 

480 
MW 

1,800
MW 

8,400
MW 

4,200
MW 

Losses 1.2% 0.26% 0.05
% 

0.05
% 

In terms 
of 

Capacity 

Number 
of lines 

18 5 1 2 

Site area 
(m2) 

2,304 960 512
 

760 

Construction cost 
in terms of 

transmission 
capacity 

 650₩/
kW 

480₩
/kW 

 

 

 

▶▶▶▶Advantages of 765kV Transmission System 
 

3.4 Environmental Friendly Design 

765kV transmission lines were designed and construct-

ed to be environmentally friendly after extensive experi-

ments, including assessments of audible noise from coro-

na, radio, noise, electric field, magnetic field, and Aeoli-

an noise, using full-size test lines. The Gmax of KEPCO 

765kV transmission lines with that of 500kV and 765kV 

lines of other countries. Gmax functions are an important 

factor in environmental problems, the lower the Gmax, 
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the less the electrical environment is affected. 

 

4. Facilities for 765kV Transmission 

4.1 Conductor 

The Power line is the medium that actually transmits 

electric power. It must have high conductivity, great me-

chanical strength, low density, and durability. Bare wires 

are used in 765kV lines because heat is generated, and 

ACSR (Aluminum Cable Steel Reinforced) is the most 

commonly used conductor type. ACSR is made by twist-

ing hard-drawn aluminum wires, which have relatively 

high conductivity (about 61%), around galvanized steel 

wires, which have high ultimate tensile strength 

(125kg/mm
2
). Most electricity flows through the alumi-

num core and the cross section and resistance of the 

stranded wire is calculated for the aluminum part only. 

Compared with hard drawn copper stranded conductors 

with the same resistance, the outer diameter of the con-

ductor is larger, and is more effective in preventing coro-

na, making ACSR advantageous for high-voltage trans-

mission lines. 

After a comprehensive review of RI/TVI, corona noise, 

transmission capacity, and maintenance of appropriate 

height level, ACSR 480mm
2
 Cardinal 6 conductor bun-

dle, which is stronger than ACSR 480mm
2
 Rail generally 

used in 345kV transmission lines, was chosen for the 

765kV transmission lines. ACSR/AW conductor was 

chosen for the Dangjin Thermal Plant, which is closed to 

the coastline, to prevent wires from corrosion. 

 

Kinds of Conductor 

ACSR 

480mm
2 

(Cardinal) 

ACSR/AW 
480mm

2
 

(Cardinal) 

Composition of  
conductors 

Al 54/3.38 
St 7/3.38 

Al 54/3.38 
St 7/3.38 

Calculated diameter 
Al 484.53 
St 62.81 

Al 484.53 
St 62.81 

Tensile load (kg) 15.300 15.300 

Outer diameter (mm) 30.42 30.42 

Weight(kg·km) 1.836 1.760 

Modulus of elasticity 7.987 7.565 

Coefficient of linear 
expansion(10

6
/
ο
C) 

19.53 20.5 

 

4.2 Insulator 

Insulators are used to support insulation between power 

cables and towers, and it also used to insulate them elec-

trically. An insulator is used outdoors and hence it must 

have good electrical and mechanical qualities under un-

favorable weather conditions such as wind, rain, salt, 

dust, and snow. It must also have sufficient electric sur-

face resistance while leakage current must be sufficiently 

low. 

Corona discharge should not occur at rated voltage, and 

insulators must not be damaged or destroyed if arc or 

corona discharge occurs on the surface. 

There are many different types of insulators, such as 

porcelain, glass and composite. The 765kV transmission 

lines use porcelain insulators. 

4.3 Spacer Damper 

765kV lines use multiple sub-conductor types, which 

have the characteristics of corona reduction and are bet-

ter for improving line constants. 6 conductor bundle 

types are used in KEPCO 765kV. In such cases, spacer 

damper is used to prevent conflict between sub-

conductor, maintain distance between sub-conductors, 

and prevent damage that might be caused to wires by 

oscillations due to wind and electromagnetic force. 

Spacer dampers used in 765kV transmission lines were 

developed in Korea and they are used on all lines. 

 

4.4 Steel Tower 

A 765kV steel tower weights over 200 tons and their 

height ranges from 80 to 150m. If angle type tower is 

applied to such huge structures, complex components 

must be used, which is very difficult to construct and 

repair. Therefore, steel pipe members, which can be ap-

plied as a single member, were used as the main member 

and diagonal member. Angle components were used in 

only tower arm parts. For the foundations, which must be 

constructed in rugged mountain areas, reliable deep 

foundations were used. 

 

4. Researches on 765kV Transmission System 

4.1 Air Insulation Test 

Air insulation tests were conducted using 4MV outdoor 

impulse voltage generators to test full size suspension 

insulators. The results of the tests were used when de-

signing the 765kV steel towers, for determining how 

many insulators to use and for designing air insulation 

clearance. They were also used when deciding the design 

levels of various 765kV devices, such as BIL (Basic Im-

pulse Level) and BSL (Basic Switching Level) of the 

transformers; the TRV (transient recovery voltage) of 

HSGS (High Speed Ground Switch), circuit breakers and 

the rating of the lightning arresters. 

 

4.2 Transmission Line Oscillation Test 

Full size transmission line oscillation test facilities are 

used to test the oscillation of overhead transmission liens. 

They are also used in assessing the oscillation of the 6-

conductor bundle type and to test methods of applying 

spacer dampers for overhead transmission lines. 

Oscillation Test Facilities 

-3 arch type steel towers, CCTV set for oscillation ob-

servation 

-Equipment for recording and analyzing oscillation da-

ta 

-Tension measurement system and load cell 

-Meteorological observation equipment, such as 

anemoscopes, anemometers, and thermometers 

-Sensors for oscillation measurement 

 

4.3 Electrical Environmental Simulation Tests using Co-

rona Cage 

A corona cage was used to conduct simulation tests for 

evaluation of the environmental effects of 765kV trans-

mission lines and for choosing candidate conductor types. 

Many types of tests can be conducted efficiently and 
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economically with a corona cage, because the conductor 

used in the test and applied voltage can be altered easily, 

and because the conductor surface voltage gradient can 

be increased with low voltage increments.  

The corona cage is used for studies on phenomena 

such as corona noise and radio wave interference, which 

are the most important factors when designing the con-

ductor for 765kV transmission lines. 

 

4.4 Leakage Current Measurement System : LCMS 

Experimental outdoor stations for long term testing of 

EHV (Extra High Voltage) insulators were constructed. 

LCMS which can measure and acquire the tendency data 

of leakage current of EHV insulators in real time was 

developed and used for research. EHV insulator experi-

mental facilities have been utilized for long term reliabil-

ity assessment of EHV insulators through leakage current 

tendency analysis which considered environmental fac-

tors and different characteristic of EHV insulators. 

 

4.5 TV Wave Interference of 765kV Transmission Lines 

When incoming TV waves occur in large scale trans-

mission lines such as a 765kV 6-conductor bundle 

transmission line, TV waves are usually reflected or 

shielded by the conductors and consequently TV wave 

interference occurs. 

TV wave interference is a problem that directly affects 

residents near transmission lines. Therefore TV wave 

reception before and after the lines were built was meas-

ured and compared to check whether the transmission 

lines have caused additional interference. Appropriate 

measures for each region are then recommended. Tech-

nical support has been offered to solve potential civil 

petitions under construction of transmission line. 

  

5. Conclusion 

KEPCO have been operating single circuit 765kV 

and Double circuit 765kV transmission Lines for the 

first time in the world since 2010 by more than 15 

years development research. This KEPCO 765kV 

double circuit technology is very economic and useful 

for transmission utility. Therefore the KEPCO 765kV 

electromagnetic interference technology was selected 

as a standard of IEC TR CISPR 18 on June, 2010. 

KEPCO will continue to develop more effective and 

safe maintenance technology for 765kV system and 

also to develop +/- 500kV Class HVDC transmission 

technology.  
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