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Part 1: Journal - Birth of Gapless Surge Arrester for Electric Power Systems

Recognized the excellence of zinc oxide block’s non-linear characteristics

In the morning of 16t May 1970, late Mr. Hiraki, then president of Meidensha
Corporation (“Meiden”) found an article that Panasonic Corporation (“Panasonic”)
announced the release of a new ceramic semiconductor product (Zn(Q varistor) which
contained Zinc Oxide (ZnO) as a major component and he instructed his staff to
investigate this matter firther.

At first, Meiden surge arrester department had an impression that this varistor is
one of low voltage surge absorber for the electronics device protection and it could not
be used for the surge arrester characteristics element for electric power systems
protection but it has a excellent non-linear characteristics and has a high energy
absorption capabilities despite its compact size. They imagined that if this ZnO
varigstor 1s used for the surge arrester element, it may make an excellent surge
arrester featuring no-series gap required and capable of the multiple lightning strikes,
high-discharge current withstand capability and excellent anti-contamination
performance, etc.

In applying the Panasonic’s varistor info the electric power systems, there were
many challenges to solve. It needed to prove if it could withstand the constant AC
voltage for the long time (ong-term ZnQ element Ilife) and if it could expect the
discharge withstanding capability against long-duration current impulse is larger
than that of Silicon Carbide(SiC) element and if at the end of the day, we will be able
to produce it at the same level pricing of the conventional surge arvester Meiden
viewed that without solving these issues, the commercialization will be difficult.
However, Meiden signed a joint research agreement with Panasonic on 4th September
1970 and as a Is step program, the parties started the program to produce a prototype
large diameter of ZnO element,

In February 1971, it realized the ZnO element having much discharge current
withstand capability than that of SiC element. Due to this result, Meiden engineering
staff decided to take a chance of the surge arrester business unit future on the gapless

surge arrester.



Part 2: Journal - Birth of Gapless Surge Arrester for Electric Power Systems

Istablished its own sintering technology

Since the spring of 1971, Meiden engineering staff came to think that it will not get
the full confidence (on gapless surge arrester) unless it could produce the 7ZnQ
elements by itseif and learn the full limit of the electrical characteristics. Meiden
Research Laboratory engineering staff’ who specialized in the Inorganic chemistry
expressed the strong hope and received the official permission from Panasonic. Under
such approval, Meiden’s own research started. In 1973, it established the technologies
necessary for material blending, granulation, forming and unique sintering technology.
Meiden completed the near alpha level element with the size of 32 mm diameter and
80 mm thickness and then applied for the patent.

In proceeding the joint research with Panasonic, the parties reached a conclusion
that the commercialization of the ZnO element without infringing the Panasonics’
basic patent would be impossible. The parties signed the patent licensing agreement
in December 1972. As the barvier for further joint development, namely patent issue,
was resolved, the joint development could move forward on the development of large
size ZnQ element for the electric power systems and on the development of its
production method. As the result, the first step program, completion of large diameter
size element, diameter 56 mm, it took about three years since the start of the joint
development.

Until the above completion, there were 60 times liaison meetings. it will not be an
exaggeration to say that joint endeavors’ results served as a foundation leading to the
worldwide surge arrester suppliers decision to produce the ZnQ surge arrester under

the technical license from Panasonies.
[Picture: Zine Oxide Block Timeline]

From varistor block to ones for the gapless surge arrester for the power station.

The bottom right big block is for station class surge arrester.
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The decision just before the occurrence of the oil crisis led to the success of surge

arrester factory construction. Many licensing agreement requests flooded.



In May 1973, then Meiden executive vice president, Mr Shire Seki made a
management decision to make the gapless surge arrvester as a strategic product
replacing the conventional gapped type surge arrester as the gapless one has excellent
features in every characteristics against the conventional one. Mr. Seki proposed the
Company to construct a new surge arrester factory although he sales department
people could not reach a conclusion if this new product would be accepted by the power
atilities. Back then, the sales contribution from the surge arrester business was at or
less than 1% of the all sales of Meiden. Given such background, his decision was
received as a surprise even among the Meiden people relating to the surge arrester
business.

During the factory construction period, Meiden faced the impacts of the oil crisis
such as price hike of the construction material costs and procurement difficulty of the
materials. In December 1973 construction of the new surge arrester factory was
completed. The main objective of the newly constructed factory was to establish the
mass production technology for ZnQ element. Meiden put the technological staff to the
new factory from Meiden R & D Center to improve the characteristics and quality, and
vertfy the reliability of Zn0O element.

Against the backdrop of establishing the production technology as discussed above,
Meiden officially announced for the first time that it developed the gapless surge
arrester during the National Convention of the Institute of Electrical Engineers of
Japan (IEEJ) at Kanazawa University (in Kanazawa City, Ishikawa Prefecture,
Japan) in April 1973. Following this announcement, Meiden introduced on Meiden’s
technical journal “Meiden Jiho" in Japanese, for the new surge arrester factory and
the principle and features of the gapless surge arrester focusing on the prototype beta
unit for 66 kV power network systems. Subsequently, Meiden published the same in
1ts technical journal in English, Meiden Review and distributed the publication in
FBurope and the U.S.

Back then, 1t drew a fairly high level of attention among the other surge arrester
suppliers and the power utilities in Japan. The responses from the overseas turned out
to be very big than expected. Due to such publication after 1975, many overseas
suppliers of surge arrester requested Meiden to license the gapless surge arrester
technology. Meiden declined such licensing requests by citing the reasons that it had
been working on the improvement of the elements to produce the common surge

arrester elements for Japanese and overseas markets.



Part 4: Journal - Birth of Gapless Surge Arrester for Electric Power Systems

Bistablished the mass production technology of large size

Cleared the issues of sealing level and non-explosive structure issue

Establishment of “Z Project”
Z Project (code name for gapless suxge arrester) started in May 1975,
Z Project consists of development team, engineering team, sales team and
procurement team. Main members from Surge Arrester Factory, B & D Material
Research Office, Transformer Factory Engineering Section (inside the HV Laboratory,).
The team worked out, one after another, the various surge arvester-related issues:
anti-environmental contamination, VI characteristics, high voltage technology
including corona discharge phenomenon. Other issues tackled were’ sealing
technology to gain the high reliability more than the conventional model and
explosion-proof structure. The efforts put the arrester technology much higher level,
The engineering team solved the production-related issues’ made improvements on
the element mass production line and other issues relating to the element production
technologies .This team produced a favorable effect of accumulating the production
technologies.Z Project programs and efforts bore fruits in the form of finalizing 275 KV
arrester development (no such range supply record in the conventional gapped type
arrester in this company) and then the development of 500 kV gapless surge arrester.
(Fast backward,) in March 1975, Meiden shipped 66kV gapless surge arrester units
for Hayato Substation for Kyushu Electric Power Co., Inc. as its test trial order. (This
became the world first gapless surge arrester to be used in the actual electric power

systems. )
[Picture: Top: The gapless surge arrester 66kV ZS84AX Self-standing Model

Standard Type — first arrester put to use for the actual power network

On your right: Measured wave-shape of V-1 Characteristics 1 e sidiv]
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As a first step, commercialized the zinc oxide elements for distribution type arrester

Spent many hours on the anti-environmental contamination characteristics research



The gapless surge arrester could demonstrate its features when applied fo the high
voltage application. As technologies required for the serial production for compact
surge arrester element was already completed. The demand for the compact surge
arrester for power distribution 1s also high Meiden first ecommercialized the
distribution type surge arrester whose elements were of zinc oxide model. They went
through the type tests of each power utilities in Japan. The results came quickly
Chubu Electric Power Co., Inc. Kansai Flectric Power Co., fnc. and then Tbokyo Electric
Power Co., Inc. cleared the type test and accepted this model, Next big challenge was
to get the clearance of the power utilities by conducting the type test of gapless surge
arrester for power station and substation systems. The typical location sites face the
serious salt contamination problem. The verification on the anti-contamination
characteristics thus takes long time. Tb grasp all the relevant issues and the active
design feedback on the findings required the field-testing and the analysis on the test
results. Through such programs, we could establish the design parameter setting. In
October 1976, we conducted a ‘open’ type test event inviting all Japanese power
utilities representatives and type tests were conducted to all the released Meiden
gapless surge arrester series products. It ended successfully.

Reflecting the good review of the open type tests, this 1977 became a water-shed
moment which accelerated the migration from the conventional gapped type to the
gapless surge arvester In the latter half of 1977, the 80% of production at Meiden
became the gapless surge arresters. Observing the success at Meiden, the major
suppliers of heavy electrical industry had been in the mood of mapping out the
migration plan to the gapless surge arrester in a fast track. Such suppliers proceeded
the technical license agreement with Panasonic one after another

Meanwhile, the major specifications for the surge arrester for the overseas markets
are mostly in compliance with the IEC or ANSI Standards. The feature of such
overseas surge arrester specifications are’ in general the protection level against the
switching surge is lower compared with the relevant Japanese Standards. In
harmonizing and satisfying such different standards’ requirements, Meiden proceeded
the development program for the improved surge arrester element since 1977 to
produce the common element for Japanese and world markets. In the spring of 1978, it
started the serial production of the improved type elements. Using such elements,
Meiden developed the tank type surge arrester for gas insulated switchgear. It also
proceeded to develop 500 kV class surge arrester. In July 1978, the improved gapless
surge arresters with fully changed design models were put to the “open” type test

(inviting all the power utilities representatives in Japan.) By that time, Meiden



completed the full range release from SkV through 500kV. Ever since the start of the
development, afier the passing of 8 years, it could have a moment: completion of the

development of world-renowned gapless surge arrester

[Picture: Comparison of Old and New Type Arrester elements. The left is old (gapped)
model. The vight is new (gapless) model.

[Picture: Top: A moment of 500 kV gapless surge arrester cleaning using the fixed

spray nozzle. Bottom: Anti-seismic suspended type gapless surge arrester ]
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Actively promoted its going standard
Aggressively automated the granulating process, gained confidence by making a

sintering furnace and got the results

At abroad, Europe was still behind the practical use of gapless surge arrester.
International Electrotechnical Commission (IEC), in looking ahead, showed some
program moving toward for the standardization harmonization of gapless surge
arrester since 1977, International Council of Large FElectric Systems (CIGRE) had
been in support of such program. Mr Kobayashi of Meiden joined CIGRE
international conferences since June 1977. He introduced the gapless surge arrester
and co-operated in presenting the draft proposal of testing method for gapless surge
arvester. In August and September CIGRE International Conference in 1978, Mz
Kazuo Mitani, General Manager of Meiden's surge arrester (SORESTER) factory
announced the related paper and joined the workshop discussion program. In the
United States, General Electric (GE) announced a paper relating to the concept of
gapless surge arrester at the Summer Meeting of The Institute of FElectrical and
FElectronics Engineers (IEEE) in 1976. Mr. Kobayashi of Meiden announced by the
paper for the IREE Meeting in 1977 that its gapless surge arrester became commercial

level

[Picture:275 kV gapless surge arrester under commercial operation, ]
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Rode on the track record of a record 500 kV arrester

Aims to prove the potential on UHV transmission application

From Meiden top management down to the suige arrester factory members, there
had been a strong passion for the product developments for the gapless surge arrester
and this resulted in the sales increase of the gapless surge arrester In the middle of
1979, the total shipment volume exceeded total 2300 units including surge arresters
for 275 kV and 500 kV power systems. Among these installed units, these included the
tank type gapless surge arresters of 500 kV for gas insulated switchgear and porcelain
type heavy duly 500 kV gapless surge arrvesters for Manitoba Hydro, Canada.

Also, Meiden officially trademarked its arrester name as “SORESTER” from SOIid
state surge arRESTER inl1978. The gapless surge arrester was highly rated and
recognized as a world-level invention and innovation. Meiden received many technical
awards. two (2) times of “Progress Award” by The Japan FElectrical Manufacturers
Association (JEMA), a “Progress ward” from The Institute of Electrical Engineers of
Japan (IEEJ). It received “Okochi Memorial Production Prize” bv Okochi Memorial
Foundation in March 19789,

So far Merden'’s gapless surge arrester got here but it had yet to prove the true
potential going forward. Currently, Meiden participated the Special Committee on
UHYV Power Transmission (the “Committee”) where major Japanese power utilities,
research institutes and heavy electrical products suppliers joined. This was sponsored
by Central Research Institute of Electric Power Industry (CRIEPD. The Committee
seriously worked on the development of UHV power transmission to be realized by the
1985. The key economics contributing factor is the lowering on BIL (Basic Impulse
insulation Level) The Committee is studying on the possibility of the drastic such
reduction. In realizing such situation, the key role will be played by the high
performance surge arrester. The gapless surge arrester is deemed to meet such
requirements and the Committee members are studying on what it takes for the
research for such surge arrester

Meanwhile, the Committee is Investigating if by installing the gapless surge
arresters on transmission fine at regular intervals will it enable the overall insulation
co-ordination of the power systems and the reduction of the BIL level of the
transmission Iine. And 1t aims to produce the drastic reduction of the construction

costs of transmission Iine power system Going forward, such development challenges



are on the horizon.

[Picture: 500 kV surge arrester for Manitoba Hydro in Canadal
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