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1. Preface:

Panasonic Corporation developed a world-first zinc oxide-based non-linear ZNR
varistor . With its excellent non-linear characteristics, it was commercialized as a surge
absorber and already it received a recognition from many supply records. This paper

discussed the overview of world-first gapless surge arrester for electric power systems
as a result of synergy of engineering resources: Panasonic’s ceramic technology and
Meiden’s surge arrester technology. By the application of gapless surge arrester, it made
possible a big leap forward in every field of sure arrester applications for power systems.
In Meiden’s case, it enabled the compact design of surge arrester for mini-size metal
clad switchgear, commercialization of ideal surge arrester capable of live line washing of
porcelain housing to remove salty contamination. It also realized the compact design

(commercialization) of supporting insulator with built-in surge arrester.

2. Features:

This arrester incorporates low-resistant ZnO grains (10 micron size) wrapped round by

the high-resistance ceramic sinterned boundary layers. Its non-linearity of V-I



characteristics is far more excellent that those of silicon-carbide (SiC) resistor. Even
without the series gap, this arrester could be put into use in the connection for power
circuit. Compared with the conventional

series gap type Sic arrester, this arrester offers the following excellent points:

(1) Since no series spark-gaps are required, it has a very fast response against the steep
front lightning surge. This could solve the problem associated with the power
transformer winding core damage by the steep front lightning surge or steep

chopped wave front surge at the time of spark-gap discharging.

(2) Since no follow current (after the arrester operation) (in micro ampere scale)

the operating duty performance is perfect.

(3) (The resistor element) sintered body itself has high dielectric constant (permittivity)
(e = 1000), it could offer four (4) types functions of SiC surge arrester : series
spark-gaps, parallel capacitor, parallel resistor and SiC characteristics elements.
Metal-oxide arrester without gaps could offer the evenly distributed SiC
characteristics in the compact size. Compared with SiC arrester with gaps, it could:

)] offer a drastically reduced compact design
(ii) offer an ideal anti-contamination characteristics

These are the some of the big merits.

(4) The discharge current withstand capability per the unit space is more than double
in comparison with the SiC surge arrester.
(5) Being gapless, the application for inside gas or oil-immersed or mold could be

possible. Very wider application range.



3. Comparison on the Characteristics:

The Table 1 below shows the characteristics comparison with the conventional

SiC characteristics elements.

Table 1

Characteristics Items Unit

No-linear index* n (@ 1 mA)
No-linear index n (@ 100 A)
No-linear index n {@ 10 kA)

Vioka / VimA

Vioka/ Vicoa

Permittivity e -
Discharge Withstand Current
Rating (4 x 10 u« Sec.) kA

Discharge Withstand Current
Rating (2000 n Sec.) A

* Non-linear index defined: V=KIn

4, Issues on the Characteristics:

SiC Characteristics Element

In case of diameter about 60 mm

Gapless Arrester

Element
0.5 1.0 =~ 0.02 (o= 50)
0.3-0.5 ~0.04(a= 25)
0.15-0.3 ~0.08 (a= 12)
> 100 =18
2—-3 ~ 1.3
1 =~ 1,000
= 100 = 200
= 400 = 800
, I=G)* Son=1a

(1) As the temperature characteristics, at the temperature point of 150°C,
V1mA is lowered about 8% and at 200°C, it is lowered about 35%.

In case of operation under over 150°C high temperature condition for a long

time, the care shall be exercised in selecting the suitable V1imA level,

(2) As to the long term under charging life, we conducted the long-term charging test

given the similar conditions of the actual power grid and as the results after the

10,000 time tests, there was no operational problem. In order to make sure the

long-term operational guarantee, such additional field test shall be considered as a



future action.

(3) In the discharge current withstand capability test and operating duty test (rating of
before and after the test), the change of VimA (lowering) becomes the issue.
In the rectangular wave discharge current withstand capability test and operating
duty test, it will not produce almost no change. By applying the impulse current test
of two (2) times 4 x 10 z Sec., 40 kA current, V1mA is reduced about 2% (in case the

element diameter is about 60 mm.)
5. Case Study of Application:

As the ZnO Elements have four (4) functions: series gap, parallel C and R,
non-linear resistor, it could offer as an ideal surge arrester for gas-insulated
switchgear (GIS), and for solid-insulated mini-clad switchgear. Further this is ans
ideal arrester for anti-contamination and for live line washing, As a general surge
arrester, there are big merit features like being compact which could be within the
size of standard support porcelain and it could be a very light one. .In case of other
applications such as the built-in surge arrester for power transformer or for
disconnector, it could offer far more advantage over the conventional SiC model. It
offers the high usefulness. When it comes to the size, for example, as the size of 84
kV, 10 kA rating arrester for 66kV system, it could be housed in the compact
porcelain housing of external diameter about 200 mm (2009) and the length of
about 800 mm.
The Fig. 1 shows a external view picture showing an anti-contamination type surge
arrester with 84 kV, 0.06 mg/cm2 and a general surge arrester 84 kV.
In Fig. 2, it shows the SiC arresters' multi-gap type model and magnetic blow-out
type arvester and 84 kV
anti-contamination and general) arresters. It clearly shows how Zn0O arvester
gives the compact and light weight from the conventional (SiC).
Further, by combining the series gap and utilizing the ZnO elements, it will be
possible to produce an extremely low control voltage model. “DLR = 2.0"is easy
to reach range — this is the merit. Also as an arrester for DC Transmission
application, this could be an ideal produect.

(DLR = Discharge Level Ratio = Vioea/Ve)



Fig. 1: Right: Anti-contamination Model, Left: General Model

Fig. 2 Comparison of Each Type 84 kV Model

From left to Right:
- General Type SiC Element Model:
® Multi-gap Type
@ magnetic blow-out type
- Zn0 Element Model:
@ Anti-contamination model
@ General model
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6. In Summary:

As discussed above, by applying the ZnO Elements, it became possible to make a
drastically improved epoch-making surge arrester in terms of characteristics, size,
and anti-contamination characteristics. Going forward, we would like to promote
the research

on the points to improve the characteristics and to determine the product life.
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