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For power transformer insulating oil, we focused on palm oil fatty acid ester (PFAE).Recently,
investigations for application of PFAE to envlronment—friendly power transformers installations
have been started. In this paper, the space charge behavior in PFAE was investigated from the
measurement results of the electric field by using Kerr electro-optic method under dc voltages
applications. The electric field strength and its temporal change were measured in several PFAE/
pressboard (PB) insulation systems. The transition time of electric field in PFAE was much different
from that in mineral oil. The influence of oil now on the time transition of the electric field
wasalso measured. Their differences were discussed with the charge behavior in liquids, based on
electro—chemical properties of the oil. We discussed the difference of the flow electrification
characteristics between PFAE and mineral oil, and its mechanism was discussed based on the

charge behavior in oils.
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For higher electrical insulator performance of vacuum circuit breakers (VCB), the surface flashover
in vacuum should be improved. In particular, it is important to clarify how strongly surface charges
influence the surface flashover mechanism. In this paper, we investigated the surface flashover
characteristics based on the existence of surface charges on an alumina insulator in vacuum. VVe
changed the location and magnitud9 of surface charges and measured surface flashover voltage
From our experimental results, an attempt was made to clarify the influence of charges on alumina
dielectrics on impulse surface flashover characteristics in vacuum. VVe concluded that (1) when
surface charges were located near the cathode electrode, a positive charge made the surface
flashover voltage lower and a negative charge made the surface flashover voltage higher; and,

(2)when surface charges were located in the way of the discharge path, both positive and negative
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charges made the surface flashover voltage lower. VVe were able to explain these results by
considering the influence of surface charges on the electric field at flashover and on the secondary

electron emission avalanche.
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Application of Functionally Graded Material for Reducing Electric Field on

Electrode and Spacer Interface
Muneaki Kurimoto™, Katsumi Kato™, Masahiro Hanai*®, Yosbikazu Hoshina®, Masafumi Takei®,
Hitoshi okubo*
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*ToshibaCorporation

IEEE Transactions on Dielectrics and Electrical Insulatiohl7, NO.1(2010)pp. 256263

For the size reduction and the enhancing reliability of electric power equipment, the relaxation
of the electric field stress around solid insulators should be’ considered enough. The application
of FGM(Functionally Graded Materials)with spatial distribution of dielectric permittivity can be
an effective solution. In this paper, we investigated the applicability of FGM for reducing the
electric field stress on the electrode surface with contact to the solid dielectrics, which was
one of the important factors dominating a long—term reliability of the insulating spacer. Firstly,
we carried out numerical simulation of electric field to confirm the reduction of the electric stress
by U-shape permittivity distribution. Secondly, we investigated the fabrication feasibility of
FGM with the U-shape distribution. Thirdly we estimated the long—term electrical insulation
performance of the FGM. Finally, we verifiedlthe applicability and the fabrication technique of
the FGM to solid Dielectrics for improvement of the electric stress and the long—term insulation

performance in electric power equipment
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Dielectric Properties of Epoxy/Alumina Nanocomposite Influenced by Particle
Dispersibility and Filler Content
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9th International Conference on Properties and Applications of Dielectric Materials, Harbin, China,
July 19-23, 2009, pp.749-752, 008-38, H-5

For the application of nanocomposite materials to solid insulator in electric power apparatus,
we investigated the influence of the dispersibility of nanoparticles on dielectric property.
Experiments were carried out in epoxy/alumina nanocomposites with the particle dispersion
techniques using ultrasonic wave and centrifugal force. As the result, we verified the specific

characteristics of dielectric permittivity in nanocomposites with good dispersibility.
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Science Institute, Nagoya University

16th International Symposium on High Voltage Engineering, Cape Town, South Africa, August
24-28 (2009) B-15, p.80

For the improvement of the electrical insulation performance of vacuum circuit breaker (VCB) and
vacuum interrupter (VI), we propose a new technique for the optimization of electrode configuration.
This technique is based on the charge simulation method (CSM) as a way of electric field computation
for the electrode systems with both fixed and floating potentials. Using this technique, we optimized
the end shape of center shield electrode in VI as an important factor to determined the surface
insulation performance in VI. From the results, we numerically make sure the effectiveness of the

proposed optimization technique.
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New Technique for DC Electric Field Analysis in Gas Insulated Systems Based
on Electric Charge Conduction Phenomena
Katsumi Kato®, Shuhei Kaneko*, Shigemitsu Okabe™, Hitoshi Okubo™
*IDepartment of Electrical Engineering and Information Science, Niihama National College of
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16th International Symposium on High Voltage Engineering, Cape Town, South Africa
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A new technique for dc electric field analysis is proposed based on the charge activities in gas. Firstly,
the volume resistivity of insulating gas is determined in various electric field conditions. The
equivalent resistivity of insulating gas is introduced for the consideration of dc field analysis in
a gas/solid composite insulation system. Next, we use the proposed technique for the dc field analysis
under the existence of volume resistivity and surface resistivity of solid dielectrics. From the analysis
results, we find the important factors to determine the steady state and transient characteristics of
dc field distribution. Finally, we propose the basic idea for dc electric field reduction for an

optimization technique of dc electric field distribution.
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Functionally Graded Materials and their Application to High Electric Field
Power Equipment
Hitoshi Okubo*, Katsumi Kato*, Naoki Hayakawa™, Masahiro Hanai*, Masafumi Takei*
*IDepartment of Electrical Engineering and Computer Science, Nagoya University, **Department of
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CIGRE SC D1 Colloquium, Budapest, Hungary, September 20-25 (2009) D1-101

In this paper, firstly we propose the advantageous function of permittivity graded FGM that is
without any complicated insulator shape and additional structure like additional shielding
electrode etc. The FGM can realize the optimum electric field distribution either or both in and
around the insulator with the simplest structure. Secondly, we can estimate the application effect
quantitatively using the FEM electric field analysis for both cases of (1) SFys gas gap around triple
junctions and (2) Epoxy embedded electrode of solid insulators. In next, we tried to fabricate the

FGM with requested permittivity distributions using centrifugal force, etc. Finally, we tested the
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electrical insulation performance of FGM with the lightning impulse voltage withstand
characteristics, etc. The experimental results showed that by comparing to the conventional
materials, the FGM had 40-60% higher performance with simple structure and the effect increased
with the higher gas pressure. The discussion results enable us to express the advantageous effects
of the enhancement of electrical insulation performance under impulse testing conditions and
dramatic improvement of long—term insulation performance of solid insulator in higher electric filed

power equipment.
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Dispersion Techniques Using Ultrasonic Wave and Centrifugal Force
Muneaki Kurimoto™, Hiroyasu Watanabe*, Katsumi Kato™, Naoki Hayakawa®, Hitoshi Okubo®,
Yoshikazu Hoshina®, Masahiro Hanai*, Masafumi Takei*
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18-21 (2009) pp.515-518, 6-3

In order to derive the specific properties of polymer nanocomposites, we investigated the influence
of the dispersibility of nanoparticles on dielectric property. Experiments were carried out for
epoxy/alumina nanocomposites with the particle dispersion techniques using ultrasonic wave and
centrifugal force. In this report, by controlling the application duration of ultrasonic wave, we
investigated its influence on particle dispersion and dielectric permittivity. As the result, we
verified that the extension of the application duration of ultrasonic wave could improve

dispersibility of nanoparticles and reduce relative permittivity of nanocomposites.
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Study on Dielectric Breakdown at DC Polarity Reversal in Oil/Pressborad

Composite Insulation System
Tsutomu Nara®™, Katsumi Kato®, Fumihiro Endo™, Hitoshi Okubo®!
*Department of Electrical Engineering and Computer Science, Nagoya University, **Department of
Electrical Engineering and Information Science, Niihama National College of Technology, **EcoTopia
Science Institute, Nagoya University

2009 IEEE Conference on Electrical Insulation and Dielectric Phenomena, Virginia Beach, USA,
October 18-21 (2009) pp. 588-591, 7A-15

By using Kerr electro—optic method, charge behavior in oil/pressboard composite insulation system,
which is the basic insulation structure of a transformer, was investigated under DC voltage. Right
after the DC voltage application, electric field became the capacitive distribution, and had a strong
value which was determined by permittivity of materials. The field strength decreased gradually
with time as charge in oil was accumulated on pressboard. When the voltage polarity was reversed,
the applied electric field was superimposed by the electric field formed by the accumulated charge
on pressboard and very strong field appeared right after the polarity reversal. This could cause
the discharge in the oil gap even when the independent applied voltage was insufficient to initiate

discharge. It was found out that the critical value of the discharge initiation at the polarity

_10_



reversal was determined by the breakdown field strength of the oil gap.
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