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Abstract: We propose a new optimization technique for electrode configuration with floating
potential. In addition, we applied this optimization technique to the edge of centre shield in VI
with considering the arrangement of grounded tank. Consequently, the maximum electric field
strength decreased to 70% of non-optimized shape. From the results, we have verified the
effectiveness of the proposed automatic numerical optimization technique.

1. INTRODUCTION

For environment-friendly vacuum interrupter (VI),
higher voltage operation and more compactness are
required. The electric field optimization of electrode
shape in order to suppress the maximum field strength
was developed for improving the insulation
performance. However, the shape optimization of a
floating potential electrode, e.g. a centre shield of VI,
has not yet been developed and required to be
investigated. In this paper, we propose a new
optimization technique for electrode configuration with
floating potential. In addition, we applied this
optimization technique to the edge configuration of
centre shield in VI with considering the effect of
grounded tank.

2. METHOD OF FIELD OPTIMIZATION

Our technique automatically obtains an optimized
electrode shape, which has uniform field distribution by
repeating modification of electrode shape based on the
Charge Simulation Method (CSM) as a method of
electric field computation of flowchart in Fig. 1. The
floating potential value is automatically calculated by
adding the condition that the sum of the charge in centre
shield electrode equals to zero. The modification of
electrode shape in each iteration is proportioned to the
difference between the electric field at the contour point
and the target electric field FE.; Note that the
identification of E. is one of important issues to obtain
a reasonable result. Figure 2 is an example of the shape
optimization of centre shield end in VI, where the
average electric field in optimizing region (£,) and the
electric field at the edge of optimizing region (£}) are
selected as E..+. By choosing E, as E.s, we could obtain
the reasonable optimized result.

3. OPTIMIZATION OF CENTRE SHIELD EDGE

We applied this optimization technique to the end of
centre shield in VI with considering the arrangement of
grounded tank and the centre shield, i.e. length L. and
radius R of centre shield and radius of ground tank G.
Table 1 shows the optimization results for the various
G;. As a result of the optimization, the floating potential
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Figure 1: Flowchart of electric filed optimization.
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Figure 2: Electric field distribution at shield edge.
Table 1: Optimization Results for Parameter G..

G 33.5 53.5 73.5
s Initial | Optimized | Initial | Optimized | Initial | Optimized
Maximum
Field Strengh| 115 | 76 | 99| 72 [ 93 | 70
Floating
Potential (%) 12.7 12.6 273 27.6 322 32.8

of centre shield did not change so much, and the
maximum electric field strength could be decreased to
70% or less of the initial condition.

4. CONCLUSION

We could verify the effectiveness of the proposed
automatic numerical optimization technique for the
improvement of the insulation performance in high
voltage vacuum insulated equipment with floating
potential electrode.
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Abstract—For environment-friendly vacuum interrupter (VI),
higher voltage operation and more compactness are required.
From this point of view, and to enhance the electrical insulation
performance of VI, it is needed to introduce the field
optimization techniques. In this paper, we propose a new
optimization technique for electrode configuration with floating
potential in VI. We applied this optimization technique to the
edge configuration of center shield in VI with considering the
arrangement of grounded tank. Consequently, the maximum
electric field strength decreased to 70% of non-optimized shape.
From the results, we verified the effectiveness of the proposed
automatic numerical optimization technique for the
improvement of the insulation performance in high voltage
vacuum insulated equipment.

1. INTRODUCTION

A development of environment-friendly vacuum insulated
equipment like vacuum interrupter (VI) under high voltage
operation is demanded [1-5]. For the development of
sophisticated higher voltage VI, not only the research from
fundamental physics is needed [6-8], but also the introduction
of the numerical optimization technique based on the electric
field computation is required.

The electric field optimization of electrode shape in order
to suppress the maximum field strength was developed for
improving the insulation performance [9,10]. However, the
shape optimization of a floating potential electrode, e.g. a
center shield of VI, has not yet been developed and required to
be investigated [11].

In this paper, we propose a new optimization technique for
electrode configuration with floating potential based on the
Charge Simulation Method (CSM). We discuss the

identification of target electric field, which is one of the most
important parameter for the optimization process, and then we
can obtain a reasonable result. We apply this optimization
technique to the edge of center shield in VI with considering
the effect of grounded tank.

1L VACUUM INTERRUPTER INSULATION DESIGN

For the electrical insulation design of vacuum interrupter,
we have to consider the insulation design components such as
insulation between main contacts, insulation between main
contactor and center shield electrodes, insulation along
insulator surface, and outer insulation. Especially, the
insulation between main contacts and center shield are
important for determining the fundamental insulation
performance of VI.

Figure 1 shows the potential and electric field distributions
in the calculation model of VI. The calculation is carried out
under the conditions of 100% potential to the moving rod
electrode and grounded to the stationary rod electrode. The
center shield electrode has a floating potential. The relative
permittivity of alumina insulator is set to 9.0.

It is found from Fig. 1 that the maximum field strength is
obtained at the edge of the main contacts, and the electric field
strength of the center shield end is also intensified. Therefore,
in this paper, we focus on the optimization of the shape of
center shield end.

III. METHOD OF FIELD OPTIMIZATION

Our technique automatically obtains an optimized
electrode shape, which has uniform field distribution by
repeating modification of electrode shape based on the CSM
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Figure 1. Field calculation model and analysis result of vacuum interrupter.
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Figure 2. Flowchart of electric filed optimization.
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Figure 4. Optimized shape of center shield end with floating potential
and electric field distribution for different target electric field, £, and Ey.

as a method of electric field computation as shown in
flowchart of Fig. 2.

The floating potential value V¢ is automatically calculated
by adding the condition that the sum of the charge in center
shield electrode equals to zero as follows:

Zn:P(k,j)Q.sz=Vf, 1<k<m (1)

)

where P(k, j) is the potential coefficient between & th contour
point and j th fictitious charge, Q; is j th fictitious charge, V} is



potential at £ th contour point, n is the number of all fictitious
charge and m is the number of fictitious charge in floating
electrode.

We applied the following procedure for modifying
conductor surface. At first, we set the target of the electric
field E.r. If an electric field of the contour point is larger than
the target field E..q, the contour point is moved to the inside of
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Figure 5. Definition of configuration parameters of center shield.
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Figure 6. Optimized shapes of center shield end.

the electrode as shown in Fig. 3. The fictitious charge is also
moved together. This modification generally decreases the
electric field at the contour point. On the other hand, if an
electric field of the contour point is smaller than the target
field E.; the contour point is moved to the outside of the
electrode. The modification distance Ad of electrode shape in
each iteration is proportioned to the difference between the
electric field E at the contour point and the target electric field
Eref, ie.

Ad=K(E-E,) 3)

where K is a proportional constant.

IV. OPTIMIZATION OF CENTER SHIELD EDGE IN VI

We applied this optimization technique to the end of center
shield in VI. Note that the selection of E.; is one of the
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Figure 7. Electric filed distribution along the surface of center shield
end for initial and optimized electrode shape.



TABLE L OPTIMIZATION RESULTS OF THE CENTER SHIELD END
FOR DIFFERENT INITIAL CENTER SHIELD CONFIGURATION.

(a) Parameter L.. (R, = 24.5, G, =53.5)

56 70 84
L.
initial | optimized | initial | optimized | initial | optimized
Maximum
field 12.8 8.5 9.9 7.2 9.9 7.2
strength
Floating
potential 28.2 27.8 27.3 27.6 27.1 28.1
(%)
(b) Parameter R;. (L. =70, G5 = 53.5)
20.5 22.5 24.5
R,
initial | optimized | initial | optimized | initial | optimized
Maximum
field 13.5 9.5 11.3 8.2 9.9 7.2
strength
Floating
potential 34.7 34.5 30.6 30.9 273 27.6
(%)
(c) Parameter Gi. (L. = 70, R, = 24.5)
335 53.5 73.5
G,
initial | optimized | initial | optimized | initial | optimized
Maximum
field 11.5 7.6 9.9 72 9.3 7.0
strength
Floating
potential 12.7 12.6 273 27.6 322 32.8
(%)

important issues to obtain a reasonable result. Figure 4 is an
example of the shape optimization of center shield end in VI.
In Fig. 4 as E,., the average electric field in optimizing region
(E,) and the electric field at the edge of optimizing region (Ey)
are identified. In the case of choosing E, as E.., at the outside
of optimized region, much higher electric field than optimized
electric field exists. On the other hand, by choosing E;, as E,
we could obtain the reasonable optimized shape. From now on,
we use E, as E.p in electric field and shape optimization
process of Fig. 2.

We applied this optimization technique to the end of center
shield in VI with considering the arrangement of grounded
tank and the center shield. We carried out the optimization for
different length L. and radius R; of center shield and radius of
grounded tank G, shown in Fig. 5.

Figures 6 and 7 and Table I show the optimization results
for the various center shield configurations. Figures 6(a)-(c)
are the optimized shapes of center shield end for the variation
of L., R, G, respectively, and Figs. 7(a)-(c) show the electric
field distributions for each case. Table I is the maximum
electric field strength and the floating potential of center shield

in initial and optimized shield end shape for the variation of L,
R, and G,.

As shown in Fig.7 and Table I, the initial distribution of
electric field and the initial floating potential of the center
shield strongly depends upon the parameter L., R, and G,
Nevertheless, for all the variation of L., R; and G,, we could
obtain the optimization results by using proposed automatic
optimization technique. As a result of the optimization, the
floating potential of center shield did not change so much, and
the maximum electric field strength could be decreased to
70% or less of the initial condition.

V.CONCLUSION

In this paper, we proposed a new technique for the
optimization of electrode configuration with floating potential.
We applied this optimization technique to the edge of center
shield in VI for various arrangement parameters of center
shield and outer grounded tank. Consequently, the maximum
electric field strength decreased to 70% of non-optimized
shape in our calculation sample. From the results, we could
verify the effectiveness of the proposed automatic numerical
optimization technique for the improvement of the insulation
performance in high voltage vacuum insulated equipment with
floating potential electrode.
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