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ABSTRACT

Capacitive-resistive field compuiations are carried out around post-type Hv insulators of vary-
ing shapes. The boundary element method (556) has been employed for electric field compu-
tations, Different insulator shapes have been obtained by varying sevetal parameters, which
define the shape of the Vv insulator contour. For each insulator shape, the maximum stress
oceurring on the insulator surface has been determined with no surface pollution, uniform
surface pollution and also partial surface pollution. For partial poliution, several cases have
been studied, in which different sections of the insulator sutface are polluted. Furthermore,
the effect of electrode radius on the maximum stress on insulator surface has been investigated.
The results obtained are presented in this paper in detail.

1 INTRODUCTION

MPROVEMENT of 8 insulating system reliability demands progress
Iin the design criteria of insulators. Failures of outdoor 11V insulators
most often involve the solid-air interface of insulators. As a result, a
knowledge of the field distribution around R insulators is very impor-
tant to determine the electric stresses accurring on the insulator surface,
particularly on the air side of the interface,

Several rescarchers have computed the field distribution around fIv
ingulators under pollution free condition. Mukherjee and Roy [1] cal-
culated the field distribution around a dise insulator of simple geome-
try, Khan and Alexander [2] accurately modeled a practical disc insu-
lator geometry and Kaana-Nkusi et al. [3] studied the field distribution
around a section of a practical post-fype insulator. Hagnadar ef af. {4]
and Travani et of, [5] calculaged the field around a string of disc insula-
tors. All these works have been carried out using the charge simulation
method [6].

In outdoor applications, 11V insulator surfaces are exposed to atmo-
spheric as well as industrial pollution, Hence, the surface of outdoor
insulators may get cither uniformly polluted or partialiy polluted. The
field around an insulator with no surface pollution is quite diffcrent
from that with uniform or partial surface pollution. Therefore, it is cs-
sential to know the changes in the field distribution around an outdoor
insulator caused by surface pollution of different nature and severity,

Considering uniform surface pollution, Abdel-Salom and Stanck [7]
computed the field distribution around an insulator having simple ge-
ometry, and Singer [B] computed the same around a poreclain support
insulator. Takuma ¢t al. [9] computed the field, including either volume
resistance or surface resistance, around an axi-symmetric spacer, while
Kumar and Nagabhushana [10] computed the same around an imapulse
generator wave-tail resistor. Chakravorti and Mukherijee [11] computed
the field around a post type insulator with uniform or non-uniform sue-
face pollution. However, all these studies have been carried out using
the charge simulation method. Tang and Raghuveer [12] calculated the
field around a HYDC wall bushing with nonuniform surface pollution
using the finite element method (FEM}).

It has been observed by researchers that the analysis of axi-
symmetric electric field distribution by integral methods such as the
charge simulation method (CSM) or boundary clement mathod {BEM)
is more convenient than by differential techniques such as FEM. It has
farther been noted that a major problem in C5M is the uncomfortable
and subjective placement of simulation charges, which can be obvi-
afed by the use of PEM. In recent yoars the BEM has been successfully
ernployed for electric field caleulation in complex 2-D and 3-D systems
{13-15] and ficld caleulations inetuding volume and surface resistivities
by BEM have also been reparted [16~20], Because the field distribution
around an insulator is axi-symmetric in nature and depends upon the
Insulater geometry, the influence of insulator shape on the ficld distri-
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bution around a post-type insulator has been studied by BEM. Several
parameters, which define the shape of insulator contour, are varied and
their effects on the stresses occurring on the insulator sutface are stud-
tod, in the presence as well as in the absence of surface pollution. In
the case of partial surface pollution, the effects of the zone which is
polluted also are determined. In addition, for a given insulator shape,
the cffects of electrode radius on clectric stresses with or without sur-
face pollution have been studied. The results of all these studies are
presented in detail in this paper,

2 INSULATOR
CONFIGURATIONS

Two types of post-insulator configutations, as shown in Figures 1(a)
and (b) respectively, are considered for capacitive-resistive field caleu-
lations. Tn both cases, the following arc taken info consideration

L. the insulator is made of porcelain and is surrounded by air,

2, the insulator is stressed between a palr of clectrodes, as shown in Fig-
ures 1(a) and (b},

3. the bottem electrode is taken as grounded, while the voltage applied ta
the live electrode is of unity magnitude,

4, the applied voltage is sinuseidal, with frequency of 50 Hz.

Live elecirode

o { . 1
Ground electrode Gronmd glectends

Figure 1. (s) Axi-symmetric post-type insulator configuration 1. (b
Axi-symmekric post-type insulator configuration 2,

Therefore, the insulator-electrode arrangements under consideration
have axi-symmetric configuration with two dielectrics. The two config-
utations shown in Bigures i(a) and (b} differ in the shape of the insula-
tor sheds, For configuration 1 as shown in Figure 1{a), upper as well as
lower insulator surfaces have negative siopes, and the slope angle for
the upper surface #,, is always higher than that for the lower suzface
8. In the case of configueation 2, as shown in Figure 1{b), the upper
insulator surface has a negative slope and the lower surface a positive
one. However, the slepe angle 0 for both these sutfaces are taken to be
equal.

3 METHOD OF SIMULATION

The technique deseribed below for the calculation of axi-symmetric
capacitive-resistive field distribution is based on the REM [21]. In this
method the electrode and dieleciric boundaries are discretized into sev-
eral boundary elements and a suitable distribution functien is intro-
duced for the equivalent surface charges along the discrete bonmdary
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elements. Then the electric field in the region of interest is considered
to be caused by the equivalent surface charges along the boundary -
ements. The equivalent surface charges are determined by solving a
system of infegral equaticns, which are obtained by salisfying the fol-
lowing boundary conditions

1. On the conductor surfaces with known potential, the prescribed values
of the potential function are maintained,

2, On the dielectric-dielectric boundaries, the condition for the normal
component of the electric Bux density £3,, is maintained.

For any point I on the electrode surface, the potential in the
capacitive-resistive field distribution is caleutated according to the re-
lationship

P, P
Ah--L % F(M) L3 [T
qb(f)d_‘lﬂso — / ™I 45 + / TNI @5a) ()
p—lg (i:lb-£

5,
where J € Sp,andp =1,2.. ., P. 7is the equivalent surface charge
density at any node, 5}, the conductor boundary, p = 1,2,... P, 54
the dielectric-dielectric bouadary, d = 1,2,..., D, M the index of
the boundary nodes lying on the conductor surface, N the index of the
boundary nodes lying on the dielectric-dielectric interface.

Tn Equation (1), the potential and charge densities are taken as com-
plex quantities instead of having real values, only for calculating the
capacitive-resistive field. The complex quantities are marked by an
overbar (as in @) in this paper.

If 7, is the bound surface charge density on the diclectrie-dielectric
boundary; then the boundary condition at any point ¢ on the interface
of two dielectrics can be written as

1710 (1) — ok, (i) = T5(i) 2
where , is the pormittivity of dielectric =, & = 1,2 and £, is the
normal component of the electric field intensity at the dielectric « side
of interface, = 1,2, 71, and E3,, at the point ¢ can be caleulated
with orientation towards the dielectric 1 side, as in {21].

Bini) = i) + 2

e ®

Bani) = B0} 5
where %, (¢) is the normal component of the electric field intensity at
the node 4 by charge densities at all the nodes [14, 15].

For fields including volume and surface resistivities, 575 (2) s to be
determined from the general condition of the current density vector at
the point £ [22]. Considering isotropic materials and sinusoidal fields,
this condition can be written as follows [16]

Enll)  Bald) | AT (1) + iwEs(i) = 0 @)
,0111 Po2
where p,. is the volume resistivity of dielectric «, x = 1,2 and
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Equations (2) to {5) can be combined together in the following form

2061 — ) 4, 2%
) - e
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(86 {wts + iy } — oyt — ]+ 20 =0 @
where .
Ex = Eofygy — ! 8]

Witz

and where 2 = 1,2, w = 2xf, f Is the frequency, S(2) is a small
arca, R(i) and 12(¢ + 1) arc surface resistances around the node 4,
respectively. The methods of calculation of $(2), 2(3) and R(i -+ 1)
are described in [11]. The nodes with the indices § — 1, i and 7 + 1
are three consecutive nodes on the dielectric-dielectric boundary. The
ordering of the nodes for the use of indices ¢ — 1, ¢ and ¢ + 1 has been
discussed in [9].

For the calculation of axi-symmetric ficlds, straight line and clliptic
arc clements are used. A lincar basis function is assumed for the de-
seription of charge distribution along the boundary element between
the nodes. For the definition of boundary nodes and elements, adaptive
discretization in conformity with electric stress variation has been im-
plemented in this work and the same discretization criterion has been
used in all investigations presented in this paper.

For capacitive-resistive ficld calculation, uniform surface poliution is
simulated by a uniform resistivity p, along the insulator contour. Non-
uniform pollution of the insulator surface is sitmulated by considering
ditferent values of p, at different locations on the insulator surface. No
volume conduction has been censidered in this purpose and, hence,
volume resistivities for both porcelain and air have been taken to be
infinite,

A comprehensive program named TWIN based on the formulations
described above has been developed and the fnvestigation results de-
sciibed here have been obtained using this program.

4 RESULTS AND DISCUSSION

For an insulator with surface pollution, the ficld distribution may he
capacitive, capacitive-resistive or resistive, depending upon the sever-
ity of surface pollution, while for & pollution-free insulator the field is
capacitive in nature, The severity of surface pollution has been repre-
sented quantitatively by earlier researchers [3, 11, 20] by the range of
& within which changes in the nature of ficld distribution take place,
Hence, considering uniform surface pollution, field computations are
at fivst carried out to determing the range of p,, within which the field
distribution changes from capacitive to resistive in nature. It has been
observed here that the field is capacitive for p, > 1071 and is re-
sistive for p, < 1076, For the intermediate values of p,, the field is
capacitive-resistive,

Field computations are cartied out for different shapes of the two
types of insulator contours described in Figures 1{a} and (b). These dif-
ferent shapes are obtained by varying scveral paramaters, which define
the shape of insulator contour, The parameters studied in this work are
the slope angle of the insutator shed 8., £, and 0, the insulator shed
radius 7o, the insulator core radius r;, the axial height f;, the insu-
lator shed outer corner radius 7o, and the inner corner radius ri.. o
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investigate the influences of various parameters on the electric field dis-
tribution, the vatues of the parameters under consideration are varied
within the range of practical applications. It may be noted here that
the number of insulator sheds is faken to be 3 in all cases under con-
sideration from the point of view of actual usage. However, neither the
formulations presented nor the program mentioned earlier is limited
to a given number of sheds only, but are of gencralized nature. For
each of these insulator shapes, clectric stresses are caleulated along the
insulator surface for three different cases as follows

1. nesutface pollution, i.e. capacitive field, with p, = 10" ©,

2, uniform surface pollution with g, = 107 €,

3. partial surface pollution for which p, is set at 107 €2 along the section
a-d of the insulator surface, f.e. from the point of contact of the insulator
with the live electrode, to the tip of the topmost insulator shed, while
fra = oo along the rest of the insulator surface.

The highest stresses occurring on the insulator surface are denoted
by Ennp for no surface pollution, Eqnap for uniform surface pollution
and i, for partial surface pollution and are presented in this paper
for different insulator shapes, The electric stresses are caleulated on the
air-side of the porcelain-air interface and are presented in anormalized
format (V/m)/V, ie. as electric ficld intensity per unit magnitude of
apphed petential difference, For cach insulator contour considered, the
creepage [ongth L has been calculated also, and is presented herc in
m. The results obtained are discussed in detail in the following Sections,

4.1 EFFECT OF THE SLOPE ANGLE

For field computations in this case, the following parameters have
been kept constank: #, = 0.08m, r; = 0.025m, 2; = 0,15 m,
roe = 0.002 m and . = 0.0045 m. The electrode dimensions also
are kept constant as follows: electrode radius », = 0.035 m, elecirode
cotner radius re == 0.005 m and clectrode height 2, = 0.05m.

For configuration 1 as shown in Figure 1(a), results have been ob-
tained for different values of 4, and 8. The values of &, considered
are 0°, 5° and 10° respectively and for each 0, the values of 8,, are cho-
sen such that (8., — 8;) varies from 5 to 20° in steps of 5. Table 1
presents the values of L, Fyny, B and Fyyp for all the insulator
shapes thus obfained. From Table 1 it may be noted that as 8, increases,
within the range given above, for a given 8y, L., decreases by 5.7% to
6.8%, Empp increases by 18.7% to 19.0%, B, decreases by 4.2% to
4.6% and Fiypp decreases by 2.2% to 4.3%. On the other hand, when 4,
increases from 0% to 10! for a given value of 8, &g, 200, L, increases
by 9.7%, Ly decreases significantly by 14.1%, Foinup increases by 3.6%
and Fhnpp decreases by 7.2%,

The computed values thus indicate that a higher 8, for a given 0,
docs not yield notable reduction in stresses, but does lower L. Onthe
other hand, a higher Jj, for a given &,,, with the condition that 0, > 8,
does give improved stresses and higher L.

For eonfiguration 2 as shown in Figure 1{b), the values used for £
vary from 3" to 15" in steps of 3” and the results of computations ate
presented in Table- 2. In this case it may be noted that as § increascs,
Ly decrenses by 11.6%, Py, increases strongly by 36.9%, By, and
Fopp decrease by 5.7% and 3.7% respectively. Analysis of the results
thus shows that an increase in & for configuration 2 does not provide
notable improvement in electric stresses, but docs reduce L.,
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Table 1. Effect of the slope angle of insulator shed on the creepage
length and maximum stress on the insulator surface for configuration 1
of Figate 1{2). L Crecpage length of insulator in mcters. iy [Tighest
stress without surface pollution. Fy, Highest stress with uniform surface
pollution. f¥np, Highest stress with partial surface pollution. 8, and @,
are in degrae {°),

1

S [ Oy Lot I"‘mnp I'Jmup

4] f 03685 2124 | h2.08 | T7.87
10 | 0.3605 | 22.5% 5142 77.01
16 |0.3601 ] 23.83 | bILG1) 760
200 [0.3133 | 25.28 | 40.90 [ 7610
100 |0.37563 121,11 | 52,22 | 74.56
16 |0.36990 22 38 | 51.78|73.94
20 03B 23,71 | 50.86 | 73.26
25 [0.3518(26.12 | 6003|7287
10 ] 16 |0.3846 | 20.49 | 52.28 | 70.81
200 |0.3768 | ZL.T05L.77 | T0.58%
25 [0.3696 | 2300 | 5108 (60,68
30 (0.3626 | 24,373 | 40,88 67.76

Empp

ot

Table 2. Effoct of the slope angle of insulator shed on the creepage
length and maximum stress on the insulator surface for configuration 2
of Figure 1(h}.

Fe 1 [ 9 12 [i6
T | 0.3861] 0.3543| 0.3441] 0.3536] 0.5237
B |19.78 2121|2254 (2307 [2v.08
By |52.20 |51,86  [51.04  |50.34 [49.52
Fagp |74.03  |7447 [73.00 |7287 |72.13
4.2 EFFECT OF INSULATOR SHED
RADIUS

The following parameters are kept constant for field computations,
in this case 7; = 0.025m, h; = 015 m, rp, = 0.002 m, v, =
0.0M5m, r. = 0.035m, r,e = 0.005 mand k., = 0.05 m. The
values of insulator shed radius v, are varied from 0.06 m fo 0.1 m in
steps of 0.01 m.

Results have been computed for several shapes of configuration 1
and configuration 2 as reported in Tables 1 and 2 respectively, but the
results for only two representative shapes are presented from Table 3
onwards. These two cases are configutation 1 with 8, = 20 and
8, = 10" and configuration 2 with ## = 3° respectively. Table 3 shows
that for configuration 1, when r,, increases within the given range, L
Increases by 86.2%, Ty decrenses strongly by 22.8%, Euy decreases
by 6.5% and £y, decreases significantly by 16.2%. Again, for configu-
tation 2 as v, increases within the same range, L., increases by 90.2%,
notably Einy, increases and Eiy,, decreases by 13.6% and 13.1% respec-
tively, while Ei,, decreases by a relatively smaller amount, 4.9%.

A higher value of r,,, in addition to increasing I, does improve the
results considerably for configurations 1 and 2 causing lower stresses
in the presence of surface pollution, but at the same time increases the
stress in the absence of surface pollution.

It may also be obsarved that, for a given r,, within the specified
range, fiup for configuration 1 is greater than Fiy, for configuration 2
in the range 0.06 m < v, < 0.08 m and the difference gradually de-
creases from 26.9% ta 1.2% as re increases from 0.06 m to 0.08 m. For
To = 0.09 m, By, values are almost equal for configuration 1 and
2, while for ro = 0.1 m, By, for configuration 2 is 7.7% higher than
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Table 3. Effect of the insulater shed radius on the creepage length and
maximam stress on the inswlator surface. 8, @, and @ are in degree ().

it Config 1 Coniig 2
m e'u = 20,(‘){, — | a@=3
0.00] Lo .2033 0,2624
[ 25,24 1813
Ly 321 53,14
Fugp|___ TAGE 79.90
007 fq 03241 0.3054
fup 22.97 19,15
Faup 52,454 52 806
By 7457 77.87
.08 Lo 04768 L3663
Fuop 21,70 10,78
Finp SLYT 32,20
Flopn 74,50 74.93
0.08] Jg 0.1356 | 0,4203
Hng 20,449 20,25
Einp 50L7G 51.56
Fnps 66,99 71.83
0.1 Toe 04003 (h4402
Fp 18,417 2007
Fowp 485,74 50,51
gy 63,29 69.12

that for configuration 1. Further, for a given r, within the specified
range Eyyp values are nearly the same for both configuratien 1 and 2,
the values of configuration 2 being slighly on the higher side and Fipp
for configuration 1 is less than that for configuration 2, the difference
increasing from 4.0% to 9.7% with increasing r,.

4.3 EFFECT OF INSULATOR CORE
RADIUS

In this case the constant parameters for field computations are as fol-
lows: v, = 0,08 m, h; = 016 m, ree = 0.002 m, 1y, = 0.0045 m,
v, = 0.035m, v, = 0.005 mand i, = 0.05 m. nsulator core
radius ry is vatied from 0.015 to 0.025 m in steps of 0.002 m.

The results of computations are tabulated in Table 4. For configu-
ration 1 as in Table 4, I decreases by 13.1% and Fop decreases by
1.6% with the increase in 7 within the range mentioned abave, On the
other hand, as r; increases within the same range, £y, and Figpp for
configuration 1 increase by 0.15% and 4.5% respectively, For configura-
tion 2 as in Table 4, with the increase in r; within the same range, I
decreases by 13.4% and Funp, Emgp and Ly, inerease by 1.3%, 0.36%
and 0.83% respectively.

The results discussed here show that as »; is increased, . decteases
and the stresses are increased for configuration 1 as well as for config-
uration 2, leaving aside Fuyp for configuration 1. Howoeves, the incre-
mental changes in the stresses are comparatively low. Again, for a given
r; within the specified range, Eun, and Fy,, for configuration 1 are
greater than those for configuration 2 and s for configuration 1 is
less than that for configuration 2. The differences vary between 8.8%
to 1L5%, 0.6% to 0.8% and 6.2% to 10.1% for By, B and Hiygp
respectively,
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Table 4. Effect of the insulator core radius on the creepage length and
maximum stress on the insulator surface. Op, & and 8 are in degree (°).

r; Config 1 Config 2
m B, = 20,8, = l0]ea=3
10055 | Lo 0.4%5 04243
Fums 92,06 19.52
Fneg 5174 52.05
By 67.5% 74.34
o7t 0.4222 0410
Fiep 22.03 19,53
7. 5177 52.13
Pagy G8.31 | 7437
0.019] T 0.4108 04005
Fanup 21.93 19.54
Emg 5197 n2.13
Emgp | 68,54 [ 74.73
0021 | T 0.3095 0.3801
Flp 21.85 1956
Fiug 51.78 514
Biogy 655,40 74.75
lo02n| . 0,381 T narre
P 21.81 19.62
Eoup 51.70 59.20
B £0.47 74,03
0025| Lo 0.3768 (.3063
Fanp 21.70 19,75
Fnp 51.82 52,24
Fongy 70.59 74.06

Table 5. Effect of the insulator axial height on the creepage length and
maximum stress on the insulator surface. fhy, €, and & are in degree 7).

fig Conlfig 1 _Gﬁhg_2
m B, =208, =10{a=3
0.12| for 0.3468 (06
f;',,mp 2228 2208
Frap 54,031 55.01
g 72,88 |77y
FREIE 0.3668 03503
Fung 22,06 20,32
HFonap 52,00 507
By 71.01 75.59
BAG| Fr 0.3868 0.4763
Fay 21,93 19,14
Fiug 1.0 51.52
Fog| 6835 | 74,48
0.18] fig 0.4068 —‘ 0.3u63
Fornp 20,42 18.04
Fonp 40,87 50,25
Fongp 67.54 73.20
0.20] Le 01208 0.1
Fap 20,39 1709
Py 48,02 19.22
Fpy 66.68 72.34
4.4 EFFECT OF INSULATOR AXIAL
HEIGHT

The parameters kept constant for field computations in this case are
as follows: », = 0.08m, v; = 04020 m, v, = 002 m, re =
0.0045m, . = 0.035m, v, — 0.005mand h. = 0.00 m. The
values of insulator axial height &; are varied from 0.12 fo 0.2 m in steps
of 0.02 m and the results arc given in Table 5.

Analyses of the results show that, as fi; increases within the range
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given above, for configuration 1, L, increases by 23.1%, Eoups Fp
and Epy, decrease by 7.6%, 10.4% and 8.5% respectively and for con-
figuration 2, L, increases by 23.8%, Founp, Emap and Eypp dectease by
22.6%, 10.5% and 6.4% respectively.

In other words, a higher k; increases L and reduces the stcsses
for both configuration 1 and 2 in the presence as well as in the absence
of surface pollution.

Further, for a given f; within the range specified above, Ly, and
Lypp for configuration 1 are lower than those for configuration 2, the
differences being in the ranges of 0.6% to 0.9% and 6.1% to 8.9% for
Erp and By, vespectively. But fi,y, for configaration 1 is greater
than that for configuration 2, the difference being in the range 0.9% to
17.0%,

4.5 EFFECT OF INSULATOR SHED
QUTER CORNER RADIUS

In this case the following parameters are kept constant for field
computations: 1, = 0.08 m, vy = 0.026m, by = 0.16 m,
rie = 10045 m, v, = 0.035m, 7. = 0.008 mand A, = 0.05m.
Insulator shed outer corner radius . is vatried from 0.0015 to 0,004 m
in steps of 0.0003 m.

The computational results are presented in Table-6. Table 6 shows
that for configuration 1, as 7. increases within the range mentioned
above, Ly decreases by 1.5%, Foyy, increases by 9.6% and Fyy, and
Fnpp decrease by 35.6% and 30.7% respectively. Similarly in the case
of configuration 2, with the increase in r,. within the same range, L.,
decteases by 1.6%, Funp incraases by 12.5% and Fyy, and Ky, de-
crease by 35.8% and 32.1% respectively. It is significant to note here
that for both configuration 1 and 2, the maximum stresses on the in-
sulator surface in the presence of surface pollution is greatly reduced
as T 18 Increased, However, an increased rqc also reduce By to some
extent.

Again it may also be noted that, for a given rq. within the specified
range, By for configuration 1is greater than Ey,y, for configuration 2,
the difference being in the range 6.5% to9.5%. On the other hand,
and Fypp for configuration 1 are lower than these for configuration 2,
the ranges of difference being 0.8% to 1.4% and 5.8% to 8.35% for My,
and Iy, respectively.

4.8 EFFECT OF INSULATOR SHED
INNER CORNER RADIUS

There are two inner corners of the insulator shed to be considered,
one each at the upper sucface and lower surface of the insulator shed
respactively. The radii of beth the inner corners are taken to be equal in
the present study. The value of the insulator shed inner corner radius
ric 15 varied from 0.003 to 0.006 m in steps of 0.001 m. The ather param-
vters, which are considered to be constant for field computations are as
follows: v, = 0.08m, r; =0.025m, r; = 0.15m, v, = 0.002m,
7o = 0.035m, v = 0.005m and 2, = 0.05m,

The computed results are tabulated in Table-7. The results show
that as 7, is increased within the range given above, for configura-
tion 1 Ly, decteases by 13.3%, Eyp and By, decrease by 1.9% and
0.15% respectively and Eqpp is maximum for 7 = 0.0045 m. But
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Table 6. Effect of the insulater shed outer corner radius on the creepage
length and maximum stress on the insulator surface, fy, &, and 0 are in
degree (%),

Tae Config 1 Config 2
m O, =20, = 10]O =23
Q.05 L 3778 0.30675
.“f',m,p 21.24 19.21
Ly 58.04 59.48
gy 77.05 83,41
0002 Foce N.ATHE 03663
E.nnp 2170 164.78
Em“p hlL.77 52.20
B 70.54 74.03
00025 | Fop N.375G 03652
Fuip 22,02 211,29
I_-;mp 46,74 47.17
Eapp 63.74 68.87
[ER]IIR o 03745 (13641
B 22.24 20.79
Loy A2.08 43,47
Pugy 5R.02 6355
0.0035) L 0.5744 {1.3628
h',,mp 22.80 21.23%
L A4 A4
o 56.10 60.85
0004 | Lo .3722 0.3618
Py 23,98 21,41
P 3774 38.19
gy 54,565 56.65

the difference between the minimum value of Ep, which occurs for
re = 0.003 m and this maximum value of Eyp, is 27%. Again,
for configuration 2, with the increase in 7y, within the same range, L,
decreases by 15.5%, Ep,, decreases by 8.3%, Liy, increases by 0.25%
and Eyp is minimum for vy, = 0.0045 m. The difference between
this minimum value of Fyy, and the maximum value of Foypp, which
oceurs for ri. = 0.006 m is only 0.46%. It may thus be noted that
has vety littte cffect on the maximum stresses occurting on the insu-
lator surface, particularly with surface pollution. But an increased i
reduces L by a sighificant amount.

4.7 EFFECT OF ELECTRODE
RADIUS

Apart from studying the effects of varlous parameters defining the
shape of the insulator contour, the effects of the electrode radius on
the electric stresses occurring on the insulator surface have also been
studiad. The value of electrode radius r, is varied from 0.035 to 0.06 m
insteps of 0.005 m. The parameters kept constant for field com putations
in this case are as follows: r, = 0.08m,r; = 0.025m, #; = 0.15m,
roe = 0.002m, ¥ = 0.0045m, 7. = 0.005mand h, = 0.05m.

The results of comgutations for different values of . are presented
in Table 8. Table 8 shows that, as r. is increased within the range men-
tioned above, for configuration 1 #iq, increases by 22.1%, Eln,p and
Erypp decrease by 11.2% and 6.3% respectively and for configuration 2
Fongp and I, decrease by 13.7% and 8.4% respectively. Fy,, for con-
figuration 2 is minimum for . = 0.05 m and the difference between
this minimum value and the maximum value of Fnp, which occurs
for v, = 0.035m, is 19.1%. Thus it is found that a higher value of
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Table 7. Rffect of the insulator shed inner corner radius on creepage
length and maximum stress on the ingulator surface. 6y, &, and & are in
degree ().

Pin Config 1 Conlig 2
i 0, =20,0,=10{ 0 =3
000 | T 0.4037 0,53971
Ty 21.96 20,41
fomp G1.83 52.18
Ty BR.72 75.08
0.004 Lot 0.34858 0.3766
Fp 21.03 20.01
By H1.8E 52.18
By 70.28 75.01
0.0045| L, N.3768 0.3663
Prwg 21,70 19.78
B 5177 52.20
Bhagg 700,59 74.93
0008 | L 03678 135661
Faurp 21.65 189.47
Enp 51.76 52,23
gy 1024 75,22
0,608 | Loy 0.3448 0.3356
Loy 21.54 19,17
Ec 5175 5231
Fngy 5.0 75.28

Table 8. Effect of the electiode radius on the maximum stress on the
insulator surface. 8y, 6., and 0 are in degree ().

e Config 1 Conlig 2
m O, =20,8,=10|6=3
0035 | Flyp 21.70 18,78
Haup 51.77 52.20
Bgp 70.59 74,93
0.04 | B 22.85 17.76
Fap 50.84 51.07
Bugp .01 74.31
0.045 | Equp 24.05 16.86
Ly 45.88 44,83
By £9.27 7310
(.05 | fhp 24,594 16.61
P 48,73 48,52
Fogp 08,57 72.04
X 35,80 17.46
Eup A7.44 46.91
Elngp 67.28 70,13
0.08 | Epmp 26.48 1418
oo 45.97 45.04
Foagp 65.95 68.05

#. Teduces the maximum stress on the insulafor surface in the pres-
ence of surface pollution, Further, for a given »., within the specified
range, Finyp for configuration 1 is higher than that for configuration 2
and B, for configuration 1 is lower than that for configuration 2,
the difference being in the range of 8.8% to 33.4% and 4.1% to 6.1%
for Ihp and Loy, respectively. #,,, for configuration 1 is nearly
equal to J2y, for configuration 2 when v, = 0.045 m, Again, for a
given re, [y for configuration 1 is less than that for configuration 2
when v < 0.045 m and is higher than that for configuration 2 when
1 > (1.045 m, the differences lying within (.35% to 2.0%.
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Table 9. Effect of the partial surface pollation zong on the maximum
stress on the insulator sueface. &, 0%, and # are in degree {°).

Tartial 1"4‘111[\13_ Partial -r-';mpp
pol, yone [Conf 1[Conf 2| pol. zone [Conf 1] Conf 2
a-d | 750|793 a-1 lL7.36p11.42]
a-f |50.82|64.71| a-d  [63.74| 75647
g-i
a-g (6208 7TLO5| a-d | BH.7O[80.49
t-i
a-i |7e.80]66.93] a-d 6422|7662
g-1
i-n
a-k feo22|57.058) a-d {ries|oeoss
f-i
k-n

4.8 EFFECT OF THE ZONE OF
PARTIAL SURFACE POLLUTION

In the earlier Sections of this paper, the zone of partial surface pollu-
tion is considered to bo the section a-d of the insulator surface, Figure 1.
In addition to this zone, studies have been carried out also for several
other zones of partial surface poitution. These studics inchude cases,
whete multiple sections of the insulator surface, which need not be
continuous, are considered to be polluted simultaneously. In each case
fs in the polluted zone is taken to be 107€2 and that be infinite in the
other parts of the insulator surface. Table 9 presents the results of these
computations. I all these field computations the following parameters
are taken to be constant: 7, = .08 m, v; = 0.025m, h; = 0.15m,
Tee = 0,002 m, 5. = 0.0045 m, 1. = L0385 m, ree = 0.005 m and
he =0.05m.

In Table 9, results for six differont cases of pactially polluted insu-
lator surface where the polluted sections are faken to be continuous,
arc given, For both configuration 1 and 2, Sy, is highest in the case,
when the section a-l of Figure 1 of the insulator surface is polluted.
Compared to the values of B, in the case when the section a-d of
Figure 1 is polluted, which are discussed in the earlier Sections, these
highest values of F5,pp ate 66.2% and 48.7% higher for configuration 1
and 2 respectively.  Results for four different cases of discontinuous
multiple insulator sections, which are polluted simultaneously are also
reported in Table 9. Compared to the case when the section a-d of Fig-
ure 1is poliuted, oy, for multiple polluted zones for configuration 1
ate lower or nearly equal and the same for configuration 2 are higher. Tn
other words, for simu!taneous multiple polluted zones on the insulator
surface, K, for configuration 1 is lower than that for configuration 2.
For multiple polluted zones, worst results are obtalned when the sec-
tions a-d, f- and k-n of Figure 1 are polluted simultancously. However,
the stresses for this case are much lower, compared to the case when
the section a-1 of Figure Lis polluted only.

5 CONCLUSIONS

TFECTS of various pararacters, which define the shape of insulator
E contour, on the electric stresses occurring on the insulator surface
with or without surface pollution have been studied by BEM. Consid-
ering the maximum stress on insulator surface it has been found that
better results may be obtained in the case of configuration 1 and 2 for

Vol. 7 No. 2, April 2000 175

(1 a higher r,,, particularly in the presence of surface pollution, and (2)
higher &; and 7, both with or without surface pollution,

Similarly in the case of configuration 1, better results may be ob-
tained for a higher 8y for a given &, with the condition 8, > @,.
It has also been noted that r; and ry. have negligible effects on the
maximum stresses, Studies also show that the zone of partial surface
pollution influence the maximum stresses significantly. For a given in-
sulator shape, a higher value of electrode radius is found to reduce the
maximum stresses in the presence of surface pollution for both config-
uration 1and 2.
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