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ABSTRACT 
Capacitive-resistive field computations are carried out around post-type HV insulators of vary- 
ing shapes. Thc boundary clcment method (UEM) has bccn employed for clcctric field coinyu- 
tations. Different insulator shapes havc bccn obtained by varying scvcrd parameters, which 
definc the shape of the H V  insulator contour. For each insulator shape, tlic maximum stress 
occurring on the insulator surfacc has been dctcrmined with no surface pollution, uniform 
surface pollution and also partial surface pollution. For partial pollution, scvcral cases havc 
bccn studied, in which differcnt sections of the insulator surface are pollutcd. Furthennorc, 
thc cffect of elcctrode radius on the maximuin stress on insulator surface bas been investigatcd. 
The results obtained are presented in this paper in dctail. 

1 INTRODUCTION 

MPROV kMF,NT of HV insulating systcm reliability demands progress I in thc design critcria of insulators. Failures of outdoor I I V  insulators 
most often involvc the solid-air interface of insulators, As a result, a 
knowlcdgc of the ficld distribution around HV insulators i s  very impor- 
tant to determiiic the eIecfric stresses occurring on thc iusulafor surface, 
partsularly on the air side of thc interface. 

Several researchers haw computed tlic field distribution around [IV 
insulators under pollution free condition. Mukhcrjee and Roy [l] cal- 
culatcd the field distribution aroiind a disc insdator of simple geomc- 
try, Khan and Alexander [2] accurately modeled n practical disc insu- 
lator geomctry and Kaana-Nkusi cf 01. [3] studicd the field distribution 
around B section of a practicai post-type insulator. Ilaznndar et al. klj 
and Iravani et nl, [SI calculatcd the field around a string of disc insula- 
tors. All thesc works haw been carried out using thc charge siinulation 
method [6]. 

111 outdoor applications, I {V insulator surfaces aIc exposed to atmo- 
spheric as well as industrial pollution Hence, the surface of outdoor 
insulators may gct cither uniformly pollutcd or partially polluted. The 
field around an insulator with no surface pollution is quite different 
from that with uniform or partial surface pollution. Therefme, it is CS- 
scntial to know the changes in the field distribution around an outdoor 
instilator causcd by surface pollution of different nature and severity. 

Considering uniform surface pollution, Abdel-Salam and Stanck [7j 
computcd thc field distribution around an insiilator having simple gc- 
ometty, and Singer [SI computed thc samc around a porcclain support 
i i da to r .  Takuma t ! t  nl. 191 computed the ficld, including either volume 
resistance or surface rcsistance, around an axi-symmetric spacer, while 
Kumar and Nagabhushana [lo] computed the samc around an impulse 
generator wave-tail resistor. Chakravorti and Mtikherjee [U] computed 
the field around a post typc insulator withuniform or non-uniform sur- 
face pollution. However, all these studics have been csrricd out using 
thc charge simulation method. Tang and Raghuveer [I 21 calculated the 
field aroand a HvDC wall bushing with nonuniform surface pollution 
using thc finite elemciit incthod (EM). 

It has been obscrvcd by researchcrs that thc analysis of axi- 
symmetric electric field distribution by integral methods such as the 
charge simulation method (CShi) or boundary clement inethod @EM) 
is morc convenient than by differeiitial tcchniques such as FEM. It has 
further bccn noted that a major problem in CSM i s  thc uncomfortable 
and subjective placement of simuhtion charges, which can bc obvi- 
ated by thc use of Wj, In recent yclars the BEM has bccn successfully 
employed for electric field calculation in coniplcx 2-D and 3-D systcnis 
113-151 and ficld calculations includiug volume and surface rcsistivities 
by IKM h a w  also been reported [16-201. Because the ficld distribution 
around an insulator is axi-symmetric in nature and depends upon the 
insulator geometry, the influcncc of insulator shape on the ficld distri- 
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bution around a post-type insulator has been studied by BBhf. Scvcral 
paramctcrs, which define the shape of insulator contour, are varied and 
their effects on the stresscs occurring on the insulator surfacc are stud- 
icd, in the presence as well as in the absence of surface pollution. In 
the caw 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 studicd, The results of all thesc studics are 
presented in detail 111 this papcr. 

2 INSULATOR 
CO N FIG U RAT1 0 N S 

Two types of post-insulator configurations, as shown in Figitrcs l(a) 
and (b) rcspectively, are considered for capacitive-resistive field calcu- 
lations. In both cases, the following arc taken into consideration 

1. thc insulator is made of porcelain and is surrounded by air, 
2. the insulator is stressed between a pair of clcctrodes, as shown in Fig- 

3. thc bottom electrode i s  taken as grounded, while the voltage applicd to 

4. the applied voltage is sinusoidal, with frcquency of 50 Hz. 

lire5 l(a) and (b), 

the live electrode is of unity magnitude, 

f (imundclcctrcde 1 C m m d  plrt.trtldr 

Figure 1 I (a) Axi-symmctric post-type insulator configuration 1. (b) 
Axi-symmetric pout-typc insulator configuration 2. 

Thereforc, the insulator-electrode arrangcmcnts under consideration 
havc axi-symmetric configuration with two dielectrics. The two config- 
urations shown in Figures l(a) and (b) differ in the shape of the insula- 
tor sheds, For configuration 1 as shown in Figure l(a), upper as well as 
lower insulator surfaces have negative slopes, and the slope angle for 
the upper surface O,, is always higher than that for the lower surface 
o b .  In the case of conhguratioii 2, as shown in Figure l(b), the upper 
insulator surfacc has a negative slope and thc lower surface a positive 
one. However, the slope anglc 0 for both these surfaccs arc taken to be 
equal. 

3 METHOD OF SIMULATION 

elements. Then the clcctric field in the region of interest i s  considered 
to be caused by thc cquivalent surface chargcs along the boundary el- 
ements. The cquivalciit surface chargcs r7i.c determined by salving Q 
system of intcgral equations, which arc obtained by satisfying thc fol- 
lowing boundary conditions 

1. On the conductor surfaces with known potential, thc prcscribcd values 

2. 011 thc dielectric-dielectric boundaries, the condition fur thc normal 
of the potciitial function are maintained, 

component of thc clcctnc flux density I) , ,  is maintained. 

For any point I on the electrndc surface, the potential in thc 
capacitive-resistive field distribution is calculated according to the rc- 
lationship - 

where 1 E S,, and> = 1 , 2  . . . , 1'. o- is the equivalent surface-charge 
density at any node, S, the candactor boundary, p = 1 , 2 , .  . . P, S:, 
the dielectric-dielectric boundary, d = 1,2: .  . , , D, M the index nf 
thc boundary nodes Iying on the conductor surfacc, N the index of the 
boundary nodes lying on the didrctric-dielectric interface, 

In Equation (11, the pntential and charge densities arc taken as coni- 
plex quantities instead of having real values, only for calculating tkc 
capacitive-resistive field. The complex quantities arc marked by an 
overbar (as in E)  in this paper. 

is thc bound surface charge density on the dielectric-diclectric 
boundary, then the boundary condition at any point i on thc interface 
of two dielcctrics can be written as 

where E, is the pcrinittivity of dieleckic 2, x = 1: 2 and is thc 
normal compnnent of the electric field intensity at the dielectric s sidc 
of interface, 2 = 1,2. and G a t  the point i can be calculatcd 
with orientation towards the diclcchic 1 side, as in 1211. 

If 

- 
€]K(i) - E&2?)( i )  = q i )  (2) 

where z(i) is the norinal component of tlm electric field intensity at 
the node i by chargc dcmities at all the nodes [14,35]. 

For fields including volume and surfacc resistivities, :;(i) i s  to be 
determined from thc general condition of the current density vector at 
the point i [22]. Considcring isotropic matcrials and sinusoidal ficlds, 
this conditioii can be writfen as follows 1161 

where p u r  is the volume resistivity of dielectric 2, 2 = I ,  2 and 

The techniquc described below tor the calculation of axi-symmetric 
capacitiveresistive ficld distribution IS  based on thc BEM 1211. In this 
method the electrode and dielectric boundaries are discrctized into sev- 
cral boundary elements and a suitable distribution funcliun is intro- 
duced for the equivalent surface charges along the discrete boundary 
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Equations (2) to (5) can be combined together in the following form 

where 
- 

(7) 
i 

E, = C&rs - - 
W p U X  

and where 5 = 1,2, w = 27rf, J is the frequency, S ( i )  is a small 
area, Ib(i) and It,(i f 1)  arc surface rcsistances around the nodc i, 
rcspectively Thc methods of calctilation of S( i ) ,  R(i) and R(i - 1 ,  1)  
are described in Ill]. Thc nodes with the indices i - 1, i and i + 1 
arc three coiisecutive nodes on the dielcctric-dielectric boundary. The 
ordering of thc nodes for the me of indices i - I., i. and i + 1. has been 
discussed in [9j, 

For the calculation of axi-symmetric fields, straight line and clliptic 
arc clemcnts are used. A lincar basis function i s  assumed for thc dc- 
scription of charge distribution along the boundary element between 
the nodes. For thc definition of boundary nodcs and elements, adaptive 
discretization in conformity with electric stress variation has been im- 
plcmented in this work and the same discretization criterion has been 
uscd in all investigations presented in this paper. 

For capacitive-resistivc ficld calculation, uniform surface pollution is 
simulated by a uniform resistivity p s  along the insulator contour. Non- 
uniform pollution of the insulator surface is simulated by considering 
different valucs of ps at different locations on the insulator surface. No 
volume conduction has been considercd in this purpose and, hcnce, 
volume resistivities for both porcelain and air have been taken to be 
infinite. 

A comprehensive program named IWIN based 011 the formulations 
described above has been developcd and thc investigation results de- 
scribed hcrc have becn obtained using this program. 

4 RESULTS AND DISCUSSION 
For an insulator with surface pollution, the ficld distribution may be 

capaciiivc, capacitiuc-resistive or resistive, depending upon the sever- 
ity of surfrlce pollution, while for a pollution-frce insulator the field is 
capacitive in nature, The severity of surfacc pollution has been reprc- 
sented quantitatively by earlier researchers [g, 11,2(1] by the rangc of 
ps within which changes in the nature of ficld distribution take place. 
Hence, considering uniform surface pollution, field computations are 
at first carried out to determiiic the range of p9,  within which thc field 
distribution changes from capacitive to resistive in nature. It has been 
observed here that thp ficld is capacitive for pd 2 l U ' l i l  and is re- 
sistive for p? < I O 7 Q ,  For the intcrmediatc values of />., the field i s  
capacitivc-resistivc. 

Field computations are carried out for different shapes of the two 
types of insulator contours described in Figures l(a) and @). Thesc dif- 
ferent shapes arc obtained by varying several parameters, which define 
the shape of insulator contour, The parameters studied in this work are 
the slope angle of the insulator shed a,,, 01, and 0, the insulator shed 
radius ro, the insulator corc radius r i ,  the axial height hi,  thc insu- 
lator shed outer corner radius roc, and the inner corner radius ric. 'lb 

investigate the influences of various parameters on the electric field dis- 
tribution, the vaiucs of the parameters under consideration are varied 
within the range of practical applications. It may be noted herc that 
the number of insulator sheds is takcn to be 3 in all cases under con- 
sideration from the point of view of actual usage. However, neithcr the 
formulations yrescnted nor the program mentioned earlier is limited 
to a given number of sheds only, but are of goncralized nature. For 
each of these insulator shapes, clcctric stresses are calculated along the 
insulator surface Lor three difkereut cases as follows 

1. no sutfacacu pollution, i.e. capacitive ficld, with ps = 10' Q, 
2. uniform surface pollution with pH = 1n7 a, 
3. partial surface p D h t i O I I  for which pa is set a t  107 I2 d o n g  the scctiun 

a-d of the insulator surface, i.e. from the point of contact of the insulator 
wit11 the live elcctrode, to the tip of the topmost insulator shed, while 
pA = *along ihe rest of the insulator surface. 

The highest stresses occurring on the insulator surface are dcnoted 
by for no surface pollution, En,up for uniform surface pollution 
and for partial surface pollution and are prcscnted in this paper 
for different insulator shapes, "lie electric stresses arc calculated on the 
air-side of the porcclain-air interface and are presented in a normalized 
format (V/m)/V, i.e. as electric ficld intensity pcr unit magnitude of 
applicd potential difference, For cach insulator contour coiisidcrcd, the 
creepage Icngth L,, has bcm calculated also, and is presented hew in 
m. The results obtained arc discussed in detail in the following Sections. 

4.1 EFFECT OF THE SLOPE ANGLE 

For field computations in this case, thc following parameters have 
been kcpt constant: 'rc, : 0.08 m, ~i = 0.025 m, hi = 0.15 m, 
roc = 0.002 m and Tic = 0.(1045 m. The electrode dimensions also 
arc kcpt constant as follows: electrode radius rc = 0.035 m, electrode 
corner radius 'ret = O.flU5 m and electrode height h, = 0.05 m. 

For configuration 1 as shown in Figure Q), resulfs have been ob- 
tained for diifcrcnt valws of 0,' and B b .  Thc values of Ul, considercd 
are On, 5' and 10' respwtivcly and For cach O b  the valucs of O,, PIC cho- 
sen such that (& - e,) varies from 5 O  to 20° in steps of 5 O .  Table 1 
presents the valiies of L,,, Emup and Eh,pp for all the insulator 
shapes thus obtained. Prom Table 1 it may bc noted that as &, increases, 
within thc range Riven above, for a given O b ,  Lcr decreases by 5.7% to 
6.8%, Emnp increases by 18.756 to 19.0%, Emu), decreases by 4.2% to 
4.6% and Empp dccreases by 2.2% to 4.3%. On the other hand, when 01, 
increases from Oo to 10" for a given value of O,,, e.g. ZOO, L,, increases 
bp Y.7%, EmnF dccrcases significantly by 14.1%, Elnu,, increascs by 3.6% 
and Elnpp decreascs by 7.2%, 

The computcd values thus indicate that ii higher B,, for a given 01, 
docs not yield notable reduction in stresses, but docs lower I,,,, On thc 
other hand, a higher O h  for a given cl,,, with the condition thnt O,,. > Ob, 

does give improved stresses and higher Lcr. 
For configuration 2 a5 shown in Figure lp), the values used for U 

v ~ r p  from 3" to 15' in steps of 3' and the results of computations are 
presented in Table- 2. In this case it may bc notcd that as 0 increascs, 
LCr decreascs by 11.6%, Elm,,,, increases strongly by 36.9%, &Il,,lp and 
E!,pp decrease by 5.7y0 and 3.7% respectively. Analysis of the results 
thus shows that an increase in f l  for configuration 2 does not provide 
notable improvement in electric stresses, but docs reduce I,,,. 
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Table 1. Effect of the slope an& of instilnfor shed on the crwpagc 
length and maximum stress on the insulator surfacc for configuration 1 
of Figure 1(a). Lo Crccpage length of insulator in mutcrs. Elnnp IIighest 
stress witlmt surhcc polltition. El~~,,lj Highest stress with \miformsurface 
pollution. lLpp Highest stress with partial surface pullution. 81, and O,, 
are in degree (O) .  

Table 2. Bffcct of the slope angle of insulator shed on the creepage 
length and niaximuin strcss on thc insulator surface fur configuration 2 
of ligurc l(b). 

4.2 EFFECT OF INSULATOR SHED 
RADIUS 

The following parameters are kept constant for field computations, 
in this case ~ ' i  =: 0.025 m, hi = (1.15 m, rm. = 0.002 m, ri, = 
0.0045 m, yr. = 0.035 in, rcc = n.005 m and h, = 0.05 m, The 
values of insulator shcd radius ro are varied from 0.06 m to 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 thc 
rcsults for only twa representative shapes are presentcd from Table 3 
onwards. Tlicsc two cases are configuration 1 w i h  B,, = 20" and 
Oh = 10" and configuration 2with 0 = 3 O  respectively. Table 3 shows 
that for configuration 1, when yo incrcascs within the given range, L,, 
increases by 86.2%, En,,p decreases strongly by 22,8%, -Enlup decrcascs 
by 6.5% and decrcascs significantly by 16.2%. Again, for cunfigu- 
ration 2 as yo incrcascs within the same range, L,, incrcases by 90.2"/, 
notably EmnP iiicreases and Empp dccrcascs byl3.6% and 13.1% respcc- 
tively, while En,l,,, dccreases by a relatively smaller amount, 4.9%. 

A higher value of rm, in addition to increasing I,,,, docs improve the 
results considerably for configurations 1 and 2 causing lowcr stresses 
in thc prcscnce of surface pollution, but. at the samc timc increases the 
stress in the absence of surface pollution. 

It may also be observed that, for a given yo within the specified 
rangc, fi&,r,p for configuration 1 is greater than En,,lp for configuration 2 
in the range 0.06 m 6 Y, < 0.08 m and the differetice gradueHy de- 
creases from 26.9% to 1.2% as r0 increases from 0.06 m fo 0.08 m. For 
T, = 0.09 m, EnlliP values are almost q u a l  for coniigoration 1 and 
2, while for ro = 0.1 M, E,,,1ll) for configuration 2 is 7.7% higher than 

Table 3. Effect of thc insulator shed radius on the creepage Iength and 
maximum stress on the insulator surface. &,, 8,, m d  0 arc in dcgrcc ("), 

that for configuration 1, Further, for a givcn r, within the spccified 
range Enllbp values arc nearly the same for both configuration 1 and 2, 
the values of configuratioii Zbeiiig slightly on thc higher side and 
for configuration 1 i s  less than that for configuration 2, the diffcrcnce 
incrcasing from 4.0% to 9.7% with increasing 'r0, 

4.3 EFFECT OF INSULATOR CORE 
RADIUS 

In this case the constant paramctcrs for field cnmpufations are as fol- 
lows: I'(, = 0.08 m, ha = 0.15 m, roc = 0.0{)2 m, Tic = 0.0045 m, 
'1.C = 0.035 ni, rcc = fl.005 m and h, = 11.06 m. Insulator core 
radius rg i s  varied from 0.015 to 0.025 m in steps of 0.002 m. 

The results of computations arc tabulated in Tablc 4. Far configu- 
ration 1 as in Table 4, L,, decrcascs by 13.1% ilnd dccreases by 
1.6% with the increase in ri within tlic range mentinned abovc. On the 
other hand, as T;  increases within thc same range, &,,,,,,, and En,pp for 
configuration 1 increase by fl.l5% and 4.5% respectivcly For configura- 
tion 2 as in Table 4, with the increase in ~ ' i  within the same range, Lcr 
decreases by 13.4% and En,,,p, Emup and increase by 1.3%, 0.36% 
and 0.83% respectively, 

The results discussed hcrc show that as vi is incrcased, licI decreascs 
and the strcsses are increased for configuration 1 as well as fur config- 
uration 2, leaving aside Enlny for configuration 1. Howcver, the incre- 
mental changcs in the stresses are comparatively low. Again, for il given 
rl within the spccificd range, &,p and E,,,i,p for configuration 1 are 
greater than those for configuration 2 and ITnlpp for configuration 1 is 
less than that for configuration 2. ?he differences vary betwecn 8.8% 
to 11.5%, 0.6% to 0.8% and 6.2% to 10.1% for ,Enlnp, E,,,,,,,,, and &Pp 

respectively 
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Table 4, Effcct of thc insulator core radius u n  the creepagc l c n g h  and 
maximum stress UII the insulator surfacc. O b ,  0,' and 0 arc in degrce (n). 

Table 5. BFfcct of tlic insulator axial height un the creepagc lcngth and 
niaximuni strcss on the insulator surfacc. Oh, O,,. and 0 arc in dcgrcc y), 

I J L ,  I 5 I. LO IGI.T2 

4.4 EFFECT OF INSULATOR AXIAL 
HEIGHT 

Thc parameters kept coilstant for field computations in this case art. 
as follows: = fl.08 ni, r'; = 0.025 m, roc = 0.002 m, riC = 
0.0045 m, T,! = 0.035 m, rcc O.Ofl5 m aiid h, = 0.05 m. The 
valucs of insulator axial height k; are varied from 0.12 ho 0.2 m in stcps 
of 0.02 m and the results arc giwn in Table 5. 

Analyses of the results show that, as I L ~  increascs within the range 

given abovc, for configuration 1, L,, iiicrcascs by 23,1%, &,,llp, IT,,,,, 
and &,pp decrease by 7.6%, 10.4% and 8,5% respectively and for con- 
figuration 2,  L,, increases by 23.8%, 1;,,,,~, and Enlpp dccrcase by 
22.670, 10.5'/0 and 6.4% respectivcly, 

In other words, a higher hi increases L,, and reduces the stresses 
for both configuration 1 and 2 in thc prescnce as well as in the absence 
of surface pollution. 

Further, for a given hi within the rangc specificd above, EIl,,ll, and 
El,Iyp for configuration 1 are hwur than thosc for configuration 2, the 
differeiiccs bcing in thc ranges of 0.6% to 0.9% and 6.1% to 8.9% lor 
EmUl, and Enlpr rcspcctivcly But for confLguration 1 is greater 
than that for configuration 2, the difference being in the range 0.9% to 
17.0"/0. 

4.5 EFFECT OF INSULATOR SHED 
OUTER CORNER RADIUS 

In this case the following paranietcrs are kept constant for field 
computations: yo = 0.08 m, r i  = 0.025 in, h, 0.15 m, 
pic = 0.0045 m, 'rp = 0.035 m, rrr = (1.005 m a id  h, = 0.05 m. 
Insulator shed outer corncr radius T > ~ ~  is varied from 0.0015 to 0.1)04 m 
in stcps of fl.OOO5 m. 

Thc computational results arc prcscnted in Table-6. Table 6 shows 
that for configuration 1, as roc increases wifhin the range mcntioned 
above, L,, decreases by I.%, increases by 9.6% aiid En,llv and 
E,nlpp dccrcase by 35.6% and 30.7%) rcspcctively. Similarly in the case 
of configuration 2, with the increase in T,, within thc same range, .LCr 
decreases by 1.6%, ISnlnp increases by 12.5% and I?,,,,,,, and de- 
crease by 358% and 32.1% respectively It is significant to note hcrc 
that for both configuratioii 1 and 2, the maximum stresses on tlw in- 
sulator surface in thc prcsencc of surface pollution is grcatly reduced 
as roc is increascd. However, an increased roc also rcducc I,,, to somc 
extent. 

Again it may also be noted that, for a given rN within the specified 
range, for configuration 1 isgreater than EnlLIp for configuration 2, 
the diffcrcncc bcing in the range 6.5% to 9.5%. On the other hand, En,,ll, 
and En,pp for coiitiguration 1 are lower than thuse for configuration 2, 
the ranges of diffcrcncc being 0.8% to 1.4% and 5.8% tn 8.35% for 
and Enlpp respectively. 

4.6 EFFECT OF INSULATOR SHED 

There are two iiincr corners oi the insulator shcd to be considcrcd, 
oiie each at thc upper surface and iowcr surface of the insulator shed 
respectively The radii of both the inncr corncrs arc taken to bc equal in 
the present study. The value of the insulator shed iuncr coriicr radius 
7.1' is varied from 0.003 to 0.006 min steps of 0.001 m. The other param- 
cters, which are coiisidcrcd to be constant for field computations are as 
follows: I',) = 0.08 m, 7'1 = 0.025 m, hi = 0.15 m, roc = 0.002 m, 
rc = 0.035 m, reC = 0.005 m aiid 11, = 0.05 m. 

The coinputcd rcsults are tabulated in Table-7. l'hc results show 
that as ,ric i s  increased within the range giwn above, for configura- 
tion 1 Lcr dccrcascs by 13.3%, and ICln,ll, dccrease by 1.9% and 
0.1.5% respectivcly and Enlpp is maximuni for q, = 0.0045 ni, But 

INNER CORNER RADIUS 
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I?"(",? 

Table 6. Efcc t  of the iiisulator shcd outcr cunier radius on the creeyagc 
Icngth and maximum strcss un tlic insulator surface, Ob, U,, and 0 are in 
degree ("), 

117.74 38.10 
53.55 56.65 

0 . m  

the difference between the minimum value of Emrr which occtirs for 
ri, = 0.003 m and this maximum value of Enlvp, is 2.7%. Again, 
for configuration 2, with the increase in qc within the same range, Lcr 
decreases by 15,5%, Emup decreases by 8.3%, Ernup increases by 0.25% 
and Empp is minimum for qC = 0.0045 m. The difference between 
this minimum valuc of ITnlpl' and the maximum value of ITmppr which 
occurs for rjC = 0.001i m is only 0.46%. It may thus be noted that qc 
has very little effect on the maximum strcsscs occurring on thc insu- 
lator surface, particularly with surface pollution. But an increased f iC 
reduces L,, by a significant amount. 

4,7 EFFECT OF ELECTRODE 
RADIUS 

Apart from studying the effects of various 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 
studied. Thc valuc of clcctrodc radius .re is varied from 0.035 to 0.06 m 
instcps of 0,005 m, The parametcrs kcpt constant for field computations 
inthiscaseareasfollows: ro = (1.08m,ri = 0.025m,Ir.i = 0.16m, 
roc = 0.002 m, ri, = 0.0045 m, rcc = 0.005 m and he = 0.05 m. 

The rcsults of compufations for different valucs of re arc presented 
in Table 8. Table 8 shows that, as rC is increased within the range men- 
tinned above, for configuration 1 increases by 22.1%, EIolrp and 
gmpP decrease by 13.2% and 6.5% respectively and for configuration 2 
Emu? and ElnpPp decrcasc by 13.7% and 8.4% respectively. .Em"llp for con- 
figuration 2 is minimum for T ,  = 0.05 m and the difference between 
this minimum value and the maximum value of E,,,np, which occurs 
for T~ = 0.035 m, i s  19.1%, Thus it is found that a higher value of 

Table 7. Rffect of the insulator shcd inner cnrncr radius on crccpagc 
length and maximum stress on thc insulator surface. 190, O,, mid 8 are in 
degree ("). 

Conrig 2 
(-3 7 3 
Um71 
20.Yl 
52. la  
75.U8 

U.37M 
20.01 
52.1 D 
75.01 
0.3ljIi3 

13.78 
52.20 
76.03 

19.87 
52,2n 
75.22 

ID. 17 
62.31 
75.28 

n.35Ii1 

0.3350 

Table 8. Effect of the electrode radius on the maximum strcss on the 
insulator surface, Ob, 8,, and 0 are in degree ["). 

rc reduces the maximum stress on the insiilaior surface in the pres- 
ence of surface pollution. Further, for a given re within tlic spccjficd 
range, Ernllr for configuration 1 is higher than that for configuration 2 
and En,pp for coiifiguration 1 is lower than that for coilfiguration 2, 
the difference being in the range of 8.8% to 33.4% and 4,1% to 6.1% 
for ITlnllp and Elnpp respectively. En,up for configuration 1 is nearly 
equal to ElnlIp for configuration 2 when r,  = 0.045 m. Again, for a 
givcn rk, for configuration 1 is less than that for configuration 2 
when t h e  < 0.045 m and i s  higher than that for configuration 2 when 
re > 0.015 m, the differences lying within 0.35% to 2.0%. 
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Table 9. Effcct of the partial surface pollution zone on thc maximiim 
stress on thcinvulator surface, Or,, O,, and 6' arc in dcgree ("). 

- - 
I? 

Zonf I 
17.118 
33.7'1 

98.79 

x 2 2  

-- 
- 

71.23 

~ __ 

4.8 EFFECT OF THE ZONE OF 
PARTIAL SURFACE POLLUTION 

In the earlier Sections of this papcr, the zone of partial stirface pollu- 
tion i s  considered to bc the section a-d of the insulator surface, Figure 1 ,  
In addition to this zone, studies have bccn carried out also fnr several 
0 t h  zones of partial surface pollution. These studics include cases, 
where multiple sections of the insulator surface, which nced not be 
continuous, are cunsidcred to be polluted simultaneously. In each caw 
p. in the polluted zone is taken to bc 107fl and that be iniinitc in thc 
other parts of thc insulator surhcc. 'Table 9 prescnts the resuits of these 
cnmputations. In all these field computations thc following paramctcrs 
are taken to be constant: rl, = 0.08 m, ~ ' i  = 0.0'15 m, hi. = 0.15 m, 
T~~ = 0.002 ni, rj, = 0.0045 m, T~ = 0.035 m, vC, = 0.005 m and 
A, = 0.05m. 

In Table 9, rcsiilts fnr six different cases of partially polluted insu- 
lator surface where the polluted sections are taken to be continuous, 
arc givcn. For both configuration 1 and 2, &,pp is highcst in the casc, 
when the section a-1 of Figure 1 of the insulator surface is polluted. 
Comparcd to the values of Empl, in thc case when the scction a-d of 
Figure 1 is pollutcd, which are discussed in the cnrlicr Sections, thcse 
highest values of En,pp are 66.2% and 48,7"/b higher for configuration 1 
and 2 respectivciy Results for four different caws of discontinuous 
multiple insulator sections, which are pollutcd simultaneously are also 
reported in Table 9. Coinparcd tn the case when the sectioii a-d of Fig- 
urc 1 is polluted, En,pp for multiplc polluted zones for configuration 1 
are lowcr or nearly equal and the samc for configuration 2 are highcr. In 
other words, for simultaneous multiple polluted zoncs on the insulator 
surface, Ernpp for configuration 1 i s  lower than that for configuration 2. 
For multiple polluted zoncs, worst rcsults are obtained when the sec- 
tions a-d, f-i and k-n of Figure 1 are polluted simultancously. However, 
thc stresses for this caw are inuch lower, compared to the case whcn 
the scction a-1 of Figure 1 is polluted only. 

5 CONCLUSIONS 

TFECTS of various paramctcrs, which dcfinc the shapc of insulator E contour, on the electric stresses occurring on the insulator surface 
with or without surface pollution have been studied by B E M .  Consid- 
ering the maximum stress 011 insulator surface i t  has been found that 
better results may be obtained in the case of configuration 1 and 2 for 

(1) a higher r,,particularly in the prescncc of surface pdlution, and (2) 
higher hi and .roc, both with ur without surface pollution. 

Similarly in the case of cmfiguration I., better rcsults may be ob- 
taincd for a higher 01, for a given tr,, with the condition B,, > Q6. 

It: has also been noted that 1'; and riC have negligible effects 011 the 
maximum stresses. Studies also show that thc zoiic nf partial surface 
pollution influence thc maximum stresses significantly. Far a given in- 
sulator shape, a higlicr valiic of electrodc radius is found to reduce the 
maximum stresses in the presence of surfacc pollution for both config- 
uration 1 and 2. 
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