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Abstract 

A physically valid theory of partial 
dischargetransientshas beendeveloped 
through a field theoretical approach. 
The theory is based upon the concept of 
the charge induced upon the detecting 
electrode by the partial discharge. 
This induced charge consists of a 
component associated with the actual 
space charge in the void, and one 
related to changes in the polarization 
of the bulk dielectric. The latter is 
brought about by changes in the field 
external to the void due to the void 
space charge. The magnitude of the 
induced charge and its components are 
discussed with reference to a coaxial, 
heterogeneous dielectric-system. 

Introduction 

The occurrence of a partial discharge 
in a gaseous void leads not only to a 
charge being induced on the detecting 
electrode, but also to a change in the 

polarisation S P o f  the bulk dielectric. 
Previously the authors have shown that 
this change is reflected in the charge 
induced upon the detecting electrode 

-3 

[1 ,21 .  

The induced charge can be evaluated 
using either the A-function, or the 4- 
function [l]. These functions account 
for the dielectric polarization either 
implicitly ( A )  or explicitly ( 4 ) .  Thus 
by using these two functions it is 

'deceased 

possible t o  identify the influence of 
the change in dielectric polarization 
upon the induced charglz. 

In the present paper, the influence of 
the system geometry upon SP is examined 
fora twodielectric system. It is shown 
that the component ofthe induced charge 

due to SP may increase or decrease 
depending upon the ratio of the 
dielectric permittivities and within 
which medium the void :is located. The 
magnitude of this increase/decrease is 
also dependent upon the non-uniformity 
of the system geometry. This behaviour 
is reflected in the Poissonian induced 
charge q .  

+ 

+ 

Poissonian Induced Charge 

The induced charge can lie described in 
terms of a Poissonian and a Laplacian 
component [ 3 ] .  The Poissonian induced 
charge is that component of the induced 
charge which is rigidly, linked to the 
space charge source, andwhich together 
with this source gives rise to the Basic 
Poisson Field [ 13. Mathematical.ly, the 
final value of the Poissonian induced 
charge q ,  due to a partial discharge, 
can be resolved into tw'o components: 

where q is the induced charge directly 

associated with the space charge in the 
void, and q p  represents the induced 

charge related to the change in 

P 
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+ 
dielectric polarization (SP) due to the 
presence of this space charge [l]. 
With reference to the detecting 
electrode and the induced charge, the 
effect of the void wall charges can be 
considered as the effect of an electric 
dipole of moment $ located within the 
void, The t o t a l  Poissonian induced 
charge arising fromthis dipole is given 
by 

where A represents the proportionality 
factor between the charge in the void 
and the induced charge on the detecting 
electrode. The A-function is a solution 
of the general Laplace equation [l] 

t;.(&?A) = 0 (3) 

in which E denotes permittivity. The 
boundary conditions are X = 1 at the 
detecting electrode, and X = 0 at the 
surfaces of all other electrodes. 
In addition, the following condition 
must be fulfilled at all dielectric 
interfaces such as the walls of voids 

where X is differentiated in the 
direction normal to the interface, and 
the signs t and - refer to each side of 
the interface, respectively, Anymethod 
of solving Laplace ’ s equation can be 
used to determine A .  

If, however, the dimensions of thevoid 
are such that 0”X may be assumed 
constant within the void, then we can 
introduce another function, Xo,  which 

represents the unperturbed A-function 
in the absence of the void. A s  A is a 
solution of Laplace’s equation, then by 
mathematicalanalogywithelectrostatic 
fields, the relationship between the X 
and Xo functions is given by 
-3 -3 
VX = hVAO ( 5 )  

For the voids under consideration, the 
parameter h is a scalar which depends 
on the void geometry and the relative 
permittivity of the bulk medium. 
Following the introduction of X the 

Poissonian induced charge on the de- 
tecting electrode may be expressed as 

0 ’  

The component of the Poissonian induced 
charge related to the void space charge 
alone may be obtained via another 
proportionality factor: i.e. 

( 7 )  

where the C$ function is a solution of 
the reduced Laplace equation [l] 

v2C$ = 0 (8) 

The boundary conditions are 4 = 1 at 
the detecting electrode, and = 0 at 
the surfaces of all other electrodes. 

Hence, from (l), (6) and (7), the 
of the polarization component 

Poissonian induced charge may be 
expressed as 

q P  

Heterogeneous Dielectric System 

The influence of 6 P  upon the induced 
charge has previously been examined for 
a planar heterogeneous dielectric 
geometry [2]. For such a simple system, 
it was possible to illustrate the basic 
consequences associated with 6 P .  To 
extend that study, we will consider a 
non-uniform field geometry, i.e., a 
coaxial cylinder geometry with a two 
layer dielectric. If, in cylindrical 
coordinates, the inner electrode is 
represented by the surface r = a ,  while 
r = b is the inner surface of the outer 
electrode, then r = c represents the 

+ 

-?, 
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dielectric interface with a < c < b.  The 
permittivity of the inner dielectric is 
E for which a < r < c, while that of 

the outer is E for which c < r e b .  

If the complete inner electrode is used 
to detect the partial discharge 
transient, thenthe boundary conditions 
for the A-function are X = 1 for r = a, 
X = 0 for r = b. Hence the X functions 

1 

2' 

0 

0 0 
of the two media are given by 

for a 5 r I c, and 

for c I r I b, where the X subscripts, 0 
1 b 2, refer to the inner and outer 
regions, respectively. 

On differentiating with respect to r, 
we obtain the relevant expressions for 
the associated X gradients: 

0 

+ 
where e is a unit vector perpendicular 

to the axis of the coaxial system and 
directed away from the inner 
electrode. 

r 

For a homogeneous medium, Xo = i#, and 
thus in such a coaxial system we have 

-e 

rln( b / a )  
+ + r vxo = vi#, = 

~ 

547 

Both (12) and (13) reduce to this 
expression for E = E 

2 '  1 
+ 

Induced Charge Component Due To 6P 

To undertake a comparative assessment 
of the influence of the dielectric 
geometry upon PD transients we will 
consider that the dipole G ,  associated 
with the charge which has accumulated 
at the void wall, is asmsumed a constant 
in this study. Furthermore, it will be 
assumed that the void is more than 10 
timesitsgreatestlineardimensionfrom 
the dielectric interface, such that the 
OX distribution within the void is 
effectivelyuniform: i.e. the existence 
of the interface does not perturb VA in 
the void. This assumption implies that 
the concept of h is valid and that ( 5 )  
may be employed. 

+ 

+ 

With respect to the component of the 
induced charge related t o  6P, we have 
upon combining (9) and (6) 

+ 

where q n i s t h e t o t a l P o i s s o n i a n i n d u c e d  

chargeoftheheterogenlsous system,with 
n = 1,2 depending in which dielectric 
medium the void is located. 

Owing to the cylindrical geometry, the 
dipole moment is either directed away 
from or towards the axi.s of the system. 
Consequently, this moment can be 
expressed as 

Hence upon undertaking the vector 
operations, (15) reduc:es to 

Authorized licensed use limited to: Danmarks Tekniske Informationscenter. Downloaded on July 14,2010 at 11:05:56 UTC from IEEE Xplore.  Restrictions apply. 



Thus using (121, (13) and (14) we 
obtain for a void in medium 1 

-0.5 

-1.0 

It should be noted that both (18) and 
(19) containh. This implies thatq is 

dependent upon the void geometry. To 
simplify we will assume the void to be 
spherical, in which case we have 

Pn 

3 E . -  

\\\ 

h =  L 

1 -b 2 E r  

where E is the relativepermittivityof 

the dielectric containing the void. 
r 

The variation of q / q  with E / E  is Pn n 2 1  
shown in Figure 1 for E = 4 ,  s/d = 0.5 

and several values of Hd, where H is 
the mean curvature of the inner 
electrode: 

r 

(21 )  

and d represents the gap length, viz .  

I H = -  
2a 

d - b - a  (22) 

The value  of Hd is a measure of the 
geometric non-uniformity: i.e. Hd = 0 
represents a planar electrode system 
[2]. The parameter s represents the 
thickness of the dielectric bounding 
the detecting electrode, see[2], i.e. 
in this instance 

From Figure 1 it is seen that q is 
increased when the void is located in 
the medium of lesser permittivity. 
Conversely a decrease occurs when 
located in the medium of greater 

Pn 

permittivity. This reduction can be of 

Pn such a degree that the polarity of q 
is reversed. 

When the void is in the inner medium, 
i.e. for n = 1 and a I r I c, the 
greater the Hd-value, the smaller are 
the relative increases and reductions 

The reverse behaviour occurs in q 

when the void is in the outer medium; 
i.e. for n = 2 and c 5 r S b .  

Pnl. 

As qpn/4 ,  exhibits symmetry with 

= 1 for a planar respect to 

geometry (Hd = 0 1 ,  see Figure 1 and 
[ 21, the asymmetrical behaviour of 
qpn/qn for the coaxial geometry (Hd > 

0) is a consequence of the non- 
uniform geometry. 

& 2 /  &l 

is For a fixed void location, 

dependent only on j?, which we 
assumed constant. Hence variations in 
q will be reflected directly in the 
magnitude of the Poissonian induced 
charge q ,  see (1). 

qP 

P 

Fig. 1 Variation of the polarization 
component of the Poissonian 
induced charge. 
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Conclusion References 

It is demonstrated that changes in 
dielectric polarization arising from a 
partial discharge can significantly 
affect the magnitude of the Poissonian 
induced charge. For a two dielectric 
system, this influence is dependent 
upon the ratio of the dielectric 
permittivities and within which medium 
the void is located. Furthermore, 
changes in the geometry of the system 
are seen to influence the polarization 
component. Hence the quantitative 
interpretation of partial discharge 
transients in terms of discharge 
phenomena w i t h i n  a void becomes 
extremely complicated in the presence 
of heterogeneous dielectric systems 
bounded by electrodes of non-zero 
curvature. 
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