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Influence of Bulk Dielectric Polarization
upon Partial Discharge Transients

Effect of Heterogeneous Dielectric Geometry

[. W. McAllister and G. C. Crichton

Dapartment of Electric Power Engineering, Technical University of Denmark, Lynghy, Denmark

ABSTRACT

A physically valid theory of partial discharge (PD} transients is based upon the concept of
the charge induced upon the detecting electrode by the PD. This induced charge consists of
two compenents. One is associated with the actual space charge in the void, while the other
is zelated to changes in the polarization of the bulk dielectric, These changes are brought
about by the field produced by the space charge. The magnitude of the induced charge and
its components are examined for several heterogeneous dielectric systems. It is demonstrated
that, in relation to a homageneous dielectric systom, the magnitude of the induced charge
either increases or decreases depending on fhe ratio of the diclectric permittivities and within
which dielectric the void is located. It is shown that this behavior is directly related to the
magnitude and polarity of the polarization component of the induced charge. Furthermore,
we demonstrate that the geometry of the dielectric system and the physical dimensions of
the different dielectrics influence in a similar manner the magnitude of the induced charge,
although to a lesser degrae,

1 INTROPUCTION and the non-uniformity of the system geometry. As such behavior is
succinctly doseribed in terms of the Poissonian indueed charge [3), we
THE occurrence of partial discharge (PD) in a gaseous void leads not  wili first introduce this concept,
only to charge being induced on the detecting electrode, but also
to a change in the polerization 6P of the bulk dielectric. Pedersen 2t 2 POISSONIAN INDUCED
al. have shown that this change influences the magnitude of the charge CHARGE
induced upon the detecting electrode [1, 2.

Induced charge can be deseribed in terms of either a Poissonian or a
Laplacian compenent [3], The Laplacianinduced charge, which is equal
in magnitude but opposite in polarity to the Poissonian component,
is assnctated with the change in potential of the detecting electrode,
Consequently, the Laplacian charge is the source of any PD transient
signal.

The charge induced on a detecting elecirode can be evaluated using
either the A function, or the ¢ function [1,2). These functions take
account of the dielectric polarization either implicitly (A) ar explicitly
{¢). Thus by using the two functions it becomes possible to identify the
influence which changes in dielectric polarization have upon induced
charge. Changes in polarization & P are related directly to changes in
electric field 675, In PD, the source of 8 is the PD space charge which
is confined fo voids located within the bulk dielectric.

In the present paper, the influence of the system geometry upon 4 P
is examined for a two-layer diclectric system, It is shown that the com-
ponent of the induced charge due to &7 may increase or decrease de-
pending upon the ratio of the dielectric permittivities and within which
dtelectric the void is located, The magnitude of this increase/dectcase 4=14qn t dp (L
is also dependent upon both the dimensions of the different dielectrics

The Poissonian induced charge is that component of the induced
charge which is rigidly linked to the space charge source, and which
together with this source gives rise to the ‘basic Poisson field’ [2]. This
field is generated by the PD.

Mathematically, the final value of the Yoissondian induced charge ¢
due to a P can be expressed as the sum of fwo components
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whete g, is the induced charge direcily associated with the space
charge in the void, and g, represents the induced charge related to the
change in dielectric polarization & 7 due to the presence of this space
charge [2]. With reference to the delecting electrode and the induced
charge, the effect of the void wall charges can be equated to the effect
of an electric dipole of moment f located within the voie [1],

The total Poissonian induced charge arising from a dipole is given
by

@ =—ji- VA 2)

whera A reprosents the proportionality factor between the charge in the

void and the induced charge on the deteeting electrode, The A function

is a solution of the general Laplace equation [2)
Ve {(eVA) =0 3)
in which = denotes permittivity,
The component of the Poissonian induced charge related to the void

space charge alone may be obtained via another proportionality factor
&; viz,

G = _ﬁ ﬁd) (4)
where the ¢ function is a solution of the reduced Laplace’s equation [2]
Vi =0 (5)

Hence, from {1), (2) and (4), the polarization component g;, of the
Poissonian induced charge may be expressed as

fp == _ﬁ . (ﬁ/\ - V_"(f’) (6)
3 THE )\, FUNCTION

If the dimensions of the void arc such that VX may be assumed
comstant within the void, then we can introduce another function Ay,
which represents the unperturbed A function. That is, the system is
considered void free. As A is a solution of Laplace’s equation, then by
mathematical analogy with electrostatic fields, the relationship between
the Aand Ay functions is given by

VAu: hV g (7)
For the type of void under consideration, the parameter A will be a
scalar which depends on the void geometry and the relative permittiv-
ity of the associated bulk medium. Following the introduction of Ag,
the total Poissonian induced charge on the detecting cleclrode may be
expressed as

g7 - bl Vi @
Turthermore, using {6) and {7) we ro-express ¢, as
fp =" -ﬁ (hﬁ/\[} — ﬁ(b) (9)

For a homogeneous bulk dielectric system, A is a soluticn of the
reduced Laplace equation, and hence in such situations Ay and ¢ are
synonymous. As a consequence (9) reduces to

tp=—{h—1)jI- Vi
Combining (8) and {10}, we arrive at the cxpression

(10)

a  h—1

- T — 11

p 5 (11)
For such a homogeneous situation, the eifect of vaid geometry upon
the behavior of g, has been reported; see (2]
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In practice however, nearly all equipment will consist of a hetera-
gencous dielectric system. Nevertheless for a very restricted class of
dielectric geometries, e.g. a coaxial disc spacer, Ay remains a solution
of the reduced Laplace equation, and thus Ag and ¢ are again synony-
mous.

To examine the situation in which Ay is a solution of the goneral
Laplace equation, we consider several specific heterogeneous dielectric
aystems as a means of examining the behavior of ¢, Tlowever, as indi-
cated by (9}, three independent vectors are involved in the evaluation
of g,,. Hence, for an initial investigation of this behavior, we will limit
our study to situations for which the three vectors are parallel.

K4
4 A=0
&
&
#
b 4=
“n
A=0
()]
(© A=0

Figure 1. The heferogencous bulk dielectric systems. (a) planar geome-
try, (b} cylindrical geometry, {c) spherical geometry,

Threa simple geometries which fulfill this requirement are shown in
Higure 1; namely a planar, a cylindrical and a spherical zeometry. Each
supports a two layer diclectric system. Because the derivation of the
refovant ¥ Ag and Vg functions is straightforward, this is confined to

the Appendix. It should be noted that A = 1 denotes the detecting
electrode.
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4 POISSONIAN INDUCED
CHARGE

To undertake a comparative agscssment of the influence of the di-
clectric geornetry upon PD transients we will assume that the dipole f,
associated with the charge which accumulates at the void wall follow-
ing a D, is censidered a constant in all situations, Furthermore, it will
be assuwmed that the void is more than 10x its greatest linear dimension
from any interface, such that the ¥ distribution within the void is ef-
fectively uniform; i.¢, the existence of an interface docs not perturb ¥ A
in the void. This assumption implies that the concept of 1 is valid and
that (7) may be employed.

To establish the influence of a heterogeneous system, we take as the
reference value the induced charge ¢ which oceurs in a homogeneous
aystem for the sante P (7Z) at the same void location, Thus, with vefer-
ence to the induced charge g, of the heterogeneous system, we have

& _ *ﬂ: hnv}\gﬂ

¢ —ji-hVA
where # = 1, 2 depending in which dielectric medium the void is Io-
catec. For the homogeneous system g is independent of the specific
diclectric. In the heterogeneous system, if the void is located in a di-
electric of the same permittivity as that of the homogeneous reference
dielectric, we have equality of /r, and h.

{12)

Duc to the geometries under consideration, the dipole moment s
directed cither away from, or towards the coordinate origin. Hence
this moment can be expressed as

=+l {13)
where &, 15 a unit vector tangential with the coordinate w, where u
is the relevant coordinate for the geometry in question. 1lence upon
undertaking the veetor operations, (12) is reduced to
"fi _ fi.)\[m/d”
q dig S
Provided the use of by, in {12) remains valid, (14) indicates that ¢, /¢
is independent of the poid geometry.

PLANAR GEOMETRY

Upon substituting the relevant Ag gradients (see Appendix) into (14),
we obtain for a void in medium 1
f}_1 Eu d

(14)

4.1

= _ 15
g ald— sy es (15)

and for a void n medium 2
2 _ g1l (16)

g sif{d—s)+ 828
These expressicns indicate that ¢, /4 is also independent of the void
location in the specific medium, in so far as the 7 validity requirement
is fulfilled. Tor z; = eg, the ratics in {15) and {16) reduce fo unity;

The variations of ¢, /g with €4 /2, are shown in Figure 2 for several
values of s/d. From the Figurc it is seen that, in comparison to the
homogeneous system, the induced charge of a heterogencous system is
increased when the void is located in the medium of lesser permittivity.
Likewise a decrease oceurs for void locatiens in the medium of higher
permittivity. When the void is in the lower diclectrie (medium 1), the

MecAllister et al.: Influence of Bulk Dielectric Polarization upen FD Transients
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Figure 2. Variation cf gy, /g with g2 /g1 for the planar geomotry and
selected s /ef vatues.

nearer the diclectric interface is to the detecting electrode (A = 1), the
larger are the relative changes in these induced charges. The opposite
behavior oceurs when the void is in the upper diclectrie (medium 2;
.e. the further the interface is from the detecting cleetrode the stronger
is the effoct, As the value of s/d represents the relative thickness of
medium 1 these results imply that, when the void is in the dielectric of
smaller physical extent, the larper is the relative increase in o, Owing
to the geometrical symmetry of the planar system, the behavior of g,
is symmetrical with respect to s/d and (1 — s/d),

To simplify comparison with the othor geometries the following con-
vention will be adopted; 2iz. the dielectric layer bounding the detect-
ing clectrode has permittivity £ and thickness s, while the combined
thickness of the two dielectric layers is o,

4.2 CYLINDRICAL GEOMETRY

Substitution of the relevant V'An functions toto (14) gives for a veid

in medium 1

oo g2 In{b/a)

@ & ln(b/e) +zelnfe/a)
and for a void in medium 2

@ z11n(b/a) (18)

q  ertn(b/c) +exInfe/a)
These expressions indicate that ¢, /¢ is also independent of the void
location, so long as the previously diseussed £ requirement is fulfilled.
Again, the ratios in {17) and (18) veduee to unity for £q == 2.

{7)

When referring to cither the cylindrical or spherical geometries, we
will use the product # ¢/ as a measure of the geometric non-umiformity:
The parameter JT is the mean curvature of the inner {detecting) elec-
trode, while d represents the total thickness of the dielectric insulation.
Hence for the eylindrical geometry we have

1
T = o0 {19
and

d=b-a (20)
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As the parameter s represents the thickness of the dielectvic bounding
the detecting electrode, then for the eyfindrical system we have

s=a—it {21}
For a coaxial clectrode system with a radii vatio of ¢, Hd = 0.859,
while for the planar electrode system, f1d =0,

The variations of ¢n /g with £2/2, for the cylindrical geometry,
Hd = 1, are illustrated in Figure 3 for the same values of s/ as
in the planar case. The pattern of the variations is similar to that shown
in Figure 2 for the planar geometry, but now the simple symmetry of
the pattern is absent; namely, the increases and reductions in g1 /¢ are
loss, while the teverse behavior is exhibited by g2 /g, These results in-
dicate that the geometric non-uniformity modifies the influence of the
dielectric thickness, We proceed to examine further the influence of the
geometric parameter,

2.5

03
"’f/ Hid=1

2% 0.8 L 025
X\ /

" s \ ’ 05

¥ "-\ /’ ors

1.0 P
/ d

0s (s :\\
'J/ \

o

0.1 1 & 10
&,

Figure 3. Variation of ¢ /g with £3/2, for the evlindrical geometry
(ffd -~ Lyand selected =/ values,

The effect of the non-uniformity of the geometry, je. the value of
H o, upon the a, /q behavior is shown in Tigure 4. It is clear that in-
creasing the value of H d leads {o a reduction in the increase/decrease
of ¢ /iy about the referance value of unity, This behavior is more pro-
nounced when the void is in the dielectric of lower permittivity, Le. for
71 /g when ea /=1 = 1. The opposite trend is exhibited by g, in that
increasing values of At lead to an even larger increases/decreases in
the g2/ ¢ behavior about unity.

4.3 SPHERICAL GEOMETRY

With respect to the apherical geometry, the mean curvature of the

inner electrode is given by
1

Mmoo 22)
while the total insulation thickness is now
d=H-A (23)
and the thickness of the dicleetric bounding the detecting electrode is
s--C— A (24)
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Figure 4. Variation of ¢, /q with £2/¢, fot the cylindrical geometry
an s /d = 0.25; Elfoct of H'l.

Using (33), (54) and (35}, the relevant ¢, /g expressions are derived
from (14), However as the variations of ¢, /¢ display the same behavior
as these of the cylindrical geometry, it is not necessary to discuss the
spherical geomotry in detail.

In brief, it may be stated that, for Iid < 1, the g,./g variations for
the spherical geometry are essentially identicai to those exhibited by the
cylindrical gecmetry. For H#d > 1, the g, /¢ vatiations begin to differ,
int particular at the low 8/ d values; i.e. the increases/reductions in ¢y /¢
for the spherical geometry are smaller than those in the cylindrical casc,
The reverse behavior is observed with g2/ q.

INDUCED CHARGE DUE TO §/7°
IN HETEROGENEOUS
DIELECTRIC SYSTEMS

5

With respeet to the component of the induced charge related to 4 B,
we have upon combining (9} with (8)
o _ =it PV Aon — V) 25)
i _ﬁ !‘!?1‘_7'/\(];:.
where 12 = 1, 2 depending in which dielectric the void is located. On
performing the vector operations, (25) simplifies to give
o dep/ u
n haddon fdu
ywhere « is the relevant coordinate for the geometry under discussion.
From (26) it is evident that the polarity of ¢, /4, 1s dependent upon
whether

(26)

dehfdu <

o fdie

That {s the polarization component may reverse polarity. The polarity of

the Poissonian induced charge, however, cannot exhibit such behavior;
see (14).

Because {26) containg /iy, this implies that q,,, /4., is dependent

upon the void geomelry. Tn this study, we will assume the void to be

{27
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sphorical, in which case we have
R
b= !
L+ 28p
where & is the relative permittivity of the diclectric containing the
void.

(26)

With reference to q,, /¢, its value when associated with the condition
Qpn /g = ( can be deduced by using (26) together with the fact that
for a homogeneous system Ap and ¢ are synonymous, Thus, for zero
polarization component, we obtain

[@]_L
a1y hin

where the subscript 0 in (29) refers to this condition. Tor &, > 1, we
have f,, > 1 and thus (29) implies that 0 < (¢, /q)o < L.

PLANAR HETEROGENEOUS
DIELECTRIC GEOMETRY

Employing (43), (44) and (45) we obtain for a void in medium 1
ot _ g1{d— 8) +ca8 (0)
Eghyd

{29)

5.1

T

and for a void in medium 2
}_?;;2 :l_e.l(d"-‘fJ+C‘z_-f‘ (31)
fa & h,g(.l

For &1 = &, equality of iy and /i, exists and thus both (30) and {31}

reduce to (11).

Lo : - _
NN
035 —-_.____X [ | 075
0 \‘
/&// \\\
NRIENER
0. ]

&7 1

£

Figure 5. Variation of gpr /g with ez /g, for the planar geometry and
selected s /e values (e — 4),

The variation of g, /qr 15 shown in Figure 5 for e, = 4 together
with the preselected s/d values. To ensure that the g, /g, caleu-
lations were undertaken for realistic £2/81 values, the range of this
parameter was restricted to

Loz D (32)
& £ &

From Figure 5 it is observed that the behavior of gy, /@y is similar

to that shown in Figure 2 for ¢, /4; {2 Gpn/qn increases when the

void is located in the dielectric with the lesser permittivity. Tn marked

McAltister et al.: Influence of Bulk Dielectric Polarization npon PD Transients

contrast, the reduction which occurs when the void is in the medium of
higher permittivity can be of such a degree that the polarity of g,,,, is
reversed, The influence of s/ d with respect to the magnitude of g, /g,
is similar to that observed with g, /¢; sec Tigure 2,

0.3 | o
qf’ . // £, =¢

4
0.2

ol

G

1 4 7 & 0
i

Figure 6. Variation of ¢yun /¢ with e, lor e /e, = 1.

For e, = 6, the variation of ¢, /gn with £¢ /&4 is similar to that
shown in Figure 5 for e, = 4. The magnitude of g,.,, /¢, 18 however in-
creased. This increase is proportional to the increased value of gy, /¢
for 2| = g9, i.e. to ihe crossover value obscrved in Figure 5, For this
condition, the variation of g, /¢, with &, is illustrated in Figure 6,
With the heterogeneous system and &, = 2, a similar variation to that
shown in Figure 5 is found to be exhibited by ¢pn,/ ¢ However, ag can
be understood from the reduced cross-over value for £, = 2 shown in
Figure 6, there i3 a corresponding reduction in the gy, /4 values with
respect to those for g, = 4,

5.1.1 FOLARITY REVERSAL OF
POLARIZATION COMPONENT

With respect to the polarity reversal of ¢ /Gy, the value of 25 /e,
corresponding to gu1 /¢ = 0is obtained from {30)

&z d—s
|:£1:|a B Ihl - & (33}
while from {31} the appropriate 2, /e, value for gua /g = Ols
£y B g—g—
H = Wt 34

The subscript ¢:in {33) and (34) refets to the fact that the permittivity
vatio has a critical value. As the polarity reversal occurs when the void
is in the dlelcctric of higher permittivity, this implies that the valucs
of the ratios in (35) and (36) arc < 1, and that the permittivity in the
denominator represents the medium containing the void:

The variations of the above permittivity ratios with s/d for different
€, values are shown in Figure 7. For increasing values of s/d, it s clear
that (&1 /29). ncrcases, while {g/e1), decteases cotrespondingly
These results indicate that, for the dielectric containing the void, the
smaller the physical dimensions are of this dielectric the more (e /e1),
and (&, /=2). tend to an upper limiting value. Trom {33) it is evident

thatas s/« — 0
9 1
| = — )
[E[jlc 1 ( )
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Figure 7. Variation of “zero’ permittivity ratics with s /el for selected &,
values.

while from (34) we find that as s /d — 1

al 1L
ez, fy

As the permittivity ratios for practical situations lie in the range 0.4
to 8.7, the possibility for polarity reversal of ¢, /¢, 15 real. Planar
systems are frequently employed in laboratory studies,

5.2 CYLINDRICAL
HETEROGENEQCUS
DIELECTRIC GEOMETRY

Using (48), (49) and (50) we obtain for a void in medium 1

(36)

gpt _ . erin(b/c) + ez In(e/a) o)
- eghy n(b/a)

and for the void in medium 2
@2 _ g _E lu{b/e) 4- 22 In(e/a) (38)
2 ' erha In(b/ea) .

Asbefore, for g1 = g9, we abtain equality of /i, and 22 and hence (37)
and (38) reduce to {11).

1.0 —
q‘y %f e £ =4 el Xf
075 B,
gf‘s n.;f "“‘k-\; e e [
R fa— e T
—— [ao7s
0 =
/1/ \\
-0.5
JAREL)
-LO
/ \\
1.5
0.1 1 10

&

Figura 8. Variation of gy, /qu withza/21 for the cylindricat geometry
(M d = 1) and selected s/d values (g, = 4).
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The variations of ¢y, /4, with &2/ for the cylindrical geometry,
ITd = 1, arc shown in Figure 8, It is clear that these variations are
similar to those of the planar geometry; ¢f. Figure § with Figure 5. The
primary difference is the absence of symmetry in the case of the cylin-
drical geometry. This results from the increases/reductions in g1 /a
being less, while those for g, /g2 are larger.

1.0

q}-’n i fax =4 I L7
i Lo02s 0
0”5 0]~ 4 / il

iy~

LN

Figure 9. Variation of gur, /gy, with £2/21 for the cylindrical geometry

and s/d — 0.25: Effect of Hel (2, = 1),

The influence of system geometry is fully illustrated in Figure 9 with
the variation of ¢, /¢y for IId = Oand Hd =+ 10, In comparison
with Figure 8 it is evident that, for the parameter ranges considered,
Upn / O 16 MOLe sensitive ta s/d than to Hd.

The effect of £,, upon gy, /. for the coaxial geometry is similar to
that as discussed previously for the planar geometry, with the addition
of the asymmetry shown in Figure 8,

5.2.1" POLARITY REVERSAL OF
POLARIZATION COMPONENT

For the cylmdrlcal geomcrry the value of e3/e; corresponding to
a1 /) = O1s given by
In(k/c)

Eor o _
{E} . In In(b/e) — In(c/a) (39)
while the appropriate £ /eg value for g /g2 = 08
£1 In{e/a)
— = —— A
L‘J . haln(d/a) — Inh/c) (40)

The variation of these permittivity ratios with 77d for the selected
values of s/ are illustrated in Figore 10 for &, = 4. Essentially the
same behavior is exhibited for e, = 2 and =, = 6. For ITd values of
practical interest for solid insulation (H ¢ <2 2), the permittivity ratios
generally lie in the range 0.4 to 0.7. Such valugs imply that the polarity
reversal of g, is quite possible in praciical systems. |

5 3 SPHERICAL HETEROGENEQUS
DIELECTHIC GEOMETRY

By employing (53), (54) and (35), we obtain from {26) the relevant
tpn/ n eXprossions for this geometry. From these expressions it is
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Figure 10, Varlation of “zero’ permittivity ratios with Hd for the cylin-
drical geometry and selected s/d values [z, = 4). — (ga/21), for
Gpl = = {81/62)4 fOI' fpz = 0.

readily demonstrated that the variations of gy, /g, exhibit the same
characteristics as were discussed previously with respect to the cotre-
sponding an /g; i.e. the spherical ¢pr, /gy, behavior is similar to that of
the cylindrical geometty. Consequently, it is unnecessary to discuss in
detail the gpn, /gy results for the spherical geomelry.

6 DISCUSSION
6.1 GENERAL REMARKS

The Poissonian induced chatge ¢ has heen shown mathematically to
consist of two components {2}, One component 4, is related directly to
the space charge created in the void by the PD. The other component g,,
is associated with the change in the polarization of the solid dielectric
arising from the action of the electric field produced by the void space
charge.

The ability to decompose mathematically the Poissonian incduced
charge into these two components relates to the use of the X and ¢ fune-
tions to evaluate induced charge. The former accounts for the dielectric
polarization implicitly, while the latter funcfion does so explicitly [2].

The combined use of these functions allows quantitative relations
for gy, to be deduced, viz. (8} or (9). Fach of these expressions containg
thrce independent vectors, and thus for heterogencous bulk diclectric
systems the behavior of g, is complex, Consequently, lo obtain insight
into this behavior, the present study has been restricted to situations in
which the three vectors are parallel. For heterogeneous bulk dielectrie
systems such a requirement can be fulfilled by simple geometries, e.g.
planar, cylindrical and spherical electrode systems. The planar geome-
try (ITd = () enablos the basic features of a heterogeneous system to be
deduced, but is limited in that the effects of system non-uniformity can-
not be addvessed. However, this aspeet can be fully considered through
eylindrical and spherical systems, as such geometries can be used to
generate a wide vatiation in non-uniformity; eg. 0 < Hd < 10.
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8.2 INFLUENCE OF
HETEROGENEQUS BULK
DIELECTRIC SYSTEMS UPON
INDUCED CHARGE

By comparing the Poissonian induced charge associated with a pD
in a void Incated within a heterogencous system with that of a cotre-
sponding homogeneous system, it has been possible to illustrate the in-
fluence of the former. As the same void geemetry is considered in bath
situations, the comparison is made independent of the void geometry

Under the assumption of a constant P12 (1.e. constant dipole moment),
it is demonstrated that the magnitude of the Poissonian induced charge
can vary significantly, &.g. £=50%, For the present two diclectric system,
this hehavior is soen to be dependent upon the ratio of the permittivities
and within which diclectric the void is located.

The induced charge magnitude is further influenced by the degree
of non-uniformity of the system geometry; fe. symmetrical induced
charge vatfations (I7¢l = 0), vs. asymmetrical variations (F7d > ).
Thelatger the value of H dis, the higher is the degree of asymmetry. For
the cylindrical and spherical geometrics essentially identical induced
charge variations ate produced for Hd < 1.

The asymmetry in the induced charge variation for non-uniform ge-
ometrics (H d > (0) could be interpreted as indicating that, depending
on void location, there was a preferential detecting electrode, ie. the
outer instead of the inner electrode, With respect to void pD, the in-
duced charge is proportional to ¥ Ao not Ag; see (8). For the present 2
electrode geometrics V Ay is independent of which clectrade is denoted
the detecting electrode, and thus no preferential electrode exists,

The magnitude of the induced charge is also influenced by the phys-
ical dimensions of the dielectric containing the vold; viz. the smaller
the dielectric is in extent, the larger is the change in magnitude. This
aspect is clearly illustrated by the symmeiry in the planar results,

INFLUENCE OF CHANGES IN
BULK DIELECTRIC
POLARIZATION UPON INDUCED
CHARGE

The ratio of the polarization component to the Peissonian induced
charge was cmployed to illusirate the manner in which a heterogencous
diclectric system affected the induced charge associated with changes
in the polarization of the bulk diclectric. The polarization component
increased when the void was located in a dielectric of lesser permit-
tivity, while a decrease occurred when located in a dielectric of higher
permittivity, This reduction was observed to be so marked that the
polneity of the polarization component was reversed.

For the ¢, /i = O condition, the permittivity ratios for practical
situations lic in the range 0.4 to 0.7, Hence the chance of this condition
arising in practiee is high, pavticularly if, for I7d > 0, the inner dielec-
tric is selectod to have the higher permittivity. This is common practice
to reduce operating stress levels.

The system geometry and the dielectric dimensions also influence
the gy /. ratio. These variations reflect those encountered for ¢y, /g
for the heterogencous/homogeneous systems.

6.3
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In our analytical approach, it should be noted that the ) and ¢ fune-
tions are employed to cvaluate directly the charge induced on the de-
tecting electrode. This charge is an fifegral property of the field pro-
duced by the PD. Hence the evaluation procedure cannet provide de-
tailed information or: the point properties of the field ercated by the PD.
Thus although the polarity reversal behavior of the polarization com-
ponent is revealed, an in-depth understanding of the phenomenon will
necessitate a full field solufion. Such a solution is outside the scope of
the present study.

6.4 PRACTICAL ASPECTS

To fully exploit the present theoretical study, the location of the PD
was restricted enly with distance from an interface: see Section 4. This
freedom of location does not exist in practical situations, as a minimum
clectric field strength is necessary to create the conditions for b devel-
opment. Such conditions are invariably fulfilled only in the vicinity of
the conductor with greatest curvature. For the eylindrical and spheri-
cal geometries, this implies that with the PD void located in the inner
dielectric (medium 1) the results of the theoretical study relate directly
to situations readily encountered in practice.

It has been shown previously for a homogeneous dielectric system
that a quantitative cvaluation of a PD transient requites a knowledge
of the void lacation, geometry and dimensions, void gas pressure and
composition and the veid orientation with reference to the applied ficld
[4,5). Tor hetcrogeneous dielectric systems, the present study indicates
that the situation becomes even more complox,

Tn the practical world, it is highly unlikely that all the necessary in-
formation required to undertake a quantitative evaluation of 11 mea-
surements would be available, Consequently such measurements can
only ke handled in terms cf pattern recognition, However to undertake
meaningful comparisons with previous data, such that trends become
identifiable, the measurements should be restricted to similar equip-
ment produced by the same manufacturer. In this way the many pa-
rameters mentioned above would remain essentially unchanged.

Should however a manufacturer change the insulation materials em-
ployed in the production process, then this could have a significant ef-
fect on the magnitude of the recorded PD transients. For example, if the
permittivity ratio were altered, then, for the same P, the recorded tran-
sient would show cither an increase or a decrease, This in turn could
load to an incorrect assessment of the status of the insulation, particu-
larly if the criterion for assessment were based on a fixed pC level of
activity. Consequently any change in the insulation materials should be
accompanied by the acquisition of a new teference set of 1D data,

7 CONCLUSIONS

two components; one due directly to the void space charge,
and one due to changes in the diclectric polarization brought about by
the formet,

WE have examined the Poissonian induced charge in terms of

For a heterogencous bulk dielectric system, it is demonstrated that
changes in the dielectric polarization can significantly influence the
magnitude of the Poissonian induced charge; e.g. a prenounced reversal
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in the polarity of the polarization component is possible. This behavior
is not observed in a homogeneous dielectric system. Tor a two dielec-
tric system, the scale of this influence is dependent primarily upon the
ratio of the diclectric permittivitics and within which diclectric the void
is located. The physical dimensions of the different dicleetrics and the
geometry of the dielectric system cxert a similar, although lesser effoct
upon the magnitude of the induced charge.

On the basis of these observations, we conclude that a correct quan-
titative interpretation of o transionts in terms of void discharge phe-
nomena cannot be achieved for practical, heterogencous bulk dielectric
systems, Morcover, fixed pC level assessment should be treated with
extreme caution,

8 APPENDIX
8.1 PLANAR ELECTRODE
GEOMETRY

Consider a two layer diclectric bounded by planar electrodes. If in
rectangular coordinates, the electrodes are represented by z = 0 and
2 = d, then the dielectric interface is taken as 2 = s, with s < d. The
petmittivity of the upper dielectric is £, for which s € = € d, while
that of the lower is £, for which 0 < 2 < s,

If the lower electrode is used as the detecting electrode, then the
boundary conditions for the Ay function are Ag — 1for z = (and
Au = Ofor z = d Hence the Ay functions of the two media are given
by
el — ) ozafs - 2)
T gild—s) tes

Aoy (41}

for0 < z « s,and

ci{d — z)
(e — 8} + 298
for s € z < of, whare the Ag subscripts, 1and 2, refor to the lower and
upper regions, respectively. On differentiating with respect to 2, we
obtain the relevant expressions for the associated Ay gradients

)\03 = (1-2)

— —&af,
Vg = = 13
M eifd - s) 1 ans (43
and
Vg = ot (44)
e g1l — 5) + £95 '

wheie &, 132 unit vector in the positive z direction. For a homogeneaus
medium, Ay = ¢ and thus for a planar system we have

Vg — V= -
e

Both {43) and {44) reduce to this expression for £y = #a.

o,

(15)

8.2 CYLINDRICAL ELECTRODE
GEOMETRY

We consider a coaxial cylindrical geometry with a two layer dielec-
ric. If, in eylindrical coordinates, the inner electrode is represented by
the surface » = «, while » = & is the inner surface of the outer elec-
frade, then = = ¢ represents the dicleetric interface with n << ¢ < b,
The permittivity of the inner dielectric is &) for which ¢ <+ < ¢, while
that of the outer is =4, for which ¢ < v+ < 0.
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If the complete inner electrode is used to detect the P transient, then
the boundary conditions for the Ap function are Ay = Lforr = aand
Ay == 0ot 3 = b. [ence the Ag functions of the two media ave given
by
g1 ln(b/e) -1 22 In(efr)

Aot = zy {h/e) + eg Infe/a} (46)
fore <+ < e and
o = gy In(b/r) @)

g1 In{b/e) + g2 Infe/a)
for ¢ < v < b. The Ay subscripts, T and 2, refer now to the inner and
outer vogions, respectively.

Upon differentiating with respect to 7, we obtain the relevant ex-
pressions for the associated Ag gradicents

o —(eg/r)e,

Vo = erln(f/e) + exlnfe/a) (48}
and e,

Frs —{e1/r)én {49)

e1In(b/c) + e In(e/a)
where £, is a unit vector perpendicular to the axis of the coaxial system
and directed away from the inner electrode,

For a homogeneous medium, A = ¢ and thus for a coaxial system

we have
-,

vlu(b/a)
Both (48) and {49) reduce to this expression for e, = £3.

Vg = V= (50)

8.3 SPHERICAL ELECTRODE
GEOMETRY

Consider a concentric spherical geomelry with a two layer diclectric,
If, in spherical coordinates, the inner efectrode is represented by the sur-
face B = A, while I2 = B is the inner surface of the outer eloctrode,
then £ = C' represents the dielectric interface with A < € <« B.
The permittivity of the inner dielectric is £1 for which AL RLC,
while that of the outer is £2, for which C < R £ B.

If the complete inner electrode is used to detect the I transient, then
the boundary conditions for the Ao function are A = 1 for R =4
and Ay = Dfor B = B. Honce the Ay functions of the two media are
given by

. 61{1 — O/B) -+ EQ(C/R - 1)
T (1 - C/B) +ea(C/A - 1)

(1)
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Mg == e (C/R - O/ B) (52)
7 (- CTB) t ealCIA—1)
for & < R< 12, The A subscripts, 1 and 2, refer 1o the inner and outor
regions,
Differentiating with respect to 72 leads to the relevant expressions
for the corresponding Ag gradients
ﬁ). _ _;L_. Sg((j/.”)é}f
T T Ra{1 —C/B) +ea(CIA 1)

(53)
and

1 e (CfR)er

" 81(1 — C/B) -t Ez{CfA — 1)
where 7 i8 a unit vector tangential with the radial ccordinate and
dirccted away from the inner electrode,

For a homogeneous medium, Ay = ¢ and thus for a spherical sys-
tem we have

Vg =

(54)

5 o 1 (B/R)éEn
Vao =Vo= " mrniay 1

For ey = £, both (53) and (54} reduce to this expression,
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