PARTIAL DISCHARGE PULSE MAGNITUDE
DISTRIBUTION

INDRANEEL SEN, M. N, NARAYANACHAR AND V. PRABHASHANKER
(Department of High Voltage Engineering, Indian Institute of Science, Bangalore 560 012)

Received on October 8, 1976, Revised on July 25, 1977

ABSIRACT

In many insulation systems the partial discharge (p.d.) pulse magnitude (qv)
probabilities follow the exponential distribution. A model regarding rhe discharge
sites and their growth during ageing has been proposed fo explain the physical condi-
tions leading to this distribution.

PARTIAL DISCHARGE PULSE MAGNITUDE DISTRIBUTION

Breakdowr by partial discharges is an important mode of irsulation
failure in high voltage equipment. Several p.d. quantities such as inception
(Vy), extinction (V) voltages, charge magnitude (¢q,)and their distributions
are commonly measured. Several attempts to relate these quantities with
the puncture times have led to corflicting results.?  Experiments were (;jon-
ducted to study amongst other aspects, the p.d. pulse magnitude distribu-
tions in a perspex air insulation system.

Experimental Procedure

The schematic diagram of the experimental set up is shown in Fig. 1.
The samples having configurations shown in Fig. 2 were aged. The p.d.
pulse magnitudes were recorded at 30 preset levels. The measurenents
were made periodically as the samples were aged at a constant voltage above
the inception level.

Experimental Results

Detailed studies of more than 300 pulse magnitude distributions have
shown that all the distributions are similar to the typical setshown in Fig. 3.
The maximum deviation of the experimental values of N at any level of Q
from the fitted curves did pot exceed 10%,.
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Fyo. 1. Schemitic diagram of the ageing apparatus.

-

R-Induction regulator T—Testing transformer F—Filter
A—Ageing cell CC—Coupling capacitor M—Matching unit
D-Discharge detector PHA~—Pulse height analyser O8—Oscilloscope

Electrodes — |

%'_ _ Insulation

Electrodes &

(a) _ (b)
F1G. 2. Two test configurations.

(@) Uniform field electrode system with void.  (4) Rod plane electrode system with void.

Figure 3 shows that the pulse magnitudes follow an exponential distri-
bution as given in Eqn. 1.

Ny = Anexp (—Bngqgr) ®

where Ny =number of pulses of all discharges of magnitude greater than 4.
Ay, Bng =distribution parameters,

When samples of same capacitance are tested, the pulse counts car be
expressed in terms of the voltage levels as

Ny = Anexp (—BnVy) ]
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Fi6. 3. Typical cumujative probability distribution of partial discharge pulses. (Test con-
figuration figure 2 (a)).

where
Ve =K - - Bﬂ
T gr and By ==

Kis a constant deperding on the measuring circuit and sample capacitarce.

In ary model which car be suggested to explain Eqn 1, the following impor-
tant aspects have to be accounted for :

(1) Even when V;is constant, there is a cistribution of p.d. pulse magri-
tudes, .
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(2) These magnitudes of p.d. pulses form into groups (e.g., regions 1,
2 and 3 in Fig. 3)

(3) Almost invariably, the nature of the distribution of any group
follows the exponential law as noted as in Eqn. 2.
The Model

To arrive at a suitable model it is necessary to examine Eqn. 2,
which leads to the exporential distribution cumulative probability function

N,
P(Fr) =137

that is

P(Vr) =1 —exp (—BpVy) (3

where P (V,)is the probability of finding a pulse of magnitude less than ot
equal to Vo

The probability dersity furction p (¥V;) is giver by
p(Vy) =Brexp (—Bnly) &
ard the hazard furction 2 (Vy) by

P(Vr)
(V) = —P (V)

or
h(Vy) =Bn 5

Experimental results indicate that for specific regions of Vy, By is a constart
as may be seen from Fig. 3.

A cample with a void can be represented by the usuval a-b-¢ diagram
showr in Fig. 4. We have

V=" (b—f:ﬁc) S ©

where
V; = inception voltage and

. V' =the voltage required for the breakdown of the void ¢, which
for air is given by the Paschen’s curve.
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16, 4. a-b-r Diagram for the test configiration shown in figure 2{a).

se: g, (r)and V, (r) indicate pulse magnitudes while ¥ and ¥’p are AC values.

7hen the void breaks down, the voltage pulse measured across the discharge
rtector matching unit is given by

V, =Ky V° ‘"b)

here K, =constant dependirg upon sample ard circuit capacitance

V'€0<e,-A

K, 2 U=d (for b< < @) N

Ve =
’her the inception level is constant, implying that d is constant, variation
Vrhas to be attributed to the variation in area 4. According to this model
gn. 7 can be written as

. 4Vt € & Ay ‘ )
=g L : ®
fs can rewrite Eqn 4 usmg Eqn 8 as
P(4r) =bnexp ( —b,,Ar) . ®
here "
b=K Y < g ' C o)

a(t —d)
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In the exponential distribution (Eqn. 9) the hazard function is given by 5,
which is constant. This implies that the probability of getting partial gi.
charges in a unit surface area is constant and equal to ba. For the experi.
mental conditions d and ¢ are constants and so also F’ and so is By, Fyen
apart from this the experimental results show that By is constant,

All those sites where this is valid may be considered to constitute one
family defined by A, and Bj.

To obtain the probability p(4;) we consider the rumber of pulses (4w}
within an interval 4V, at a level V, given by

dny =p(Ar)ddr - An

= [Ap, bn exp (— by Ay)] - dA,
A g ba exp (— b dr) (1

Suppose we write Eqn. 11 as

G = s L — dnbaoxp (— by A (12,13
so that

g’t’l‘ =An (1
then

U = oxp (a4 i)

These equations 14 ard 15 help us to appreciate the phenomera d-
cribed by Eqn. 1. Equation 14 implies that the number of dischergs
at any level measured over a fixed interval of time is constant. Thus, if ®
imagire that the probability of any Tegion of area 4, discharging is the sai
then, the condition of Eqn. 14 would be satisfied and one would obtain s
discharge magnitude proportional to A, if the surface area A, is conductis
as given by Egn. 15.



Partial Discharge Pulse Magnitude Distribution 321

It may be noted that the data is collected over a period of time when
ageing is progressing and hence it is necessary t'o corsider that the relation-
ship of Eqn. 1 holds as the ageing proceeds. This implies that the discharges
should alter the surface conditions so that a similar relationship continues
tohold. That this should be so can be appreciated if we examine the energy

relationships. ~Whenever a discharge occurs, the energy that is released

is given by

E = -y (16)

Let e = energy of formation of the dissociated products per gram. The
mass My of the products is given by

M, = Ejle; = mpdy (17, 18)

where

e V2 )

L
2d ef

my =

This mass of material would get deposited or the opposite surfaces of the
void increasing the area A, to A';.

Suppose the average mass of material per square centimetre on the two
surfaces are z and z,, then the discharge products deposited on any one
surface will be given by

ady = Mra 0, 21)

= = 21 )m A
Z -+ Z, Z -+ Z,) T

Only under these circumstances, can the experimental facts enumerated

earlier be explained.

Lonclusions

ne study of pulse magnitude distributions show that when the expo-
tential distribution is obtained the probability of partial discharge per unit
surface area is cobstant.

.Under this condition one can define a family of discharge sites for
Wwhith An and by, are constants. In this group of sites the average growth
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of thickness of the conducting deposits on the surfaces due to the discharge
is proportional to the discharge magnitudes. N

REFERENCES

1. Nema, R. S. and Prabhashanker, V. Partial Discharges—A  Brief Review ang
Bibliography. Jour. Ind. Inst. Scs., 197, &

441480,



