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COMMUNICATIONS

PARTIAL DISCHARGE CONSIDERATIONS
IN GAS INSULATED SWITCHGEAR (GIS)

Michael G. Danikas
∗
— Frangiskos V. Topalis

∗∗

This paper gives an account of the possibilities of interpreting partial discharge (PD) measurements in gas insulated

switchgear (GIS). As a basis for this effort is taken the well known Pedersen’s model, which gives an estimate of the discharge

magnitude q in terms of the streamer criterion, Cooke’s considerations of electrode surface effects on gap breakdown in SF6 ,

as well as considerations of a known scaling law. Based on the notion of the electric field applied to the whole of the

arrangement, conclusions are drawn regarding the relation of this field and the size of the defect based on PD measurements.
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1 INTRODUCTION

The performance of gas insulated switchgear (GIS) de-
pends on the presence of defects. Possible defects in such
systems are [1]: (a) mismatches of the two sharp pieces
of an electrode, (b) anomalies on an electrode surface,
(c) conducting particles perpendicular on the surface of
an electrode, their positioning being caused by electro-
static forces, (d) conducting particles stuck by electro-
static forces on the surface of an insulated spacer, and
(e) cavities in insulated spacers due to the manufacturing
process.

Partial discharge (PD) measurements are of great im-
portance for quality control as well as for improving the
reliability in GIS. Such measurements involve complex
techniques, such as VHF and UHF methods [1], detec-
tion of the electromagnetic spectrum of PD [2] and PD
pulse-height analysis techniques [3, 4].

In the present paper some aspects of PD measure-
ments and related phenomena are investigated. An effort
is made to relate the registered PD magnitude with the
applied electric field to the whole arrangement. Electrode
surface effects are considered and it is shown that their
dimensions play a dominant role in the detection and in-
terpretation of PD phenomena.

2 PEDERSEN’S MODEL AND

THE STREAMER CRITERION

This model [5] is based on the streamer criterion and it
expresses the discharge magnitude q induced at the ter-
minals in terms of a number of parameters which include
the defect volume Ω, the geometrical factor of the defect

K , the difference between Ei (the ignition electric field
for a discharge) and El (the limiting electric field below
which no discharge takes place), the permittivity ε of

the dielectric medium, ε0(= 8.85× 10
−12F/m), and ∇λ0

which is the ratio of the electric field to the voltage at the
very place of the defect. Pedersen’s model is expressed by
the following equation

q = KΩεε0(Ei − El)∇λ0 . (1)

The difference (Ei − El ) can be calculated from the fol-
lowing equation

Ei/p = [1 +M/2ap]El/p , (2)

where M = 4mPa and El/p = 88.6V/mPa for SF6 , a
being the radius of the enclosed cavity and p the pressure
inside the cavity (M being the figure of merit for the gas).
Eq. (2) is derived via the streamer breakdown criterion (it
should be noted that Eq. (2) is valid for electron attach-
ing gases) [6]. It is noteworthy that the above expression
does not invoke the presence of electrode boundaries, ie

the possible existence of a minimum onset voltage can-
not be associated with the minimum voltage of Paschen’s
curve [5]. Eq. (1) applies to enclosed cavities in solid in-
sulation, in the context of the present work it applies to
cavities in insulated spacers. In the following paragraphs,
it will become clear why we have first of all to consider
Pedersen’s model in order to study the relation between
PD detector’s sensitivity and the related defect dimen-
sions and/or between PD detector’s sensitivity and the
related applied electric field to the whole of the arrange-
ment.
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3 TYPES OF DEFECTS IN GIS AND

SOME ELEMENTARY CONSIDERATIONS

Conducting inhomogeneities generally cause problems
in GIS. They create intensified electric fields. If such elec-
tric fields exceed a certain critical value, they create ion-
ization, which results in PD. Because of the latter, gas
decomposition and deterioration of the electrode surface
may follow and ultimate failure may ensue.

In the present paper, we will pay attention to all the
defects described in the introduction except those belong-
ing to category (e). Defects of the latter category and
their related discharges can be described by Pedersen’s
model. Estimates of PD magnitude in enclosed cavities
by using Pedersen’s model have delivered values in rea-
sonable agreement with experimental data [7–9]. Since we
put emphasis on mismatches, protrusions and conducting
particles, we may consider (without loss of generality)
that each of the aforementioned defects is defined by two
parameters, its height h and its tip radius r .

If we consider an applied electric field E0 to the GIS
and that PD activity starts above an inception electric
field Ei , the latter can be expressed as

Ei = (E/p)lpf(ph, h/r) (3)

where, (E/p)l is defined as gas property and it is
88.6V/mPa for SF6 and f is a dimensionless function
depending on the dimensions of the defect (h being the
height of the defect and r its tip radius) [10]. It should
be noted that Eq. (3) is a modified form of Eq. (2). It
should also be noted that it is assumed that PD occurring
in GIS are of the streamer type. Such an assumption is
justified by numerous experimental data which point to
the fact that PD in GIS are of significant magnitude and
consist of very fast pulses [1, 2].

For every E0 greater than Ei , the true discharge mag-
nitude increases with the applied electric field E0 . Such
a discharge magnitude will be given by a scaling law [10]

q ∼ g[(hE0)
2]
/

[(E/p)lp] (4)

where, g is a dimensional geometry factor depending on
the specific shape of the defect. Eq. (4) shows that the
true discharge magnitude q depends on the applied elec-
tric field E0 , ie the higher the applied field the larger the
PD magnitude q . Eq. (4) refers to the true PD magnitude
which cannot be measured directly by a PD detector [11].
The relationship between true (q ) and apparent charge
(q′ ) (which can be measured by a PD detector) is given
by

q′/q = (E/U)0δx (5)

where, δx is the effective distance by which the true
charge q is shifted during the PD in an applied field E0

and (E/U)0 is a geometry factor characterizing the loca-
tion of the PD in the insulation gap. It is usually taken
that δx is about the height h of the protrusion or the
conducting particle involved [5, 12]. Eq. (5) is obtained
with the aid of the Ramo-Shockley theorem [13, 14].

4 ANALYSIS OF DEFECTS

As noted above, the defects mentioned in the introduc-
tion — except for the cavities in insulated spacers due to
the manufacturing process — can be described by two pa-
rameters, the height h and the radius r . All four types
of defects can cause PD activity. Given that the main
cause of PD activity in GIS is the presence of conduct-
ing particles [15], it is thought that defects types (c) and
(d) may be more dangerous than types (a) and (b). This
assumption is in line with the previously published work
especially for higher voltage levels, as well as by the fact
that PD observed in cavities existing in spacers are very
small [16]. According to [17], the electric field E at the
tip of a defect of the type (c) or (d) may be given by

E = E0

[

1 + (h/r − 1)(r2/x2) + 2r3/x3
]

(6)

where, E0 is the applied field at the surface without the
protrusion and x is the distance from the protrusion tip
(always considering that the protrusion height h is small
compared to the interelectrode gap). Eq. (6) simplified
may be written as

E = E0

[

1 + (h/r)(r/x)2 + 2(r/x)3
]

(7)

Having in mind from the streamer criterion that El =
(E/p)l p [5, 6], having also in mind Eq. (7) and consid-
ering that ionization activity can be expected to start if
the field E (at x = r ) exceeds El [12], we obtain that

E0ion = El/[3 + h/r] (8)

where, E0ion is the applied field to the whole arrangement
for ionization inception. Eq. (8) shows that lengthier con-
ducting particles have as a result the lowering of E0ion ,
which is perfectly in agreement with experimental results
[17]. Eq. (8) has a great importance since with E0ion and
El known, the ratio h/r , that is, an estimate of the pro-
trusion dimensions may be calculated. The field E0ion

can be found with the aid of a conventional PD detector
and/or a more sophisticated phase resolved PD analyzer.

The charge related to such a streamer discharge is
given by Eqs. (4) and (5), ie relating thus the apparent
charge of the discharge with the height of the protrusion.
By correctly detecting the apparent charge and by know-
ing the other quantities involved in the said equations,
we may deduce the height h of the protrusion. This rela-
tionship shows that the apparent charge varies with the
square of the height of the protrusion. Eq. (8) shows that
with higher applied field smaller defects are rendered de-
tectable. Similar conclusions, although not with GIS but
with solid insulating systems have been reached in [9].

A further consideration can be based on [17]. From
[17] we have that,

E0 =
[0.68 + 0.88(xc − r)p]x2

c

x2
c(xc−r)+xc(h/r−1)r(xc−r) + r(x2

c−r
2)
(9)
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where, xc is the maximum distance from the tip where
ionization can increase the net number of free electrons
in a developing avalanche, E0 the field applied to the
GIS at the moment the streamer breakdown condition of
avalanche growth to 108 is attained (ie the field capa-
ble of producing streamer discharges), p and r as before.
Bearing in mind Eq. (8), the ratio h/r can be calculated
and by returning to Eq. (9) the radius of the protrusion
can also be calculated and hence the height of the pro-
trusion.

We thus observe that, by using some equations given in
the scientific literature and combining them in an appro-
priate way, an estimate of the dimensions of a protrusion
or of a conducting particle may be given. Such estimates
are particularly useful for laboratory experiments, where
single defects and their influence can be thoroughly stud-
ied.

5 DISCUSSION

In the present paper an effort has been made to re-
late the dimensions of a protrusion with the applied elec-
tric field and consequently with the corresponding electric
field for streamer inception. The present effort is not con-
cerned with the motion of metallic particles in GIS [15].
The dimensions of a single protrusion can be thus calcu-
lated. Needless to say that the above mentioned calcula-
tions and considerations are valid for experimental pur-
poses, ie for a single defect. Conventional PD detectors
and/or more sophisticated phase resolved PD techniques
may easily be used to prove the correctness of the calcu-
lations presented here. The situation, however, becomes
much more difficult if a multitude of defects is present. In
that case, fast PD measurements may prove invaluable in
showing the streamer nature of the discharge [1]. We can
speculate, with some caution, however, that even in that
complicated case the largest streamer discharge could be
related to the largest defect existing in the GIS under in-
vestigation, and thus an estimate (although that may be
a rough one) of the dimensions of the largest defect can be
given. This is not an unreasonable speculation since the
streamer discharge starts in most cases at electric fields
higher than the inception field [18]. The latter statement
agrees with the second criterion for the inception of dis-
charge, which is the presence of a free electron within the
critical volume where E > Einc . A higher field strength
leads to an increased critical volume and therefore to a
higher probability of the presence of a free electron.

PD measurements are used for detecting certain types
of defects with reasonable probability in GIS components
as well as in the complete assembly. From the above, it is
evident that the detection of the discharge magnitude is of
paramount importance for the calculation of the dimen-
sions of the protrusion and/or the conducting particle.
Eqs. (4) and (5) indicate the dependence of the apparent
charge on the height of the defect. Therefore, this set of
equations can be useful also in relating the minimum de-
tectable charge with the minimum protrusion height h.

Consequently, Eqs. (4) and (5) may in fact indicate the
sensitivity of the PD detector in detecting protrusions of
minimum dimensions. This is not to say that even below
such a minimum height limit no PD may exist and no
damage to the insulation is possible. The question of the
minimum allowable cavity in a solid insulation and/or the
minimum allowable protrusion (or particle) height, is still
a matter of debate among the members of the scientific
community, although in a context different from the one
of the present paper [19, 20].

One may wonder where in all the above considerations
fits the problem of sensitivity of PD detectors. This, how-
ever, is a topic in itself and will not be dealt with here.
What we say here is valid irrespective of the PD detector
sensitivity. After all, the relationship between the electric
field applied to the whole assembly and the defect dimen-
sions is valid without taking into account (or even better,
without being affected by) the PD detector sensitivity.
Of course, the PD detector sensitivity determines the di-
mensions of the detectable defect. Needless to say that
PD phase-resolved techniques, such as those presented
in [21], used for recognition of defects in GIS, are very
sensitive and go down to detectable charges of 0.11 pC.
Such a detector sensitivity may well reveal the existence
of minute defects.

One may ask whether the above considerations are not
possible with models other than Pedersen’s model. The
answer is that the present consideration has the advan-
tage of including parameters like pressure, height and ra-
dius of protrusion etc. which are not taken into account in
other scaling relationships (eg those mentioned in [22]).

Does the present work have a significance for the in-
dustry? We believe so. Although in the context of this
paper, only one defect is investigated, it is worth noting
that research with a single defect may give valuable infor-
mation as to which defect height and/or defect radius can
be tolerated for a given arrangement. Having this infor-
mation, the quality control may also in turn be improved.

6 PLANS FOR FUTURE RESEARCH

Efforts, although not in GIS, to distinguish PD activ-
ities between single discharges and a lot of parallel dis-
charges and their respective influence on material deteri-
oration have been recently made. It was shown that rela-
tively large isolated discharges have a much more delete-
rious effect than a train of parallel discharges which have
a rather ‘flatening’ influence. Relevant experiments have
been carried out with epoxy resin and polyethylene sam-
ples [23]. It is a matter of future work to show whether
this is also the case for GIS not only in view of [23] but
also taking into consideration the fact that the highest
probability for obtaining a breakdown in such an arrange-
ment occurs when a particle is close to, but not in contact
with the inner electrode [23, 24].
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7 CONCLUSIONS

The present work concentrates on the various types
of possible defects in GIS. It is shown, based on the
streamer criterion and on Cooke’s formulae, that the pro-
trusion (and/or conducting particle) dimensions can be
calculated. The importance of PD detector sensitivity is
pointed out although it is also mentioned that the sensi-
tivity per se does not influence the relationship between
the applied field to the arrangement and the defect di-
mensions. It is pointed out that difficulties are expected
to arise when more than one defect are present in a GIS.
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