Chapter 20
Fundamental aspects of air breakdown

N.L. Allen

20.1 Introduction

In almost all cases where we are dealing with the dielectric breakdown of
air, we are concerned with electric fields which are highly nonuniform. It
is characteristic of such breakdowns that the final sparkover is preceded
by streamer formation, followed in many cases by a ‘leader’ which
develops prior to the breakdown itself. These processes are known to
occur under impulse overvoltages, and under alternating and direct volt-
ages. Before discussing the breakdown characteristics themselves, a brief
explanation of the preceding processes is given, since the former are
largely determined by the latter.

20.2 Pre-breakdown discharges

A description is best given, initially, in terms of an impulse overvoltage
applied to an electrode system in which the electrodes have sharp radii,
giving rise to large electric fields. Near the positive electrode, ionising
electron collisions in the air may form avalanches sufficiently large to
create a streamer system — this is a corona which spreads out like a fan
from the electrode (Figure 20.1). The streamers propagate with a velocity
> 10° ms™' and it is known that the electric gradient in the streamer
channel is of the order of 500 kVm™'. Once the corona is formed, further
development is ‘choked off’ for a period up to a few tens of microseconds
by its own space charge, which reduces the electric field near the elec-
trode, but in the prevailing electric field some heating, which can be
envisaged as ohmic heating (I’R), takes place in the very resistive chan-
nel. This results in a rise in temperature, a decrease in gas density and
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Figure 20.1 Time-extended picture of pre-breakdown corona and sparkover in a
system with highly stressed positive and negative electrodes, e.g. the
rod-rod gap. Impulse voltage reaching crest V., at time T, =250 ps.
A — initial streamer corona; B - leader growth phase; C - breakdown

increased ionisation, so fostering the transition to an arc-like leader chan-
nel which, starting at the electrode, extends across the gap at the relatively
low velocity of =10 ms~'. This channel is highly conducting with a low
electric gradient and, in a simple picture, can be regarded as an extension
of the anode across the gap. More streamers thus propagate from the tip
of the advancing leader. Figure 20.1 shows a time-extended picture of
these events for an impulse reaching crest in, for example, 250 ps.

Avalanches, resulting in streamer formation, also occur at the cathode,
but here electrons advance into regions of reducing field. The regions of
ionisation are less extensive and require a higher electric gradient, of the
order of 1000 kVm™' for streamer propagation. The negative corona is,
in general, much less extensive than the positive corona.

Sparkover occurs after a conducting channel is established across the
gap, that is, when the respective ionisation zones meet. The voltage at
which breakdown occurs can then be quantified in the following way:

Let E*, E, [7, I be the gradients and lengths of positive and negative
streamers, respectively, at the instant of breakdown. E, E, [, I, are
the corresponding quantities for the positive and negative leaders. The
voltage V, at breakdown for a gap spacing d is

V.=Erlr+ Efl + Eflr + ECL (20.1)
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Also,
d=1'+1 +1l7+1- (20.2)

In most electrode configurations, the lengths / are unknown, though the
gradients are known or can be estimated. However, there is a useful
simplification with the rod-plane electrode system where, since the nega-
tive electrode is only lightly stressed with a nearly uniform electric field,
I7 =17 =0. Thus, from eqns (20.1) and (20.2), eliminating /*:

Vi=E’d-I(ES ~ EJ) (20.3)

Comparison of eqns (20.1) and (20.3) makes it clear that, where there is
no negative corona, as in the rod-plane case, V, is lower than it would
have been in a gap where a significant negative corona occurred, as in the
case where two highly stressed electrodes are used. Thus, the rod-plane
gap exhibits the lowest sparkover gradient of any nonuniform field gap,
and this property forms a useful reference with which other gaps are
compared.

20.3 The ‘U-curve’

From the foregoing description of the growth rates of streamers and
leaders, it follows that the sparkover voltage of a gap depends on the rate
of rise of voltage in an impulse and on the electrode spacing. These
dependences are manifest in the existence of the so-called ‘U-curves’. For
a fixed electrode spacing, the sparkover voltage, plotted as a function of
impulse time-to-crest, passes through a clearly defined minimum. There
is a different U-curve for each electrode spacing, with the minimum
(known as the ‘critical time to crest’ T,;,) occurring at larger times-to-
crest as the spacing increases. Examples for the rod-plane gaps are shown
in Figure 20.2 [1].

The characteristic profile of the U-curve arises because the leader,
which advances at a velocity which varies little with voltage, is able to
extend further into the gap as the time-to-crest voltage increases from a
small value. For example, taking the rod-plane gap as the simplest case,
where a lightning impulse is applied rising to crest in the order of 1 s,
there is little time for more than rudimentary leader growth after a
streamer corona has occurred (usually on the wavefront), and in egn
(20.3), the second term is negligible, so that

V,=E*d (20.4)

Since E;* has a constant value of =500 kVm™, regardless of streamer
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Figure 20.2  U-curves obtained with impulse voltages of various times-to-crest
applied to rod-plane gaps. Atmospheric humidity varied in these
experiments (see Section 20.6.1 [1])

length, the positive sparkover voltage varies linearly with electrode spa-
cing, a result that has been confirmed by experiments with electrode
spacings up to 6 m [2]; see Figure 20.3.

For longer times-to-crest, the leader, with associated streamers, has
more time to advance across the gap. Since its gradient E" is relatively
small (and decreasing, in fact, with /") [3], inspection of eqn (20.3) shows
that V, < E*d. More detailed investigation shows that V, decreases with
increasing time-to-crest and a minimum value is reached at T, when
optimum leader development occurs.

Where the impulse has a time-to-crest >T.,,., that is, with a low rate of
rise of voltage, formation of the leader may be preceded by several
streamer coronas, so reducing the electric field near the positive electrode
and inhibiting the ohmic heating of the streamer channels. Leader for-
mation then requires higher total voltages, and the value of V, tends to
increase. Thus a minimum occurs in the V /time-to-crest characteristic.

Further consideration of the effects summarised in eqns (20.1) and
(20.3) will show that the value of T, increases with the electrode
spacing d.
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Figure 20.3  Positive and negative lightning impulse sparkover characteristics for
rod-plane gaps (after [2])

20.4 The gap factor

This is a rule-of-thumb used for estimating the sparkover voltages
of gaps of various geometries, based on the sparkover voltage of a
rod-plane gap of the same length. Again, this is discussed in terms of
sparkover under positive impulse voltage in the first instance.

Eqn (20.1) indicates that the sparkover voltage depends on the spatial
extent of corona at the electrodes; this in turn depends on the nature of
the electric field in the vicinity of the electrodes and hence on their geom-
etry. This has given rise to the concept of the ‘gap factor’, which is
defined as the ratio of the sparkover voltage for a given electrode con-
figuration to that for the rod-plane gap which, as we have seen, exhibits
the smallest flashover voltage for a given electrode separation and can be
taken as a reference. Tables 20.1 and 20.2, reproduced from the work of
Hutzler e al. [4], show values of gap factor K that have been derived by
experiment, together with empirical formulae for the calculation of their
values.

It is, however, necessary to use the concept with caution. Returning to
the growth characteristics for streamers and leaders, we see that an elec-
tric field near a stressed electrode will, depending on its shape, determine
the extent of the streamer growth and consequent leader initiation.
Progress to breakdown thus depends on combined effects due to the
time-to-crest voltage and the electric field distribution. The U-curve of
the electrode system under consideration and that of the rod-plane gap
will thus not be linked by a simple proportionality; in other words,
the gap factor will vary with the waveshape.

As an example, the U-curves for 13 m positive conductor-plane,
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Table 20.1 Gap factors of a number of basic configurations. If k > 1.6, withstand
in negative polarity is less than in positive

Configuration k
Rod-plane d 1
\_/
d
Conductor-plane 1.1t01.15

l ,

H
- d —
Rod-rod Hl o 1+06 v
d H
Conductor-rod H i (1.1t01.15)exp ( 0.7 m
H
d
v

Protuberances

* Sign + for protuberances at the negative electrode
Sign - for protuberances at the positive electrode

sphere-planeand rod-plane gaps are presented in Figure 20.4, together with
gap factors calculated from the curves. These show significant variations
with time-to-crest over a range of switching impulses [4].

Again, for the specific example of the vertical rod-rod gap, the gap
factor depends on the height of the tip of the ‘earthy’ rod above the
ground plane. Figure 20.5 shows results obtained from the sparkover char-
acteristics of a rod-rod gap of electrode spacing d in which the height
above ground & of the tip of the rod was progressively increased while
keeping the ratio 4/d constant [5]. The gap factor gradually increases as
the height of the gap above ground level increases. This is the result of
changes in the disturbing effect of the ground plane on the electric field
distribution in the gap. Under lightning impulse, gap factors tend to be
smaller than under switching impulse, This is a consequence of the small
amount of leader development [6]. Nevertheless, the proximity of
earthed metal surfaces can, again, exert a considerable effect on the
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Tuble 20.2 Experimentally derived gap factor K [4]
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Figure 20.4  U-curves for 13 m positive rod-plane, sphere-plane and conductor-
plane gaps (after [4]). Gap factors as follows:
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breakdown characteristics. Figure 20.6 presents the results of a study in a
rod-rod gap in which an earthed metal plane was placed parallel to the
axis of a rod-rod system, at a distance 14% greater than the electrode
separation [7]. The same study showed that the proximity of such an
earth plane to a rod-plane gap of similar range of dimensions had a very
much smaller effect than in the case of the rod-rod gap.

20.5 Sparkover characteristics

20.5.1 Test procedures

The variability in the pre-breakdown processes summarised in Section
20.2 results in a variability in sparkover voltage, particularly when
impulse voltages are used. It is necessary therefore to devise an average
sparkover voltage to describe the strength of a particular gap. For this
purpose the Uy, or 50% sparkover voltage, is used — this is the impulse
crest voltage at which there is a probability of 0.5 that the gap will spark
over. With impulse voltages, it can be determined in two ways: (a) the
variable voltage method and (b) the ‘up-and-down’ method [7, §8].

In method (a) an estimate of the likely value of Uy, is made, either
from experience or by means of a few trial shots and several sets of, say,
20 impulses each at constant crest voltage, which may then be applied to
the gap. The voltage levels of the sets may differ from one another by the
order of 1% of Uy, Each set of 20 yields a probability of sparkover at the
voltage used. The probabilities are plotted against voltage on normal
probability paper and an approximate straight line is usually obtained.
U, is then immediately determined.

Method (b) is more economical in the number of impulses required.
The voltage is raised, around the estimated Uj,, in constant steps of 2 or
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Figure 20.6  Rod-rod spurkover characteristics with earthed metal plane in
proximity, expressed as mean gradient, kVm™'
A without plane, B with plane
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3% of this value, until a sparkover takes place. It is then lowered by one
step. If no sparkover occurs, it is raised again and this procedure is
repeated, raising or lowering according to the result occurring in the
preceding impulse. After a number of impulses, usually less than about
50, a voltage is reached which is very close to Uy, This technique can be
made more precise if, after completion of the foregoing procedure,
groups of 50 shots are tried at the estimated U, and Uy, conditions. If
the results so obtained are plotted with the rest of the data, a value of U,
can be determined with very little uncertainty.

Each of these methods implicitly assumes a relation between the prob-
ability p of sparkover and a voltage U of the Gaussian form:

I Ry P
p—(\lfnS)Jo P S? (20.5)

where S is the variation in U between Us, and the value of U at which p is
either 0.16 or 0.84. It is this value of S that is commonly quoted in
describing the deviation about Uy, in practical tests. Values of the order
of 5% are common under switching impulses.

This assumption of a normal, or Gaussian, distribution has proved
adequate for most test purposes, but more painstaking investigations [9]
have shown that the probability distributions can sometimes be far from
normal.

When alternating voltages are being measured, the sparkover voltage
depends on the time for which the voltage is applied; it can decrease by
up to 10% for an application of voltage to the test gap which is rising for
periods up to 1000 ps. It is therefore necessary to specify, for a given test,
the rate at which the voltage rise takes place.

Similar considerations apply in the case of direct voltages. Here, for
instance, the IEC [8] lays down that the voltage shall be raised to the
breakdown value in approximately | min, with a rate of rise of = 1%/s in
the final stages. The scatter in sparkover values, expressed as a standard
deviation, is usually less than 1%, where the more highly stressed elec-
trode is positive.

20.5.2 Sparkover voltage characteristics

20.5.2.1 Impulse conditions. rod-plane gaps

The practical engineer is faced with a variety of possible electrode geom-
etries, but we have seen that the rod-plane gap forms a valuable reference.
Jones and Waters [10] have presented a summary showing the mean
breakdown gradient Uy/d against gap length for this gap; it is repro-
duced here as Figure 20.7. Results for alternating and direct voltages are
also included here.
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Figure 20.7 Mean breakdown gradient of rod-plane gaps under standard
atmospheric conditions as a function of gap length for different
testing waveforms [10]

A further important reference condition becomes apparent. For the
positive lightning impulse, the mean gradient remains constant, for gap
lengths greater than about 1 m, at =500 kVm~". This is approximately
the same as the streamer gradient E,* (Section 20.2 and eqn (20.4)), a
fact that is utilised in the IEC atmospheric correction procedures (Sec-
tion 20.6). Thus, the sparkover voltage Us, increases linearly with gap
length. For the negative lightning impulse, the gradient is higher but is
not constant with gap; the sparkover voltage increases with electrode
spacing less rapidly than linearly. No simple explanation can be offered
here, if only because negative polarity has been studied much less than
positive; the reason for this is that the higher gradients make negative
impulses less dangerous to power systems than positive impulses.

Under positive switching impulse, the gradient declines with increasing
gap length, due to the increasing growth of the low-gradient leader
channel. The breakdown strength depends only on the gap length and is
often expressed by the formula [4]:

3400
Uswerin =7 kY
ST+ 8/d) (20.6)
where Usy,..,) 1s the value of Uy, at the critical time to crest, that is, the

minimum value. This expression holds over the range of gaps 2 m <d <
15 m.
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Figure 20.7 shows that the positive switching impulse characteristic
becomes more linear for gap lengths > 10 m and a more appropriate
relationship is the following:

Usgeriy = 1400 + 554 kV (20.7)

The following formula has also been proposed [4] as being reasonably
accurate for all gaps up to 25 m:

Usoerin = 1080 In(0.464 + 1) kV (20.8)
Finally, for the particular case of the IEC standard positive switching
impulse, that is 250/2500 s, the value of U, (which is not now at a
critical time-to-crest) is well described by

U, =500 d"¢ kV (20.9)

Under negative switching impulses, the following relationship holds with
reasonable precision over the range 2 m < d < 14 m [4]:

Usyerin = 1180 d"*  kV (20.10)
Figure 20.8 compares practical values with some of these relationships [4].
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Figure 20.8  Switching impulse characteristics for long gaps. Rod-plane and
phase conductor-plane ( after [4])
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20.5.2.2 Airgaps of other shapes

The expressions (20.6) and (20.7) can, in principle, be applied to gaps of
more practical interest, provided the RHS of each is multiplied by the
gap factor K. This statement must, of course, be qualified by the reserva-
tions already discussed in Section 20.4.

Figure 20.9, reproduced from [10], summarises the available information
on the minimum flashover mean gradients, that is, at critical time-to-
crest, for a variety of gaps. Again, it will be noted that gradients are
higher when the highly stressed electrode is negative rather than
positive.

20.5.2.3 Sparkover under alternating voltages

Here again, the rod-plane gap exhibits the lowest sparkover voltage and
the 50% breakdown condition is given by [11]

U, =750 In(1 +0.55d'%)  kV (20.11)
1000 negative rod-plane
900 negative conductor-plane
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Figure 20.9  Minimum 50 sparkover gradient as a function of gap length for
various reference geometries [10]
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for values of d greater than 2 m. To give perspective, it may be noted that
the peak values of U, are of the order 20% higher than those for switch-
ing impulses of critical time-to-crest for the same gap.

For estimation of the flashover voltage of gaps other than the rod-
plane, it has become customary to use the gap-factor K for switching
impulses. This procedure is clearly subject to the same limitations as have
been outlined already, but the following equation has been given [11]:

Uso = Usy(rp) (13.5K - 0.35K?) kV RMS (20.12)

For gaps in the range 2 m < d < 6 m this formula holds to within £10% for
most of the following gaps: conductor-plane, conductor-structure
(underneath), conductor-structure (lateral), rod-rod, conductor-rod,
conductor-rope [12]. As noted earlier, flashover voltages are influenced
by the rate of increase of voltage, with a decrease of up to 5% for slow
rates of rise of voltage towards breakdown of the order of 1 h.

20.5.2.4 Sparkover under direct voltages

In positive rod-plane gaps in the range 0.5 m <d < 5 m, direct voltage
sparkover voltages increase linearly with gap length, with a mean gradi-
ent of the order of 500 kVm ™' [13, 14]. This characteristic is similar to
that of the rod-plane gap under lightning impulse. In both cases, linearity
is due to the dominance of the streamer pre-discharge, but in the positive
direct voltage case, the reproducibility of sparkover voltage is greater, the
standard deviation being less than 1%,

For the negative rod-plane gap, the gradient is higher, of the order of
1000 kVm ~' with a slight tendency for the flashover voltage to increase
less rapidly than linearly in gaps larger than 1 m in length [15]. Gap
factors for gaps other than rod-plane, and derived from direct voltage
measurements, are given in Table 20.3.

Table 20.3 Gup factors under direct voltages (data from [11])

Configuration Gapd m Sparkover Gap factor
voltage, kV

Rod-plane 1 450 1

2 910 1
Rod-rod* 1 520 1.16

2 1050 1.15
Single conductor-structure 1 600 1.33

2 1150 1.26
Bundied (4) conductor-structure 1 460 1.02

2 950 1.04

* Tip of lower-rod 1.5 m above ground plane
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The rod-rod gap has proved of particular use as a tool for the meas-
urement of direct voltage, since it retains the property of linearity up to
d=3 m [8] and, provided it is mounted well above the ground plane,
possesses the same characteristics whatever the polarity of the voltage
being used. It has now been adopted by the IEC as a secondary standard
for the measurement of direct voltages.

20.5.2.5 Flashover across insulator surfaces in air

The weakest aspect of the insulation of high-voltage systems is fre-
quently the dielectric strength of the surface of the solid insulator which
is used to separate the conductors. Knowledge of the basic processes
involved is still relatively fragmented, but it is known that streamers, once
initiated, may travel more rapidly across certain insulator surfaces in air
than they do in the air in the absence of the insulator, and it is known
that charges deposited on the surface by corona may so alter the electric
field distribution as to facilitate breakdown. However, in practice, other
factors may likewise cause field distortions and encourage breakdown:
unequal distribution of capacitance between insulators; stray capaci-
tances to ground, field concentration at the ‘triple junction’ between
insulator, conductor and air; layers of pollution; rain and deposition of
moisture — all of these can contribute to weakness in the dielectric
strength of a surface.

The tendency of a surface to reduce the insulation strength is min-
imised by the adoption of ‘sheds’ to increase the total length of path
between conductors. The ‘cap and pin’ insulator takes this concept to the
limit and almost all power lines operating at above 100 kV use strings of
insulators of this type. The deep sheds ensure that discharges must cover
most of their path in the air and tests have shown [16] that the loss of
dielectric strength, compared with that in air, is not usually more than
about 3% under impulse voltages. This result is true for conductor-tower
cross-arm situations, for both polarities, but larger polarity differences
may arise when a configuration such as rod-plane, with insulators, is
tested. Indeed, when negative impulse voltages are applied to the highly
stressed electrode, results which are very sensitive to the electrode profile
may be obtained; this is because high field concentrations at the ‘triple
junction’ may set up a cathode mechanism which encourages the initi-
ation of discharges.

20.6 Atmospheric effects

All that has been written in the preceding sections must be qualified by
the realisation that in air, the temperature, pressure and humidity change
in an uncontrolled way. It is necessary, therefore, to establish procedures
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by which (a) it is possible to estimate flashover voltages at any atmos-
pheric condition from those measured at another condition, and (b)
measurements can be corrected to a standard atmospheric condition for
the purposes of comparison of results obtained in different laboratories
at different times.

20.6.1 Density effects

Temperature and pressure together determine the density of the air. The
ionisation processes involved in corona and breakdown depend primarily
on the air density and not, to any significant degree, specifically on
temperature except insofar as it changes density. Moreover, many
experiments have shown that over limited ranges of density, breakdown
voltages vary linearly with density. Thus, it has proved a relatively
straightforward matter to define a set of conditions that can be regarded
as characteristic of a standard atmosphere, and to relate other conditions
of pressure and density to the standard atmosphere, assuming the simple
gas laws to be correct. A standard atmosphere is defined for these pur-
poses as at 101.3 kPa (760 torr) and 293 K (20 °C). Then, at any tem-
perature T and pressure p, the density has changed from that at the
standard atmosphere by

p 293

T1013 T (20.13)

and clearly the value of d is the ratio of the density at (p, T) to that at the
standard condition. & is called the relative air density; d = 1 at the stand-
ard condition.

If, now, the value of Uy, at relative air density d = | is denoted by U,
then the value U at (p, T) is given by

U=U,3 (20.14)

It should be observed here that this discussion has ignored any effects
due to change of humidity. These effects will be discussed below, but it
should be noted that the standard atmospheric condition assumes an
absolute humidity of 11g moisture content per cubic metre of air.

Over the normal extreme range of temperatures encountered in prac-
tice, that is, between 313 K and 243 K approximately, the density correc-
tion procedure has been judged satisfactory. Values and curves of
flashover voltages presented in the literature are usually described as
uncorrected or, alternatively, corrected to 8 =1, in the latter case so
enabling comparisons to be made. The procedure is used for impulse.
alternating and direct voltage measurements.

The procedure has also proved satisfactory for normal variations of
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pressure at altitudes up to 2000 m, but evidence has accumulated show-
ing that at greater altitudes (lower pressures) the linearity breaks down
and a modified procedure must be used [17].

20.6.2 Humidity effects

Atmospheric humidity can change from a moisture content of less than |
gm™ in very cold countries to the order of 30 gm™ in the tropics. The
effects of humidity on sparkover are quite complex, but the following
general points can be made:

(a) Humidity has its strongest influence on the positive pre-breakdown
discharge. In particular, the streamer gradient E; (eqn (20.1))
increases at the rate of roughly 1% per gm™ increase in moisture
content.

(b) Humidity has no significant effect on the leader gradients E;" and E;,
though it does have the effect of increasing the leader velocity.

(¢) Humidity has no significant effect on the negative sparkover under
lightning impulse and under direct voltages.

A rough general rule therefore follows from (a), (b) and (c): where a
sparkover is preceded only by positive corona, there is a significant
humidity influence, but where it is preceded only by negative corona,
there is no significant effect. Thus, for instance, under lightning impulse,
humidity shows a maximum effect on sparkover in the positive rod-plane
gap but no effect in the negative rod-plane gap.

The effects of humidity on sparkover have been widely studied and
have led to a correction procedure which uses the IEC curves shown in
Figure 20.10. Here & is a factor by which a sparkover voltage at a standard
humidity 4 of 11 gm™ must be multiplied to estimate what its value
would be at any other humidity. Note that the abscissa here is in fact 4/9,
where 8 is the relative air density; this usage arises from the fact that a
given partial pressure of water vapour makes up a varying proportion of
the air moisture as the density changes. A brief account of practical cases
is now given.

Under positive lightning impulse, we have seen that sparkover is
determined substantially by the streamer gradient £,* and this is reflected
in the expression for &, given in Figure 20.10 where, for impulse voltage the
rate of change with 4/8 is 0.01, or 1% per gm™. The correction procedure
holds very well in this case. Where a switching impulse is used, Figure 20.10
must be used with care, for substantial leader growth occurs and we have
seen in (b) above that humidity has little influence on the leader gradient.
Thus the rate of change of & with 4/8 falls appreciably below 0.01 when
the leader has traversed a significant part of the gap prior to sparkover.
Also, since the leader velocity increases with humidity it is found that the
minimum of the U-curve shifts towards lower times-to-crest; this is
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Figure 20.10 1EC curves and expressions for humidity correction procedure

shown clearly in Figure 20.2. In such cases, it is best to determine humidity
influence by practical tests where possible.

Under direct voltages, sparkover is again determined substantially by
streamer growth and the correction procedure holds very well with a rate
of change of k with 4/8 of 0.014 or 1.4% per gm™. There is an important
limitation, however, for gaps of the order of | m or greater and for
humidities greater than = 13 gm™. Here the linearity between sparkover
voltage and electrode spacing breaks down and, again, it is advisable to
check humidity influence by practical tests where possible.

Under alternating voltages, application of the correction procedure is
very difficult and it has been shown that at moderate humidities, around
13 gm™’, the sparkover voltage can become very variable [18]. The effects
of humidity on alternating voltage sparkover have been studied least of
all and there are many uncertainties that remain to be resolved.

A full account of humidity effects and problems is given in [19].
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20.6.3 Other atmospheric effects

High voltage power systems must contend with atmospheric pollution,
rain, ice and snow and occasionally forest fires beneath overhead lines.
The first three of these have their greatest effects on insulators, as
indeed does the fourth, by deposition of soot, etc. The last mentioned
also has drastic local effects on air density, which may result in
sparkovers.

Detailed discussion of these topics is beyond the scope of this chapter;
further information can be found in References [20, 21, 22].

20.7 New developments

There is interest in the subject of ‘line compaction’ of overhead lines in
large-scale power systems, to reduce both costs and the visual impact on
the environment. This will require a re-appraisal and an extension of
measurements of sparkover characteristics in gaps of various geometries,
with emphasis on the low-level probabilities of sparkover. Live-line work-
ing is also an issue at the present time, and studies of the influence of
perturbing factors such as tools, floating objects and men working on
lines on sparkover voltages and clearances between conductors are being
undertaken in several countries. Finally, the efficacy of noncreamic and
composite insulators, as alternatives to the traditional ceramic or glass
insulators, is under discussion and their flashover characteristics require
study.
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