
CHAPTER-6
BREAKDOWN PHENOMENA UNDER BIAS VOLTAGES:INFLU
ENCE OF HUMIDITY, TIME SHIFT AND AC BIAS 

VOLTAGE

6.1 General

It is known that, if the longitudinal Insulation of the 
circuit breakers and the discbnnectors is tested under bias 
voltages, the exact site situation of the equipment can be 
simulated at the laboratory and the performance' of the eq- 
uipment when installed in the system can be guaranteed 
better. Also, it is established that, if the longitudinal 
insulation is tested under bias voltages, the dielectric 
withstand capability of the gap increases compared to the 
equivalent test prescribed by IEC. IEC publications 56/90/ 
and 129/91/ have specified the impulse voltage and AC bias 
voltage levels to be applied to the test object while con
ducting bias test for various system voltages. The method 
of correction and limits of the voltage distortion on ac 
wave because of capacitive coupling between two terminals 
of the test object have been also specified in these stan
dards. However, it is not clearly specified how the atmos
pheric correction factors should be applied. The utilities 
and industries have followed the practice of applying co
rrection factors to the impulse voltage and AC Bias Voltage 
separately according to IEC publication 60. It is not known 
whether this method of correction is correct. Also, in the 
case of longitudinal insulation, several aspects of the 
problems are not yet clearly understood due to the incre-
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ased number of parameters both geometrical and electrical 
which affect the open gap performance. The large possible 
combinations arising from the variations in electrode shape, 
height of the electrode above the ground, relative amplitu
de of the impulse and AC Bias voltage, time shift between 
the two peaks of the voltage waves, makes it difficult to 
fully account for the gap behaviour under bias voltages.

Up to now, there have not been any published data on the 
humidity dependance of the bias flashover voltages of the 
longitudinal insulation. Therefore, experiments were carr
ied out at different naturally occuring humidity for sph
ere-rod and rod-rod gap electrode configuration under bias 
voltages.

Two types of electrode shapes were chosen for AC terminal 
to study the effect of AC corona on bias flashover voltag
es. Few sets of results were obtained for a range of abso-

-3lute humidity from 2 to 18 gm.ffl . The same tests, on an 
exactly similar configurations and with the same procedures 
were repeated at different absolute humidity.

In the following sections the results are presented and an
alysed. The need for considering a new humidity correction 
method for switching impulse bias voltage has been suggest
ed. Apart from this the influence of the following paramet
ers was also studied and the results are discussed at depth 
in this chapter.
a. Influence of AC corona on bias flashover voltages
b. Influence of AC voltage level on bias flashover volt-
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ages.
c. Influence: of time-to-crest of the impulse wave on 

bias; flashover voltages.
<3. Influence of time shift between two waves ( ht ) 
e. Influence of rain on switching impulse bias flashover 

voltages

6.2 Humidity correction factor under bias voltages 
6.2.1 Test configuration and set-up

Two test configurations were adopted to study the effect 
of humidity on the breakdown phenomena under bias voltages. 
The test configurations are shown in Figure 6.1. The 
switching impulse voltage was given to a 60mm disinter Al
uminium round having a tip radius of 30mm for both types 
of electrode configurations.

In order to study the influence of AC corona on breakdown 
strength under bias voltages, two different electrode 
systems were adopted. For sphere-rod gap electrode confi
guration, the diameter of the sphere was chosen such that 
when the required AC bias voltage is applied continuously, 
it does not give any corona, the diameter of the sphere 
was 150mm. For rod-rod gap electrode configuration, the 
shape of the electrode to which ac bias voltage is applied 
was selected such that it gives continuous corona when AC 
bias voltage is applied. The tip radius of this electrode 
was 5mm.

The open gap clearance for both the electrode system was 
1500mm. To reduce the complexity of the analysis of the
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(B) Rod - Rod gap configuration

Figure. 6-1 Sphere - Rod and Rod - Rod gap assembly.
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results and because of the test plant limitations, higher 
gap clearances more than 1500mm were not tested. Also, it 
was felt that open gap clearance of 1.5 meters is suffici
ent for this type of study.

The bias test circuit shown in Figure 4.2 was adopted for 
conducting this study, i.e. the high voltage damping resis
tor of 8.56 Kilo Ohms was connected between the high volt
age testing transformer and the supporting capacitor C2*
The value of the supporting capacitor C2 was 866.6pF.

It is- worthwhile mentioning here that whenever the test 
was repeated at different humidity, all the equipments and. 
the test gap were located at the same place. Same labora
tory clearances were maintained from all the sides.

b.2.2 Test procedure

For each test, two AC 50 Hz Bias voltage levels, 107 kVp 
and 214 kVp were chosen for each electrode configuration. 
The required AC Bias voltage was applied to the power fre-. 
quency electrode continuously and the 50 per cent switch-

4-ing impulse discharge voltage (USI)tjQ was measured by 
applying the Up and Down method for at-least 50 impulses, 
and using a step size of 4 to 6 per cent of the estimated 
U50 voltage. The switching impulse voltage was applied to 
the opposite electrode at 25 seconds interval. The power 
frequency voltage was kept constant and only switching 
impulse voltage was varied to obtain 50 per cent dischar
ge voltage of the gap under bias voltages.

The tests were performed with positive polarity impulses
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only, which are of particular importance for the external 
insulation design. Once again, for this study only one wave
shape was used to avoid the introduction of too many varia
bles. The wave shape chosen was a 240 x 2500 /as standard 
switching impulse as per IEC publication-60/5/.

For two AC bias voltage levels, the test was conducted at 
more or less the same absolute humidity level. The atmosph
eric variables, namely the wet and dry bulb temperatures 
and barometric pressure were measured before each test, and 
checked at the end of each run. The wet and dry bulb ther
mometers were located near the test object.

The tests for both the electrode configurations were perf
ormed inside the laboratory at various natrurally occuring
humidity levels. The tests were performed for the range of

-3humidity between 2.0 and 18 gm.m .

All the tests were conducted in clean and dry conditions 
during day time. To check the results for consistency, for 
some range of humidity level, the tests were repeated.

6.2.3 Analysis of test results
As discussed in Chapter-1, IEC specifications have not cl
early explained how the correction factors should be app
lied under bias voltages. The present practice followed by 
the industries/utilities is to apply correction factors 
separately to the respective polarity of the impulse and 
AC voltage as defined by IEC publication-60 and IEEE 
standard-4. It is not known whether this approach is corr
ect and sufficient
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Thus, one of the alms of this thesis was to study whether
the present humidity correction approach is correct. For
this purpose 50% discharge voltage for sphere-rod and rod-
rod electrode configuration was obtained for a range of

-3humidity between 2 to 18 gm.m for two AC bias voltage le
vels applied to the opposite electrode.

6.2.3.1 Correction factors as per standards

6.2.3.1.1 Air density correction factor 
The air density correction factor recommended by the IEC 
publication-60 and IEEE standard-4 for the positive polari
ty switching impulse breakdown voltage of symmetrical non- 
uniform field air gaps consists of dividing the measured
voltage by the air density correction factor

bo
m 237 + to 

273 + tJ

n (6.1)
Where

b
bo

t

to

m,n

atmospheric pressure during test (millibar)
standard reference atmospheric pressure 
(1013 milli bar)
atmospheric temperature (in 8C) under test 
conditions
standard reference atmospheric temperature 
(20 °C) ,
exponents as per curves given by IEC pub
lication-60

The same air density correction factor is also applied to 
the power frequency Ac voltage.

Figure 6.2 shows the uncorrected 50 per cent switching im- 
pulse discharge voltages, (usi^50' for sphere-rod and rod- 
rod gap (Under positive switching impulse)as a function of
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Figure. 6-2 Uncorrected U5Q voltage as a function
of humidity for sphere - rod and rod- 
rod gap under positive switching impulse.
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the absolute humidity. The (U* )g0 voltage was obtained

*

for tko AC bias voltage levels, 107rkVp and 214 kVp. The 
(U51)sq voltage Increases with the Increase in absolute 
humidity. It may be observed that the difference between 
(Ugi)sq voltage for two AC bias voltage level decreases as 
the absolute humidity increases. Also, for the same elect
rode gap spacing the rod-rod gap electrodes configuration 
gives higher breakdown voltages than the sphere-rod gap 
for the same AC Bias voltage level. It may be concluded 
that under bias voltages, the AC corona produced at the 
power frequency terminal enhance the voltage withstand ca
pability of the open gap insulation. When correction for 
air density are made, the relation shown in Figure 6.3 and 
6.4 is obtained. In Figure 6.3, the voltage as a
function of absolute humidity is shown and in Figure 6.4 
the voltage (Usi+UAC^5Q as 3 function of absolute humidi
ty is shown. As seen from these figures, after air densi
ty correction factor is applied the curves are more or 
less straight lines, while the curves shown in Figure 6.2 
are not in straight line.

Thus, it may be concluded that the application of air de
nsity correction factor to the raw data results in a linear 
relationship between the corrected breakdown voltage and 
the absolute humidity.

6.2.3.1.2 Humidity correction factor
The humidity correction factors recommended by IEC publi- 
cation-60/5/ and IEEE standard-4/95/ for positive swit
ching impulse breakdown voltage and power .frequency volt-
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Figure. 6-3 Kd Corrected (Usi)50 voltage as a 

function of absolute humidity.
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Figure. 6-4 K<j Corrected (U51 ♦Uac)50 voltage

as a function of absolute humidity.



224
age consists of multiplying the measured breakdown voltage 
by humidity correction factor given by:

- {K)W (6.2)
Where,

K =is humidity correction factor as a funct
ion of absolute humidity 

W ^exponent
Both these factors K and W are defined clearly by IEC spe
cifications and IEEE standard-4 for impulse and AC volt^ 
ages. For switching impulse and AC voltage, this factor was 
applied separately to the air density corrected critical 
flashover voltage for both types of gaps. The results of

4- —this correction to the (uSj+uac^50 volta9e as a function of 
absolute humidity (IEC corrected means values for botft air 
density and humidity correction factors as per IEC speci
fication are applied) is shown in Figure 6.5.

Comparing the results shown in Figure 6.4 and 6.5 it is 
seen that after humidity correction, the slope of the cur
ves have decreased. Also, the difference between 
^USI+UAC^50 vo-'-ta9e f°r two AC Bias Voltage level is more 
or less same with the increase in absolute humidity, which 
was not the case when only air density correction factor 
is considered.

It is seen from the results shown in Figure 6.5, that the 
^USI+UAC^50 voJ-tage increases witn the increase in humidi
ty even after applying both the correction factors. If the
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present correction approach is sufficient/correct then 
the slope of the curves should have been zero. This is not 
the case for the results reported in Figure 6.5 and hence 
it may be concluded that the present correction factors 
are not sufficient for correcting the bias voltage test 
results. After correction factors are considered, the curv
es should have been a straight line with zero slope, i.e. 
with increase in humidity the breakdown voltage after co
rrection should remain more or less same.

The slope of the curves given in Figure 6.5 is nearly same 
for both the electrode configurations. From this results, 
one can evaluate the error in the correction factor with 
respect to humidity. Figure 6.6 gives the percentage error 
as a function of absolute humidity. The error is negative

_3for absolute humidity less than 11 gm.m and it is posi-
-3tive for absolute humidity fXM more than 11 gm.m

_3(11 gm.m is a standard reference absolute humidity).
This error is mainly on account of the change in absolute 
humidity i.e. the error is on account of the incorrect 
humidity correction factor. The present humidity correct
ion factor is low for the absolute humidity less than 

—311 gm.m and high for the absolute humidity more than
-311 gm.m . As an example the error in the correction facfc-

-3or at 2 gm.m humidity is of the order of -3.21 per cent 
and at 18.0 gro**n humidity the error is of the order of 

2.8 per cent.
6.2.3.2 Recommended correction approach
Many atmospheric parameters may affect the impulse streng-
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Figure. 6-6 Percentage error as a function of absolute
humidity when u50 is corrected as per
IEC - publication 60.
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th of the external insulation, but generally air density 
and humidity are considered to be dominant.

The one of the aims of this work was to study the effect 
of humidity under bias voltages. Pigini et al/130/ have 
proposed a new correction approach for applying the atmo
spheric correction factors and IEC-WG 42-05/131/ have al
ready considered this and a draft has been circulated for 
the discussion. This new approach has been discussed in 
Chapter-2. The humidity correction factor has been 
defined as follow :

Kh - <K)W (6.3)

where,
K = 1 H-Ho + 100

W *= Exponent which may vary with geometry and 
impulse characteristics

-3H s= absolute humidity in gm.m 
Ho = standard absolute humidity (llgm.ro )

For a given set of results, one can evaluate the exponent 
W accurately. To obtain an error of 25 per cent on the va
lue of exponent W, the difference hu^—h^ roust not be less 

—3than 15 gm.m (h2 and h^ are the two values of absolute 
humidity at which the voltage U^q is measured for the 
evaluation of W). This evaluation can be performed on the 
basis of 50 useful impulses, which leads to a 2 per cent 
accuracy of sigma equal to 5 per cent.

The results shown in Figure 6.4 were analysed based on
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the formula (6.3). For both type of electrode configurat

ions the average value of the exponent 'w* is found to be 

approximately 1.2. Now, it the humidity correction factor 

is applied to the air density corrected data of Figure 6.4

then a straight line relationship is obtained with zero 

slope.

Further, IEC publication-60 has given different curves for 

humidity correction factor as a function of absolute hu

midity for the switching impulse and AC 50 Hz voltage. 

Since, these curves are not applicable for bias voltages, 

a new humiditytcoccectiati curve is recommended and plotted 

in Figure 6.7. Tne data for this curve were obtained from 

the results of Figure 6.4. It is seen from these results

_3that for humidity less than 11 gm.m , the recommended 

humidity correction curve for bias voltages is very close 

to the curve given by IEC publication-60 for AC 50 Hz vol

tage. If this curve is adopted for correcting the 50 per 

cent bias breaMown voltage (usi+uac^ then the maximum

error in the correction is only 0.8 per cent when absolu-
-3te humidity is 2 gm.m • However, for absolute humidity

-3more than 11 gm.m if the same characteristics curve is

adopted for correcting the bias voltages^ than the error
in the correction will be more. At 18 gm.m 3* the error

in the correction will be approximately 1.5 per cent and 
-3at 15 gm.m the error will be approximately 1.03 per 

cent.

From this analysis, it may be stated that for the range

—3of absolute humidity between 2 and 15 gm.m , if the pre-
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sent IEC publication-60 curve of AC 50 Hz voltage is adopt
ed for correcting the 50 per cent bias flashover voltages,

—(USI+UAC 50* then the error will be less than 1.0 per cent.

From this study it may be concluded that if the longitudi
nal insulation is tested when humidity is very high, say

-3greater than 20 gm.m , i.e. preferably during summer in 
tropical countries, then the longitudinal insulation may 
withstand higher voltages, Usi+UAC' corrected as per 
the present correction approach of IEC publication-60. How
ever, if the same equipment is tested when absolute humidi-

— 3ty is very low^say 2 gm.m , then it may so happen that 
the equipment which has passed the test when it was test
ed at higher absolute humidity may not pass the test when 
the absolute humidity is low.

In order to check whether the humidity correction factor 
described by IEC publication-60 is sufficient for only po
sitive switching impulse voltages, at more or less the 
same absolute humidity a set of results with power freq
uency terminal of the test object earthed were taken and 
analysed.

Figure 6.8 gives U^q switching impulse voltage as a funct
ion of absolute humidity. In this figure the U5q values 
for only air density corrected as well as IEC corrected 
(i.e. corrected for both air density and humidity) are 
given. As can be seen from this figure, there still exists 
a relatively large scatter in the fully corrected break
down voltages for both rod-rod and sphere-rod gap when
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Sphere -Rod gap

Impulse

Rod - Rod gap

Switching Impulse

Figure. 6-8 U50 Voltage as a function of absolute humidity 
for sphere-rod and Rod - Rod gap when 
opposite terminal is grounded.
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subjected to positive switching impulses. The error which 
is negative for the absolute humidity less than 11 gm. m”’* 

is around 4.1 per cent and 5.3 per cent at absolute humidity
_3of 2 gm. m for rod-rod and sphere-rod gap respectively.

—3For absolute humidity more than 11 gm. m the error is 
+1.7 per cent and + 2.30 per cent at absolute humidity of 
18 gm. m for rod-rod and sphere-rod respectively. This 
error is large and hence it may be concluded that the prese-

1*512. .TCC.’jaxf

nt humidity correction approach given by IEC publication-60
for positive switching impulse wave is also not sufficient

/

(for phase-to-ground insulation). Kuffel et.al/128/ have 
also reported that application of the air density and humi
dity correction factors recommended by the IEC and IEEE for 
the positive switching impulse breakdown of non-uniform, 
symmetrical field air gaps results in corrected critical 
flashover voltage which exhibit substantial variations 
(between 8 and 10%) with the absolute humidity.

6.3 Effect of OCon bias breakdown voltages

Great many test results have been published by various 
authors on the influence of ratio ocon the voltage withstand 
capability of the phase-to-phase insulation/32,64,65,69,87/. 
It has been reported that the 50% discharge voltage, U+ + U-, 

increases linearly with the increase in oc.

In order to study the influence of AC bias voltage i.e. 
ratio oron the 50 per cent flashover voltage of the Ion-

4
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gitudinal insulation, the circuit configuration shown in 
Figure 6.1 for rod-rod gap was adopted. Figure 6.9 prese
nts the results for the switching impulse bias voltage
test. The dependencies of (Usi+UAC^50 as a function of 00 
show nonlinearly increasing characteristics. The similar 
characteristic was obtained by Colombo et al/68/ for pha-
se-to-phase tests performed on a 2 meter horizontal rod-

/

rod gap. However, this conclusion is contradictory to the 
results published by Week et al/87/. They have shown an 
approximately linearly increasing characteristics. For 
the positive switching impulse bias test the «*= diagram 
starts at with the positive 50 per cent switching
impulse flashover voltage with power frequency terminal 
earthed and switching impulse terminal energized. The 
50 per cent switching impulse breakdown voltage was ob
tained for the range of oc from 0 to 0.37. As seen from 
these results, the 50 per cent breakdown voltage 
(Ugi+.UAc^50 has a^-raost reached to a saturation level for 
°c = 0.28. This voltage is more or less same for °c-0.28 
and oc = 0.37. It may be worthwhile mentioning here 
that the interesting range.- of specified in referen
ces/92-94/ for positive switching impulse bias test is 
from 0.26 to 0.36. The range of for whicn the experi
ments were conducted is within the limits given by the 
standards. For further values of oc the experiments could 
not be conduced because for UA£ greater than 37GkV, the 
corona level at the power frequency terminal was too high. 
Also, it might not have been possible to take the reading 
for the obvious reason that 1.5 meter gap may withstand
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Figure. 6-9 U50 voltage as a function of ratio or 

and Uac.
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maximum 500 kVp ac 50 Hz voltage, it may even breakdown at 
this voltage level.

From these results it may be concluded that with the inc
rease in ac power frequency bias voltage, the 50 per cent 
breakdown voltage ^usi+uac^50 increases* The maximum vol
tage withstand capacity of the gap has increased by 9 per

i

cent for the value of oc = 0.28

6.4 Influence of tlme-to-crest of the impulse wave on 
bias breakdown voltages

The 50 per cent flashover voltage, when expressed as a 
function of the time-to-crest, exhibits the famous u-cur- 
ves which are particularly pronounced for geometries with 
highly non uniform fields. For a given open gap clearance 
it gives minimum value of U5Q obtained at the critical 
time-to-crest, T^ , and this is very much essential
for the design of the insulation co-ordination.Therefore, 
it is of great importance to examine the influence of time- 
to-crest of the impulse wave on the flashover voltage of 
the longitudinal insulation under bias voltages. Till 
today no such published results are available.

The electrode configuration shown in Figure 6.1 for rod- 
rod gap was used for this purpose. The open gap clearance 
was 1500mm.

The experiments were carried out for two ac bias voltage 
levels as per the procedure described in section 6.2.2.
The 50 per cent discharge voltage expressed as a function 
of time-to-crest for a rod-rod gap is given in Figure 6.10.
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Few waveshapes used for this study are shown In Figure 
6.11. The 50 per cent voltages were corrected according! 
to IEC publication-60 and also as per the recommended co
rrection approach described in this chapter.

The 50 per cent bias flashover voltages, when expressed as 
a function of the time-to-crest also exhibits the famous 
u curve relationship. The observed critical time-to-crest 
for rod-rod gap electrode configuration under bias voltages 
is about 58 x®yu secs, where 1> is the gap spacing in mete
rs. The critical time-to-crest is not affected whether the 
50 per cent values are corrected as per IEC specifications 
or as per the recommended correction approach described in 
this chapter.

The critical time-to-crest for rod-plane gap is usually 
evaluated to be about 45 x D /as, where D is gap spacing 

. in meters/100/. For phase-to-phase insulation CIGRE work
ing group 33/66/ have reported that the critical time-to- 
crest are similar to those found for the phase-to-ground 
insulation, i.e. nearly 45 x D j&s only. However Gallet et 
al/67/ have observed the range of critical time-to-crest 
from 25 x D to 30 x Dp. secs. This is less than the criti
cal time-to-crest for phase-to-ground insulation. These 
results were once again supported by Cortina et a1/116/. 
However, the critical time-to-crest under bias voltages 
is found to be more than that for phase-to-ground and
phase-to-phase insulation systems. The so solute humidity

.3was approximately 5.5 gm.m when this set of results were 
obtained. It has been reported in the literature/103/ that
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the critical time-to-crest for rod-plane gap depends not 
only on the gap spacing but also on the absolute humidity, 
however this effect is pronounced only for gap spacings 
equal' to and larger than 5m. At 1.5m gap spacing the eff
ect of humidity on critical time-to-crest is very small. 
Since, no published results are available on this subject 
under bias voltages, it is not known whether under bias 
voltages also the critical time-to-crest varies with humi
dity and if so upto what gap spacings.

6.5 Influence of the time shift at between the two 
waves

For phase-to-phase insulation system it has been establish
ed that when impulse voltages of opposite polarities are 
simultaneously applied to each of the electrodes of a gi
ven gap, the total breakdown voltage (U++U ) strongly de

pends on the relative anplitude of the two components/87/ 
This is mainly due to the fact that the distribution 

of the electric field in the gap is affected by the relat
ive weight of the two components and that the processes 
involved in spark formation in nonuniform field also de
pends on the direction of the electric field/114,115/.

If the two voltages are not applied simultaneously the pro
blem becomes more complicated. As a m'atter of fact, pre
discharges may occur when the first voltage component is 
applied. This modifies the nature of the gap and conse
quently its behaviour when the second voltage component is 
applied.

This phenomena is very important in the case when the ne-
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gative impulse precedes the positive wave. When the nega
tive impulse is applied first# the predischarges develop 
in the gap with intensities dependent on the peak value of 
the negative voltage /115/. In the case of non-synchronous 
application of impulses , the distribution of the electric 
field in the gap and consequently its behaviour is defined 
by:
- the instantaneous value (u”) of the negative impulse
- the shape and amplitude of the positive impulse
- the time shift at during which the charge left in the 

gap by the former predischarges was allowed to move

In the case of longitudinal insulation system IEC publica
tions 56 and 129 describes that while conducting lightning 
impulse and switching impulse bias test the peak of the 
impulse should be synchronised so that it is applied app
roximately in correspondence to the peak of the opposite 
polarity of the power frequency voltage. As long as the 
instanteneous peak value of the AC voltage is adjusted 
(may be by increasing the AC voltage, if the two peaks do 
not synchronise) to the required test voltage to be app
lied during bias test, the test requirements are satisfi
ed. What happens if there is a time shift between the two 
peaks is to be investigated. Hence experiments were con
ducted with values of time shift ot (difference in time 
to peaks) of a few milliseconds.
6.5.1 Effect of time shift

The experiments were conducted on a sphere-rod gap shown 

in Figure 6.1a. The time shift between two waves was



242

varied from -5ms to +5ms in steps of lms. The power frequ
ency voltage was applied continuously to the test object 
and only the time shift between the two peaks was varied. 
The test procedure described in section 6.2 was followed to 
obtain {USi)5o voltage for a given time shift between the 
two peaks. The definition of the time shift and voltage 
parameters# and 50 per cent flashover voltage as a function 
of time shift are jo given in Figure 6.12. All the voltages 
were corrected according to IEC publication 60 as well as 
based on the recommended correction approach. The (Ugj^Q 
as well as (USI* + u"*ac^50 voita9es as a function of time 
shift ot are given in this figure. The instantaneous value 
of AC voltage u”^ was considered for calculating the total 
flashover voltage (UgI+ + uAC* '>50- It is seen from the cur

ves that when AC voltage was 107kVp, the total flashover 
voltage# (ugj+ + uac~^50' varies between +1.4% and -0.6%
(of the total flashover voltage (UgI+ + UAC~)50 when time 

shift is zero). When is equal to +5ms, the flashover 
voltage (Ugj + uac”%0 *S hil3her by 1.4% as compared to the 

voltage when At is equal to zero. The variations of this 
voltage is almost negligible as compared to the published 
results on the phase-to-phase insulation testing/66#67/ 
/ll4#115/. The reason may be that the intensity of the pre
discharges which develop in the gap is a function of peak 
value of the negative voltage# the effect of such predis- 
cnarges with the variation of time shift may be negligible 
when AC voltage of 107 kV was applied.

r

However# when the AC voltage magnitude is 214 kV # it is
sr



243

Fi
gu

re
. 6-

12
 Resu

lts
 of 

te
st

s on 
sp

he
re

-r
od

 gap 
w

ith
 

25
0 / 

26
00

 /J s
ec

s,
 wav

es
, UgQ

vo
lta

ge
 versu

s 
A

t for 
U

^c
 equal

 to 
17

0*
0 KVp

 and 
21

40
 KVp.

(3A
-) 

SU
J'K?

&
t, m

s {-ve)



244
seen that, the variations in the total 50% flashover voltage 
is more.. The flashover voltage (USI + uAC )5q is less by 
approximately 3.5% when at is equal to +5ras. This variat
ion j& large as compared to the case when AC voltage magni
tude was llO'Jk.V • When AC voltage was 107kv and at o-5ms,3? P
the + uAC*)50.voltage is ®°re or less same as <USI}50

obtained! by earthing the power frequency terminal.

Bald© et al/114/ have reported that while testing phase-to- 
phase insulation system, the occurrence of a negative surge 
before the positive one leads to a large reduction (to the 
extend of 20% for particular combinations of negative com
ponent amplitude and time shift) of the instantaneous 
sparkover voltage between phases. Kosztaluk et al/51/ have 
reported that the gap strength varies to tne extend of 28% 
for particular combinations of negative component amplitude 
and time shift. This phenomena may be attributed more to the 
amount of the injected space charge during the negative im
pulse than its drift. They have also stated that "when a 
negative charge is present in the gap, whatever the way by 
which this charge is injected, a decrease in the gap stre
ngth has to be expected".

In the case of longitudinal insulation, when the open gap 
is tested for bias voltages, then the maximum reduction in 
the gap strength is 3.6% when AC voltage of 214 kVp is app
lied. The effect of 50 Hz voltage which is continuously 
applied to the lower rod is not same as compared to the 
switching impulse voltage having the same peak value and is
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applied to the power frequency terminal of the test ob
ject instead of AC voltage. The reason may be that in 
the case of longitudinal insulation testing the power 
frequency voltage is applied continuously to one termi
nal of the test object and the switching impulse is app
lied at approximately 25 secs, interval to the other 
terminal. In this case during positive half cycle of 
the AC wave, positive space charge is injected into the 
gap and during negative half cycle_, negative space char
ge is injected. The positive space charge may neutrali
se some of the negative space charge in the gap. Beca
use of this reason the effect of negative space charge 
may not be large in the case of longitudinal insulation 
testing. In the case of phase-to-phase insulation test
ing two switching impulses having opposite polarity are 
applied to the test object at approximately 20 to 30 se
conds interval. If the negative impulse is applied first 
then there will be a negative space charge drift in the 
gap. Before the effect of this space charge diminishes, 
positive switching impulse is applied and hence it re
duces the dielectric strength of the open gap insulation 
to larger extend.

6.5.2 Effect of time shift a* and peak magnitude of 
voltage UAC

The results shown in Figure .6.12 were obtained by keep
ing same magnitude of power frequency voltage UAc and 
only the time shift between the two peaks was varied. In 
this case anstanteneous value of AC voltage uAC will
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change with time shift.
Figure 6.13 shows the results of the breakdown strength of 
the same gap when peak value of the AC voltage is also va
ried with time shift. The peak magnitude of AC voltage was 
varied such that voltage u“AC<equal to 215kV peak) remains 
same for a given value of time shift ot. As seen from these 
results the 50% discharge voltage (USI+ + «AC )50 deere-

ases with the positive value of 6* . The voltage (U^ )bi a<^0
remains more or less same for negative values of at . In 
other words when the switching impulse voltage is applied 
after the negative peak of AC voltage# the breakdown stre
ngth of the gap decreases. When at is equal to +3ms, the 
reduction in the gap strength is approximately 15.5%.With 
the increase in time shift, the peax magnitude of AC volt
age tfAC is increased to maintain the same value of volt
age u"AC when switching impulse voltage is applied. This 

will increase the intensity of the negative predischarges 
in the gap and hence leads to decrease in the gap streng
th. These results are inline with those obtained by 
Baldo et al/114/ and Kosztaluk et al/51/ while testing 
phase-to-phase insulation using two switching impulses.

IEC publications-56 and 129 says that the switching impu
lse shall be synchronised so that it is applied approxima
tely in correspondence to the peak value of the opposite 
polarity of the power frequency voltage. If the switching 
impulse voltage is applied before the negative peak 
of the AC voltage, and the power frequency vol-
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UAC (peak voltage)- —

rigure. 6-13 Results of tests on sphere - rod gap with 
250 / 2600 M secs, waves when peak value 
of AC voltage and time shift is varied.
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tage is increased to apply the desired value of the po
wer frequency test voltage, the probability of the test 
object passing the test remains the same as it would have 
been when tested by synchronising the switching impulse 
voltage exactly at the negative peak of the AC voltage. 
However, if the switching impulse voltage is synchronis
ed after the negative peak of AC voltage, the probabili
ty of the test object passing the test reduces. Thus, 
while conducting withstand voltage test on the longitudi
nal insulation it is a must that the switching impulse 
voltage should be synchronised exactly at the negative 
peak of the AC voltage and the desired value of power 
frequency test voltage should be adjusteu.

6.6 Influence of rain under bias voltages

Few sets of experiments were conducted for both rod-rod 
gap and sphere-rod gap electrodes configuration by cre
ating artificial rain. The electrode configurations shown 
in Figure 6.1 were used for obtaining 50% bias flashover 
voltages.

Throughout the wet test the open gap assembly was spray
ed with artificial lain according to the procedure des
cribed by IEC publication-60. The rate of precipitation 
was measured using a collecting vessel having both a 
horizontal and vertical opening each of 225 cm sq. The 
collecting vessel was moved slowly over the area being 
measured for the duration of one minute. The open gap
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was pre-wetted for a minimum duration of 15 minutes bef
ore testing commenced. The measured precipitation rates 
were as follows:

Vertical component = 1.4 mn/minute
Horizontal component = 1.45 mn/minuce

The resistivity of the water was measured using a conduc
tivity bridge having standard cell. The corrected resisti
vity at 20°C was 108 Ohms-nteter. The power frequency volt
age was applied continuously to one terminal and the 
(Ugi)5Q voltage was obtained using Up and Down method by 
applying 50 useful impulses at 25 seconds interval. The 
experiments were conducted for two ac bias voltage leve
ls. The results are given in Table-6.1. The raw data were 
corrected for air density according to IEC publication- 
60. The humidity correction factor was applied according 
to IEC publication-60 and as per the recommended correct
ion approach. Humidity correction factor was applied only 
to dry test results. It is seen from this results # that 
the air density corrected 50 % bias fl.ashover voltages 
are more or less same under wet and dry test conditions. 
However# when the humidity correction factor is applied 
to the dry flashover voltages# the dry flashover volta
ges are found to be higher by 8 to 10 per cent as com
pared to the wet flashover voltages.

From these results# it may be concluded that the diffe
rence between the 50 per cent flashover voltages
(USI + UAC)50 under dry and wet conditions is a function 
of humidity correction factor.
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6.7 Conclusion

1. The air density corrected 50 per cent flashover volt
ages results in a linear relationship when plotted as 
a function of absolute humidity.

2. During bias voltage tests the AC corona produced at 
the power frequency terminal enhance the voltage with
stand capability of the open gap insulation system.

3. The present humidity corrections specified by IEC pub- 
lication-60 are not sufficient for bias voltages. For 
example the error in the humidity correction factor,

<m»3when absolute humidity is 2 gm.m"* is of the order of 
2.80 per cent. This is too large and cannot be negle
cted.

4. A new correction approach is recommended for humidity 
correction factor under bias voltages. The value of 
exponent Mw“ for an open gap clearance of 1500 mm is 
found to be 1.2 for both rod-rod and sphere-rod gap 
electrode configurations.

5. The humidity correction factor specified by IEC spe
cification-60 for ac 50 Hz voltage may be used for
applying humidity correction to (usj+uac^50 voltages

-3upto the range of absolute humidity from 2 gm.m to 
15 gm.m . The maximum error in the correction will 
be less than 1.0%

6. The humidity correction factors specified by IEC pu- 
blication-60 for positive polarity switching impulse 
voltage is not sufficient (phase-to-ground insulat
ion).
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7. The dependencies of ^uSi+uac^50 volta9e as a function 
of cc shows nonlinearly increasing characteristics.

8. With the increase in AC bias voltage level# the total 
50 per cent discharge voltage increases. The maximum 
voltage withstand capacity of the gap has increased by 
9 per cent. In case of higher open gap clearances# the 
ac bias voltage level may further enhance the bias vol
tage withstand capability of the longitudinal insulati
on system.

9. The 50 per cent bias flashover voltages# when expressed 
as a function of the time-to-crest # exhibits the famo
us U-curve relationship.

10. The critical time-to-crest for rod-rod gap under bias 
voltages is evaluated to be about 58 x D # where
D is gap spacing in meters.

11. The 50% discharge voltage (Us* + uA(T ) decreases by 

approximately 3.5% when time shift between two peaks 
is +5 ms. and peak value of voltage UAC is not varied. 
This reduction in the gap strength is too low as com
pared to the reduction in the gap strength observed 
while testing phase-to-phase insulation system. However# 
the voltage (Us£ + uAc)50 decreases by approximately 
15.5% when time shift between two peaks is 3 ms and
the peak magnitude of voltage UA(Z is also varied such 
that voltage uT^ (=215kV) remains same when time shift

Av P
is varied



253
12. Air density corrected 50 per cent bias flashover 

voltages are same under wet and dry test condi
tions. When humidity correction is applied to 
the dry flashover voltages then the dry flashover 
voltages are higher by 8 to 10 per cent as com
pared to the wet 50% flashover voltages.


