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Abstract: Partial discharges in air exhibit different formich
depend on such factors as air condition, electestEngement and
the waveform of the test voltage. The main mechasisf partial
discharges in air are electron avalanches, locaaster discharges
and surface discharges. The paper refers to codiseharges,
which occurrence in high voltage overhead trandomsines lead
to electromagnetic interferences and losses durjpmver
transmission. Initiation and development of thisepdmenon
depends on the electric field in the proximity dfet phase
conductors. The electric field strength on the aeafof the corona
source influences the size of the ionization airezahus the radius
of the corona zone. In the modelling of partialctisrges the
distribution of the electric field is a key paraeretin simulations
of corona discharges the point-to-plane configarafcharacteristic
for corona initiation) was used. On the basis ofmarical
modelling the ionization zone of corona dischargesd the
influence of point-to-plane electrode parameteespaesented.

Keywords: Corona discharges, ionization zone, electric field

distribution, FEM simulations.
1. INTRODUCTION

Partial discharges (PDs) in air exhibit differentriis
depending on air condition, electrode arrangememd a
a voltage waveform [1-3]. Corona is a form of parti
discharges in air, which appears around the highage
overhead line conductors, assuming the electridd fie
strength on their surface has sufficient valuetfar impact
ionization and development of electron avalancteiial
corona field strength is typically determined froam
empirical Peek formula [3], which takes into accotime
radius of the phase conductors and atmosphericitooms
A model distribution of the electric field and potil in the
environment of a single wire of an overhead linsliswn in
Figure 1. Regardless of weather conditions (rate),i
especially significant decrease in the initial distrengthg,
is caused by roughness of the surface of the plassuctor,

for example due to breaking of a single wire in thgnere: o

multiconductor line. It leads to local enhancemehtthe
electric field strength and an increase of coramansity.
Defects on fittings and insulators give similareets.

In air insulating systems, the corona inceptiomdfig,
is related to the inception voltagk. Due to a change of the
electric potential gradient in the inter-electrosigace, the
corona zone is limited to the immediate proximitly tbe
high voltage electrode.
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Fig. 1. Model setup: conductor of the overhead dnd ground
surfacer — radius of the HV conductadn,— distance between the
conductor and groundk, — electric field strength on the conductor

surface E., — critical corona field strength

In this article the influence of various factors the
electric field distribution and ionization zone ithe
proximity of the corona electrode is presented tame the
FEM simulations.

2. MODEL ARRANGEMENT OF CORONA
DISCHARGES

Both in laboratory research and theoretical anglysi
corona is modelled by point-to-plane arrangemeny. (&),
in which the point electrode may have a positiveegative
potential aDC voltage as well as high or ground potential at
alternating voltage. Characteristic areas of edecimpact
ionization (@ processes) and electron attachment
(n processes) form the following zones:

I: r <x<rgs—ionization zone and streamer discharges,

II: rs < x < r, — electron avalanche zone; > 7,

lll: x > r, — zone where both impact ionization and

electron attachment in air are equally possibter,
Townsend impact ionization coefficient,
n - electron attachment coefficient [2].

The ionization and space charge build-up zone is
represented by the capacitan€ (Fig. 2). A sudden
discharge of this capacitance causes current puists
a high frequency bandwidth.

At alternating voltage those PD pulses, havingedéfht
amplitudes and waveforms, are localized in variphase



ranges of the voltage [4]. The streamer dischatgesng 4. MODELLING APPROACH

velocity in the range of 1 mé develop in the ionization

zone. The boundary of this zone is determined by th ~ Simulations of the electric field distribution habeen
conditions: E>E, and E(X)=E,. It is the area of done by means of the COMSOL Multiphysics v5.1 safev

photoionization and luminescence. A two dimensional axis-symmetrical simulation moaeis
created using theElectric Currents program interface
according to Figure 3. The following stationary atijon is
being solved for the voltage field in the frequerttymain

[5]:
O0-(o+ jar)OV]=0 @)

where: ¢ — electrical conductivity, V. — electric potential,
¢ —dielectricpermittivity, w — angular frequency.

Then, the electric potential that was obtained dlyisg the
equation (2) is used to find out the electric fistcengthE in
every point in space:

Fig.2. Point-to-plane electrodes configuration Ytapd its E=-[V
equivalent circuit (bottom)] - spark gap representing the corona - )

zone,C.- capacitance of the corona zog; capacitance of the The simulation model assumes that the needle etétr
remaining area is on HV potential, while the plane is groundedeTpace

3. ELECTRIC STRESS IN THE POINT-TO-PLANE between the electrodes was defined as air in normal
ELECTRODE SYSTEM atmospheric conditions.

The corona inception conditions and the range ef ttb. RESULTS AND DISCUSSION
corona zone depend on the curvature radius of the HV
electrode, distance between electrodes and apptittdge. -1 Scope of work _ _ _
In calculations of the electric field distribution the point- . ' N€ scope of the simulations cover the analysitef
to-plane electrodes configuration one can assurae ttfe influence of the voltagdJ level, radiusr of the needle
needle electrode can be represented by a hypecdbol@ﬂeCtrOde and the distaneebetween the electrodes on the
surface. The electric stress distribution alongakis of the electric field distribution and the ionization zogeear the
needle-to-plane electrode arrangement can be appated HVY electrode. Thef values have been determined for the

by the equation (1) [1]. following parameters:
- radius of the needle tip:= 85, 345 and 518 um,
E(x) = J g 1 ) - distancea = 10, 30 and 100 cm,
In(4a/r) 2x+r—(x*/a) - voltage (RMS value)J =10, 20 and 50 kV.

The initial corona field strength, was assumed to be equal
where:U — applied voltagea — distance between the needle to 21 kV/cm (at normal atmospheric conditions).
and the plane electrodes; radius of the needle

electrode tipx - distance from the needle tip. 5.2.Electric field strength in the proximity of the needle
electrode
Equation (1) describes the axial electric fieHf(x) in The surface plot of the electric field intensity

the needle-to-plane electrodes configuration adngrdo distribution in the proximity of the needle eled®o is
Figure 3. Distance&r,r, from the point electrode, presented in Figure 4.
determines the range of the corona zone whérsE,,. E[kV/cm]

120
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40
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Fig. 4. Electric field intensity in the proximityf the needle
electrodeU =10 kV,a= 10 cm,r =518 pm

As can be seen the electric field distributiontisrsgly
non-uniform what is a result of a small radius lué heedle.
Fig. 3. Configuration of the needle-to-plane eledé system: The field intensity is the highest at the surfat¢he needle

a - distance between the needle and the plane efiectr— radius ~ tip and decreases with increase of the distancen filoe
of the needle tip; — distance from the needle electrode [1] electrode.
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5.3.Influence of the voltage level

The ionization zone is the area where the fieldngth
E>21 kV/cm. A change of the ionization zodeelative to
the voltage level is presented in Figure 5.

50 kv

20 kv

10 kv “
-

Fig. 5. Corona zoné (E>21 kV/mm)dependence on the
applied voltageJ, a= 10 cmr = 518 um

& [mm]

a lower significance comparing to the relatigp,(r). The
corona zoné increases with an increase of the tip radius of
the HV electrode (for the assumed valuet@nda).
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The corona zon& increases with an increase of theFig. 7. Influence of the electrode tip radiusn the corona zong-

applied voltageU level. For U=10 kV the  is equal to
0,8 mm, while folU=50 kV, the equals to 3,43 mm.

The distribution of the electric field strength adpthe
axis of the needle-to-plane electrode configuratimn
presented in Figure 6.
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Fig. 6. Influence of the applied voltageon the corona zong-

electric field strength distribution along the axighe needle-to-
plane electrode systena= 10 cm,r =518 um

It can be seen that the electric field distributiizn
nonlinear and strongly dependent on the voltddevel. At
the beginning portion of the distance between the
electrodes the field strength rapidly drops dowd #ren is
kept at almost constant level until reaches theumgo
electrode.

5.4.Influence of the HV electrode tip radius
The influence of the tip radiusof the needle electrode

electric field strength distribution along the axighe needle-to-
plane electrode system= 10 cm,U = 10 kV

5.5. Influence of the distance between electrodes

The influence of the distanca between the test
electrodes on the electric field strengtlistribution and the
ionization zon€ is presented in Figure 8.
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Fig. 8. Influence of the distaneebetween electrodes on the corona
zone¢ - electric field strength distribution along the saii the
needle-to-plane electrode systddnz= 10 kV,r =518 um

The electric field strengtk distribution is of a similar
character as in Figure 6. The longer is the digtdetween
the electrodes, the lower is the maximum electigddf
strengthE,,.x and the corona discharges z@nh& he highest
field intensity occurs at the HV conductor surfaaed
decreases towards the grounded plane electrode.

on the ionization zoné€ is presented in Figure 7. Theb5.6. lonization zonef

distribution of the electric field strength is sigly non-
uniform. The significant dependence of the maximiistd

As it was presented above, the corona or ionization
zone! changes relative to the variation of the voltagele

strengthEn,0n the tip radius can be observed — the smallend geometrical properties of the model electradeps

is the radius of the needle electrode, the higlserthie
maximum field strength. The corona discharges israso
dependent on the electrode radius but its deperdbas
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The comparison of the& values depending on the
voltageU, the electrode radiusand the distanca between
the electrodes is presented in Table 1.
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Table 1. Comparison of thé values depending on the voltage

U, the electrode tip radiusand the insulation distanee

Values of& at U=10 kV
r a 10 cm 30 cm 100 cm
85 um 0,59 mm 0,5 mm 0,33 mm
345 um 0,77 mm 0,61 mm 0,34 mm
518 um 0,81 mm 0,61 mm 0,28 mm
Values of at U=20 kV
r 10 cm 30cm 100 cm
85 um 1,09 mm 0,91 mm 0,6 mm
345 um 1,44 mm 1,15 mm 0,67 mm
518 um 1,55 mm 1,21 mm 0,69 mm
Values of¢ at U= 50 kV
r 10 cm 30 cm 100 cm
85 um 2,44 mm 2 mm 1,31 mm
345 um 3,16 mm 2,51 mm 1,54 mm
518 um 3,43 mm 2,67 mm 1,59 mm

As can be seen, the value&dt significantly dependent
on the voltagd) and geometrical properties énda) of the
electrode arrangement. In the analyzed case ofthéel

It can be seen that at constant voltage with
simultaneous increase of the electrode tip radiasd the
distancea between the electrodes, tfi@alues firstly rise up
to a certain point and then start to decrease.

6. CONCLUSIONS

The corona type partial discharges create the atioiz
zone in the proximity of the high voltage electrodée
range of this zoné depends mainly on the applied voltdge
and distanca between the electrodes, whereas the influence
of the radiug of the corona electrode is smaller. The radius
r has the dominant impact on the maximum electeddfi
strength E.x at the corona electrode surfacEor the
assumed values of various parameters dhmnges from
fraction of mm up to few mm.

The air ionization zone is an area of space charyes
AC voltage those charges practically have no infleean
the electric field distribution, thus also on theartal
discharge mechanism. However[at voltage those charges
distort the field distribution and the effect degeron the

electrode setup, the parameter was the lowest (0,28 mmpolarity of the high voltage electrode. This problds

for U=10 kV, r=518 um anc=100 cm. The highegtvalue
(3,43 mm) refers to the case with=50 kV, r=518 um and
a=10 cm. Based on the results presented in Tabtecan be
concluded that level of the applied voltage and the

currently analyzed and the modelling results of rdmege of
corona zone for positive and negative polarity lvd HV
electrode will be presented in the next paper.

distancea between the electrodes has a significant impact g REFERENCES

the¢ value. The influence of the electrode tip radium the
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surface.

Figure 9 show how the& value changes with the
variation ofr anda at constant voltagel=10 kV (¢=f(r,a),
U=const.)
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Fig. 9. Characteristi¢=f(r,a) at constanfAC voltageU=10 kV
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MODELOWANIE POLA ELEKTRYCZNEGO PRZY WYLADOWANIACH
NIEZUPEELNYCH W POWIETRZU

Wyladowania niezupetne w powietrzu, wystijgce w otoczeniu elementéw o ikj krzywiznie oraz w polu
elektrycznym silnie nierbwnomiernym, charakteryzajechanizm lawinowo-strimerowy. Artykut dotyczy je z form
wyladowa niezupeinych w powietrzu jaljest ulot elektryczny w elektroenergetycznychduti przesylowych wysokiego
napkcia. Od wartéci natzenia pola elektrycznego przy powierzchni elektrodiptowej zaley wielkos¢é strefy
zjonizowanego powietrza w jej otoczeniu, agavitzw. zasjg strefy ulotowej. Dla modelowej konfiguracji elebd,
reprezentujcej warunki inicjowania i rozwoju wyladowiaulotowych, przedstawiono numeryczne symulacje wply
krzywizny elektrody ulotowej, odgbu miedzy elektrodami i wartoi napkcia przemiennego na zagistrefy ulotowe;j.

Stowa kluczowe: Wyladowania niezupetne, ulot elektryczny, stredmizaciji, rozktad pola elektrycznego, modelowanie

MES.
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