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LEAKAGE CURRENTS AND POWER LOSSES ON OUTDOOR
INSULATORS UNDER ARTIFICIAL RAINS

Ladislav RUDOLF

Abstract: The paper is about the theory of creation of lggkaurrents on insulator suspensions at
the lead of the transmission network system. lctpra insulators are exposed to weather impacts
that are during the year various and they influemosductive conditions at the surface of the
insulators. The result is a flow of leakage curseoh the surface of the insulator suspensions to
the construction of the towers against the groudd.the base of entrance data from the control
system CEPS in Ostrava and measurement values tfeniab VVN in Prague-Bechovice, in
system there are introduced calculations and resdlhey show the influence of temperature and
dampness on a flow and a value of leakage currents.

Key words:Leakage current, temperature, dampness, lead eftrdnsmission network system,
insulator suspension, tower.

PROBLEMATIKA M ERENI SVODOVYCH PROUDU U VYBRANYCH
IZOLATOROVYCH ZAV ESU S OHLEDEM NA JEJICH ZNE CISTENI

Abstrakt: Prispevek se zabyva problematikowsmni a vypétu svodovych proudu vybranych
izolatorovych zagsi v laboratornich podminkach. K tomutéelu jsou pro ré“eni pouzity vybrané
izolatory, které se v praxi vyskytujiékéni prolhla v EGU-Laboratéi velmi vysokého nati, a.s.

v Praze 9- Bchovicich. Pro podminky dfeni byly simulovany:izné stavy vodivosti povrchu
izolatori. Jednd se o stav za sucha, silného a slabéh@ degiznou vodivosti a intenzitou
strikajici vody. Vysledky jsou zpracovany ve totabulek a oscilograth

Kli¢ova slova Svodovy proud, teplota, vihkosteposova soustava, izolatorovy Zavpollution.

I. Introduction pollution layer on single insulator suspension
The paper is about the issue of measuremestieds. Pollution on insulators is made by reason
and calculation of leakage currents at chosesf industrial work in the locality where the line
insulator suspensions in lab conditions. For thigoes through. It causes a flow of leakage
purpose there are used chosen insulators fourrents and an increase of electrical losses.
measurement that occur in  practiceAtmospheric influences and purity of the air
Measurements were done in Energetithat is influenced by industrial work in the
Department of the Laboratory of Extra Highocality have big influence on the pollution
Voltage (EGU - Laboratory EHV) Inc., inlayer. For the calculation of leakage currents,
Prague 9 - Bechovice. For measuremethere is necessary to well guess the pollution
conditions there were simulated variouzone which is signed in the standard CSN 33
situations of conductivity of the insulator0405 (Design of outdoor electric isolation after
surfaces. It is dryness, heavy downpour aritie grade of pollution). After the pollution zone,
light rain with various conductivity and we can — from the standard — set the specific
intensity of splashing water. Results arsurface conductivity that is important for
processed in tables and oscillograms. calculations. Another possibility is calculation
of the specific surface conductivity on the base
II. Theory for calculation of leakage of measurement in a laboratory. Measurement
currents of leakage currents is done in Laboratory EHV.
Leakage currents on line of high and extr®isadvantage is that the values don't express
high voltage cause a part of technical losseleakage currents on the whole line. For this
These losses are caused by an imperfegason the part of the paper targets the
isolation that arises as a coat on a surface cdiculations of leakage currents and derivations
insulator sheds from the air. By this there isf relations and formulas. The derivation is
made a conducting way that is created by a slimterpreted by the elementary cuboid (pic.1)
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that represents an elementary sample of
pollution on the insulator. In the paper there i — L[m] insulator height
outlined the derivation of the relation for |™ = YR gt
definition a leakage distance of the smoot | 1' | 2fmml width of the coat of poltution
cuboid (pic 2) and the rotary symmetrical bod: '

(pic.3). The leakage distance represents the w"
for the flow of leakage current on the surface ¢ \
the insulator. For calculations of leakage IHI
currents, there is necessary to define a for | ..
factor of the particular insulator. A genera
derivation of the form factor is presented in
following chapters. By the calculation of the
form factor of the insulator, | want to mention
the influence of the form and proportion of the in. orieacaze | 1.
insulator. In case we have results of laboratoi [~ T T ] !
leakage currents measurements on insulatc| |
during various situations of conductivity (i.e. | ‘ |l
simulated rain) and we know specific surfaci| | I

Line of leak age current on the cuboid surface

Pic. 2: Direction of the flow of leakage current
on the insulator cuboid surface

]
|
o
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i FL + 4 ! |. I P
conductivity that polluted the insulator, we | | ]
must count also with the value of pollution a = cera b T
the result of the form factor. Pic. 3: An extended insulator cuboid surface

- 98 - Resistance of the cuboid area of the smooth

o | 1 cuboid (Ry):
[

| | |_
puER R“_pdé_p S 2
I N % b

a1 P ,, [Q.mnf.m?] specific resistance of the

_ v _ _ Pollution layer
Pic. 1: Elementary Cuboid representing | = [m] cuboid area height

a particle of pollution on the insulator S ,,, [mnf] pollution layer section

R ,,, [mm] insulator cuboid radius
a ,,, [mm] width of the pollution layer

duT

Where

du ,,, electric voltage along cuboid of pollution,

dS ,,,a normal area vertical to the direction ONote:
flowing leakage current,

dn ,,,elementary height of cuboid of pollution,
da ,,,elementary width of cuboid of pollution,
dl ,,, elementary leakage current.

Width of the pollution layer is unknown
value that can involve the result with known
value of specific resistance‘yery much.

In isotropic background there is a directiori:or example ifa — 0 thanRy—oo for any size

of electric field intensity and current density‘r)] and an’ |nt1)‘|uednce (.); t(;]e msr?lato'r sun;acr?
identical, so there is: shape can't be described to the size of the

cuboid flat resistance.R

E :lj =p0 (1) That's why we suppose that we know
y specific resistancep* or specific conductivity

where “y* of the pollution layer even with the size of

0, [Q.mnf.m™] specific resistance of the pollution layer.

the pollution layer ' )

v .., [S.m.mn] specific conductivity of the 'Nnan pP-p, P "3

pollution layer , 1 a
Relation (1) expresses the Ohm's Law in y = y’—;—;

elementary form . _ From the hypothesis we can write:
Resistance (conductivity) of the insulator Resistance of the cuboid areaJRof the

pollution layer: smooth cuboid:

Insulator of the shape of the smooth cuboid.
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- 00 L _ L 3 necessary to specify (from CSN 330405)
Ry =p DT —pﬂz 0701 (& (3) specific surface conductibilities for various

areas of pollutiorp ory or, for this purpose, to

use measured values. | use these values for

obtaining of the surface conductivity. Process is

written in the literature [2].

Value of the specific conductivity of the
Y, :y’gﬂﬂzygw (4) pollution layer y or the specific resistance
L L p involves the pollution layer “a”. In case |

know measured value of leakage -current

Y.y, admittance of the cuboid area through an insulator used at the concrete line
(i,e. from field measurement or from

Surface of the insulator rotary symmetricaineasurement on insulators in a laboratory

R ,,, resistance of the cuboid area
Admittance of the cuboid area £}

body (Ry): EHV) then | can use this knowledge for the
[ calculation of the specific conductivity of the
- pollution layery or the specific resistangg

T ot o Lo akae distance where this value is already involved. Then | can
N L tedtame oot Fo consider the value or y are known. Further
) | use this knowledge for calculations of the
form factor where the pollution layer is
involved. In my case | used values of leakage
currents measured in EGU — Laboratory EHV
n Prague — Bechovice. Value of leakage

Resistance of the symmetrical insulator surfacg ) N
currents, measured in such way, are objective

L.

Pic.4: Part of the rotary symmetrical general
insulator

(Rei): . and exact because there are simulated various
R, =,0'q dl (5) atmospheric influences in shorter time parts
o 2LTlE, than outside where atmospheric conditions can
L be changeable in longer time part. Measured
where f = J‘i values are recapitulated in tables 1, 2 and 3.
o 2LTLE, In tables 1-3 there are stated measured

Where “f" is derived form factorof the Vvalues of leakage currents at three types of
insulator. Admittance of the symmetricalinsmator suspensions. In the view of size of the

paper there is not stated methodology and

insulator surface (¥):
process of measurement. In tables there are

L
Y, ==y | _1 e stated resultant data. It is the state of insulator
Rs , dl if the measurement was done in dry weather,
20, heavy downpour or light rain. This state was
Leakage current on the insulator surfaggl characterised by a substitutional conductivity
I U, ) which is stated in tables too. At oscillograms of
lea "R, L oal voltage and current there is seen that leakage
! ,o'Ej current has a capacitive character in dry
o 20T, weather. Current overtakes voltage — see the
or Pic.12. During a measurement in dry weather
L1 there were achieved similar results even at the
heac =U s O =U qu- dl ® other stated insulator suspensions.

27
. X Table 1: Values of leakage currents for long
Fror‘r‘1”der|ved for_mulas results that a_forrr}Od insulator 400 KV DN 2x3 LS 75/21.
factor “f” of the insulator surface direct

involves a value of leakage current. When the oroof | dyne | light heavy light heavy
leakage distance is longer then leakage current ss | rain | downpour | rain | downpour
on the insulator surface is smaller. This stadiu W;Tgﬁ}j]v“ 0209 00097 | 0049  0,0498
is farther involved by a structure of insulato —

suspensions (serial parallel connection of 'Siﬂggle 00041 0278 0812 | 1914 2568

insulators). During a calculation, first it is
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Table 2: Values of leakage currents for glass Calculation of the “f” factor of the smooth
insulator 400 kV DN 2x24 U120

insulator cuboid with differential including the
pollution layer:

proof dryness heavy heavy
downpour downpour L 1000
conductivity 0,0097 0,0498 n=— =200 (10)
[S~m’1] Al 5
lea[MA] 0,0034 0,0088 0,0114 2
=————[) 000¢
average " 20 mEZM 207500001 5F (1)
Table 3: Values of leakage currents for_ 1 —_~ __[20a{0008 = 3L&MmIM?

composite insulator 400 kV JN 1IXFURUKAWA 2057005

proof dryness heavy lll. PROGRESS OF MEASUREMENT OF
_ downpour LEAKAGE CURRENTS
conductivity 0,0498
[Sm] In this chapter there is described a way of
lleak [MA] 0,00084 0,00204 measurement of leakage currents on three types
average of insulator suspensions.
Note: Measurement was done in Laboratory EHV in

Prague Bechovice. Testing voltage was 242 kV.

Value of leakage currents, stated in tabsr&leasurement on insulators suspension was
to 3 were measured in EGU Laboratory EHV i : . p
dgne after connection at the Pic. 14.

Prague Bechovice. Stated values are average .

is for the reason of impartiality for calculations; easuremgnt of leakage current was done in

of leakage currents and leakage losses in orl}ﬁm—mes'

we wouldn’t count only maximal or minimal * 2'YN€ss . 4

values a = 0,001 [mm]. . !_lght rain with conductivity of 97 S.cni],
Example of calculation of the forfnfactor ~ INtensity of downfalls less than 0,5

Sl
of the smooth insulator cuboid: E_rlnm.mlré] " ductivity of 97
Calculation of the form “f” factor of the * Heavy downpour with conductivity o

-1 . .
smooth insulator cuboid with integral including [uS.cni]., intensity of downfalls more than

the pollution layer 035 [mm.-m"?l] .
J « Light rain with conductivity of 498{S.cm],

\x 0.05 [m] = 30 [mm] ilntensity of downfalls less than 0,5 [mm.min

]

] _i'ih =at=o00spml=5[mml o Heavy downpour with conductivity of 498

| [uS.cnm'], intensity of downfalls more than
0,5 [mm.mir']

Measurement of leakage currents on
insulator suspensions leads to finding what
insulator ability has used insulator suspension
in practice. In natural conditions, various
influences of weather and pollution cause at
these insulators. That leads to the situation that
on surface of insulator sheds there flow leakage

Chosen pollution layer a = 0 001[mm]“ 'f for 'currents and then there are leakage Iossesgln
visual example of calculation. Value *a ISorder we could create the influences in artificial

?hOS‘?n tas an illustration of calculation of th%ondltlons we use laboratories EHV for this
orm factor. purpose where is possible to create partly

I_—l[m]|

l%y

a=0,001 [mm] I‘-’“

I
dx = dl

Pic. 5: Model of general insulator of the form
of the smooth insulator cuboid

;= JL- dl [ﬁ ] leakage currents and then to measure them with
271 @ 20071 (& necessary technique and instruments. The
scheme of such connection is stated at the Pic.
1 M= 1 _ E = 318mnm2 S. Values of used bypassesfB measurement
2[r%0[0,001 Ollor m =———— of leakage currents on individual insulator
9) suspensions are stated in the Tab. 4.
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Table 4:Values of used bypasses for measurement of leakiagents at individual suspensions
400 kV

Test dryness | rain 0,0097 [Sm™] | rain 0,0498 [Sm™]
Suspension 400 kV size of bypassesyih [kQ]
DN 2 x 3 LS 75/21 10,15 10,15 1,031
DN 2 x 24 U120 99,5 99,5 99,5
JN 1 x FURUKAWA 99,5 99,5 99,5
IV. MEASURED RESULTS OF LEAKAGE After the pictures 6 to 8, in oscillograms
CURRENTS there are stated progresses of leakage currents

From results of individual measurement th®n measured insulator 2x3 LS75/21. They show
values of leakage currents were put down igs that measured leakage currents are very
oscillograms. The scale corresponded to ththangeable according to creation of
value of leakage current in milliamperes. Thesgonnectional ways during interflow of water on
oscillograms are stated at the Pic. 6 t0 13pe(s. Interflowing water makes
Results of leakage currents for individual -onnectional way for leakage current.
insulators in various stages of conductivity ar . : : 5 :
later stated in Tabs 1 to 3. In the Tab. 4 there 2|
stated value of bypass for measurement 1

leakage currents, see the Pic. 14. :
[mA] H H

0024

[T e | S S A W S . , ;
! + H | i green progress -voltage
O m N A N A i 0.03 H ; H H
0 10 20 I 40 s0  [msl en
B e S Wil Pic. 9 Oscillogram of the value of leakage current at the insulator suspension 400 kV
DN2x24 U120 test in dryness
B Ok RGIEED "L CE SRR
green progress -voltage | . . .
- - + p e At the Pic. 9, during the test in dryness, we
Pic 6  Oscillogram of the value of leakage current at the insulator suspension 400 KV can see What Va_|ue has a Capacity current
DN2x3 LS 75/21 test in dryness . .
during passing of voltage through zero (red
mal : : : ; ; sinusoid is current, green is voltage).
M - i . i ‘ .
| H | H H 0. T T T
T A Rty s SLLCELELL ECREEEELCEER [ma]
redp‘mgress -Ieai;agemrrmt : bt A """"""Tﬂ"""""-"""'-E ------------------
L SAht b bbb A Mokl S by 6 Sl SRR SRR red progress  -eakage current ;
L B ECLCICTTERIY (EREENE. R e
——————————————————— od
""" -0.01+
2 ; T/ Aheie b 0,02 - === mem e Ao A
i green prngfess -x’ﬂllage green progress v oltage H
3 0 10 20 0 40 s [ms] g o o 10 20 .3 40 so  [ms] en
. . : . N Pic 10 Oscillogram of the walue of leakage current at the insulator suspension 400 KV
Pic. 7 Oscillogram of the value of leakage current at the insulator suspension 400 kV o ogan & e A
DN2:3 LS 75721 test in heavy downpour 0,0097 [S'm™] DN2x24 U120 test in heavy downpour 0,0097 [Sm™]
0.03
3 ; ; ; [ma]
[mA] red progress -leakage current : : H 0‘02_ -

""""""""""" 3 red progress eakage current

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

| green progress voliage

h d 003 H n H
gresn progress voltage 0 10 20 30 40 50 [ms] en
3 H H Pic. 11 Oscillogram of the value of leakage current at the insulator suspension 400 kV
0 10 2 0 40 50 Imsl g DN 2x24 U120 test in heavy downpour 0,0498 [S'm ]
Pic. § Oscillogram of the value of leakage current at the insulator suspension 400 kV

DN2x3L875/21 test in heavy downpour 0,0498 [S'm™]
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0 10 20 30 40 s0 Imsl o gg

Pic 12 Oscillogram of the valie of leakage current at the insulator suspension 400 kV
JN 1xFURUKAWA test in dryness

00021+ ---=-==m === femgfo oo ma e R
'/radpmgras leakage current

; green progress -voltage

0 10 20 El 40 s0  Iml g0
Pic. 13 Oscillogram of the value of leakage current at the insulator suspension 400 kV
JN 1xFURUKAWA test in heavy downpour 0,0498 [S-m™]

Isolating insulator

Measured insulator suspension il

Svachronic generator

Capacity
devider

Ca Voltmeter

Transformer

Pic. 14: The scheme of connection for

In case we think of 12 insulator suspensions
at 1 km we can write the formula for a
calculation of leakage losses at 1 km.

P
P, =P 2 [kW-km™: kW, km] (13
e = T00¢ [ ] (13)

V. LOSSES AT INSULATOR

SUSPENSIONS

Losses made by leakage make one part of
technical losses at line EHV. These losses are
involved by a structure and a type of insulator
suspensions. An important item is pollution on
the surface of the insulator. In practice on
switched-on lines there is very difficult to do
measurement in various weather. First there is a
problem to feel atmospheric influences and a
pollution of the insulator. That's why in
laboratories EHV there are made model
situations — in the Czech Republic in Prague-
Bechovice, in Slovakia in Bratislava-Trnavka,
possibly in another countries. Adjusted results
are rather exact and it is possible to use them
during suggestion of methodologies for
calculation of leakage losses. With
methodologies for calculation of leakage losses
at individual line EHV and also at all lines of
the transmission network system it is possible
to calculate these losses. In my dissertation
thesis | deduced a methodology of the theory
for calculation of leakage losses and it is in that
work [2]. It was preceded by a paper at

measurement of leakage currents on chosencolloquium in Podebrady 2003, the title of the

insulator suspensions

paper is stated in literature [3]. In Tabs 5 to 7
there are stated values of leakage losses at

During the test in rain it is active currentindividual types of insulator suspensions in
(during passing of voltage through the topyarious model situations. The demonstration of

value).
Line voltage: U=242 [kV],
p U

susp — = O eak max [kW’ kv, mA] (12)
P \/E leak

calculation of one value of leakage losses is

when Stated in this sub-chapter.
measurement of leakage currents was done.

Table 5:Results of leakage losses at the long rod insukispension 400 kV DN 2x3 LS 75/21

The insulator suspension of the type of 2x3 LS 7512

The state of conductivity of rain | losses on 1 suspensionlosses at 1km of line N
insulator uScm* wW KW -km™
Dryness 0,69 0,008

Light rain 97 47,57 0,71

Heavy downpour 97 139 1,67

Light rain 498 328 3,93

Heavy downpour 498 440 5,27
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Table 6:Results of leakage losses at the glass influences cause flow of leakage currents. First
insulator suspension 400 kV DN 2x24 U120 there are insulators on line and their
configuration in setting of the structure of the

The insulator suspension of the type of 2 x 24 U @2 insulator suspension. The point is how many
The state of| conductivit | losses on 1] losses at 1km insulators of one phase are connected in
insulator | YOfain | suspension| ofline N abranch in a set and how many of these
usem? w kW -km™ branches are connected parallelly. For example

Dryness 0,59 0,007 the name of the insulator 2//4L100BH550
Light rain 97 177 0,021 means that insulator suspension has two
Heavy 97 150 0018 branches connected parallelly and in each
downpour branch there are 4 insulators in a set and a type
Heavy 498 1,82 0,022 of one insulator is L100BH550. Farther it is
downpour necessary to define groups of towers with

identical insulator suspensions. On the base of

Table 7: Results of leakage losses at th@nowledge of used insulators it must be counted

composite insulator suspension 400 kV JN Isp-called form factor that presents a surface line
FUKURAWA

of relevant insulator (line of flow of leakage
current). The procedure of the calculation is

The insulator suspension of the type of JN 1 x stated in literature [2]. Another important
FURUKAWA quantity for calculation is a specific surface

The state of| conductivity | losses on 1 “l(?mssoefs“ﬁfe conductivity which gives pollution of an
insulator of rain suspension N insulator. It involves pollution in the area. It is

s . . . . .
uScm? W KW k- possible to find this quantity for the pollution
; ) zone in the standard CSN 330405 or it is
Dryness 0,12 0,0017 . .

Heavy possible to calculate it on the base of
downpour 498 0,35 0,0042 measurement of leakage currents through given

insulator. Recount of the specific surface
conductivity is stated in literature [2]. Measured
The demonstration of calculation of leakag&alues of leakage currents from EGU
losses after the formula (12) at one insulatdr@aboratory EHV in Prague Bechovice in
suspension LS 75/21 where, for comparisofyarious conditions (test in dryness, light rain,
this value is stated in tab. 5 and leakage currefg¢avy downpour) are stated in tables 5, 6 and 7.

*capacity current and reactive losses

in tab. 1. Calculation of the specific surface conductivity
U 242 on the base of measured leakage currents is
Pasp = 7= Dicakmax = —7= [0,278=475AW  more exact than values from the standard.

susp \/E \/E

Measured leakage currents demonstrate
_ more exact values because measurement of
VI. General Solution Of Leakage Currents these currents on the surface runs in a simulated
and leakage Losses at the line EHV way and the insulator is really exposed to

Leakage currents cause (especially EHW)arious atmospheric conditions. And last but
losses of electric energy at the line. In thigot east it is necessary to know line or phase
chapter | would like to use the base ofjgjye of voltage. For determination of leakage
knowledge of measured values of leakaggrrents and losses it is necessary to design

currents from the Laboratory EHV and thgyeneral formulas for calculations that would be
configuration of used insulators in a concret§sid for a definition of entrance data.

demonstrative line for derivation of relations Explanation of the composite
for calculations of leakage currents. From thegqjspension in examples:
bases | would like to outline an original way 0b||2.s75/21The insulator suspension has two
solution of leakage currents and leakage 10sseS pranches with the insulator type of
at the EHV line. LS75/21. In each branch there are two
) insulators in a set, branches are connected
Entrance Parameters to General Solution of parallelly (total 4 insulators in one phase).
Leakage Currents _ 2||AL100BH550 The insulator suspension has
For general solution of leakage currents, itis” 1.6 branches with the insulator type of
necessary to think what circumstances and | 100BH550. In each branch there are four

insulator
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insulators in a set, branches are connect&dl. CONCLUSION
parallelly (total 8 insulators in one phase). On the base of comparison of results, how
Entrance parameters for calculation owerigtfze \rﬁclaléZTsOf (I)?akagltleu;g:]ren;? n?ﬁ:i:;g? at

leakage currents and losses on general line aft&y . P ) .

. ) suspensions, there are the biggest losses during
the Pic. 15: . .

_ , the rain at long rod insulators of the type of
Uc ,,, line voltage of the general line _ LS75/21. However at present these suspensions
APpeax,,, total leakage losses on the general linggsses into account. On the contrary at glass
L ,,, total length of the general line [km]. ~ ang composite insulator suspensions there are
_ On the base of defined data and quantitiesdiya)|| |eakage losses. From measured values of
is possible to derive, after the theoretic a”a|y5|§akage losses we can say that at long rod
in literature [2] these general formulas (14)sylators there are higher leakage losses and at
(15), (16) and (17) for calculations of leakag@g|cylation of total technical losses we have to
currents and losses on general EHV linggke them into account. In the end it is possible
Explanation is evident at the Pic. 15 (defineg, say that in the future a change of insulators at

quantities). _ line EHV into glass or composite can reduce
General formula fo.r calculation of leakag§eakage losses. By this, costs for transmission
current on general line: of electric energy would be lower. In the end of

' this paper it is possible to say that the problem

e =3, @(kn i, E[%j:ﬁmjsm of leakage currents and losses on line EHV is
i Jnn avery current area. Generally line represents

(14) o _ a complex of elements where each one must
Where “c”  coefficient respecting the cary out its function. The tower makes
pollution layer on insulators, type, structure andypnorting construction for line and an insulator

numbers of insulator suspensions on line EHY;spension makes an insulating component that

[unitis in Siemens - S]. . insulates line from the tower. Just structure and
General formule_l for calculation of Ieakagqjsing of this component was the topic of
losses on general line: discussion of his paper. Strictly speaking, it is
s [Q 2 clear that an insulator suspension makes jaggy
AR =Us [ﬁzkn (), E%J:Us [ line in form of sheds and these ones have to
n=t Jnth prevent the flow of leakage current through this
(15) . , surface. Atmospheric influences (light rain,
W, V,-, -, Smnfm?, -, mmm? V, S] heavy downpour, conductivity of the air,
: US2 ¢ industrial work) involve a tidiness of the
APeai/km L (16) surface very much. As in practice it is very

difficult, from the view of safety on line EHV,
{ measure leakage currents, we have two given
possibilities to their determination. One
possibility is to measure, in given conditions,
e O : " T leakage currents in a laboratory of EHV and to
% T | @ use their values for calculation. In the paper
@ 1 T i T there is outlined a procedure from the theoretic
T L q jf Prstonpont analysis to concrete derivation of general
' formulas (14-16) for calculations of leakage
currents and losses. |have solved some
problems in my dissertation thesis [2] where are

[W-km™, V, S, km]
General model of line, what connect derive
formulas 14 — 16 on, is stated at the Pic. 15.

kg ili1 gama fl kzizjz gamay 5

"4 A -
?\ }m M «1% inin TI stated concrete results and procedures. As the
B P A v o Y P theme of leakage currents is still current I've
AYinsulator type  AWinsulator type ALsulator type decided to go farther and to use another data

from practical measurements and to improve

and specify procedures for calculations with

Pic. 15: General model of the line with various relation in practice in CEPS (Czech Energetic
types of towers and insulator suspensions Transmission System).

L - total length of the general leading [km]

107



Journal of Technology and Information Education 3/2009, Volume 1, Issue 2

iT_IE Casopis pro technickou a inforeia vychovu ISSN 1803-537X hitp://jtie.upol.cz
ACKNOWLEDGMENT (6) RUDOLF, L. Vliv zneisteni izolator: na

Thank the Department of Electroenergeticselikost svodu u vedeni VVN a ZVN
in VSB-TU Ostrava and CEPS Inc. in OstravMezinarodni ¥decka konference, Electric

for facilitation and cooperation during creatiorPower Engineering 2007, Kouty nad Desnou,

of this paper. ISBN 978-80-248-1391-2.

(7) RUDOLF, L.Mereni svodovych proudna
REFERENCES vybranych izolatorovych zésech s ohledem na
(1) Vyhodnoceni ztrat na izolatorovychjgjich = zneisteni, Mezinarodni  ¥decka
V ptenosove soustaw EPS, a.s., 2005. konference Electric Power Engineering 2008,

(2) RUDOLF, L. Zavislost elektrickych ztrat Brno, ISBN 80-214-3180-6.

vedeni penosové soustavy na atmosférickycfs) RUDOLF, L.Psisobeni teploty a vihkosti na
vlivech disert&ni prace na VSB-TU, FEl, poyrch izolatorového z&su a jejich viiv na
katedra elektroenergetiky, 2003. velikost svodového proudu Mezinarodni
(3) RUDOLF, L. Metodika vypetu svodovych odborna konference ELEN 2008YUT Praha,
proud: a ztrdt svodem na vedeni VVN a ZVNSBN 978-80-254-2293-9.

prispivek na odborném semifia sbornik (9) COMBER, M. G. Transmission line
Podtbrady 2003. reference book 345 k\kap. 7, Corona loss,
(4) RUDOLF, L.Svod a jeho velikost u vedenil975.

VVN a ZVN Mezinarodni ¥decka konference

Electric Power Engineering 2006, Brno, ISBNng. Ladislav Rudolf, Ph.D.

80-214-3180-6. University of Ostrava

(5) RUDOLF, L Vliv sloZeni izolatorového Department of Technical and Vocational
zawsu na velikost svodového proudu u vedefgducation

VVN a ZVN Mezinarodni ¥decka konference, Ostrava, CZ

Electric Power Engineering 2007, Kouty nad €l.: 0420738512615

Desnou ISBN 978-80-248-1391-2. E-mail: ladislav.rudolf@osu.cz

108



