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Introduction

Reliable and safe electrical energy supply to
consumers ensures a continuous manufacturing process
for industrial enterprises guarantees regular electrical
transportation work as well as satisfying and relaxing
conditions for people. At present in Vilnius together with
the development of new construction sites and carried out
renovation of buildings the number of electrical energy
consumers has greatly increased and there appeared the

need for expanding electrical energy supply and
distribution network.
Nowadays medium voltage power cables with

saturated paper type insulation (PI) are substituted by the
cables with an insulation made of reinforced cross-linked
polyethylene (XLPE). Such a change has been caused by
the increased number of faults in Vilnius city cable lines
and constantly growing requirements regarding the
organizations dealing with cable maintenance and
concerning their technical characteristics. The main
reasons causing failures in cables and damaging their
insulation are cases when underground level is water as
well as soil is chemically active, excavation works might
damage cables as well as their exterior casings or there
appear mechanical damages during the laying out of
cables. During the maintenance of cables the temperature
changes in power cables are caused due to variable load
regimes, overloading, short connections.

At present there are articles on the research done
analyzing insulation ageing problems and faults connected
with them. In article [1] there are presented data of the
electrical strength analysis of the insulation made of cross-
linked polyethylene XLPE . The experimental samples of
such insulation have been under the influence of the
positive and negative high voltage impulses of various
duration. The power cable with oil — paper insulation
diagnosis method which is based on wave reflection from
the damaged places on cables has been analyzed in article
[2]. Article [3] deals with oil — paper insulation quality
characteristics under the influence of various hazardous
indicators. There have been investigated the following
reasons for insulation ageing in high voltage substations.

The objective of the article is to evaluate Vilnius city
6 — 10 kV cable lines state and to set the reasons of their
faults.
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Cable Insulation Technical Characteristics

6 — 10 kV cables with cross — linked insulation allow
us to solve many problems of electricity supply reliability,
let us optimize city electricity network in some cases even
change traditional electrical network schemes. Stock
company ,,Ryty skirstomieji tinklai” (Eastern Distribution
Networks ) possesses data regarding cases registered in the
USA and Canada on cables with XLPE insulation the
number of which comprises 85%, while in Germany and
Denmark such cables comprise 95% from all the used
cables, and in Japan, France, Finland and Sweden in the
medium voltage networks only the cables with XLPE
insulation are used.

While maintaining the cable and its insulation there
constantly act a strong enough electric field. Due to this
cable the insulation is getting heated. The heated insulation
is received due to dielectric power losses in the insulation
itself:

P=U’Cwtgd; (1)
where U — is the cable tension; C — is insulation capacity;
w — variable current frequency; & — angle of dielectric
losses.

When the temperature is 20° C, the polyethylene tgd =

(2 — 4)x10™, depending on the density of the polyethylene.
After the increase of temperature up to 80° C, dielectrical
losses in the polyethylene insulation increase and then is
the following tgé = (5 — 7)x10™. The tangent of the angle

of dielectric losses of polyvinylchloride insulation is
significantly higher and at the temperature of 20° C, at the
frequency of 50 Hz, it reaches to tgd = 20x10™. When the

temperature rises up to 140° C, polyvinylchloride is tgd =

1000x10™*.

The influence onto the resistance of cable insulation
materials there plays the intensity of electrical field. If
there is only one electric field functioning then the
dependence of polyethylene specific volume resistance on
the cable tension is possible to express in the following
way:

p=kUy ; ()

where k — is coefficient of correction; & = 0,13 (does not



depend on the amount of the tension); & — is the tempera -
ture of the polyethylene; y = (2,1 — 2,4) — coefficient ,
characterizing the change of the resistance due to the
change of the electric field .

The insulation resistance of the minimum single-core
cable or one core of 1 km length at the temperature of
60°C, is expressed in the following way:

s+2b : 3)
s
where s — is the cross section of the core; b — is the
thickness of the insulation.

Polyethylene power cable insulation is widely applied
due to the low and nearly constant relative permittivity
which does not depend on the temperature and electrical
field frequency.

R, =32In

Partial discharges in cable insulation

Partial discharges appear in the weakest part of the
insulation layer: in damp, polluted with admixtures, cable
sealing boxes and cable sleeves. The most dangerous
discharges are formed in the gas micro voids of insulation
and in the cracking and joints of cable layers. For the
analysis of partial discharges and for their determining
there may be used imitation model of the cable insulation
described in Fig. 1.

Fig. 1. Imitation model of cable insulation: D, — diameter of

micro void; §, distance of micro void up to the electrode

The equivalent of micro void in hard insulation layer
is considered a charge, the capacity of which is C,,
capacity of insulation layer on the type of the discharge
current — C,, but the capacity of all insulation is — C, .
The intended charge of the partial discharge in the micro
voids is calculated in the following way:

q.=CAU_; @

where AU, — is the voltage drop in the micro void.

The tension of cutting through the micro void is
expressed in the following way:

; %)

where U, — is the voltage acting upon the insulation of the
cable .

For measuring the equal size micro voids spaced at
the same distance from the central axes , there are used two
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cylindrical form electrodes, then the ratio of the
corresponding charges in the micro voids is calculated in
the following:
ln£
4 _

”2@]
).

(6)

where 7, and r, — are the external radiuses of the

electrodes; #,and r,— are the interior radiuses of the

electrodes.

When two flat electrodes are used in the micro voids
for determining the charges but they are not of the equal
thickness (d, > d;), from the equation (6) we receive:

- (7
q,

The obtained result proves the conclusion once more
that while tightening the insulation it becomes more
difficult to detect the charges of partial discharges, at the
same time the micro defects of the insulation. Insulation
service life L, its thickness » and the strength of the

electrical field E unite the following empirical
dependence:
k
=——} ®)
(bE)

where k; — is the coefficient of proportioning; n — the
index of the degree, which depends on the insulation
material type and the quality of its making.

If in the insulation of the cable is formed gaseous
spherical micro void in which the electric field intensity is
E_, then the intensity of the electric field influencing the

whole insulation is possible to express in the following:
2e +1
I ; 9

% €

r

E=E,

where & — 1S the relative permittivity of cable insulation.
Then the received equation is inserted into (8), we obtain:

2¢ +1

3}

(10)

L=k bE,

£
Equation (10) makes it to analyze the service life of the
insulation in accordance to its parameters. When the
values n, b, & and k, are constant, insulation service life

time becomes shorter, when increasing the intensity of
electric field acting in the micro voids.

Statistical data of the faults of cable lines

A great part of 6 — 10 kV cable lines maintained in
Vilnius city were installed more than 30 — 4 years ago.
There are even lines that have been operating for more
than 45 years. The degree of wearing as well as the degree



of reliability of such lines varies greatly. No wonder such
cables have been out of order constantly, they fail in
electricity supply, the operational control of such cable
network has been aggravated.

Further on here find submitted the diagrams that have
been compiled based on the statistical data of Vilnius city
electricity network. Cable line and overhead line density
(km/100km?) in Vilnius region is submitted in Fig. 2, the
distribution faults in the general 10 kV network is
presented in Fig. 3.

Density of cable and cable aerial lines, km/100 km’
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Fig. 2. Density of cable (CL) and cable aerial lines (CAL) in
Vilnius region
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Fig. 3. Failure in distribution the general 10 kV electricity
network: AL — aerial lines; CAL — cable aerial lines; CL — cable
lines; TR — transformer substations

In 1960 — 1970 all the cables maintained are serviced
preventively every year by testing them under the high —
voltage test. At present in most European countries cables
are tested with high — constant voltage before starting their
maintenance. During the recent years in Vilnius region the
capacities of cable tests have been reduced. That is why
there have increased the number of faults in the old cable
lines. Fig. 4 presents the idea mentioned above in the
diagram.

Conclusions

1. The analysis of statistical data presents the fact that
majority 6 — 10 kV cable lines in Vilnius region have been
serviced for 30 — 40 years. The armoured cables with lead
casings have been used for more than 45 years.

2. It has been determined that the most dangerous and
risky partial discharges are formed in the gaseous micro
voids of cable insulation, in the joints and cracks of cable
layers. The imitation model of partial discharges in the
cable insulation is submitted, enabling to investigate the
interrelation of insulation material service life time on the
electric field intensity operating in the micro void.

3. After reducing the number of cable tests applying
high-voltage test there have appeared the increased number
of emergency cases in the 6 — 10 kV cable network. The
defects and faults in the network comprise 33% of the
total faults, meanwhile the faults in the aerial lines
comprise 28%, cable aerial lines make 26%, in the
transformer substations there have been registered 13%
faults.

4. In renovating the old cable lines as well as in laying
out the new ones it is functional to recommend in Vilnius
region to use power cables possessing insulation made
from reinforced cross — linked polyethylene XLPE and
operating as transversal and longitudinal water barriers.
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Fig. 4. Distribution of emergency faults according to their causes in the 6 — 10 kV cable lines
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B. Karaliiinas. Analysis of the 6 — 10 kV Cable Lines Faults in Vilnius City // Electronics and Electrical Enginering. — Kaunas:
Technologija, 2006. — No. 3(67). — P. 51-54.

Reasons and causes of faults and defects in 6 — 10 kV cable lines in Vilnius city and in the neighborhood regions as well as
renovation possibilities in cable lines are analyzed. While expanding the construction works and renovating old buildings in Vilnius city
the power cables with oil — paper insulation are being substituted by reinforced cross — linked polyethylene cables (XLPE). The present
state of cable lines is analyzed as well as cable insulation technical characteristics. The imitation model of insulation of partial
discharge in the micro voids is presented in the article, allowing to investigate insulation life time dependence on the intensity of
operating electric field.

The analysis of statistical data indicate the fact that when the number of tests on cables using high — voltage tests was reduced
there appeared emergency faults in 6 — 10 kV cable networks. The faults in this network comprise 33% of the total faults, in aerial lines
28%, in cable aerial lines faults make 26%, in transformer substations there were registered 13% of faults. The most usual reasons of the
registered faults and defects are the following: cable insulation ageing 51,4%, direct cable damages 18,9%, low quality materials
14,4%, errors in designs 7,4%, maintenance failures 4,6%, installation defects 1,4% and manufacturing defects 1,8%. Il. 4, bibl. 8 (in
English; summaries in English, Russian and Lithuanian).

b. Kapamonac. Anaiau3s orka3oB 6 — 10 kB kalenbHbIX JUHUH B ropoae BuiabHioc // DjeKTPOHMKA W IJIEKTPOTEXHMKA. —
Kaynac: Texnosorus, 2006. — Ne 3(67). — C. 51-54.

PaccmatpuBaroress mpuanHBl 0TKa30B 6 — 10 kB xabenpHBIX TUHUN B ropojae BumbHIOCe W B OKpYXKaroLIeM pPEeTHOHE, a TakkKe
HEepCIICKTUBBI OOHOBIIEHNMs KabenbHbIX ceTeil. [1o Mepe pacmmpenns MacmTaboB CTPOUTENILCTBA U IIPH PEKOHCTPYKIIMH CTaphIX 3MaHHI
B ropojie BuibHIOCE criloBEIe Kabeny ¢ MPONMHUTaHHON OyMa)kHOH M30JIIIHeH 3aMEHSIOTCS KabemsIMH ¢ M30JsIIuel U3 apMHPOBAHHOTO
nomdtiineHa (XLPE). Ananusupyercst COCTOSHME CYIIECTBYIOIIMX KaOENBHBIX JIMHUA M TEXHUYECKHE XapaKTePHCTHKU KaOeIbHOM
n3onsanuu. IlpencraBneHa UMHUTAIMOHHAS MOJEIb YAaCTUYHBIX Pa3psJOB B MUKPOIOPKAX H30JSILUY, IO3BOJIIONIAs ONPEAEIUTh CPOK
CITy OBl M30JSIUH B 3aBUCUMOCTH OT HANPSKEHHOCTH JJIEKTPUIECKOTO MOJS.

AHanu3 CTaTUCTHUYECKUX MAAHHBIX MOKAa3bIBAET, YTO B CBA3M C YMEHBLIEHHEM MWCMBITAHUH KaOENbHBIX JIMHHN TOBBIIICHHBIM
HaNpsHKEHUEM, YBEJIMYHIIIOCh YHCIIO0 aBAPUHHBIX OTKA30B B KaOENBHBIX ceTax HampshkeHHeM 6 — 10 kB. Takue otkassl coctaBsaoT 33%
OT BCEX OTKa30B, B TO BpPeMs KaK OTKa3bl B BO3AYIIHBIX JHHHAX 3JIEKTPONEpenadn cocTaBIAOT 28%, B KaOSTBHBIX — BO3MYIIHBIX
mHUAX — 26%, B TpaHc(opMaTOpHBIX MojacTaHmusIX — 13%. IIpuunHamu oTka30B kabeiell SBIAIOTCA: cTapeHue n3omamuu — 51,4%,
noBpexaeHus kabenei — 18,9%, Hu3kokadecTBeHHBIE MaTepraibl — 14,4%, ommOku B mpoekTax — 7,4%, SKCILIOATAMOHHEBIC OIINOKH —
4,6%, monTaxHble nedextel — 1,4%, 3aBonckue nedextsr kadeneir — 1,8%. UMn. 4, 6ubn. 8 (Ha aHriumMiickoM si3bike; pedeparsl Ha
AQHIVIMHACKOM, PYCCKOM U JIUTOBCKOM £13.).

B. Karalitinas. 6 — 10 kV kabeliniy linijy gedimy Vilniaus mieste analizé / Elektronika ir ylektrotechnika. — Kaunas:
Technologija, 2006. — Nr. 3(67). — P. 51-54.

Nagrin¢jamos 6 — 10 kV jtampos kabeliniy linijy Vilniaus mieste ir aplinkiniame regione gedimy priezastys ir kabeliniy tinkly
atnaujinimo perspektyvos. Pleciantis statyboms ir rekonstruojant senus pastatus Vilniaus mieste jégos kabeliai su jsodrinta popierine
izoliacija kei¢iami kabeliais su izoliacija i§ armuoto sukryzminto polietileno (XLPE). Analizuojama dabartiné kabeliniy linijy buklé ir
kabeliy izoliacijos techninés charakteristikos. Pateiktas kabelio daliniy i§lydziy izoliacijos mikroertmése imitacinis modelis, igalinantis
tirti, kaip izoliacijos eksploatavimo trukmé priklauso nuo veikiancio elektrinio lauko stiprio.

Statistiniy duomeny analizé rodo, kad, sumazéjus kabeliy bandymams paaukstinta jtampa, padaugéjo avariniy gedimy 6 — 10 kV
kabeliniame tinkle. Cia $io tinklo gedimai sudaro 33% visy gedimu, o oro linijy gedimy buvo 28%, kabeliniy oro linijy — 26%,
transformatorinése pastotése uzregistruota 13% gedimuy. DaZniausiai pasitaikanCios gedimy prieZastys yra Sios: kabeliy izoliacijos
sen¢jimas — 51,4%, tiesioginiai kabeliy pazeidimai — 18,9%, nekokybiskos medziagos — 14,3%, projekty klaidos — 7,4%, eksploatacijos
klaidos — 4,6%, montavimo defektai — 1,4% ir kabeliy gamykliniai defektai — 1,8%. I11.4, bibl. 8 (angly kalba; santraukos angly, rusy ir
lietuviy k.).
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