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Abstract— The new indirect method of measurement
and calculation of the phase-earth capacity in netarks with |l CALCULATION BASED ON THE NODEVOLTAGE ANALYSIS

isolated neutral point is based on creation of a sit-term For the verification purpose of the artificial irase of
phase capacity asymmetry in the network. The valuef the  the phase-to-earth capacitive asymmetry to deterifia
phase earth capacity in the network can be determgd  \gjye of the capacitive earth-fault current, fits¢ node-

using the voltage ratio in the network and the capeity value voltage analysis was applied. For the calculatiosimple
of the connected capacitor. When expanded, the matti can . cuit which'is provided in Fig. 1 was used.

be also used for the leakage current estimation.
Furthermore, this method can be applied to periodic . - h dmi d the titgvi
controls of the earth capacitive current value. Forthe equation using the average admittance and the tigvia

evaluation of the phase earth capacity, a single-ppose  [Tom the average value.

automation can be used and thus the whole process o Y = G+jaC 1)
measurement and evaluation is conducted at a defide o

period (at a given hour, day, month...) or on operatos Y, =Y +AY, =G+ jaC +AG, +AjaC )
command.

In the network with isolated neutral point, the safm
Keywords —isolated neutral point, capacitive earth-fault currents f'OW_'”g through the shunt a_dmlttances was
current, measuring and calculation of phase earipaity —©XPressed using the node-voltage analysis.

value E(Y, + &Y, + &Y,) =U,(Y, +Y, +Y;) (3)
|. INTRODUCTION Where

In distribution networks operated with isolated mal E refers to the phase voltage value
point the capacitive earth-fault current flows tgh the Uo refers to the network node-to-earth voltage
point of fault in case of a single-phase-to-easttf The Y  refers to the network phase shunt admittance
magnitude of the current depends on the used tyfireo a & refers to the complex operator
and scope of network. There are many reasons for
determining values of the capacitive earth-faultreut. _ 1 b J3 2_ 1 V3
One of the most important reasons is the disti@nuti a= 2 17 T o 1o

networks operation safety. During a single phasthea
fault, it is necessary to adhere to the allowedesilof the
touch voltage.

Safety was one of the main reasons which lie behin
this research to find an easy and easily applicatgthod 2E ®
for determination of the capacitive earth-faultreat in
distribution networks with isolated neutral poiAnother
reason was a frequently submitted request of theank aE
operator for a change in the manner of the nepait
earthing when the operator requested conversion to
networks with the capacitive earth-fault currents
compensation. To comply with the aforementioned
request, it was necessary to determine the required Uo Uo2 Uos
capacity of the arc-suppression coil. So far, the U
measurement of the capacitive earth-fault currasttieen 0
executed by the creation of an artificial earthrestion.
This, however, has brought the risk of the occureenf a
multi-phase earth fault.

In addition, the shunt admittance description based
the equation (2) in the equation (3) was substitute
gxpress the voltage zero-sequence component.

Fig. 1.: Simple circuit for the calculation

The leakage admittances can be described by the
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Next, the equation (4) based on the equations — . jaAC
expressing the sum of the complex operators (5)and Y = JaC +
condition that the sum of all deviations from theage
value is zero equation (6) was solved.

AY, =Y + jaAC-Y

- (AY, + 8AY, +&°AY,) - -
U,=E—=—"—*=— = v 5 JaAC 2ja\C
" TR ST A, +AY, + AV, AY, =Y+ janC-Y -1 =+ S0
S S anG
3Y +AY, + AY, +AY, @) 2= = 3 3
1+d+8°=0 (5)
DY, +AY, +AY, =0 6 AV, =Y-Y=y-y-14AC__JeAC
3
3 3 (8)
The equation (4) can be further reduced based en th
aforementioned conditions. The equation (8) can be substituted for the equdtin
The networks operated in our region are relatively 2jaC jaAC , jaAC
symmetric. The deviation of the phase-to-earth citipa ~ 3 -a 3 -a 3
is usually, in particular in the case of three-ghaable U,=E

lines, lower than 0.2 % of the network total phtsearth 3Y + jaAC
capacity. We can neglect the deviation for the udaton
purpose and the equation (7) will have approxinyateto AC
value of the voltage zero-sequence component. If we (j :Eji

create a significant phase-to-earth capacity innttavork 0 3Y +jaAC 9)
by connecting some capacity between one of thegshas . .

and earth, the voltage zero-sequence component will NoW the shunt admittance Y is expressed as
increase. The increase of the residual voltageevalu _ jaAC( E

induces change of the voltage values and changkein Y= 3 UT_

vector rotation of phase voltages in the netwoi.(B). (10)
~ (A, +aAY, +aZAY,) The equation (10) can be broken down to get the
U, =E—1* = ! following form:
3y (7) .
. _jarC[ E
The previous equation (7) can be solved by neglgcti ja, = 3 (U_lj
the leakage in the equation (2) and by addi@yphase- 0
to-earth capacity to L phase. The value of the leakage is AC( E
negligible compared to the phase-to-earth susceptand Co =? U
usually equals a few percent. ° (11)
Based on a trivial derivation it is obvious thafsth
U analysis can be applied to determine the valuehef t

capacitive earth-fault currents in networks witblaged
neutral point. This analysis has already been egind
verified in practice several times. For practigaplication

it is important to determine the magnitude of the
connected capacitiC. It is important that a measurable
change in the magnitude of the voltage zero-seguenc
component occurred after the connection of the test
capacityAC. The most accurate results are obtained if the
value of the phase earth capacity of the netwotkgker
than 0.2 times the amount of the connected testoigp
AC up to the value of 8 times the amount AE. In
practice, the capacitive earth-fault currents irkV6
networks are most frequently determined using the
connected capacithC = 2 uF. The measured values of
the capacitive earth-fault currents ranged betvie8mA to

50 A.

Fig. 2 The vectors of phase voltage and the zeltag® vector Within the framework of application in practiceetl
were networks where it was not possible to meathee

voltage zero-sequence component with sufficientiaey
The average value of the shunt admittance can be&r where the existing connection of the voltage
expressed as follows: transformer prevented measurement thereof. Indhese
of the measurement processing it was then impassibl
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B s s psiie e e e

substitute the value of the voltage zero-sequeNnce murws

component | For this reason, the equation (11) was ™™ P
modified to allow the substitution of the phasetagé

values. For easier application of this method, the | .. el o S
necessary software was created, which is basechen t .:Hfmd ——

situation of the phase voltages prior to and after Bt amcionct ety Ve cpcy Wi covcionct sty
additional capacity connection. From the changehm wo s e wor  me | m
voltages it is possible to calculate the value ludse earth = e | e e o
capacity of the network, including approximate —
determination of the network leakage current value. Gbstnie

Earth capacily and earth capaciive current Leakage resistor and leakage acfive

This method has extended the possibilities of co- 4858 |uA - 385 |iom
determination of the capacitive earth-fault curneaitie in e 18 W we 03 W
networks with isolated neutral point. This methgdan e R & Lk
indirect method when it is not necessary to cremte
artificial phase-to-earth connection. With simuétans
measurements of all three phases, e.g. usingdhsiént Fig. 3 An example of calculation screen in thewsafe for the indirect

Nominal voltage in the network 6000 |V

Exit |

network analyzer, even a short-time measuremerbger method.
is sufficient. Usually a connection of the additbn
capacity for a few seconds is enough. Satisfaatesylts [1l. CONCLUSIONS

were also obtained under standard operation when th
measured voltages were read from the commonlg
available portable voltmeter with gradual measurgme

of voltage in individual phases on the secondagsiof measurements and the conclusions resulting from tre

voltage transformers_. ) included in the measurement reports and are ndichub
After the installation of the automatic measuremenyailable. The described method has been verifiegal

system or after the implementation of the methoth#®n  gperation and based on the results, a special-parpo

control system, it is possible to execute the eniocess automatic system for the measurement of the capacit

of measurement of the capacitive earth-fault currenearth-fault current in a network with isolated malipoint
automatically. This enables periodic monitoring thB  has been developed.

value of the capacitive earth-fault current in reate with
isolated neutral point. The automatic processinghef
measured data brings a higher accuracy and speta of
measurement. In agddition? the automgtic megsurement ACKNOWLEDGMENT
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