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Abstract

In this work study of accuracy analysis in determining the conductance of
phases insulation of electrical network with respect to ground within the
framework of developed method for monitoring the insulation parameters in
networks of 6 kV at auxiliaries of the power station were conducted. The
developed method is based on connecting the additional conductance between
phase of electrical network and ground; measuring the phase voltage module value
with respect to ground before connecting the additional conductance; measuring
the zero sequence voltage module values; measuring the phase voltage value with
respect to ground during connecting the additional conductance between this phase
and ground. The study has shown that determining the conductance of network
isolation with respect to ground within the framework of developed method
provides satisfactory accuracy, as well as ease and safety of works in operating
electrical installations by voltage 6 kV of auxiliaries of the power station.
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Introduction

Errors analysis is made with using main provisions of the calculus, the theory
of errors, the theoretical foundations of electrical engineering [1, 2 — 4].

Let required value is determined by expression:

Y =f(X;, X,, X3), (1)

where X, X,, X, —are values determining Y and subjected to direct

measurement.
Herewith mean square error of indirect measurement will be determined
according to expression in a general form [2]:
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; < partial derivative of function y =f(X, X,, X,);

DX,, DX,, DX3— absolute errors of direct measurements of values

X, Xy, Xy

Relative mean square error is determined by the formula:

DY, =—
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By formulae (1), (2), (3) determine relative and absolute errors of the
developed method, which are possible during determining the active conductance
of electrical network’s insulation with isolated neutral by voltage 6 kV.

Theoretical studies

One of the priorities of
developed indirect methods for
determining insulation parameters in
the network of 6 kV is the accuracy of
finding of the required values. For
indirect determining the insulation
parameters in the network with
isolated neutral are set stringent
requirements concerning ensuring the
veracity of the required values.

Accuracy analysis of the
conductance of network insulation
within the framework of developed
method  for  determining  the
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It should be noted when
determining the conductance of
insulation in the network with isolated
neutral, on results of measuring the
phase voltage module value with
respect to ground before and during
connecting additional conductance
between this phase and ground, in
view of the additional conductance
value, becomes necessary to establish
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parameters of insulation in the
network by voltage 6 kV is produced.
The developed method is based on
measuring the phase voltage module
value with respect to ground before
and during connecting additional
conductance. Where the value of the
conductance of network insulation
within the framework of developed
method for determining insulation
parameters in the network of 6 kV is

determined by following
mathematical formula:

0
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methodical error of  obtained

mathematical relationship.

Based on the accuracy analysis
are developed practical
recommendations, which provide:

- the normal operation of
electroreceivers during the
production of measurements;

- satisfactory  accuracy  of
developed method for
determining the conductance



of insulation in the network
by voltage 6 kV;

- achieving the safety at work
in electrical installations, as
well as providing simplicity
and ease of measurements.

In accuracy analysis of the
developed method is determined the
ratio between a relative methodical
error and error of measuring devices
that measure the phase voltage
module value with respect to ground
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where U, Upp,, Uy, 0, —

quantities that determine the
conductance of insulation in the
symmetric network, which obtained
by direct measurement.
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and the resistance value that is used as
additional value.

Accuracy analysis of the
developed method for determining the
conductance of insulation in the
network by voltage 6 kV is produced
with the use of main provisions of the
theory of errors and the theoretical
foundations of electrical engineering.

Relative mean square error for
the conductance of insulation in the
network with isolated neutral by
voltage above 1000 V is determined
from mathematical relationship (4):

Relative mean square error of
method  for  determining  the
conductance of insulation in the
symmetrical network with isolated
neutral by voltage above 1000 V is
determined from expression:
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Determine the partial derivatives of function g= f(U,,; Uy, ;U,; g;)
with respect to arguments U, , Uy, U, g,
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There AUp; AUy, 5 AU, ; Ag, — absolute errors of direct measurements of

values
Ugh» Upnzs Uz, 9,, which are determined by the following expressions:

AU, = U AU,

AU, = U AU, -
AU, = U,AU, ;
Ag, =9,A9, .

To determine the errors of measuring devices accept that
AU, =AU, =AU,
=Ag, =D,
wher AU, ; AUy, ; AU, —arelative error of measuring circuits of voltage;

e
—the relative error of measuring device that

measure the value of additional conductance
connected between one phase of electrical
installation and ground.

Solving the equation (5) by substituting in it values of the partial derivatives
(6) and the values of the partial absolute errors (7), while believing that
AU.=AR:'=A, we obtain the mathematical relationship of determining a random
relative mean square error for the conductance of insulation in the network by

voltage up to 1000 V:

AUph Ughz + Ui Zm + Ushz + Ug (8)
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Obtained equation (8) express in relative units and perform research in

Mathcad:
. AU, . Uge +U;
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Based on obtained results of random relative mean square errors when
defining the conductance of insulation in the symmetric network with isolated
neutral by voltage above 1000 V, under the operation voltage, we plot the

following dependence:
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shown in picture 1.

Obtained mathematical
relationship of the relative mean
square errors for conductance — e of

phases insulation of electrical network
with respect to ground, which
presented in graphic performance and
reflected on picture 1, shows that
additional conductance value g,

which is introduced between phase of
electrical network and ground, affects
on error change in dependence of
veracity of required values.

Analysis of errors indicates that
in order to ensure the required
accuracy for each specific network is
selected the additional conductance
value.

1:(Uphz ; Uz )’

During determining the
conductance of phases insulation of
electrical network with respect to
ground is selected a such additional
conductance g,, so that U ,,«= 0,2 —

0,7 for values U, =

= 0,2; 0,4; 0,6 , then error does not
exceed 10 % when measuring devices
accuracy class is 1.0 , and up to 5 %
when measuring devices accuracy
class is 0.5 , and when measuring
devices accuracy class is 0.2 — error is
no more than 2 %.
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Picture 1 — The relative mean square errors of determining the conductance of
insulation in the network with isolated neutral by voltage above 1000 V.

Conclusions

Research of accuracy analysis in
determining the conductance of
network insulation with respect to
ground within the framework of
developed method for monitoring the
insulation parameters in a symmetric
networks Dby voltage 6 kV of
auxiliaries of the power station were
conducted. The developed method is
based on connecting the additional
conductance  between phase of
electrical network and ground;
measuring the phase voltage module
value with respect to ground before
connecting the additional
conductance; measuring the zero

sequence voltage module values;
measuring the phase voltage value
with respect to ground during
connecting the additional conductance
between this phase and ground.

Research have shown, that
determining the conductance of
network insulation with respect to
ground within the framework of
developed method provides
satisfactory accuracy, as well as ease
and safety of works in operating
electrical installations by voltage 6 kV
of auxiliaries of the power station.
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Tyiiin

JKympIcTa KeMIIUTIKTI Tajgay OeJICeHl OTKI3TIIITIN OKIIayiaaabl alKbIHIAY
JKeJIl JKepre KaThICThl, JalbIHAAIFaH TOCUIMEH JJICKTp CTAaHIUSJIApBIHBIH 6 KB
MEHIITKTI KaXETTUTIK KepHeyl. OChI 9fIiC AJIEKTP JKEIJIepl MEH OJIIIETeH IIaMaHbIH
apachIHIAFbl K€p MEH KEpHEY KOCBUIFaH OCJICEHIl MOJYJb OelceHl (a3achbIHBIH
CaTBICHI JKEPre KaThICThl KOCHIMINA KOCBLIBIM JEHIH KOCBHIMIIA OTKI3TIIITIIT MEH
eJIIIIEMIEP MEH JKEePJIiH apachbIHAaFbl KEPHEYIIH (a3achlH KepHEY KOCBUIFAH Ke3]1e
OChl JKepre KaThICThl KOCBIMINA OTKI3TIITIrT O€JICeHal >XKoHE PETTUIITIHIH
MOJYJIbIEPJl OTKI3TIIITIK IIaMa HOJJIIK CaThIChl HETI3ACNITEH. 3epTTeyiep
KOPCETTI: Tajjay OeJCeHAl OTKI3TIMTII OKIIayJaabl aWKbIHIAYy Keal Kepre
KATBICTBI JNalbIHIAIFaH TOCUIIMEH KaHaraTTaHApJbIK JOJJIK, COHJai-aK
KapanalbIMABUIBIFBIH JKOHE OHJIPICTIK KaylNCI3MIK MKYMBICHIH KOJAAHBICTAFbI
AMIEKTP KOHIBIPFBICTAPBIHIA JKBUTY JJICKTP CTAHIUSJIAPBIHBIH 6 KB MeHmmikTi
KOKETTUTIK KEpHEYIH/e KaMTaMachl3 eTe/i.

Pesrome

B pabote mpoBeneHbl HCCIEAOBAaHUS aHANIMW3a MOTPEUIHOCTH OIpEAeICHUs
AKTUBHOM  IPOBOJUMOCTH  M30JLSIUMM  CETHM  OTHOCHUTENIBHO  3€MJIH, IO
pa3paboTaHHOMY cIOcOOy OIpeneeHHs MapaMeTPOB U30JISIIMA B CUMMETPUYHOM
CeTu HampsokeHueM 6 kKB coOCTBEHHBIX HYXJ SJEKTPOCTAHIINI, OCHOBAaHHBIN Ha
NOJKIIOYEHUH AaKTUBHOM  JOMOJHUTENBHOM MPOBOJUMOCTH Mexay ¢a3zoi
JJIEKTPUYECKON CETH M 3€MIIEM M W3MEPEHUN BEIMYMHBI MOAYJS HANPSIKEHUS
(da3bl OTHOCUTENBHO 3€MJIM, A0 TOJKIIOUYEHHUS aKTHUBHOW JIOMOJHHUTEIbHON
IPOBOAUMOCTH M HM3MEPEHUM BEIMYMH MOJIYJIEW HANpsKEHUS HYJIEBOU
MOCJIEIOBATEIbHOCTH M HampshKeHUs (pa3bl  OTHOCUTENBHO 3€MIIM  NpHU
NOJKIIOYEHHOW aKTUBHOM TOMOJHUTEIBLHON MPOBOJAMMOCTUA MEXAY 3TOU (pa3oil u
3emiier. McciienoBaHus TMOKas3aiau, YTO OIPENEIICHUS aKTUBHOW ITPOBOAMMOCTH
U30JISIIIMU CETU OTHOCUTENIBHO 3€MJIH, 10 pa3pabOoTaHHOMY crioco0y oOecreurnBaeT
yIOBJIETBOPUTENIbHYIO TOYHOCTh, a TakXKe TMPOCTOTY U  0Oe30MacHOCTb
IPOU3BOJCTBA PabOT B JAECUCTBYIOUIMX 3JIEKTPOYCTAaHOBKAaxX HampsbkeHuem 6 kB
COOCTBEHHBIX HYX/ TEIIJIOBBIX 3JEKTPOCTAHIIUM.



Summary

In this work study of accuracy analysis in determining the conductance of
phases insulation of electrical network with respect to ground within the
framework of developed method for monitoring the insulation parameters in
networks of 6 kV at auxiliaries of the power station were conducted. The
developed method is based on connecting the additional conductance between
phase of electrical network and ground; measuring the phase voltage module value
with respect to ground before connecting the additional conductance; measuring
the zero sequence voltage module values; measuring the phase voltage value with
respect to ground during connecting the additional conductance between this phase
and ground. The study has shown that determining the conductance of network
isolation with respect to ground within the framework of developed method
provides satisfactory accuracy, as well as ease and safety of works in operating
electrical installations by voltage 6 kV of auxiliaries of the power station



