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EXPERIMENTAL STUDIES OF A DEVELOPED METHOD FOR
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Annotation
The article conducted experimental studies of the developed method for
determining insulation parameters in an asymmetric network with a voltage of up to
1000 V for mining enterprises, based on measuring the magnitudes of the linear
voltage modules, the phase angle between the phase voltage vector relative to earth
and the phase phase linear vector larger than the measured phase voltage relative to
earth, as well as the voltage of the phase relative to earth, which has a minimum
value before and after connecting the capacitive additional conductivity between the
electrical phases network and earth. Experimental studies have shown that the
developed method for determining insulation parameters has a satisfactory accuracy,
simplicity and safety of work in electrical installations during operation of electrical
installations with voltage up to 1000 V.
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Introduction

One of the main factors reducing
the efficiency of mining machines and
complexes is damage to the insulation
of the phase relative to the ground.
Since the reliability of network
operation and electrical equipment is
associated with insulation damage in
electrical installations with a voltage of
up to 1000 V, therefore, the issues of
personnel electrical safety are also
open. It should be particularly noted
that when operating personnel on

mining machines and complexes there
Is a lethal electric shock. [1 - 8].

In three-phase electrical networks
with voltage up to 1000 V, there is a
lack of phase voltage symmetry.
Asymmetry in low voltage networks is
formed by two factors: asymmetric
load on the phases of the electrical
network; if the insulation is damaged,
any phase relative to the ground.

The insulation  condition s
characterized by its active conductivity



reducing the level of insulation in the
network, as well as capacitive, full and
active component of the insulation
conductivities in  an  asymmetric
electrical network with an insulated
neutral voltage of up to 1000 V.

It should be noted that the active
conductivity reducing the level of
insulation in a network with an
insulated neutral voltage of up to 1000
V of mining enterprises characterizes
the magnitude of the leakage current to
earth, as well as the magnitude of the
touch voltage when the insulation is
damaged. Therefore, in the practice of
electrical installations, it is necessary to
know the amount of active conductivity
that reduces the level of insulation in
one of the phases of the electrical
network relative to the ground. Where
by the magnitude of the active
conductivity reducing the isolation
level of one of the phases in the
network relative to the earth, the
development of organizational and
technical measures to  improve
electrical safety in networks with
voltage up to 1000 V of mining
enterprises is being made [1].

Capacitive conductivity
characterizes the network capacity, that
is, the number of connected electrical
receivers, and the length of air and
cable lines. Therefore, in the practice of
operating electrical installations, it is
necessary to know the capacitive
conductivity of the insulation of the
phases of the electrical network relative
to the ground.

Full conductivity reduces the level
of insulation in a network with an
insulated neutral voltage of up to 1000
V of mining enterprises, which
characterizes the magnitude of the
leakage current to earth, as well as the

magnitude of the touch voltage when
the insulation is damaged. Therefore, in
the practice of operating -electrical
installations, it is necessary to know the
value of the total conductivity reducing
the level of insulation in one of the
phases of the electrical network relative
to the ground.

The active conductivity of the
electrical network insulation
characterizes the insulating properties
of the dielectric. Therefore, in the
practice of electrical installations, it is
necessary to know the active
conductivity of the insulation of the
phases of the electrical network relative
to the ground.

To ensure the growth of electrical
safety, it is necessary to know the state
of insulation of electrical installations
under operating voltage. To do this need
to develop methods for determining the
active conductivity that reduces the level
of insulation in the network, as well as
the capacitive, full and active component
of the insulation in a three-phase
asymmetrical electrical network with an
insulated neutral voltage of up to 1000
V. will allow to choose the right strategy
for the development of organizational
and technical measures to improve
electrical safety in networks
apryazheniem to 1000  mining
enterprises.

In the practice of operating
mining machines and complexes, there
are no effective ways to monitor the
insulation condition, protect a person
from electric shock in a network with
voltage up to 1000 V. Consequently,
develop methods for monitoring
insulation condition, protect from a
person electric shock in a network with
voltage up to 1000 V for mining
machines and complexes is relevant.



Based of the obtained results of
determining the insulation parameters
of the electrical network phases relative
to the earth, organizational and
technical measures are being developed
that increase the reliability of the
internal power supply system of
enterprises and ensure the growth of
electrical safety during operation of
electrical installations with voltage up
to and above 1000 V.

The developed method for
determining the insulation parameters
and the conductivity value, which
reduces the isolation level of any phase
relative to the ground, should be
necessarily investigated for validity.
The developed method for determining
insulation parameters in three-phase
asymmetrical networks with voltage up
to 1000 V is based on measuring the
magnitudes of the modules of linear
voltage, phase voltage relative to earth,
and phase angle between line voltage
vectors and phase voltage relative to
earth, Dbefore and after connecting
additional active conductivity between
one of the phases of electrical and
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ground.
Based on measured values of
linear voltage modules — U ,, voltage

phase to earth — U, and U, and

phase angle between line voltage and
phase voltage vectors relative to earth —
a and ay, before and after connecting

capacitive extra conductivity b,

between the phases of the electrical
installation and the ground, as well as
taking into account the magnitude of
the capacitive additional conductivity,
the active conductivity is determined
0., reducing the level of isolation

between one of the phases of the
electrical network and the ground,
capacitive, full and active conductance
of isolation of the network relative to
the earth according to mathematical
dependencies:
- active conductivity, reducing
the level of insulation between
one of the phases of the
electrical network and the
ground
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For practical purposes, it is
necessary to take into account the error
analysis, where limits are set for
changing the ratio of voltages from the
value of capacitive additional
conductivity, to conduct experimental
studies of the developed method for
comparison with the classical ammeter-
voltmeter method, developed in detail
by Professor L.V. Gladilin.

Determination ~ of  insulation
parameters by the ammeter-voltmeter
method consists in measuring the
magnitude of the voltage module of the
phase relative to the earth before and
after connecting active additional

- total network insulation

conductivity and measuring the
magnitude of the total fault current to
earth by directly connecting the
electrical installation phase to earth.
Based on measurements of the
magnitude of the modulus of the phase
voltage relative to earth u, and u,,

before and after connecting the active
additional conductivity and measuring
the magnitude of the modulus of the
single-phase earth-fault current — 1,
and also taking into account the
magnitude of the active additional
conductivity g,, insulation parameters

are determined by the formulas:

y=1,Uz", (5)
- total network insulation conductance
Ya = 10Uz, (6)
- active conduction of network insulation
9=05(ys - ¥° -07)209,", (7)
— - capacitive conductivity of network insulation
b=(y*-g*)"". (8)

—Experimental studies were carried out in laboratory conditions of a distribution
network with voltage up to 1000 V according to the circuit diagram Figure 1.
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Figure 1 — Electrical schematic study of the developed method for determining
insulation parameters in a network with insulated neutral voltage up to 1000 V with
damaged insulation between one of the network phases and ground

The electrical schematic study of

the developed method for determining
insulation parameters in a network with
insulated neutral voltage up to 1000 V
with damaged insulation between one
of the network phases and the ground,
shown in Figure 15, contains:

investigated three-phase electric
network with insulated neutral,
with phases A, B and C;

PV1 voltmeter, measuring the
magnitude of the linear voltage
modulus;

PV2 voltmeter, which measures
the magnitude of the voltage
module of the phase A relative to
the ground, provided that during
the phase A of the electrical
network there is a damage to the

insulation between it and the
ground;

measuring device PV3,
measuring the phase angle

between the voltage vector of
phase A relative to the earth and
the vector of linear voltage;
capacitive conductance
insulation network b, bg, b.;

active conductance isolation

network g4, dz, O¢;

QF1 - a switch disconnecting the
capacitive additional
conductivity between the phases
of the electrical network and the
ground;

QF2 — a switch disconnecting the
conduction, reducing the level of
insulation between the phase A
of the electrical network and the
ground;

QF3 - a disconnect switch that
shunts the conductivity and
reduces the level of insulation
between the phase A of the

electrical network and the
ground;
Jo— active additional

conductivity, reducing the level
of insulation between phase A of
the network and the ground;
b,—  capacitive  additional
conductivity connected between
the phases of the electrical
network and the ground;

- PA - Ammeter



measuring:  leakage  current

flowing through active additional

conductivity,  reducing  the

insulation level of phase A

relative to the ground when it is

switched by the QF2 switch
disconnector, the value of the
current of the RPA when
shunting  active  additional
conductivity,  reducing  the

insulation level of phase A

relative to the ground.

For measuring the values of
current and voltage modules, devices of
type 3-515 with an accuracy class of
0,5 and with current measurement
limitsi=0 _ 5 A, voltages U =0 _ 500
V are used.

Resistance type PE-200 with
nominal valueR,= 1000 Om was used

as an active additional conduction.
Capacitors of the KBGS-MP type with
a capacitance of 0.5 pF, were used as
capacitive additional  conductivity,
U, =10005.

The study of the developed
method for validity in comparison with
the method of ammeter-voltmeter is
carried out according to the following
program.

1. 3 load switches QF1, QF2 and QF3
are selected.

2. Testing is performed on the working
capacity of the selected load
switches.

3. After checking them for operability

of the load switches QF1, QF2 and

QF3, work is being done to prepare

additional ~ capacitive  connection

circuits — b, and active - g,

conductivities.

4. A load switch QF1 is connected to

phases A, B and C of the electrical

network and additional capacitive

conductivity is connected for switching
between the outgoing contacts of the
load switch and ground h,.

5. Active additional conduction is
connected to the phases A of the load
break switch QF2, which reduces the
insulation resistance between this phase
and the ground — g, which is shunted

by a QF3 load switch and between
capacitive extra conductivity — b, and

the earth is connected to the ammeter
PA.

6. After connecting the breakers QF1,
QF2 and QF3 to the electrical network
and, accordingly, connecting them to
additional capacitive — b, and active —

g, conductors with an ammeter in

series connection of active additional
conductivity of the circuit, connect
measuring instruments PV1, PV2 and
PV3, measuring the magnitudes of the
modules of linear voltage, phase
voltage relative to earth, and the phase
angle between phase voltage vector
relative to earth and line voltage vector.
7. After work on points 6, the values
of  measuring  instruments  are
connected, which are connected for
experimental research.

8. After the work on paragraph 7, the
QF2 switch disconnects the active
additional conductivity, which reduces
the isolation level between the phase A
of the network and the ground, and the
current  flowing  through  this
conductivity is recorded, the ammeter
PA, voltmeters PV1 and PV2 measure
the values of the linear voltage modules
voltage phase relative to the earth, and
the measuring device PV3 recorded the
phase angle between the phase voltage
vectors relative to the earth and the line
voltage.



9. After carrying out the work on
paragraph 8, the active additional
conductivity g, is shunting between

the mains phase and the ground with
the QF3 load switch. The current
measured without active additional
conductivity is registered by the
ammeter RA, and the work on
measuring according to item 8 s
carried out.

10.After making the work under
paragraph 9, the QF3 load switch is
disconnected and thus the active
additional conductivity g, is connected

between the mains phase and the
ground. A measurement is made of the
amount of current flowing through the
active additional conductivity with an
RA ammeter, and also the work is
carried out to carry out the
measurements in accordance with
clause 8.

11.After the work made under
paragraph 10, the QF1 load switch is
connected between the mains phases
and the ground of the additional
conductivity vessel. A measurement is
made of the amount of current flowing
through  the  active  additional
conductivity with an RA ammeter, and
also the work is carried out to carry out

the measurements in accordance with
clause 8.

12. After work under paragraph 11, the
load break switches QF1 and QF2 are
disconnected.

With a time interval of 0.5 hours,
work on items 8 _ 12is alternately
made. After work with a time interval
of 0.5 hours and the number of
measurements n = 8, the production
scheme of the research of the
developed method for determining
insulation parameters in an
asymmetric network with an insulated
neutral voltage of up to 1000 V is
dismantled at  the OEB1-C-
R26.08.2005 laboratory  complex
“Electrical Safety Basics”.

The results of experimental
studies to compare the developed
method with the classical method of
ammeter-voltmeter are recorded in
Tables 1 and 2.

To prove the reliability, according
to the estimation of the errors stated in
[9-11], it is necessary to make at least
four measurements. In this case, we
take eight measurements with an
interval between measurements of 0.5
hours

Table 1 - The results of determining the insulation parameters according to the

method of ammeter-voltmeter

Number of measurements

Insulation parameters

3 4 5 6 7 8

Total network insulation y

x 102 S. 0,80 | 0,75

0,75/0,72(0,75(0,68 0,71 | 0,86

Capacitive conductivity of

network insulation bx103, |0,68 | 0,77

S.

0,83|0,48 0,69 |0,58|0,75 | 0,62




Active conduction of
network insulation g x 10°, 0,32/0,21/0,34/0,32/0,37 0,28 0,49 | 0,27
S.

Table 2 - The results of determining the insulation parameters of the developed
method

Number of measurements
1 2 3 4 5 6 7 8

Insulation parameters

Total network insulation y
<102 S, 0,84|0,69(0,75|0,71/0,85|0,88 | 0,83 | 0,75

Capacitive conductivity of
network insulation b x107, 0,680,77|0,71/0,65/0,87|0,73|0,91 | 0,65
S.

Active conduction of
network insulation g x 10%, 10,25|0,32|0,32|0,35|0,25| 0,37 | 0,36 | 0,35
S.

To compare the results of the developed method and the ammeter-voltmeter
method, the error is estimated using the following calculation algorithm [9 — 11]:
1. The average values of the studied parameters are determined.

X =&axn™. (9)

2. According to the mathematical dependence, the standard deviations of a single
result are determined for n = 8 dimensions of the parameter under study.
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3. Determine the rms error of a single result of the parameter under study.

5, = {(X - X7 + (X = x,)2 + (X=X )2 4t (X=X, 2 fn -1 F5. @)

Based on theoretical studies of the
error analysis of the developed method,
we determine the values of a, the
confidence  probability  for the
confidence interval, expressed in
fractions of the root-mean-square error
e.

According to the relative mean

square error of the developed method
for  determining  the  unknown
quantities, random relative errors do
not exceed 10% when using measuring
devices with cl. accuracy 1.0, when
using measuring devices with cl.
accuracy 0.5 errors of the required
values do not exceed 5%.



Since the confidence probability
should be equal to a = 0.9,0.95
according to the recommendation set
out in [9 - 11], for our case with the

value of e = 5% we take a = 0.95,
which confirms the accuracy of the
error estimate analysis developed
method

4. The absolute error in determining the desired quantity is expressed by the

mathematical dependence:

DX =tg,S,n°", (12)

where for the value of a= 0.95 with n = 8 we take the Student coefficient t,

(according to table 2 [9 - 11]), which is equal to 2.4.
5. The relative error of the compared methods for determining the insulation
parameters of the phases of the electrical network relative to the earth is calculated

by the formula:

DX« =DX xX 1x100%. (13)

The results of the experimental
studies presented in Tables 1 and 2
were processed by the above algorithm
and made it possible to obtain
probabilistic statistical characteristics
for estimating the error of the
developed method in comparison with
the method of an ammeter-voltmeter.

summarized in the table, it can be said
that the developed method for
determining insulation parameters and
conductivity values, reducing the
isolation level of any phase relative to
the earth, has satisfactory accuracy,
since the rms errors of single
measurements and relative rms errors

The results are summarized in Table 3. of  determining  the insulation
As a result of visual comparison parameters of electrical networks
of the characteristics of the electrical developed method and

network insulation parameters,

the method of ammeter-voltmeter practic cally not different.

Table 3 - Probabilistic-statistical characteristics of the electrical network
insulation parameters

X, Sn DX, DX,
Method of measurement | Parameters 102s 1033 103S %
y 0,743 0,042 0,040 2,2

According to the method

0,775 0,037 0,032 3,5
of ammeter-voltmeter

0,300 0,010 0,079 2,4
0,804 0,006 0,007 0,4
0,745 0,005 0,005 0,3
0,300 0,003 0,004 0,8

According to the
developed method

QO <K\ «QoT

Analysis of the above
measurement errors leads to the
conclusion that the developed method
for determining insulation parameters

can be used along with the method of
an ammeter-voltmeter. The proposed
method with sufficient safety during
operation can be recommended for



implementation in production.

The work was made in accordance
with Contract No. 242 dated March 17,
2018. S. Seifullin Kazakh Agro-
Technical University with the Ministry
of Education and Science of the

Conclusions

In view of the above said that the
comparative characteristics of the
electrical network insulation
parameters obtained as a result of the
experiment showed that the developed
method for determining the insulation

Republic of Kazakhstan for project
N0.AA05132692 “Development of
innovative technologies for increasing
the power supply efficiency to
electrical consumers with voltage up to
1000 V of mining enterprises”.

parameters has a satisfactory accuracy,
since the root-mean-square errors of
single measurements and the relative
root-mean-square errors of determining
the insulation parameters of electric
networks Voltmeter is almost the same.
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1000 B-TE JEMATHIT U3OJISIIIUSITTAHBAFAH BEVTAPAIITHIK KEPHEYI
BAP XKEJIIEI'T U30JIHUA ITIAPAMETEPJIEPIH AHBIKTAYT A
APHAJITAH JAMBIT'AH 9AICTI OKCIIEPUMEHTAJIAbBI 3BEPTTEYJIEPI

'C.B. Deooposa, m. 2. K.

’B.b. Omezygnos, m.z. 0., npogheccop,

°A.B. Omezynos, m. &. K.,

‘U.B. Kowikun, m. 2. k.

’H. K. Kypabaes macucmpanm

'Opan ken-wemannypeus komnanuscel TexHukansix ynuepcumeni,
2C.Ceiighynnun amoinoaze Kaszax azpomexnuxansix yuusepcumem, JKenic
3A.Baiimypcuinos ameindazel Kocmanaii memiekemmix yHugepcumemi

Tyiiin

Tay-ken kocinopsiaaapsinaa kepreyi 1000 B neftiHri acuMMeTpHsUTBIK sKeJiepie
OKIIIayJiay MapaMeTpiiepiH aHBIKTAy OMICTEMECIH IKCIEPUMEHTTIK 3epTTey >KYpri3uiil,
ONIC CHIBBIKTHIK KEPHEYJl MOMYJIBIACPIIH MaMallapbiH, (a3aliblKk KEPHEY apachIHIArbl
BEKTOPIBbIH (ha3abIK OYPHIIIBIH JKOHE OJIICHIeH KEPHEY/IEH JKOFaphbl (a3aliblK KEpPHEY
BEKTOPBIH OJIIICYTe HETI3/IeNreH >Kepre KaTbICThl (hazara, COHJAi-aK Kepre KaThICThI
KepHey (ha3achiHa, CHIMBIMIIBUIBIKTHI KOCHIMIIIA KOCY/IBIH aJIIIHIAFbl KOHE KEHIHT1 eH
a3 MoHI Oap »dJeKTp KemiCiHIH (a3zamapibplH >KOHE KEpre apachIHIAFbl EKIHIII
OTKI3TIIITIK. DKCIEPUMEHTTIK 3€pTTEyJiep KOPCETKEeHJIEH, OKuIayynay MapameTpliepiH
anpIkTay omictemeci 1000 B meliinri kepHEYyMEH 3J1€KTp KOHIBIPFHUIAPBIH IMMaiiIaiaHy
KE31H/E OJICKTP KOHABIPFBUIAPBIHIA KYMBIC ICTEYJIIH KaHaraTTaHapJIbIK JOJIIITI,
KapanaibIMJIbUIBIFBI )KOHE KayiCi3diri.

Ty#iHal ce3nep: TOK, KepHey, OelTaparl, oKiiaysiay, >Kell.

SKCHEPUMEHTAJIBHBIE UCCJEJOBAHUS PA3PABOTAHHOTI'O
METOJIA OIPEJIEJIEHUS TIAPAMETPOB N30JISIHVUA B CETH C
N30JIMPOBAHHOW HEVTPAJIBIO HAINIPSI)KEHHUEM J1IO 1000 B
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Pe3rome

B pabote mpoBeneHbI SKCIEPUMEHTAIBHBIE HCCICIOBAHUS Pa3pabOTaHHOTO
METO[a OTpPENEICHUs MapaMeTPOB U3OJISIIMU B HECUMMETPUYHOW CETH HAIpPSHKEHUEM
1o 1000 B s ropHBIX MpeANnpUsSTHiA, OCHOBAHHBIN Ha U3MEPEHUM BEJTUYHUH MOJyJICH
JMHEWHOTO HAampshKeHUs, yriaa casura a3 MeXAy BEKTOPOM HampsbkeHus (asbl
OTHOCHTEJIBHO 3€MJIM M BEKTOPOM JIMHEWMHOTO HaIpsbKeHUs a3bl, KOTOpasi OOJIbIIE 110
BEJIMYMHE M3MEPSIEMOT0 HAMPsHKEHUS (Pa3bl OTHOCUTELHO 3eMJIH, a TAKXKE HATPSKCHHS
da3bl OTHOCUTENIHLHO 3€MJIM KOTOpPOE HMMEET MHUHHUMAJIbHOE 3HAU€HUE J0 U TIOoCHe
MOJKITFOYCHNS ~ €MKOCTHOW  JIOTIOJHHWTEIBHOM  TMPOBOJAMMOCTH  MeXay (azammu
AIIEKTPUYECKON CETH U 3€MJIEH. DKCIEPUMEHTAIBHBIE MCCIIECIOBAaHUS MOKA3aJl0, YTO
pa3pabOTaHHBIM  METOJT  ONpPEACJICHUS  MapaMeTpoB  M3OJAIMU  oOJajmaer
YAOBJICTBOPUTEIBHON TOYHOCTBIO, MPOCTOTOM ©  0€30MacHOCThIO paldoT B
AIEKTPOYCTAHOBKAX TPH 3KCIUTyaTallud AJICKTPOYyCTaHOBOK HampsbkeHuem ao 1000
B.

KiaroueBble ciioBa: TOK, HANPSIKEHUE, HEUTPAJIb, U30JISILIUSA, CETh.



