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APPROBATION OF THE DEVELOPED METHOD
FOR DETERMINING NETWORK INSULATION
PARAMETERS ON AN OPERATING EXCAVATOR

One of the factors that determine the safety of electrical installations
in ungrounded AC systems is the insulation resistance to earth. Early
recognition and fault clearance, accompanied by a change in the active
and reactive components of the insulation conductivity in ungrounded AC
systems, will ensure work safety in electrical installations. Due to the fact
the scale of cases of electrical injuries continues to remain significant,
despite the tightening of the requirements of regulatory and technical
documentation and the creation of newer effective methods and protection
equipment against electric shock, therefore, increasing the level of electrical
safety in the operation of mining machines and complexes is an urgent task.

The article depicts the results of the approbation of the developed
method for determining network insulation parameters on an operating
excavator. The developed method is based on measuring phase voltages
and angles of their vectors before and after connecting an additional
capacitance to the phase of the electrical network and to the earth.
According to the developed method, numerical data of the insulation
condition in an electrical network with a voltage up to 1000 V and the
single-phase earth fault current were calculated. During the approbation
of the developed method, the lack of the existing protective residual current
device was identified.

Keywords: network insulation, admittance, susceptance, neutral shift,
zero-sequence voltage.

Introduction

Presently, a significant amount of information has been accumulated on the

research of the insulation condition of mining electrical networks, which is reflected
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in an increase in the level of electrical safety in open-cut mining [1-6]. However,
these studies cannot serve as a standard for all types of quarries for reasons such
as the location of quarries in different climatic zones, the number and capacity of
electrical installations, and the length of power lines.

Due to the specific’s mode of the quarry’s electrical network, which is associated
with the use of repeated short-term switching on energy-intensive motors, where the
no-load currents rise in the shortest possible time to the latching currents [7-9]. All
these oscillatory processes affect the deviations of the phase voltage values relative
to the ground from the nominal values, thereby changing the zero-sequence voltage,
which is directly dependent on the network insulation resistance.

Therefore, the purpose of this work was to determine the numerical parameters
of insulation in an ungrounded open-pit mining electrical network by the developed
method, which is described in the article [10].

Materials and methods

Approbation of the developed method on the operating excavators of «Bogatyr
Coal» LLP with all auxiliary connected equipment made it possible to determine
the actual data of the insulation condition.

The measurements of the network insulation parameters were carried out
according to the methodology, compiled on the basis of the developed method
[10], which consists of measurement data such as phase voltage - U, ,U,,, zero-
sequence voltage- U, U, , and angles of their vectors — a,a.,,9,9, before and after
connected additional susceptance — B,

The measurement results are used to calculate:

— network insulation admittance

Y — boUni~ Uz, + Uf — 2Uay Uncos(p — a) X (1)
UppUy sin(@y — &) — UpqUpq sin(e — a)’

— network insulation susceptance

_ Boly,Usy sin(p — a) . 5
UnzUn Sin(ps — @) — Upy Uy sin(g — @) 2

B

— network insulation conductance

ByUyy (Uyy cos(p — a) — Uy)

G= - - .
UnaUy sin(@y — ay) — Upy Uy sin(p — o)

A3)
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To perform phase voltage measurements, a «SATEC EDL175XR» power
quality analyzer with an accuracy class of 0.2S was used, and a capacitance bank
shown in Fig. 1 was used as an additional susceptance.

I [ [ I [ I

sz YF:, Ypét YFS YF(, YF7

Figure 1 — Schematic diagram of a capacitor
bank with KBG-MP type capacitors:
QF1+QF7 — switchers; C1, C2 — 0,1 uF; C3, C4 — 2 uF; C5, C6 — 4 uF;

A capacitor bank is used to connect an additional susceptance to one of the
phases of the electrical network and to the earth, while the capacitor connection
circuit is made in a parallel scheme, which makes it possible, to sum up, the
capacitances of the capacitors, thereby achieving the necessary change in phase
voltages necessary for the accuracy of calculations [11].

Discussion of results

The oscillograms (Fig. 2, Fig. 3) clearly show the change in phase voltages
before and after connecting an additional susceptance (0,2 pF capacitance was
used) to phase «A» (yellow color) of the ballast quarry excavator EKG-5. At
this time, there is an asymmetry of the phase voltages before the connection of
additional susceptance. The connection of the power quality analyzer and the
capacitor bank was carried out to the 0,4 kV buses after the incoming circuit
breaker.
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e=Phasc C (before)

Figure 2 — Oscillograms of phase voltages before and after connecting

additional susceptance on a ballast quarry excavator ECG-5

To calculate the network insulation conductance, susceptance and admittance
of the ballast quarry excavator EKG-5, measurement data are used by the power
quality analyzer before and after connecting additional susceptance according to
the developed method, as well as test results evaluated using the small sampling
method are shown in Table 1.

Table 1 — Network insulation parameters results

Network Number of measurements

insulation

param-

eters 1 2 3 4 5 6 7 8 X (Average
value)

Y-10°5,]| 856 8,55 8,55 | 8,44 8,50 8,51 7,80 7,29 8,28

Mho

B-10-%, 10,50 0,49 0,51 | 0,49 0,51 0,48 | 0,47 0,44 0,49

Mho

G-10-5,1855 8,54 8,53 | 8,43 8,48 8,50 | 7,78 7,28 8,26

Mho

The results of calculations by the developed method to determine the network
insulation parameters in units of measurement “Ohm” and the single-phase earth
fault current are summarized in Table 2.

Table 2 — Data on network insulation parameters and single-phase earth fault

current
Z, Ohm X, Ohm R, Ohm C, 107 uF To, mA
12084/ 205634/ 12105/ 15,48/ 10,92/
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[ 11679+13715 | 1953424226955 | 11698+13740 | 14,03+1629 | 9,62+113 \

In table 2, the numerator shows the average value, and the denominator shows
the range of deviations during the operation of the excavator.

Based on the calculation, it can be concluded that the measurements of the
network insulation parameters and the single-phase ground fault current variation
are within small limits, and since the excavator’s electrical network does not have
long cable lines, the network capacitance has small values. The range of variation
of the above values is due to voltage fluctuations [7].

To protect current-using equipment on the EKG-5 excavator, a residual current
device of the «UAKI» type is used, which has limited operability due to the lack
of extended cable lines, since the network insulation resistance mainly consists
of the active resistance of the network. In addition, when upgrading electrical
equipment at mining enterprises, electrical equipment with non-linear resistances
is installed, which leads to the appearance of various harmonics that adversely
affect the operation of the leakage relay [9].
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Figure 3 — Oscillogram of phase voltages on the ballast quarry excavator
EKG-5when an additional capacitor with a capacity of 4 uF is connected

The test results showed that when an additional capacitor with a capacity of 4
uF is connected to the phase on the excavator, the phase voltage decreases to almost
zero values, but the residual current device «UAKI» on the EKG-5 excavator did
not malfunction. One of the possible reasons for the failure of residual current
device is related to the tripping limit of protective devices, so according to GOST
31612-2012, the trip current of the residual current device for a voltage of 220 V
is 22 mA, while the estimated current of a single-phase earth fault was 11 mA.
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Due to the fact that the involved leakage relays on excavators do not function
properly, which leads to non-compliance with safety requirements for the operation
of current-using equipment in the mining industry, which means that there is a
danger of electric shock to maintenance personnel, as well as failure of other
current-using equipment. To eliminate the lack of functionality, enhancement is
proposed for improvement of the effectiveness of leakage relays on excavators by
increasing the capacitance of the phases relative to the earth, thereby increasing the
magnitude of the single-phase earth fault current, which will exceed the tripping
limit of the residual current device [7].

The enhancement to improve the efficiency of existing protective residual
current device is illustrated by an electrical circuit (Fig. 4), consisting of: three
phase ungrounded electrical network; input-switching device — QF 1; current-using
equipment; switcher designed for residual current device — QF2; protective residual
current device — RCD; switcher to connect additional capacitors; susceptance of
phase insulation , , ; conductance of phase insulation , , .

Figure 4 — Schematic diagram of residual current device on the excavator with
voltage up to 1000V

To turn off the power to the excavator’s current-using equipment, the single-
phase ground fault current is exceeded above the tripping limit of the residual
current device by switching the QF3 switcher, which connects additional capacitors
for increase network admittance and thereby gives opportunity to turn off the
QF1 switcher for the safety of operating personnel and current-using equipment.
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Conclusion

Measurements are made without disturbing the normal operation of electrical
installations, it means, without power cutting the operating voltage and turning off
current-using equipment. The developed method eliminates the need for a direct
connection to the earth of any phase, which ensures the safety of measurements
and eliminates the possibility of emergency situations.

The application of this method belongs to the field of safety in the operation
of electrical current-using equipment with voltage up to 1000 V and allows to
determine the network insulation parameters with the achievement of simplicity,
convenience and safety when performing measurements. The developed method
does not require the creation of a prototype, since the measuring instruments
and the connected additional capacitors are available from the engineering and
technical workers of the enterprise. Approbation of the developed method have
shown sufficient accuracy, speed and ease of measurement.

The results of approbation the ungrounded electrical network of the EKG-
5 excavator clearly show the need for a further more detailed research of the
insulation condition of electrical installations by constructing a 3D map of the
distribution of network conductivity, taking into account the established quarry
electrical equipment.
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MMAPAMETPOB U3OJISIAA CETH HA JIEUCTBYIOIIEM
IKCKABATOPE

Oonum u3z ¢akmopoe, onpedensiowux 6e30nNaACHOCMb
NEKMPOYCMAHOBOK 8 JNEKMPUYECKUX CEMSIX C U30NUPOBAHHOU HELIMPATbIO,
SAGNAEMCSL CONPOMUBTIEHUE U30ISYUL OmHOCUumenvHo semuu. Ceoeepementoe
oOHapysicenue U YcmpaHeHue HeuCHpasHoOCmell, COnPoBOINCOAIOUUXCS
U3MeHeHueM AKMUBHOU U PEeaKmMueHOU COCABISIOWUX NPOBOOUMOCIU
UB0TAYUU 8 INEKMPUHUECKUX CemsX ¢ U30IUPOBAHHOL HeUmpanvio,
nozeonum obecneyums 6€30NACHOCHb paboOm 6 IIeKMPOYCMAHOBKAX.
B ces3u ¢ mem, umo macwumabul cryuaeg 31eKmpompasmMamusma
APOOOIAHCAIONM OCMIABAMBCSL SHAUUMETbHBIMU, HECMOMPSL HA YHCECTOYEHUe
mpebosaHUull HOPMAMUBHO-MEXHUYECKOU 0OKYMeHmayuu u co3oanue
bonee HOBbIX IPPekmusHvix cnocobo6 u cpedcms 3auumsl om
NOPAdICEHUsL DTCKMPUYECKUM TMOKOM, Ce008aMeNbHO, NOBbIUECHUE YPOBHS
EKMPOOE30NACHOCMU 8 IKCIIYAMAYUSL 20PHBIX MAWUH U KOMNIIEKCO8
SABAAEMCS AKMYANbHOU 3a0ayell.

B cmamve npedcmasienvl pezynomamul anpobayuu paspadomanio2o
Memooa onpeodeneHus napamempos usoIAYUY cemu Ha oelcmayioujem
axckasamope. Pazpabomannvlil Memood OCHOBAH HA UMepeHUU
Gasznvix HanpsiCeHull U Y2io8 uUx 6eKmopog 00 U Nocje NOOKIIOYEeHUs
OONOTHUMENbHOU eMKOCMU K (haze dIeKmpuyeckol cemu U K 3eMe.
Ilo paspabomannomy memooy paccuumaHvl YucjieHHuble nOKa3amenu
COCMOAHUA U30TAYUU 8 ITeKMPUYecKol cemu nanpsicenuem oo 1000
B u moxa oonogpaznozo zamvixanus na zemuio. Ilpu anpobayuu
paspabomano2o memooa O6vii 8biA6IeH HEOOCMAMOK CYUEeCmB)Ioue2o
VCMPOUCmMea 3auumHo20 OMKIOYEHUsL.

Knwouegvie cnoea: uzonsiyuss cemu, NRpo60OUMOCHD,
AMEKMPULECKAST NPOBOOUMOCHb, COBUS HEUMPAU, HANPSdCEHUE HYIeBOU
nOCIE008AMETLHOCHIU.

*U. K. Kopabaes', I'. I'. Tamkeesa’

C. Ceitdynnun atbiHaarsl Kazak arpoTeXHUKAIBIK YHUBEPCUTETI,
Kazakcran Pecrrybnukacel, ActaHa K.
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KY¥MBbBIC KE3IHAEI'T SKCKABATOP/JA KEJILIIK OKKAY
ITAPAMETPJIEPIH AHBIKTAY YIIIH 93IPJIE'EH
IJAICTEMEJIIKTI AITIPABABALIUAJIAY
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Oxwaynanean 6etimapanmol 3J1eKmp dceniiepinoei 2JeKmp
KOHObIP2bLIAPbIHbIY KAYINCI30I2iH AHBIKMAUmMbIH akmopaapowiy 0ipi
Jicepee Kamvicmbl OKuLay1ay Kedepeici bonvin mabwliadst. OKuayianean
belimapanmol 3JeKmp Jicellilepinde2i OKUWAy1ay omKi3eiumiciniy
bencenOi JicoHe peakmuemi KOMNOHEHMMEPIHIY 032ePYiMer JHCYypemin
akaynapovl yaKmoulibl AHLIKIMAY HCOHE HCOIO0 DTEKIMP KOHOIPSbLIAPLIHOA2bL
arcymulemapovly Kayincizoiein kammamacwslz emedi. Hopmamuemik-
MeXHUKANbIK KYHCAmmama maianmapulislly KAmaumsliyblHa HCOHE
INEKMP MOSIHbIY CO2YbIHAH KOp2ayObll HCana muiMoi odicmepi MeH
KYpanioapulHbly JCACATYbIHA KAPAMACMAH, JICKMP HCAPAKAMMAapbl
2HCA20ANAPLIHBIH AYKHIMbL AUMAPILIKMAl OOJIbIN KALYbIHA OALIAHBICbL,
COHOBIKMAH DJIEKIMP MO2bIMEH 3aKbIMOAHY OeH2ellin apmmulpy. may-
KeH MAuuHaiapbl MeH KeuweHOepin nanuoalanyddzsl Kayincizoikmi
KamMmamacols emy Ke3ek KymmipMetmin MiHoem.

Maxanaoda scymoeic icmen mypean dKCKA8AmMopoazvl HCeniniK
oKwaynay napamempiepin aHblKmayobly 93ipieHeer 90iCiH anpobayusniay
Homuoicesiepi bepineen. O3ipieHeeH d0IC IIeKMP HCENICIHIN PA3ACIHA HCOHe
JKcepee KOCbIMULA ColUbIMOBLIBIKMbL KOCKAH2a Oellil dicoHe 00an Kelinei
hazanvix Kepreyep MeH 01apObiy 6EKMOPAAPbIHbIY OYPblUMAPbIH Oey2e
Heziz0eneen. Ozipieneen adicke cotikec kepreyi 1000 B-ka Oetiinei scomne
Oip Gpazanvl scepee MyUblKMALy Mo2vl Oap dJeKmp HCeaiCiHOe2i OKULAYIay
KYUIHIY CaHObIK Kepcemkiwmepi ecenmesieli. O3ipieHeen 90iCmi CblHaY
Ke3iHOe KONOAHbICMAazbl KOP2AHbIC OULIPY KYPbLI2bICbIHbIY KeMULLLIeT
AHLIKMAJObL.

Kinmmi co30ep: siceni ouaynayvt, ©mxizeiutmix, 3/eKkmp OmKizeiumix,
belimapan vl2vbicy, HONOIK Mi30eKmi KepHey.
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Tepyre 13.03.2023 x. xibepinzi. bacyra 31.03.2023 . K01 KOHBUIBL.
DNeKTpoH/Ibl Oacra
3,44 Mb RAM
laptTe! 6acna Tabarsl 23.59. Tapansimbr 300 nana. barace! keniciM OolibIHIIA.
Komnerorepae 6erreren: A. K. MbIpxkukoBa
Koppekrop: A. P. Omaposa
Tanceipsic Ne 4039
Cnano B Ha6op 13.03.2023 r. [Toamnucano B nevats 31.03.2023 r.
DIEKTPOHHOE U3/IaHue
3,44 Mb RAM
VYen. ned. 1. 23.59. Tupax 300 sx3. Llena gorosopHasi.
KomnsrorepHast Bepetka: A. K. MbipxukoBa
Koppexkrop: A. P. Omapoga, [[. A Koxac
3axa3 Ne 4039
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