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EFFECT OF VOLTAGE FLICKER ON LEAKAGE CURRENT
IN MINE ELECTRICAL NETWORKS CONTAINING
POWER ELECTRONIC DEVICES

Purpose. To build a mathematical and simulation model to evaluate the effect of voltage flicker on leakage current
in an underground mine AC power network containing power electronic devices.

Methodology. The research methods used in this study include theoretical method to build the equation of leakage
current and simulation modeling method on Matlab/Simulink software to determine the leakage current values in
each case of voltage flicker.

Findings. In addition to the theoretical analysis on the mine power network model, the paper also evaluates the
mine power network model containing the converter on Matlab/Simulink with the model parameters U = 1,140 V,
C =0.19 uF/phase, R = 168 kQ)/phase. The research results show that in the case of low voltage flicker with voltage
amplitude lower than 50 % of rated voltage in % network cycle, the leakage current before the inverter decreases by the
largest 19.7 % and the leakage current after the inverter decreases by the largest 5.2 % compared to the leakage current
value at normal voltage. In the case of overvoltage flicker with voltage amplitude higher than 150 % of rated voltage in
Y% network cycle, the maximum leakage current before the inverter increases by 33.6 %, the maximum leakage current
after the inverter increases by 47.4 % compared to the leakage current value at normal voltage. This problem causes
the phenomenon of mistaken operation of the leakage protection relay and causes unsafety in mining.

Originality. The study includes the introduction of a leakage current model in an underground mine’s AC power
network containing power electronic devices and the simulation to find out the influence of voltage flicker on the
leakage current in that power network using Matlab/Simulink software.

Practical value. The research results indicate the need for measures to minimize voltage flicker, thereby improving

the reliability of leakage protection and improving safety in mining.
Keywords: voltage quality, voltage flicker, power electronics, leakage current, mine power network

Introduction. The mine power network has a ray-
shaped structure, large network length, and many large-
capacity loads (pumps, excavators, scrapers, etc.), so
during the operation of the mine power network, voltage
fluctuations often occur during operation [1, 2]. This re-
duces the power quality of the network, negatively affect-
ing the operation of electrical equipment. Low power
quality including voltage flicker (voltage sag and swell) is
a phenomenon of voltage degradation, imbalance, volt-
age transients or short-term power interruptions. Ac-
cording to IEEE Std.1159-1995, voltage sag and swell is
defined as the phenomenon of voltage RMS value de-
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creasing in the range of 10—90 % or exceeding 110 %
compared to the rated voltage for a short period of time,
from half of the network voltage cycle to one minute [3].

Many studies have shown that voltage fluctuations
greatly affect the operation of the power network as well
as cause unsafety in the operation of the mine power
network. According to research [4], when switching
large capacity motors in the mine power network, it
causes voltage fluctuations (voltage drop, overvoltage),
this phenomenon can cause unsafety in the mine power
network.

Power quality and energy efficiency in mining power
systems are the focus of research [5]. Study on the re-
quirements in using common types of power electronic
devices to improve the reliability of power systems in
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mining. According to research [6], it is pointed out that
electric leakage is one of the most common fault forms
of low-voltage power network in mining, and it is pro-
posed to design a leakage protection system of low-volt-
age mine power network based on the framework of In-
ternet of Things using ZigBee technology to collect and
transmit relevant data.

In the study [7], it was shown that the voltage drop
caused by the starting current of the asynchronous motor
can affect the neighboring equipment. This paper pro-
poses the use of STATCOM devices to reduce the voltage
drop caused by the starting of the asynchronous motor.
In the study [8, 9], it was shown that the main power
quality problems are high harmonics, low power factor,
voltage flicker, etc. These problems affect the working ef-
ficiency of equipment in the mine power network.

The study [10, 11] presented the results of the inves-
tigation related to the impact of voltage fluctuations on
the performance of electrical equipment, from which an
analytical expression was developed to establish a direct
relationship between electrical fluctuations and electri-
cal loads. The design of remote monitoring system for
mine power network leakage protection includes intel-
ligent power network leakage protection device with
ZigBee and LabVIEW based monitoring software de-
signed on PC, the power network data is sent to the
mine monitoring center through the ground through the
industrial ring network and published on the Web, to
build a remote monitoring system for low voltage power
network leakage protection in coal mine [12].

The insulation status of high-voltage power cables in
coal mines has a direct impact on the reliability of pow-
er supply in coal mines and the level of safe production.
Based on the principle of cable degradation judgment
method, a degradation mechanism of cable insulation
and online monitoring technology of cable insulation in
coal mines are analyzed in this study [13, 14].

Analysis of problems of failures and interruptions in
the production process directly related to the power
quality of the power supply network is presented in the
study [15]. This directly leads to increased production
costs and significantly affects the safety of workers. In
the study [16], a theoretical analysis of leakage current
in the mine power network is given, and the paper de-
scribes the leakage protection of the mine power net-
work based on zero-sequence voltage and zero-sequence
power direction based on DC power source. In the study
[17], an overvoltage and leakage protection system based
on PLC LM3108K for power network with supply volt-
age 660 V and rated current 200 A was designed.

Reliable detection and limitation of ground currents
is a key factor for safety in mining as shown in the study
[18]. The risks and ways to mitigate them have been dis-
cussed in detail in the literature. What has not been con-
sidered in the past is that variable speed drives (VSDs)
are complex voltage sources that can bypass or interfere
with conventional protective equipment. Even in earth
fault limited networks, VSDs can create local leakage
current loops that exceed the maximum levels specified
in the operating standards.

Mining loads are very sensitive to voltage fluctua-
tions, as shown in studies [19—21]. The machines used
are mainly asynchronous motors; these motors are very
sensitive to voltage fluctuations because the torque is

proportional to the square of the voltage. In the process
of increasing the capacity of the mine, causing the min-
ing depth to increase, the voltage value continues to de-
crease, causing a large voltage drop, causing serious con-
sequences for the equipment in the mine. In the study
[22—24], it is shown that some problems such as flicker
and harmonics are now more concerned in mining.
Therefore, the analysis of these power quality problems
is very important for network operators to improve their
network infrastructure when designing new networks.

Nowadays, power electronic devices such as invert-
ers and soft starters are widely used in mining. When us-
ing power electronic devices, it greatly affects the leak-
age current in mining [25, 26]. However, the influence
of voltage flicker on leakage current in mine power net-
works containing power electronic devices has not been
mentioned, which causes a lack of theoretical basis for it
and unsafety for mine power networks containing power
electronic devices. The article focuses on researching
the impact of voltage flicker on leakage current in mine
power networks containing power electronic devices,
the research results are shown in the theoretical model
as well as demonstrated on the simulation model. Part 1
of the paper presents an overview of the related issues.
Part 2 presents a Leakage current model in the mine
network under voltage flicker. Part 3 presents the results
of the study on the influence of voltage flicker on leakage
current with typical cases. The final part is the conclu-
sion of the study.

Leakage current model in the mine network under
voltage flicker. Leakage current model in mine power net-
work containing power electronic devices. In the mine
power network containing power electronic devices
(most commonly inverters), the power network will in-
clude three types of current components including: a
50 Hz alternating current component; a direct current
component; an alternating current component with fre-
quency other than 50 Hz. The general replacement dia-
gram for the underground mine power network contain-
ing power electronic devices is shown in Fig. 1 [27].

In the diagram in Fig. 1, the symbols R, Rz, R, Cy4,
Cp, C, are the insulation resistance and phase capaci-
tance to ground of the network section before the in-
verter (BI); Ry, Ry, Ry, Cyp, Cpy, Cpare the insulation
resistance and phase capacitance to ground of the net-
work section after the inverter (Al); R,, R_, C,, C_ are
the insulation resistance and capacitance between the
positive (+) and negative (—) terminals relative to ground
of the direct current (DC) network section; Uyis the sec-
ondary phase voltage of the area transformer; U, is the
average value of the three-phase bridge rectifier voltage.

Suppose when there is an electric leakage in the AC
power network, the leakage current i, from the 50 Hz AC

U, Bl Y NN

DC

St dd4]]
i i

Fig. 1. General replacement diagram of a mine power
network containing power electronic devices
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power network is divided into two current components
i, and i,,, which are the leakage current components to
the AC and DC power networks. Similarly, the leakage
current on the AC side of the network with a frequency
other than 50 Hz i, is divided into currents i;; and iy, for
the DC and AC networks. To determine these current
components, it is necessary to determine the insulation
resistance parameters of the network and the voltage of
the phases relative to ground in the mine power network.

Leakage current on 50 Hz AC power network. When
leakage occurs before the inverter through the leakage
resistor Ry, the corresponding leakage current i, is di-
vided into two components. The leakage current com-
ponent i,; flows back to the 50 Hz AC network, the leak-

age current component i,, flows back to the DC net-
work. The leakage current before the inverter is deter-
mined by the formula (1 and 2) [27].

I U JR*+ X2 _
L A 2 2
JR2R2 + X2(R+R))
l,=1,-1; =

=1.17Uf( ! - ! JR. )
R/(R+R)+RR. R(R+R,)+RR,

ey

RMS value of leakage current on the 50 Hz AC net-
work side is calculated according to formula.

2 2
1a:,ljl2+122:(/f R +X¢ +1.172 R? -
R2R§ +X§(R+RO)2 R(R+R)+RR. R (R+R,)+RR,

When the DC power network is symmetrical (R, =
= R_= R,), then the leakage current has only the AC
component and is calculated according to formula

JR*+ X} @

Iy=1y =V~ .
JR2R2+ X2(R+R,)

Leakage current on AC power network with frequen-
¢y other than 50 Hz. Similar to the above case, when
there is an electric leakage on the power network after
the inverter through the leakage resistor R, the leak-
age current /i, consists of two components i, iy, re-
spectively closing the loop towards the 50 Hz AC
power network and the DC power network, the leak-

JRF+ X

| ] :
} . (3)

age current 7, is determined according to formula (5
and 6) [27].

RMS value of leakage current of power network with
frequency other than 50 Hz is calculated according to
formula (7).

When the DC power network is symmetrical (R, =
= R_= R,.), then the leakage current has only the AC
component and is calculated according to formula (8).

Formulas (3, 4, 7 and 8) show that in an AC power
network containing converters, the leakage current in
the power network depends not only on the insulation
parameters of the network but also on the voltage of the
mine power network. This proves that when voltage
flicker occurs, the voltage value changes, leading to a
change in the leakage current.

1, =U}; ; (5)
\/R}Rg + X2 (R, + R,
2.34U,
Iy = R.R;; (6)
RRR,+RRR+RR.R+RR,R,
| UH(RxE) 2.342U2R2R? . o
’ R?Rg + Xg‘f(Rf + R0)2 (R—R+Rf + R—R+R0 + R—RfRO + RJerR())2 '
;| VPRI XG) 2.342U2R? ©
" RERI+XZ(R,+ R’ (R R, + R, R +2R,R,)

Insulation parameters of underground mine power net-
work. To determine the insulation parameters of under-
ground mine power network, the three-voltmeter meth-
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Fig. 2. Schematic diagram of insulation parameter mea-
surement using the three-voltmeter method

od in Fig. 2 is often used [28].
Assuming the source voltage is symmetrical, when
adding an additional resistor Ry, the voltage vector graph
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\
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Es fr N0
B

Fig. 3. Voltage vector graph with additional resistor R,
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of the network is depicted in Fig. 3.

From the vector plots, the neutral point voltage U N
can be calculated in terms of the phase voltages

U,,UgU,. The equation of a circle with center at
points 4, B, C and radii U,, Ug, U, is according to for-

mulas.
2

2 2
(] oo o

2] 4]

From there, x and y are calculated according to for-
mula

Up+U2-2U7

_Us-Ue
6U,

N

Therefore, the neutral point voltage is expressed ac-
cording to formula

Up+U-207% | UR-UZ
6U, 2\/§Uf

The phase voltages are calculated according to for-
mulas

Uy - (10)

. . 2 (72 2 2
UA=Uf—UN=M U+ Ue— L (11)
6U 2\5 v,
Up=a®U,-Uy =
WR-WR+UE) 1, |U2-UR B | (12)
=—r——=———U,+j| —F—-U,|;
6U, 2 2J§Uf 2
Uc:an_U_N: ]
W -(U+U2) 1 |-z 3 (13)
=—— -V, +j| —F——+—-U, |
6U, 2 2\/§Uf 2

In the case of short circuit of phase A to ground,
short circuit current of phase A is calculated according
to formula

I,=U,Ys. (14)

When adding an additional resistor Ry, the short cir-
cuit current is calculated according to formula

I, =U;1-(YZ+Yf), (15)

where, U !, is phase A voltage relative to ground when
addlng additional resistor R, Yy = Gy + joCsy is total ad-
mittance of the electrical network insulation relative to

1 . . .
ground; Yf :R— =g, is additional admittance con-
nected to phase A of the network.

From expressions (14, 15) and because the short-
circuit current in the two cases is constant, we have the
expression.

: y U,Y,
Uy Yy =Uyp (O +Y) > Yy = (16)
A A

The total insulation conductance and total insula-
tion susceptance of the network relative to ground are
calculated according to formula.

U!
Gy R—'

cwc. o7 | UnYy
by=0Cy=1,| =1\ (17)
A A

Assuming
U,=a+jd; a8)
Uy =a'+ jd",

where
2% -(U3+U2)
6Uf
, UF-(Uj+ U'z)
a = f’
6Uf
d:ﬂ-
203U,

¥ ”
UC _UB

NE

+Uf;

d=

we substitute Yf = %ef

and (17), and get the formula (19).
1 d-d)+dd-d) |
Ry R/[(a-ayY+(d-d)]
ad'—a'd
Cs =
[(a-ay+(d-d')’]R,

and (18) into expressions (16)

Gy =
(19)

From the above theoretical basis, it can be seen that
when the voltage and frequency parameters of the net-
work change, the insulation parameters including the
resistance and conductivity of the network change,
causing the leakage current in the power network to also
change.

Phase to ground voltage in the electrical network con-
taining the converter. To determine the average value of
the phase voltage relative to ground on the AC side of
the mine power network containing the converter equip-
ment, consider an equivalent circuit diagram as shown
in Fig. 4 [29, 30].

Assume the symmetrical three-phase AC source
voltage has the following form

s
Tral

U,

=

Fig. 4. Equivalent diagram for calculating the average
value of phase voltage

120 ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2025, N° 4



e,=E, sinof;
ep=E, sin[o(t— T/3)];
ec=E, sinlo(r—2T/3)],

where E,,, ®, T respectively are the amplitude, angular
frequency and period of the three-phase source electro-
motive force.

Phase voltage to ground is calculated as follows

Uy=ey— U,
Up=ep— Uy,
Uc=ec— Uy,
where u, is the voltage between ground and neutral of
the source.
During one cycle of network voltage, the diodes have
different working states, specifically as follows.
During the period T/12 < t < 3T/12, diodes D, and Ds
conduct with the equivalent calculation diagram as
shown in Fig. 5.

From the diagram in Fig. 5, the equation of Kirch-
hoff’s first law is shown as follows formula.

iCA + iGA + iCB + iGB + iCC+ iGC+ iC+ +
+iG++iC7+iGL=0' (20)

The parameters being substituted in, the above equa-
tion becomes according to formulas.

du du du
CAd—tA+GAuA +CBd—tB+GBuB +Ccd_tc+

du du
+Gou+C,—2+Gu,+C —L+G uy =0,
cUc +L, dt WUyt i _Up

du (21)
(G,+Gu,+(C, +C+)d_tA+(GB +G Juy +
du du
+(Cy +C’)d_f+ccd_tc+chC =0.

Substituting phase voltage to ground, we get the
above equation according to formula.

dles—uy) |
dt
+(GB+Gf)(eB—uO)+(CB+Ci)w+ )
dlec—uy) _
dt

Similarly, in the period 3T/12 <t < 5T/12 the diodes
D, and D¢ conduct. The equation of Kirchhoff’s first law
for the circuit is according to formula.

(G,+G (e, —u)+(C,+C,)

+Go(ec —uy)+C, 0.

- A
E;
0+—=)~ B
o
- DD DL D DD A
C, Gy Cy | 1 Ry ] | u,
- - B
o ENENED S
icd O s | G e G4 u_l . _L (A X _L G_lu_
i) o, o] "¥iﬁ_ "’$i5_

H

Fig. 5. Equivalent diagram when diodes D, and Ds are
conducting

(G,+G, ) (e, —uy)+(C +C+)w+
+Gyley )+ Cy T L (GG e )+ (23)
+(CC+C_)@=O.

Similarly, in the period 5T/12 < t < 7T/12 the diodes
D, and D¢ conduct. The equation of Kirchhoff’s first law
for the circuit is according to formula.

GA(eA —u0)+CA @_F(GB +G+)(eB _u0)+
“(C, +c+)M+(GC +G )(ec—u)+ (24
+(cc+c_)@=0.

Similarly, in the period 7T/12 <t < 9T/12 the diodes
D, and D, conduct. The equation of Kirchhoff’s first law
for the circuit is according to formula.

(G, +G )(e,—uy)+(Cy +C_)M+

+(Gy+G,)ey —uy)+(C, +c+)@
d(ec —u,) _o.

dt
Similarly, in the period 9T/12 < t < 11T/12 the diodes

D;and D, conduct. The equation of Kirchhoff’s first law
for the circuit is according to formula.

+ (25)

+Go(ec —uy)+Co

(G +G (e, —uy)+(C, +C7)WJr
+GB(eB_”o)+CB@+ (26)
(G +G ) lec —up) +(Ce +C+)@=O.

Similarly, in the time period 11T/12 < t < 13T/12 the
diodes D5 and D5 conduct. The equation of Kirchhoff’s
first law for the circuit is according to formula.

G, (e, —u0)+CAw+(GB +G )ey —up) +
+(C, +c_)@+(cc +G)ec—u)+  (27)
+(C, +c+)—d(ecd ;”0) =0.

By integrating expressions (22) to (27) in its limits
and after transformation, the average value of voltage u0
(which is also the average value of phase voltages relative
to ground) is expressed by the following formula [31].

3\3E, G, -G
21 G

1

Upay = (28)
where G;= G,+ G+ Go+ G, + G_is the equivalent insu-
lation conductivity of the entire electrical network rela-
tive to ground. The average value of the voltage u0 and
of the phase voltage are obviously equal.
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Expression (28) can also be written in the formula (29).

33E, R,-R R 9)
2n R +R,R+R’

RA RBRC
R,R,+R,R.+R.R,’

are the equivalent insulation

Uuw =

R.=R,//Rg//R:=

R R
R =R, //R R AR
resistances of the AC and DC network parts relative to
ground.

Voltage flicker phenomenon in mine power network.
The voltage flicker phenomenon caused by closing or
opening a switching device is similar to the instantaneous
insertion of a voltage of value {u,(0) — u,(0)} between the
two contacts of the switching device in Fig. 6 [32—34].

In the simple case, the voltage and current on both
sides of the switching device are determined by the fol-
lowing formulas (30) and (31).

where

ul(t)=z1.il(t)=zflz [e,(0)=¢,(0))
14 L (30)

Uy () = Z, -, (t) Z_fZZ {€/(0)-¢e,(0)}

1 2
, 1
ii(t) =m{el(0)—e2(0)}

-1
Z, +7Z,

, (31)
iz(t)z

{€,(0)-¢e,(0)}

where e,(0), e,(0) are the voltage sources on both sides
of the switching device at the moment before switching;
Z, and Z, are the impedances of the two-way conductors
connected to the switching device.

The voltage flicker phenomenon mainly depends on
the switching of large power loads and the location of
the switching device, whether it is far or near. The pa-
rameters of voltage flicker are determined as amplitude,
increase and duration in the mine power network.

Results and discussion. Simulation of leakage current
in mine power network containing converter. The mine
power network model to evaluate the impact of convert-
ers (specifically here is the inverter) on leakage current in
the mine power network is built based on the power net-
work parameters suitable for mining in Quang Ninh re-

w®)  e)yex0) WO
il(l)/\ ~ /\lz(l

°>‘r" 7 7z
~) é) >ez(0) =
a

‘(0 .
%l( ) ui(t)=i1Z; i0)

o
7 70 7 N~
é) > e()=0
b

® =>
Fig. 6. Alternative model when closing (a) and when
breaking (b) of the switching device

0OH)

gion of Vietnam corresponding to the values of the mo-
del: C=0.19 uF/phase; R = 168 kQ/phase; U= 1,140V,
frequency 50 Hz, leakage resistance R, =1 kQ [27]. The
simulation model is built on Matlab — simulink software
as shown in Fig. 7.

In case the voltage of the power network is normal, if
there is an electric leakage before and after the inverter
attime 0.3 s, the leakage current value will give the result
in Fig. 8.

Discrete
2e-05s

AC-AC converter

<Eloctomagele Torque Te (pul>

Three-Phase
Programmatie
Vottage Source

Fig. 7. Mine power network simulation model containing
conversion equipment

Vabc, V

0 0.01 0,02 003 0.04
Time (seconds)

a

0 0.2 04 06 08 1
Time (seconds)

b

ge rms. A
; o ¢
w

0 02 04 06 08 1
Time (seconds)

c

Fig. 8. Network voltage (a) and RMS leakage current
value before the inverter (b) and after the inverter (c)
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The results in Fig. 8 show that the leakage current
after the inverter in the mine power network fluctuates
strongly and contains more harmonic components
than the leakage current before the inverter. Although
the level of harmonics in the leakage current before
the inverter is not high, there is still a harmonic cur-
rent that causes the current to flicker unevenly, which
will also cause confusion in the leakage protection re-
lay. The RMS values of the leakage current before and
after the inverter are 304 and 462 mA respectively.

Case of low voltage flicker. Considering the case of
voltage flicker with voltage amplitude lower than 50 % of
rated voltage in % network cycle at time 0.5 s, the results
obtained for voltage and leakage current before and after
the inverter are shown in Fig. 9.

At the time of voltage drop, the leakage current both
before and after the inverter will decrease. The leakage
current before the inverter is reduced to 244 mA (lowest),
which is a reduction by 19.7 % (60/304 mA) compared to
the leakage current value at normal voltage. The leakage
current after the inverter is reduced by 438 mA (lowest),

2000

Vabce, V
o

\

{
3 |
B

048 049 a5 s 0.52 Q53 0.54
Time (seconds)

a

cord L

01
0.05}
0 0.2 04 06 08 1
Time (seconds)
b
0.5f
0.4
<
o
£ 0.3
=)
goz2
o1
[
0 02 04 06 08 1

Time (seconds)
c

Fig. 9. Case of low voltage flicker:

a — Network voltage; b — Leakage current before the in-
verter,; ¢ — Leakage current after the inverter

which is a reduction by 5.2 % (24/462 mA) compared to
the leakage current value at normal voltage. This shows
that the leakage current after the inverter is also strongly
affected by the voltage drop phenomenon, but the level of
influence is lower than the leakage case before the inverter.

Case of over voltage flicker. Considering the case of
overvoltage flicker with voltage amplitude higher than
150 % of rated voltage in % network cycle at time 0.5 s,
the results obtained for voltage and leakage current be-
fore and after the inverter are shown in Fig. 10.

In case of voltage increase, the leakage current both
before and after the inverter increases. In the studied
case, the maximum leakage current before the inverter
reached 406 mA, corresponding to an increase of 33.6 %
(102/304 mA) compared to the leakage current value at
normal voltage. The maximum leakage current after the
inverter reached 681mA, corresponding to an increase
of 47.4 % (219/462 mA) compared to the leakage current
value at normal voltage. This shows that the leakage cur-
rent values both before and after the inverter fluctuate
greatly in case of overvoltage in the mine power net-

IR ET

48 oS 052 054 0S8 os
Time (seconds)

a
0.4 "

< A
03
E
3,02
g
S04

0

o 02 04 06 o8 1

Time (seconds)

jiS

o 02 0.4 06 0.8 1

Time (seconds)
c

Fig. 10. Case of over voltage flicker:

a — Network voltage; b — Leakage current before the in-
verter; c — Leakage current after the inverter
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work, the leakage current behind the inverter has a larg-
er increase than that in front of the inverter. This prob-
lem causes the leakage protection relay to operate incor-
rectly and causes unsafety in mining.

Conclusions. The mine power network is characterized
by a beam-shaped structure, large network length, and
many large-capacity loads, so the operation of the mine
power network often occurs under voltage fluctuations,
which greatly affects the working efficiency, especially the
leakage protection relay in the mine power network. Along
with that, the increased use of power electronic devices in
the mine power network increases the impact of voltage
flicker, leading to poor performance of leakage protection
devices, causing unsafe mining operations.

The research results are shown on the theoretical
model and simulation model on Matlab/Simulink with
the model parameters U= 1,140 V, C = 0.19 uF/phase,
R =168 kQ)/phase. The research results show that in the
case of low voltage flicker with voltage amplitude lower
than 50 % of rated voltage in % network cycle, the leak-
age current before the inverter decreases by the largest
19.7 % and the leakage current after the inverter de-
creases by the largest 5.2 % compared to the leakage
current value at normal voltage. In the case of overvolt-
age flicker with voltage amplitude higher than 150 % of
rated voltage in % network cycle, the maximum leakage
current before the inverter increases by 33.6 %, the
maximum leakage current after the inverter increases
by 47.4 % compared to the leakage current value at nor-
mal voltage.

The above research results show that voltage flicker
has a great influence on leakage current in the mine
power network, especially when there is leakage after the
inverter. Therefore, it is necessary to have a solution to
minimize voltage flicker, thereby improving power qual-
ity, improving the reliability of leakage protection, and
improving safety in mining.

In addition to the voltage flicker phenomenon, the
leakage protection relay in the mine power network also
depends greatly on the quality of the power supply net-
work, especially the problems that arise when using
power electronic equipment in the mine power network
such as harmonics, power supply radius, and load types
in the power network. Therefore, the next direction will
focus on studying the influence of many factors on the
leakage current in the mine power network to find solu-
tions to improve the working reliability of the leakage
protection relay in the mine power network.
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Mera. IloGynoBa maremMaTM4HOI Ta iMiTalifiHOI
MoJenelt ISl OlliHIOBaHHS BIUIMBY bJlikepa HaIpyru
Ha CTpPyM IIPOTiKaHHSI B MepexXi 3MiHHOTO CTPyMy
LIaXTH, 110 MiCTUTh CUJIOBI €JIEKTPOHHI MPUCTPOI.

Metoauka. Y 1bOMY JOCIiIKEHHI BUKOPUCTaHI Te-
OPETUYHUI METON IJis MOOYIOBU PiBHSIHHS CTPYMY
MpPOTiKAHHS, a TaKOX METOJ iMiTaliliHOro MOAEIo-
BaHHS B cepenoBuini Matlab/Simulink myist BU3HaueH-
HS 3HAYCHb CTPYMY IIPOTIiKAHHS B KOXHOMY BUITAIKY
MEpEXTiHHS HATIPYTH.

Pe3yabraTtn. OKpiM TEOPETUUHOTO aHAII3y MOIEi
IIAXTHOI eJIEKTPOMEepeXi, Y poOOTi TaKOX MPOBEIEHE
OLIIHIOBaHHSI MOJIeJIi MepeXi i3 MepeTBOpIoBavYeM y ce-
penoBuii Matlab/Simulink i3 TakuMu mapameTpamu
Momeni: U = 1140 B, C = 0,19 mx®/daza, R =
= 168 kOM/daza. PesyabTaTu 1OCTIIKEHHS TTOKa3y-
I0Th, 10 y BUNAIKY (piikepa 3HUXKEHHS HaIpyru,
KOJIM aMILIiTyJa Hallpyru cTaHOBUTH MeH1e 50 % Bin
HOMIHAaJIbHOTO 3HAY€HHS MPOTSTOM IMOJOBUHU Mepi-
Oy MepexXi, CTpyM MpPOTiKaHHS J0 iHBepTOpa 3MEH-
HIyeThCsT MaKcUMyM Ha 19,7 %, a micist iHBepTOpa —
MakCcUMyM Ha 5,2 % y HOpiBHSIHHI 31 CTPyMOM IIPOTi-
KaHHS 32 HOPMaJIbHOI HAmNpyru. Y BUNAAKy (uikepa
TepeHarpyru, Koy aMIUTiTyJa Halpyry TepeBUIILYE
150 % Bim HOMiHAJIBLHOIO 3HAYEHHS MPOTITOM I10JIO-
BUHU MeEpiofay Mepexi, MaKCUMaJIbHUM CTPYM MPOTi-
KaHHS 10 iHBepTopa 3pocTtae Ha 33,6 %, a miciid iH-
Bepropa — Ha 47,4 % y TOpPiBHSIHHI i3 HOpMaJILHUM
pexumoM. Lle sBulle Moxe MPU3BOAUTU 10 TTOMUJI-
KOBO1 poOOTHU pelie 3aXUCTY Bill CTPyMiB IPOTiKaHHSI,
1110 CTBOPIOE HeOe3IeuHi yMOBHU eKCIITyaTallii B IIaxTi.

HaykoBa noBu3Ha. [losgrae y BBemeHHiI Mopneni
CTPpyMY IIPOTiKaHHSI B Me€peKi 3MiHHOTO CTpyMy IIax-
TH, 11O MiCTUTb CUJIOBI €JIEKTPOHHI MPUCTPOI, a TAKOXK
y MIPOBEJEHHI iMiTallifHOTrO MOAETIOBaHHS [IJ1s1 BU3HA-
YeHHSI BIUIMBY uTiKepa Halpyry Ha CTPyM TTPOTiKaHHS
y i1 eJIeKTpoMepeXi i3 BAKOPUCTAaHHSIM IPOTPaMHOT0
cepenonuia Matlab/Simulink.

IIpakTiyHa 3HauuMMicTh. Pe3yabTaTv JOCTimKeHHS
BKa3ylOTh Ha HEOOXiIHICTh YMpPOBAaIKEHHS 3aXOMIiB
1IOJ0 3MEHIIIEHHS (hyIiKepa Hampyru, 110, Y CBOIO Yep-
Ty, CIIpUSITUME MiIABUILEHHIO HAMIMHOCTI 3aXUCTY Bij
CTPYMiB MPOTIiKAHHS ¥ TTOKpallleHHIO Oe3IeK1 BelIeH-
HsI TIpHUYUX POOIT.

KimouoBi cnoBa: sxicms nanpyeu, gaikep nanpyeu,
CUN08A  eNeKMPOHIKA, CMPYM NPOMIKAHHA, WAXMHA
enexmpomepedica
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