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LOTINOI PAU

Ngay nay, cich mang céng nghiép 4.0 dang la xu thé phat trién cia nén cdng nghiép,
nén cong nghiép hién dai nay, vira tao ra co hdi va cling chinh 1a thach thic cho sw phéat trién
clia cong nghiép Viét Nam. V&i muc dich nhdm gidi thiéu nhitng tién bd ki thuat trong cac
linh vic lién quan dén sy dao tao va phat trién cia Nha trwong, tredrng Pai hoc M6 - Dia chét,
Khoa Co - Dién t6 chirc Hoi nghi khoa hoc toan quéc vé Co khi, Dién va Tw ddng hda (National
Conference on Mechanical, Electrical, Automation Engineering - MEAE2021).

Hoi nghi 1a noi giao lwu, két nodi cac nha khoa hoc, cdc doanh nghiép, cic ca nhan dang
hoat dong trong linh vwc noéi trén, dé ciing nhau thao luin, trao déi hoc thuét va chia sé kinh
nghiép nham thic ddy sw phat trién cta cac linh vec vé Co khi, Dién va Tw dong hoa, nham
phuc vu cho sw nghiép xay dwng va phat trién dat nwéc.

Trong tdm cta hdi nghi dé cp dén “Chuyén doi so trong linh vwre Co - Dién” - “Digital
Transformation in Electro-Mechanics” v&i cac chi dé nhu:

v Ky thuit Co khi, Co khi dong luc;
Ky thuat Dién, Dién tr, Pién cong nghiép;
Nang lwgng, Nang lwong tai tao;
Tw dong héa, Robot, Co dién tir;

Cong nghé thong tin va tri tué nhan tao;

NN N NN

va nhirng tién bo k§ thuit trong cac linh vuc ké trén.

Ban t6 chitc tin rang, Tuyén tip cac cong trinh khoa hoc tham gia Hdi nghi lan nay sé
gép phan déng gép c6 chat lwong nham thiic diy cho sw phat trién chung cho nén cong nghiép
ngay nay.

Thay méat Ban to chirc, téi chidn thanh cdm on dén Bang iy, Hoi dong truong, Ban Giam
hiéu Truwong Dai hoc M6 - Dia chit va cac don vi lién quan da dong hanh, tao moi diéu kién
thuét loi cho viéc Hoi nghi dworc t6 chivc thanh céng tot dep.

bic biét, tran trong cdm on dén cac tac gia cac bai bao khoa hoc, cac phan bién, cac
nha khoa hoc, cac co quan déng nghiép, cac doanh nghiép tai tro da c6 dong gdp quan trong
vi si thanh céng chung cia Hoi nghi MEAE2021.

TM. BAN TO CHU’C
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PGS.TS Khdng Cao Phong
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INFORMATION ARTICLE ABSTRACT

Progress: The device of short circuit of fault phases when the ground-fault intermittently
Received 15/02/2021 occurs and self-restoring is to enhance power supply reliability, decrease the
Accepted 16/3/2021 number of line- fault interruption, increase residual voltage on a busbar, ensure
Published 29/6/2021 stable insulation without damage and reduce fault current. This article shows

Key words: power supply
reliability,  fault- phase
short circuit, the operating
time; sensitivity and
reliability of the device.

findings of researching and design a circuit of the earth- fault phase based on
the absolute value of the leading phase and fault phase. The simulation results
present that this designed circuit ensures fast, sensitive and reliable operation.

© 2020 University of Mining and Geology. All rights reserved.

1. Introduction

A single-phase earth-fault is the main type of
fault that often occurs in 6kV networks of open-
pit mines in the Cam Pha- Quang Ninh region,
accounting for 70%-80% of the total number of
faults. According to statistical results show that,
in open-pit mines, the occurrence probability of
single-phase 6kV ground -faults fluctuates about
60-70 times/month or 700-800 times/year.

When the single-phase earth- fault happens
on the grid, there will emerge transient
phenomenon and overvoltage in the unfaulted
phases, considerable influencing on power
supply reliability, working ability, lifetime of
electrical equipments as well as causing grid
asymmetry [1][5].

When the single-phase earth- fault happens
on the grid, there will emerge transient
phenomenon and overvoltage in the unfaulted

phases, considerable influencing on power
supply reliability, working ability, lifetime of
electrical equipments as well as causing grid
asymmetry [3][4].

It is very necessary to study and select the
principle of determining the earth-fault phase as
a basis for designing and simulation a circuit that
automatically detects and connects the fault-
phase short circuit to ensure fast, sensitive and
reliable operation.

2. Contents and results

2.1. The principles of determining fault-phase
2]
The principles of determining the ground

fault-phase of 6kV network can be classified as
follows:
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a) According to the fault- phase voltage drop
(while the non-fault two phase voltage
increases);

b) According to phase difference angle
between fault -phase voltage and zero sequence
voltage);

c) According to the absolute difference of
two electrical quantities, one is ahead phase
voltage, another is the combination of voltage of
the fault phase, behind phase and zero sequence;

d) According to the absolute difference of
ahead phase and fault phase.

Analysis of the mentioned principles can see
that, the principle a) has the disadvantage which
shows the sensitivity is not high (1+2k€/phase
in the network with C=1pF); Principles b, c allow
selection of fault phase with higher sensitivity
but the complex structure; The principle d) has a
simpler structure with the least number of
elements and still ensures high sensitivity. The
content of principle d) is:

Uy (4)=|Uc|-|U,] )
UV (B)= |UA| _|UB| (2)
UV(C):|UB|_|UC| (3)

The figure 1 is the block diagram of the
device according to the expressions (1), (2), (3).
This device consists of rectifier bridges 1, 2, dc
amplifier 3 containing RL relays, and 4,5 phase
splitters separating into three phase difference
voltages in block 6. Blocks 7,8 are also similar.

In the normal operating, the inputs of
rectifier bridges 1 and 2 (phase A) are
symmetrical voltages, rectified and compared in
absolute value, the input voltage
U,(4)=U,.-U,=0. The blocks 7 and 8 are also

similar U,(B)=U, -U, =0, U,(C)=U, ~U, =0.

When a single phase earth -fault happens, for
example phase A, the symmetry of the phase
voltages is broken, the voltage into rectifier
bridge 1 will decrease while the voltage into
rectifier 2 will increase, as a result,

U,(4)=U.-U, >0, if enough voltage is true, it
will cause the relay (RL) to operate while the DC
amplifier inputs of blocks 7 and 8 (for two
phases B and C, respectively) will have negative
values due to UB>UA, UC>UB, so the
corresponding relays do not operate.

Figure 1. The block diagram of the device
for determining fault- phase based on absolute
difference between the ahead phase and the
fault phase

2.2. Simulation of a circuit of automatic
detection and earth -fault phase short -circuit

a) Before the ground- fault happens

The diagram of the phase splitter and voltage
rectifier including three resistors and a
capacitance to generate DC voltage proportional
to phase voltage amplitude.

U,=U,sin(ot+y +120°);
U, =U, sin(aoxt+y);
U, =U, sin(ot +y —120°);
The grid’s parameter 6kV:
- Insulated resistor: 365 k() /phase
- Capacitance: C = 0,2629 pF/phase

A voltage, 6kV through a low-voltage
transformer with a ratio N=300 generates a
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voltage of 20VAC per a phase. The transformer
has a primary winding and two secondary
windings, which generates 2 independent
voltages. Phase A is Al, A2; Phase B is B1, B2;
Phase Cis C1, C2.

Voltage A1 and C; are the input ones for the
voltage generating block Uv(A); Voltage B1 and
A2 are input ones for voltage generating block
Uv(B); Voltage C1 and B2 are the input ones for
the voltage generating block Uv(C).

The voltages Uv(A), Uv(B), Uv(C) through
the motive circuit consisting of 2 PNP transistors
transfer the signal to close the relay (block 3 on
the block diagram)

The schematic diagram of voltage generating
circuit, three-phase voltage of 6kV grid and
three-phase voltage after the low-voltage
transformer is shown in Figures 3, 4 and 5.
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Figure 2: Circuit diagram of voltage

generating circuit Uv(A)
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Figure 3. Phase A, C voltage form after the
three-phase bridge rectifier
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Figure 4. Phase A, B voltage form after the
three-phase bridge rectifier
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Figure 5. Phase B, C voltage form after the
three-phase bridge rectifier

b) When a phase A earth- fault occurs

The three phase voltage after the low-voltage
transformer when the A-phase earth- fault
occurs shown in Figure 6.
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Figure 6. The three-phase voltage after the
transformer when the phase A earth-fault
occurs (Urms of phase A decreases from 20V

to4.7V)
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The voltage form of phase A, phase B and
phase C after three- phase bridge rectifier is
shown in Figures 3,4,5.

Simulation with the following cases: Change
the first phase angle of the grid’s voltage, change
the leakage resistance, change the capacitance of
the grid, the results are shown in Figures 7,8,9.

Dienap Uy
o™

e e

xi aw mi mi mm i mm W

ww

Figure 7. The diagram of the ahead phase and
earth-fault phase voltage difference

(v =90, t< 4 ms)
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Remark:
Wh#n the capacitamce and insulation
resistance of the network are C g

0,263 F/phase, R=364k /phase, respectively,
with a earth- fault resistance less than 11.46k
will ensure the essential sensitivity - the device
will operate reliably.

Detectable time of earth- fault phase when the
single-phase earth-fault through the resistor
1kQis t < 3ms.

The operating time of short-circuit
connection of earth-fault phase is t < 10 ms.

2.3. Design a circuit that automatically detects
and phase-to-earth short-circuit

Using automatic circuit design software
Altium Designer 18, according to the product
manufacturing and design process, the results
are shown in Figures 10,11.
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Figure 8. The diagram of the ahead phase and
earth-fault phase voltage difference (R = 71.46
ki t =2.68 ms)
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Figure 9. the graph of Output voltage on the C-
terminal load of PNP2 when the grid’s
capacitance changes from 0.25 to 3 uF/ phase

Figure 10. The schematic diagram and 3D image
of the ground-fault phase detection circuit
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Figure 11. The diagram of circuit principle
3. Conclusion

Based on the simulution results, the following
conclusions can be drawn:

The 6kV ground fault detectable device based
on the principle of the absolute difference of
ahead phase and fault phase has a simple
structure, sensitive ensuring, reliability and
quick action.

Wl@en the capacitapce and insulation
resistance of the network are C g
0,263 F/phase, R=364k /phase, respectively,
with a earth- fault resistance less than 11.46k
will ensure the essential sensitivity - the device
will operate reliably.

Phase-to-earth detectable time when single-
phase ground fault occurs through a resistor

14Q) is t < 3ms.

The operating time of a phase-to-earth short-
circuit device is t < 10 ms.

The simulation results show that the circuit of
automatic detection and short- circuit of the
earth- fault phase meets the requirements:
sensitivity, reliability and yield fast.

The automatic short circuit protection device
helps to enhance the reliability of power supply
in the event of a ground-fault, instead of the
automatic backup closing device. Although the
residual voltage at the ground- fault position can
fluctuate in the range of 20-225V, the application
of a quick-acting shunt connected automatically
protective device to limit the fault current,
quickly recover voltage on the fault phases, do
not break the insulation in the remaining phases,

reduce the overvoltage at the time of ground-
fault (from 3-4 times to 2.08 times), extinguish
the sparks at the failure location, without
interrupting the power supply.
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