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A NEW APPROACH TO IMPROVING THE SENSITIVITY OF EARTHING RELAY
AND REDUCING THE OVER-VOLTAGE IN 6 KV GRID OF OPEN-PIT MINES

Purpose. Earthing relays are utilized very commonly in open-pit mines for disconnecting the failure part of 6 kV electric system
from earthing incident. Much previous research is mentioned on searching either an optimal method for improving the effect of
relays or improvements of reducing the overvoltage caused by grounding separately. The paper presents a new approach to not only
improving the relays’ sensitivity but also to limiting the over-voltage. A new algorithm is also proposed to control automatic con-
nection of an additional resistor in order to achieve both above mentioned purposes of 6 KV earthing relay.

Methodology. The propose controlling diagram is implemented on PROTEUS to get 3U, signals. The main components ap-
peared when 6 kV feeders were faulted to earth. Afterward, the detecting signal is utilized as input for simulation diagram in
MATLAB to get and analyze the wave forms of responded zero sequence voltage.

Findings. The paper presents a new algorithm utilizing a resistor that is auto-controlled to auto-connect the open-triangle coil
of 6 kV measurement transformer at the moment of earth fault. This automatic connection aims to increase the relay sensitivity as
well as reduce the overvoltage. The finding results are sensitivity factors of relay and voltage magnitudes of healthy phases, which
will be compared with corresponding values when there is no connection of resistor to prove the effectiveness of the method.

Originality. A useful method is proposed for increasing the earthing current to enhance the sensitivity of earthing relay.

Practical value. The proposed control diagram could be used to design a device aiming to improve the safety of 6 kV grid in

open pit mines when earth faults occur.
Keywords: 6 kV grid, open pit mine, sensitivity, over-voltage

Introduction. In Vietnam, earthing relays are utilized large-
ly to protect electrical apparatus from earthed faults occurred
in 6 kV system. This kind of fault is about 55 to 73 % of the total
faults in 6 kV mining grids. In on-site operation, one phase
earthed fault current could normally lead to flickering arc and
over-voltage in two other phases left [1, 2]. The Safety Law of
Vietnam requires solutions to decrease this bad effect [3].

Because of mining technology, the 6 kV grids of open-pit
mines are constructed in skeleton or single routine diagram.
To protect the earth faults, a relay is set up relying on zero se-
quence current or zero sequence voltage [4, 5]. To increase the
reliability of the whole grid, sometime a recloser is equipped in
the beginning part of a feeder (as can be seen in Fig. 1)

Fig. 1 depicts a typical setup of protection diagram on me-
dium voltage grid to protect feeder from earthing. Most of cir-
cuit breaker located at the beginning end of feeder receive the
tripping signal from earthing relays to operate. In some cases,
because of high impedance of earth-fault point, the fault cur-
rent is so small. Consequently, the relays are not sensitive
enough to make the CB trip-open. To avoid these phenomena,
many techniques could be applied such as designing a sensitive
earth fault protector to release high impedance earth fault
point or set-up another back up protection device [6].

Another proposed method is utilizing PTs which are main-
ly measurement devices to increase the fault current, then im-
prove the sensitivity of earthing relay. Fig. 2 presents a kind of
such PT. In the figure, a “zig-zag” earthing transformer is con-
structed. In faulted situations, the residual voltage could cause
large and significant current running back through the PT [6].
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As mentioned in [2, 3, 5] and [7], a 6 kV grid is an un-
grounded one. Normally, the secondary winding of main
35/6 kV transformer are delta configured. To calculate the
faulted current or faulted voltage at single line ground (SLG)
fault, zero-sequence diagram are utilized. Fig. 3 presents a
zero-sequence diagram that is also used to detect Zero se-
quence voltage (V).

Some studies in [§—10] showed that if earth fault relays op-
erate on rms of fault current, relays (called over-current relays)
could be malfunctioned or inefficient because of low value of
earth fault currents. Therefore, to detect correctly the earth
fault, all relays equipped with Vietnam 6 kV grids of open-pit
mines must contain a special PT/VT (voltage transformer). This
device contains 3 coils which are configured as Y;/Y,/Delta with
broken coil. Across the coil the relay named 59N is connected
(as shown in [6, 11]). The connection diagram of this special PT
is illustrated in Fig. 4.

Another matter that 6 kV grid has faced is the over-voltage.
As listed in [12, 13], the voltage in healthy phases could be over
1.7 times the nominal value. Particularly, if the flickering arc
occurs, the over-voltage could be 3 to 6 times of rated voltage.
Hence, the equipment on 6 KV grid could possibly be destroyed.

As it can be seen in [§—10], 2 big problems that electricians
who operate 6 KV grids must seriously consider are:

- solving the fast response of relay to clear the earth fault with
high sensitivity despite of type of neutral connection [14, 15];

- if earth fault occurs, the over-voltage must be limited to
avoid the further damage on equipment in heathy phases.

Normally, above mentioned aims are solved separately
with individual external equipment. The paper will introduce a
new approach of not only increase the relay’s sensitivities but
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Fig. 3. Sequence diagrams showing the way to get zero sequence
voltage

also limit the amplitude of over-voltage when earth fault hap-
pens. The method is proposed by making use of measurement
devices (Potential transformers) with a small modification and
does not affect the grid’s structure.

Theoretical basis and proposed controlling technique. De-
termining the value of additional LV resistor for extra connection
to PTin 6 kV. To recognize the earth-fault, two quantities are
always supervised: zero-sequence voltage (U;) and zero-se-
quence current (/) [5, 11, 15, 16]. These voltage and current
signals are continuously measured by using CT (current trans-
formers) and PT (Potential transformer). The latter one al-
ways contains broken coil for obtaining 3U,. This part will
show the very small proposed connection of PT as well as the
formulas expressing the calculation of 3 U, when the low volt-
age resistor (LVR) is connected. A proof of increasing the sen-
sitivities of relays and limiting the magnitude of over voltage is
presented in the next part. As can be seen in Fig. 5, by con-
necting a low voltage resistor (LVR) Ry across the broken coil
of potential transformer (Fig. 5), the basis of neutral point
characteristic is not changed. Furthermore, the connection
followed up tightly the Safety Law [2, 3, 14]. The following
part will show the calculation for determining the value of Ry
from the grid’s parameters.

In Fig. 5, the primary circuit of grid is not modified, only
the measuring part is a little reformed; for on-site installation
this small modification could be easily obtained. For handling
the connection of the resistor, a microprocessor-controller is
set up to Ry. To trip open or trip close, circuit breakers (CBs)
located at the beginning end of feeders are installed (B1, B2,
B3, B4 in Fig. 5). These CBs also receive zero sequence cur-
rent and zero sequence voltage, the latter is detected by delta
broken coil of potential transformer (30j).

To analyze the purpose of LVR, the equivalent diagram
used to determine zero sequence current is shown in Fig. 6.

In Fig. 6, all impedances of transformers are computed in
zero-sequence diagram. Those components and parameters of

Source Load

-
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\

Fig. 4. Potential transformer with a broken delta coil used to
detect zero-sequence voltage
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Fig. 5. Connection diagram of main 35/6 kV transformer sub-
station with LVR connected to delta broken coil of PT
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Fig. 6. The equivalent diagram of Fig. 1 with the connection of
LV resistor (Ry)

above circuit are converted through the transformation ratio
K, [16]

Up=Kpi Uy, Rypy=Rp, Ky X=X Kiis (1)
_ 3.0,

3-(Ry, +j-Xp)+ Ry’
where Ry is LV resistor connected across the broken coil of
PT; KBy, is the transformed ratio of PT; Ry, and Xj, are resis-
tor and reactor of PT; Ry is converted from R [16], which are

calculated by estimating the active power consumption on the
resistor (when earth fault happens) [7]

Iy

2

Iy

<12
G|1)> - Re =|ii| - Ry = (1] K 5,0 Ry, 3)

where R is the resistor connected at the neutral point of high
voltage side of the power transformer.

As shown in [13], the equation (3) is obtained from equa-
tion (4) — the formula expressing the energy equivalent on re-
sistor at earthing procedure

[U] R (SUJR "
Rc KBA'RH "
Therefore,
_9Re
H — Kle . (5)

Equation (5) shows the way to determine the value of Ry
for additional connection, in normal operating modes, its en-
ergy consumption presented in equation (6) is very small and
could be ignored [7]. In a specified 6 kV grid, it is possible to
get the value of additional connection resistor from the grid’s
parameters. The impact of the value and its effectiveness on
reducing the over voltage will be analyzed in the latter part of
paper.

py - 6
H Klng K RH . ( )

Propose controlling technique. Relying on the value calcu-
lated by equation (5), implementing the simulation by on-time
connect a LVR right at the moment of one phase faulted to
earth, a block diagram is proposed in Fig. 7. In this figure, 30,
is the main input signal for controlling the switching proce-
dure the connection of Ry. An isolate block is also added in
order to not modify the basis of neutral point on 6 kV side of
transformer.

In this figure, the switching signals operate Ry on or off
base on TRIAC controlled circuit. Utilizing this type of
switching replacing for electro-mechanic relay switching could
reduce the operating time in order to meet the requirement of
maximum tripping time (not longer than 7/4 = 5 ms) [17].
Utilizing TRIAC KS200A controlled by microprocessor PIC
16F887, a fault detector Algorithm is shown in Fig. 8. In the
figure, the zero-sequence value of voltage (measured by bro-
ken coil of PT) is continuously supervised to detect if earthing
has risen. This voltage is compared with setting value U,,, for
tripping open or tripping close the CB by TRIAC signals. The
operation of controlling circuit is simulated in PROTEUS
shown in Fig. 9.
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Fig. 7. Propose diagram for controlling on-time connect of LV
resistor
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Fig. 8. Block diagram presenting the fault detecting algorithm

Figs. 8, 9 present the controlling procedure that connect
Ry on the very right moment to meet the following aims:

- to detect 3U, for emitting the tripping signal;

- to increase the fault current to enhance the sensitivity of
earthing relay;

- to reduce the root mean square (rms) of phasor voltage
on healthy phases.

The next part of the paper will demonstrate the usefulness.

Simulation results and discussion. To meet the demand of
the relay system, total response time of sub-equipped appara-
tus will not be over 1 ms [5, 16, 18]. The following part will
show the simulation and the computation of the response time
of relay with the connection of LV resistor (Rj). In Fig. 9, volt-
age 3, passes the divided part composed by Rvl and Rv22 to
obtain the input voltage for OPMP LM393.

When 30, is smaller than U,,, the pole 30 (RD7/PSD7) of
microprocessor is 0 (zero). Hence, there is no signal fed to
Opto MOC3021. Consequently, there is no pulse on G pole of
the TRIAC. TRIAC is blocked, and there is no current flow
through Rj. The setting up procedure for 30, is on Sine Gen-
erator block with the following factors:

- analogue types: sine;

- amplitude of 3U,: 1 KV (its maximum allowance value);

- frequency (Hz): 50 Hz;

- delay of phase angle: 0 degree.

The result of voltage waveform is shown in Fig. 10. When
30, is bigger than U, the pole 30 of microprocessor is flagged
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Fig. 9. Controlling circuit simulated in PROTEUS software

up to 1, BJT 2N3904 conduct. Hence, there is signal over
Opto MOC3021; therefore, TRIAC also conducts, there is a
flowing current through Ry. Voltage waveform crossing Ry is
shown in Fig. 11; output signal of zero crossing detector block
is presented in Fig. 12. Increasing the value of 30, to 2 kV, the
measurement circuit is still functional, the result is obtained,
simulated and presented in Fig. 13.

Corresponding to the response time of OPAM (1.3 ps),
OPTO MOC3021 (5 ps), others including sampling time, com-
puting time of micro-processor is lower than 500 ps, this leads
to total response time of the circuit being less than 1 ms [5].

To estimate the effectiveness of the proposed RH connec-
tion method, a simulation diagram in MATLAB is imple-
mented (Fig. 13).

In Fig. 13, there are 4 feeders with centralized load located
at the end of feeders. There are also 4 fault-creator blocks to
simulate the earthing procedure. A block aiming at detecting
the zero-crossing moment is installed at 6 kV bus-bar. After
detecting the fault, a control signal is emitted for closing
RGRH (at the bottom of Fig. 13). The content of the control-
ling block is shown in Fig. 14. In Figs. 13, 14, there are 3 blocks
of over-voltage relays (RUA>, RUB>and RUC>), they are con-
nected and incorporated with a subsystem for controlling the
switching of RGRH. At earthing mode, there is signal for clos-
ing RU, (block 4), the signal also closes the contactor RU13 (in
subsystem in Fig. 14). This parallel closing will make RGRH
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Fig. 10. Voltage waveform 3U, =9 V (Cyan color)

tripping close. At the same time there are signals on RUA> and
RUB>, they are greater than the setting values. Hence, the
contactors of RUA> and RUB> are closed, the contactors RU4,
RUT open, therefore RGB and RGC are deenergized to ener-
gize RGA. The relay will close the short-circuited contacts of
phase A at beginning ends of the faulted feeder. Another signal
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is sent to T12 to energize for opening RU10 in order to discon-
nect Ry when the fault is cleared.

Implementing the simulation on MatLab, the waveforms
of current running on earthing relay is shown in Fig. 15.

In Figs. 15, b, c, the upper curve (15, b) shows the wave-
form of earthing current (/,) without R, connection, while the
lower curve (15, ¢) shows waveform of earthing current (/)
with Ry connection. Obviously, the rms of Ib is bigger than /,.

The increase ratio is approximately \/E . It means that the sen-

sitivity of earthing relay will be increased by \/5 correspond-
ingly. The transient processes of currents in 2 cases are mostly
the same, there is no delay on forming sine waves of both Ia
and Ib. In the earthed phase (Fig. 15, a), the current is mostly
zero. The simulation results of voltage transient with and with-
out the connection of R is shown in Fig. 16.

Another impact of Ry connection method is decrease in
the rms of over voltage. Making the simulation with and with-
out Ry connection, the resultant waveforms showing voltages
on healthy phases are presented in Figs. 16, 17.

Fig. 16 presents various waveform expressing the response
of voltage and current on healthy phases as well as earthed
fault without Ry connection. With assumption that phase A is
faulted to earth, it results in the increase in voltage in 2 other
healthy phases. Fig. 16, a shows the voltage waveforms of
phase B and C in per unit value. In the time from 0.057 to
0.95 s, it is clearly seen that the voltages of phase B and C is 4
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times risen to nominal voltage current waveforms. At the same
interval of time when the earth fault phenomenon occurs (at
t=0.05 s) there is a sharp increase in zero-sequence voltage on
phase A, after the transient procedure, U is around 1pu (the
blue curve). Correspondingly, in Fig. 16, ¢ zero-sequence cur-
rent at examining interval (from 0.057 to 0.95 s) is also pre-
sented in Ampe.

Similarly to Figs. 16, a, b, 17, a presents the response of
voltage waveforms on healthy phases (phase B and C). The

0.10
Voltage (¥), pu

b

Fig. 17. Voltage waveform:

a — on healthy phases with Ry connection; b — voltage waveform
and Uy wave-form on phase A (faulted phase)

earthing interval is also from 0.57 to 0.95 s. Other voltage val-
ues of phase A (faulted phase) are also shown in Fig. 17, b to
compare with those in Fig. 16, b.

The effectiveness of Ry in terms of decreasing the rms
overvoltage is significantly shown by comparing Figs. 16, 17.

In Figs. 16, a and 17, a, the voltages of heathy phases are
strongly decreased. In Fig. 16, a, this value is nearly 4 pu (per
unit). It means that the overvoltage is 4 times bigger than U,,,,,.
By utilizing Ry connection, in Fig. 17 this value is only 2 pu,
the rms of voltages across equipment of healthy phases re-
duced by 2 times. This advanced advantage is prior to lengthen
the aging of 6 KV apparatus.

In Figs. 16, a and 17, a, the rms of zero sequence voltage is
mostly the same. It means that the operation of relay relying
on this quantity is not affected despite of connect or discon-
nect Ry.

Conclusions. The paper presented a proposed method to
increase the sensitivity of earthing relay on 6 kV mining grid by
connecting the resistor right at the moment of earthing. The
connection is controlled and programmed by microprocessor
with a new algorithm applied for PIC 16F877. This additional
connection did not modify the basis of the grid’s neutral point
and it is easily implemented with making use of existing mea-
surement transformer PT.

Utilizing Ry connection brings the following advantages to
the relay system and 6 KV electrical apparatus:

1. In healthy phases, the magnitude of over-voltages is only
(1.5—2.1) U,. The values are significantly reduced and fall with-
in accepted level with 6 kV apparatus. Comparing the values of
over-voltage without Ry connection [4, 7, 8], these quantities
reduced nearly by 100 % ((3.2—4.2) U;compared with (1.5—
2.1)U).

2. The sensitivity of earthing relay is increased \/E because
the earthing current is increased \/5 when Ry connection
method is utilized.

The simulation in Figs. 16, 17 (with C=2.791 pF and Ry =
= 14Q) proves greatly the effectiveness of the proposed meth-
od. On flickering earthing, the significant reducing of magni-
tude of over-voltage (from 4 lower to 2.3) is superior advanced
on the field of lengthen the life-time of 6 KV mining apparatus.
The connection also brings the advantages of:

- eliminating the resonance occurring in 6 kV grid with in-
cident current lower 3A;

- limiting the over-voltage rising on starting procedure of
6 kV motors (which cause phenomena like earthing).

Utilizing R connection could bring some other advances
such as: reasonable price, small dimension (for easy installa-
tion), outdoor and indoor installation properties and simple
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switching principle. Further on-site investigation should be
done to prove the effectiveness of the method.
Acknowledgements. The authors of paper would like to give
special thanks to top managers of DeoNaiopen-pit coal mine,
NuiBeo open-pit coal mine for great help and support in mea-
suring 6kV grid’s parameters for the input of simulations.
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HoBuii miaxin 10 miiBUIIEHHS YyTJIMBOCTI
peJie 3a3eMJIEHHS TA 3HIKEHHS MepeHanpyru
B Mepexkax 6 kB kap’epiB

Xo Biem byn, Jle Croans TxaHb

XaHOWCHKUI YHIBEPCUTET TipHUYOI CIIpaBU Ta TEOJIOTii,
M. Xanoii, Comiamictmyna PecnyOmika B’ethHam, e-mail:
lexuanthanh@humg.edu.vn

Merta. Pejne 3a3eMjeHHSI IIMPOKO BUKOPUCTOBYIOTHCSI Y
BIIKPUTUX Kap’epax s BiIKITIOYEHHS MOLIKOIKEHO1 YacTH -
HH eJIEKTPUYHOI cucTeMu 6 KB Bim BUMMaIKiB 3aMUKaHHS Ha
3eMJTI0. 3ralyeThbcs 6araTo NOMepeaHiX TOCTiIXKeHb i3 MolIy-
Ky a00 ONTUMaJILHOTO METOAY MOJIIMNIIEHHS Iii pejie, abo 1mo-
JIITIIEHHS, CITPSIMOBAHOTO Ha 3HWXXEHHS TIepeHATIpyTH, BU-
KJIMKAHOI 3a3¢MJICHHSIM, iHAMBiIyaJlbHO. Y poOOTi HaBeIeHO
HOBUI MinXim He TUTbKM A0 TiIBUIIEHHS YYTJIMBOCTI pelie,
ajie i 10 oOMexXeHHS mepeHanpyru. 3alporoHOBaHO TaKOX
HOBUIA aJITOPUTM YIIPaBJTiHHS aBTOMATUYHUM ITiTKITIOYEeH-
HSIM JOJATKOBOTO PE3MCTOpa JIJIsl JOCSITHEHHST 000X Iepepa-
XOBaHMX BUIIE LIiJIEi pesie 3a3eMiIeHHs 6 KB.

Metomuka. [IpornoHoBaHa cxeMa KepyBaHHS peajizoBaHa
Ha ocHoBi PROTEUS nnst orpumanns 3 U, curnaniB. OCHOBHi
KOMITOHEHTH 3’ IBUJIMCSI TIPH KOPOTKOMY 3aMUKaHHi Ha 36 MJTIO
SKUBWJIBHOTO TIpUCTpoIo B 6 KB. TTicst 11s0ro curHai mormyky
BUKOPHMCTOBYETHCS B SIKOCTi BXiTHUX JaHMX [UISI CXeMH MOJIe-
moBaHHs Y MATLAB 3 MeToro oTpuMaHHS Ta aHallizy hopm
XBWJIi HATIPYTH CITPaIlbOBYBaHHS HYJIBOBOI ITOC/IiTIOBHOCTI.

Pesyabrat. Y po6oTi MpeAcTaBieHO HOBUM alrOpUTM,
110 BUKOPUCTOBYE PE3UCTOP 3 aBTOMAaTUYHUM KepyBaHHSIM
IUTSI aBTOMAaTUIHOTO TiIKITIOUYeHHsSI OOMOTKU PO3iMKHYTOTO
TPUKYTHHUKA BUMipIOBaJIbHOTO TpaHcdopMaropa 6 kB y Mo-
MEHT KOPOTKOTO 3aMHMKaHHS Ha 3emito. Lle aBromarmuHe
MIKIIOUEHHS CIIpSIMOBaHE Ha IMiIBUILEHHS YYTJIUBOCTI
pele, a TaKoX 3HIDKEHHsI TiepeHanpyru. Pesyibratamu 3Ha-
XOJKEHHS € Koe(illiEeHTH YYTJIMBOCTI peJie Ta BeJIMYMHU Ha-
MPYTY CIpaBHUX (a3, N0 MOPiBHIOBATUMYThCS 3 BiATIOBiA-
HUMM 3HAYEHHSIMU 3a BiICYTHOCTI IiIK/JIIOYEHHS pe3ucTopa
IUJ1s1 ToKa3y e(eKTUBHOCTI METOMY.

HaykoBa HoBM3HA. 3ampOIIOHOBAHO METOH 30iJbIIECHHS
CTpyMYy 3a3eMJICHHs JUIST TiIBUINEHHS YYTJIWBOCTI pejie, 1o
3a3eMJIsIE.

IIpakTHYHA 3HAYUMICTh. 3aPONOHOBaHA OJIOK-cXema aj-
TOPUTMY MOXe OyTU BUKOPUCTaHA ISl pO3POOKH MPUCTPOIO,
CIIPSIMOBAHOIO Ha MiJABMILEHHSI Oe3MeKu Mepexi 6 kB y
Kap’epax 3a KOPOTKOT0O 3aMUKaHHs Ha 3eMJTIO.

KimouoBi ciioBa: mepedica 6 kB, kap’ep, wymausicmo, nepe-
Hanpyea
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