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Abstract

Over-current relays (OCR) are the most popular protecting devices utilized in 6kV mining grids of open-pitch mines, QuangNinh
province, VietNam. Depending on time of operation of OCR, there are many operating mode catergorized as: Instantaneous OCR,
Inverse time OCR, Inverse definite minimum time (IDMT) OCR, Very invese relays, Extremely Inverse relays. Nowaday, to give
protection against: Phase faults, Earth faults, Winding faults (in transformer), most of mining companies using Over-current relays
with instantaneous characteristic. This charactersitic has the following important features: i) Operates in a definite time when current
exceed relay’s pick-up/setting up values, ii) Relay’s operation is mainly relied on current magnitude, iii) Operating time is constant, iv)
There isn't any intentional time delay, v) The operating currents are progressively increased for the other relays when moving towars the
source. Apart from many advantages, there is a significant disavantage of the relays’s operation: when there are faults at the beginning
of feeders, OCR with instantaneous characteristic usually has a big-time tripping. Moreover, sometimes there are false trip of OCR
because of improper set-up. In this study, an offline method is proposed with simulation in ETAP software to overcome these issues.
With Gurobi-Optimizer application, an algorithm for identifying Time Multiplayer Setting (TMS) will be employed to generate inverse-
time characteristic/inverse definite minimum time charactersitic for improving the performance of over-current relay with better
discriminative tripping. The proposed method is simulated on ETAP with a 6kV sample skeleton distribution network (in QuangNinh
province of VietNam). The demonstrating results are: the prevention of false trip of OCR and the operating time of OCR is reduced.

Keywords: over-current relays, open-pitch mines, instantaneous time characteristic, false trip, Time Multiplayer Setting

1. General introduction of Over-Current relays in 6kV
mining grid
1.1 The advantages of ORC in mining electric system

For supplying energy, most coal mines in Vietnam utilize
6kV skeleton grids. 6kV electricity is normally feed to distri-
bution boxes for energized motors, pumping system, ventilat-
ing system or coal-processing system. Because of high request
in energy-supplying reliability, all of 6kV feeders contain at
least 2 type of protection relays, among them OCR is the key
one that responsible for fast and secured isolating the faults.
Like normal medium voltage grids in urban areas, ORCs of
6kV networks must contain the following requirements and
advantages [1], [26-29]:

+ Simplicity with reasonable cost: The design of OCRs is
relatively simple; their implementation is not so complicat-
ed when compared to more other kind of complex protection
schemes. They are really cost-effective solutions for detecting
and responding to excessive current levels in mining grids.

+ Wide Range of Protection Settings: The protection set-
ting of OCRs is wide and flexible, they could offer a wide val-
ue of adjustable settings, allowing customization based on the
specific requirements and characteristics of the mining grid.
These flexible characters enable operators/engineers to opti-
mize the relay's performance for different fault levels.

Versatility: The utilization of OCR is wide with various
types of electrical apparatus and systems, making them ver-
satile in mining grid applications. Some popular utilization
could be: motors protection, transformers protection, feeder
protection, and other components within the mining infra-
structure.

High-speed tripping: OCRs could provide rapid fault de-
tection and response. When properly coordinated and set,
they can quickly isolate faulty sections and minimize down-
time, reducing the risk of equipment damage and improving
the reliability of the grid.

Compatibility with digital control Systems: Most new mod-
ern ORC could be integrated with digital control/monitoring
systems, such as annunciators or remote monitoring devices.
This integration is important and allows the operator for re-
al-time monitoring and abnormal/fault identification, aiding in
troubleshooting and maintenance activities within the mining
grid. According to [1], [31] OCRs installed in 6kV feeder must
be integrated with SCADA systems, providing remote monitor-
ing and control capabilities. This integration enables real-time
monitoring of relay status, fault indications, and alarms, al-
lowing operators in mines to promptly respond to abnormal
conditions or faults in the mining grid. Hence, they enhance
situational alarming and facilitates efficient decision-making.

1.2 The problems of present ORCs system in 6kV grid of Viet-
namese coal mines

Because of insufficient investment, 6kV grids of most
Vietnamese coal mines are equipped ORCs with instan-
taneous time-characteristics. Because of the containing
multi-level tripping, the operation of 6kV feeders OCRs has
many disadvantages, particularly the wrong tripping could
sometimes arise that lead to big economical damage caused
by de-energized.

Other disadvantages of OCRs in 6kV grid of Vietnamese
coal mines could be listed as follow:
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Fig. 1. Routine of earthing current in MV grids
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Fig. 2. Directional fault currents with distributed source

+ Delayed response time: OCRs operate based on the de-
tection of current levels exceeding a predefined threshold [12,
13, 30]. However, depending on time-characterized [12, 30],
the relay could perform a delayed response time before initi-
ating a tripping procedure. This delay can be problematic in
situations where a quick and immediate response is required,
such as during fault conditions.

+ Discriminative tripping/Inaccurate coordination: Because
OCRs are typically coordinated to ensure selective operation,
it means that only the OCR closest to the fault must detect and
send tripping signal to circuit breaker to isolate the faulty part of
system. However, achieving criminative tripping could be great
challenge due to the OCRs employed different time character-
istics of relays and the complexity of 6kV mining network con-
figurations. Improper OCR coordination might result in unnec-
essary or wrong tripping. Consequently, the overall 6kV system
reliability and performance are significantly affected.

+ Limited sensitivity: OCRs have a predefined pick-trip-
ping-up current threshold above which they initiate the trip
signal. However, the threshold may not be sensitive enough
to detect low-level faults (earthing current) [2, 3, 4] or incipi-
ent faults (for instance earthing current which is over 90% of
the total faults in 6kV mining grids). Consequently, these re-
lays may not obtain adequate protection in certain scenarios.
Figure 1 presents the routine of earthing current in MV [2]
(11kV-similarly in 6kV of coal mines). Depending on con-
nection diagram of 35/6kV transformer’s neutral point (delta
connection [1]), detecting current value could not initiate the
relay located at the beginning of feeder.

The sensitivity of OCRs is also affected by direction of
fault current [16,17], in Figure 2 [16], because of distribut-
ed generator, value and direction of fault currents might not
be “strong” enough for initiate the OCRs. This fact is similar
to the manner of 6kV surface mines, where there are dozens
electric excavators operated as distributed generator [32].

+ Lack of directional sensing: OCRs typically do not have
or incorporate directional sensing capabilities themselves.
They cannot distinguish between fault currents flowing into
or out of the protected zone. This limitation [16, 18, 19] can
result the incorrect tripping during faults heppenning on the
non-protected side, causing to inefficient fault isolation and
leading to potential damage of parts of the system.

+ Vulnerability to power system changes: OCRs are de-
signed most relied on specific system parameters. Under cer-
tain condition, if the structure of the system is, such as the
addition of new equipment or system islanding configuration,
the relay settings may become inpropriate or inadequate.
Consequently, OCRs’ the reliability and effectiveness might
be compromised.

+ Hardly detect high-impedance faults: When there is a
poor connection between conductors or a short circuit con-
taining a high resistance, OCRs could get challenges in de-
tecting high-impedance faults. Since the rms of current in
these occasions are relatively small, OCRs may not be able
to identify them precisely, leading to potential safety hazards
[4, 14].

Despite of above-mentioned disadvantages, in electric
grids of Vietnamese mines OCRs are still widely utilized and
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Fig. 3. Proposed Algorithm for identifying TMS of OCRs

provide essential protection in feeders, transformers, 6kV
motors. Some technical weaknesses that OCRs must be im-
prove are:
1. Discriminative tripping because of OCRs multi-lad-
der employed in 6kV networks;
2. Directional tripping if the impact of electric excava-
tors is great.

There are many methodologies [5-11] to compute or op-
timize the operation of OCRs for logical coordination. But
with skeleton grids, choosing the appropriate time curve from
4 basic type of curves [14, 29, 30] could be implemented by
combination of Matlab programming and ETAP utilization.
The following parts of this paper present an algortithm using
Gurobi Optimizer combined with ETAP simulation to calcu-
late the time factors for all OCRs installed in 3 or 4 layers of
6kV grids. The testing results will be simulated for obtaining
time curves which is suitable for relay setting which protect
both feeders and transformers of mines.

2. Identifying Time Multiplayer Setting (TMS) of OCRs

At present, in Vietnamese 6kV mining grids, because of
many historic reasons, most of OCRs settings are difinte time
characters for all protection level. Consequently, the time de-
layed tripping is the greatest issue that must be solved.

Other challenge is the identification of Time Multiplayer
Setting (TMS) as wel as time ladding interval (At) of OCRs.
Proper TMS identification could avoid the wrong tripping
(backup OCR trips before essential OCR. Many researches
shown in [5-10] focus on indentifying TMS as well as find-
ing method for optimal coordination of OCRs. Each above
propose has their individual advances, however refer to the
skeleton structure of 6kV mining grids this part propose Lin-
ear Programming Algorithm, it will be embeded into Gurobi
Optimizer in ETAP software [21] for testifying. According to
[22] tripping time of OCR installed in skeleton feeder is cal-
culated as equation (1):

0,14

T, L1

2

TMS (1)

Whereas: I -3-phase short cirtcuit current
I -Setting value

For identifying the value of TMS, a Linear Programme Al-
gorithm is applied, in which an objective function f(x) (equa.
(2)) is solved to obtain its minimum value, the constraint of
the function is shown in equation (3) [19, 20].

n
fx)= chxj — min
=

(2)
;ai,x, =b: x,20 3)

Where:

a is the element of constraint matrix A;

b is the vector of freedom parameter;

x = (x1, X2, ... xn) is the optimal results of equation (2) which
meet the constraint (3).

For satisfying the discriminative tripping, other con-
straints are considered [15, 21, 22, 23]:

Additional constraint 1: time bias between essential OCR
(TiN) and back up (TjN) when there is a fault at N.

Tin — Tin = At == KinTMS;j — KinTMS; = At (4)
Additional constraint 2: TMS of each relay:
TMSmmJ S TMSI S TMSma;xJ (5)

Additional constraint 3: TMS must be in the range of
Tmin_i and Tmax_i which are listed in specification of each
OCR:

Tmmg <Ti< Tmaxii (6)
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Fig. 5. Simulation diagram in ETAP of 6kV grid of DuongHuy coalmine (VietNam)
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Fig. 7a. Single line diagram of 2nd OCRs layer in 6kV feeders
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Fig. 9. The Definite Time Curve of OCR showing huge delay tripping
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Fig. 10. Simulation of Fault currents calculation
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Fig. 11. Simplization of the routine and value of fault currents

Tab. 1. Value of matrix converted into simplex-method

Rela RLQ2 RLDV1 RLKH15 51(35kV)2
\ (Zone 1) (Zone 2) (Zone 3) (Back up at transformer substation)
T™MS 0,1 0,13 0,2617 0,345
t t:1=0,1316 t2=0,4315 | t3=0,7316
Tab. 2. Values of TMS obtained from Simplex-Method

TMS1 TMS2 S1 S2 S3 P b
-1,316 1,649 -1 0 0 0 0,3

1 0 0 -1 0 0 0,1

0 1 0 0 -1 0 0,1
1,316 1,39 0 0 0 1

If the time-curve characteristic is Definite Time (DT) or
Inverse definite minimum time (IDMT), Objective function
f(x) epressed in (1) is solved as:

minC = i t= i K, TMS,

=l =l

)

Basing on above equations, an algorithm is proposed in
figure 3. In the figure, if there are multi-layers OCRs in a feed-
er, a factor K of OCR numbered I is calculated as equation
(8) [21, 23].

0.14

[ 8
T U 1) -1 ®)

Where: Ti - Fault current of OCR numbered i;
Li-Setting current of OCR numbered i.

3. Simulation and results
3.1 A case study for a typical 6kV grid of DuongHuy coal
mine of VietNam

Algorithm in figure 3 will be applied for 6kV of Duong-
Huy coal mine. The criminative operation of relays is proved
and verified with simulation in ETAP. Single line diagram of
the mine is presented in figure 4. A Simulated diagram on
ETAP is expressed in figure 5.

Simulation parameters of the grid are: 2 main 35/6kV
transformers with each one capacity of 7,5MVA, the low volt-
age of transformers is 6kV, total LV load is 5SMW. There are
four layers of OCR which located at the beginning feeders
shown in Figure 7, 8, 9 and 10.

In these figures: 7a, 8a present single line diagram of the
grid, 7b 8b corresponding are Simulation diagrams in ETAP.

At present, DuongHuy coal mine company utilize Sepam
S$20 relay [24, 25] for over current protection. The relay ex-
hibits DT curves [30], the tripping time at 2nd layer (figure
7b) is 10 second, consequently the tripping time at 1st layer
(figure 6-6,3kV bus bar) is 21 second. Hence, when there is a
short-circuit at 15-distribution box (ending of Ist layer), the
OCR of second layer denies its trip. This fact leads to the fact
that the eliminate time of fault current is so great that could
harm to 6kV cables and transformer. The expression of curves
is shown in figure 9. Other consequence is the relay discrimi-

native operation, the tripping time of zone 3/layer 3 is bigger
than one of zone 2/layer 2. This fact is really very “annoyed”
to operator because of wrong isolation the fault parts of the
system.

To avoid this huge delay-tripping as well as criminative
tripping, applying the algorithm presented in part 2, IDMT
curves are employed. The task of LP method is to determine
TMS values of all 3 layers. The provement rely on the follow-
ing steps:

(1) Calculate the fault currents at beginning of layer 1 and

layer 2 (two biggest values of all layers);

(2) Perform objective function and constraint matrix;

(3) Employing the Optimizer for identifying TMS;

(4) Simulate in ETAP for identify the series of IDMT

curves for visual provement of relays in all layers.

3.2 Simulation and Results

In figure 10, locations of fault currents are exhibited, N1
and N2 are the beginning point of each feeder, relays R1 and
R2 are correspondingly main protection one and back up one
of each routine. The the results of faults currents and sim-
plization of the routine is shown in figure 11.

* Step (1): Utilizing equation (8) [21], [23], when faulted
at N1, K factors of main relay Ri and back up relay Rz are
computed as:

B 0.14 B 0.14
YT 1) -1 (11754/75)%% —1

=1316

B 0.14 B 0.14
(I 1) %=1 (11754/200)%2 =1

=1.649

When faulted at Nz, K factors of main relay Ra:

B 0.14 B 0.14
Iy 115" =1 (24277/200)™" ~1

22 =139

* Step (2) Forming the constraint matrix.
The Objective function is:
min C = KiixTMS:1 + K22xTMS:2

With constraint:
K21xTMS2- K1ixTMS:1> 0,3
TMS: > 0,1

TMS:2 > 0,1
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Fig. 13. The provement of criminative tripping of OCRs on 6kV grid

Tab. 3. Results of TMS indentification- Algorithm (TIA) for some typical mines in VietNam
Tripping R

Name of time T’g’;;“‘-‘ Number | Tripping Tripping Tripping

coal mines | before | Discriminativ after of time of time of time of
In applyin e problem applyin protectio | Zone/laye | Zone/laye | Zone/laye
VietNam g TIA PPly n zones ri ri ri
(s) gTIA

HaLam 16 YES 0,862 2 0,236 0,862 -
NuiBeo 15 NO 2,063 3 0,166 0,568 2,063
ThongNhat 20 NO 0,968 2 0,663 0,968 -
CaoSon 22 YES 1,267 3 0,568 0,969 1,267
CocSau 16 YES 1,689 3 0,656 1,086 1,689
QuangHan 18 YES 2,078 3 0,985 1,389 2,078
h

Adding an auxiliary variable P, and S1, Sz, Ss (which are
not negative) to transfer the above math inequality become
an equality:

1,316xTMS1+ 1,39xTMS2 + P =0

1,649xTMS2-1,316xTMS1- S1 = 0,3

TMS1 -S52=0,1

TMS2 -S3=0,1

Four equality equations exhibite values shown in table 1
which express the simplex-method.
From Table 1 values of factors matrix could be obtained:

C=[1.3161,649000];

B=1[030,101];
1316 L649 -1 0 0
4=| 1 0 0 -1 0
0 1 0 0 -1

* Step (3): Finding TMS by Optimizer Linprog in Matlab:
options=optimset('LargeScale’, off ,'Simplex','on’);
[TMS,FVAL,EXITFLAG,OUTPUT|=lin-
prog(C,[],[],A,B,zeros(size(C)),[],[],options).
tl =1,316.*TMS(1)

12 = 1,649.¥TMS(2)
At=12-1t1

Results are deducted as:
TMS = [0,1 0,2617]

t1=0,1316
t2 =0,4315
At=0,3

Those values are immersed into ETAP, curves are per-
formed in figure 13. Values of TMS for 3 protection zones/
layers are given in table 2. It is easily seen in table 2 that the
delayed time is reduced significantly (only 0,7316s compared
with 21s in above analysis). Corresponding to 1 value of fault
current (IN) the computing process of TMS showed that the
tripping times (t1, t2, t3) are logically criminative (t1< t2< ts).

Implementing this Algorithm to other 6kV mining grids,
the effect of IDMT curves is shown in table 3.

4. Conclusion

Overcurrent relays play very important role in 6kV min-
ing grids of VietNam. Along with reforming process for re-
placing electromechanics relays by digital ones, the require-
ments of relay system smart utilization are the big matters that
all mines must solved. By applying the programming in Mat-
lab, combined with simulation in ETAP based on proposed
TMS Identification Algorithm (TIA), the paper shown the
following advantages on the field of improving the operation
of OCRs in VietNam coal mines:

+ The proposed TIA is suitable for all skeleton 6kV min-
ing grid despite of the complexity of protection zone;

+ TIA could help operator/technician in mine to trans-
fer IT curves of overcurrent relay into its IDMT without any
wrong operation;

+ The problem of delayed-tripping and discriminative
tripping are completely cleared in all biggest coal mines in
VietNam.

+ Results deducted from ETAP are visualable for operat-
ing, monitoring and designing the relay system in 6kV grids.
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