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Distance relays and protection schemes are used in the protection
of transmission and distribution lines. The speed of isolating
Sfaulty circuits from the network is relatively low and this
operation speed was improved in this paper by using a
microprocessor to make fast tripping decision for the relay. The
microprocessor was programmed by using results obtained from
Sault studies carried out on the network. Using simulations in
Power System Computer Aided Design (PSCAD) software, for a
line-to-line (LLG) fault between lines A and B to ground (AB-G)
occurring at 35 km on the tested line having a fault impedance of
5 Q, the operating time of the developed system was 5.4 ms
whereas it was 15 ms with the old system without the
microprocessor (the conventional distance relay system). The
new protection system working with the microprocessor was
found to have improved the average operating speed of the
distance protection scheme from 6.144 ms to 4.390 ms resulting
to an improvement of the operating speed or speed of isolating
Saulty circuit by approximately 29%.

© 2024 RJEES. All rights reserved.

1. INTRODUCTION

Protection of the power systems (PS) and its equipment began with the use of fuses and manual circuit
breakers at the end of the eighteenth century, (Obi et al. 2014; Obi et al. 2021). Thereafter, the use of relays
to give automated protection to the system began with the over-current relays and under-voltage/over-voltage
relays, (Goremykin 2023; Ahmed and El-Fergany, 2023; Kulikov et al. 2022; Nwachi et al. 2022). Finding
the optimal values of time dial setting (TDS) and plug setting multiplier (PSM) of this can become a major
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challenge if not well coordinated. Thus, different algorithm/optimization techniques have been put forward
to obtain optimal TDS and PSM of the relays. These include a new metaheuristic algorithm, the JAYA
algorithm and the simplex method firefly algorithm (Pragati and Amol, 2017; Bedekar et al. 2010; Noghabi
et al. 2009). More so, the fact that the operating time and pick up values of the overcurrent relays depend on
the fault current which varies with the fault type and circuit characteristics, the overcurrent relay and
protection scheme was less attractive in protecting high voltage systems (grids) where different power plants
and load centers are interconnected. This is because any malfunction of this relay may cause instability in
the concerned grid, (Fumilayo et al. 2012; Mahat et al. 2011; Keil and Jager, 2008). This challenge gave
birth to the distance relay and protection scheme.

Though the distance relays have functioned effectively in protecting power systems, they has been
characterized with some degree of inaccurate and relatively slow operations. Some of the causes of the
comparatively low degree of accuracy and speed of operations in the distance relay include, (Ghorbani et al.
2021; Hosseinimoghadam et al. 2021; Ali et al. 2016; Mohajeri et al. 2015; Paithanar and Bhide, 2003):

@) Variation of line parameters with atmospheric conditions and these line parameters are used in
relay models.

(ii) DC offset values in fault current. Hence, the fault current which is the primary functional data
of the relay carrying some form of ‘impurity’.

(iii) Ambiguity about line parameters since the line parameters are seldom measured, they are
calculated from the line data and again these line parameters are used in relay models.

It was also demonstrated that though the operational speed and accuracy of distance relays operations may
be fair when the system experiences a single type of fault, the same cannot be said of the relays operations
when the system experiences different types of fault simultaneously, (Abouelenin and Jabr 2002). In areview
of recent techniques in protection of power lines, it was pointed out that the conventional distance relays are
comparatively slow in their operations are less accurate in fault, location and isolations, (Babu et al. 2011;
Zayandehroodi et al. 2015). It has also been found that the distance relay is characterized by indiscriminate
tripping in the protection zones for different fault type and impedances (Onwuka et al. 2023).

Because of these and more, researchers have begun to move on from the distance relay to finding other
improved device in protecting the power systems. A digital distance relay using field programmable gate
arrays (FPGAs) technique for the detection of faults and possible isolation of the faulty circuit was developed
by (Tsair-Fwu et al. 2006) and demonstrated that it has a relatively higher speed and accuracy than the
conventional distance relays.

In recent times, the microprocessor relays are gradually taking the place of the conventional distance relays
in protection systems especially in micro grid and low voltage networks (Akhmedova et al. 2021; Rajalwal
and Ghosh, 2020; Bo et al. 2019; Rohadi, 2019). However, there are still a lot of existing power system
networks that use the conventional distance relay — based protection scheme. This paper tends to improve
the operating speed of theses distance relay protection scheme by incorporating a microprocessor to the relay
operations. This will be done in such a way that the relay no longer takes current and voltage from the current
transformer (CT) and voltage transformers (PT) but from the microprocessor, and the microprocessor will
now be what takes signals from the CT/PT as shown in Figure 1.

(1/0) pP
Output

Relay

» > trip
signal L
From CVPT Microproc Relay > Circuit
or System essor (1/0) pP Y Breaker
Output

Figure 1: Block diagram for microprocessor — controlled relay protection philosophy
The current and voltage from the CT/PT are however rectified before been fed to the microprocessor. Also,
since the microprocessor does not use current signal for its operations, a resistor is connected across the
microprocessor so that the rectified current causes some voltage drop in the resistor connected across the
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microprocessor. It is this voltage drop signal in the resistor connected across that the microprocessor uses in
place of the current signal. With this new system, the distance relay is relieved of the duty of impedance
computation done by the relay before deciding whether to send trip signal to the circuit breaker (CB) or not.
The microprocessor being very fast in computations and decision making processes is now deployed to do
the computations and make decision whether to instruct the relay to send trip signal (a high (1) level signal)
or restrain signal (low (0) level signal) to the relay. The distance relay now either send a trip or restrain signal
to the CB after getting a ‘I’ or ‘0’ signal from the microprocessor respectively.

The microprocessor works with a pre-defined program, the programming of the microprocessor is done with
results from faults analysis of the system for different types of faults and faults impedances occurring at
location on the line. The programming of the microprocessor is done by loading these results on the
microprocessor and calling out the least fault current value from the results. The microprocessor then at any
time compare the current and voltage from the CT/PT with the called-out least values from the fault analysis.
If the current from the CT is at least equal to the least fault current recorded and the voltage from the PT is
less than or equal to the least value from the fault analysis, then a high level (‘1°) (trip) signal is sent to the
relay, else, a low level (‘0’) restrain signal is sent to the relay to perform no tripping action. The programming
of the microprocessor is done using the ‘C’ programming language. This was tested using the Arduino
simulator and it was found to output a high level signal when the conditions stated above were met.

However, the ‘C’ programming language is not compatible with the software used in this research (the
PSCAD software), hence, an equivalent program of the ‘C’ programming language was developed in
MATLARB (since MATLAB is compatible with PSCAD) and this was the code used for this work.

2. METHODOLOGY

2.1. Theoretical Analysis

The impedance seen by a distance relay for different types of fault in a line was modelled by (Onwuka et al,
2023) and is given as:

Impedance seen for a line to ground (L-G) fault is given by

Vo o VR4Vi+VE

Zseen = Ig+Kold ~ Ig+KoId @)
Where V,=Phase voltage, I,=Phase current.
Superscript 0, 1 and 2 are zero, positive and negative sequences, and K, is given as.

Ko =222 @)

For line to line (L-L) faults between ‘a’ and ‘b’, the potential between the lines is V, — V;, and the resultant
current between the lines is I, — I;,. The Impedance seen by the relay for this line to line (L-L) fault is given
by;
Vp=V,  Vi-VZ
Zen = e (3)

Ip=Ic  I3-I3

Also, the for a double line to ground (L-L-G) fault between lines ‘b’ and ‘c’ to ground,

Vy, =V2+a?Vl +aV?2 =V, =V2 +all +a?V? 4)
And the fault current that flows in the lines ‘b’ and ‘c’ (combined) to ground is

L+ 1, =12+ a1t +al2 + 12 + all + a?I2 )
since 1+ a + a? = 0, rewrite Equation (5) as

I+ 1, =21 — (12 +12) 6)
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Hence, the impedance seen by the relay is given as:

ZLLG _ Vp(or Vo) _ [V@+a?Vi+avZ]or [VQ+aVi+a?VE] @
seen T 4l 219-(13+12)
Lastly. For faults involving all 3 phases, the impedance seen by the relay is simply
- Vo _ V4
ZSh=7=1 ®)
a a

Taking the execution time of the above equation in PSCAD software will give us the speed of operation of
this distance relay.

2.2. Test Network for the Study

To carry out this study, we shall use a 43km, 11kV power line running from Bus 1 to Bus 2 and protected
by a 2 — zones, distance relay protection scheme as shown in Figure 2.

+— 7ome Z—P:

< Zone | 'I - |

Operating time difference
between Zone | and 2

|
|
|
|
1| Bus2
|

|

Distribution Line

[
I
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I
I
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Figure 2: 2 — zone distance protection of an 11 kV power distribution line.

Zone 1 gives instantaneous protection to 80 % of the 43 km line (up to 34.4 km) while Zone 2 acts as a
backup to Zone 1 for the first 80 % of the line and also protect the remaining 20% of the line (34.41 km to
43 km) and include some time delay. The line parameters of the line are presented in Table 1.

Table 1: Line parameters

Item/Description Value
Length of line 43 km
Line Positive sequence resistance (same as negative sequence) 0.02582 x 1073(Q/m)
Line Positive sequence reactance (same as negative sequence) 0.1291 x 1073(Q/m)
Line Positive sequence capacitance (same as negative sequence) 210.10(Q/Q71)
Line Zero sequence resistance 0.1365 x 1073(Q/m)
Line Zero sequence reactance 1.021 x 1073(Q/m)
Line Zero sequence capacitance 423.251710(Q/Q™1)
Fault impedance used Fault ON 10Q
resistance
Fault OFF 1.0E6 Q
resistance
K 6.82624.23°
Zone 1 (One) 0.0 km to 34.4 km

Zone 2 (Two) 34.41 km to 43 km
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2.3. PSCAD Model for the Test Network

The modelling of the conventional relay operations in PSCAD is as shown in the block diagram of Figure 3
(Oputa et al, 2023). However, for the developed/improved protection system where the operations of the
relay is controlled by the microprocessor, the model of the protection system in PSCAD is as shown in Figure
4. Note that in this particular model, the sequence components are not used. The current flowing in the line
and the bus voltages (fault current and voltage at fault) are compared to the minimum value (reference
voltage and current) got from all the results of the fault analysis conducted to determine whether a high or
low signal will be sent by the microprocessor to the relay.
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Figure 3: Block diagram of distance relay model in PSCAD.
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Figure 4: Block diagram of microprocessor controlled — relay model in PSCAD
3. RESULTS AND DISCUSSION
3.1. Results of Fault Analysis of the Network

The fault analysis of the system is done using the multi-run application in PSCAD for selected fault
impedance of 0.1 ©,0.5 Q,1 Q, 5 Q, and 10 Q for 10 (ten) types of fault (AG, BG, CG, AB, AC, BC, ABG,
ACG, BCG and ABC faults). The locations of these faults were simulated at 50 m (from the sending end
which is bus 1), 8.6 km, 17.2 km, 25.6 km, 34.4 km, 35 km, and 42.7 km along the line. A total of 350 set
of results were recorded; there are 250 results (run numbers) for the faults in Zone 1 and 100 results for Zone
2. Some of the results recorded are presented in Tables 2 and 3.

3.2. Protection of the System

We shall in this section consider and compare how the conventional distance relay protection scheme and
the developed microprocessor — controlled relay protection systems protect the test system for different types
of fault, different fault impedance and fault locations. Considering a 10 Q LG fault between line A and
ground (AG) occurring at Zone 1 (10 km) on the line (from bus 1), the trip signal to the breaker was sent
after 13 ms and 3.5 ms for the conventional distance relay protection scheme and the developed respectively
and it is shown in the simulation result shown in Figures 5a and 5b. The fault is always introduced 1 s from
the simulation. The operating time of the relay is the time the trip signal is sent after the introduction of the
fault. Also, for a LLG fault (AB-G) of 10 Q simulated at a location of 10 km on the line, the protection result
from the conventional and developed system are as shown in Figure 6a and 6b respectively with a trip time
of 15 ms and 3.5 ms. For faults simulated at a location of 35 km on the line, the protection speed is as shown
in Figures 7a, 7b, 8a and 8b. The results show that for a 10 Q LL (AB) fault, the trip time are 14.3 ms and
5.6 ms for the conventional relay and the developed system respectively. Also, for a 3 — Phase fault, the trip
time are 14.3 ms and 5.6 ms for the conventional relay and the developed system respectively. Table 4 gives
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a comparison between the conventional relay system and the developed microprocessor — controlled

protection system.

Table 2: Result of fault analysis of Zone 1 on the line

Fault Fault resistance ~ Fault current Fault voltage

Run No location Fault type ) (kA) (kV)
1 1 1 0.1000 0.8700970536 8.557641501
2 1 2 0.5000 0.8717600604 8.739286191
3 5 4 1.0000 0.2668940697 8.498807227
4 3 7 5.0000 0.4188353484 8.594634490

Key to Table 2: Fault Locations: 1 = 50 m on the line; 3 = 17.2 Km on the line; 5 = 34.4 Km on the line.

Fault Types: 1 = A-G Fault; 2 = B-G Fault; 4 = AB-G Fault; 7 = BC Fault; (Among others)

Table 3: Result of fault analysis of Zone 2 on the line

Run No loljzzltlil(t)n Fault type Fault r(e(;;stance Faul(tk(:; rent Fault voltage (kV)
1 1 1 0.1000 0.3422416257 8.557953815
2 2 2 0.5000 0.2988388919 8.327978741
3 1 4 1.0000 0.4167304882 8.594886558
4 2 3 5.0000 0.3253819598 8.327978741
5 1 5 10.0000 0.4393926997 8.586453564

Key to Table 3: Fault Locations: 1 = 35 km on the line; 2 = 42.7 Km on the line
Fault Types: 5 = AC-G Fault; 9 = AC Fault; 3 = C-G Fault; 7 = ABC Fault; (Among others)
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Figure 5: 10Q2 LG fault at 10 km for (a) conventional scheme and (b) developed system
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Table 4: Comparison of the conventional distance relay and the developed system tripping time for different
fault type, impedance and fault locations

Fault Trip time {mz) Trip time {mz)}

Lacati Fault Fault ty for conventional  for developed _ Jrip time
a&mrn Impedance (8] @ Pe o C:i:‘]:ﬂ o o m_atz;ﬁ Difference. (m:
G (AG) 500 13 17
LL (AB) 750 13 12
10.00 0.1 LLG (ABG) 6.25 33 205
3 Phase 23 13 183
TG (AG) 625 id 185
" ] LL (AB) 625 13 195
10.00 0.5 LLG (ABG) 6.25 34 185
3 Phase 625 33 183
TG (AG) 33 is 175
X L1 (AB) 750 14 il
10.00 1.0 LLG (ARG) 7.00 33
3 Phase 625 15 175
LG (AG) 625 W 185
" - LL (AR) 11.25 14 785
10.00 30 LLG (ABG) 6.25 175
3 Phase 750 15 400
G (AG) 13.00 5 915
X LL (AB) 11.00 3.6 740
10.00 10.0 LLG (ARG) 12.00 8.50
3 Phase 15.00 15 1125
G (AG) 875 52 335
. LL (AB) 13.75 51 865
33.00 01 11G (ABG) 750 52 130
3 Phase 875 52 355
G (AG) 575 53 335
o ) LL (AB) 15.00 97
35.00 0.5 LLG (ABG) 8.75 345
3 Phase 875 52 355
TG (AG) 10.00 5q 16
5500 iy LL (AB) 1375 54 833
3. 0 LLG (ABG) 10.00 54 16
3 Phase 875 343
LG (AG) 15.00 57 06
5500 . LL (AB) 1375 823
3. 30 LLG (ABG) 15.00 54 96
3 Phase 15.00 54 96
G (AG) 1750 56 119
- X LL (AB) 1430 56 87
35.00 10.0 LLG (ABG) 18,80 56 13.20
3 Phase 20.00 143

The average operating speed (AOS) of each protection scheme can be calculated as;

240 Triptime;
40

A0S = )

Where Triptime; is the time of operation of the protection scheme for the i protection study case (a total of
40 protection study cases in all for the conventional and designed protection schemes).
For the conventional distance relay protection scheme,

340 Triptime;  245.75
AOScps = #=— 8 = S22 = 6.144ms

AOS gs is average operating speed of the conventional distance relay protection scheme,
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while for the developed protection scheme,

0 Triptime; _ 175.6

A0S, ps = =22 22 = 4.390ms

A0S, ps is average operating speed for the developed system with microprocessor.

It could be seen that for a particular fault type, fault impedance value and location of fault, the developed
protection system operating time or trip time is comparatively lower than the conventional distance relay
protection scheme. For example, for a 1.0 Q LG fault simulated at 10 km on the line, the conventional
distance relay sent trip signal to the CB to trip after 6.25 ms; however, the trip signal was sent to the CB
after 3.5 ms for the developed protection system where the microprocessor controls the relay operations.
Also, for a 0.5 Q LLG fault simulated at 35 km on the line, the conventional distance relay sent trip signal
to the CB to trip after 8.75 ms; however, the trip signal was sent to the CB after 5.3 ms for the developed
protection system where the microprocessor controls the relay operation.

4. CONCLUSION

The operating speed of the distance relay was improved from an average of 6.144 ms to an average of 4.390
ms by controlling the relay by a microprocessor as demonstrated. This represents an approximate 28.5 %
operating speed improvement of the existing distance relay protection scheme.
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