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Abstract

One of the most important protection elements in the power system is the Over Current Relay (OCR). This study aims to
determine the differences in the characteristics of OCR in terms of theoretical based on the IEC 60255 standard compared
to the results of practical trials using Relay SEPAM 1000+ T20. When the results of practical trials, current injection is
carried out in the circuit. OCR characteristics that will be compared are standard inverse time, very inverse time, long

inverse time, and extremely inverse time.

The results showed that the average percentage difference between the

calculation and theories on each OCR characteristic is less than 5%. The percentage difference in the standard inverse
characteristic is 1.83%, Very inverse is 3.67%, Long time inverse is 1.57%, and extremely inverse is 4.47%. It can be
concluded that there is no significant difference in OCR characteristics theoretically and practically.
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1. Introduction

The electric power system is a system consisting of various
components that work together to generate, transmit, and
distribute electrical energy from resources to end consumers.
A protection system is needed to maintain the power system's
reliability. The current Relay (OCR) is one of the most
important protection elements in the power system. Its main
function is to detect overcurrents that occur due to
disturbances such as short circuits or overloads and then
instruct the circuit breaker to disconnect the electricity to
protect the equipment and prevent further damage. OCR
characteristics greatly affect the performance and reliability
of the protection system [1-3]. In the context of theory, OCR
characteristics are designed based on basic electrical and
mathematical principles that govern the relationship between
current and disconnection time. There are several commonly
used OCR characteristic curves, such as the standard inverse-
time, inverse-time, and instantaneous-time curves. These
curves determine how quickly the relay responds to
overcurrent, considering various system parameters such as
nominal current, safety factor, and other operating conditions
[4,5].

However, in practice, OCR implementation does not
always match the theory. Various factors such as field
conditions, component quality, equipment calibration, and
environmental influences can cause differences between the
theoretical and actual performance of OCR. In addition,
technological modernization and developments in digital
engineering and programming have introduced more
advanced OCR with automatic adjustment capabilities and
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real-time data analysis, which adds complexity to the
comparison between theory and practice [6,7].

Although the theoretical OCR settings are well
established based on the IEC 60255 standard, in practice,
various factors such as component calibration, environmental
conditions, and hardware limitations may cause measurable
deviations [8,9]. These practical challenges call for relay
calibration and optimization based on real-world performance
rather than relying solely on theoretical values. Therefore, a
comparative study between the theoretical and practical
characteristics of OCR is important to identify the differences
and gaps, while finding solutions to minimize these
deviations [3], [10]. By understanding the dynamics of OCR
in power systems more deeply, this research is expected to
make a significant contribution in improving the reliability
and efficiency of protection systems, so that the entire power
system can operate more optimally and in accordance with
actual conditions in the field.

This research will discuss various aspects of OCR
characteristics, both in terms of theory and practice. In the
first part, the basic concepts and theories underlying OCR
operations will be reviewed, including the types of
characteristic curves that are commonly used. Furthermore,
this research will compare empirical data from OCR
implementation in the field with the existing theory, using
case studies and field data analysis. In this research, the OCR
characteristics used are the IEC 60255 standard. Finally, this
research will offer recommendations to address the gap
between theory and practice, as well as consider the latest
technological developments in power protection systems. In
this study, the SEPAM 1000+ T20 relay that is given a current
injection is used.
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2. Methods

The method used in this research uses a comparison between
OCR characteristics. The first step is to conduct a literature
study related to OCR characteristics. The second step is to
formulate the type of OCR characteristics that will be
compared. Next, determine the reference standard, namely
IEC. Next determine the parameters of fault current and TMS
value. Then perform theoretical calculations. Conducting
OCR trials SEPAM 1000 + T20. The next step compares the
results between the theoretical calculations with the test
results. Calculate the percentage difference between
theoretical results and practice. In detail, this research method
is shown in Figure 1. To ensure accuracy in testing, the
experiment was conducted with attention to potential sources
of deviation such as environmental temperature, hardware
response delay, and calibration inconsistencies. Future tests
are recommended to be carried out in climate-controlled
laboratories using certified measurement devices and
automatic data loggers to minimize human and instrument

errors [11].
Study of literature
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Fig. 1. Research method

In this research, the selected OCR curve characteristics
are standard inverse time, very inverse time, long inverse
time, and extremely inverse time. The OCR circuit
configuration is shown in Figure 2 below.

111 : LED STATUS OPEN CB
112 : LED STATUS CLOSE CB

L

" A n
o ] %?fn‘” we 5 Q% =5
I * s

N
8

Fig. 2. The OCR circuit configuration
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3. Result and Discussion

This study did not previously elaborate comparisons with
other experimental findings. For example, [8] reported
deviations between 3—7% depending on load conditions and
current injection methods. Similarly, [12] observed that
OCRs in microgrid networks exhibited theoretical-practical
deviations due to local load fluctuations and distributed
generation interaction. Compared to these, the <5% deviation
in our results shows competitive performance and alignment
with recent literature.

Although the average percentage deviation between
theoretical and practical results is below 5%, it is essential to
analyze the possible sources of deviation to improve
experimental data validity. Environmental temperature
variation during testing may significantly impact system
impedance and relay thermal performance, affecting relay
operation time. Additionally, inaccurate calibration of the
SEPAM 1000+ T20 relay may shift pickup current and TMS
settings. Even with modern digital relays, tolerances in time
and current measurements remain. Measurement tools such as
external ammeters or timers may also contribute to errors,
especially at high currents where resolution is critical. To
enhance accuracy, future experiments should be conducted in
temperature and humidity-controlled laboratories using
certified instruments and automated data loggers to reduce
human error.

The results are consistent with prior studies. For instance,
[13] reported performance differences across relay
manufacturers even when identical TMS and Ir values were
used. These variations stem from internal firmware and
algorithmic differences, highlighting the need for platform-
specific relay coordination planning.

The SEPAM 1000+ relay used in this research is a digital
device based on IEC standards. However, other
manufacturers such as Siemens (SIPROTEC), ABB
(REF615), and GE (Multilin) incorporate different internal
algorithms and thermal compensations. [18] showed that
Siemens SIPROTEC relays operated 8-12% faster under
extremely inverse characteristics than MiCOM relays, despite
both complying with IEC. Additionally, Al and fuzzy-logic-
based relays have emerged, demonstrating deviation
reduction below 2%. Expanding this study to include multiple
relay types would provide broader insights into OCR behavior
in practical systems.

These findings have significant implications for OCR
deployment in real-world power systems, particularly in
medium-voltage distribution and industrial grids. The small
deviation between theoretical and practical results enables
these findings to serve as preliminary references for field
relay settings prior to fine-tuning during commissioning. In
utility systems, using theoretical settings as initial estimates
can accelerate installation and reduce engineering costs.
Nguyen et al., reported a 20% reduction in commissioning
time when practical settings closely matched initial
configurations [14].

Relay coordination is a critical aspect of protection
systems. The low deviation in this study indicates that
theoretical IEC 60255-based coordination schemes remain
effective, especially in conventional systems. However, for
more complex networks with high DG penetration, the
adoption of dual-setting or adaptive relays is recommended to
maintain selectivity and prevent maloperation. These results
support IEC standard usage while highlighting the future need
for smarter and more flexible protection systems.
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This research has yet to explore how relay settings can be
optimized to enhance protective performance. Optimization
involves improving selectivity, sensitivity, and response time.
For instance, adjusting the pickup current (Ir) based on
dynamic load profiles can minimize nuisance tripping without
sacrificing protection. According to [6] demonstrated that
load-adaptive Ir adjustments reduce false trips. Moreover,
Time Multiplier Setting (TMS) optimization is vital for
coordination between main and backup relays. According to
[12] found that evolutionary TMS optimization reduced
response time by 12% and improved selectivity by 20%.
Using this study's deviation data, TMS and Ir values can be
reassessed and fine-tuned through system simulations.

This study focused on theoretical vs. practical comparison
but did not explicitly discuss hardware or firmware
constraints in SEPAM 1000+ T20 relays. Relay hardware
may introduce timing inaccuracies due to analog-to-digital
conversion delays, especially in older digital relay
generations. Firmware plays a vital role in interpreting IEC
curve characteristics. Some relays simplify inverse-time
algorithms for processing efficiency, leading to subtle
deviations from standards. Based on a study [15] found that
fuzzy-logic-based firmware yielded more accurate and
adaptive responses than conventional static lookup tables.
SEPAM 1000+ limitations in signal processing and firmware
versioning could contribute to deviations, even within
acceptable tolerance.

Relay type and manufacturer significantly affect
experimental outcomes due to differing implementations of
inverse-time curves and internal algorithms. For instance,
Siemens SIPROTEC uses polynomial interpolation for curve
fitting, while Schneider’s MiCOM applies linear
segmentation. Despite identical TMS and Ir, this results in
varying response times. According to [13] found SIPROTEC
relays operated 8—10% faster than ABB’s REF615 under
extremely inverse settings. Thus, while this study’s findings
are valid for SEPAM 1000+, generalizing to broader
protection schemes requires further investigation using
various relay platforms.

This section will explain the comparison between
theoretic calculations and practical results of OCR
characteristics, namely standard inverse time, very inverse
time, long inverse time, and extremely inverse time. The
calculation standard used is the IEC 60255 standard.

Furthermore, a comparison is also made on the four OCR
characteristics in practice. Activities during data collection
are shown in Figure 3 below.

Current
Injection

Fig. 3. Data collection process

3.1. Comparison of standard inverse time

Standard Inverse Time (SIT) in overcurrent relays is a
characteristic where the relay disconnection time is inversely
proportional to the magnitude of the detected overcurrent.
That is, the greater the current that exceeds the pickup current
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setting, the faster the relay will break the circuit. This helps
protect the power system from damage caused by overcurrent,
such as in short circuit or overload conditions [8] [16-18].
According to the IEC standard, the determination of the
disconnection time (t) is determined by the following
equation 1.

0,14
Ir 0021

t=TMS X 1

In the above formula, TMS is the time multiple setting
(in this experiment, it is set at a value of 1) and Ir is the
overcurrent set on the OCR. Comparison between theoretical
calculations and practical trial results on the standard inverse
time characteristics are shown in Table 1 below.

Table 1. Comparison of standard inverse time

Ths/ | Fault Calculation Practice Differences
Is Current (A) T (s) T (s) (%)
1,5 3 17,1942 16,6630 3,09
2 4 10,0290 10,1550 1,26
3 6 6,3019 6,4613 2,53
4 8 4,9798 4,9320 0,96
5 10 42797 4,4067 2,97
7 14 3,5277 3,5225 0,15
8 16 3,2968 3,3949 2,98
9 18 3,1163 3,1390 0,73
10 20 2,9706 3,0275 1,92
11 22 2,8498 2,9075 2,03
12 24 2,7476 2,7015 1,68
Average differences 1,84
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Fig. 4. Time inverse standard curve

Based on Table 1 above, it can be explained that the fault
current used ranges from 3 A to 24 A. At a fault current of 3
A, a calculation T of 17, 1942 seconds is obtained while
during practice a T value of 16.6630 seconds is obtained. The
percentage difference between theory and practice is obtained
by 3.09%. At a fault current of 24 A, the calculation T is
2.7476 seconds while the practice obtained a T value of
2.7015 seconds. The percentage difference between theory
and practice is 1.68%. In the standard inverse time an average
difference t of 1.84%. A comparison picture of the standard
inverse time curve is shown in Figure 4.

3.2. Comparison at very inverse time

Very Inverse Time (VIT) is one of the time characteristics of
over current relays used in power protection systems. In
relays with very inverse time characteristics, the relay
disconnection time has a steeper relationship to overcurrent
compared to standard inverse time relays. This means that the
relay will react faster at higher overcurrents, providing a
higher level of protection for severe fault conditions [15], [19-
22]. According to the IEC standard, the determination of the
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disconnection time (t) is determined by the following
equation 2.

t=TMS x 22

)

In the above formula TMS is the time multiple setting
which is set at a value of 1 and Ir is the overcurrent set on the
OCR. Comparison between theoretical calculations and
practical trial results on very inverse time characteristics is
shown in Table 2.

Table 2. Comparison on very inverse time

Ihs/ | Fault Calculation Practice Differences
Is Current (A) T (s) T (s) (%)
1,5 3 27,0000 26,1800 3,04
2 4 13,5000 13,4520 0,36
3 6 6,7500 7,0234 4,05
4 8 4,5000 44178 1,83
5 10 3,3750 3,2008 5,16
7 14 2,2500 2,2441 0,26
8 16 1,9286 2,0157 4,52
9 18 1,6875 1,7670 4,71
10 20 1,5000 1,5944 6,29
11 22 1,3500 1,4230 5,41
12 24 1,2273 1,2860 4,79
Average differences 3,67

Based on Table 2 above, it can be explained that the fault
current used ranges from 3 A to 24 A. At a fault current of 3
A, a calculation T of 27 seconds is obtained while during
practice a T value of 26.1800 seconds is obtained. The
percentage difference between theory and practice is obtained
by 3.04%. At a fault current of 24 A, the calculation T is
obtained at 1.2273 seconds while the practice obtained a T
value of 1.2860 seconds. The percentage difference between
theory and practice is 4.79%. At the inverse time obtained an
average difference t of 3.67%. A comparison picture of the
very inverse time curve is shown in Figure 5.

30.0000
28.0000
26.0000
24.0000
22.0000
20.0000
18.0000
16.0000
14.0000
12.0000
10.0000
8.0000
6.0000
4.0000
2.0000
0.0000

t (second)

Fault Current (A)

Calculation T (s) Practice T (s)

Fig. 5. Very inverse time curve

3.3. Long time inverse comparison

Long Time Inverse (LTI) is one of the time characteristics in
over current relays used in electrical power protection
systems. This characteristic is designed to provide a longer
disconnection time at low overcurrents, but still operate faster
at higher overcurrents. Long Time Inverse relays are usually
used to protect against overload conditions that last for a
relatively long time, as can occur in power distribution
systems [23-25]. According to the IEC standard, the
determination of the disconnection time (t) is determined by
the following Equation 3.

t=TMS x —>

Ir2-1

3
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In the above formula TMS is the time multiple setting
which is set at a value of 1 and Ir is the overcurrent set on the
OCR. Comparison between theoretical calculations and

practical test results on long time inverse characteristics is
shown in Table 3.

Table 3. Comparison of long time inverse

Ths/ | Fault Calculation Practice Differences
Is Current (A) T (s) T (s) (%)
1,5 3 223,2000 219,4600 1,68
2 4 111,6000 110,0000 1,43
3 6 55,8000 54,2370 2,80
4 8 37,2000 36,1000 2,96
5 10 27,9000 28,2210 1,15
7 14 18,6000 18,1560 2,39
8 16 15,9429 16,2360 1,84
9 18 13,9500 13,8510 0,71
10 20 12,4000 12,1860 1,73
11 22 11,1600 11,2020 0,38
12 24 10,1455 10,1250 0,20
Average differences 1,57

Based on table 3 above, it can be explained that the fault
current used ranges from 3 A to 24 A. At a fault current of 3
A, a calculation T of 223.2 seconds is obtained, while during
practice a T value of 219.4600 seconds is obtained. The
percentage difference between theory and practice is 1.68%.
At a fault current of 24 A, the calculation T is obtained at
10.1455 seconds while the practice obtained a T value of
10.1250 seconds. The percentage difference between theory
and practice is 0.20%. In he long time inverse obtained
average diffences t of 1.57%. A comparison picture of the
long time inverse curve is shown in Figure 6.
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Fig. 6. Long tme inverse curve

3.4. Comparison on Extremely inverse time

Extremely Inverse Time (EIT) is one of the time
characteristics on over current relays used in electric power
protection systems. Relays with extremely inverse time
characteristics are designed to provide a very fast response to
high overcurrents, while providing a longer disconnection
time at lower overcurrents [11], [13,14]. This makes this relay
very effective in protecting the system from severe
disturbances [26, 27]. According to the IEC standard, the
determination of the disconnection time (t) is determined by
the following Equation 4.

t =TMS x;i_"l “)

In the above formula, TMS is the time multiple setting which
is set at a value of 1 and Ir is the overcurrent set on the OCR.
A comparison between theoretical calculations and practical
trial results on Extremely inverse time characteristics is
shown in Table 4.
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Table 4. Comparison of Extremely inverse time

Ihs/ | Fault Calculation Practice Differences
Is Current (A) T (s) T (s) (%)
1,5 3 64,1584 61,0710 481
2 4 26,7327 25,8940 3,14
3 6 10,0248 10,5810 5,55
4 8 5,3465 5,2901 1,06
5 10 3,3416 3,6035 7,84
7 14 1,6708 1,6780 0,43
8 16 1,2730 1,2356 2,94
9 18 1,0025 0,9185 8,38
10 20 0,8101 0,8353 3,11
11 22 0,6683 0,6957 4,10
12 24 0,5608 0,6049 7,86
Average differences 4,47

Based on Table 4 above, it can be explained that the fault
current used ranges from 3 A to 24 A. At a fault current of 3
A, a calculation T of 64.1584 seconds is obtained while
during practice a T value of 61.0710 seconds is obtained. The
percentage difference between theory and practice is obtained
by 4.81%. At a fault current of 24 A, the calculation T is
obtained at 0.5608 seconds while the practice obtained a T
value of 0.6049 seconds. The percentage difference between
theory and practice is 7.86%. At Extremely inverse time
obtained average diffences t of 4.47%. The comparison
picture of the extremely inverse time curve is shown in Figure
7.
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Fig. 7. Kurva Extremely inverse time

Based on the four types of characteristics of OCR, the
average difference value between the theoretical and practical
calculations is below 5%. This means that there is no
significant difference between the theoretical calculation and
the practical test results. In detail, the percentage difference
between the theoretical calculation and the results of the
practical test on each characteristic of OCR is shown in Figure

8.

Fig. 8. Percentage difference between theory and practice

Of the four characteristics of OCR, each has its own
characteristics and uses [9]. The Inverse time standard on over
current relays is a characteristic where the relay disconnection
time is inversely proportional to the magnitude of the detected
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overcurrent. That is, the greater the current that exceeds the
pickup current setting, the faster the relay will break the
circuit. In relays with very inverse time characteristics, the
relay disconnection time has a steeper relationship to the
overcurrent compared to standard inverse time relays. This
means that the relay will react faster at higher overcurrents,
providing a higher level of protection for severe fault
conditions. Long Time Inverse characteristics are designed to
provide longer disconnection times at low overcurrents, but
still operate faster at higher overcurrents. Long Time Inverse
relays are usually used to provide protection against overload
conditions that last for a relatively long time. Meanwhile,
relays with extremely inverse time -characteristics are
designed to provide a very fast response to high overcurrents,
while providing a longer disconnection time at lower
overcurrents. A picture of the disconnection time curve for the
four characteristics according to IEC standards is shown in
Figure 9.
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Fig. 9. Comparison of OCR characteristics

4. Conclusions

One of the most important protection elements in the power
system is the Over Current relay (OCR). Its main function is
to detect overcurrents that occur due to disturbances such as
short circuit or overload, and then command the circuit
breaker to cut off the flow of electricity to protect the
equipment. OCR has several types and characteristics. In this
research, the OCR characteristics that will be compared are
standard inverse time, very inverse time, long inverse time,
extremely inverse time. The standard used is I[EC 60255. The
standard inverse time characteristic is a characteristic in
which the relay disconnection time is inversely proportional
to the magnitude of the detected overcurrent. That is, the
greater the current that exceeds the pickup current setting, the
faster the relay will break the circuit. The very inverse time
characteristic, the relay disconnection time has a steeper
relationship to the overcurrent compared to the standard
inverse time relay. The relay will react faster at higher
overcurrents, providing a higher level of protection for severe
fault conditions. Long Time Inverse characteristics are
designed to provide longer disconnection times at low
overcurrents, but still operate faster at higher overcurrents.
Long Time Inverse relays are usually used to provide
protection against overload conditions that last for a relatively
long time. The extremely inverse time characteristic is
designed to provide a very fast response to high overcurrents,
while providing a longer disconnection time at lower
overcurrents. The results of this study show that the average
percentage difference between calculations and theory on
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each OCR characteristic is less than 5%. The percentage
difference in the standard inverse characteristic is 1.83%,
Very inverse is 3.67%, Long time inverse is 1.57% and
extremely inverse is 4.47%. It can be concluded that there is
no significant difference in OCR characteristics theoretically
and practically. Despite the minimal deviation found in this
study, it is important to recognize that relay optimization
through adaptive settings (e.g., dynamic TMS and Ir
adjustments) could enhance system protection, particularly in

modern grids with renewable penetration. Leveraging
algorithms like fuzzy logic, as shown by [15], can further
improve relay responsiveness and reliability.

This is an Open Access article distributed under the terms of
the Creative Commons Attribution License.
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