
 

Dedek Suganda1 

1 Department of Electrical Engineering, Faculty of Science and Technology, Universitas Pembangunan Panca 

Budi, Medan 

e-mail: dedek.siahaan97@gmail.com1  

 

Siti Anisah3, Hamdani3 

2,3 Master of Management, Universitas Pembangunan Panca Budi, Indonesia 
e-mail: sitianisah@dosen.pancabudi.ac.id2, hamdani.stmt@dosen.pancabudi.ac.id3 

3rd International Cofference on the Epicentrum of Economic Global Framework (ICEEGLOF) 

Theme: Navigating The Future: Business and Social Paradigms in a Transformative Era. 

https://proceeding.pancabudi.ac.id/index.php/ICEEGLOF 

 
Page 1328 of 1341 

Optimization of the 20 kV Protection System to Reduce the 

Number of Affected Customers and Improve Distribution Network 

Reliability at PT PLN (Persero) ULP Kisaran 

 
Dedek Suganda, Siti Anisah, Hamdani 

 
 

 

Abstract 

 The reliability of the electric power distribution system is a critical aspect in ensuring the 

continuity of energy supply to customers. One factor affecting reliability is suboptimal 

coordination of the protection system, which can lead to widespread outages due to non-

selective relay operation. This study aims to optimize the protection relay settings in the 20 kV 

distribution system at the Kisaran Substation of PT PLN (Persero) ULP Kisaran to reduce the 

number of customers affected by outages and improve grid reliability. The research 

methodology involved analyzing existing conditions, calculating short-circuit currents, 

evaluating relay coordination, and optimizing the parameters of the Overcurrent Relay (OCR) 

and Ground Fault Relay (GFR) based on inverse characteristics in accordance with IEC 

standards. The optimization results show that the OCR pickup value on Feeder KN.04 was 

successfully reduced from 600 A to 310 A, while on Feeder KN.06 it was reduced from 600 A 

to 253 A. The OCR Time Multiplier Setting (TMS) was adjusted to 0.16 on KN.04 and 0.17 on 

KN.06, while the GFR TMS was increased from 0.15 to 0.45 on both feeder lines to achieve 

more selective protection coordination. Simulation results show that the optimized settings 

improve the sensitivity and selectivity of the relays, resulting in faster and more precise fault 

isolation. These improvements in protection coordination result in a reduction in the outage 

area and the number of affected customers, which in turn improves the System Average 

Interruption Duration Index (SAIDI) and System Average Interruption Frequency Index 

(SAIFI) in the 20 kV distribution system at the Kisaran Substation. 
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Introduction 

The 20 kV distribution network plays a vital role in delivering electrical energy to 

customers, making its reliability a key indicator of PT PLN (Persero)’s service quality. Faults 

in the distribution network can cause outages and disrupt the continuity of electricity service[1] 

. The reliability of the electrical distribution system is generally evaluated using the System 

Average Interruption Frequency Index (SAIFI) and the System Average Interruption Duration 

Index (SAIDI). The SAIFI index indicates the average frequency of outages experienced by 

customers over a specific period, while SAIDI indicates the average duration of outages 

experienced by customers. The lower the SAIFI and SAIDI values, the higher the reliability of 

the operated power distribution system[2] . These reliability evaluation standards also refer to 

IEEE Std 1366, which is widely used as a guideline for assessing the performance of power 

distribution systems[3] . 

Short-circuit faults are one of the main causes of reduced distribution system reliability. 

If the protection system does not operate quickly and selectively, faults can lead to the 

expansion of outage areas and an increase in the number of affected customers[4] . The number 

of affected customers can be minimized through a reliable protection system. Protection 

systems in 20 kV distribution networks play a critical role in detecting and isolating the portion 

of the system experiencing a fault to prevent it from affecting other parts of the network. 

Common protection equipment used in distribution feeders includes Overcurrent Relays 

(OCR), Ground Fault Relays (GFR), Circuit Breakers (CB), and Reclosers. The OCR is used 

to detect overcurrent faults and phase-to-phase short circuits, while the GFR is used to detect 

single-phase-to-ground faults. Proper coordination of settings between the OCR, GFR, PMT, 

and recloser is crucial to the success of the protection system in limiting the fault zone and 

maintaining the continuity of electric power service[5] .  

Numerous studies have been conducted on the coordination and evaluation of protection 

systems. Research findings indicate that improper OCR and GFR settings can lead to a loss of 

protection selectivity, resulting in disconnections not only in the faulted area but also in the 

still-normal network. This condition leads to an increase in the number of customers 

experiencing outages and reduces the reliability of the electric power distribution system[6] . 

Therefore, optimizing protection relay settings is a crucial step in improving the reliability of 

the distribution network. 

PT PLN (Persero) ULP Kisaran is a service unit that operates a 20 kV medium-voltage 

distribution network supplied by the Kisaran 150/20 kV Substation. This distribution network 

serves various types of customers, ranging from residential and business customers to industrial 

customers. As the demand for electrical energy increases and customer loads grow, the 

complexity of distribution network operations also rises, thereby increasing the potential for 

outages. These conditions require a protection system capable of operating quickly, selectively, 

sensitively, and reliably to isolate faults occurring on distribution feeders[7] . 

Optimizing the protection system in the 20 kV distribution network is an effort to reduce 

the number of customers affected by outages and improve system reliability. Through the 

evaluation of OCR and GFR coordination, short-circuit fault analysis, and adjustment of relay 

settings according to actual conditions, the protection system is expected to isolate faults more 

quickly and selectively. Consequently, the extent of outage areas, the number of affected 

customers, and reliability indices such as SAIFI and SAIDI can be improved. Therefore, 

research on the optimization of the 20 kV protection system at PT PLN (Persero) ULP Kisaran 

is crucial as an effort to improve the quality of electricity service. The 20 kV distribution 

network is vulnerable to both temporary and permanent faults that directly result in customer 

outages. ’s distribution network reliability is generally measured using the SAIDI (System 
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Average Interruption Duration Index) and SAIFI (System Average Interruption Frequency 

Index)  

Preliminary observations based on ULP Kisaran’s operational data show that the SAIDI 

value in 2024 was recorded at 102.12 minutes per customer and the SAIFI at 1.2 times per 

customer; by 2025, the SAIDI had decreased to 32.664 minutes per customer and the SAIFI to 

0.9028 times per customer. Although there has been improvement, these outage figures remain 

a concern and must continue to be minimized. Among the 14 feeder lines in operation, feeders 

KN.04 and KN.06 are the primary focus of attention due to their significant outage frequency. 

Historical data show that feeder KN.04 experienced 23 outages in 2024 and 23 in 2025, while 

feeder KN.06 experienced 21 outages in 2024, increasing to 28 in 2025. The high frequency of 

outages on both feeder lines indicates the need to evaluate and optimize their protection 

systems. 

The 20 kV distribution network protection system is a critical component that functions 

to detect, locate, and isolate the affected section of the network as quickly as possible, thereby 

minimizing the impact of outages on customers. The primary protection devices used include 

overcurrent relays (OCR) and ground fault relays (GFR) installed at the substation, as well as 

reclosers as automatic protection equipment along the feeder lines.Feeder KN.04 is equipped 

with an L.01/Binser recloser (Entec brand), while feeder KN.06 is equipped with an L.01/Simp. 

Pikkir recloser (Joongwon brand). 

Proper coordination and settings of protective devices are critical factors in limiting the 

outage area and expediting fault response. Suboptimal settings can lead to widespread outages 

or equipment damage. In accordance with IEC 60255 and SPLN standards, coordination 

between protective devices must meet an operating time difference of 0.2–0.4 seconds. 

Therefore, an evaluation of the protection settings on feeders KN.04 and KN.06 needs to be 

conducted based on short-circuit current calculations and protection coordination to obtain 

optimal settings. 

 

Literature Review  

The electric power distribution system is part of the power system that functions to 

transmit electrical energy from the substation to customers. In a 20 kV medium-voltage 

distribution system, the continuity of electrical energy transmission is greatly influenced by the 

condition of the grid, protective equipment, and the characteristics of the load being served. 

Faults occurring in the distribution network can cause partial or total system outages if not 

addressed quickly and selectively[8] . The 20 kV distribution network generally uses a radial 

configuration because it has a simple structure and relatively low investment costs. However, 

the radial configuration has the drawback of a high impact of faults on customers if the 

protection system does not function optimally[9] . 

A protection system is designed to detect abnormal conditions in the power system and 

isolate the affected section to prevent it from affecting other parts of the system. The primary 

objectives of a protection system are to maintain system reliability, protect electrical 

equipment, and ensure the continuity of power supply[10] . The reliability of a protection 

system is determined by several key characteristics: sensitivity, selectivity, response speed, and 

operational reliability. A good protection system must be able to accurately detect faults and 

trip only the affected section, thereby minimizing the outage area through the use of protection 

equipment[11] . 

An Overcurrent Relay (OCR) is a protection relay that operates based on the magnitude 

of the current flowing through the system. The OCR detects overcurrent faults as well as short 

circuits between phases in the distribution network. When the fault current exceeds the 



Dedek Suganda et al. 

 

Page 1331 of 1341 

 
 

 

specified setting value, the relay sends a trip signal to the circuit breaker to disconnect the 

affected part of the system[12] . The OCR setting must take into account the maximum load 

current, minimum short-circuit current, current transformer (CT) ratio, and coordination with 

other relays in the distribution system. Errors in setting determination can cause the relay to 

operate too slowly or even fail to detect a fault[13] . The Ground Fault Relay (GFR) is a 

protective relay used to detect single-phase-to-ground faults. This type of fault is the most 

common in medium-voltage distribution networks due to environmental conditions, conductor 

insulation, and contact with foreign objects[14] . Coordination between the OCR and GFR is 

crucial to ensure that the relay closest to the fault location operates first. With proper 

coordination, the extent of the outage can be minimized and the number of affected customers 

reduced[15] . A recloser is an automatic protection device that can open and reclose the network 

after a temporary fault occurs. Their use has been proven to improve system reliability because 

most faults in distribution networks are temporary[16] . Therefore, coordination between 

OCRs, GFRs, circuit breakers, and reclosers must be designed selectively so that faults can be 

properly isolated and chain tripping—which causes more widespread outages—can be 

avoided. Short-circuit analysis is used to determine the magnitude of fault currents that may 

occur in an electric power system. Short-circuit current data serves as the basis for determining 

the capacity of protective equipment and the relay settings used in distribution networks. Short-

circuit current calculations typically include symmetrical and asymmetrical faults[17] ] and are 

performed for three-phase, two-phase, two-phase-to-ground, and single-phase-to-ground 

faults. Fault current values are influenced by source impedance, transformer impedance, and 

distribution line impedance[18] . 

Distribution system reliability is the system’s ability to continuously deliver electrical 

energy to customers without experiencing significant interruptions. Reliability levels are 

typically expressed using the SAIFI (System Average Interruption Frequency Index) and SAIDI 

(System Average Interruption Duration Index). The SAIFI value indicates the average 

frequency of outages experienced by customers, while the SAIDI indicates the average duration 

of outages. High index values indicate that the distribution system has a low level of reliability, 

necessitating improvements to both the operational and protection systems[19] ,[20] . 

Protection system optimization is achieved through relay coordination evaluation, 

adjustment of OCR and GFR settings, installation of reclosers at strategic points, and analysis 

of fault characteristics on distribution feeders. Research shows that protection system 

optimization can reduce the number of customers affected by outages, accelerate the fault 

isolation process, and improve the reliability of the distribution network[21] . The reliability of 

the electrical distribution system, as measured by the SAIDI (System Average Interruption 

Duration Index) and SAIFI (System Average Interruption Frequency Index), indicates that 

frequent faults affect system reliability, which directly impacts customer satisfaction with 

electrical distribution services. Analysis of power system reliability can also be conducted 

through testing of 150 kV circuit breakers (PMT)[22] . 

Based on a literature review, one of the causes of the high number of customers 

experiencing outages on the 20 kV distribution network is the suboptimal coordination of the 

protection system between the OCR, GFR, circuit breakers, and reclosers. Inappropriate relay 

settings can reduce protection selectivity, thereby expanding the outage area and increasing the 

SAIFI and SAIDI values. PT PLN (Persero) ULP Kisaran operates a 20 kV distribution network 

with a high demand for service continuity; however, faults on feeder lines still have the 

potential to cause large-scale customer outages. Therefore, this study was conducted to 

optimize the protection system through an evaluation of OCR and GFR coordination, short-

circuit current analysis, and a review of protection settings based on actual network conditions. 
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The results of this study are expected to yield recommendations for more selective and reliable 

protection settings to minimize the number of customers affected by outages and improve the 

reliability of the distribution network at the Kisaran ULP. 

 

Research Methodology 

This study employs a quantitative method using a case study approach to examine the 20 kV 

distribution system of PT PLN (Persero)’s Kisaran ULP. This method was chosen because it provides 

objective and measurable results in evaluating the performance of the protection system based on 

technical parameters that can be calculated mathematically, such as short-circuit current, relay 

settings, protection coordination, and distribution network reliability indices such as SAIFI (System 

Average Interruption Frequency Index) and SAIDI (System Average Interruption Duration Index). 

The case study approach was chosen because it allows for an in-depth analysis of the actual 

characteristics of the distribution network on feeders KN.04 and KN.06. Additionally, this method 

can illustrate the relationship between protection system settings and the level of network reliability, 

as indicated by the number of customers affected by outages and the duration of those outages. 

 
Figure 1. Research Stages 

Based on the research flowchart in Figure 1, the study began with data collection, which 

included the Single Line Diagram (SLD) of the 20 kV distribution network, power transformer 

data, feeder conductor data for KN.04 and KN.06, OCR and GFR settings on PMTs and 

reclosers, CT ratios, feeder lengths, fault data, the number of customers, and the SAIFI and 

SAIDI reliability indices. This data then undergoes an initial data processing stage to ensure its 

validity and consistency, including verification of protection parameters, conversion of primary 

and secondary relay data, calculation of maximum load current, and determination of the 

impedance of the source, transformers, and lines as the basis for modeling the distribution 

network. 

The next stage is short-circuit analysis, which involves calculating three-phase and 

single-phase-to-ground fault currents at various points in the network using the equivalent 

impedance and symmetrical component methods. The results of this analysis are used to 

determine the maximum and minimum fault currents, which serve as the basis for assessing 
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the sensitivity and selectivity of the protection system’s . Subsequently, protection coordination 

is evaluated by comparing the existing OCR and GFR settings against the calculated fault 

currents, including an evaluation of the pickup current, time dial setting (TDS), instantaneous 

setting, and grading time between the PMT and the recloser to ensure that the protection device 

closest to the fault location operates first. 

Based on the results of this evaluation, the reclosers on feeders KN 04 and KN 06 were 

optimized by adjusting the OCR and GFR settings, specifically by fine-tuning the pickup 

current and time dial settings to achieve more selective, sensitive, and reliable protection 

coordination. The optimization criteria used were that the relay should not trip under maximum 

load conditions, be capable of detecting the smallest possible fault, have a grading time of 

approximately 0.3–0.4 seconds, and avoid crossing the protection characteristic curve. The 

final stage is a system reliability analysis, which involves evaluating the impact of protection 

optimization on distribution network performance by calculating the SAIFI and SAIDI indices 

before and after optimization. The analysis results are used to assess the success of the 

optimization in reducing the number of customers affected by outages, accelerating fault 

restoration, and improving the reliability of the 20 kV distribution system at PT PLN (Persero) 

ULP Kisaran. 

 

Results 

The results of the protection system analysis on the 20 kV distribution network of PT 

PLN (Persero) ULP Kisaran, which includes 14 feeder lines, focus on the KN.04 and KN.06 

feeder lines in the distribution system. The single-line diagram of the system is shown in Figure 

2.  
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Figure 2. SLD of the Kisaran-Asahan 150/120 kV Substation 

Figure 2 shows the SLD of the Kisaran-Asahan 150/120 kV Substation. The initial stage 

of the analysis involved calculating short-circuit currents to determine the maximum and 

minimum fault currents that could occur on the feeder lines. The data, including measurement 

element data, network data, and power transformer data, are presented in Tables 1, 2, and  

 

Table 1. Measurement Element Data 

Parameter Value 

PT Nominal Voltage 2200 Volts 

CT Ratio 600/5 A 

DC Source Voltage  110 volts DC 

Table 2. 20 kV Feeder and Distribution Network 
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Parameter Feeder KN.04 Feeder KN.06 

Conductor Type AAAC 240 AAAC 240 

Voltage 20 kV 20 kV 

Feeder Length  108 km 53 kms  

Peak Load/Power Factor 7.6 MW / 0.85 6.2 MW / 0.85 

KHA 514 A 514 A 

Max Current (Imax Peak 

Load) 

291.67 A 291.67 AA 

Reactance/km 0.1801 Ω/km 0.1801 Ω/km 

Total reactance 19.45 Ω 9.55 Ω 

Resistance/km 0.3239 Ω/km 0.3239 Ω/km 

Total resistance 

Equivalent impedance in the 

(+;-;0) sequence 

For each feeder 

34.98 Ω 

Z1 = 0.1379 pu 

Z2 = 0.1379 pu 

Z0 = 0.2210 pu 

Zf= 0.3302 pu 

17.17 Ω 

Z1= 0.1379 pu 

Z2= 0.1379 pu 

Z0= 0.2210 pu 

Zf= 0.5971 pu 

 

Table 3. Transformer Data 

Parameter Value 

Capacity 60 MVA 

Transformer Impedance 12.29% 

Primary Voltage 150 kV 

Secondary Voltage 20 kV 

Minimum Short-Circuit MVA 400 MVA 

 

 

4.1. Analysis Results and Discussion 

4.1.1. Analysis of OCR and GFR Settings on Feeders 0.4 and 0.6 

Analysis of nominal current on the 20 kV side:  𝐼𝑛 =
𝑆

√3𝑥 𝑉
 ,𝐼𝑛 =

60𝑥106

√3𝑥 20𝑥103 = 1.732 kA 

Analysis of the maximum short-circuit current on the 20 kV bus: since SSC= 4000 MVA 

Therefore, the source impedance value in Perunit (PU) is 𝑋𝑠 =
60

400
= 0,15 𝑝𝑢 

Transformer impedance:  Xt = 12.29% = 0.1229 Pu, so the total equivalent impedance is: 

 Xeq= 0.1229 + 0.015 = 0.1379 Pu 

From this data analysis, the three-phase short-circuit analysis can be calculated 

𝐼𝑠𝑐 =
𝑉𝑓(𝑝𝑢)

𝑋𝑒𝑞(𝑝𝑢)
 

𝐼𝑠𝑐 =
1 𝑝𝑢

0.1379 𝑝𝑢
= 7,25 𝑝𝑢 

Isc (three-phase fault current) in amperes: 

𝐼𝑠𝑐(𝐴) = 𝐼𝑠𝑐 (𝑝𝑢)𝑥 𝐼𝑛 = 7,25 𝑝𝑢 𝑥1,732 𝑘𝐴 = 12,559 A = 12.56 kA. 

Alternatively, it can also be obtained using the formula: 

𝐼𝑠𝑐 =
𝐼𝑛(𝑝𝑢)

𝑋𝑒𝑞(𝑝𝑢)
=

1,732 𝑘𝐴

0.1379 𝑝𝑢
= 12,56 𝑘𝐴 

SPLN (State Electricity Company Standard) in the Distribution Network Protection and 

Control Manual: PLN officially uses a multiplier factor ranging from 1.1 to 1.3 times the 

maximum load current (\(I_{max}\)). The setting current for OCR relays, on both the primary 

and secondary sides of the transformer, must be greater than the maximum load current. 
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Additionally, for fault pickup, the setting current value must comply with the British Standard 

for Pickup, which is between 1.05 and 1.2 times the Iset value . For the OCR relay settings on 

the 20 kV feeder and the incoming side of the power transformer in this study, a value of 1.2 

was selected, as this is the most commonly used midpoint value by field practitioners in 

Indonesia. These fault analysis parameters serve as a reference for calculating the relay 

settings. 

 

4.1.2. Analysis of OCR and GFR Settings on Feeder KN.04: RECLOSER L.0 /BINSER 

According to SPLN and PLN Pickup OCR practices: Set = 1.05–1.3 × Iloadfeeder 0.4 

With feeder load: Iload= 291.67 A,  

Iset is selected as 1.2 × 291.67 A 

            Iset = 350 A 

The fault multiple (M) is determined by the ratio of the maximum short-circuit current to 

the setting current. 

𝑀 =
𝐼𝑆𝐶

𝐼𝑆𝑒𝑡
;  𝑀 =

12559

350
= 35,88 This M value is used to determine the Time Multiplier Setting 

(TMS). 

Secondary CT setting current with a CT ratio of 1000:1 

The Time Multiplier Setting (TMS) is determined using the standard Inverse (IEC) curve, with 

the equation: 

𝑡 =
0,14 𝑥𝑇𝑀𝑆

𝑀0.02 −1
 ; If the target operating time for the feeder OCR is (t = 0.2 s), then TMS can be 

calculated as: 

 𝑡 =
0,14 𝑥 𝑇𝑀𝑆

𝑀0,02−1  

𝑇𝑀𝑆 =  
𝑡 (𝑀0,02 − 1)

0,14
 

TMS =
0,2 (45,880,02−1)

0,14
=  

0,2(1,07432−1)

0,14
 

 TMS =
0,2 𝑥 0,07432

0,14
= 0,10 

Resetting analysis for Instantaneous OCR, taking into account the calculation of the 3-

phase short-circuit current     ((𝐼𝐻𝑆−3∅) ) on feeder KN.04, for positive-sequence impedance 

and system fault impedance, while ignoring the equivalent system resistance value since this 

is a short-circuit fault analysis (Z1= 0.1379 and Zf = 0.3302). Therefore, the short-circuit 

current𝐼𝐻𝑆−3∅ is 

𝐼𝐻𝑆−3∅ =  
𝑉𝑓

𝑍1+𝑍𝑓
=  

1

0,1379+0,3302
= 2,136 𝑝𝑢;  

The maximum short-circuit current on feeder KN.04 in amperes: 

𝐼𝐻𝑆−3∅(A) = (𝐼𝐻𝑆−3∅ (𝑝𝑢)𝑥 𝐼𝑛 

                 = 2.136 pu × 1732 A 

𝐼𝐻𝑆−3∅ (A) = 3,700.04 kA 

Therefore, the Isett value for resetting the Instantaneous OCR 

𝐼𝑆𝑒𝑡_𝐼𝑛𝑠𝑡 = (0,8
𝑠

𝑑
0.85) 𝑥 𝐼ℎ𝑠 𝑚𝑎𝑥 ; a constant of 0.80 is selected for the Instantaneous OCR 

setting current, so we obtain: 

Iset_Inst  = 0.80 × 3700.04 A = 2960.051; however, considering the maximum short-circuit 

current and the grading for the recloser, Iset_Instis selected as 3000 A. 

 

4.1.3. Analysis of OCR Settings on Feeder KN.06: RECLOSER L.01 / SIMP. PIKKIR  

Feeder load: Iload= 291.67 A; therefore, Iset is selected as 1.2 × 291.67 A; thus, Iset = 350 

A 
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The fault multiple (M) is determined by the ratio of the maximum short-circuit current to the 

current: 

𝑀 =
𝐼𝑆𝐶

𝐼𝑆𝑒𝑡
 ;  𝑀 =

12559

350
= 35,88 . This M value is used to determine the Time Multiplier Setting 

(TMS). 

Therefore: 

𝑀 =
12559

350
= 49,64. This M value is used to determine the Time Multiplier Setting (TMS). 

The Time Multiplier Setting (TMS) is determined using the standard Inverse (IEC) curve, 

with the equation: 

𝑡 =
0,14 𝑥𝑇𝑀𝑆

𝑀0.02 −1
 ; the target operating time for the feeder OCR (t = 0.1 s), Feeder 06 in the 

Critical/Sensitive Sector on Recloser L.01 / SIMP. PIKKIR supplies a load that is more 

sensitive to voltage sags . Faults on this line must be isolated as quickly as possible with a 

target of t = 0.1 s; therefore, the TMS can be calculated as follows: 

𝑡 =
0,14 𝑥 𝑇𝑀𝑆

𝑀0,02−1
 

𝑇𝑀𝑆 =  
0,1 (𝑀0,02 − 1)

0,14
==  

0,1 (1,07432 − 1)

0,14
 

= 
0.007432

0,14
= 0,0531 = 0,05 

TMS = 0.05 

Resetting analysis for Instantaneous OCR, taking into account the calculation of the 3-

phase short-circuit current(𝐼𝐻𝑆−3∅) on feeder KN.04, for positive-sequence impedance and 

system fault impedance, while ignoring the equivalent system resistance value since this is a 

short-circuit fault analysis (Z1  = 0.1379 and Zf = 0.5971). Therefore, the short-circuit 

current𝐼𝐻𝑆−3∅ is: 

𝐼𝐻𝑆−3∅ =  
𝑉𝑓

𝑍1+𝑍𝑓
=  

1

0,1379+0,5971
= 1,4605 𝑝𝑢;  

Maximum short-circuit current on feeder KN.04 in amperes: 

𝐼𝐻𝑆−3∅(A) = (𝐼𝐻𝑆−3∅ (𝑝𝑢)𝑥 𝐼𝑛 

                 = 1.3605 pu × 1732 A 

𝐼𝐻𝑆−3∅ (A) = 2,656.46 A 

Therefore, the reset current (Isett) for the Instantaneous OCR 

𝐼𝑆𝑒𝑡_𝐼𝑛𝑠𝑡 = (0,8
𝑠

𝑑
0.85) 𝑥 𝐼ℎ𝑠 𝑚𝑎𝑥 ; a constant of 0.80 is selected for the Instantaneous OCR 

setting current, so we obtain: 

Iset_Inst  = 0.80 × 2656.46 A = 1885 A; considering the grading for the recloser, Iset_Instis selected 

as 1800 A 

 

4.2. Analysis of GFR Time-Delay and GFR Instantaneous Settings on Feeder KN.04 and 

KN.06. 

Analysis of Ground Fault Relay (GFR) Setting Calculations: Since the CT ratio is 1000:1, 

the secondary current setting for a CT with a ratio of 1000:1 and a CT conversion factor of 

1000:1 means that 1 ampere on the secondary side equals 1000 amperes on the primary side. 

Determining the secondary pickup current of the relay 

For a numerical relay with a CT ratio of 1000/1, the ground fault pickup current ranges from 

0.01 to 0.05 A, as specified in KN 04. A value of 0.025 amperes is selected. Therefore: 

𝐼𝑃𝑖𝑐𝑘𝑢𝑝_𝑝𝑟𝑖𝑚𝑒𝑟 =  𝐼𝑃𝑖𝑐𝑘𝑢𝑝𝑠𝑒𝑘𝑢𝑛𝑑𝑒𝑟
x CT ratio conversion factor 

                        = 0.025 × 1000 

                        = 25 amperes 
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The reset current setting for the time-delay (IsetTD) on feeder KN.04 is set to 25 amperes. 

For the instantaneous GFR setting, based on the TD pickup value, 8–10 × the pickup value on 

KN.04 is selected; therefore, the instantaneous GFR reset current = 8 × 25 = 200 amperes. 

The reset current for the pickup relay on Feeder KN.06 is set slightly lower to increase 

sensitivity, since the feeder is shorter and the minimum ground fault current is lower. With a 

TD setting multiplier of 0.018, the calculation is:𝐼𝑃𝑖𝑐𝑘𝑢𝑝_𝑝𝑟𝑖𝑚𝑒𝑟 =  𝐼𝑃𝑖𝑐𝑘𝑢𝑝𝑠𝑒𝑘𝑢𝑛𝑑𝑒𝑟
x CT ratio 

conversion factor 

                        = 0.018 × 1000 

                        = 18 amperes 

The Timedelay current setting (IsetTD) for feeder KN.06 is set to 18 amperes 

For the Instantaneous GFR setting, based on the TD pickup value of 8–10 × pickup on KN04, 

the Instantaneous GFR setting is 10 × 18 = 180 amperes. 

From the results of the calculation analysis, the reset values for optimizing the recloser settings 

on KN 04 RECLOSER L.01 / BINSER and RECLOSER L.01 / SIMP. PIKKIR were obtained, 

as shown in Table 2 

 

Table 2. Comparison of OCR and GFR Settings for Feeders 04 and 06. 

 

FEEDER 

 

CONDITION 

 

BRAND 

 

CT 

RATIO 

OCR TD INSTANT 

OCR 

GFR TD INSTANT 

GFR 

I SET (A) T (TMS) KRV I SET 

(A) 

T 

(Ms) 

I 

SET 

(A) 

T 

(TMS) 

KRV I SET 

(A) 

T (Ms) 

KN.04 Existing Micom P142 600/5 600 0.15 SI 5440 0 30 0.15 SI 240 60 

 

RECLOSER 

L.01 / BINSER 

Existing Entec 1000/1 150 0.03 NI 600 0 15 0.05 NI 120 0 

Resetting Entec 1000/1 350 0.1 NI 3000 0 25 0.1 NI 200 0 

KN.06 Existing Micom P142 600/5 600 0.15 SI 5440 0 30 0.15 SI 240 20 

 

RECLOSER 

L.01 / SIMP. 

PIKKIR 

Existing Joongwon 1000/1 347 0.05 NI 867 0 25 0.05 NI 125 0 

Resetting Entec 1000/1 350 0.05 NI 1800 0 18 0.05 NI 180 0 

Time Relay Characteristics (Krv) Description: 

• SI = Standard Inverse (IEC) 

• NI = Normal Inverse (IEC) 

Abbreviations: OCR (Overcurrent Relay), GFR (Ground Fault Relay), TD (Time 

Delay), INSTAN (Instantaneous). 

The optimization results show that resetting the Overcurrent Relay (OCR) and Ground 

Fault Relay (GFR) on Feeder KN.04 and KN.06 can improve the coordination of the protection 

system compared to the existing conditions. For the OCR relays, the pickup values on both 

feeder lines were standardized to 350 A, while the Time Multiplier Setting (TMS) was set to 

0.10 for KN.04 and 0.05 for KN.06. Additionally, the instantaneous OCR pickup current was 

increased to 3,000 A on KN.04 and 1,800 A on KN.06. These adjustments were made to ensure 

the relays do not trip under maximum load conditions, while still maintaining sufficient 

sensitivity to detect fault currents and preserving operational time coordination (grading time) 

with the incoming relays at the substation and other protective equipment . 
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For ground fault protection, the GFR pickup values were changed to 25 A on KN.04 and 

18 A on KN.06, with TMS values of 0.10 and 0.05, respectively, while the instantaneous GFR 

was set at 200 A and 180 A. These settings enhance the relays’ sensitivity to single-phase-to-

ground faults while ensuring the relays operate only within their respective protection zones , 

thereby reducing the likelihood of non-selective trips. 

Overall, the results of resetting the OCR and GFR demonstrate better protection 

coordination compared to the existing conditions. The new settings improve sensitivity, 

selectivity, and fault isolation speed, thereby minimizing the extent of the outage area. 

Consequently, the number of customers affected by the fault has the potential to decrease, 

which ultimately supports improved reliability of the Kisaran 20 kV GI distribution system 

through reductions in SAIFI and SAIDI values. 

 

Conclusion 

Overall, the optimization results produced relay settings that better reflect the actual operating 

conditions of the network. Lowering the OCR pickup value increases the relay’s sensitivity in 

detecting faults, while adjusting the OCR TMS and GFR values improves the coordination of 

operating times among protection devices. Consequently, the protection systems on Feeder KN.04 

and KN.06 become more sensitive, selective, and reliable, and are capable of isolating faults more 

effectively compared to the existing conditions 
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