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Abstract — Power transformer is an important component of the substation and has an important role in the electric 
power distribution system. During operation the power transformer can’t be isolated from distribution system when 
abnormal conditions or faults occur. A fault in the power transformer will have huge impact on the power transformer 
itself. The substation has an installed capacity of 60 MVA of power transformers, and during operation there is a possibility 
of relay failure, which may interrupt the power distribution process to the load. To avoid this failure, it is necessary to 
analyse the settings of Over Current Relay (OCR) and Ground Fault Relay (GFR) on the 60 MVA transformers. The analysis 
was carried out by simulating short circuit faults of the electrical system in the ETAP software application, and then 
configure the setting of the relay by referring to the magnitude of the short circuit current value for phase to phase and 
phase to ground. The results of this analysis are used as a reference to determine the OCR and GFR relay values in the 
power transformer. The results obtained show that the recommended value for OCR setting on 150 kV power transformers 
is 0.92 second while for GFR is 0.96 second, and for the 20 KVA power transformers the OCR and GFR setting values are 
0.40 and 0.20 seconds respectively. Comparison based on the results of the setup data and the analysis data has carried 
out, there is difference in the working time of the relay, with a difference of 5%, where the value of the analysis results is 
not much different from the conditions in the field. 
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INTRODUCTION 

Based on data obtained from the central statistics agency of Riau Province sourced from 
Electrical Power Company, electricity consumers have experienced significant growth over the 
past few periods. In 2018 the electrical consumers was 129,818, then in 2019 there were 
142,777 consumers, and in 2020 the electricity consumers increased by 156,672 [1]. Given 
the increasing demand for electrical energy, the quality and quantity of electricity supply are 
things that need attention. One effort to compensate for the increase in the number of 
consumers can be made by increasing power capacity, i.e. by adding new power transformers 
to the substations [2]. The addition of this power transformer is used to increase the installed 
capacity of the substation, where earlier the installed capacity at that substation was 40 MVA. 
According to NFPA [3], it is recommended that at least short-circuit current study analysis be 
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conducted once at every five years or whenever a major modification occurs in an electrical 
system. Power transformer protection systems protect or isolate high-voltage or extra-high-
voltage power transformers from transient interruptions and long-term interruptions that occur 
in power transformers [4]. There are two parts of the power transformer protection system, 
primary protection and backup protection [5]. Backup protection in power transformers often 
uses ground fault relays and overcurrent relays, while primary protection usually uses a 
differential relay system [6]. A short circuit fault is a fault that occurs due to a fault between the 
voltage parts, which can cause a high current [7]. Short-circuit faults can result in damage to 
electrical equipment, especially around the fault point [8]. The functions of power transformer 
protection system are that to secure or isolate high-voltage or extra-high-voltage power 
transformers from temporary disturbances and permanent interruptions that occur in the power 
transformer [9]. The power transformer protection system itself is divided into two parts, namely 
main protection and backup protection [10]. The main protection on power transformers usually 
uses a differential relay system, while backup protection uses overcurrent relay and ground 
fault relay [11]. An overcurrent relay is a relay that works against overcurrent. The relay will 
work when the current flowing exceeds the value of relay setting, either caused by a short 
circuit fault or overload, and then give trip orders to PMT according to the character of the time 
[12]. The backup protection is needed in the power transformer system because this protection 
is important to maintain the reliability of the electrical system. Substation equipment 
maintenance is an important part of power generation and transmission [13][15]. The 
maintenance of network equipment plays an important role in improving the health of devices 
and ensuring the safety of the power grid [16] [17]. The purpose of maintenance is to achieve 
equipment reliability by improving equipment operation and reducing maintenance costs. The 
maintenance model is very important because it can provide a better understanding of different 
maintenance methods by determining the most effective inspection in terms of cost and 
frequency of maintenance. The basic goal of such maintenance is to achieve an optimal 
balance between resources and maintenance benefits [18]. The research was used to analyse 
whether the protection system installed on the Batu 60 MVA power transformer is working 
according to the standards used by Electrical Power Company.  

 

METHODOLOGY 

A flowchart is used to show an overview of the steps that need to be taken in the research 
process with the aim of getting optimal results. Data obtained during observation and data 
collection, both the power transformer data and substation data will be used as a reference for 
designing and modelling single-line diagrams. The modelling of single-line diagrams is carried 
out and adjusted to the original conditions in the field. Single line daigram also includes the 
value and data of components in the form of 60 MVA power transformers, relays, Circuit 
Breaker (CB) specifications and the values of OCR and GFR that have been installed. The 
Bagan Batu substation has been interconnected with the DR substation and the KP substation. 
BB substation, commissioned in 2020, has a capacity of 40 MVA. In 2021, the installed 
capacity of the Bagan Batu substation upgraded to 100MVA. The 100MVA consists of three 
power transformers, each with a capacity of 20MVA, 20MVA, and 60MVA. With the increase 
in installed capacity at the Bagan Batu substation, it is 100% of the load required for most of 
RR district. The 60MVA power transformer at the BB substation consists of two voltage level, 
namely; 1) The 150kV voltage, appeared at the BB Substation, which is interconnected at the 
DR Substation and the PC Substation is step down to 20 KV. 2) The 20kV voltage, located on 
the load side of the 60MVA power transformer, which will be distributed to both medium-voltage 
customers and low-voltage customers. 
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Figure 1. OCR & GFR Protection Zone Power Transformer 60 MVA of BB Substation 

 

In this study, OCR and GFR analysis will be carried out on the 60 MVA BB power transformer. 
After observation at BB substation, the data and specifications of the transformer are as follows 
in Table 1.  

Table 1. Specifications of Transformer 
Power Transformer 

Brand/Type Unindo 
Rated Power 60 MVA 
Standard IEC-60076 
Frequency Hertz 50 Hz 
Phases 3 
Vector Group Ynd1 
Primary Voltage 150 kV 
Secondary Voltage 20 kV 
Impedance 12,05% 
Rn 10 ohms 

 
For this study, the relay setting data used was 150 kV and 20 kV incoming. The following relay 
setting data used in BB substation was obtained during observation and data collection in 
Table 2. 

BUS

SUBSTATION SUBSTATION

BUS

ZONE 1

ZONE 2
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Table 2. OCR of Power Transformer 

Relay Isetting (A) Characteristic 
curves Tms(s) 

NR PCS-9611 230,94 IEC SI 0,26 
Siemens Reyrolle 7SR21 1880 IEC SI 0,21 

 
 

Table 3. GFR of Power Transformer 

Relay Isetting (A) Characteristic 
curves Tms(s) 

NR PCS-9611 93 IEC SI 0.56 
Siemens Reyrolle 7SR21 100 IEC SI 0.25 

 
 

RESULT AND DISCUSSION 

After carried out the observation and data collection process at the BB Substation, the short 
circuit current value Isc at 150 kV of the BB Substation was obtained at 19.69 kA. The short 
circuit current value of the substation will be used to determine the MVAsc value of 150 kV of 
the BB Substation. This MVAsc value can be determined using calculations that refer to the 
equation where the MVAsc value for 150 kV on the BB Substation is 1550 MVA. The MVAsc 
value obtained can be used to determine the source impedance value from 150 kV of the 
Substation. This source impedance value later will be used for analysis of the short-circuit 
current that occurred. After obtaining the MVASC value at 150 kV of the transformer, the 
source impedance value is Zs1 = j0.019568 pu and Zs0 = j0.05855 pu.  The next impedance 
component to note is the impedance value of the power transformer to be analysed, namely 
the 60MVA power transformer at BB substation. The impedance value of the power 
transformer can be determined by looking at the impedance presentation on the data or the 
power transformer specification itself. The characteristic value of the impedance of the 60 MVA 
power transformer of substation, which has the SPLN standard, has a transformer impedance 
value of 12.05%.  This impedance value needs to be calculating by adjusting to the new system 
per unit, the Base value is 100 MVA and the kVbase is 150 kV. So, the impedance value of the 
negative and positive sequence transformers is Zt1 = j0.20083 pu and Z0 = j0.602499 pu. 

 

Figure 2. Equivalent Impedance Circuit of Positive Sequence at 150 kV 
The values of source impedance, transformer impedance, and load impedance will be summed 
according to their respective sequences, where the equivalent impedance of positive, negative, 
and zero sequence will be obtained. In conducting a short circuit fault current analysis, 
equivalent components of each sequence are needed. This aims to facilitate the calculation of 
the short circuit current that occurs. Figure 2 is a series of positive sequence equivalents in the 
Bagan Batu substation, impedance and reactance values were obtained in the previous 
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calculation so that the equivalent impedance value of the positive sequence can be analysed. 
The assumption of a fault that occurs at 150 kV of the transformer or just before the 60 MVA 
power transformer of BB substation is that when there is a short circuit fault. The current will 
only go through the source impedance and will not go through the transformer impedance or 
the refiner impedance, so that the calculation of Z1eq, Z2eq, and Z0eq at 150 kV. If the 
equivalent impedance value has been obtained, then the next step is to calculate the fault 
current that occurs at 150kV of the power transformer.   

 

Figure 3. Equivalent Impedance Circuit of Negative Sequence at 150 kV 
 

 

Figure 4. Zero Sequence Equivalent Impedance Circuit Fault at 150 kV 
 

To determine the value of OCR at 150 kV, data is needed in the form of short circuit current 
value, setting current, and CT ratio. The results of data collection in the field showed that the 
magnitude of the current at 150 kV equal to 230.94 A, while the CT value used with a ratio of 
300/1. To determine the value of OCR settings used two-phase short circuit fault current and 
the obtained short circuit current at 150 kV equal to 17,033A. Primary and secondary Iset values 
and TMS will be used in the simulation of disturbances that will be filled in the relay data in 
accordance with the type of relay used, namely NR PCS-9611 relay with SI (non-directional) 
characteristics. The working current of the relay at 150 kV in accordance with SPLN guidelines 
using a cascade pattern used a working time of 1.5 seconds.  The same procedure can also 
be done to determine the GFR value at 150 kV. A single-phase short-circuit fault value to the 
ground is needed. Based on the analysis of the magnitude of the single-phase short-circuit 
current to the ground, which is obtained at 6,813.54 A. The CT ratio used is 300/1, and the 
working time of the relay used according to SPLN is 1.5 seconds or it can be 0.5 times greater 
than the setting current at the incoming working time of the power transformer.  The simulation 
results of a single-phase short circuit to ground at 150 kV can be seen in Figure 5. The 
magnitude of the current simulated using ETAP was obtained at 6.611 Ampere and the 
magnitude of the short-circuit current from the calculation was obtained at 6.813 Ampere. 
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Figure 5. Simulation of a Single-Phase to Ground Short Circuit at 150kV 

 
The simulation results of a two-phase short circuit at 150 kV can be seen in Figure 6. The value 
of the simulated current using ETAP is obtained at 17,706 Ampere, while the short-circuit 
current from the calculation is obtained at 17,033 Ampere. 

 

 
Figure 6. Simulation of Two-Phase Short Circuit at 150 kV 

 
After setting values of each component, it is necessary to analyse the load flow to obtain the 
amount of current flowing in the system that has been designed. After obtaining the TMS and 
pickup values, run a relay coordination simulation during a fault using the STAR Protective 
Device Coordination simulation in ETAP, which aims to test the performance of each OCR 
relay according to the zone that has been set for current and working time. The simulation 
results of a single-phase short circuit to the ground at 22 kV, the magnitude of the simulation 
current using ETAP is obtained at 1,028 Ampere, while the magnitude of the short circuit 
current obtained from the calculation is 1,584 Ampere.  The results of the two-phase short 
circuit simulation at 22 kV. The magnitude of the simulated current using ETAP is obtained at 
18,145 Ampere, while the magnitude of the short-circuit current from the calculation is obtained 
at 18,043 Ampere. To ensure that the results of the settings determined are correct, it must be 



IJEEPSE – Vol. 07, No. 02, June 2024 
https://doi.org/10.31258/ijeepse.7.2.100-110 

 

simulated for disturbances that occur on the primary and secondary sides of the power 
transformer, in the form of two-phase and one-phase disturbances to the ground. This is done 
to prove that the relay will work in the event of a short-circuit fault within the protection zone 
and not work in the event of a fault outside the protection zone.  When a two-phase short circuit 
fault occurs at a 150 kV power transformer, all the current will go to the fault point. The 
disturbance that occurs will order the breaker to work. It can be seen in Figure 9 that when a 
fault occurs, the NR PCS-9611 relay will read the amount of fault current that occurs, which 
will then order the 150kV CB to work. The fault current in the simulation is 17.03 kA with a relay 
working time of 1.83 second, which will then cause the breaker command to trip. Meanwhile, 
the Siemens 7SR21 relay will be the backup relay to secure the 22 kV. 

 

 
Figure 7. 150kV Two-Phase Fault OCR Coordination Curve 

 
 

 
Figure 8. 150kV Single Phase to Ground Fault OCR Coordination Curve 

 
Figure 8 is the GFR coordination curve when a single-phase ground fault occurs at 150 kV of 
the power transformer. The short-circuit fault current value is 6.44 kA. The value of the fault 
current that occurs will affect how quickly the relay orders the breaker to trip.  Based on the 
coordination of OCR and GFR at 150 kV obtained from the results of the analysis using ETAP, 
it can be seen that if a short circuit fault occurs at 150kV power transformer, the relay that will 
work and order a trip is the NR PCS-9611 relay. This is in accordance with the IEC 242 
standard, where the fault division zone and relay working time are appropriate. In this case, 
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the TMS value of the relay setting plays an important role in determining the relay working 
time. In GFR coordination curve a single-phase fault occurs at a 22kV power transformer can 
be seen in Figure 9. The short circuit fault current value is 1.06kA with a relay working time of 
2.72 seconds. The magnitude of the fault current that occurs will decide that how fast the relay 
will command the breaker to trip. 

 

 
Figure 9. GFR Coordination Curve for a Single-Phase Ground Fault 22kV 

 
The OCR coordination curve when a two-phase fault occurs at 22 kV of the power transformer 
can be seen in Figure 10. The value of the fault current that occurs is 11.5 kA. With a relay 
working time of 1.53 second, which will then give the breaker command to trip.  

 
 

 
Figure 10. 22kV Two-Phase Fault OCR Coordination Curve 

 
Based on the coordination of OCR and GFR at 150 kV, obtained from the results of the analysis 
using ETAP, if there is a short circuit fault at a 22 kV power transformer, the relay that will work 
and order a trip is the Siemens 7SR21 relay. This is in accordance with the IEC 242 standard, 
where the fault division zone and relay working time are appropriate. In this case, the TMS 
value of the relay setting plays an important role in determining the relay working time. The 
results of the analysis that has been carried out have revealed a significant difference in the 
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value of the setting current, pickup current and TMS value from the data obtained in the field. 
This difference can be seen in Table 4. 

Table 4. The Comparison of OCR and GFR Settings 

Relay Name  OCR settings  GFR settings  
Field Data ETAP Field Data ETAP 

NR PCS978 
Iset = 276 A 
Ipickup = 0.92 A 
TMS = 0.26 s 

Iset = 277.13 A 
Ipickup = 0.92 A 
TMS = 0.92 s 

Iset = 93 A 
Ipickup =  
0.3 A 
TMS = 0.56 s 

Iset = 92 A 
Ipickup = 0.31 A 
TMS = 0.96 s 

Siemens Reyrolle  
7SR21 

Iset = 1.880 A 
Ipickup = 4.7 A 
TMS = 21 s 

Iset = 1.889 A 
Ipickup = 4.72 A 
TMS = 0.4 s 

Iset = 100 A 
Ipickup = 0.25 A 
TMS = 0.25 s 

Iset = 630 A 
Ipickup = 1.57 A 
TMS = 0.22 s 

 
Table 4 explains the differences in the results of the adjustment values with the analysis 
performed. The TMS value in the OCR relay of the NR PCS978 relay has a time difference of 
0.66 seconds. This is affected by the magnitude of the short circuit fault current obtained. The 
difference in the TMS value in the GFR relay of the PCS978 NR Relay with the conditions in 
the field and analysis also has a difference in working time. The difference in TMS value is 0.3 
seconds because the TMS value determination system is based on the amount of short fault 
current that occurs when the system experiences a one-phase short circuit to the ground. For 
the TMS value, the Siemens Reyrolle relay at OCR has a TMS difference of 0.19 seconds. As 
for the GFR Relay at Siemens, Reyrolle has a TMS time difference of 0.05 seconds. This 
difference occurs because the analysis is carried out using a different system from those in the 
field. The difference between field data and the results of the analysis can be seen from the 
TMS value. The difference in TMS value is caused by the assumption of fault currents that 
occur both for two-phase disturbances for OCR and one-phase for GFR.   

 

 
Figure 11. Comparison of Relay Working Time  

Based on the Electrical Power Company transformer protection and control maintenance 
manual, the working time of the OCR relay at 150 kV transformer is a maximum of 1.5 seconds, 
while for incoming 22 kV the maximum time is one second, while the working time of the GFR 
relay at 150 kV transformer is two seconds, according to the type of transformer used, and for 
incoming 22 kV the working time of the relay is 15.5 seconds. Figure 11 for OCR 150 kV works 
with a working time of 1.83 seconds with a fault current of 17 kA, while OCR of 22 kV with a 
relay working time of 1.63 seconds with a fault current that occurs is 11.51 kA. For GFR 150 
kV the working time is 1.92 seconds with a fault current of 6.4 kA, while for GFR 22 kV it works 
with a time of 2.72 seconds with a fault current that occurs of 1061 Ampere. 
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CONCLUSION 

The protection system that has been installed, it can be connected and distributed to 
customers. OCR and GFR adjustment values on the 60 MVA power transformer of the BB 
Substation is already working according to SPLN standards. The TMS value in the OCR relay 
of the PCS978 NR relay has a time difference of 0.66 seconds, this is influenced by the 
magnitude of the short circuit fault current obtained. The difference in the TMS value in the 
GFR relay of the PCS978 NR Relay with the conditions in the field and analysis also has a 
difference in working time, the difference in TMS value is 0.3 seconds because the TMS value 
determination system is based on the amount of short fault current that occurs when the 
system experiences a one-phase short circuit to the ground. For the TMS value, the Siemens 
Reyrolle relay at OCR has a TMS difference of 0.19 seconds and for the GFR Relay at 
Siemens, Reyrolle has a TMS time difference of 0.05 seconds.  
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