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Abstract. Arc flash is a problem in electrical power systems. It happens when there are faults 

that make really hot explosions. These explosions can hurt people badly and damage equipment. 

They can also stop the system from working. The level of danger from arc flash is affected by 

how strong the fault current's how fast the protective devices can stop the fault. So we need to 

do an arc flash analysis to figure out how much energy is released and how far the arc flash can 

reach. This is all part of making the electrical system safer. This study is looking at arc flash in 

an electrical system. We used a program called ETAP. Followed the rules in the IEEE 1584 

standard. We made a model of the distribution system and did some simulations to see what 

would happen in case of a short-circuit or arc flash. We wanted to know how much energy 

would be released and how far the arc flash would reach. We also wanted to know what kind 

of safety gear people would need to wear. We looked at the devices to see if we could make 

them work better and reduce the danger from arc flash. What we found out is that the amount 

of energy released and the distance the arc flash reaches are different at each point in the system. 

It depends on how strong the fault current's how fast the protective devices can stop the fault. 

If the protective devices work fast they can reduce the amount of energy released during an arc 

flash. This makes it safer for people. We were able to make the system safer by changing the 

settings, on the devices. This made the energy released during an arc flash lower. Made it safer 

for people to work with the electrical system. We hope this study will help make electrical 

systems safer and more reliable. 
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1. Introduction 

 

An electrical protection system in a power system has to work the way it is supposed to 

according to what it is meant to do and the protection requirements against all kinds of electrical 

faults. If the protection does not work well together it can cause problems like equipment getting 

damaged, power distribution stopping, production downtime and safety hazards for workers. 

So the coordination and setting of devices have to be carefully planned to make the electrical 

system more reliable and safe. One of the electrical hazards that has to be thought about when 

doing protection studies is the arc flash phenomenon. The arc flash is like an electrical explosion 

that happens when there is a short circuit or insulation failure and it makes extremely high 

temperatures and pressure. The energy that is made during an arc flash event can cause bad 

injuries, burns, equipment failure and fire hazards. How bad the arc flash hazard is depends on 

a things, including how much fault current there is, how long it takes for the protective device 

to turn off the power and how the system is set up. So it is necessary to do an arc flash analysis 

to figure out the incident energy and the arc flash boundary in an electrical system. To calculate 

the arc flash we need to do a short-circuit analysis and protection coordination studies. The 

incident energy value comes from the arcing fault current, which is calculated based on short-

circuit analysis and the operating time of protective devices. In this study we used ETAP based 

on the IEEE 1584 standard to do the analysis and simulation. We used the software to make a 

model of the distribution system do fault analysis and check the arc flash hazard level at each 

point in the system. The goal of this research is to look at the incident energy and arc flash 

boundary in an electrical system and to see how well the protection device settings work to 

reduce arc flash hazards. We hope that the results of this study will make electrical safety better 

help us follow the NFPA 70E standards and minimize the risk of injuries, equipment damage 

and fire incidents in facilities. We are talking about arc flash and electrical protection systems. 

How they can help keep people safe. The arc flash research is important for electrical systems 

and, for the people who work with them.(Bottaro et al., 2025; Budiyanto et al., 2024; Nhat & 

Ngoc, 2025). 

 

Figure 1 shows a typical warning label for electrical arc flash hazards that is usually placed on 

electrical devices. This label contains crucial safety details, such as the energy level of an 

incident, the boundary for arc flashes, the standard voltage of the system, and the necessary 

gear for personal protection. These labels help maintenance workers recognize possible 

dangers before working with live equipment and aid in following IEEE 1584 and NFPA 70E 

safety regulations. 

 
Figure 1. Electrical arc hazard labelling (Source: wikipedia) 
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2. Methods 

2.1. Literature Review and Research Gaps 

 

Previous research has thoroughly examined arc flash hazards through the IEEE 1584 standard 

and simulation tools like ETAP, which are utilized to estimate incident energy and arc flash 

boundaries within industrial electrical systems. These investigations have revealed that the 

magnitude of fault current and the operating time of protective devices are the key factors that 

affect the severity of arc flash incidents. However, the majority of current studies predominantly 

concentrate on calculating incident energy and assessing hazards, with insufficient attention 

given to analyzing the sensitivity of various operating parameters and the effectiveness of 

protection coordination in mitigating arc flash risks. Moreover, there is a scarcity of 

comparative studies that explore the impact of fault current, protective device clearing time, 

and working distance on incident energy across different operating conditions. Consequently, 

this study aims to fill these gaps by conducting a thorough arc flash analysis using ETAP, which 

includes short-circuit analysis, incident energy assessment, arc flash boundary evaluation, and 

sensitivity analysis to ascertain the relative impact of essential system parameters. The results 

are anticipated to yield practical recommendations for enhancing protection coordination and 

bolstering electrical safety in industrial power distribution systems.(Cabello et al., 2023; 

Cramm et al., 2025; Fidya Eka Prahesti et al., 2023). 

 

2.2. Objective 

 

Objective of this research are: 

1. We need to use ETAP simulation to look at the incident energy in a situation. 

2. The arc lash boundary has characteristics and we want to see how it behaves when things 

are working in different ways. 

3. We have to check how the fault current and the time it takes to clear the fault and the 

distance we are working from affect the results of the ETAP simulation. 

4. To make sure the results, from the ETAP simulation are correct we will compare them 

to what's written in recent journals and the standards set by IEEE 1584 for arc lash 

safety. 

 

2.3. Data and Methods 

2.3.1. System Description 

 

We used the ETAP software to make a diagram of the system. The ETAP software helped us 

see what would happen if there was a circuit or an arc flash at different parts of the system, like 

the buses and the feeder locations. We did this for buses and feeder locations to get a good idea 

of how the system would work in different situations. (Hardi et al., 2021; Yadav et al., 2024) 

 

Then, the system descriptions are: 

1. Utility source 

2. Main Bus 

3. Distribution feeders 

4. Protective circuit breakers and 

5. Fuse 

6. Industrial loads 
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Figure 2. Single line diagram distribution network (Source: self-documentation) 
 

Figure 2 shows the single-line diagram from ETAP that is utilized in this research. The 

model illustrates the entire electric distribution system used in industry, comprising the 

utility supply, transformer, primary distribution bus, outgoing feeders, circuit breakers, 

and the loads connected to it. This setup serves as the foundation for performing short-circuit 

calculations and simulations of arc flashes in different operating scenarios.(Budiyanto et al., 

2024; Budiyanto & Silalahi, 2023; Mohd Azmi et al., 2022). 

 

2.3.2. Data Description 

 

The information we used for this project came from simulations we did with ETAP of a low-

voltage system that is used in industry. The information we collected includes how strong the 

fault current is, how much energy is released when something goes wrong how long it takes for 

the breaker to turn off how away the arc flash can reach and how far away people are working. 

We tried different scenarios by changing how long it takes for the protective devices to kick in 

and how strong the fault current is.(Lu et al., 2025) We took the details from the simulations. 

Put them into a CSV file and then used Python to look at the numbers and see how different 

things affect the results.(Kulor et al., 2024; Nhat & Ngoc, 2025). 

 

Table 1. System parameters 

Parameter Value 

System Voltage 480 V 

Grid Rating 22 kVA 

Frequency 50 Hz 

Fault Current Range 5 – 25 kA 

Clearing Time Range 0.05 – 0.30 s 

Working Distance 300 – 600 mm 
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Table 1 provides an overview of the electrical specifications applied in the ETAP simulation. 

These specifications consist of device ratings, short circuit current levels, operating times for 

protective devices, safety distances, and voltage of the system. The chosen specifications follow 

the IEEE 1584 guidelines and act as the main input factors for determining incident energy and 

arc flash limits.(Li et al., 2025; Liang et al., 2025; Virtudez et al., 2026). 

 

3. Result and Discussion 

3.1. Short-Circuit Analysis 

 

The ETAP short-circuit simulation shows that the available fault current at the bus is about 9.78 

kA. This fault current is different because of the feeder impedance and the characteristics of the 

transformer. The ETAP short-circuit simulation is really helpful to see what the fault current at 

the bus will be. The fault current, from the ETAP short circuit simulation can be big or small 

depending on the feeder impedance and the transformer characteristics.electrical protection 

system. These findings confirm the efficacy of the proposed ETAP-based approach for 

assessing and mitigating arc flash hazards in industrial power systems. 

 

Figure 3 shows the short-circuit analysis utilizing ETAP at the main utility bus. The utility 

source, transformer, and main bus that make up the main power supply for the industrial 

electrical distribution system are shown in Figure 3(a) as a single-line design. The beginning of 

the electrical power flow before it is transmitted to feeders downstream is represented by this 

part. The findings of the ETAP short-circuit analysis at the main utility bus are displayed in 

Figure 3(b). In order to provide the electrical parameters needed for protection studies, the 

simulation computes the fault conditions at this site. These findings are utilized as the first point 

of reference for figuring out the available fault level, and they are then fed into the IEEE 1584-

based arc flash analysis. Figure 4 shows the short-circuit analysis of the incoming utility supply 

and the primary distribution bus in the ETAP model. Figure 4(a) shows the connection between 

the utility source, transformer, incoming circuit breaker, and the main distribution bus, which 

acts as the principal point for receiving electrical power before it is dispersed across the 

industrial network. The findings of the ETAP short-circuit investigation at the main distribution 

bus are displayed in Figure 4(b). This location's fault characteristics, including the electrical 

parameters needed for protection studies, are provided by the simulation. The fault current 

distribution, protective device operation, and the ensuing arc flash analysis based on IEEE 1584 

are all directly impacted by the short-circuit performance of the main distribution bus because 

it supplies numerous outgoing feeders. 

 
Figure 3. Short-circuit simulation of the main utility bus: (a) Single-line network configuration 

(b) ETAP short-circuit calculation results. 
Source: self-documentation. 
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Figure 4. Short-circuit analysis of the incoming utility supply and main distribution bus: (a) 

Incoming utility supply configuration (b) ETAP short-circuit analysis results at the main 

distribution bus. 
Source: self-documentation. 

 
Figure 5. Short-circuit analysis of the distribution feeders and protective devices: (a) 

Distribution feeder configuration (b) ETAP short-circuit analysis results of the feeder circuits. 
Source: self-documentation. 

 

 
Figure 6. Short-circuit analysis of the industrial load distribution network: (a) Industrial load 

distribution configuration (b) ETAP short-circuit analysis results at the load bus. 
Source: self-documentation. 

 

The short-circuit analysis of the outgoing distribution feeders and the safety devices attached 

to them is shown in Figure 5. In Figure 5(a) The primary industrial electrical circuit distribution 
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circuit breakers are shown in the electrical power. The ETAP short-circuit analysis results for 

the feeder circuits are shown in Figure 5(b). The simulation assesses each feeder's electrical 

reaction in the event of a problem and confirms that the protective devices are effective in 

isolating network segments that are experiencing faults. The electrical electrical electrical 

electrical electrical electrical electrical electrical electrical electrical electrical electrical 

electrical coordination cooperation coordination. 

 

Figure 6 shows a short-circuit assessment of an industrial load distribution network. In Figure 

6(a), you can see how the distribution lines are connected to the industrial loads that are part of 

the ETAP model. Each load receives its power from a separate line protected by a dedicated 

circuit breaker, which represents the downstream portion of the electrical distribution setup. 

Figure 6(b) shows the results of an ETAP short-circuit analysis on the load bus during a fault. 

This simulation examines how the fault affects the lower bus and provides the electrical data 

needed to coordinate protection and assess arc flash risk. These findings help identify areas of 

greater electrical hazard and assist in assessing how well the protection system is performing, 

in accordance with IEEE 1584. 
 

 
Figure 7. Arc flash analysis results at distribution bus A: (a) ETAP arc flash hazard label and 

(b) Detailed arc flash analysis results for distribution bus A. 
Source: self-documentation. 

 
Figure 8. Arc flash analysis results at distribution bus B: (a) ETAP arc flash hazard label and 

(b) Detailed arc flash analysis results for distribution bus B. 
Source: self-documentation. 
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3.2. Incident Energy Analysis 

 

The incident energy calculation shows that when you have a fault current and a longer time for 

the breaker to clear this increases the level of danger, from an arc flash. The arc flash hazard 

level is higher when the fault current is higher and the breaker takes longer to clear. This means 

the arc flash hazard level is really affected by the fault the breaker clearing time. The arc flash 

hazard level increases when the fault current is higher and the breaker clearing time is longer. 

 

Figure 7 shows the results of the ETAP arc flash hazard study for Distribution Bus A. In Figure 

7(a), you can see the arc flash hazard labels created by ETAP. These labels highlight the incident 

energy, arc flash limits, and the personal protective equipment (PPE) required for safety. The 

warning message “Exceeds Maximum” means that the calculated incident energy is higher than 

Figure 7(b) provides a more detailed view of the arc flash analysis results for Distribution Bus 

A. The simulation shows that the incident energy is 74.5 cal/cm², the arc current is 11,839 kA, 

and the arc flash boundary is approximately 85 inches (2.16 m). These measurements indicate 

a significant arc flash risk, meaning that persons working within the arc flash boundary need to 

follow proper safety protocols. The high incident energy highlights the need for effective 

protection coordination and reducing the time required for protective devices to clear, to limit 

thermal energy exposure as stated by IEEE 1584. 

 

Figure 8 shows the results of the ETAP arc flash analysis for Distribution Bus B. In Figure 8(a), 

you can see the arc flash hazard label generated by ETAP. This label includes information about 

the calculated incident energy, arc flash limits, and required personal protective equipment 

(PPE). As in Figure 7, the "Exceeds Maximum" warning indicates that the available PPE level 

is insufficient for the calculated energy level. Figure 8(b) presents the detailed results of the 

ETAP calculation. The simulation shows an incident energy of 27.74 cal/cm², an arc current of 

9.14 kA, and an arc flash boundary of approximately 85 inches (2.16 m). While the incident 

energy is lower than that found for Distribution Bus A, it is still significantly higher than 

standard arc-rated PPE can handle. These findings mean that workers are still at serious risk of 

heat hazards within the arc flash boundary, emphasizing the importance of better protection 

management and faster fault clearance processes to reduce the risk of arc flash incidents. 

 

Figure 9 shows the results of the ETAP arc flash analysis for the most important distribution 

bus in the electrical system. The simulation finds an incident energy of 129. 5 cal/cm², an arcing 

current of 6. 413 kA, and an arc flash boundary of about 395 inches (10. 03 m). The ETAP 

hazard label shows the warning level “Exceeds Max,” meaning that the calculated incident 

energy is greater than what standard arc-rated PPE can protect against. Although the calculated 

arc current is lower than that seen in Figures 7 and 8, the incident energy is significantly higher. 

This finding indicates that the time required for the protective device to respond has a greater 

influence on the incident energy than the arc current itself. Consequently, the extended arc flash 

boundary of 10.03 m represents the highest exposure risk to personnel among the buses studied. 

Therefore, it is critical to optimize the protection settings and shorten the time required for fault 

clearing to lower the incident energy and improve compliance with the safety standards outlined 

in IEEE 1584 and NFPA 70E. 
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Figure 9. Arc flash analysis results at the most critical distribution bus. 
Source: self-documentation. 

 

3.3. Discussion 

 

Table 2 show the results align with earlier research conducted in accordance with the IEEE 

1584 standard, affirming that the coordination of protection and the clearing time of protective 

devices are essential in reducing arc flash risks. This study enhances the current knowledge 

base by delivering a thorough ETAP-based evaluation that encompasses short-circuit analysis, 

incident energy assessment, arc flash boundary identification, and sensitivity analysis within an 

industrial electrical distribution framework. The insights gained provide actionable 

recommendations for optimizing protection configurations, enhancing personnel safety, and 

bolstering the reliability of industrial power systems. However, the study's limitations stem 

from its dependence on simulation data and established operating conditions, which may not 

entirely capture the intricacies of actual industrial settings. Therefore, the findings should be 

viewed in light of the assumptions inherent in the simulation model, and it is advisable to 

conduct further validation through field measurements and a variety of industrial case studies 

to enhance the applicability of the results. 

 

Table 2. Summary arc flash analysis 

Analysis Result Interpretation 

Figure 3 describe the incoming utility 

source supplies the industrial distribution 

system through the main circuit breaker. 

The bus voltage remains close to the 

nominal value (approximately 22 kV), 

indicating that the power source is 

operating under normal conditions. 

A stable source voltage provides a reliable basis 

for short-circuit and arc flash simulations. 

Variations in the source characteristics directly 

influence the available fault current throughout 

the network.(Alhamrouni et al., 2024). 

Figure 4 describe the main bus distributes 

electrical power to multiple outgoing 

feeders through individual protective 

devices. The feeder configuration creates 

different electrical paths with varying 

impedance values. 

The feeder impedance affects the magnitude of 

prospective fault current at downstream buses. 

Buses located farther from the source generally 

experience lower fault current because of 

increased system impedance.(Alhamrouni et al., 

2024) 
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Analysis Result Interpretation 

Figure 5 describe protective circuit 

breakers are installed at each feeder to 

isolate faulted sections of the electrical 

system. Their operating characteristics 

determine the fault clearing time during 

abnormal conditions. 

Faster breaker operation reduces the duration of 

the electrical arc, leading to lower incident 

energy and a smaller arc flash boundary. 

Therefore, protection coordination is one of the 

most significant factors influencing arc flash 

severity.(Alhamrouni et al., 2024) 

Figure 6 describe the complete ETAP 

single-line model integrates the utility 

source, buses, cables, protective devices, 

and industrial loads into a unified 

electrical network for simulation. 

The integrated model enables accurate short-

circuit calculations, incident energy estimation, 

and arc flash boundary determination in 

accordance with IEEE 1584. It provides the 

foundation for evaluating electrical safety and 

optimizing protection settings.(Alhamrouni et 

al., 2024) 

Figure 7 describe the ETAP arc flash 

analysis at one of the distribution buses. 

The simulation produced an incident 

energy of 74.5 cal/cm², an arcing current 

of 11.839 kA, and an arc flash boundary of 

approximately 85 inches (2.16 m). The 

warning status indicates "Exceeds Max", 

showing that the incident energy exceeds 

the protection capability of standard arc-

rated PPE. 

High arc flash hazard. Personnel working within 

2.16 m of the equipment are exposed to severe 

thermal energy capable of causing serious burn 

injuries. Optimization of protection 

coordination and reduction of breaker clearing 

time are recommended to lower the incident 

energy.(Alhamrouni et al., 2024) 

Figure 8 describes the ETAP arc flash 

analysis for another distribution bus with 

an incident energy of 27.74 cal/cm², an 

arcing current of 9.14 kA, and an arc flash 

boundary of approximately 85 inches 

(2.16 m). Although the incident energy is 

lower than that in Figure 7, the simulation 

still reports "Exceeds Max", indicating 

that the available PPE is insufficient for 

safe energized work. 

Very high arc flash hazard. Despite the lower 

arcing current, the incident energy remains 

above the acceptable PPE rating, emphasizing 

that protective device operating time 

significantly influences arc flash severity. 

Improved protection coordination is necessary 

to reduce personnel exposure.(Alhamrouni et 

al., 2024) 

Figure 9 describes the ETAP arc flash 

analysis at the most critical distribution 

bus. The simulation recorded an incident 

energy of 129.5 cal/cm², an arcing current 

of 6.413 kA, and an arc flash boundary of 

approximately 395 inches (10.03 m). The 

"Exceeds Max" warning confirms an 

extremely hazardous operating condition 

that exceeds conventional PPE protection 

limits. 

Extremely critical arc flash hazard. Although the 

arcing current is lower than in Figures 7 and 8, 

the significantly longer protective device 

clearing time results in the highest incident 

energy and the largest arc flash boundary. 

Immediate optimization of protection settings is 

essential to reduce thermal exposure and 

improve compliance with IEEE 1584 and NFPA 

70E safety requirements.(Alhamrouni et al., 

2024) 

Source: self-documentation. 
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6. Conclusions and Future Directions 

 

This research illustrates that the ETAP-based arc flash analysis serves as an effective method 

for assessing incident energy and arc flash boundaries within industrial electrical distribution 

systems, in line with the IEEE 1584 standard. The results indicate that the clearing time of 

protective devices is the primary factor affecting arc flash severity, while the magnitude of fault 

current and the working distance also play significant roles in determining hazard levels. The 

suggested methodology offers practical assistance in optimizing protection coordination, 

enhancing personnel safety, and improving the operational reliability of industrial power 

systems. Future studies should include field measurement data, explore dynamic operating 

conditions, and assess the effects of renewable energy integration and advanced protection 

technologies to further enhance the precision and relevance of arc flash hazard assessments. 
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