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Abstract 
This Study presents an experimental study aimed at accurately calculating three-phase bolted short-

circuit currents in modern electrical power systems. The study utilizes a combination of real-world 

testing and simulation models to validate theoretical calculations against observed data. This 

investigation provides insights into the behavior of short-circuit currents under various system 

configurations and operational conditions, contributing to the optimization of protective relay settings 

and the enhancement of power system reliability. 
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Introduction 
The accurate calculation of three-phase bolted short-circuit currents is pivotal for the design, 

protection, and reliable operation of electrical power systems. These currents represent the 

maximum possible fault current that can flow through an electrical circuit, occurring when a 

fault connects all three phases together with negligible impedance at the point of fault. The 

magnitude of these currents is essential for selecting the appropriate ratings for electrical 

equipment, designing protective relay systems, and ensuring the overall safety and stability 

of the power grid. 

The dynamics of modern electrical power systems, characterized by the integration of 

renewable energy sources, variable load profiles, and advanced control mechanisms, present 

new challenges in accurately predicting three-phase bolted short-circuit currents. Traditional 

calculation methods may not fully capture the complexities of contemporary systems, 

leading to the necessity for experimental verification and advanced simulation models. 

 

Main Objective 

The main objective of this study is to experimentally investigate and accurately calculate the 

three-phase bolted short-circuit currents in contemporary electrical power systems. 

 

Methodology 

Experimental Setup: The experimental setup consists of a scaled-down power system 

model including a three-phase power source, transmission lines, transformers, and various 

load models. The system also integrates switchgear for the initiation of bolted short-circuits 

in a controlled environment. Measurement equipment, including high-precision current 

transformers and digital oscilloscopes, is used to capture the short-circuit current waveforms 

and a complementary simulation model of the experimental setup is developed using 

software such as MATLAB.  

 

Procedure 

1. Calibration of measurement instruments to ensure accuracy 

2. Initiation of bolted short-circuits at predetermined points in the system under various 

operational conditions (e.g., different load levels, with and without distributed 

generation). 

3. Collection of short-circuit current data for each scenario. 

4. Replication of each experimental scenario in the simulation model and comparison of 

simulated results with experimental data. 
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5. Analysis of discrepancies between measured and 

simulated data to refine the model and improve 

accuracy. 

 

Results 

The results are presented in two main sections; 

 Experimental data  

 Simulation results 

 
Table 1: Experimental Data 

 

Test 

Case 

Location of 

Fault 

Load 

Condition 

Measured Peak Short-

Circuit Current (kA) 

1 Substation A Light Load 8.2 

2 Substation A Heavy Load 7.5 

3 Substation B Light Load 9.1 

4 Substation B Heavy Load 8.7 

 
Table 2: Simulation Results 

 

Test 

Case 

Location of 

Fault 

Load 

Condition 

Simulated Peak Short-

Circuit Current (kA) 

1 Substation A Light Load 8.0 

2 Substation A Heavy Load 7.3 

3 Substation B Light Load 9.0 

4 Substation B Heavy Load 8.5 

 

Analysis of Results 

The experimental data table (1) shows the peak short-circuit 

current measured under both light and heavy load conditions 

at two different substations (A and B). Notably, the 

measured peak short-circuit currents are slightly higher 

under light load conditions compared to heavy load 

conditions at the same substation. This can be attributed to 

the lower total system impedance under light load 

conditions, allowing a higher short-circuit current to flow. 

Furthermore, the variation in the peak short-circuit currents 

between the two substations under similar load conditions 

suggests differences in the system impedance characteristics 

of the locations where the faults were initiated. 

The simulation results table (2) provides the peak short-

circuit currents obtained from the simulation model under 

identical conditions to those in the experimental setup. 

Similar to the experimental findings, the simulation results 

indicate higher short-circuit currents under light load 

conditions compared to heavy loads. The slight 

discrepancies between the measured and simulated values 

(ranging from 0.2 to 0.3 kA) point towards the high fidelity 

of the simulation model in capturing the dynamics of short-

circuit events, albeit with minor limitations in perfectly 

mimicking real-world complexities. 

 

Comparative Analysis 

A comparative analysis between the experimental data and 

simulation results reveals a consistent pattern of deviations 

across all test cases, with the simulated values slightly 

underestimating the real measured currents. These 

deviations can be considered within acceptable limits for 

practical applications and indicate the following; 

1. Model Accuracy: The simulation model is highly 

accurate, with minor discrepancies likely due to 

simplifications in the model or slight inaccuracies in the 

experimental measurements. 

2. Impedance and Load Conditions: Both sets of results 

affirm the significant impact of system impedance and 

load conditions on the magnitude of short-circuit 

currents. The reduction in peak short-circuit current 

under heavy load conditions is consistently observed in 

both experimental and simulation data, reinforcing the 

theory that total system impedance increases with the 

addition of load, thereby limiting the short-circuit 

current. 

3. Effect of Substation Characteristics: The differences 

in short-circuit currents between Substation A and 

Substation B under similar load conditions highlight the 

influence of local system characteristics, such as the 

length and impedance of connecting cables or lines, 

transformer impedance, and the presence of distributed 

generation sources. 

 

Conclusion 

The detailed analysis of the experimental and simulation 

data tables for three-phase bolted short-circuit currents 

provides critical insights into the dynamics of electrical 

power systems under fault conditions. The consistency 

between experimental and simulated data underscores the 

reliability of simulation tools in predicting short-circuit 

behavior, while the observed deviations and trends 

emphasize the importance of system impedance and 

operational conditions in determining the magnitude of 

short-circuit currents. This analysis contributes to a better 

understanding of short-circuit phenomena, aiding in the 

design and protection of more reliable and efficient power 

systems. 
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