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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).

Collection of short-circuit current data for each scenario.

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 | Location of Load Measured Peak Short-
Case Fault Condition 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 | Location of Load Simulated Peak Short-
Case Fault Condition | 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
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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.

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.

References

1. Kundur P. Power System Stability and Control.
McGraw-Hill; c1994.

Gonen T. Experimental verification of short-circuit
calculation techniques. IEEE Transactions on Power
Apparatus and Systems. 1983;3:841-848.

Li H, Zhou K, Wang Q. Analysis and application of a
real-time simulation platform for short-circuit current
calculation in power systems. Electric Power Systems
Research. 2019;166:136-145.

Anderson PM, Fouad AA. Power System Control and
Stability. IEEE Press & Wiley-Interscience; c2003.
Mijailovi¢ V, Klimenta D, Rankovi¢ A, Petrovi¢ P,
Milovanovi¢ M. Calculation of three-phase bolted
short-circuit currents in a MV distribution feeder with
induction and synchronous generators. Electrical
Engineering; c2023 Sep 4. p. 1-5.

Behjat V, Vahedi A, Setayeshmehr A, Borsi H,
Gockenbach E. Sweep frequency response analysis for
diagnosis of low level short circuit faults on the
windings of power transformers: An experimental
study. International Journal of Electrical Power &
Energy Systems. 2012 Nov 1;42(1):78-90.

Bjornstedt J, Sulla F, Samuelsson O. Experimental
investigation on steady-state and transient performance
of a self-excited induction generator. IET generation,
transmission & distribution. 2011 Dec 1;5(12):1233-9.
Zheng J, Pan J, Huang H. An experimental study of
winding vibration of a single-phase power transformer
using a laser Doppler vibrometer. Applied Acoustics.
2015 Jan 1;87:30-7.

Olivares JC, Canedo J, Moreno P, Driesen J, Escarela
R, Palanivasagam S. Experimental study to reduce the
distribution-transformers stray losses using
electromagnetic shields. Electric power systems

2.


https://www.electrojournal.com/

International Journal of Research in Advanced Electronics Engineering

10.

research. 2002 Aug 1;63(1):1-7.

Suvorov AA, Diab AA, Gusev AS, Andreev MV,
Ruban NY, Askarov AB, et al. Comprehensive
validation of transient stability calculations in electric
power systems and hardware-software tool for its
implementation. IEEE Access. 2020 Jul 22;8:136071-
91

~16 ~

https://www.electrojournal.com



https://www.electrojournal.com/

