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Introduction

Short-Circuit Calculations

§ The importance of calculating short-circuit currents was recognized more than a century ago. 

§ Accurate calculation was economically beneficial for appropriately rating, specifying, and protecting equipment. 

§ This was primarily because the short-circuit contribution of machines is substantial and largely uncontrolled.

§ Generally, three types of short-circuit currents are of interest to engineers—peak (EMT effects), RMS (thermal 
effects), and breaking (switching/breaking duty). 

Synchronous machine stator short-time thermal capability as per IEEE C50.13TM Variation of short-circuit current magnitude with the ratio of zero- to 

positive-sequence impedance. 
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Evolution of calculation methods

Short-Circuit Calculations

§ Timeline.

1918

Symmetrical components introduced.

Decrement curves introduced.

First standardized method by VDE (German).
1929

1930s

Understanding of SC grew.

Wagner and Evans book.

Decrement curves revised.

Expansion and interconnection of systems.

Decrement curves rendered ineffective.

Fast clearing time required. Study became that of first-few cycles.

Work published by AIEE (IEEE) and ASA (ANSI) in the US.

Novel matrix manipulation techniques introduced.

1940–1960s

Up to 1980s

Standards and guides evolved.

ANSI moved to symmetrical current rating.

Two dominant methods: ANSI and VDE.

1990s
VDE method got absorbed into the IEC world with the release of IEC 909.

ENA in the UK introduced ENA G74 method based on IEC 909.

IEC (60) 909 revised in 2016. Considered CBRs.

ANSI C37.010 revised in 2016. No consideration of CBRs.
2010s

2021
ENA G74 revised.

Recognized the voltage-

dependent nature of CBRs.
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ANSI, IEC, ENA G74 

Existing methods

Short-Circuit Calculations

§ All existing methods (ANSI, IEC, ENA G74) are not entirely distinct from each other and share several key features: 

No power-
flow solution 

required 
except for 
ENA G74

Per-unit 
system

Balanced 
network

Model fault 
sources as 

voltage 
sources 

until 2016

Maximum 
asymmetry

Empirical 
corrections Correction 

factors for 
impedance

Differentiate 
between 

near and far 
away faults

Calculate 𝐼!′′ 

Strive for 
simplicity

Maintain
Conservat-

-ism

Derive other currents, 
e.g., peak, interrupting
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Comparison of ANSI, IEC, ENA G74, and EMT results

Short-Circuit Calculations

§ Comparing peak and initial symmetrical currents (𝐼!′′ ). 

Fault

Three-phase fault

6



21/11/2024

4

7

Changing energy landscape

Short-Circuit Calculations

§ Voltage source converters (VSC) are now the dominant technology in solar, wind, BESS, and high-voltage direct 
current (HVDC) applications.

§ CBRs were required not to interfere with grid operation—as evident from IEEE 929TM, IEEE 1547TM (2008).

§ Today, both utility-scale and distributed-scale converters are required to provide grid support during faults.

§ It is evident from the requirements stated in, e.g., grid codes (fault ride-through requirements), AS 4777:2020 
standard, new IEEE 1547:2018TM, and IEEE 2800:2022TM. Suggestion of injection of negative-sequence current.

Typical FRT requirement.
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Short-circuit characteristics of CBRs (PV, BESS)

Short-Circuit Calculations

§ Unlike synchronous and induction generators, the behavior of CBRs can vary. This variability can make predicting generic converter 
responses challenging.

Filter

Transition to a controlled current source

Sub-transient Transient Regulation

Limited discussion in the literature on these 
time frames.

 Not a trivial task to estimate contribution.

Injection based on FRT settings
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Short-circuit characteristics of WTGs

Short-Circuit Calculations

§ Type I (fixed-speed squirrel-cage induction generator) and II (variable-slip wound-rotor induction generator) WTGs are considered an 
obsolete technology. They are usually modelled as a standard asynchronous machine.

§ Type III (or doubly-fed) and type IV WTGs exploit power electronics to enhance controllability.

§ The contribution of type III WTG heavily depends on control and protection strategies whereas the contribution of type IV is limited by 
its power semiconductors.

Type III (crowbarred) Type IVType I (black), II (blue)
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Methods for estimating contribution

Short-Circuit Calculations

§ Currently, industry seems to be using only two types of models—voltage source or constant current source.

Method Computational burden Complexity Convergence 
issues

Time-domain simulations High High Likely

Voltage source (existing model) Low Low No

Iteratively adjust voltage source impedance Low Low Unlikely

Current source (frozen control) using
superposition approach

Low Low No

Voltage-dependent current source iterative 
approach (e.g., IEEE PES-TR78 [7])

Medium Medium Unlikely

Formulas for impedance Low Medium No

Model System

Δ𝐼

Δ𝑉

Voltage-dependent current source

Iteratively adjust voltage source impedance

Constant current source

Grid contribution Current source 
contribution

Can be implemented for different time 
frames, sequence domains, and fault types.
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Conclusion

Short-Circuit Calculations

§ Standards have evolved considering that all sources can be represented as voltage sources.

§ Simple voltage source models can often produce misleading results for CBRs.

§ There is urgent need to re-examine it with the changing energy landscape.

§ Predicting generic CBR response remains challenging.

§ Standards have started recognizing the voltage-dependent nature of CBRs.

§ Several reports [4] [5] [6] have been published by ISOs but till date offer no clear guidance on modeling CBRs for 
short-circuit calculations.

§ The standards may need to adapt to align with the latest models discussed in recent literature and industry work.

§ Some newer models use iterative methods which show potential but need further validation.
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