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Abstract 

 
Context: Calculating short-circuit currents is key to equipment sizing and protection 
coordination in electrical power systems. However, methodological differences between 
ANSI/IEEE C.37 and 141 and IEC 60909 create uncertainty when selecting the most 
appropriate approach. This study addresses this problem through a comparative analysis 
based on computer simulations that evaluate both methodologies under equivalent 
conditions. 
Method: An industrial system with 44 busbars is modeled in ETAP (version 20.0), 
considering grid connection, local generation, and rotating loads. Short-circuit currents are 
calculated while following the procedures of both standards, and five representative fault 
points are analyzed. The evaluation includes six parameters: symmetrical inrush current, 
half-cycle closing current, peak fault current, interrupting current, asymmetrical breaking 
current, and steady-state current. 
Results: The IEC method yields values between 5 and 10% higher than those obtained with 
ANSI/IEEE in most cases. The greatest differences are observed at busbars near 
generators and higher-power rotating machines, reaching up to 9.34% in the inrush current. 
These variations are mainly associated with the treatment of the X/R ratio and the voltage 
factor c applied in IEC. 
Conclusions: The IEC 60909 standard offers more conservative estimates for demanding 
designs, while ANSI/IEEE is useful in preliminary analyses, providing practical criteria for 
selecting the standard based on system criticality. 
 
Keywords: electrical system modeling, electrical transient analyzer program (ETAP), load 
flows, protection coordination 
 
 
Resumen 
 
Contexto: El cálculo de corrientes de cortocircuito es clave para el dimensionamiento de 
equipos y la coordinación de protecciones en sistemas eléctricos de potencia. Sin embargo, 
las diferencias metodológicas entre las normas ANSI/IEEE C.37 y 141 e IEC 60909 generan 
incertidumbre al seleccionar el enfoque más adecuado. Este estudio aborda esta 
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problemática mediante un análisis comparativo basado en simulaciones computacionales 
que evalúan ambas metodologías bajo condiciones equivalentes. 
Método: Se modela un sistema industrial de 44 barras en ETAP (versión 20.0), 
considerando conexión a la red eléctrica, generación local y cargas rotativas. Las corrientes 
de cortocircuito se calculan siguiendo los procedimientos de ambas normas y se analizan 
cinco puntos de falla representativos. La evaluación incluye seis parámetros: corriente 
inicial simétrica, corriente de cierre de medio ciclo, corriente pico de falla, corriente de 
interrupción, corriente de ruptura asimétrica y corriente en estado estable. 
Resultados: El método IEC presenta valores entre un 5 y un 10% superiores a los 
obtenidos con ANSI/IEEE en la mayoría de los casos. Las mayores diferencias se observan 
en barras cercanas a generadores y máquinas rotativas de mayor potencia, alcanzando 
hasta un 9.34 % en la corriente de cierre. Estas variaciones se asocian principalmente con 
el tratamiento de la relación X/R y el factor de voltaje c aplicado en IEC. 
Conclusiones: La norma IEC 60909 ofrece estimaciones más conservadoras para diseños 
exigentes, mientras que ANSI/IEEE resulta útil en análisis preliminares, proporcionando 
criterios prácticos para seleccionar la norma según la criticidad del sistema. 
 
Palabras clave: modelado de sistemas eléctricos, programa de analizador de transitorios 
eléctricos (ETAP), flujos de carga, coordinación de protecciones 
 

I. INTRODUCTION 

 
An accurate calculation of short-circuit currents is essential in ensuring the safety and 
efficiency of electrical systems, as it directly influences equipment sizing and protection 
coordination [1]. International guidelines such as the ANSI/IEEE standards (C37.5, C37.13, 
C37.010, and 141) and IEC 60909 address these calculations. However, they differ in their 
methodologies and parameters. These discrepancies have generated ongoing debate 
regarding which standard provides more accurate and suitable results under different 
system conditions [1], [2], [3]. The literature also highlights that variations in calculated short-
circuit currents can affect protection coordination and equipment design, impacting both 
system safety and operating costs [4]. 
 
This study aims to compare the methodologies of both standards by performing short-circuit 
simulations in an industrial distribution system using the electrical transient analyzer 
program (ETAP), version 20.0. The analysis will identify key differences between the 
standards and evaluate their impact on electrical design, providing recommendations to 
support the selection of the most appropriate standard for specific industrial applications. 
This comparison is motivated by the need to support engineers in selecting the most suitable 
standard depending on equipment requirements and study objectives. ANSI/IEEE standards 
are often preferred for circuit breaker duty and protection coordination studies, while IEC 
60909 is commonly applied when standardized calculation assumptions are required. 
 
Several studies and technical standards provide methodologies for calculating short-circuit 
currents, among which the ANSI/IEEE and IEC approaches stand out. These standards 
differ significantly in terms of accuracy and applicability, which has motivated a wide range 
of comparative research, assessing their effectiveness in different contexts. Several 
comparative studies [4], [5], [6], [7], [8] have conducted detailed evaluations of the IEC 
60909 and ANSI/IEEE 141-4 standards, using simulation tools such as DigSILENT 
PowerFactory to identify key differences in the results yielded by both methods. This 
complements previous research [9], [10], [11], [12], [13], which has also examined the 

https://doi.org/10.14483/23448393.22514


https://doi.org/10.14483/23448393.22514  

 Vol. 31 • No. 1• ISSN 0121-750X • E-ISSN 2344-8393 • Universidad Distrital Francisco José de Caldas 
 

accuracy of ANSI and IEC methodologies in industrial environments and highlights their 
corresponding strengths and limitations. Additionally, subsequent studies [6] have 
investigated the applicability of IEC-based results in arc-flash calculations according to IEEE 
1584, enabling a more comprehensive assessment of the risks associated with electrical 
faults. 
 
Research focused on 33-11 kV substations [14] has emphasized the importance of selecting 
an appropriate standard to obtain accurate short-circuit current calculations in complex 
systems. These studies, along with other analytical works [8], [9], demonstrate the 
applicability and limitations of each standard across different industrial scenarios. Overall, 
the reviewed literature highlights the need for further studies that comprehensively assess 
the differences between ANSI/IEEE and IEC short-circuit calculation approaches. This 
research aims to contribute to this discussion by providing a comparative analysis that 
supports engineers in selecting the most suitable standard based on the technical 
requirements of each system and its specific operating conditions. 
 
This article provides a detailed comparative analysis of the ANSI/IEEE C37 and 141 
standards and IEC 60909 for short-circuit current calculations, with a specific focus on 
identifying discrepancies and similarities in their methodologies and results. Unlike previous 
studies that focus on a single standard or present non-comparative analyses, this research 
offers a comprehensive evaluation based on practical case studies and simulations 
performed using ETAP 20.0. The main technical contributions of this work include the 
identification of key methodological differences, an assessment of their impact on system 
safety and reliability, and the development of tools to improve commonly used calculation 
procedures through the analysis of real-world case studies. 
 
There are methodological and parametric differences between the ANSI/IEEE and IEC 
standards for calculating short-circuit currents. However, their practical impact on the design 
and operation of industrial electrical systems has not been sufficiently investigated. Recent 
updates to both regulations introduce new elements that have not yet been comparatively 
examined in the existing literature, making it difficult to make an informed selection of the 
most appropriate approach. This lack of detailed and contextualized analysis creates 
uncertainty for engineers, particularly regarding the selection of protection devices, 
equipment settings, and protection coordination, all of which are critical to ensuring the 
safety and reliability of power systems. This research aims to address this gap by conducting 
a comparative analysis of both standards, using simulation tools to evaluate and document 
discrepancies in their results and assess their relevance in specific industrial applications. 
 
This paper is organized as follows. Section II presents a theoretical comparison of short-
circuit calculation methods, detailing the technical basis for analyzing alternating-current 
(AC) and direct-current (DC) components as well as network configuration. Section III 
describes the methodology, including the data collection process and the general procedure 
used to compare the standards. Section IV presents the practical case study of an industrial 
system, including calculations, figures, and results. Section V analyzes the results in terms 
of the different fault current types and the behavior of the ANSI/IEEE and IEC methods. 
Finally, Section VI presents the conclusions, and Section VII lists the references consulted 
for this research. 
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II. COMPARISON OF SHORT-CIRCUIT METHODS 

 
The following subsections present a general comparison between the ANSI/IEEE C.37, 
ANSI/IEEE 141, and IEC 60909 standards. 

A. General considerations 

In ANSI/IEEE standards C37.5, C37.13, C37.010, and 141, short-circuit calculations and 
equipment impedance values are primarily based on parameters provided by 
manufacturers, with tolerance margins applied to obtain conservative fault current estimates. 
As for short-circuit calculations in IEC 60909, a correction factor is applied to synchronous 
machines and transformers in order to account for nominal operating conditions [15], [16], 
[17], [18]. 
 

B. Pre-fault voltage 

The calculated short-circuit currents are proportional to the pre-fault voltages. The 
ANSI/IEEE standard assumes a maximum operating voltage, typically ranging from 100% 
to 105% of the nominal system voltage [2]. Therefore, the equivalent source voltage 
corresponding to the pre-fault condition is computed as follows: 
 

𝑈𝑝𝑟𝑒−𝑓𝑎𝑢𝑙𝑡 = 𝑈𝑛𝑜𝑚 = 1 𝑝. 𝑢. (1) 

 
On the other hand, the IEC standard uses a correction factor 𝑐 multiplied by the nominal bus 
voltage and specifies its range for different voltage levels, with 1.1 being the maximum value 
across all voltage levels. Therefore, the equivalent voltage at the fault location is computed 
as follows: 
 

𝑈𝑒𝑞 = 𝑐
𝑈𝑛

√3
 (2) 

 
where 𝑈𝑒𝑞 denotes the equivalent voltage source, 𝑈𝑛 is the nominal voltage of the system, 

and 𝑐 signifies multiplicative factor. 
 

C. Decay of AC components 

ANSI/IEEE favors the adjustment of machine reactance to calculate symmetrical interrupting 
currents. For induction machines and synchronous motors, the decay of AC short-circuit 
contributions is modeled using different reactance values for the first cycle and for the 
system network, spanning 1.5-4 cycles. In the case of synchronous generators, different 
multipliers are applied to the short-circuit current depending on the electrical distance 
between the machine and the fault location [15], [19], [20], [21]. 
 
In contrast, the IEC recommends considering the proximity of the machine to the short-
circuit, the system configuration, and the separation time. For a given fault location, system 
configuration and source contributions can be classified as single-supply short-circuits, non-
meshed network short-circuits, and meshed network short-circuits. When the short-circuit 
occurs away from the generator, the AC decay is neglected. However, when the short-circuit 
is close to the generator, the AC decay is calculated based on the interruption time, the 
machine size, and its short-circuit contribution to the fault [6]. 
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In this study, synchronous motors and induction machines were incorporated by assigning 
short-circuit current contributions according to their rated capacity and electrical proximity to 
the faulted bus. The transient decay was modeled using the corresponding sub-transient, 
transient, and steady-state reactance values, as recommended by each standard, in order 
to represent the time-dependent reduction of machine contributions during the interruption 
interval. 
 

D. Decay of DC components 

ANSI/IEEE recommends applying multipliers to symmetrical fault currents in order to 
calculate asymmetrical currents. A key concept in this standard for modeling the decay of 
DC components is the X/R ratio at the fault location. The standard requires the use of the 
reactance network to determine the equivalent reactance at the fault point, along with a 
separate resistance network to calculate the equivalent resistance. In contrast, the IEC 
standard is not restricted to a single X/R ratio and generally considers more than one. This 
approach is applicable when the fault is supplied by several independent sources [9], [22], 
[23], [24]. 
 

E. Network configuration 

ANSI/IEEE provides a systematic approach for all types of system configurations, whether 
they be meshed or non-meshed. This simplifies the calculation procedure. IEC offers 
different approaches to AC and DC decay for single-supply, meshed, and non-meshed 
systems. This classification refers to a given fault location. 
 

III. METHODOLOGY 

 
An industrial network was modeled while including the necessary elements for a short-circuit 
study, adjusting the parameters in accordance with the specifications of the studied 
standards (ANSI/IEEE C.37 and 141 and IEC 60909) [2], [3]. 
 

A. Data collection for modeling 

The data required to perform a short-circuit study include the following: 
 

● Utility interconnection points and the corresponding fault MVA levels (both three-phase 
and line-to-ground) to determine the equivalent grid impedance. 

● Generation data and rotating load data, including synchronous and induction motors, 
both individual and aggregated. 

● Data for static system equipment, such as transformers, cables, reactors, overhead 
lines, bus ducts, and other electrical components. 

● Impedance values of electrical components. 
 

B. General procedure 

The procedure required to determine the short-circuit analysis is illustrated in Fig. 1. 
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IV. CASE STUDY 

 
The short-circuit study was conducted on a typical 44-bus industrial system to illustrate the 
required calculations and resulting outcomes. This system, shown in Fig. 2, includes circuits 
at multiple voltage levels, local generation, a utility interconnection, and a variety of rotating 
machines. The utility operates at 69 kV, while the plant generators operate at 13.8 kV. Both 
the utility connection and the generators are assumed to be supplying power, and the 
rotating loads are considered to be operating near their full capacity. The system includes 
both induction and synchronous motors, and its general information is shown in Table I [5]. 
 

 
Figure 1. Procedure schematic 
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Figure 2. 44-bus industrial system 
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Table I 
 General information 

Buses 44 

Branches 43 

Generators 2 

Transmission lines 1 

Loads 30 

Load-MW 21.766 

Load-MVAR 9.009 

Generation-MW 21.919 

Generation-MVAR 9.969 

Losses-MW 0.156 

Losses-MVAR 0.961 

 
Considering the network topology and the base study presented in [9], the buses with the 
highest connected loads and the greatest fault current contributions, according to the short-
circuit and load flow simulations, were selected as the fault locations, i.e., 04:MILL-2, 
05:FDR F, 10:EMERG, 19:T7SEC, and 50:GEN1. 
 

V. RESULTS ANALYSIS 

 
The following subsections explicitly analyze the differences between the ANSI/IEEE C.37, 
ANSI/IEEE 141, and IEC 60909 standards. To this effect, the short-circuit modeling 
parameters, including the fault impedance, source representation, and X/R ratio, are 
assumed to be identical in order to ensure consistent results. 

A. Symmetrical initial short-circuits current 

ANSI/IEEE. The RMS (symmetrical) momentary short-circuit current of the first cycle for a 
zero-impedance fault is calculated as follows: 
 

𝐼𝑚𝑜𝑚,𝑟𝑚𝑠,𝑠𝑦𝑚𝑚 =
𝑈𝑓

√3𝑍𝑒𝑞

 (3) 

 
where 𝑈𝑓 is the pre-fault voltage, and 𝑍𝑒𝑞 is the equivalent impedance at faulted bus. The 

latter is obtained by reducing separate networks for 𝑋 and 𝑅 within half-cycle. 
 
IEC. The initial short-circuit current can be calculated using the method of symmetrical 
components. This approach is applicable to both meshed and non-meshed networks. For 
faults located close to the generator, 
 

𝐼𝑘
′′ =

𝑐𝑈𝑛

√3 𝑍𝑘

 (4) 
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where 𝑍𝑘 denotes the equivalent impedance at the fault location. For faults far from the 

generator, impedance correction factors should be considered for generators (𝐾𝐺) and 
power plant units (𝐾𝑆). 
 
The results for the initial symmetrical short-circuit currents are presented in Table II. The 
discrepancies largely depend on the proximity to the generators. The results show that the 
IEC short-circuit current values are higher than those obtained using the ANSI/IEEE 
approach. This difference is mainly attributed to the contribution of rotating machines located 
along the path between the fault sources and the fault location, which supply the momentary 
current. In addition, the impedance of the intervening equipment limits the fault current' 
contribution, affecting the calculated short-circuit currents at specific buses. 
 

Table II 
 Initial symmetrical short-circuit currents 

Bus 𝑽𝒏𝒐𝒎 [kV] 

ANSI/IEEE IEC 
Relative 
error [%] 𝑋

𝑅
 

𝐼𝑚𝑜𝑛,𝑟𝑚𝑠,𝑠𝑦𝑚𝑚 

[kA] 
Factor 𝑐 

𝑋

𝑅
 𝐼𝑘

′′ [kA] 

04:MILL-2 13.8 25.169 13.598 1.1 25.2 14.7217 8.27 

05:FDR F 13.8 12.439 13.630 1.1 12.5 14.8519 8.96 

10:EMERG 13.8 8.881 12.684 1.1 9.0 13.7503 8.40 

19:T7SEC 2.4 13.702 18.438 1.1 13.9 20.1240 9.14 

50:GEN1 13.8 21.806 13.733 1.1 22.1 14.9371 8.77 

 

B. ½ cycle short-circuit current (closing and blocking) 

ANSI/IEEE. The most accurate approach is to use the asymmetrical RMS value of the 
momentary short-circuit current: 
 

𝐼𝑚𝑜𝑚,𝑟𝑚𝑠,𝑎𝑠𝑦𝑚𝑚 = 𝑀𝐹𝑚 · 𝐼𝑚𝑜𝑚,𝑟𝑚𝑠,𝑠𝑦𝑚𝑚 (5) 

 
where 𝑀𝐹𝑚 denotes the momentary multiplying factor, which is computed as 
 

𝑀𝐹𝑚 = √1 + 2𝑒
−2𝜋
𝑋/𝑅  

(6) 

 
The closing and blocking stress currents are asymmetric fault currents that are calculated in 
½ cycle after the start of the fault [5]. ANSI/IEEE recommends the same network because, 
in ½ cycle, the machine model remains valid. This is performed by applying (6) with a time 
interval of 0.5 cycles for different X/R values. 
 
IEC. The standard does not explicitly account for asymmetric half-cycle currents. For 
comparison purposes, these currents were calculated as follows: 
 

𝐼𝑘
′′ 1/2 = 𝑀𝐹𝑚 · 𝐼𝑘

′′ (7) 

 
The results are presented in Table III, considering that the IEC multiplying factor is set nearly 
identical to that of the methodology given by the ANSI/IEEE, considering the X/R ratio. The 
resulting short-circuit current values are very similar, with differences of less than 10%, 

https://doi.org/10.14483/23448393.22514


https://doi.org/10.14483/23448393.22514  

 Vol. 31 • No. 1• ISSN 0121-750X • E-ISSN 2344-8393 • Universidad Distrital Francisco José de Caldas 
 

indicating low discrepancies between the two standards. This outcome is particularly 
relevant for bus 19:T7SEC, a 2.4 kV node that receives contributions from two high-power 
motors (1250 and 2500 HP, respectively). These synchronous machines contribute 
significantly to the initial short-circuit current, leading to very high current values. 
 

Table III 
 Closing and locking short-circuit currents 

Bus 𝑽𝒏𝒐𝒎 [kV] 
ANSI/IEEE IEC Relative 

error [%] 𝑀𝐹𝑚 𝐼𝑚𝑜𝑛,𝑟𝑚𝑠,𝑠𝑦𝑚𝑚 [kA] 𝑀𝐹𝑚 𝐼𝑘
′′ 1/2 [kA] 

04:MILL-2 13.8 1.60 21.75 1.60 23.55 8.28 

05:FDR F 13.8 1.49 20.25 1.49 22.08 9.04 

10:EMERG 13.8 1.41 17.87 1.41 19.42 8.66 

19:T7SEC 2.4 1.50 27.75 1.51 30.34 9.34 

50:GEN1 13.8 1.58 21.71 1.58 23.64 8.90 

 

C. Peak fault currents 

ANSI/IEEE. The maximum value of the momentary short-circuit current is computed using 
 

𝐼𝑚𝑜𝑚,𝑝𝑒𝑎𝑘 = 𝑀𝐹𝑝 · 𝐼𝑚𝑜𝑚,𝑟𝑚𝑠,𝑠𝑦𝑚𝑚 (8) 

 
where 𝑀𝐹𝑝 denotes the maximum multiplication factor, which is calculated as follows: 

 

𝑀𝐹𝑝 = √2 (1 + 𝑒
−

𝜋
𝑋/𝑅) (9) 

 
IEC. The recommendation is to perform the calculation separately for each branch of the 
X/R ratio, and then the maximum current (𝐼𝑝) is computed as follows: 

 

𝐼𝑝 = 𝑘√2𝐼𝑘
′′ (10) 

 
where 𝐼𝑘

′′ denotes initial short-circuit current, and 𝑘 is a factor that depends on the system’s 

X/R ratio at the fault location, which is obtained from Fig. 3. 
 

 

Figure 3. K-factor for series circuits as a function of 
𝑋

𝑅
. 
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These standards describe three techniques for calculating the maximum short-circuit current 
in meshed networks. The 𝑐 method was selected for this study [1]. Here, the equivalent 
impedance is calculated at the fault location using a frequency 𝑓𝑐 = 24 Hz (for a nominal 

frequency 𝑓 = 60 Hz). The R/X ratio is calculated as follows: 
 

𝑅

𝑋
=

𝑅𝑐

𝑋𝑐
.
𝑓𝑐

𝑓
 (11) 

 
where 𝑅𝑐 is the real equivalent effective resistance component, and 𝑋𝑐 denotes the 
imaginary equivalent effective reactance. The equivalent impedance is given by 
 

𝑍𝑐 = 𝑅𝑐 + 𝑗𝑋𝑐 (12) 
 
The same calculation is applied for faults located either far from or close to the generator. 
In addition, impedance correction factors for generators (𝐾𝐺) and/or power plant units (𝐾𝑆) 
must be considered [11]. The results are presented in Table IV. 
 
 

Table IV 
 Short crest and peak current 

Bus 𝑽𝒏𝒐𝒎 [kV] 
ANSI/IEEE IEC Relative 

error [%] 𝑀𝐹𝑝 𝐼𝑚𝑜𝑛,𝑝𝑒𝑎𝑘  [kA] Factor 𝑘 𝐼𝑝 [kA] 

04:MILL-2 13.8 2.64 35.86 2.6 38.02 6.02 

05:FDR F 13.8 2.47 33.65 2.5 36.89 9.64 

10:EMERG 13.8 2.35 29.83 2.4 32.61 9.32 

19:T7SEC 2.4 2.50 46.05 2.5 49.79 8.13 

50:GEN1 13.8 2.61 35.85 2.6 38.03 6.10 

 

D. Breakdown current 

ANSI/IEEE. The interrupting currents correspond to the short-circuit currents in the time 
range of 1.5-4 cycles after fault inception. In this case, the contributions are considered 
remote, and the calculations are performed based on the total current. The symmetrical 
value, corrected by the factor 𝑀𝐹𝑟, can be obtained as follows 
 

𝑀𝐹𝑟 = √1 + 2𝑒
−

4𝜋
𝑋/𝑅

𝑡
 

(13) 

 
where 𝑡 denotes the circuit breaker contact separation time (in cycles). An alternative 
method is illustrated in Fig 4. 
 

E. Setting the interrupting current 

The real multiplication factor (𝐴𝑀𝐹𝑖) is determined using the 𝑁𝐶𝐴𝐷 relationship. 
 

𝐴𝑀𝐹𝑖 = 𝑀𝐹𝑙 + 𝑁𝐶𝐴𝐷 (14) 
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Figure 4. Remote multiplication factor. 

 
For symmetrically rated circuit breakers, the adjusted RMS interrupting short-circuit current 
is calculated using 

 
 

𝐼𝑖𝑛𝑡,𝑟𝑚𝑠,𝑎𝑑𝑗 =
𝐴𝑀𝐹𝑖 · 𝐼𝑖𝑛𝑡,𝑟𝑚𝑠,𝑠𝑦𝑚𝑚

𝑆
 (15) 

 
where 𝑁𝐶𝐴𝐷 represents the remote contributions to the total short-circuit current. The 

variable 𝑆 is the correction factor that considers the AC high voltage switch. 
 
IEC. The breaking current is used to determine the breaking capacity of automatic switches. 
For faults located far from the generator, it is expressed as follows: 
 

𝐼𝑏 = 𝐼"𝑘 (16) 
 
For faults near the generator, the DC component of the short-circuit current is given by 
 

𝐼𝑑𝑐 = 𝐼"𝑘√2𝑒
(

−2𝜋𝑓𝑡𝑚𝑖𝑛
𝑋
𝑅

)

 
(17) 

 
where 𝑓 is the natural frequency, and 𝑡𝑚𝑖𝑛denotes the minimum response time of the 
protection device. This standard determines the calculation of the breakdown current by the 
type of machine [12], [25], [26]. This approach involves the calculation of synchronous 
machines as given by 
 

𝐼𝑏 = 𝜇 · 𝐼"𝑘 (18) 
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where 𝜇 is decrement factor, 𝐼"𝑘 represents the initial short-circuit current, and 𝐼𝑏 denotes 

the symmetrical cutting current. The factor 𝜇 is calculated as follows, depending on the 

minimum delay time, the ratio 
𝐼"𝑘𝐺

𝐼"𝑟𝐺
, and the nominal generator current: 

 

𝜇 = 0.84 + 0.26 · 𝑒
−0.26

𝐼"𝑘𝐺
𝐼"𝑟𝐺             𝑡𝑚𝑖𝑛

= 0.02𝑠 𝜇
= 0.71 + 0.51

· 𝑒
−0.30

𝐼"𝑘𝐺
𝐼"𝑟𝐺             𝑡𝑚𝑖𝑛

= 0.05𝑠 𝜇
= 0.62 + 0.72

· 𝑒
−0.32

𝐼"𝑘𝐺
𝐼"𝑟𝐺             𝑡𝑚𝑖𝑛

= 0.10𝑠 𝜇
= 0.56 + 0.94

· 𝑒
−0.38

𝐼"𝑘𝐺
𝐼"𝑟𝐺             𝑡𝑚𝑖𝑛 ≥ 0.25𝑠   

(19) 

 
The factor 𝜇 can also be obtained from Fig. 5. 
 

 
Figure 5. Factor 𝜇 for calculating short-circuit breaker current 

 

F. Asymmetric opening current 

During the closing or opening of switches, it is necessary to calculate the current flowing at 
the instant when the contacts separate. Therefore, the asymmetric breaking current must 
be determined. Starting from the symmetric breaking current 𝐼𝑏 of the AC component, and 

by applying the superposition theorem, the DC component current 𝐼𝑑𝑐, evaluated at the same 
instant, is added [10]. Thus, the breaking current is given by 
 

𝐼𝑏,𝑎𝑠𝑦𝑚𝑚 = √𝐼𝑏
2 + 𝐼𝑑𝑐

2  (20) 

 
where 𝐼𝑏𝑎𝑠𝑦𝑚𝑚 is the RMS asymmetric breaking current, 𝐼𝑏 the RMS symmetric current of 

the AC component, and 𝐼𝑑𝑐 the DC component. A more detailed calculation technique 
involves determining the symmetrical breakdown current while considering the exact 
opening time, the type of machine, and its proximity to the short-circuit. For this example, 
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the calculation is performed using a breaking time of 0.1 s, the time defined in the 
simulations. A detailed report of the results is presented in Table V. 
 

Table V 
 Breaking and interruption current 

Bus 
𝑽𝒏𝒐𝒎 
[kV] 

ANSI/IEEE IEC Relative 
error [%] 𝑿/𝑹 ratio 𝑴𝑭𝒓 𝑰𝒂𝒅𝒋,𝒔𝒚𝒎𝒎 [kA] 𝑰𝒅𝒄 𝑰𝒃,𝒔𝒚𝒎 𝑰𝒃,𝒂𝒔𝒚𝒎 

04:MILL-2 13.8 24.832 1.067 13.314 4.049 12.205 12.859 3.42 

05:FDR F 13.8 12.844 1 12.897 1.520 12.104 12.199 5.41 

10:EMERG 13.8 9.242 1 11.684 0.488 11.603 11.614 0.60 

19:T7SEC 2.4 13.265 1 16.661 1.537 17.019 17.088 2.57 

50:GEN1 13.8 22.644 1.038 13.528 3.591 12.010 12.535 7.34 

 
Note that, except for the generators, the effective reactances used in IEC are generally lower 
than those of ANSI/IEEE for short compensation times. Although IEC assumes higher pre-
fault voltages, the reactance adjustment becomes the dominant factor, explaining the 
difference from other comparisons with higher IEC values. 
 

G. ANSI/IEEE’s time delay current vs. IEC’s steady-state currents 

Both the IEC and ANSI/IEEE procedures assume that transient effects have decayed by the 
time the steady-state current occurs and are therefore not considered in the modeling. 
 
IEC. The amplitude of the permanent short-circuit current 𝐼𝑘 depends on the saturation state 
of the magnetic circuit. For faults located far from the generator, it is computed as follows: 
 

𝐼𝑘 = 𝐼"𝑘 (21) 
 
For faults close to the generator, the maximum and minimum fault currents in the steady 
state under the highest and lowest excitations of the synchronous generator are given by 
 

𝐼𝑘𝑚𝑎𝑥 = 𝜆𝑚𝑎𝑥 · 𝐼𝑟𝐺  𝐼𝑘𝑚𝑖𝑛 = 𝜆𝑚𝑖𝑛 · 𝐼𝑟𝐺   (22) 

 
where 𝐼𝑘𝑚𝑎𝑥 is the maximum fault current, 𝐼𝑘𝑚𝑖𝑛 the minimum current in the steady state, 
𝜆𝑚𝑎𝑥 the maximum scaling coefficient, and 𝜆𝑚𝑖𝑛 the minimum scaling coefficient, which 
depends on the saturation inductance and the nominal generator current [11]. The values of 
𝜆𝑚𝑎𝑥 and 𝜆𝑚𝑖𝑛 are obtained from Fig. 6. 
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Figure 6. 𝜆𝑚𝑎𝑥 and 𝜆𝑚𝑖𝑛 factors for turbogenerators 

 
ANSI/IEEE. The contributions of all motors are ignored, and only generators contributing to 
the fault are considered. The DC component is zero in a 30-cycle network. The steady-state 
reactance of the network components is used to calculate the fault current and the steady-
state short-circuit current: 
 

𝐼𝑒𝑠𝑡,𝑟𝑚𝑠,𝑠𝑦𝑚𝑚 =
𝑈𝑓

√3𝑍𝑒𝑞

 (23) 

 
where 𝑍𝑒𝑞 denotes the equivalent impedance at the fault point (generators and passive 

equipment). The permanent and delay short-circuit currents are presented in Table VI. 
 

Table VI 
Permanent and delay short-circuit currents 

Bus 𝑽𝒏𝒐𝒎 [kV] 
ANSI/IEEE IEC Relative 

error [%] 𝐼𝑒𝑠𝑡,𝑟𝑚𝑠,𝑠𝑦𝑚 [kA] 𝐼𝑘 [kA] 

04:MILL-2 13.8 11.455 12.148 6.05 

05:FDR F 13.8 11.736 12.089 3.01 

10:EMERG 13.8 10.961 11.467 4.61 

19:T7SEC 2.4 13.701 14.294 4.33 

50:GEN1 13.8 11.921 12.199 2.33 

 
According to ANSI/IEEE standards, the network model includes only generators, which are 
represented by either their transient reactance or a higher reactance value [5]. ANSI/IEEE 
uses the transient reactance of the machines. In contrast, IEC assumes that the motors no 
longer contribute to the short-circuit current. Therefore, the differences between both 
methods are mainly attributed to the reactance values applied. 
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VI. CONCLUSIONS 

 
The results reveal significant differences in the short-circuit currents calculated using the 
IEC and ANSI/IEEE standards, mainly due to their distinct methodological approaches. In 
general, IEC yields higher short-circuit current values, particularly at buses electrically close 
to generators. This behavior is consistent with the findings of [4], who emphasize that the 
IEC standard considers more sustained contributions from rotating machines, leading to 
more conservative results in complex industrial systems. 
 
Regarding asymmetric closing and blocking currents, the differences between IEC and 
ANSI/IEEE were below 10%, which supports the equivalence reported in previous studies 
[1]. This similarity suggests that both standards rely on comparable modeling principles. 
However, IEC adjusts reactance values according to compensation time, whereas 
ANSI/IEEE applies transient reactance assumptions. As highlighted by Bandaru [12], this 
IEC-specific approach becomes particularly relevant in systems where rapid response times 
are critical. 
 
Regarding the X/R ratio, ANSI/IEEE tends to apply higher reactance multipliers, which 
generally results in lower calculated short-circuit currents compared to IEC. This 
discrepancy reinforces the importance of selecting the most appropriate standard based on 
the characteristics and criticality of the electrical system. While IEC may provide a more 
conservative perspective that is suitable for highly demanding environments, ANSI/IEEE 
may be preferable in applications where different assumptions about transient behavior are 
more representative. The literature consistently indicates that a clear understanding of these 
methodological differences can support better protection coordination and improve overall 
system efficiency. 
 
The results confirm the expected behavior in which IEC-based calculations consistently 
produce higher short-circuit currents than those obtained under ANSI/IEEE criteria. This 
outcome can be explained by the influence of system topology, particularly the electrical 
proximity to generation sources and the interconnection paths between buses, as well as by 
the contribution of rotating machines, whose inertia and transient response are represented 
differently. These differences are not only relevant from a numerical perspective; they also 
have direct practical implications for protection coordination, since they affect relay settings, 
interrupting duties, and equipment withstand capabilities. Consequently, understanding why 
IEC yields more conservative currents becomes essential for ensuring adequate breaker 
selection, reliable protection performance, and overall system safety in industrial networks. 
 
This study contributes to a deeper understanding of how IEC and ANSI/IEEE standards 
influence short-circuit calculations in industrial systems through simulations performed in 
ETAP 20.0. The accurate modeling of a 44-bus industrial network enabled the evaluation of 
multiple fault scenarios and a detailed comparison between both regulations. The results 
also confirmed the high consistency between ETAP simulations and manual calculations, 
reinforcing the usefulness of software tools in system planning and protection design. 
Nevertheless, since the analysis was limited to a single industrial configuration, future work 
should extend the comparison to different voltage levels, network topologies, and additional 
international standards, including scenarios with emerging generation and storage 
technologies. 
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