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Disclaimer 

This document is provided for informational purposes only. Anyone who uses this 

document is responsible for determining whether or not it applies to his or her activities. 

At no time will BBA or the author be held liable for any error or omission that the 

document may contain or that may result from its use. 

The information contained in this document is the proprietary and exclusive property of 

BBA Inc. except as otherwise indicated. No part of this document may be reproduced, 

stored, transmitted, or used for design purposes without the prior written consent of BBA 

Inc.  

The information contained in this document is subject to change without notice.  
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Executive summary 

The IEEE 1584 Guide for Performing Arc-Flash Hazard Calculations provides equations for 

assessing the amount of thermal energy that a worker might receive from electrical 

equipment in the event of an arc flash. These equations have remained the same since 

the standard was first published in 2002. Based on the results of more than 1,800 tests, 

the 2018 edition of the guide provides formulas that are both more accurate and more 

complex and that take into account, in particular, the conductor configuration at the 

arc’s location as well as the dimensions of the equipment in which it occurs. 

This analysis will explain the differences between the 2002 and 2018 versions of the IEEE 

1584 standard and measure the impact on results established with the 2002 calculation 

equations. Special attention must be paid to the configuration of conductors for the 

equipment analyzed given its impact on incident energy results. Finally, the complexity 

of the model must reflect the industrial reality: the expert must select, among the 

proposed parameters, those most representative of, and/or disadvantageous to, the 

actual installations and the work to be carried out on these.   
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Introduction 

The IEEE 1584-2018 Guide for Performing Arc-Flash Hazard Calculations was published in 

December 2018. 

This guide, which is recognized by industry, provides calculation equations for 

determining the amount of thermal energy that a person might receive when working 

on electrical equipment should an arc flash occur. The results of these calculations for 

incident thermal energy (cal/cm²) are used to evaluate the gravity of potential hazards 

during electrical work and to determine the minimum thermal performance values for 

the personal protective equipment (PPE) that workers must wear. They are also used to 

determine the distance at which rated arc flash PPE is required to avoid burns as well as 

to assess risk mitigation measures. 

The 2002 edition of the IEEE 1584 standard provided empirical calculation formulas 

based on the results of over 300 arc flash tests conducted in a laboratory using vertical 

electrodes in open air or in an enclosure. Minor changes were made to this standard in 

2004, 2011 and 2013, but the same equations had been used since the first publication. 

Many IEEE papers have been published since 2002 on arc flash hazards, showing that 

certain parameters not included in the tests used to establish this initial standard could 

impact the results and lead to incident energy levels greater than those determined 

with the equations in the IEEE 1584 standard. These disregarded parameters include the 

actual configuration of the electrodes (conductors/bars) in electrical equipment as well 

as the vertical configuration tested (vertical electrodes with barriers, horizontal 

electrodes), the dimension of the enclosure in which the arc flash occurs, and the 

potential for an arc flash to persist at low voltage (208 V) with lowpower transformers. 

The IEEE 1584-2018 standard provides new empirical formulas that are now based on 

more than 1,800 tests: these equations are more accurate, but also more complex. The 

calculation parameters factor in three new electrode configurations (vertical electrodes 

terminated in an insulating barrier inside an enclosure [VCBB], horizontal electrodes 

inside an enclosure [HCB], and horizontal electrodes in open air [HOA]), the actual 

dimensions of the electrical equipment enclosures, and other changes identified in this 

paper. 

The purpose of this document is to present what's new in the 2018 version of the IEEE 

1584 standard, using a comparative table to show the differences between the 2002 

and 2018 versions. 
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The second part of this document presents various charts showing the individual effect 

of the main parameters for the incident energy calculation equations (system voltage, 

fault current, arc duration or clearing time, working distance, gaps between 

conductors). The charts also compare the impact of these parameters to their impact in 

the previous formulas from the IEEE 1584-2002 standard. 

The third part of the paper presents the comparative results for actual installations that 

were analyzed using the 2002 version of the standard and again using the new 

equations from the 2018 version. 
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Modeling Parameter Sensitivity Analysis 

This section presents a sensitivity analysis for modelling parameters with an impact on 

incident energy (cal/cm²). The following charts compare the effect of changes in a 

given parameter on the evaluation model when the other parameters stay the same. 

Additionally, the same chart for a given voltage level shows the effect of this variation 

based on conductor configuration (VOA, HOA, VCB, VCBB and HCB) and compares it 

to the results obtained with the IEEE 1584-2002 model. 

For the purpose of comparisons with industrial installations, the following analysis 

parameters were selected for the two configurations analyzed. 

 

• Arcing current Iarc (kA) vs Bolted fault current 3Ø: Ibf (kA) (Charts 1 and 2)  

• Incident energy E (cal/cm²) vs Bolted fault current 3Ø: Ibf (kA) (Charts 3 and 4)  

• Incident energy E (cal/cm²) vs Arc duration: Tarc (ms) (Charts 5 and 6)  

• Incident energy E (cal/cm²) vs Working distance: Darc (mm) (Charts 7 and 8) 

• Incident energy E (cal/cm²) vs Gap between electrodes: Gap (mm) (Charts 9 

and 10) 
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Variation in incident energy 

The table below shows the effect of doubling the fault current, clearing time, working 

distance, and gap between conductors on incident energy where other parameters 

are constant. This analysis was conducted with the IEEE 1584-2002 and -2018 equations 

for three configurations of electrodes in an enclosure. 

 
 

 
 
 
 
 

Analysis and comments on results 

 

In light of the charts and tables presented earlier, certain general comments can be 

formulated:  

• Arc currents based on fault current: 

o For a given 3Ø fault current, the arc current increases based on conductor 

configuration as follows: HOA < VOA < HCB < VCB < VCBB.  
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o At medium voltage, the arc currents obtained with the IEEE 1584-2018 

model are weaker than those with the 2002 version regardless of 

conductor configuration. 

• Incident energy based on Ibf, Tarc, D and GAP:  

o For each of these four parameters, incident energy increases based on 

conductor configuration as follows: VOA < HOA < VCB < VCBB < HCB at 

low voltage and VOA < VCB < VCBB < HOA < HCB at medium voltage.  

o With the 2018 model, incident energy for an HCB configuration is greater 

than that evaluated with the 2002 model.  

o At medium voltage, the 2018 model also yields incident energy greater 

than the 2002 model for a VCBB configuration.  

o The same orders of magnitude (rules of thumb) used with the 2002 

equations can be used with the 2018 equations where other parameters 

are constant:  

▪ Incident energy increases proportionately to the fault current and 

the clearing time. 

▪ Incident energy decreases exponentially with working distance 

(1/Dint.).  

▪ Incident energy increases very little as a function of the gap 

between conductors (GAP). 

 

Comparative Results for Industrial 

Installations 

To concretely assess the impact of the 2018 calculation guide on the analyses 

conducted with the 2002 version, this section presents a few comparative results for arc 

flash hazard analyses that BBA recently carried out for industrial installations.  

Comparative results tables are also presented to show impacts for the dimensions of 

certain equipment found in industrial installations versus the results from equations in the 

IEEE 1584- 2002 standard and in the IEEE 1584-2018 standard using the proposed 

standard dimensions. 
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Impact of enclosure size 

600 V disconnect switch 

VCBB configuration 

 

 

HCB Configuration 
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600 V motor control centre (MCC) 

VCBB configuration 

 

 

HCB configuration 
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600 V low-voltage switchgear (LV SWG) 

VCBB configuration 

 

 

HCB configuration 
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4,160 V motor control centre (MCC) 

VCBB configuration 

 

 

HCB configuration 
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13,800 V breaker 

VCBB configuration 

 

 

HCB configuration 
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Analysis and comments on results 

The results presented in the above analysis tables confirm the comments on the 

parameter sensitivity analysis in the previous section. The decline or increase in certain 

parameters can lead to the reverse effect on other parameters. These combinations 

mean that the differences observed with the results established with the 2002 standard 

can be mitigated or amplified with the equations in the 2018 version. The performance 

of the protective device(s) upstream from the arc fault is the most obvious case. For a 

given fault current, depending on the conductor (bar) configuration, the arc current 

may, for example, be weaker than that established with the 2002 model, but may 

increase clearing time if the upstream protection is not instantaneous or definite-time. 

Nonetheless, we can generally predict that: 

• for an HCB configuration, the 2018 incident energy will be higher than the 2002 

level at low and medium voltages; 

• for a VCBB configuration, the 2018 incident energy is lower than the 2002 level at 

low voltage, more or less the same at 4.16 kV, and higher at 13.8 kV
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Conclusion 

The IEEE 1584-2018 standard provides new, more accurate empirical formulas because 

they are based on a significant number of tests as well as on conductor configurations 

representative of electrical installations. However, the equations and the calculation 

methodology are far more complex and involve a higher number of input parameters 

that affect incident energy results (cal/cm²). 

Three key elements in this new edition of the standard are a challenge when analyzing 

arc flash hazards: 

1. Configuration/orientation of conductors/electrodes 

• VCB: Vertical conductors/electrodes inside a metal box/enclosure 

• VOA: Vertical conductors/electrodes in open air 

• VCBB: Vertical conductors/electrodes terminated in an insulating barrier inside a 

metal box/enclosure 

• HCB: Horizontal conductors/electrodes inside a metal box/enclosure 

• HOA: Horizontal conductors/electrodes in open air 

2. Dimension of enclosures 

• Width/height/depth of the enclosure; 

3. Analysis of 120/208 V and 120-240 V distribution 

• Distribution where the fault level is greater than 2 kA. 

These new inputs will have to be included in future studies and will require more effort for 

electrical installation surveys in order to factor in the specificities of the installed 

equipment. It will also be necessary to analyze the configuration of the conductors and 

sets of bars for the range of equipment with which workers may come into contact in 

the course of their work. Finally, the complexity of the model must reflect the industrial 

reality: the expert must select, among the proposed parameters, those most 

representative of, and/or disadvantageous to, the actual installations and the work to 

be carried out on these. 
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