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Abstract: This guide provides mathematical models for designers and facility operators to apply
in determining the arc-flash hazard distance and the incident energy to which workers could be
exposed during their work on or near electrical equipment.
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These notices
and disclaimers, or a reference to this page, appear in all standards and may be found under the heading
“Important Notices and Disclaimers Concerning IEEE Standards Documents.” They can also be obtained on
request from IEEE or viewed at http://standards.ieee.org/ipr/disclaimers.html.

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use,
are developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a consensus
development process, approved by the American National Standards Institute (“ANSI”), which brings
together volunteers representing varied viewpoints and interests to achieve the final product. IEEE Standards
are documents developed through scientific, academic, and industry-based technical working groups.
Volunteers in IEEE working groups are not necessarily members of the Institute and participate without
compensation from IEEE. While IEEE administers the process and establishes rules to promote fairness in the
consensus development process, IEEE does not independently evaluate, test, or verify the accuracy of any of
the information or the soundness of any judgments contained in its standards.

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. Implementers and users of IEEE Standards
documents are responsible for determining and complying with all appropriate safety, security, environmental,
health, and interference protection practices and all applicable laws and regulations.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and
expressly disclaims all warranties (express, implied and statutory) not included in this or any other document
relating to the standard, including, but not limited to, the warranties of: merchantability; fitness for a particular
purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness of material. In
addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort. IEEE standards
documents are supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. The existence of an IEEE standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to
the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved and
issued is subject to change brought about through developments in the state of the art and comments received
from users of the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his or
her own independent judgment in the exercise of reasonable care in any given circumstances or, as appropriate,
seek the advice of a competent professional in determining the appropriateness of a given IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.
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Translations

The IEEE consensus development process involves the review of documents in English only. In the event that
an [EEE standard is translated, only the English version published by IEEE should be considered the approved
IEEE standard.

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board Operations
Manual shall not be considered or inferred to be the official position of IEEE or any of its committees and shall
not be considered to be, or be relied upon as, a formal position of IEEE. At lectures, symposia, seminars, or
educational courses, an individual presenting information on IEEE standards shall make it clear that his or her
views should be considered the personal views of that individual rather than the formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless
of membership affiliation with IEEE. However, IEEE does not provide consulting information or advice
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a
consensus of concerned interests, it is important that any responses to comments and questions also receive
the concurrence of a balance of interests. For this reason, IEEE and the members of its societies and Standards
Coordinating Committees are not able to provide an instant response to comments or questions except in
those cases where the matter has previously been addressed. For the same reason, IEEE does not respond to
interpretation requests. Any person who would like to participate in revisions to an IEEE standard is welcome
to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document does not imply compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in
compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws. They
are made available by IEEE and are adopted for a wide variety of both public and private uses. These include
both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the
promotion of engineering practices and methods. By making these documents available for use and adoption
by public authorities and private users, IEEE does not waive any rights in copyright to the documents.
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Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to photocopy
portions of any individual standard for company or organizational internal use or individual, non-commercial
use only. To arrange for payment of licensing fees, please contact Copyright Clearance Center, Customer
Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions
of any individual standard for educational classroom use can also be obtained through the Copyright Clearance
Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. A current IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every ten years. When a document is more than ten years
old and has not undergone a revision process, it is reasonable to conclude that its contents, although still of
some value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that
they have the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended
through the issuance of amendments, corrigenda, or errata, visit IEEE Xplore at http://ieeexplore.ieee.org/ or
contact IEEE at the address listed previously. For more information about the IEEE-SA or IEEE’s standards
development process, visit the IEEE-SA Website at http://standards.ieee.org.

Errata

Errata, if any, for IEEE standards can be accessed via https://standards.ieee.org/standard/index.html. Search
for standard number and year of approval to access the web page of the published standard. Errata links are
located under the Additional Resources Details section. Errata are also available in IEEE Xplore: https://
ieeexplore.ieee.org/browse/standards/collection/ieee.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to the
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE-
SA Website at http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate
whether the Submitter is willing or unwilling to grant licenses under patent rights without compensation
or under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair
discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible foridentifying Essential Patent Claims for which a license may be required, for conducting inquiries
into the legal validity or scope of Patents Claims, or determining whether any licensing terms or conditions
provided in connection with submission of a Letter of Assurance, if any, or in any licensing agreements are
reasonable or non-discriminatory. Users of this standard are expressly advised that determination of the
validity of any patent rights, and the risk of infringement of such rights, is entirely their own responsibility.
Further information may be obtained from the IEEE Standards Association.
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Introduction

| This introduction is not part of IEEE Std 1584-2018, IEEE Guide for Performing Arc-Flash Hazard Calculations.

A technical paper, “The other electrical hazard: electric arc blast burns,” by Ralph Lee [B67]" provided
insight that electric-arc burns make up a substantial portion of the injuries from electrical malfunctions.
Mr. Lee identified that electric arcing is the term applied to current passing through vapor from the arc terminal
conductive metal or carbon material. The extremely high temperatures of these arcs can cause fatal burns at up
to about 1.5 m (5 ft) and major burns at up to about 3 m (10 ft) distance from the arc. Additionally, electric arcs
expel droplets of molten terminal material that shower the immediate vicinity, similar to but more extensive
than that from electric arc welding. These findings started to fill a void created by early works that identified
electric shock as the major electrical hazard. Mr. Lee’s work also helped establish a relationship between
time to human tissue cell death and temperature, as well as a curable skin burn time-temperature relationship.
Once forensic analysis of electrical incidents focused on the arc-flash hazard, experience over a period of time
indicated that Mr. Lee’s formulas for calculating the distance-energy relationship from the source of arc did
not serve to reconcile the greater thermal effect on persons positioned in front of opened doors or removed
covers, from arcs inside electrical equipment enclosures.

A technical paper, “Predicting incident energy to better manage the electric arc hazard on 600 V power
distribution systems,” by Doughty, Neal, and Floyd [B29] presented the findings from many structured tests
using both “arcs in open air” and “arcs in a cubic box.” These three-phase tests were performed at the 600 V
rating and are applicable for the range of 16 000 A to 50 000 A short-circuit fault current. It was established that
the contribution of heat reflected from surfaces near the arc intensifies the heat directed toward the opening of
the enclosure.

The focus of industry on electrical safety and recognition of arc-flash burns highlighted the need for protecting
workers from arc-flash hazards. There are limitations in applying the currently known formulas for calculating
incident energy and arc-flash boundary as discussed throughout this guide, which uses empirically derived
models based on statistical analysis and curve fitting of the overall test data available as well as an understanding
of electrical arc physics. This is a guide that can help inform worker and worksite considerations, but specific
worksite variables and considerations must be evaluated.

The P1584 working group organized testing and developed a model of incident energy that was published in the
2002 version of this guide. The model detailed in IEEE Std 1584-2002 has been used with success throughout
industry. There are numerous variables in addition to those included in the 2002 model that can increase or
decrease the value of incident energy from an arcing fault. Other researchers, during their testing, have found
significantly different values than those calculated using that model. The updated model of incident energy
documented in this guide was developed from further testing organized by the IEEE/NFPA Collaborative Arc
Flash Research Project.

'The numbers in brackets correspond to those of the bibliography in Annex A.
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IEEE Guide for Performing
Arc-Flash Hazard Calculations
1. Overview

1.1 Scope

This guide provides models and an analytical process to enable calculation of the predicted incident

thermal energy and the arc-flash boundary. The process covers the collection of field data if

applicable, consideration of power system operating scenarios, and calculation parameters.

Applications include electrical equipment and conductors for three-phase alternating current (ac)

voltages from 208 V to 15 kV. Calculations for single-phase ac systems and direct current (dc)

systems are not a part of this guide, but some guidance and references are provided for those

applications. Recommendations for personal protective equipment (PPE) to mitigate arc-flash

hazards are not included in this guide.

1.2 Purpose

The purpose of the guide is to enable qualified person(s) to analyze power systems for the purpose

of calculating the incident energy to which employees could be exposed during operations and

maintenance work. Contractors and facility owners can use this information to help provide

appropriate protection for employees in accordance with the requirements of applicable electrical

workplace safety standards.
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2. Normative references

The following referenced documents are indispensable for the application of this document (i.e.,

they must be understood and used, so each referenced document is cited in text and its relationship

to this document is explained). For dated references, only the edition cited applies. For undated

references, thelatest edition of the referenced document (including any amendments or corrigenda)

applies.
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IEEE Std 242™-2064, IEEE Recommended Practice for Protection and Coordination of Industrial and

Commercial Power Systems (IEEE Buff BookTM).g’é’é’i

IEEE Std 551™, IEEE Recommended Practice for Calculating AC Short-Circuit Currents in Industrial

and Commercial Power Systems (IEEE Violet BookTM).6

IEEE Std 1584.1™, IEEE Guide for the Specification of Scope and Deliverable Requirements for an

Arc-Flash Hazard Calculation Study in Accordance with IEEE Std 1584™,

IEEE Std C37.010™4999, I[EEE Application Guide for AC High-Voltage Circuit Breakers > 1000 Vac

Rated on a Symmetrical Current Basis.

* IEEE publications are available from the Institute of Electrical and Electronics Engineers445-HeestaneP-O—Box133+
PiseatawayNJ-088554334USA (http://standards.ieee.org/).

*3The IEEE standards or products referred to in Clause 2 are trademarks ef owned by the Institute of Electrical and Electronics
Engineers, fae Incorporated.

“IEEE 3000 Standards Collection® (formerly known as the IEEE Color Books®) is the family of industrial and commercial power

systems standards organizedinto “dot” standards that cover specific technical topics, which have been reorganized and, in so me

cases, updated from the content ofthe IEEE ColorBooks (https://ieeexplore.ieee.org/browse/standards/collection/ieee/power-and-

energy/3000S tandardsCollection).

°[EEE 3004 Standards: Protection and Coordination c o vers material from IEEE Std 242 (IEEE Buff Book) and IEEE Std 1015 (IEEE Blue
Book).

°[EEE 3002 Standards: Power Systems Analysis covers material from IEEE Std 551 (IEEE Violet Book) and IEEE Std 399 (IEEE Brown
Book).

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 19:31:19 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1584-2018


http://standards.ieee.org/
https://ieeexplore.ieee.org/browse/standards/collection/ieee/power-and-energy/
http://www.avadocuments.com/doc/ieee-1584-2018
http://www.avadocuments.com/doc/ieee-1584-2018

3. Definitions, acronyms, and abbreviations

For the purposes of this document, the following terms and definitions apply. The IEEE Standards
Dictionary Online should be consulted for terms not defined in this clause.7

3.1 Definitions

arc: A plasma cloud formed in a gap between two electrodes with sufficient potential difference.

arc current: See: arcing fault current.

arc duration: See: clearing time.

arc flash: An electric arc event with thermal energy dissipated as radiant, convective, and

conductive heat.

NOTE —See Annex E for additional information.”

arc-flash boundary: A distance from a prospective arc source at which the incident energy is

calculated to be 5.0 T/cm2 (1.2 cal/cmz).

34 arc-flash hazard: A dangerous condition associated with therelease-of-energy—eaused-by-an

electric arc_likely to cause possible injury.

arc-flash hazard calculation: The use of equations to compute the incident energy at a specific

working distance and the arc-flash boundary.

"IEEE Standards Dictionary Online is available at: http://dictionary jeee.org.

*Notes in text tables, and ficures of a standard are given for information only and do not contain requirements needed to

implement this standard.
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3:2 arcing fault current: A fault current flowing through an electrical arc plasma.—alse-ealled-are
fault-eurrentand Sy arc current.

available short-circuit current: At a given point in a circuit, the maximum current that the power

system can deliver through a given circuit to any negligible-impedance short circuit applied at the

given point, or at any other point that causes the highest current to flow through the given point.

Iz

‘Available short-circuit current” and “bolted fault current” are equivalent for a zero fault
impedance.

bolted fault: A short-circuit condition that assumes zero impedance exists at the point of the fault.

clearing time: The total time between the beginning of a specified overcurrent and the final

interruption of the circuit at rated voltage. Syn: arc duration.

NOTE 1—In regard to fuses, it is the sum of the minimum melting time of a fuse plus tolerance and

thearcing time. In regard to circuit breakers with integral trip units (usually rated less than 1000 V),

it is the sum of the sensor time, plus opening time and the arcing time. For circuit breakers with

separate relaying (usually rated greater than 1000 V), it is the sum of the minimum relay time, plus

contact parting time and the arcing time. Sometimes referred to as total clearing time or interrupting

time.

NOTE 2—Arcduration is the interval of time between the instant of the first initiation of the arc and

theinstant of final arc extinction. Arc duration is usually the same or directly related to the clearing

time. See 6.9.1 for special circumstances where arc duration may be different than clearing time.

electrode configuration: The orientation and arrangement of the electrodes used in the testing

performed for the model development.

NOTE 1—Electrodes were placed in open-air (“OA”) or enclosed (“Box”) configurations (with open

front end). Electrodes were also oriented vertically and horizontally. Open-tipped and barrier-

terminated electrode configurations were also used.

NOTE 2 —Refer to Annex G. The following electrode configurations (test arrangements) are defined

and listed according to their order of use within the incident energy model:

— VCB: Vertical conductors/electrodes inside a metal box/enclosure
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— VCBB: Vertical conductors/electrodes terminated in an insulating barrier inside a

metal box/enclosure

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

— VOA: Vertical conductors/electrodes in open air

— HOA: Horizontal conductors/electrodes in open air

35-circuit: A conductor or system of conductors through which an electric current isintended-te
flew flows.

343Afault current: A current that flows from one conductor to ground or to another conductor due

owing to an abnormal connection (including an arc) between the two_conductors.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 19:31:19 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1584-2018


http://www.avadocuments.com/doc/ieee-1584-2018
http://www.avadocuments.com/doc/ieee-1584-2018

334incident energy: The amount of thermal energy impressed on a surface, a certain distance from

the source, generated during an eleetrieal electric arc event. Ineident-energyis-measured-injoules
. 2 9
per—eentimeter squared-J/em

NOTE 1—Theincident energy is calculated at the working distance. Incident energy increases as the

distance from the potential arc source decreases, and the incident energy decreases as the distance

increases. See: working distance.

. . . . 2
NOTE 2—The units used to measure incident energy are joules per square centimeter (J/cm~) or

. . 2
calories per square centimeter (cal/cm”). See B.2.

3-16 (nominal) voltage: A numerical value assigred—+te—of a circuit or system for the-purpese-of
eenveniently-designating its voltage class{as320/240480¥R77 600 \)—Theactual voltageat

operation—of—equipment. (National Electrical Safety Code” (NESC®) (Accredited Standards

Committee C2-2012) [B1])

“*The numbers in brackets correspond to those of the bibliography in Annex E A.
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qualified person: A person who performs arc-flash hazard calculations by using skills and

knowledge related to the construction and operation of the electrical equipment and installations

and has experience in power system studies and arc-flash hazard analysis.

voltage (nominal): See: nominal voltage.

347 working distance: The distanee dimension between the petential possible arc seuree point and

the faee head and ehest body of the worker perferming positioned in place to perform the assigned

task.

NOTE —Parts of the body closer to the potential arc source other than the face and chest receive a

greater incident energy. The arc sourceis usually energized parts within an equipment enclosure or

exposed energized parts in open air.

3.2 Acronyms and abbreviations

ac

alternating current

CE

correction factor

dc

direct current

E.C

electrode configuration

HCB

horizontal conductors/electrodes inside a metal box/enclosure

HOA

LV

horizontal conductors/electrodes in open air

low voltage

MCC

motor control center

MV

medium voltage

OA

open air

PDU

power distribution unit

PPE

personal protective equipment
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TCC time current characteristic

uPs uninterruptible power supplies

VCB vertical conductors/electrodes inside a metal box/enclosure

VCBB vertical conductors/electrodes terminated in an insulating barrier inside a metal
box/enclosure

VOA vertical conductors/electrodes in open air

4. Model for incident energy calculations

4.1 General

An empirically derived model is provided te-erable for incident energy calculations. Development

of this model is discussed in

Clause-6-anrd-Annex B G. This annex provides more definitions and explains the derivations of the

coefficients, variables, and alse-terms used in the equations presented in t_he—aa—)eﬂ-'}&r—y—ﬁ-les.—g'él.ll to

4.10. The equations in the model are-may be embedded in tke-a spreadsheet_or commercial software

program, because it is-may be impractical to solve them by hand.

4.2 Ranges Range of medels model

The following empirically derived model+{seeZ5-and-Clause9}, based upon statistical analysis and

curve-fitting programs as well as an understanding of electrical arc physics, is applicable for systems

with_the following parameter range:

— Voltages in the range of 208 V- to 15000 V, three-phase-_(line-to-line)

Tests were performed in laboratory conditions using selected open-circuit voltages

(Vo). While the model utilizes Vi, pre-fault voltage (system nominal voltage,

utilization voltage, etc.) can be used for application of this model.

=

Seetoohole L
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— Frequeneies Frequency of 50 Hz or 60 Hz-

— Bolted fault current intherange-of700-A—306-000-A< (rms symmetrical)

= 208 V to 600 V: 500 A to 106 000 A

= 601 V to 15000 V: 200 A to 65 000 A

— Eew | E | dablecizes.
— Gaps between conductors-ef43-mm—352-mm-

= 208 V to 600 V: 6.35 mm to 76.2 mm (0.25 in to 3 in)

— 601 V to 15000 V: 19.05 mm to 254 mm (0.75 in to 10 in)

— Working distances greater than or equal to 305 mm (12 in) (see G.7.6 for details on the

lower limit)

— Fault clearing time: No limit (see G.7.8 for more details)

— Enclosures tested (with open front end) as shown in the following table:

Open-circuit Enclosure dimensions
voltage H=W=D)
™ ST units (metric) Imperial units
600 508 mm * 508 mm * 508 mm 20in*20in = 201in
2700 6604 mm * 660.4 mm * 660 4 mm 26in*26in* 261in
14 300 214 4 mm = 914 4 mm * 914 4 mm 36in=36in= 36in
New

— Enclosure dimension limits (established using the enclosures from the 2002 version of

this guide)

— Maximum height or width: 1244.6 mm (49 in)
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—  Maximum opening area; 1.549 m” (2401 in’)

— Minimum width: The width of the enclosure should be larger than four times

the gap between conductors (electrodes).

— Electrode configurations (see the definition of electrode configuration in 3.1 and Figure
G.1 through Figure G.5)

There are alternative calculation methods for system parameters that fall outside of the range of the

model. However, no particular recommendation can be made because there are other application

details such as bolted fault current levels, voltage, gap length, operating frequency, number of

phases, types of faults, etc. The user is advised to properly research alternative calculation methods

and their application viabilities.

4.3 Model application overview

Themodel for incident energy calculations has been divided into the following two parts depending

on the system open-circuit voltage, V,:

— Model for 600 V<V, .<15000V

— Model for 208 V<V <600V

0C =

Sustainable arcs are possible but less likely in three-phase systems operating at 240 V nominal or less

with an available short-circuit current less than 2000 A.
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The model uses a two-step process in which intermediate values of average arc current, incident

ener and arc-flash boundary are interpolated to determine final values. Correction factors for

enclosure (box) size and arc current variation are applied to adjust the results.

A summary of the steps required to apply the model is provided as follows:

a) To determine the arcing current

1) Determine the applicable equipment electrode configuration based on 6.6.

2) If the system voltage is 600 V < V,. < 15000 V, use Equation (1) to find

intermediate values at 600 V, 2700 V, and 14 300 V. Use Equation (16), Equation

(17), Equation (18), and the guidance provided in 4.9 to find the final value of

the arcing current.

3) If the system voltage is 208 V < V. < 600 V, use Equation (1) to find the

intermediate value (600 V only) and Equation (25) to find the final value.

Guidance for the determination of the final arcing current is provided in 4.10.

b) Determine the arc duration or fault clearing time using the arcing current determined

in step a). Guidance for determining the arc duration is provided in 6.9.

C) To determine the incident energy
1) Determine the enclosure size correction factor using the guidance provided in
4.8.4.

2) If the system voltage is 600 V <V <15 000 V, use Equation (3), Equation (4),

and Equation (5) to find intermediate values. Use Equation (19), Equation (20),

Equation (21), and the guidance provided in 4.9 to find the final value of the

incident energy.

3) If the system voltage is 208 V < V. < 600 V, use Equation (6). Guidance for

determining the final incident energy is provided in 4.10.
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4) Additional considerations are provided in 6.10.

d) To determine the arc-flash boundary

1) Determine the enclosure size correction factor per 4.8.

2) If the system voltage is 600 V <V <15 000 V, use Equation (7), Equation (8),

and Equation (9) to find intermediate values. Use Equation (22), Equation (23),

Equation (24), and the guidance provided in 4.9 to find the final value of the

arc-flash boundary.

3) If the system voltageis 208 V< V < 600 V, use Equation (10). Guidance for the

determination of the final arc-flash boundary is provided in 4.10.

e) Use the guidance provided in 4.5 to account for the arcing current variation. Repeat

step b), step c), and step d) using the reduced arcing current. It is possible that the

incident energy and arc-flash boundary results obtained using the reduced arcing
current are different. The final incident energy or arc-flash boundary is the higher of

the two calculated values.

A set of sample calculations for different voltage levels is provided in Annex D to help illustrate the

calculation process for two different system-voltage levels (4160 V and 480 V).

The equations presented in this guide can be applied to other unit systems by using the proper

conversion factors.

4.4 Intermediate average arcing currents

The intermediate average arcing currents can be determined using Equation (1) as follows and the

coefficients provided in Table 1. The arcing currents are calculated at three different open-circuit

voltage (V).

Lo oo = 101 2B (R g 1 4 KSES, + K61 + KT, + k8L, + K9], +K10) (1)

ac_Voo

New
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where

Ly is the bolted fault current for three-phase faults (symmetrical rms) (kA)
L 600 is the average rms arcing current at V,. =600 V (kA)
L 2700 is the average rms arcing current at V,.=2700 V (kA)
Lurc 1430 is the average rms arcing current at V,. =14 300 V (kA)
G is the gap distance between electrodes (mm)
kitok1o are the coefficients provided in Table 1
lg is log;o
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Table 1 —Coefficients for Equation (1)
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4.5 Arcing current variation correction factor

Calculate a second set of arc duration, using the reduced arcing current [, ., to determine if the

arcing current variation has an effect on the operating time of protective devices and consequently

incident energy. The arcing current variation applies for all system open -circuit voltages within the

valid range of the model (208 V to 15 000 V), but it is expected to have the most impact between 208

Vand 600 V.

To determine alower bound of the average rms arcing current, use Equation (2) as follows and the

coefficients provided in Table 2:

ac min

I =1, x(1-05xVarC,) 2)

VarC, = kW "+ K2V, * 4+ k3V,* + kaV " + K5V, + k6V,_ + k7

New
where
Mf is the arcing current variation correction factor
Ly is the final or intermediate rms arcing current(s) (kA) (see note)
Lo min is a second rms arcing current reduced based on the variation correction factor
(kA)
Voo is the open-circuit voltage between 0.208 kV and 15.0 kV
kiwkz are the coefficients provided in Table 2
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Table 2—Coefficients for Equation (2)

E.C. k1l K2 k3 k4 kS 41 k7
VCB 0 —0.0000014269 | 0000083137 | —0.0019382 | 0022366 | —0.12645 030226
VCBB 1.138e-06 —6.0287e-05 0.0012758 —0.013778 0.080217 | —0.24066 0.33524
HCB 0 —3.087e-06 0.00016405 —0.0033600 | 0033308 | -0.16182 0.34627
VOA 9.5606E-07 | —5.1543E-05 0.0011161 —0.01242 0075125 | —0.23584 0.33606
HOA 0 —3.1555e-06 0.0001682 —0.0034607 | 0034124 | —0.1590 0.34620

New

NOTE —The correction factor (1 — (0.5 x VarC;)) is applied as follows:

— 208 V<V, <600 V: To I, (final current only)

— 600 V < Ve £ 15000 V: To I 600, Lawc 2700.@0d Ly 14300 (intermediate average arcing

L DUV mdlt /U

currents). The final Iﬁvalue inherits the correction factor.

The “0.5” coefficient indicates that variation is applied to the average arcing current to obtain a

lower-bound value arcing current.

—_ e ——
Ig I, = K+ 0.662 lg_fis+ 0 0900 T = D OO0 SG——G- o T (1)
-
Peletec

e

s is-theloglg
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3)

4.6 Intermediate incident energy (E)

Use Equation (3) to Equation (6) as follows and Table 3, Table 4, and Table 5 to determine the

intermediate incident energy values:

kg iy +E121g D+ 31 o g 'E:J_r

Hel Vgl +E12 i D+ RIS Ig 0 oyt 'lg#

.
FRITIg Ty HHI21g DHRISIg o g

k3]
12.552 Kk g G————— =20 .
=0 AT +RS I G I HETI + B +k9 TS +R107
Gl
k4 k21g G B sm
_ 12.552 T 10 ) ATy +R ST+ kil +k T +kBT g+ k9T + k1 0y
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50
tj'llxﬂ: 145N
1k 2 G+ — -
E _ 12.552 TXIUI & K 1 SIS Ak T kT Ty + KB Iy +k9 15 k100
14300 —
50
K3 i
k4 k2 g G+— :
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where

|

I

Iarc 600

Iarc 2700

Iarc 14300

Ly

IS

Ig

kitok1s

is the incident energy at V. = 600 V (J/cm?)

is the incident energy at V,,. = 2700 V (J/cm?)

is the incident energy at V. = 14 300 V (J/cm?)

is the incident energy for V.. < 600 V (J/cm?)

is the arc duration (ms)

is the gap distance between conductors (electrodes) (mm)

is the rms arcing current for 600 V (kA)

is the rms arcing current for 2700 V (kA)

is the rms arcing current for 14 300 V (kA)

is rms arcing current for V. < 600 V [obtained using Equation (25)] (kA)

is bolted fault current for three-phase faults (symmetrical rms) (kA)

is the distance between electrodes and calorimeters (working distance) (mm)

is correction factor for enclosure size (CF = 1 for VOA and HOA configurations)

is logm

are the coefficients provided in Table 3, Table 4, and Table 5. For Equation (3)

use Table 3, for Equation (4) use Table 4, for Equation (5) use Table 5, and for

Equation (6) use Table 3
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Table 3 —Coefficients for Equation (3), Equation (6), Equation (7), and

Equation (10)
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(8)

10n

ts for Equation (4) and Equati

1ci1en

Table 4 —Coeff
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9)

10n

ts for Equation (5) and Equati

1ci1en

Table 5 —Coeff
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Table 4 Eactors £ : ¢ and voltase classes®

Typical gap
between

conductors Distan factol

System age (V) Equipment tvpe

NQpen air 1040 A 2.000
02081 Suﬁhg@ / 1473
MCC anﬂp‘mh\ 25 1.641
Cable Pl 13 2.000
i N0 2.000

13182 0.973
13 N\ 2000

13-153 N\2.000
nfm\

13 2000 N\
~ .

4.7 Intermediate arc-flash boundary (AFB)

Use Equation (7) to Equation (10) as follows and Table 3, Table 4, and Table 5 to determine the

intermediate arc-flash boundary values:

=
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New
where
AFBg is the arc-flash boundary for V. =600 V (mm)
AFBy709 is the arc-flash boundary for V. =2700 V (mm)
AFB1 4300 is the arc-flash boundary for V,,. = 14 300 V (mm)
AFB ¢y, is the arc-flash boundary for V. <600 V (mm)
G is the gap between electrodes (mm)
Lo 600 is the rms arcing current for 600 V (kA)
L 2700 is the rms arcing current for 2700 V (kA)
L 14300 is the rms arcing current for 14 300 V (kA)
Ly is the rms arcing current for V. £ 600 V [obtained using Equation (25)] (kA)
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Ly is the bolted fault current for three-phase faults (symmetrical rms) (kA)

CE is _the correction factor for enclosure size (CF = 1 for VOA and HOA

configurations

T is the arc duration (ms)
Ig is log;,
kitok13 are the coefficients provided in Table 3, Table 4, and Table 5. For Equation (7)

use Table 3, for Equation (8) use Table 4, for Equation (9) use Table 5, and for

Equation (10) use Table 3

4.8 Enclosure size correction factor

4.8.1 General

The VCB, VCBB, and HCB equations were normalized for a 508 mm x 508 mm x 508 mm (20 in x 20

in x 20 in) enclosure. This subclause provides instructions on how to adjust the incident energy for

smaller and larger enclosures using the correction factor (CF) determined from Equation (14) and

Equation (15). The method for adjusting the incident energy based on the enclosure size is as

follows:

— A set of equivalent height and width values are determined based on the system

voltage, electrode configuration, the enclosure height, and width. The depth is not

considered unless the width and height are both less than 508 mm (20 in) and the

system voltage is less than 600 V. The depth is used to classify the enclosure type as

“Typical” or “Shallow” (see 4.8.2).

— Theenclosure type, equivalent height, and width are used to determine an equivalent

enclosure size parameter, which determines the value of the enclosure size correction

factor, CF.
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— Enclosures with opening areas larger than 1244.6 mm x 1244.6 mm (49 in x 49 in) mav

be encountered in actual equipment. The correction factor for 1244.6 mm x 1244.6 mm

(49 in x 49 in) can be used for such. If either the width or height (or both) exceed 1244.6

mm (49 in), treat them as 1244.6 mm (49 in) for this model application.

4.8.2 Determination of enclosure type —Typical or shallow

The enclosure is “Shallow” when the following conditions are met:

a) The system voltage is less than 600 V ac.

b) Both the height and width are less than 508 mm (20 in).

c) The enclosure depth is less than or equal to 203.2 mm (8 in).

If any of these conditions are not met, the enclosure is considered “Typical.”

4.8.3 Determination of equivalent height and width

Once the enclosure type has been classified, the equivalent height and width need to be determined

by comparing their values against specific ranges for each of the three electrode configuration. For

certain ranges, the equivalent height and width are determined using Equation (11) and Equation

(12) as follows:

Width, = | 660.4 + (Width — 660.4) x| —=—— 1254 (11)
Height, zflf)(:[.!:fl—-—fHeight—(:(aU.4}x x25.47" (12)
New
where
Height, is the equivalent enclosure height
Width, is the equivalent enclosure width
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Width is the actual enclosure width (mm)

Height is the actual enclosure height (mm)

Voo is the open-circuit voltage (system voltage) (kV)

A is a constant equal to 4 for VCB and 10 for VCBB and HCB

B is a constant equal to 20 for VCB, 24 for VCBB, and 22 for HCB

Table 6 provides the guidelines to determine the equivalent enclosure height and width (Height;

and Widthl) for different ranges of enclosure dimensions and electrode configurations.
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Table 6 — Guidelines to determine the equivalent height and width
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The equivalent enclosure size (EES) is determined using the equivalent width and height using

Equation (13) as follows:

Height, + Width,

EES = (13)
New -
where
Height, is the equivalent enclosure height
Weight, is the equivalent enclosure width
EES is the equivalent enclosure size

4.8.4 Determination of enclosure size correction factor (CF)

The correction factor (CF) for a “Typical Enclosure” is obtained by using Equation (14) as follows:

CF = bl x EES® +bh2%x EES + b3 (14)

New

Use Equation (15) for correction factor for a “Shallow Enclosure” as follows:

CF = _ ] (15)
bl EES™ + b2 < EES + b3
New
where
bltob3 are the coefficients for Equation (14) and Equation (15) provided in Table 7
CF is the enclosure size correction factor used in Equation (3) through Equation
(10)

EES is the equivalent enclosure size used to find the correction factor determined

using Equation (13).
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For typical box enclosures the minimum value of EES is 20

Table 7 provides the coefficients b1 to b3 for both typical and shallow enclosure types.

Table 7—Coefficients for Equation (14) and Equation (15)

Box type E.C. 5l b2 b3

Typical VCB —0.000302 0.03441 04325

VCBB —0.0002976 0.032 0479
HCB —0.0001923 0.01935 0.6899
Shallow VCB 0.002222 —0.02556 0.6222
VCBB —0.002778 0.1194 —0.2778
HCB —0.0005556 0.03722 04778

New

4.9 Determination of I,,, E, and AFB (600 V <V, <15000 V)

To determine the final arcing current, incident energy, and arc-flash boundary at a specific voltage,
first calculate the intermediate values for the three voltage levels of 600 V, 2700 V, and 14 300 V.

Then use theinterpolation Equation (16) to Equation (24) to determine the final estimated values as

follows:

Arcing current (I,,.)

j. ¥ _j._.m §

Jllm: 1= — m"] 1 = {I'::n: _2?|+Jruc_2'-\m (16}
jur il _ju\c 2% .- y

j'“'z Z%Ucc _]4-3,|"'er_1&3-:¢ (1?}

j"—"‘f_] {1'?_1{:: | Jll- E{I{x —uﬁl

o= "7 o (%)
New
where
L 1 is the first [, interpolation term between 600 V and 2700 V (kA)
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