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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 Standai's
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute) develops its standards through a consei sus
development process, approved by the American National Standards Institute (“ANSI”), which crings
together volunteers representing varied viewpoints and interests to achieve the final product. IE = Siandacds
are documents developed through scientific, academic, and industry-based technical workii> groups.
Volunteers in IEEE working groups are not necessarily members of the Institute and pa ticipate without
compensation from IEEE. While IEEE administers the process and establishes rules to preot» fairness in the
consensus development process, IEEE does not independently evaluate, test, or verify t. = accu -acy 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 environi.er.al protection, or ensure
against interference with or from other devices or networks. Implemen ers and users of IEEE Standards
documents are responsible for determining and complying with all approy. = aw safety, security, environmental,
health, and interference protection practices and all applicable laws ind regulations.

IEEE does not warrant or represent the accuracy or content ¢ thc material contained in its standards, and
expressly disclaims all warranties (express, implied and stitutory, not included in this or any other document
relating to the standard, including, but not limited to, the wa rar.ies 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.rei ting *o: results; and workmanlike effort. IEEE standards
documents are supplied “AS IS” and “WITH AL rAUJLTS.”

Use of an IEEE standard is wholly volur =1y. ‘The existence of an IEEE standard does not imply that there
are no other ways to produce, test, m=as.re, purchase, market, or provide other goods and services related to
the scope of the IEEE standard. Fxirthe rmore, the viewpoint expressed at the time a standard is approved and
issued is subject to change broug, ¢ abuut through developments in the state of the art and comments received
from users of the standard.

In publishing and ma’uin, its standards available, IEEE is not suggesting or rendering professional or other
services for, or on bet.2If ¢ r, any person or entity nor is IEEE undertaking to perform any duty owed by any
other person or~ntity to «xother. Any person utilizing any IEEE Standards document, should rely upon his or
her own indey >ndc.t judgment in the exercise of reasonable care in any given circumstances or, as appropriate,
seek the aa.ice « Fa competent professional in determining the appropriateness of a given IEEE standard.

IN.NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMi. ARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PRCCULEMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
O 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, ar
educational courses, an individual presenting information on IEEE standards shall make it clear that his o. het
views should be considered the personal views of that individual rather than the formal position of IEEL

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interestea p« rty, regardless
of membership affiliation with IEEE. However, IEEE does not provide consultir> ini>rmat.on or advice
pertaining to IEEE Standards documents. Suggestions for changes in documentsshou'<'be in the form of a
proposed change of text, together with appropriate supporting comments. Sinc » [EL E standards represent a
consensus of concerned interests, it is important that any responses to comments ind questions also receive
the concurrence of a balance of interests. For this reason, IEEE and the 1 »e11bers of'its societies and Standards
Coordinating Committees are not able to provide an instant responce t¢ comments or questions except in
those cases where the matter has previously been addressed. For th sari e reason, IEEE does not respond to
interpretation requests. Any person who would like to participate 1> 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 Standard: Ro. td
445 Hoes Lane
Piscataway, NJ 08854 T1S

Laws and regulations

Users of IEEE Standards doc ner ts should consult all applicable laws and regulations. Compliance with
the provisions of any IEE 7 Standards document does not imply compliance to any applicable regulatory
requirements. Implevien.>rs of the standard are responsible for observing or referring to the applicable
regulatory requiremen =. I'_EE does not, by the publication of its standards, intend to urge action that is not in
compliance wit™ applicau's laws, and these documents may not be construed as doing so.

Copyrighw

LEEr{+ ftand 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
Loth use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the
oromotion 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
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Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any .‘me
by the issuance of new editions or may be amended from time to time through the issuance of amend.~ent.,
corrigenda, or errata. A current IEEE document at any point in time consists of the current “ditica ot ‘he
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=mor * than ten years
old and has not undergone a revision process, it is reasonable to conclude that its conw ats, ai hough still of
some value, do not wholly reflect the present state of the art. Users are cautioned to ~hecw to Uetermine that
they have the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition 'ind whether it has been amended
through the issuance of amendments, corrigenda, or errata, visit IEEE Xl izt http://ieeexplore.ieee.org/ or
contact IEEE at the address listed previously. For more informatior about che IEEE-SA or IEEE’s standards
development process, visit the IEEE-SA Website at http://standards.icee 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 actess ‘he web page of the published standard. Errata links are
located under the Additional Resources Detal's recuon. Errata are also available in IEEE Xplore: https://
iceexplore.icee.org/browse/standards/coll>ctzon/icee.

Patents

Attention is called to the poss™ilit/ that implementation of this standard may require use of subject matter
covered by patent rights. b - publication of this standard, no position is taken by the IEEE with respect to the
existence or validity ot a.v patent rights in connection therewith. If a patent holder or patent applicant has
filed a statement of as_irarice via an Accepted Letter of Assurance, then the statement is listed on the IEEE-
SA Website at ttp://stan ards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate
whether +he T ubmi‘ter is willing or unwilling to grant licenses under patent rights without compensation
or under reosoncble rates, with reasonable terms and conditions that are demonstrably free of any unfair
discrirination to applicants desiring to obtain such licenses.

Eosentia, Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
respunsible foridentifying Essential Patent Claims for which a license may be required, for conducting inquiries
inw 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 identii.>d
electric shock as the major electrical hazard. Mr. Lee’s work also helped establish a relationship betv:een
time to human tissue cell death and temperature, as well as a curable skin burn time-temperature relatic xshiy
Once forensic analysis of electrical incidents focused on the arc-flash hazard, experience over a | eri¢ ! of 1:.me
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 d»ors or removed
covers, from arcs inside electrical equipment enclosures.

A technical paper, “Predicting incident energy to better manage the electric arc 1.2zar. on'600 V power
distribution systems,” by Doughty, Neal, and Floyd [B29] presented the find.n¢s 1. »m inany structured tests
using both “arcs in open air” and “arcs in a cubic box.” These three-phase tests .zere performed at the 600 V
rating and are applicable for the range of 16 000 A to 50 000 A short-circuit ‘ault current. It was established that
the contribution of heat reflected from surfaces near the arc intensifies the | ca* directed toward the opening of
the enclosure.

The focus of industry on electrical safety and recognition of arc flas:: burns highlighted the need for protecting
workers from arc-flash hazards. There are limitations in apriying e currently known formulas for calculating
incident energy and arc-flash boundary as discussed thro. 2ho it 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 he.» infarm worker and worksite considerations, but specific
worksite variables and considerations must be evioa ed.

The P1584 working group organized tzstir. 7 nd developed a model of incident energy that was published in the
2002 version of this guide. The model actaiica in IEEE Std 1584-2002 has been used with success throughout
industry. There are numerous variabl: s in addition to those included in the 2002 model that can increase or
decrease the value of incident eziargy = om an arcing fault. Other researchers, during their testing, have found
significantly different values "hun those calculated using that model. The updated model of incident energy
documented in this guide | as 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.

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, the latest edition of the
referenced document (including any amendments or corrigenda) applies.

IEEE Std 242™, [EEE Recommended Practice for Protection and Coordination of Industrial and Commercial
Power Systems (/IEEE Buff Book™) 2343

’IEEE publications are available from the Institute of Electrical and Electronics Engineers (http://standards.ieee.org/).

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

“IEEE 3000 Standards Collection® (formerly known as the IEEE Color Books®) is the family of industrial and commercial power
systems standards organized into “dot” standards that cover specific technical topics, which have been reorganized and, in some cases,
updated from the content of the IEEE Color Books (https://iceexplore.icee.org/browse/standards/collection/ieee/power-and-energy/
3000StandardsCollection).

SIEEE 3004 Standards: Protection and Coordination covers material from IEEE Std 242 (IEEE Buff Book) and IEEE Std 1015 (/EEE Blue
Book).
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