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Abstract: Functional design recommendations and field practices for motor control centers
(single- and three-phase 50 Hz and 60 Hz and dc) are provided in this guide. The features and
practices described in this guide are intended to help reduce the probability that an incident will
occur due to shock or arc flash hazards when qualified persons are performing certain activities.
The recommendations within this guide are intended to augment the existing requirements of
applicable standards for motor control centers, e.g., NEMA ICS 18 Motor Control Centers, UL 845
Motor Control Centers, NMX-J-353-ANCE, and CSA C22.2 No. 254. This guide also provides
recommendations for interface relationships between the specifier, manufacturer, installer, and
user for safety-related concerns. It also provides a framework from which specifiers/users can
select specific MCC features and system characteristics that are applicable to their specific
situation and needs.

The recommendations in this guide complement safety requirements and procedures as
stipulated by workplace safety standards and site practices and site procedures, e.g., NFP, 70>
Standard for Electrical Safety in the Workplace, CSA Z462 Workplace Electrical Safe v.S.and..:d,
site practice on Personal Protective Equipment (PPE), etc.

Keywords: arc flash, arc resistant, circuit protection, electrical safety, IEEE 1683™, low voltage,
MCC, motor control centers, selectivity, shock, thermal monitoring
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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 Notice” or “Important Notices and Disclaimers Concerning IEEE Standards
Documents.”

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, :re
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards thrcigh a
consensus development process, approved by the American National Standards Institute (“A’SI™), w.ich
brings together volunteers representing varied viewpoints and interests to achieve the fiial p.-uuct.
Volunteers are not necessarily members of the Institute and participate without compensation frc m IEEE.
While IEEE administers the process and establishes rules to promote fairness in the consens 1s development
process, IEEE does not independently evaluate, test, or verify the accuracy of any of *he 1.. rmation or the
soundness of any judgments contained in its standards.

IEEE does not warrant or represent the accuracy or content of the material ~catainea i its standards, and
expressly disclaims all warranties (express, implied and statutory) not inc~ides in this or any other
document relating to the standard, including, but not limited to, the warn anties of: merchantability; fitness
for a particular purpose; non-infringement; and quality, accuracy, effc.ti -eness, currency, or completeness
of material. In addition, IEEE disclaims any and all conditions relzuuig to results; and workmanlike effort.
IEEE standards documents are supplied “AS IS” and “WITH AJ.L FAULTS.”

Use of an IEEE standard is wholly voluntary. The existercc ot «n IEEE standard does not imply that there
are no other ways to produce, test, measure, purchase, ni.>rkei, 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 thi»ugh developments in the state of the art and comments
received from users of the standard.

In publishing and making its standards a ai’ab'e, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any perso.. or =ity nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. An * peizon utilizing any IEEE Standards document, should rely upon his
or her own independent judgmen.n 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 SH: "L 1 :EE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR (OUNSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUREME:NT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINE_S INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHEK ' IN" CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
YJFCN ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
RIUGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

Translations

The IEEE consensus development process involves the review of documents in English only. In the event
that an IEEE standard is translated, only the English version published by IEEE should be considered the
approved IEEE standard.
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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, regardles: ot
membership affiliation with IEEE. However, IEEE does not provide consulting information or «dvic»
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in'‘be y>rm f a
proposed change of text, together with appropriate supporting comments. Since IEEE standaras epresent a
consensus of concerned interests, it is important that any responses to comments and quest’ons alsu receive
the concurrence of a balance of interests. For this reason, IEEE and the members ~f 1.3 societies and
Standards Coordinating Committees are not able to provide an instant response to ceumen.3 or questions
except in those cases where the matter has previously been addressed. For the san.» rea..»n, '2EE does not
respond to interpretation requests. Any person who would like to particineic in 1ovisions 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 co.sale all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards dosmeot does not imply compliance to any applicable regulatory
requirements. Implementers of the <tanc aru ere responsible for observing or referring to the applicable
regulatory requirements. IEEE does no' by e publication of its standards, intend to urge action that is not
in compliance with applicable laws, ¢ 1d L .ese documents may not be construed as doing so.

Copyrights

IEEE draft and approvad s.>ndards are copyrighted by IEEE under U.S. and international copyright laws.
They are made avail:»le L v IEEE and are adopted for a wide variety of both public and private uses. These
include both use, by rc “wience, in laws and regulations, and use in private self-regulation, standardization,
and the promcucn of engiaeering practices and methods. By making these documents available for use and
adoption” by |, ublic authorities and private users, IEEE does not waive any rights in copyright to the
documents.

Phete.copies

Labject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to
nhotocopy 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.
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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 time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official 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 an.>nac
through the issuance of amendments, corrigenda, or errata, visit the IEEE-SA @ Wchsite © at
http://ieeexplore.ieee.org/xpl/standards.jsp or contact IEEE at the address listed previously. For inore
information about the IEEE-SA or IEEE’s standards development process, visit the IEEE-SA W sbsite at
http://standards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Wet.ite at the following URL:
http://standards.ieee.org/findstds/errata/index.html. Users are encovragid to check this URL for errata
periodically.

Patents

Attention is called to the possibility that implementation of th’s standard may require use of subject matter
covered by patent rights. By publication of this standard, i.>"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 Accertea Letwer of Assurance, then the statement is listed on the
IEEE-SA Website at http://standards.ieee.czo/aou /sasb/patcom/patents.html. Letters of Assurance may
indicate whether the Submitter is willing or cawilling to grant licenses under patent rights without
compensation or under reasonable rates, v<'th y 2asonable terms and conditions that are demonstrably free of
any unfair discrimination to applicarts ¢.>siring to obtain such licenses.

Essential Patent Claims may ~x1:. for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying: E. ‘ent al Patent Claims for which a license may be required, for conducting
inquiries into the legal vai.dity or scope of Patents Claims, or determining whether any licensing terms or
conditions provided.’n ¢.nncction with submission of a Letter of Assurance, if any, or in any licensing
agreements are reascab.e or non-discriminatory. Users of this standard are expressly advised that
determination ~f the vaidity of any patent rights, and the risk of infringement of such rights, is entirely
their own res;onsi.ility. Further information may be obtained from the IEEE Standards Association.
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Introduction

This introduction is not part of IEEE Std 1683-2014, IEEE Guide for Motor Control Centers Rated up to and including
600 V AC or 1000 V DC with Recommendations Intended to Help Reduce Electrical Hazards.

Low-voltage motor control centers (MCCs) are the most widely used control and distribution equipment in
industrial and commercial establishments. The IEEE working group for this guide consisted of dedicated
industry professionals who realize that enhancing the safety of the operating and maintenance personnel
interfacing with low-voltage motor controls centers is paramount.

The working group believes that enhancing safety relies on a combination of system design, piduct
selection, product design, procedures, training, and other factors based on operation and maintena. e
requirements. Every decision in system design, product selection, installation, maintenance activity, u-age
activity, procedures, tools, protective equipment, and training of personnel who use and ma “tai.. M _Cs
can impact the safety of workers who must interface with the equipment for many years a.*er initial
installation. The working group has endeavored create one cohesive document of guidelinc s to assist users,
system designers, manufacturers of MCCs, and maintenance personnel, as well as othirs, in making
decisions that may lead to a greater degree of safety surrounding this important type of ele trical control
equipment. In many cases, decisions are not clearly incorrect or correct, and re.der; will need to use
engineering judgment to decide the best course of action to take, for their .i‘uati»n and for their facility.
However, it is hoped that this guide will assist in making better decisions whon cach judgments must be
made.

The guidelines in this document are strictly voluntary and 2'e not intended to replace mandatory
manufacturing, testing or safety standards, codes or regulations hai 2or.y in relevant situations.

Readers who find this document useful, or lacking, are er.coura,_=d to participate in future revisions of this
IEEE guide to improve it for future generations of electric 2l w irkers.

viii
Copyright © 2014 IEEE. All rights reserved.



https://www.stdhive.com/standards/ieee-1683-2014-pdf/

Contents

L. OVEIVICW ..ottt ettt ettt e ket e e e s e eh e e bt et e e et emteeaeeea e e sa e e et emeeemteeseeesee s e enteenseenteemeeeneesneenneenseanneans |
L G 1<) T<3 1 SRR 1
AT o TSRS 2
1.3 Equipment condition and MaiNteNanCEe............cuveerueerciieerieeriiieeieeeieesieesreeesseessseesseessseesseessseessesssees 3
1.4 WOTA USAZE ...ttt ettt ettt ettt et e e bt eates e en e en e b et e bt eheeaeemeeneeneemsenseeaeabeeneeneeneensensans 3

2. NOTMALIVE TETETEICES. ....ceuvetetiteitietieitet ettt ettt et b e eh et et e et e b e sb e s bt ebe e st es b et et e besbeebeeaeeneeneeneen 3

3 DIEIINILIONS -ttt ettt ettt b e s bbbt e et et e b e bt sb e eb e ae e st et e st e st et et ebe bt ebe et et etens 4

4. OVEICUITENT PIOTECTION. .. .vevietretietieteettesteesseesestessesseesseesseessesssesssesseesseessesssesssesssessesssesssesssessessseenseessenns 5
4.1 FaUIt JOCATION ....ouiniiiiiecieeit ettt ettt st b et be et et sa e b sae bt et e entens
4.2 Fault current flow
4.3 Likely range of arcing current and impact of overcurrent protective device (OCPD) sensitivity........ 7
4.4 Selectivity versus arc flash incident energy proteCtion...........cceeveerueeieriereeseeeeie e 7
4.5 Use of temporary protection SEHHNES .......ccueeuerriertieriieiteeieeteeeestee st et eeestee st e e eteeneesneeseeeseeeneesneeeas 8
4.6 Overcurrent protective device (OCPD) SEIECHON .......cvievviiiiiiiiieii ettt 9

5. Defined operations and SAfety 1SSUES ..........ieuiriirieriieieeieeiest ettt 12
5.1 PUIlING CONAUCLOTS ...ttt ettt ettt ettt ettt et es et e et e st e e bt e bt eaeeneen s e e e aeebeeneeneeneensenee 16
5.2 Recommended test for plug-in unit before installation..............cceeeeevieeciiecieiiienieeneeee e 16
5.3 Recommendations fOr iNSEITING UNILS .........cceeevirieriierierrieiteeteseesteesteesessesseesseesseessesssessessseessesssenns 16
5.4 Maintenance with a test position or status to provide control POWET ............ccevcveriereerreerireieeiennens 16
5.5 Maintenance tasks in energized UNILS ..........cccecuieciiriierierieite ettt te e see e esaeeeesneesneeseenseens 16
5.6 Overcurrent device MAINTENANCE ........cc.eeueereriirieriiniirerieettetet ettt sttt ebe et es et e besaesbesbe bt eae et ennenee 17

6. Diagnostics and INAICALOTS...........erieriertieteeteeiere et eteetestesteebeebesaeseeesseesseenseanseeseesseenseenseansenssenseensens 17
0.1 ODJECTIVES ...ttt ettt ettt ettt et et et e e e e et e e ae e bt e et eaeeeaeees e e et et e enteen e e enee bt e ane e beenneenteeneeeneenteeteans 18
6.2 Digital monitoring, control systems, supervisory control and data acquisition (SCADA),

distributed control system (DCS), €1C. ...ccuieiiriiriieiieieee ettt 18
6.3 Trip Status INAICALION ....veiiviiiietietieiiecteeie ettt ettt e et e et e e teesbeesbeesbeessesasesseesseesseessesssesssesseesseensenns 19
6.4 Determining abSence Of VOILAZE ......cc.eiuieieiiieiiie ettt sttt 19
6.5 Monitoring electrical CONNECLIONS ..........cueriiriirieiietieicet et ettt ettt ettt et e e seestesbe et eseeseeneeseeneenee s 20
6.6 Status indication for temporary protection SETNGS .........c.ecvverrrerirrererieereerreerreeeeseeseesseeseessessaesseens 20

7. MCC CONSIIUCLION ..uvteeieiienieniete ettt ettt ettt b e eb et e et et st bt sbeebe e st e st et et e ebesbeebeeseent e b e nbeebeeneeneeneensenee 21
7.1 Reducing the potential for arcs within the MCC ...........cccoeiiiiiinienieieieee et 21
7.2 Incoming cOmMPArtmMeEnt AESIMN........ccuvervrriierieriieriierteerteeteetesttesteeteeseessesssesseesseesseesesnsesssesseenseensenns 21
7.3 MCC UNIE AESIZMN....ueentieniieiiieiieeiiestieie et eteetteseee st eseeaeensesseesseanseenseansesssessaeseenseensesnsesnsesseesseensennseans 22
7.4 Barriers DEIWEEI TUSES ... .eueetieieeiieeiieit ettt ettt et ettt et e st e bt et e e tesaeeseeesseenaeensesneesneenseeneeans 23
7.5 Isolation between field Wireways and UNILS ..........cevierierieiieeiesierieee ettt 23
7.6 Provisions for infrared thermography............ccoeiiiiiiiieiei e 24
7.7 IMEATKITIZS ..ttt ettt e bt s aeea e e st en e e e et e e bt eaeeb e emeem s e s e ebeebe b e eeeebeeneeneeneansenee 24
7.8 Support and dressing of field CONAUCLOTS. ........ccuiiuiiiiiiieieee e 24
7.9 Horizontal and vertical bus aSSEMDLY ..........ccieiiiiiiiiiiiieieieeeee e 24
7.10 Protection from vermin, MCC StrUCtUIE DAITIETS .......ccvvviiieereieieeeieeeeee e eeeee e eeeeeeeaeeeenes 25
7.11 Use Of arc-resiStant deSIZIS ...ccveerveieierieriieriieieetieteettesteesteeteeebessaesseesseesseessesssesseesseessesseesseessesssenns 25

LT A o1 0] o A () 1T PO PR TUPRRRPRRN 26

9. Interface between specifier, manufacturer, installer, and USET............ccoecverieriiriiiecieeeeee e 26
9.1 EQUIPMENTt SPECITICT .....euvieiieiiieieeiiesiiestiete ettt et et et et eestesse e teeseensesnsesssesseesseenseensesseesseensennseans 26
9.2 EQuipment MANUTACTULET ........ccvevuieiieiieieeiiesitesieerieeteeteste st esteesseesaeessessaesseesseenseensesnsesseesseesseenseans 30

X
Copyright © 2014 IEEE. All rights reserved.



9.3 EQUIPMENT INSTALIET......cviiiieiiieeieeiieieete et e cte ettt et e et s e e s teesbeesbeesbeessessaesseesseessesssesssesseesseensennsenns
0.4 EQUIPIMICNT USET ....cuveeuvieniieeieeeteeteesteeteeseessesssesseesseesseesseessesssesssassesssesssesssesssesssesseessesssesssessessseessesssenns

Annex A (informative) BiblIOZIaPNY ........ccooieriiiiiieiieiecieseseee ettt

X
Copyright © 2014 IEEE. All rights reserved.



IEEE Guide for Motor Control Centers
Rated up to and including 600 V AC or
1000 V DC with Recommendations
Intended to Help Reduce Electrical
Hazards

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, health, or
environmental protection, or ensure against interference with or from other devices or networks.
Implementers 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.

This IEEE document is made available for use subject to important notices and legal disclaimers.
These notices and disclaimers appear in all publications containing this document and may
be found under the heading “Important Notice” or “Important Notices and Disclaimers
Concerning IEEE Documents.” They can also be obtained on request from IEEE or viewed at
http://standards.ieee.org/IPR/disclaimers. html.

1. Overview

This guide provides functional design recommendations for motor control centers (MCCs) intended to help
reduce the likelihood of shock and arc flash injuries. Users are instructed to comply with all safety laws and
regulations applicable to their location, systems, equipment, and operations.

1.1 General

It is not the intent of this guide to encourage or endorse work of any kind on energized equipment; working
on energized equipment is dangerous and can result in death or serious injury. However, it is recognized by
the working group that such work on occasion does transpire for a variety of reasons. Any such work
should only be done by a qualified person in a manner that safeguards persons and property, including
placing the equipment in an electrically safe work condition whenever possible prior to the start of any
work.
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