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Abstract: The selection and application of controllers and automation to industrial and commercial
power systems is covered by this recommended practice. It is likely to be of greatest value to the
power-oriented engineer with limited experience with this equipment. It can also be an aid to all
engineers responsible for the electrical design of industrial and commercial power systems.

Keywords: automation, building automation system (BAS), contactor, controller, facility automation
system (FAS), heater controller, IEEE 3001.11™ industrial controller, motor control, motor control
center (MCC), motor controller, motor starter, power controller, starter

The Institute oi ~lect zal and Electronics Engineers, Inc.
3 Park Avenue, N w York, NY 10016-5997, USA

Cop,7iaht © 2017 by The Institute of Electrical and Electronics Engineers, Inc.
A rights ' cerved. Published 12 September 2017. Printed in the United States of America.

=EE Is a registered trademark in the U.S. Patent & Trademark Office, owned by The Institute of Electrical and Electronics Engineers,
Inc_rporated.

PDF:  ISBN 978-1-5044-3915-2 STD22511
Print:  ISBN 978-1-5044-3916-9 STDPD22511

IEEE prohibits discrimination, harassment, and bullying.

For more information, visit http://www.ieee.org/web/aboutus/whatis/policies/p9-26.html.

No part of this publication may be reproduced in any form, in an electronic retrieval system or otherwise, without the prior written permission
of the publisher.


http://www.ieee.org/web/aboutus/whatis/policies/p9-26.html
https://www.stdhive.com/standards/ieee-300111-2017-pdf/

Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These notic-
es 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/[PR/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-uce, a.>
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards As-o-
ciation (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a consensu de-
velopment process, approved by the American National Standards Institute (“ANSI”), which by gs ~ecther
volunteers representing varied viewpoints and interests to achieve the final product. IEEE Standarc: are doc-
uments developed through scientific, academic, and industry-based technical working grou,s. Volunteers in
IEEE working groups are not necessarily members of the Institute and participate without cam sensation from
IEEE. While IEEE administers the process and establishes rules to promote fairness in the consc 1sus develop-
ment process, IEEE does not independently evaluate, test, or verify the accuracy of ai.> o' "the information or
the soundness of any judgments contained in its standards.

IEEE Standards do not guarantee or ensure safety, security, health, C= el vironmental protection, or ensure
against interference with or from other devices or networks. Implemente. anu users of IEEE Standards doc-
uments are responsible for determining and complying with all ap ropriate safety, security, environmental,
health, and interference protection practices and all applicabl> lav.s ai.!<egulations.

IEEE does not warrant or represent the accuracy or conf:nt of tiie material contained in its standards, and
expressly disclaims all warranties (express, implied and sta.**<ry) 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, accura<y, >ffeciiveness, currency, or completeness of material. In
addition, IEEE disclaims any and all conditiens i=lat.ng to: results; and workmanlike effort. IEEE standards
documents are supplied “AS IS” and “WITr1 ..LL FAULTS.”

Use of an IEEE standard is wholly olu tary. The existence of an IEEE standard does not imply that there
are no other ways to produce, test; me 'sure, purchase, market, or provide other goods and services related to
the scope of the IEEE standar:.. t urthermore, the viewpoint expressed at the time a standard is approved and
issued is subject to change ro. oht about through developments in the state of the art and comments received
from users of the standard.

In publishing and mak »eo/its standards available, IEEE is not suggesting or rendering professional or other
services for, or'vn behalt of, any person or entity nor is IEEE undertaking to perform any duty owed by any
other person ¢ - enti 'y to another. Any person utilizing any IEEE Standards document, should rely upon his or
her own ina nendent judgment in the exercise of reasonable care in any given circumstances or, as appropri-
ate, se"k the auvice of a competent professional in determining the appropriateness of a given IEEE standard.

I17.NO L VENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
SXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: PROCURE-
MENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS
INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CON-
TRACT, 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, >t
educational courses, an individual presenting information on IEEE standards shall make it clear that his o 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 interestud par, regardless of
membership affiliation with IEEE. However, IEEE does not provide consulting infor.atio - or e.dvice pertain-
ing to IEEE Standards documents. Suggestions for changes in documents she 1lé o in u.c form of a proposed
change of text, together with appropriate supporting comments. Since IEEE sta. dar s represent a consensus
of concerned interests, it is important that any responses to comments anc questiouis also receive the concur-
rence of a balance of interests. For this reason, IEEE and the members «f < cocieties and Standards Coordi-
nating Committees are not able to provide an instant response to cor.uients or questions except in those cases
where the matter has previously been addressed. For the same reasor . IE) .E does not respond to interpretation
requests. Any person who would like to participate in revisicas to an [EEE standard is welcome to join the
relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Caard
445 Hoes Lane
Piscataway, NJ 08854 IS4

Laws and regulations

Users of IEEE Standards dscu. ~er.s should consult all applicable laws and regulations. Compliance with the
provisions of any IEEF Sta. dards document does not imply compliance to any applicable regulatory require-
ments. Implementer: of ti = standard are responsible for observing or referring to the applicable regulatory
requirements. IEEE doc - 1iot, by the publication of its standards, intend to urge action that is not in compliance
with applicabl< . ws, and whese documents may not be construed as doing so.

Copyrighws

I EE aic ft and approved standards are copyrighted by IEEE under US and international copyright laws. They
are 1..ade available by IEEE and are adopted for a wide variety of both public and private uses. These include
bon use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the pro-
motion 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.

4
Copyright © 2017 IEEE. All rights reserved.


https://www.stdhive.com/standards/ieee-300111-2017-pdf/

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 Ser-
vice, 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 tim. by
the issuance of new editions or may be amended from time to time through the issuance of amendments, ~orr:
genda, or errata. An official IEEE document at any point in time consists of the current edition of e accurent
together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every 10 years. When a document is mic»= ti an 10 years old
and has not undergone a revision process, it is reasonable to conclude that its contents, «'thoug still of some
value, do not wholly reflect the present state of the art. Users are cautioned to check to C=teraiine that they have
the latest edition of any IEEE standard.

In order to determine whether a given document is the current edit'on ind whether it has been amended
through the issuance of amendments, corrigenda, or errata, visit the IEEE ¥ picie at http://ieeexplore.ieee.org/
or contact IEEE at the address listed previously. For more informatic n about the IEEE-SA or IEEE’s standards
development process, visit the IEEE-SA Website at http://standaids.icaeorg.

Errata

Errata, if any, for all IEEE standards can be access>d on the IEEE-SA Website at the following URL: http://
standards.ieee.org/findstds/errata/index.html. Ur<o e re encouraged to check this URL for errata periodically.

Patents

Attention is called to the possibii.i;7 ti at implementation of this standard may require use of subject matter
covered by patent rights. By pabl.cation of this standard, no position is taken by the IEEE with respect to the
existence or validity of an, pa ~ntrights in connection therewith. If a patent holder or patent applicant has
filed a statement of assiranc = via an Accepted Letter of Assurance, then the statement is listed on the IEEE-
SA Website at http://stanc ards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate
whether the Submitter "=-willing or unwilling to grant licenses under patent rights without compensation or
under reasonabic rates, wiu reasonable terms and conditions that are demonstrably free of any unfair discrim-
ination tG app. cants desiring to obtain such licenses.

Esseni al Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not re-
~oo.nib. = for identifying Essential Patent Claims for which a license may be required, for conducting inquiries
inv> the 1:gal validity or scope of Patents Claims, or determining whether any licensing terms or conditions
rovided 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 valid-
ity 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 3001.11-2017, IEEE Recommended Practice for Application of Controllers
and Automation to Industrial and Commercial Power Systems.

IEEE 3000 Standards Collection™

This recommended practice was developed by the Technical Books Coordinating Committee of the Industrial
and Commercial Power Systems Department of the Industry Applications Society as part of a project to re-
package the popular IEEE Color Books®. The goal of this project is to speed up the revision process, eliminate
duplicate material, and facilitate use of modern publishing and distribution technologies.

When this project is completed, the technical material in the 13 IEEE Color Books will be includc in »
series of new standards—the most significant of which will be a new standard, IEEE Std 30007 4. I_EE l.zc-
ommended Practice for the Engineering of Industrial and Commercial Power Systems. The ne v standard
will cover the fundamentals of planning, design, analysis, construction, installation, startu)), operaiion, and
maintenance of electrical systems in industrial and commercial facilities. Approximate'v 6. additional dot
standards, organized into the following categories, will provide in-depth treatment of mw 1y ot u ¢ topics intro-
duced by IEEE Std 3000™:

— Power Systems Design (3001 series)

— Power Systems Analysis (3002 series)

— Power Systems Grounding (3003 series)

— Protection and Coordination (3004 series)

— Emergency, Standby Power, and Energy Managen: ent Sys.ems (3005 series)
— Power Systems Reliability (3006 series)

— Power Systems Maintenance, Operations. a1 4 Sa’=ty (3007 series)

In many cases, the material in a dot standa d ¢ umes from a particular chapter of a particular IEEE Color Book.
In other cases, material from several IEEE "~ olsr Books has been combined into a new dot standard.

IEEE Std 3001.11

The material in this recomi. ended practice largely comes from subclauses 10.6 and 10.7 of the /EEE Red
Book™, IEEE Std 1*1™-"993, [EEE Recommended Practice for Electric Power Distribution in Industrial
Plants, and Chapters 6 a.'a 14 of the IEEE Grey Book™, IEEE Std 241™-1990, IEEE Recommended Practice
for Electric Pawe: Systems in Commercial Buildings.

This publica.’on provides a recommended practice for the electrical design of commercial and industrial fa-
cilities It is likely to be of greatest value to the power-oriented engineer with limited commercial or industrial
Llancaxoerience. It can also be an aid to all engineers responsible for the electrical design of commercial and
inc stria) facilities. However, it is not intended as a replacement for the many excellent engineering texts and
+andbooks commonly in use, nor is it detailed enough to be a design manual. It should be considered a guide
and general reference on electrical design for commercial and industrial facilities.

Tables, charts, and other information that have been extracted from codes, standards, and other technical liter-
ature are included in this publication. Their inclusion is for illustrative purposes; where technical accuracy is
important, the latest version of the referenced document should be consulted to assure use of complete, up-to-
date, and accurate information.
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IEEE Recommended Practice for
Application of Controllers and
Automation to Industrial and
Commercial Power Systems

1. Overview
1.1 Scope

This recommended practice covers the selection and application o confroilers and automation to industrial
and commercial power systems. It is likely to be of greatest valuc *o u.> power-oriented engineer with limited
experience with this equipment. It can also be an aid to all eng 'nec.s responsible for the electrical design of
industrial and commercial power systems.

The present edition of this recommended practice focuses on the application of ANSI/NEMA design control-
lers. There are differences in the design of IEC canti »llers which require additional application considerations
which are beyond the scope of the present editon

2. Normative references

The following referenced documer.=. = re indispensable for the application of this document (i.e., they must
be understood and used, so ez chieferenced document is cited in text and its relationship to this document is
explained). For dated refer nces; 2uly the edition cited applies. For undated references, the latest edition of the
referenced document (F==luc'ng any amendments or corrigenda) applies.

CSA C22.1, Canadian L =ctrical Code, Part I (CE Code).

IEEE Std '41 M, IEEE Recommended Practice for Electric Power Distribution for Industrial Plants (/EEE
Red Book™,) >

BB St1242™ JEEE Recommended Practice for Protection and Coordination of Industrial and Commercial
Po.er Sy stems (/IEEE Buff Book™).

'The electrical installation code is location specific; consult the version authorized by the relevant authority having jurisdiction (AHJ).
CSA standards can be purchased from www.shop.csa.ca.

*The IEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics Engineers, Inc.
SIEEE publications are available from The Institute of Electrical and Electronics Engineers, Inc., 445 Hoes Lane, Piscataway, NJ 08854,
USA (http://standards.ieee.org/).
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