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Abstract: Recommended practices for the design of dc power systems for stationary applications
are provided in this document. The components of the dc power system addressed by this
document include lead-acid and nickel-cadmium storage batteries, static battery chargers, and
distribution equipment. Guidance in selecting the quantity and types of equipment, the equipment
ratings, interconnections, instrumentation and protection is also provided. This recommendation is
applicable for power generation, substation, and telecommunication applications.
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE Standards documents are made available for use subject to important notices and legal disclaimers.
These notices and disclaimers, or a reference to this page (https://standards.ieee.org/ipr/disclaimers.html),
appear in all standards and may be found under the heading “Important Notices and Disclaimers Concerning
IEEE Standards Documents.”

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

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordicati.>
Committees of the IEEE Standards Association (IEEE SA) Standards Board. IEEE develops its standeds
through an accredited consensus development process, which brings together volunteers representing v rieu
viewpoints and interests to achieve the final product. IEEE Standards are documents developed . » vonnteers
with scientific, academic, and industry-based expertise in technical working groups. Voluntec.s are not
necessarily members of IEEE or IEEE SA, and participate without compensation from IE E. While IEEE
administers the process and establishes rules to promote fairness in the consensus developi..an process, IEEE
does not independently evaluate, test, or verify the accuracy of any of the information or .he sot ndness of any
judgments contained in its standards.

IEEE does not warrant or represent the accuracy or completeness of the materia. sontained in its standards,
and expressly disclaims all warranties (express, implied and statutc:y) not included in this or any other
document relating to the standard, including, but not limited to, the wa. ‘anues of: merchantability; fitness
for a particular purpose; non-infringement; and quality, accuracy, =ffectiveness, currency, or completeness
of material. In addition, IEEE disclaims any and all conditicns rc'atn.g o results and workmanlike effort. In
addition, IEEE does not warrant or represent that the use of the . 2ate.ial contained in its standards is free from
patent infringement. IEEE Standards documents are suppl'ed “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, pur=ha. ¢, merket, or provide other goods and services related to
the scope of the IEEE standard. Furthermore, the vic vpoint expressed at the time a standard is approved and
issued is subject to change brought about tlir¢ igh uevelopments in the state of the art and comments received
from users of the standard.

In publishing and making its staii*arc s available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, 2.1y erson or entity, nor is IEEE undertaking to perform any duty owed by any
other person or entity to ansthy - Ay person utilizing any IEEE Standards document, should rely upon his or
her own independent judgn.~ut in the exercise of reasonable care in any given circumstances or, as appropriate,
seek the advice of a camp. tenc professional in determining the appropriateness of a given IEEE standard.

IN NO EVENT'SHALL "EEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLAKZ 0. CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: THE
NEED TO ?RGCCURE SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR B7JSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WEIETHHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
GTHEK\VISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
"JPON 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 is 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, nor 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 1.
presenter’s views should be considered the personal views of that individual rather than the formal positic» ot
IEEE, IEEE SA, the Standards Committee, or the Working Group.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interestud par, regardless of
membership affiliation with IEEE or IEEE SA. However, IEEE does not provide int. vpre .2tic.ss, consulting
information, or advice pertaining to IEEE Standards documents.

Suggestions for changes in documents should be in the form of a propesed change of text, together with
appropriate supporting comments. Since IEEE standards represent a cun ensus of concerned interests, it is
important that any responses to comments and questions also receive uie co. currence of a balance of interests.
For this reason, IEEE and the members of its Societies and Standards Coc dinating Committees are not able to
provide an instant response to comments, or questions excepu ‘n ti.ase cases where the matter has previously
been addressed. For the same reason, IEEE does not respon< o in.2rpretation requests. Any person who would
like to participate in evaluating comments or in revisions > an' EEE standard is welcome to join the relevant
IEEE working group. You can indicate interest in a working group using the Interests tab in the Manage Profile
& Interests area of the IEEE SA myProject system. An IEEE Account is needed to access the application.

Comments on standards should be submitted us;n« the Contact Us form.

Laws and regulations

Users of IEEE Standards docan-cnts should consult all applicable laws and regulations. Compliance with
the provisions of any IEEF Sta »d2.ds document does not constitute compliance to any applicable regulatory
requirements. Implementer.. of the standard are responsible for observing or referring to the applicable
regulatory requiremets. 1.°EE does not, by the publication of its standards, intend to urge action that is not in
compliance with applic. 5ie laws, and these documents may not be construed as doing so.

Data pri‘ac.’
Users ¢ IEEE Standards documents should evaluate the standards for considerations of data privacy and

acta ow. =rship in the context of assessing and using the standards in compliance with applicable laws and
regu atic.s.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under US 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
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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.

Photocopies

Subject to payment of the appropriate licensing fees, 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; https://www.copyright
.com/. Permission to photocopy portions of any individual standard for educational classroom use can also he
obtained through the Copyright Clearance Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be supersc ded at any time
by the issuance of new editions or may be amended from time to time through the issuancc = © amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the cu rent edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every 10 years. When a docume..t is more than 10 years old
and has not undergone a revision process, it is reasonable to conclude 1. at its contents, although still of some
value, do not wholly reflect the present state of the art. Users are cautiziied v > check to determine that they have
the latest edition of any IEEE standard.

In order to determine whether a given document is the currer*.edi.’on and whether it has been amended through
the issuance of amendments, corrigenda, or errata, visit [l EE >’plore or contact IEEE. For more information
about the IEEE SA or IEEE’s standards development process, visit the IEEE SA Website.

Errata

Errata, if any, for all IEEE standards can be «cce ssed on the IEEE SA Website. Search for standard number and
year of approval to access the web pa_-e 0. the published standard. Errata links are located under the Additional
Resources Details section. Errata are also available in IEEE Xplore. Users are encouraged to periodically
check for errata.

Patents
IEEE Standards are deve oped in compliance with the IEEE SA Patent Policy.

Attention i caii=d to the possibility that implementation of this standard may require use of subject matter
covered by paent rights. By publication of this standard, no position is taken by the IEEE with respect to the
existen :e or validity of any patent rights in connection therewith. If a patent holder or patent applicant has
1.'ed a o vtement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE
SA Vebs.te at https://standards.iece.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate
w=cther 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 for identifying Essential Patent Claims for which alicense may be required, for conducting inquiries
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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.

IMPORTANT NOTICE

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure against
interference with or from other devices or networks. IEEE Standards development activities consider research
and information presented to the standards development group in developing any safety recommendatio.:s.
Other information about safety practices, changes in technology or technology implementation, or in.pact
by peripheral systems also may be pertinent to safety considerations during implementation of the sta. dard
Implementers and users of IEEE Standards documents are responsible for determining and cc nnlyng 1vith
all appropriate safety, security, environmental, health, and interference protection practices and al. appiicable
laws and regulations.

6
Copyright © 2020 IEEE. All rights reserved.


https://www.stdhive.com/standards/ieee-946-2020-pdf/

Participants

At the time this recommended practice was completed, the DC Power Working Group had the following

membership:

Amber Aboulfaida
Curtis Ashton
Robert Beavers
Robert Beck
Christopher Belcher
Steven Belisle
Duane Brock
James Buniak
Thomas Carpenter
Larry Carson
Murad Daana
Rajesh Dhiman
Robert Feisley
Kevin Fellhoelter

The following members of the individual balloting committee voted on ‘hi»recommended practice. Balloters

Haissam Nasrat, Chair

Richard Hutchins, Secretary

David Franklin

Ali Heidary

David Hood

Wayne Johnson
Roger Kang

Thomas Keels

Yves Lavoie

Rufus Lawhorn

Jose Marrero

Tania Martinez- Navedo
Stephen Mccluer
Matthew McConnell
Daniel McMenamin
James Midolo

may have voted for approval, disapproval, or abstention.

Amber Aboulfaida
Ali Al Awazi
Steven Alexanderson
Curtis Ashton
Gary Balash
Radoslav Barac
Thomas Barnes
Robert Beavers
Robert Beck

Mark Bowman
Jon Brasher
Duane Brock
Jeffrey Brogdon
Chris Brooks
Demetrio Bucaneg ',
David Burns
William Bush
William € tor
Pav! Ca. 'inal
Thoni. s Ca penter
Suresh C..annarasappa
N ‘ichael Chirico
1ohdy Clelland
Bryn Cole
Matthew Davis
Ray Davis

John Disosway
Gary Donner
Michael Dood
Edgar Dullni
Kevin Fellhoelter

Robert Fletcher
Rostyslaw Fostial~
Dale Fredrickso
David Giegel
Mietek (Glinkowski
Jalal ©oh ri
Jezepr Guc velle
wondalt Groves
it/ Gwal
~u Heidary
Lee Herron
Werner Hoelzl
Robert Hoerauf
Richard Jackson
Anil James
Geza Joos
Innocent Kamwa
Peter Kelly
Yuri Khersonsky
Hermann Koch
Boris Kogan
Jim Kulchisky
Saumen Kundu
Mikhail Lagoda
Chung-Yiu Lam
Daniel Lambert
Rufus Lawhorn
Timothy Lensmire
Albert Livshitz
Jon Loeliger
Debra Longtin

7

Copyright © 2020 IEEE. All rights reserved.

Sepehr Mogharei
Thomas Mulcahy
Bansi Patel

Art Salander
Surendra Salgia
Christopher Searles
Joseph Stevens
Thomas Stombeis.
Kurt Uhlir

Gustavo Varc a
Lesley:Varga
Stenhen =chy
Toson "Va'lis

Dot 21d Wengerter

Jose Marrero
Hugo Marroquin
Michael May
Stephen McCluer
William McCoy
James McDowall
Daniel McMenamin
Steven Meiners
Larry Meisner
James Midolo
Sepehr Mogharei
Daleep Mohla
Thomas Mulcahy
Jerry Murphy
Haissam Nasrat
Dennis Neitzel
Arthur Neubauer
Michael Newman
Nick S. A Nikjoo
Joe Nims

James O’Brien
Lorraine Padden
Bansi Patel
Anthony Picagli
John Polenz
Thomas Proios
Robert Rallo

Jan Reber
Timothy Robirds
Charles Rogers
Thomas Rozek


https://www.stdhive.com/standards/ieee-946-2020-pdf/

Ryandi Ryandi Devki Sharma James Van De Ligt

Art Salander David Smith Lesley Varga
Surendra Salgia Jeremy Smith Gerald Vaughn
Steven Sano Ralph Stell Stephen Vechy
Bartien Sayogo Gary Stoedter John Vergis
Robert Schuerger Thomas Stomberski Donald Wengerter
Christopher Searles K. Stump Kenneth White
Robert Seitz Sercan Teleke Hughes Wike
Nikunj Shah Michael Thompson Jian Yu

Wayne Timm

When the IEEE-SA Standards Board approved this recommended practice on 30 January 2020, it had >e
following membership:

Gary Hoffman, Chair
Vacant Position, Vice Chair
Jean-Philippe Faure, Past Chair
Konstantinos Karachalios, Secretary

Ted Burse David J. Law Doi >thy ¥ anle;
Doug Edwards Howard Li LoohmesUlema
J.Travis Griffith Dong Liu Lei /ang
Grace Gu Kevin Lu S.a Wei
Guido R. Hiertz Paul Nikolich Philip B. Winston
Joseph L. Koepfinger* Damir Novosel Daidi Zhong
John D. Kulick Jon Walter Rosdahl Jingyi Zhou

*Member Emeritus

8

Copyright © 2020 IEEE. All rights reserved.


https://www.stdhive.com/standards/ieee-946-2020-pdf/

Introduction

This introduction is not part of IEEE Std 946-2020, IEEE Recommended Practice for the Design of DC Power Systems
for Stationary Applications.

DC power systems continue to play a vital role in generating station, substation, and telecom controls and
providing backup for emergencies. This recommended practice fulfils a need within the industry to provide
common or standard practices for the design of dc power systems. The design features are applicable to all
installations and systems capacities.

The original issue of IEEE Std 946 was published in 1985 with the title IEEE Recommended Practice “or
the Design of Safety-Related DC Power Systems for Nuclear Power Generating Stations. The 1992 rev 'sion
changed thetitle to apply to all generating stations, while including specific guidance and a detailed biblio, rap: 7
of nuclear design reference standards. This revision makes a general update to reflect the most r. cen.indu try
practices as well as substantial additions to annexes. In addition to power generation applications, this
recommended practice covers dc power system design in substations and telecommunication app.ications.
Some discussions and illustrative figures have been retained as they offer a constructive compz rison to designs
without having to resort to additional standards.

This recommended practice was prepared by a Working Group that is part of th> Eiic. 7y siorage and Stationary
Battery Committee and was sponsored by the Energy Development and Power (*ene ‘ation Committee of the
IEEE Power and Energy Society.

Note that IEEE Std 1818™ and IEEE Std 946 are complementar: uocu.nents, developed by independent
working groups.'

"Information on references can be found in Clause 2.
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IEEE Recommended Practice for
the Design of DC Power Systems
for Stationary Applications

1. Overview

1.1 Scope

This recommended practice provides guidance for the design of stationary dc power systems. The components
of the stationary dc power system addressed by this recommended practice include the following:

— Storage batteries

— Static battery chargers/rectifiers (including sizing)
— Distribution equipment

—  Protection equipment

—  Control equipment

— Interconnections

— Instrumentation

Guidance for selecting the quantity, types, and ratings of equipment is also provided.

The considerations of each of these different components and the issue of load voltage and other load specifics
are discussed in terms of their effect on the design of the whole system. Guidance on short-circuit calculation
and contribution of different dc power system components is also offered to improve reliability, performance,
and safety of the installation.

1.2 Purpose

The purpose of this document is to provide the user with information and recommendations concerning sizing
and designing dc power systems in stationary applications.

While the recommended practices in this document apply to dc power systems in substations, additional
guidance for substations is provided in IEEE Std 1818.2

“Information on references can be found in Clause 2.
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