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Abstract: Guidance for the design of the dc auxiliary power systems for nuclear and non-nuclear
power generating stations is provided by this recommended practice. The components of the dc
auxiliary power system addressed by this recommended practice include lead-acid storage
batteries, static battery chargers, and distribution equipment. Guidance for selecting the quantity
and types of equipment, the equipment ratings, interconnections, instrumentation, control and
protection is also provided.
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Introduction

DC auxiliary power systems continue to play a vital role in generating station control and in providing
backup for emergencies. This recommended practice fulfils a need within the industry to provide common
or standard practices for the design of dc 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 for the
Design of Safety-Related DC Auxiliary Power Systems for Nuclear Power Generating Stations. The 1992
revision changed the title to apply to all generating stations, while including specific guidance and a detailed
bibliography of nuclear design reference standards. This revision makes a general update to reflect the most
recent industry practices as well as substantial additions to annexes. In addition, as the design of nuclear
plant systems has become well documented by other IEEE standards, the direct emphasis on unique aspects
of nuclear plant design has been further diminished, with a full listing of the nuclear design standards
included in Annex A. Some nuclear discussion and illustrative figures have been retained as they offer a
constructive comparison to non-nuclear designs without having to resort to additional standards.

This recommended practice was prepared by a Working Group that is part of the Station Design, Operation,
and Control Subcommittee and was sponsored by the Energy Development and Power Generation
Committee of the IEEE Power Engineering Society.

Notice to users

Errata

Errata, if any, for this and all other standards can be accessed at the following URL: http://
standards.ieee.org/reading/ieee/updates/errata/index.html. Users are encouraged to check this URL for
errata periodically.

Interpretations

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/ieee/interp/
index.html.

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 with respect to the existence or
validity of any patent rights in connection therewith. The IEEE shall not be responsible for identifying
patents or patent applications for which a license may be required to implement an IEEE standard or for
conducting inquiries into the legal validity or scope of those patents that are brought to its attention.

This introduction in not part of IEEE Std 946-2004, IEEE Recommended Practice for the Design of DC Auxiliary
Power Systems for Generating Stations.



Participants

At the time this standard was completed, the Task Force on DC Auxiliary Power Working Group had the
following membership. 

Joseph Jancauskas, Chair

The following members of the individual balloting committee voted on this standard. Balloters may have
voted for approval, disapproval, or abstention. 

When the IEEE-SA Standards Board approved this standard on 8 December 2004, it had the following
membership:

Don Wright, Chair
Steve M. Mills, Vice Chair
Judith Gorman, Secretary

*Member Emeritus

Also included are the following nonvoting IEEE-SA Standards Board liaisons:

Satish K. Aggarwal, NRC Representative
Richard DeBlasio, DOE Representative

Alan Cookson, NIST Representative

Jennie Steinhagen
IEEE Standards Project Editor

Robert Beavers
John K. Coyle

Paul Hellen Jim Logothetis
Kurt Ulhir

William Ackerman
Mark Bowman
Steven Brockschink
Tommy Cooper
John K. Coyle
Gary Engmann
Robert Fenton
Patrick Gove

Randall Groves
Edward  Horgan, Jr.
Richard Huber
David Jackson
Joseph Jancauskas 
Lawrence Long
Gregory Luri

Keith Malmedal
John Merando
Paul Pillitteri
James Ruggieri
Malcolm Thaden
Shanmugan Thamilarasan
Gerald Vaughn
Zhenxue Xu

Chuck Adams
Stephen Berger
Mark D. Bowman
Joseph A. Bruder
Bob Davis
Roberto de Marca Boisson
Julian Forster*
Arnold M. Greenspan
Mark S. Halpin

Raymond Hapeman
Richard J. Holleman
Richard H. Hulett
Lowell G. Johnson
Joseph L. Koepfinger*
Hermann Koch
Thomas J. McGean

Daleep C. Mohla
Paul Nikolich
T. W. Olsen
Ronald C. Petersen
Gary S. Robinson
Frank Stone
Malcolm V. Thaden
Doug Topping
Joe D. Watson



 

Contents 
1. Overview .................................................................................................................................................... 1 

1.1 Scope ................................................................................................................................................... 1 

2. Normative references.................................................................................................................................. 1 

3. Definitions .................................................................................................................................................. 2 

4. General ....................................................................................................................................................... 2 

4.1 Description and operation.................................................................................................................... 2 
4.2 Number of batteries ............................................................................................................................. 3 
4.3 Number of chargers and distribution panels ........................................................................................ 3 
4.4 System voltage and battery size considerations................................................................................... 3 
4.5 Physical layout..................................................................................................................................... 4 

5. Batteries...................................................................................................................................................... 4 

5.1 General description.............................................................................................................................. 4 
5.2 Determination of battery duty cycles and battery size (capacity) ........................................................ 4 
5.3 Installation design................................................................................................................................ 5 
5.4 Maintenance, testing, and replacement................................................................................................ 5 
5.5 Qualification ........................................................................................................................................ 5 

6. Battery chargers.......................................................................................................................................... 5 

6.1 General description.............................................................................................................................. 5 
6.2 Determination of rated output.............................................................................................................. 5 
6.3 Sample calculations ............................................................................................................................. 6 
6.4 Installation Design............................................................................................................................... 6 
6.5 Output characteristics .......................................................................................................................... 7 

7. Distribution system and equipment ............................................................................................................ 7 

7.1 Protective device description and rating .............................................................................................. 7 
7.2 Typical diagram................................................................................................................................... 8 
7.3 Voltage ratings for dc powered components ....................................................................................... 8 
7.4 Instrumentation, controls, and alarms................................................................................................ 12 
7.5 Special dc loads ................................................................................................................................. 14 
7.6 Design features to assist in battery testing......................................................................................... 16 
7.7 Cross-tie between buses..................................................................................................................... 16 
7.8 Qualification ...................................................................................................................................... 17 
7.9 Available short-circuit current ........................................................................................................... 17 

8. Spare equipment ....................................................................................................................................... 18 

 
 
 
 

v  
Copyright © 2005 IEEE. All rights reserved. 



 

Annex A (informative) Bibliography ........................................................................................................... 19 

Annex B (informative) Battery charger rating—sample calculations .......................................................... 21 

B.1 Introduction....................................................................................................................................... 21 
B.2 Formulas ........................................................................................................................................... 21 
B.3 Sample calculations .......................................................................................................................... 22 

Annex C (informative) Batteries, available short-circuit current—sample calculations .............................. 23 

C.1 Introduction....................................................................................................................................... 23 
C.2 Discussion......................................................................................................................................... 23 
C.3 Sample calculations .......................................................................................................................... 24 

Annex D (informative) Effect of grounds on the operation of dc auxiliary power systems ......................... 27 

D.1 Introduction ...................................................................................................................................... 27 
D.2 Discussion......................................................................................................................................... 27 
D.3 Sample evaluations ........................................................................................................................... 27 

Annex E (informative) Battery charger, short-circuit current contribution .................................................. 30 

E.1 Abstract ............................................................................................................................................. 30 
E.2 Discussion ......................................................................................................................................... 30 
E.3 Sample evaluation ............................................................................................................................. 31 

 

vi  
Copyright © 2005 IEEE. All rights reserved. 



IEEE Recommended Practice for the            
Design of DC Auxiliary Power             
Systems for Generating Stations 

1. 

1.1

2. 

                                                

Overview 

 Scope 

This recommended practice provides guidance for the design of the dc auxiliary power systems for nuclear 
and non-nuclear power generating stations. The components of the dc auxiliary power system addressed by 
this recommended practice include lead-acid storage batteries, static battery chargers, and distribution 
equipment. Guidance for selecting the quantity and types of equipment, the equipment ratings, 
interconnections, instrumentation, control, and protection is also provided. 
 
The ac power supply to the battery chargers; the loads served by the dc systems, except as they influence 
the dc system design; and dedicated engine starting (cranking) battery systems are beyond the scope of this 
recommended practice. 

Normative references 

The following referenced documents are indispensable for the application of this document. 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 484™, IEEE Recommended Practice for Installation Design and Installation of Vented Lead-
Acid Storage Batteries for Stationary Applications.1,2

IEEE Std 485™, IEEE Recommended Practice for Sizing Large Lead Storage Batteries for Generating 
Stations and Substations. 

IEEE Std 649™, IEEE Standard for Qualifying Class 1E Motor Control Centers for Nuclear Power 
Generating Stations. 

IEEE Std 666™, IEEE Design Guide for Electric Power Service Systems for Generating Stations. 

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