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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Committees of the

IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards through a consensus

development process, approved by the American National Standards Institute, which brings together volunteers

representing varied viewpoints and interests to achieve the final product. Volunteers are not necessarily members of the

Institute and serve without compensation. While the IEEE administers the process and establishes rules to promote fairness

in the consensus development process, the IEEE does not independently evaluate, test, or verify the accuracy of any of the

information contained in its standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other

damage, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly resulting

from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly disclaims

any express or implied warranty, including any implied warranty of merchantability or fitness for a specific purpose, or that

the use of the material contained herein is free from patent infringement. IEEE Standards documents are supplied “AS IS.”

The existence of an IEEE Standard does not imply that there are no other ways to produce, test, measure, purchase, market,

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 through developments in the state of the art and

comments received from users of the standard. Every IEEE Standard is subjected to review at least every five years for

revision or reaffirmation. When a document is more than five years old and has not been reaffirmed, 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 publishing and making this document available, the IEEE is not suggesting or rendering professional or other services

for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any other person or

entity to another. Any person utilizing this, and any other IEEE Standards document, should rely upon the advice of a com-

petent professional in determining the exercise of reasonable care in any given circumstances.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to specific

applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate action to prepare

appropriate responses. Since IEEE Standards represent a consensus of concerned interests, it is important to ensure that any

interpretation has also received the concurrence of a balance of interests. For this reason, IEEE and the members of its

societies and Standards Coordinating Committees are not able to provide an instant response to interpretation requests except

in those cases where the matter has previously received formal consideration. 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, explanation, or interpretation of the IEEE. 

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affiliation with

IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with appropriate

supporting comments. Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board

445 Hoes Lane

Piscataway, NJ 08854

USA

Authorization to photocopy portions of any individual standard for internal or personal use is granted by the Institute of

Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearance Center. To

arrange for payment of licensing fee, 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.

NOTE−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 exist-

ence or validity of any patent rights in connection therewith. The IEEE shall not be responsible for identifying

patents for which a license may be required by an IEEE standard or for conducting inquiries into the legal valid-

ity or scope of those patents that are brought to its attention.
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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.

Copyright © 2005 IEEE. All rights reserved.
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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. 

1 
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IEEE Std 1115™, IEEE Recommended Practice for Sizing Nickel-Cadmium Batteries for Stationary 

Applications. 

IEEE Std 1184™, IEEE Guide for the Selection and Sizing of Batteries for Uninterruptible Power Systems. 

IEEE Std 1187™, IEEE Recommended Practice for Installation Design and Installation of Valve-Regulated 

Lead-Acid Storage Batteries for Stationary Applications. 

IEEE Std 1189™ IEEE Guide for Selection of Valve-Regulated Lead-Acid (VRLA) Batteries for 

Stationary Applications. 

IEEE Std 1375™, IEEE Guide for the Protection of Stationary Battery Systems. 

3.

4.

4.1

                                                

 Definitions 

For the purposes of this recommended practice, the following terms and definitions apply. The 

Authoritative Dictionary of IEEE Standards [B2]3, should be referenced for terms not defined in this 

clause. 

3.1 battery capacity: The amp-hours available in an installed battery as measured by test. This is 

measured, normally after an equalize charge, by a performance or modified performance test. The battery 

capacity may be larger or smaller than the rated capacity and is expressed as a per cent of rated capacity for 

a given duration. For lead acid batteries, this is due to degradation of the grid, connections, welds, pellet 

interface to the grid, crystal surface contact interface of the lead oxides, wet surface interface between the 

lead oxide and the electrolyte, electrolyte specific gravity, and transport resistance of the hydrogen and 

oxygen between the positive and negative plates.  Since the factors which affect battery performance are 

varied, the measured battery capacity at a long duration may differ from the measured capacity at a short 

duration. 

3.2 battery rated capacity: The rated amp-hours available in a battery at 100% charge. This is established 

via “S” or fan curves by a manufacturer’s test of a limited sample of cells using the interconnecting 

hardware supplied with the standard installation. The rated amp-hours may differ as a function of the 

discharge duration, long duration discharges typically utilizes the available material more effectively. 

NOTE—See IEEE Std 485 for an example of the manufacturer’s sizing curves.4

3.3 battery state of charge: A factor between 0 and 100. It establishes the available amp-hours by 

multiplying the state of charge times the battery capacity times the battery rated capacity for a specified 

discharge duration. The battery state of charge reflects the conversion or restoration of lead sulfate to lead 

oxide after a discharge. 

 General 

 Description and operation 

All power generating stations require dc auxiliary power systems to operate those dc components that must 

be available should a loss of ac power occur. Some examples of such components are auxiliary motors, 

circuit breakers, relays, solenoids, and inverters. The dc source(s) may be one common battery for both 

power and control or two separate batteries; one for power and another for control and instrumentation. 

Separate batteries are recommended for special services such as for engine (cranking) starting. 

 
3 The numbers in brackets correspond to those of the bibliography in Annex A. 
4 Notes in text, tables, and figures are given for information only and do not contain requirements needed to implement this standard. 
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In normal operation, the battery and charger(s) are both connected to the dc distribution bus and, therefore, 

operate as parallel sources to supply the connected loads. The charger, in addition to charging the battery, 

carries the normal continuous load. Chargers are typically provided with a current limiting circuit for 

overload protection. If overloaded, the charger output voltage will drop, causing all loads in excess of the 

charger rating to be supplied by the battery. In the event of: a) a failure of the ac power supply to the 

charger(s) or b) a charger failure (or the removal of the charger from service), the battery must supply all of 

the power required by the loads for some designed period of time. 

Specific design guidance for dc systems for nuclear generating stations are discussed fully in numerous 

design standards found in Annex A. 

4.2

4.3

4.4

                                                

 Number of batteries 

As a minimum, one battery should be provided for each unit. If the auxiliary loads of one unit are divided 

into two or more independent systems, then each independent system should be provided with a separate 

battery. If the maximum dc power requirements exceed the capacity of one battery, then the development 

of two independent systems should be considered. Cross-ties from other batteries may be provided, where 

appropriate (see 7.7). 

For Class 1E nuclear applications, as a minimum, a separate battery shall be provided for each Engineered 

Safety Feature (ESF) Division in each unit in order to provide the required independence between 

redundant Class 1E power systems. For increased operating flexibility in designs where the reactor 

protection system channels are dependent on dc, the number of safety-related batteries provided on each 

unit should equal the number of independent and redundant reactor protection system (instrumentation and 

control) channels. For example, in a unit with four reactor protection channels, four batteries should be 

provided. The rated capacity of each battery should be determined as described in 5.2 of this guide. 

 Number of chargers and distribution panels 

As a minimum, one battery charger and main distribution panel should be provided for each battery. 

Additional (spare or standby) chargers should be considered for increased operating flexibility and plant 

availability (see Clause 8.) 

 System voltage and battery size considerations 

The nominal system voltages of 250 V, 125 V, 48 V, and 24 V are generally utilized in station dc auxiliary 

power systems. The type, rating, cost, availability, and location of the connected equipment should be used 

to determine which nominal system voltage is appropriate for a specific application. 250 V systems are 

typically used to power motors for emergency pumps, large valve operators, and large inverters. 125 V 

systems are typically used for small inverters, dc power supplies, control power for most relay logic circuits 

and the closing and tripping of switchgear circuit breakers. 48 V or 24 V systems are typically used for 

specialized instrumentation or communications systems. 

For a given dc auxiliary power system, the connected equipment governs the maximum and minimum 

voltage operating limits. Standards such as IEEE C37.16™-1997 [B17], IEEE Std C37.90™-1989 (R1994) 

[B18], and NEMA MG 1-1998 [B19] establish voltage limits for various equipment and relays (see 7.3). 

Operating outside the voltage limits may affect the expected life of the equipment, the speed at which it 

operates, the available torque, or the device’s capability to operate. When the voltage limits for a given 

system are established, the size of the battery (number of cells and capacity) and the operating procedures 

should be established as outlined in IEEE Std 485™5 and IEEE Std 450™-2002 [B7], respectively. 

 

 
5 Information on references can be found in Clause 2. 
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4.5

5.

5.1

5.2

 Physical layout 

Consideration should be given to locating the equipment (battery, charger, and main distribution panel) as 

close together, and as near the center of the electrical load, as practical so as to minimize voltage drop and 

to accommodate maintenance and testing activities. If the ac auxiliary power system is separated into two 

or more independent divisions, with a dc auxiliary power system for each ac division, then the equipment 

and cables for each dc auxiliary power system division should be separated from the equipment and cable 

of the other division, to the same extent as employed for the ac system. 

When dc power is used for control and instrumentation purposes, consideration should be given in routing 

the entire power system in raceways which do not contain distribution system cables subject to surges. 

Surges may be present in ac systems, high voltage dc systems and grounding cables as a result of 

switching, lightning, and faults. 

 Batteries 

 General description 

The station batteries are used to supply power to dc loads during the loss of all ac power sources. 

 Determination of battery duty cycles and battery size (capacity) 

The determination of the battery duty cycles is a plant-unique activity because the magnitude (total 

amperes) and duration of each segment of the duty cycle is the sum of the individual operating loads 

(amperes) over the time period required for the specific plant equipment under consideration. 

In addition, the overall duration (total battery discharge time) of the duty cycle cannot be less than the 

estimated time interval necessary to restore ac power (either from an on-site engine-generator source or an 

off-site power source) to the battery chargers and other auxiliaries. This estimated time interval is 

determined by engineering judgment, which is greatly influenced by operating experience, and by the 

quantity, reliability, and flexibility of the specific off-site power sources (generation and transmission 

system network equipment) and on-site power sources (engine-generators and distribution systems). 

For example, a minimum scenario may require the batteries to supply power to the system for 

approximately 1 min (the time between loss of ac power and the loading of the diesel) if, after such time, 

the charger output and dc loads return to normal. More often, the overall duration of the battery duty cycle 

is estimated at ½ h, 1 h, 2 h, 4 h, or 8 h. The time/load current profile should consider the requirements in 

all operating modes. Operating requirements, such as operation while a battery charger is out for repair or 

while switches are operated to bring a spare charger on line, should also be considered. Battery duty cycles 

that require manual shedding of battery loads also require that sufficient capacity be provided to allow 

adequate time for such manual actions. Thus, several battery duty cycles will usually be required to address 

such postulated events. 

After the magnitude and time period of each component load and the overall duration have been 

determined, each battery duty cycle should be constructed, and the battery sized in accordance with IEEE 

Std 485. The resulting largest battery size from each of the different duty cycle scenarios considered 

becomes the worst-case design basis for the battery system.  

Consideration may be given to providing additional design margin such that the battery will be able to 

fulfill the service requirements under the following conditions:  

a) If it ever should become necessary to electrically remove one or more cells. This can be 

accomplished by using the higher end-of-discharge cell voltage (corresponding to the reduced 

number of cells) in the battery sizing calculation.  
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