IEEE Std 650-1990
(Revision of IEEE Std 650-1979)

IEEE Standard for Qualification of Class
1E Static Battery Chargers and Inverters
for Nuclear Power Generating Stations

Sponsor

Nuclear Power Engineering Committee
of the

IEEE Power Engineering Society

Approved December 6, 1990
IEEE Standards Board

Abstract: Methods for qualifying static battery chargers and inverters for Class 1E installations in a mild
environment outside containment in nuclear power generating stations are described. The qualification
methods set forth employ a combination of type testing and analysis, the latter including a justification of
methods, theories, and assumptions used. These procedures meet the requirements of IEEE Std 323-
1983, IEEE Standard for Qualifying Class 1E Equipment for Nuclear Power Generating Stations.
Keywords: battery charger, inverter, qualification.

The Institute of Electrical and Electronics Engineers, Inc.
345 East 47th Street, New York, NY 10017-2394, USA

© 1991 by the Institute of Electrical and Electronics Engineers, Inc.
All rights reserved. Published 1991 Printed in the United States of America

ISBN 1-55937-092-0

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.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 22:01:02 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 650-1990


http://www.avadocuments.com/doc/ieee-650-1990
http://www.avadocuments.com/doc/ieee-650-1990

| EEE Standards documents are developed within the Technical Committees of the3BEiEties and the Standards
Coordinating Committees of the IEEE Standards Board. Members of the committees serveilycdurttawithout
compensation. They are not necessarily members of the Institute.ahidarsts developed within IEEE represent a
consensus of the broad expertise on the subject within the Institute as well as thdmsantigide of IEEE that have
expressed an interest in participating in the development of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE &fadwkss not imply that there are no other
ways to produce, test, measure, purchase, market, or provide other goods and sereidds teéascope of the IEEE
Standard. Furthermore, the viewpoint expressed at the time gasfais approved and issued is subject to change
brought about through developments in the state of the art and comments receivecfsoof thee standard. Every
IEEE Standard is subjected to review at least every five years for revision onraiffir. When a document is more
than five years old and has not been reaffirmed, it is reasonable to concluile ¢batents, although still of some
value, do not wholly reflect the present state of the art. Users are cautioned to check to d#tatritieg have the
latest edition of any IEEE Standard.

Comments for revision of IEEE Standards are welcome from any interested pantyleeg of membership affiliation
with IEEE. Suggestions for changes in documents should be in the form of a proposed change of textwitigether
appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the meaning of portitasdefds as they relate to
specific applications. When the need for interpretations is brought to the attention othEH#EStitute will initiate
action to prepare appropriate responses. Since IEEE Standards representsusafsall concerned interests, it is
important to ensure that any interpretation has also received the concurrence of a balaasts. iRbr this reason
IEEE and the members of its technical committees are not able to providgan response to interpretation requests
except in those cases where the matter has previously received éomsideration.

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

Secretary, IEEE Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331
USA

IEEE Standards documents are adopted by the Institute of Electrical and Elsdfogiiceers without regard o
whether their adoption may involve patents on articles, materials, or pracggshsadoption does not assume
any liability to any patent owner, nor does it assume any obligation whatever to partiesgattapstandard
documents.
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Foreword

(This Foreword is not a part of IEEE Std 650-1990, IEEE Standard for Qualification of XHaStatic Battery Chargers and
Inverters for Nuclear Power Generating Stations.)

This standard provides the methods of qualifying class 1E static battery chargerseatedsina accordance with
IEEE Std 323-1983, IEEE Standard for Qualifying Class 1E Equipment for Nuclear Power Ggr@tations. The
static battery chargers and inverters discussed in this standard ad Eldhis document, however, addresses this
equipment only as a subsystem in the safety related electrical system.

The techniques and information contained in this standard may be applied to other similar electronienéquipm

The guidelines of IEEE Std 381-1977, IEEE Standard Criteria for Type Tests of Class 1E dVidskdein Nuclear
Power Generating Stations, have been utilized for aging complex electronic equiprhe reliability analysis
requirements of IEEE Std 577-1976, IEEE Standard Requirements for Reliability Analysis in the Design an
Operation of Safety Systems for Nuclear Power Generating Stations, and the methods destEBEdStd 352-
1987, IEEE Guide for General Principles of Reliability Analysis of Nuclear Powerr&erng Station Protection
Systems, have also been utilized along with statistical data.

The efforts of the working group on this standard and its appendixes will continue for the purpose of updating and
disseminating more information regarding qualification techniques. The subjects of aging asel dhsurveillance/
maintenance techniques to address aging will continue to be investigated, and will be amozastbersidered by

the working group in future revisions of this standard.

At the time this standard was approved, the Working Group on Battery Chargers and InvaggrafPthe following

membership:
C.F. Seyer 111, Chair
B. G. Treece, Secretary
D. Dellinger P. Kine
D. C. Griffith F. B. Rosenzweig
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R. Brown J. T. Keiper M. Skreiner
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S. P. Carfagno T. Ling A. Stakutis
D. Castro C. Miller L. Test

G. Dowd D. Miller F. Unmack
B. Eastham M. Pai B. Williams
J. B. Gardner J. Pirrong I. E. Wilkinson
D. Green N. S. Porter

B. Hadovski M. Sheets
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IEEE Standard for Qualification of Class
1E Static Battery Chargers and Inverters
for Nuclear Power Generating Stations

1. Scope and Purpose

1.1 Scope

This standard describes methods for qualifying static battery chargers and snfieer@ass 1E installations in a mild
environment outside containment in nuclear power generating stations. The apptitttisequipment in the plant's
electrical system is not within the scope of this standard as other industtsirsts, such as IEEE Std 308—1980%,[9]
IEEE Std 603-1980 [18], and IEEE Std 946-1985 [19], exist for this purpose. In addition, industry starstdods ex
equipment performance, such as ANSI/NEMA PE 5-1985 [3]. Performance requirements are rietl Spetiis
standard.

1.2 Purpose

The purpose of this standard is to provide specific procedures to meet the reqeieeRE Std 323-1983 [10].
For the purpose of this standard, battery chargers and inverters must perfiorsafétg function under specified
service conditions.

The demonstration that an installed battery charger or inverter will meet its design apecifiequires many steps in
a program of design, fabrication, quality assurance, qualification, transport&ttcage, installation, maintenance,
periodic testing, and surveillance. This standard treats only the qualification ahés mfogram. The result of the
qualification program may provide a basis for determination of long-term maintenance requirements

Qualification may be accomplished in several ways: type testing, operatingeexge or analysis. These methods
may be used individually or in combination. The qualification methods in this standard enquiobination of type
testing and analysis. Operating experience is of limited use as a sole meaalffiotion. Operating experience is,
however, of great use as a supplement to testing, as the experience may provide antmsighthange in behavior
of materials and components through time under actual service and maintenance conditionsatipuab§i analysis
shall include a justification of the methods, theories, and assumptions used. In generalchetters and inverters

1The numbers in brackets correspond to those of the references in Section 2
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are too complex to be qualified by analysis alone, although analysisdsvefiie the extrapolation of test data and the
determination of the effects of minor design changes to equipment previously tested.

2. References

[1] ANSI/EIA 401-73 (R 79) (R 83), Paper, Paper/Film, Film Dielectric Capacitors for iPBemiconductor
Applications?

[2] ANSI/EIA 454—78, Fixed Paper and Film-Paper Dielectric Capacitors with Non-PCB Impregnants for Mgernat
Current Applications.

[3] ANSI/NEMA PE 5-1985, Utility Battery Charge?s.

[4] EPRI NP-3326, Correlation Between Aging and Seismic Qualification for Nuclear PéotitiEdl Components—
Phase 1, December 1983,

[5] EPRI NP-5024, Correlation Between Aging and Seismic Qualification for Nuclear Péatti€l Components—
Phase 2, January 1987

[6] IEEE Std 100-1984, IEEE Standard Dictionary of Electrical and Electronics Terms (ANSI).
[7] IEEE Std 101-1987, IEEE Guide for the Statistical Analysis of Thermal LifeDiast (ANSI).

[8] IEEE Std 259-1974 (Reaf 1980), IEEE Standard Test Procedures for Evaluation of Systemkatidr e
Specialty Transformers.

[9] IEEE Std 308-1980, IEEE Standard Criteria for Class 1E Power Systems for NRmbesr Generating Stations
(ANSI).

[10] IEEE Std 323-1983, IEEE Standard for Qualifying Class 1E Equipment for Nuclear Power Gené¢asiting S
(ANSI).

[11] IEEE Std 338-1987, IEEE Standard Criteria for the Periodic Testing of Nuclear Benerating Station Safety
Systems (ANSI).

[12] IEEE Std 344-1987, IEEE Recommended Practices for Seismic Qualification of El&gsipment for Nuclear
Generating Stations (ANSI).

[13] IEEE Std 352-1987, IEEE Guide for General Principles of Reliability Analysis of Nuclear B®merating
Station Protection Systems (ANSI).

[14] IEEE Std 381-1977 (Reaf 1984), IEEE Standard Criteria for Type Tests of Class 1E Modules Usedan Nucl
Power Generating Stations (ANSI).

[15] IEEE Std 382-1985, IEEE Standard for Qualification for Actuators for Power Operated Valve Aasevith
Safety-Related Functions for Nuclear Power Generating Stations (ANSI).

2EIA publications are available from the Electronic Industries Associationn&eigng Department, 2001 Eye Street NW, WasbimgdC 20006,
USA.

SNEMA publications are available from the National Electrical Manufactureseéiation, 2101 L Street NW, Washington, DC 20Q83A.
4EPRI reports are available from the Research Reports Center (RRCRdX 50490, Palo Alto, CA 94303, USA.

SIEEE publications are available from the Institute of Electrical andtilsics Engineers, Service Center, 445 Hoes Lane, Bo®.1331,
Piscataway, NJ 08855-1331, USA.
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[16] IEEE Std 383—-1974 (Reaf 1980), IEEE Standard for Type Test of Class 1E Electric CableSpkéeks and
Connections for Nuclear Power Generating Stations (ANSI).

[17] IEEE Std 577-1976 (Reaf 1986), IEEE Standard Requirements for Reliability Analysis Dresign and
Operation of Safety Systems for Nuclear Power Generating Stations (ANSI).

[18] IEEE Std 603-1980, IEEE Standard Criteria for Safety Systems for Nuclear Power @grigtattons (ANSI).

[19] IEEE Std 946-1985, Recommended Practice for the Design of Safety-Related DC AuxilianSystears for
Nuclear Generating Stations (ANSI).

3. Definitions

All definitions, except as specifically covered in this section, shall be in acoardéth IEEE Std 100-1984 [6].
battery charger: Equipment that converts ac power to dc power and is utilized to rechadgmaintain a station
battery in a fully charged condition and to supply power to dc loads during normal operation.

components: Items from which the equipment is assembled (e.qg., resist@agitars, wires, connectors, transistors,
tubes, switches, and springs).

equipment: An assembly of components designed and manufactured to perform specific functions.

inverter: Equipment that converts dc power to ac power. Includes auxiliafgedesuch as transfer switches, alternate
source transformers and regulators, input rectifiers (other than battery chargers), ¢iod deléices (e.qg., blocking
diodes).

mar gin: The difference between service conditions and the conditions used for equipmidictatan.

mild environment: An environment expected as a result of normal service conditions and extremes (gbimormal
service conditions where seismic is the only design-basis event (DBE)s#quence.

oper ating experience: Accumulation of verifiable service data for conditions equivalent to those for whitbuber
equipment is to be qualified.

qualification: The generation and maintenance of evidence to ensure that the equipment can operate otodemand
meet the system performance requirements.

qualified life: The period of time, prior to the start of a design-basis event, for which equipment wassttated to
meet the design requirements for the specified service conditions.

NOTE — At the end of the qualified life, the equipment shall be capable arménfy the safety function(s) required for the
postulated design-basis and post-design-basis events (IEEE Std 323-1983 [10]). In miltremigpClass 1E
equipment may include components that have significant aging mechanisms. The qoalificatess will include
information on when these aging mechanisms start, and any replacement/mainteearaleéguired.

4. Specifications

4.1 General

This section describes the items to be addressed in the owner’s specifications for the eqaoipenguoélified. These
items include the equipment identification, the Class 1E performance chistaxtethe input power supply, the
environmental conditions, and the effect of changes in input power supply and environmeritainsongdon the
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Class 1E performance characteristics. If the equipment specification incladgissnas defined in Section 3, their
values shall be identified.

4.2 Class 1E Performance Characteristics and Safety Function

The required Class 1E performance characteristics and the safety function shaliflexldpethose responsible for
the design application of the equipment, and shall include, as a minimum, numatieal and durations for normal,
abnormal, design-basis event (DBE), and post-design-basis event conditions, as indicat@d4rP43.

4.2.1 Class 1E Performance Characteristics

1)

2)

3)
4)
5)

Input conditions, such as

a) \oltage
b) Frequency
c) Phase

Output requirements, such as

a) \oltage and voltage regulation

b) Current (minimum and maximum)

c) Current limit

d) Frequency and frequency regulation (inverters only)

e) Load power factor (inverters only)

f) Ripple voltage (battery chargers only)

g) Harmonic distortion (inverters only)

Surge withstand capability

Reverse dc current flow prevention (chargers only)

Characteristics of auxiliary equipment (if used), including

a) Transfer switches (functional operation, e.g., transfer time, high andsdtiage actuation, and
overcurrent actuation)

b) Inverter’s input rectifier (same input conditions as battery charger)

c) Isolating device (blocking and conducting function)

d) Alternate source transformer and regulator (input conditions and output requirements)

4.2.2 Description of the Safety Function of Class 1E Charger or Inverter

4.2.3 Qualified Life Objective

(where applicable)

4.3 Environment

All significant environmental parameters shall be specified in the owner’s spgeificihe range of environmental
conditions shall include, as a minimum, normal and abnormal conditions and duratioei,asdesign-basis event
and post-design-basis event conditions.

43.1

Where applicable, the equipment specification shall include numerical valueg foatinitude and duration of the
following service conditions:

1)
2)
3)
4)

Minimum, maximum, and annual average ambient temperature
Minimum and maximum storage temperature

Maximum relative humidity (operating and storage)

Altitude
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5) Operational vibration

6) Seismic requirements

7) Nuclear radiation type

8) Irradiation (dose rate and total dose)

9) Radio frequency interference (RFI) or electromagnetic interference (EMI) lgwelsthe effects of the
charger or inverter on other equipment, or vice versa)

4.4 Other Conditions
Where applicable, the equipment specifications shall include

1) Any significant rate of change or combinations of specified performance and environmeitgdidied in
4.2 and 4.3

2) The expected total number of operating cycles or operating time period for threretahanical devices
(including periodic testing cycles)

3) Unusual atmospheric contamination (dust, oil, fungus, chemical or water gpray, e

4) Electrical and mechanical interfaces (e.g., input and output connectiamstimgo voltages, currents, etc.)
NOTE — As used in this document, interfaces are junctions between the Class 1E equifreentalified and other

equipment or devices.
5) Dielectric test parameters

5. Qualification Methods

The qualification of Class 1E static battery chargers and inverters shalldsmigheid by the qualification program
outlined in this section. See Fig 1 for flow chart.

5.1 Analytical Requirements

An analysis shall be performed on all components within the charger or ineedetermine which components are
required for the performance of its safety function and which components are not.

5.1.1 Nonsafety Component Analysis

A failure modes and effects analysis (FMEA) shall be perfornmed¢c¢ordance with Section 4.2 of IEEE Std 577—
1976 [17f, on all components presumed to be nonsafety components. The FMEAeshonstrate that the failure
of these components, as used in the circuit throughout the qualified life of the equipment, ddestribeahility of
the charger or inverter to perform its safety function (see 4.2.2) or, by way of intedfaessot affect the safety
functions) of other equipment. The nonsafety components shall be assembled into tleeesmipment without
additional analysis or testing. Any component whose failure is determined titladfedbility of the charger or inverter
to perform its safety function by the FMEA shall be considered a safetgareent, and is addressed in 5.1.2.

5.1.2 Safety Component Analysis

Components designated as safety components are those whose fadketeeth# ability of the charger or inverter to
perform its safety function or, by way of interfaces, affects the safety function of other equiphmnshall be
analyzed in accordance with the requirements of this section.

SFor guidance in performing an FMEA, consult IEEE Std 352-1987 [13].
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5.1.2.1 Stress Analysis

An essential part of the qualification of this equipment is to verify the integfitts design. Thus, as part of the
qualification process, a stress analysis of the equipment shall be peaftyrassure that no electrical component is
stressed to a point where its aging is accelerated beyond that expected in operation. Shouithangnts be
overstressed, a redesign shall be performed to correct this condition. Appendix Apbadkground information on
this topic, as well as an example of a stress analysis.

5.1.2.2 Component Classification

All safety components within the charger or inverter shall be cledsi either components for which aging is not a
significant failure mechanism or components for which aging is a significant failwigamism. An aging mechanism
is significant if, in the normal and abnormal service environment, it causes degmatiaing the installed life of the
equipment that progressively and appreciably renders the equipment vulnerable to failuferto fisrsafety
function(s) under DBE conditions (see Section 6.2.1 of IEEE Std 323-1983 [10]). Operating erpezsing, and
analysis may be utilized in this classification process.
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