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IEEE Standards documents are developed within the Technical Com-
mittees of the IEEE Societies and the Standards Coordinating Commit-
tees of the IEEE Standards Board. Members of the committees serve
voluntarily and without compensation. They are not necessarily mem-
bers of the Institute. The standards developed within IEEE represent
a consensus of the broad expertise on the subject within the Institute
as well as those activities outside of IEEE which have expressed an in-
terest in participating in the development of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an
IEEE Standard does not imply that there are no other ways to pro-
duce, test, measure, purchase, market, or provide other goods and ser-
vices related to the scope of the IEEE Standard. Furthermore, the view-
point 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 Stan-
dard is subjected to review at least once 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.

Comments for revision of IEEE Standards are welcome from any
interested party, regardless of membership affiliation with IEEE. Sug-
gestions for changes in documents should be in the form of a proposed
change of text, together with appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the mean-
ing 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 all concerned interests, it is
important to ensure that any interpretation has also received the con-
currence of a balance of interests. For this reason IEEE and the mem-
bers of its technical committees are not able to provide an instant re-
sponse to interpretation requests except in those cases where the matter
has previously received formal consideration.

Comments on standards and requests for interpretations should be ad-
dressed to:

Secretary, IEEE Standards Board
345 East 47th Street

New York, NY 10017

USA
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Foreword

(This Foreword is not a part of IEEE Std 650-1979, IEEE Standard for Qualification of Class 1E Static Battery
Chargers and Inverters for Nuclear Power Generating Stations.)

This standard provides the methods of qualifying class 1E static battery chargers and inverters in
accordance with IEEE Std 323-1974, Standard for Qualifying Class 1E Equipment for Nuclear Power
Generating Stations, to which this document is a supplement. The static chargers and inverters dis-
cussed in this standard are safety related, however, this document addresses this equipment only as
a subsystem in the safety related electrical system.

The guidelines of IEEE Std 381-1977, Standard Criteria for Type Tests of Class 1E Modules Used
in Nuclear Power Generating Stations, have been utilized for aging complex electronic equipment.
The reliability analysis requirements of ANSI/IEEE Std 577-1976, Standard Requirements for Re-
liability Analysis in the Design and Operation of Safety Systems for Nuclear Power Generating Sta-
tions, and the methods described in ANSI/IEEE Std 352-1975, Guide for General Principles of Re-
liability Analysis of Nuclear Power Generating 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 pur-
pose of updating and disseminating more information regarding qualification techniques. The
subject of aging in accordance with the latest state of the art will continue to be investigated and
will be among the areas considered by the working group in future revisions of IEEE Std 650-1979,
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An American National Standard

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

1. Scope and Purpose

This standard describes methods for qualify-
ing static battery chargers and inverters for
Class 1E installations in environmentally con-
trolled areas outside containment in nuclear
power generating stations. The application of
this equipment in the plant’s electrical system
is not within the scope of this standard as
other industry standards such as IEEE Std 308-
1978, Standard Criteria for Class 1E Power
Systems for Nuclear Power Generating Sta-
tions, ANSI/IEEE Std 279-1971, Standard
Criteria for Protection Systems for Nuclear
Power Generating Stations, and IEEE Std 603-
1977, Trial-Use Standard Criteria for Safety
Systems for Nuclear Power Generating Sta-
tions, exist for this purpose. In addition, in-
dustry standards exist for equipment perfor-
mance such as NEMA PV 5-1976, Constant-
Potential-Type Electric Utility (Semiconduc-
tor Static Converter) Battery Chargers. Per-
formance requirements are not specified in this
standard.

The purpose of this standard is to provide
specific procedures to meet the requirements
of IEEE Std 323-1974, Standard for Qualify-
ing Class 1E Equipment for Nuclear Power
Generating Stations. For the purpose of this
standard, battery chargers and inverters must
perform their intended function under speci-
fied service conditions.

The demonstration that an installed battery
charger or inverter will meet its design specifi-
cation requires many steps in a program of
design, fabrication, quality control, qualifica-
tion, installation, maintenance, and periodic
testing. This standard treats only the qualifica-
tion area of this program. The result may pro-
vide a basis for determination of long term
maintenance requirements.

Qualification may be accomplished in sev-
eral ways: type testing, operating experience,

or analysis. These methods may be used in-
dividually or in combination, although IEEE
Std 323-1974 indicates that type testing using
simulated service conditions is the preferred
method of qualification. The qualification
methods in this standard employ a combina-
tion of type testing and analysis. Operating
experience is a method of limited use as a sole
means of qualification, but of great use as a
supplement to testing in that the experience
may provide an insight into the change in be-
havior of materials and components through
time under actual service and maintenance
conditions. Qualification by analysis shall in-
clude justification of methods, theories, and
assumptions used. In general, battery chargers
and inverters are too complex to be qualified
by analysis alone although it is effective in the
extrapolation of test data and determination
of the effects of minor design changes to equip-
ment previously tested.

2. References

When any of the following standards are
superseded by an approved revision, the revi-
sion shall apply.

ANSI C83.67-1972 (R1977), Fixed Paper Di-
electric Capacitors for Alternating Current
Applications.!

ANSI C83.67a-1974 (R1977), Fixed Paper Di-
electric Capacitors with Non-PCB Impregnant
for Alternating Current Applications.!

ANSI C83.97-1973, Paper, Paper-Film Dielec-
tric Capacitors for Power Semiconductor Ap-
plications.?

1These documents are available from the American
National Standards Institute (ANSI), 1430 Broadway,
New York, New York, 10018.
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ANSI/EIA-RS-454-78 Fixed Paper and Film
Paper Dielectric Capacitors with Non PCB Im-
pregnants for Alternating Current Applica-
tions,1

ANSI/IEEE Std 100-1977, Dictionary of
Electrical and Electronics Terms.

ANSI/IEEE Std 279-1971, Standard Criteria
for Protection Systems for Nuclear Power
Generating Stations.

ANSI/IEEE Std 338-1977, Standard Criteria
for the Periodic Testing of Nuclear Power Gen-
erating Station Safety Systems.

ANSI/IEEE Std 344-1975, Recommended
Practices for Seismic Qualification of Class 1E
Equipment for Nuclear Generating Stations.
ANSI/IEEE Std 352-1975, Guide for General
Principles of Reliability Analysis of Nuclear
Power Generating Station Protection Systems.
ANSI/IEEE Std 382-1972, Trial-Use Guide
for Type Test of Class 1E Valve Operators for
Nuclar Power Generating Stations.

ANSI/IEEE Std 383-1974, Standard for Type
Test of Class 1E Electric Cables, Field Splices,
and Connections for Nuclear Power Generating
Stations.

ANSI/IEEE Std 577-1976, Standard Require-
ments for Reliability Analysis in the Design
and Operation of Safety Systems for Nuclear
Power Generating Stations.

IEEE Std 101-1972, Guide for the Statistical
Analysis of Thermal Life Test Data.

IEEE Std 259-1974, Standard Test Procedure
for Evaluation of Systems of Insulation for
Specialty Transformers.

IEEE Std 308-1978, Standard Criteria for Class
1E Power Systems for Nuclear Power Generat-
ing Stations.

IEEE Std 323-1974, Standard for Qualifying
Class 1E Equipment for Nuclear Power Gen-
erating Stations.

IEEE Std 380-1975, Definitions of Terms Used
in IEEE Standards on Nuclear Power Generat-
ing Stations.

IEEE Std 381-1977, Standard Criteria for Type
Tests of Class 1E Modules Used in Nuclear
Power Generating Stations.

IEEE Std 603-1977, Trial-Use Standard Cri-
teria for Safety Systems for Nuclear Power
Generating Stations.

NEMA PV 5-1976, Constant-Potential-Type
Electric Utility (Semiconductor Static Con-
verter) Battery Chargers.?

2These documents are available from the National
Electrical Manufacturers Association (NEMA), 2101
L Street, N.W., Washington, DC 20037.

QUALIFICATION OF CLASS 1E STATIC BATTERY
3. Definitions

These definitions establish the meaning of
terms within the context of this standard.

aging (natural). The change with passage of
time in physical, chemical, or electrical prop-
erties of components or equipment under de-
sign range operating conditions that may result
in degradaton of significant performance char-
acteristics.

analysis. A process of mathematical or other
logical reasoning that leads from stated prem-
ises to the conclusion concerning specific ca-
pabilities of equipment and its adequacy for a
particular application.

break-in period. That early period, beginning at
some stated time during which the failure rate
of some items is decreasing rapidly. Also called
early failure period.

burn-in. The operation of components or equip-
ment, prior to type test or ultimate applica-
tion, intended to stabilize their characteristics
and to identify early failures.

common-mode failure. Multiple failure attri-
butable to a common cause.

components. Items from which the system is
assembled (for example, resistors, capacitors,
wires, connectors, transistors, tubes, switches,
springs, etc).

containment. That portion of the engineered
safety features designed to act as the principal
barrier, after the reactor system pressure
boundary, to prevent the release, even under
conditions of a reactor accident, of unaccept-
able quantities of radioactive material beyond
a controlled zone.

demonstration. A course of reasoning showing
that a certain result is a consequence of as-
sumed premises; an explanation or illustration,
as in teaching by use of examples.

design basis events (DBE). Postulated events,
specified by the safety analysis of the station,
used in the design to establish the acceptable
performance requirements of the structures
and systems.
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CHARGERS AND INVERTERS FOR NPGS

design life. The time during which satisfactory
performance can be expected for a specific
set of service conditions, based upon com-
ponent selection and application.

environment. The external conditions and in-
fluences such as temperature, humidity, alti-
tude, shock and vibration which may affect
the life and function of the components or
equipment.

equipment qualification. The generation and
maintenance of evidence to assure that the
equipment will meet the system performance
requirements.

failure modes and effects analysis (FMEA).
The identification of significant failures, ir-
respective of cause, and their consequences.
This includes electrical and mechanical failures
which could conceivably occur under speci-
fied service conditions and their effect, if any,
on adjoining circuitry or mechanical inter-
faces displayed in a table, chart, fault tree or
other format.

installed life. The interval from installation
to removal, during which the equipment or
component thereof may be subject to design
service conditions and system demands.

NOTE: Equipment may have an installed life of 20
years with certain components changed periodically;
thus, the installed life of the components would be
less than 20 years (ANSI/IEEE Std 382-1972).

maintenance interval. The period, defined in
terms of real time, operating time, number of
operating cycles, or a combination of these,
during which satisfactory performance is re-
quired without maintenance or adjustments.

malfunction. The loss of capability of Class
1E equipment to initiate or sustain a required
function, or the initiation of undesired spuri-
ous action which might result in consequences
adverse to safety.

operating basis earthquake (OBE). That earth-
quake which could reasonably be expected to
affect the plant site during the operating life
of the plant. It is that earthquake which pro-
duces the vibratory ground motion for which
those features of the nuclear power plant
necessary for continued operation, without
undue risk to the health and safety of the pub-
lic, are designed to remain functional.

IEEE
Std 650-1979

operating experience. Accumulation of verifi-
able service data for conditions equivalent to
those for which particular equipment is to be
qualified.

qualified life. The period of time for which
satisfactory performance can be demonstrated
for a specific set of service conditions.

NOTE: The qualified life of a particular equipment
item may be changed during its installed life where
justified (IEEE Std 323-1974).

random failure. Any failure whose cause or
mechanism, or both, make its time of oc-
currence unpredictable.

sample equipment. Production equipment
tested to obtain data that are valid over a range
of ratings and for specific services.

service conditions. Environmental, power, and
signal conditions expected as a result of normal
operating requirements, expected extremes in
operating requirements, and postulated condi-
tions appropriate for the design basis events of
the station.

stress analysis. An electrical and thermal design
analysis of component applications in specific
circuits under the specified range of service
conditions.

stress test. A type test performed on a sample
equipment which “stresses’’ the equipment to
the specified range of service conditions.

type tests. Tests made on one or more sample
equipment to verify adequacy of design and
the manufacturing processes.

wear-out period. The time interval following
the period of constant failure rate, during
which failures occur at a greater rate.

4. Specifications

4.1 General. This section describes the speci-
fications for the equipment to be qualified,
the Class 1E performance characteristics, the
energy supply and design environmental con-
ditions for the equipment, and the effect of
changes in energy supply and environmental
conditions upon its Class 1E performance char-
acteristics.
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