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FOREWORD

Federal regulations applicable to nuclear power plants require that measures be established
to ensure that certain equipment operates as specified. This Standard sets forth requirements and
guidelines that may be used to ensure that active mechanical equipment is qualified for specified

service conditions. As determined by federal regulators and /or nuclear power plant licensees,
this Standard may be applied to future nuclear power plants, or existing operating nuclear power
plant component replacements, modifications, or additions.

In the early 1970s, initial development of qualification standards was assigned to the ANSI
N45 Committee. The N45 Committee in turn established a task force to prepare two’ series of
standards to ensure that pumps and valves used in nuclear plant systems would\function as
specified.

The N45 Committee’s valve task force (N278) was reassigned in 1974 to the, American National
Standards Committee B16 and designated Subcommittee H. The first qualification standard
to be issued for valves was ANSI N278.1-1975, which covered the préeparation of functional
specifications. In 1982, the task force was reassigned to the ASME Committee on Qualification
of Mechanical Equipment Used in Nuclear Power Plants (QME) and designated the Subcommittee
on Qualification of Valve Assemblies. As an interim measurein 1983, ANSI B16.41 was issued
to cover functional qualification requirements for power-operated active valve assemblies for
nuclear power plants.

The N45 Committee’s pump task force (N551), established in 1973, was assigned to ASME
Nuclear Power Codes and Standards along with N278 as part of the Subcommittee QNPE,
Qualification of Nuclear Plant Equipment. Both N551 and N278 operated as Subcommittee QNPE
until 1982, when they were reassigned to the ASME Committee on Qualification of Mechanical
Equipment Used in Nuclear Power Plants (QME) and designated as the Subcommittee on Qualifi-
cation of Valve Assemblies and the Subcommittee on Qualification of Pump Assemblies.

In June 1977, an IEEE/ASME agreement was formulated giving primary responsibility for
qualification standards to IEEE and quality assurance standards to ASME. This arrangement
remained in effect until ASME established the current Committee on Qualification of Mechanical
Equipment Used in Nuclear Power Plants.

During 1985, the Committee on Qualification of Mechanical Equipment Used in Nuclear Power
Plants researched the various formats this Standard could take. Based on the wide acceptance
of ASME Section III’s forthat for multiple classes, the Committee adopted a similar organizational
format to accommodate multiple equipment types covered by this Standard. As IEEE Standards
323 and 627 had.already been in use many years for electrical equipment, these standards
were also studied for appropriate content that should be addressed for mechanical equipment.
Subsequently, the following Organization Guide was developed for this Standard and submitted
to the ASME Board on Nuclear Codes and Standards for approval. On January 16, 1986, the
Boardwon Nuclear Codes and Standards approved QME'’s approach and outline for this Standard.

Consistent with the guidance in ASME SI-9, [ASME Guide for Metrication of Codes and
Standards SI (Metric Units)] regarding metrication, SI units have been provided in narrative

portlons of QME-l for general mformahon only, and the US. Customary units are the standard

throughout construchon of the component Should the owner or his agent de51re metric units, it
sill be set forth in the design specifications.

The various parts of ASME QME-1-1994 were approved by the American National Standards
Institute (ANSI) on the following dates: Section QF, September 22, 1992; Section QR, June 8, 1993;
Section QR, Appendix A, October 7, 1993; Section QR, Appendix B, May 14, 1993; and Section
QV and its Appendix A, February 17, 1994. Section QV is a revision and redesignation of ANSI
B16.41-1983.

Requests for interpretation or suggestions for improvement of this Standard should be
addressed to the Secretary of the ASME Committee on Qualification of Mechanical Equipment

vi
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Used in Nuclear Power Plants, The American Society of Mechanical Engineers, Three Park Avenue,
New York, NY 10016-5990.

In 1996 the Board of Nuclear Codes and Standards requested all committees reporting to it to
add SI (metric) units to all documents by replacing Customary (English) units with SI units or
by showing SI units in a dual format with Customary units. The decision as to the extent of the
conversion and format was left to the various committees. The Committee on Qualification of
Mechanical Equipment for Nuclear Power Plants voted in 1996 to present SI units in the QME
document, with Customary units in parentheses. A group of proposed changes was prepared at
that time. The changes encountered a good deal of opposition. The Committee on Qualification
of . : i : (o -

2000 meeting and voted to publish QME-1 with dual units, Customary as the primary units, with
Sllunits in parentheses. This decision was further modified by the Committee to make the change
agply to textual material only. Tables and figures were not to be modified. The changes made
hdrein confirm with those decisions. The changes apply to the text as it appeared in the 1997
edition of QME-1.

This Standard was approved as an American National Standard on October 31, 2002:

vii
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ORGANIZATION OF QME-1

1 GENERAL
ASME QME—I is d1v1ded into sections that are desig-

5 SUBSUBARTICLES

Subsubarticles are numbered in units of 10, such as

nated R-8310, and generally have no text. When a number
qualification, followed by a second letter that generally ~ such as QR-8320 is followed by text, it is comsidered

indiclI’tes the subject matter of the section. This Standard
consigts of three major sections as follows:
(a) |Section QR: General Requirements
(b) |Section QP: Qualification of Pump Assemblies
(c) |Section QV: Qualification of Valve Assemblies

2 SECTIONS

Sedtions are divided into articles, subarticles, para-
graphs, and, where necessary, subparagraphs and sub-
subparagraphs.

3 ARTICLES

Articles are designated by the applicable letters indi-
cated above for the sections, followed by Arabic num-
bers, puch as QR-1000, QP-2000, and QV-6000. Whenever
possible, articles dealing with the same topics are given
the sgme number in each section in accordance with the
following general scheme:

Arjicle Number Title
1000 Scope
2000 Purpose
3000 References
4000 Definitions
5000 Qualification Principles and Philosophy
6000 Qualification Specification Criteria
7000 Qualification Program
8000 Documientation

The numbering of)the articles and the material con-
tained in the articlés'may not, however, be consecutive.
Due [to the fact-that the complete outline may cover
bs not applicable to a particular section or article,
es have been prepared allowing some gaps in the

this general numbermg system, Wthh may apply to
paras. 4 through 8.

4 SUBARTICLES

Subarticles are numbered in units of 100, such as QR-
7100 or QV-7200. When more than nine subarticles are
required, numbering is done by paragraph and units of
1 starting with 10.

a paragraph. When more than nine subsubartjcles are
required, numbering is done by paragraph-and|units of
1 starting with 10.

6 PARAGRAPHS

Paragraphs are numbered,in units of 1, such as QR-
8321 or QV-8322.

7 SUBPARAGRAPHS

Subparagraphs, when they are major subdivjsions of
a paragraphy are designated by adding a decfmal fol-
lowed by one or more digits to the paragraph jnumber,
suchas’QR-8321.1 or QV-8321.2. When they afe minor
subdivisions of a paragraph, subparagraphs may be des-
ignated by lowercase letters in parentheses, such as QR-
8321(a) and QV-8321(b).

8 SUBSUBPARAGRAPHS

Subsubparagraphs are designated by adding lower-
case letters in parentheses to the major subparagraph
numbers, such as QR-8321.1(a) and QV-8321.1(b). When
further subdivisions of minor subparagraphs afe neces-
sary, subsubsubparagraphs are designated by adding
Arabic numbers in parentheses to the subsubparagraph
designation, such as QR-8321.1(a)(1) ahd QV-
8321.1(a)(2).

9 REFERENCES

References used within this Standard generally fall
into one of the following three categories:

(a) References to Other Portions of This Standafd. When
a reference is made to another article, subarticle} or para-
e  shall be
mcluded For example, reference to QR -5000 includes
all material in Article QR-5000; reference to QR-7300
includes all material in Subarticle QR-7300; reference to
QR-7320 includes all material in Subsubarticle QR-7320.

(b) References to the Boiler and Pressure Vessel Code and
to Other Standards. When a reference is made to any
Section of the BPVC, or to other standards, it shall be
understood to mean the designated article, paragraph,
figure, or table in the designated document. All such
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references shall be identified in the text of this Standard
by the document’s issuing source and the document’s
unique identification number, e.g., ASME III Subsection
NE IEEE Std 627, or 10CFR50 Part A. If required, further
reference to unique articles or paragraphs of the refer-
enced document may also be described, e.g., ASME III
Subsection NF paragraph NF-3211.1(a). Each short refer-
ence made in the text shall be described in more com-
plete detail in Article 3000 by 1ssu1ng source, umque
identification n e ; :

enced, and|full title, e.g., IEEE Std 382-1980 Standard
for Qualifichtion of Safety Related Valve Operators. Ref-
erences listed without year of publication suggest that
the latest Version of the reference was utilized in the
development of this Standard. It should be noted by
users of this Standard that regulatory requirements and
Codes of Record for a particular nuclear power plant

may take precedence over references used within this
Standard. Section QR references applicable for both
pumps and valves shall be described in Article QR-3000,
while references unique to Section QP or QV only will
be described in Article QP- or QV-3000, as applicable.
(c) References to Appendices. Two types of appendices
may be used in this Standard, designated Mandatory
and Nonmandatory. Both types of appendices are desig-
nated by the prefix Q. This is followed by a letter, which
d e en-

dix apphes, e.g., QR Mandatory appendices contajn
requirements that must be followed in qualificatiop;

=)

4

such references are then uniquely identified by)a rom4n
numeral, e.g., Appendix QR-I and its specific.title. Nop-
mandatory appendices provide information or guid-
ance; such references are designated by.a capital lett¢r,
e.g., Appendix QR-A, and its specific'title.

xi
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ASME QME-1-2002
SUMMARY OF CHANGES

Followmg approval by the ASME Committee on Quahﬁcahon of Mechamcal Equlpment Used

Amenc Natxonal Standards Instltute on October 31, 2002
QME-1-2002 includes the following changes identified by a margin note, (02).
Page Location Change
14 Table QR-A6210-1 Revised
52-66 Section QDR Added
77 Appendix QP-D I(a)(1) Revised
Appendix QP-D I(b)(1) Revised
Appendix QP-D I(b)(2) Revised
79 Table QP-E1 Reviséed
80 QP-E5300(c) Revised
QP-E5400(a) Revised
Table QP-E2 Revised
81 QV Introduction Third paragraph revised
94 QVP-7370.1(g) Nomenclature revised
96 QVP-7381.1(c) Nomenclature revised
99 QVP-7393.3(a) Revised
99 QVP-7394.3(a) Revised
100 QVP-7394.3(c) Revised
103 QVC-7420.1(a)(2)(a) Revised
QVC-7420.1(a)(2)(b) Revised
QVC-7420.1(a)(2)(c) Revised
108 QV-A4000 Definitions of wvalves, low leakage and
valves, nominal leakage revised
111-119 Section QV-G Added

SPECIAL NOTE:
The Code Cases to ASME QME-1 follow the last page of this edition as a separate section.

xii
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ASME QME-1-2002

QUALIFICATION OF ACTIVE MECHANICAL EQUIPMENT
USED IN NUCLEAR POWER PLANTS

QR-T:;T)O SCOPE
i Standard describes the requirements and guide-
lines fqr qualifying active mechanical equipment used in
nucleay power plants. The requirements and guidelines
presented include the principles, procedures, and meth-
ods of qualification. Requirements are specifically
denoted throughout this Standard and are generally rec-
ognized by the accompanying word shall, while guide-
lines afe accompanied by the word should.
This|Standard does not apply to electric components
such ag motors, electric valve actuators, instrumentation,
and coptrol devices, which are qualified by conformance
with appropriate IEEE standards. It should be recog-
nized that some qualification aspects are performed
e mechanical/electrical component interface-is
gsed, e.g., Section QV provides qualificationguid-

ance with this Standard is‘the responsibility of
rmer or the Owner’s désignee. It is also the respon-
of the Owner or the Owner’s designee to define
irally any other equipment to which this Standard
g applied. The-Owner or the Owner’s designee is
responsible.for program(s) and associated docu-

d the-scope of this Standard.

f onof me 3 guinment in accordance

Section QR:
General Requirements

plants. Qualification is intendedt6 confirm the ad¢quacy
of the equipment to functiofi/over the expected|range
of service conditions, including design basis evept and
postdesign basis event,conditions, as well as in-gervice
inspection and test conditions. Qualification|is not
intended to confirmradequacy of the equipment tp func-
tion beyond ifs'specified service conditions even though
qualification’ margins should ensure additional| capa-
bility.

QR-3000 REFERENCES

The references listed below have provided guldance
on concepts, principles, practices, criteria, and prame-
ters in the preparation of this Standard.

ANS 51.1-1988, Nuclear Safety Criteria for the Design
of Stationary Pressurized Water Reactor Plant:

ANS 52.1-1988, Nuclear Safety Criteria for the Design
of Stationary Boiling Water Reactor Plants

Publisher: American Nuclear Society, 555 North Ken-

sington Avenue, La Grange Park, IL 60526

ASME NQA-1 and NQA-2 (1989), Quality Assprance
Program Requirements for Nuclear Facilities

Publisher: The American Society of Mechanical Engi-
neers, Three Park Avenue, New York, NY 10016-5990;
Order Department: 22 Law Drive, P.O. Box 2900, Fair-
field, NJ 07007-2900

IEEE Std 323-1983 (Reaffirmed), Qualifying Class 1E

with this Standard requires utilization of two sections
and applicable appendices as a minimum, e.g., Section
QR must be used jointly with other sections of the
Standard.

QR-2000 PURPOSE

The purpose of this Standard is to provide basic prin-
ciples and guidance to demonstrate the qualification
of active mechanical equipment used in nuclear power

Equipment for Nuclear Power Generating Stations

IEEE Std 334-1974 (Reaffirmed), Standard for Type Test
of Continuous Duty Class 1E Motors for Nuclear
Power Generating Stations

IEEE Std 344-1987, Recommended Practices for Seismic
Qualification of Class 1E Equipment for Nuclear
Power Generating Stations

IEEE Std 627-1980 (Reaffirmed), Standard for Qualifica-
tion of Safety Systems Equipment Used in Nuclear
Power Generating Stations
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Publisher: Institute of Electrical and Electronics Engi-
neers (IEEE), 445 Hoes Lane, Piscataway, NJ 08854

Further reference to any of the above throughout this
Standard is by standard or document number only {e.g.,
IEEE Std 627).

QR-4000 DEFINITIONS

These definitions establish the meanings of words in

QUALIFICATION OF ACTIVE MECHANICAL EQUIPMENT USED IN
NUCLEAR POWER PLANTS

of operating cycles, or other performance intervals, as
appropriate).
Earthquake Ground Motion, Operating Basis (OBE): the

3 $ vy v
vxbxau.u._y Blvmld motion for ‘vvl"dd". those features of the

nuclear power plant necessary for continued operation
will remain functional without undue risk to the health
and safety of the public.

Earthquake Ground Motion, Safe Shutdown (SSE): the

the context of their use in this Standard. Definitions in
this Arficle apply generically to all mechanical equip-
ment within the scope of this Standard. This Standard
attempfs to ensure consistency with established defini-

wing that the required pressure ratings, qualifi-
cation|loading levels, and operating condition
capabiljties are equaled or exceeded by the correspond-
ing pressure ratings, qualification loadings, and
operating condition capabilities shown in the Functional
Qualification Report.

Class 1E: the safety classification of the electriclequip-
ment and systems that are essential to emergéncy reactor
shutdown, containment isolation, reactor ‘core cooling,
and containment and reactor heat removal, or are other-

‘rihram:gugnmnd_mananiuuubmh_aedam;tmfures,
systems, and components are designed, pursupnt to

Appendix S to 10 CFR Part 50, to remain functignal.

equipment, active: equipment containing meving |parts,
which in order to accomplish its function, must urjdergo
mechanical movement of those parts,or must pfevent
a movement of those parts to ensure that the equipment
will remain in its last position.
equipment, candidate (sometimes referred to as test|equip-
ment): equipment represéntative of the prototypsq to be
qualified by:
(a) a combination)of test, analysis, or experience; or
(b) analysis-that demonstrates design similarity with
another qualified candidate or parent equipment; or
(c) analysis as described in (b) above with apprdpriate
testing:

equipment, mechanical: for the purpose of this Stahdard,
mechanical equipment may be used interchangeably
with mechanical component or assembly.

equipment, production: equipment fabricated with the
same manufacturing techniques, materials, production
testing, and quality assurance that were used for [proto-
type or parent equipment.

equipment, prototype: production equipment representing
the first model/type or original design/pattern. [Proto-
type equipment may be used for qualification testing;
when selected for qualification testing, the equipment
may also be called candidate equipment.

equipment, qualified candidate: equipment that ha$ been
qualified primarily by methods described in the| candi-
date equipment definition above.

equipment, qualified parent: equipment that has been qual-
ified primarily by testing.
equipment, test: equipment selected for qualififation
testing.

demonstration: the provision of evidence to support the
conclusion derived from assumed premises.

design basis event (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.

design life: the time during which satisfactory perform-
ance can be expected for a specific set of service condi-
tions (the time may be specified in real time, number

¢ =107 T r com-
ponents of the assembly that are essentlal to cause, per-
mit, or enable the assembly to perform the specified
accident-condition function, or whose failure could pre-
vent the performance of this function.

Functional Qualification Report: documentation of tests or
analyses (or both) performed in accordance with this
Standard.

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

NOTE: When equipment may have an installed life of 40 years
with certain components changed periodically, the installed life of
the changed components would be less than 40 years.

maintenance: work performed on an item to keep it oper-
able or to restore it to an operable condition.

malfunction: the loss of capability of equipment to initiate

ASME QME-1-2002

Specification, Design: a document prepared by the Owner
or the Owner’s designee that provides a basis for design.

specification, qualification: that specification or portion of
the Design Specification that describes the qualification
requirements to be met in the qualification of the
equipment.

tests: those testing activities conducted to specified ser-
vice conditions to demonstrate that such equipment can

or sustdin its specified function, or the initiation of unde-
sired ag¢tions that might result in adverse consequences.

margin:the amount by which the qualification condition
levels gxceed the service condition levels.

NOTE: Qualification margins may or may not be addressed by
ASME (Jode design margins.

may: arp expression of permission.

modificgtion: a change to an item made necessary by, or
resulting in, a change in design requirements.

operabilfty: ability of an active component to remain in
its last|position, or to perform the mechanical motion
required to fulfill its specified function when subjected
to the prescribed service conditions.

qualificgtion: the generation and maintenance of evidence
to ensure/demonstrate that the equipment can meet its
specifigd service conditions in accordance with the qual-
ificatiop specification.

qualzﬁctwn cnterza cnterla developed from those spe-

operating. ex -
formed in accordance w1th this Standard or the quahﬁca—
tion specification that demonstrates operability of the
equipment.

service conditions: postulated conditions specified for
environmental, dynamic/static/pressure loadings,
material degradation, etc., for normal operation, abnor-
mal operation, and design basis events.

shall: an expression of a requirement.

should: an expression of a recommendation.

1 41 L. i L) ol el yd
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QR-5000 QUALIFICATION PRINCIPLES-AND
PHILOSOPHY

The fundamental principles and philosophy pertinent
to equipment qualification are provided in subarticles
QR-5100, QR-5200, and QR-5300. Subarticles QR-5100
and QR-5200 outline the fuhdamental requiremenits and
approaches for active mechanical equipment qudlifica-
tion programs. Subarticle QR-5300 then establishes the
general requirements. for the qualification prong'n.

t

QR-5100 Fundamental Qualification Requireme

To establish equipment qualification, it shall b¢ dem-
onstrated that the equipment can perform its specified
required function when operational and environmental
conditions are imposed on the equipment in accordance
with the equipment qualification specification.

QR-5200 Approaches to Qualification

Equipment shall be qualified by one or morg or a
combination of the methods described in Article QR-
7000 to verify that the qualification requirements are
satisfied. The requirements generally address a|single
equipment application, but they may envelop the gervice
conditions for more than one application. In adfition,
a family of equipment may be qualified by using one
or more of the qualification methods described in QR-
7300 or further described in a qualification specififation.
Such extension of qualification requires considgration
of significant design parameters to establish the similar-
ity of the qualified member to the family of equipment.

The pressure containment integrity and passivg struc-
tural requirements of mechanical equipment covedred by
ASME, AISC, or ACI codes are considered qualified by
adherence to the requirements of these codes.

00 General Requirements for a Qualification
Program

A qualification program for active mechanical equip-
ment used in a nuclear power plant shall include the
following:

(a) qualification requirements;

(b) aprocess to demonstrate that the equipment satis-
fies the qualification requirements by analysis, test,
operating experience, or a combination of these;

(c) evidence of successful completion of qualification;
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(d) a documentation file containing QR-5300(a), (b),
and (c).

The requirements to satisfy QR-5300(a), (b}, (c), and
(d) should be contained in the equipment qualification
specification.

In a qualification program, aging, qualified life, and
margin shall be considered as described in QR-5310, QR-
5320, and QR-5330.

QUALIFICATION OF ACTIVE MECHANICAL EQUIPMENT USED IN
NUCLEAR POWER PLANTS

shall be established. For equipment with no significant
aging mechanisms, its qualified life is equal to its
design life.

The determination of qualified life depends upon the
method employed for addressing aging effects. Where
naturally aged equipment is available for use in qualifi-
cation, the qualified life determination and justification
is straightforward. The determination of qualified life
shall be based upon conservative engineering analysis

QR-fJ.O—Agiag.—MsGhani-;a-l—equipmenLeewﬁeﬂ by
this Standard is primarily characterized by the use of

metal fomponents. The use of properly specified metal
in me¢hanical components provides basic assurance
agains} environmental and aging effects on equipment
performance. The use of nonmetallic materials is primar-
ily conffined to applications involving substantially total
confinpment in compressive loadings, as in stem seal
packing and in joint sealing gaskets.

The pssessment of equipment aging effects is an essen-
tial part of the qualification process to determine if aging
has a gignificant effect on performance. The assessment
shall include an analysis and/or evaluation of the equip-
ment tp determine any significant aging mechanisms on
items that are readily susceptible to thermal, radiation,
corrosion, erosion, or wear type aging. When one or
more mechanisms are identified as significant, the
assessment shall be developed as part of the overall
qualifjcation program. When natural (actual) aging
resulty are used in the qualification program, it may
not be| necessary to conduct a detailed analysis and /or
evalugtion to determine significant aging mechanisms.

An pging mechanism is considered significant if it
satisfi¢s one or more of the following criteria:

{a) In normal service environments, the aging mecha-
nism gromotes the same malfunction asthat which may
result from exposure to abnormal of design basis event
servicg¢ conditions;

(b} the aging mechanism adversely affects the ability
of the|equipment to perform its function in accordance
with ifs specification requirements;

(c) the deterioration caused by the aging mechanism
is not gmenable to @ssessment by in-service test/inspec-
tion of surveillance activities that provide confidence in
the equipment’s ability to function during the intervals
betwepn surveillance in accordance with its specification
requirpments;

and/or evaluation in these instances. The analysis and/
or evaluation may take into account, if availabl¢:
(a) results of age conditioning used in qualification
(aging may be natural, artificial, or’a combination
thereof);
(b) equipment operating data;
(c) previous test results for the same material and the
same type of design service;
(d) understanding_of significant aging mechanisms
that have been identified;
(e) margins in excess of those required for the most
adverse service conditions for which the equipment is
qualified.
The qualified life of a particular equipment itgm may
be changed during its installed life where justiffed. For
exatriple, the qualified life of equipment may be [limited
by certain components that have a qualified life[shorter
than the installed life of the equipment. By periodic
replacement of those components, the qualifieq life of
the equipment may be extended.

QR-5330 Margin. Margin shall be considered in the
qualification program to account for variation [in per-
formance, errors in experimental measurements, and
variations in commercial production, thereby prpviding
a level of confidence that the equipment can perform
under the most adverse service conditions for which it
is qualified.

Other sections and Appendix QR-A provide addi-
tional guidelines on margins as required for metallic
components. Additional guidelines on margins for non-
metallic components are provided in Appendiy QR-B.

In identifying margin, it is necessary to consider not
only the accuracy of the design data, but also the|dimen-
sional tolerances for the parts and the accuracy of the

(d) mmormat serviceenviromments; theaging mects-
nism causes degradation during the design life of the
equipment that is appreciable compared to degradation
caused by the design basis event.

Appendix QR-B provides supplementary details asso-
ciated with the qualification of nonmetallic parts. Indus-
try research/reports provide additional guidance on
viable contributors to aging of mechanical equipment.

QR-5320 Determination of Qualified Life. For equip-
ment with significant aging mechanisms, a qualified life

Instrumentation. In all cases, engineering judgment
should be used to determine the adequacy of qualifica-
tion margins. This determination shall be appropriately
documented.

Examples of parameters that should be considered for
appropriate margins are maximum or minimum exter-
nal temperatures and pressures, radiation levels, electri-
cal voltages and frequencies, operating time periods,
dynamic excitation (including vibration), and accuracy
of data and calculation methods.
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QR-6000 QUALIFICATION SPECIFICATION

Qualification specification for active mechanical
equipment shall describe the requirements to be met to
qualify the equipment for its intended application. This
forms the basis for development of an equipment qualifi-
cation program. As a minimum, QR-6000(a) through (j)
shall be included in the qualification specification.

(a) Equipment performance requirements, both nor-
mal an A
the bass for its classification as active mechanical equip-

uipment description and boundary, including
ents that are inside the boundary, and the physi-
cal orientation/location of the equipment, shall be speci-
fied. Aftachments, motive power connection, seals, and
contro| circuitry that cross this boundary shall be
described.

(c) Interface loadings via physical attachments of the
equipment at the equipment boundary shall be specified
for each operating mode. In the same manner, motive
power ¢r control signal inputs must be specified, includ-
ing those that deviate from normal.

(d) The qualification specifications for equipment
within the scope of this Standard shall reference specifi-
cally inivoked codes and standards. Other standards
applicgble to equipment or component qualification
shall also be referenced.

(e) Specificequipment qualification standards thatare
applicgble to the equipment shall be referenced and
applied as pertinent to the equipment. For example,
Section| QP (Qualification of Active Pump Assemblies)
may ish a substantial part of the qualification pro-
gram for a complete pump assembly.

(/) Definition of the service conditions for the equip-
ment shall be specified. A range’ of values and appro-
priate |time histories forlocal environmental and
equipment operational parameters shall be specified,
ihg expected setvice conditions for the particular
applicdtion. Examples of such parameters are internal
and exfernal pressures/temperatures, relative humidity,
radi-atlon, vibration, corrosion effects, and transients.

(g) Hequired margin in the qualification parameters
shall be specified. As discussed in QR-5330, any margin
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from the equipment under the required operating condi-
tions, as well as environmental parameter levels.

(j) Required equipment qualification documentation
shall be included as described in QR-8000.

Specific qualification criteria for different types of
mechanical equipment are provided in subsequent sec-
tions of this Standard. Appendix QR-A provides supple-
mentary details associated with the dynamic
qualification of mechanical equipment, and Appendix
QR-B provides supplementary det or ifi
tion of nonmetallic parts of mechanical equipment.

QR-7000 QUALIFICATION PROGRAM

QR-7100 General Requirements

A qualification program shall’be established [based
on the equipment's qualification specification. Thelquali-
fication program should.include and address quglifica-
tion principles, mandatory requirements, aging, and
qualified life as described in QR-5000. The program shall
ensure that qualification specification/acceptance crite-
ria are properly‘addressed as described in QR-6(¢00. In
addition, the program shall ensure that qualificafion is
properly:addressed by testing, analysis, operating expe-
rience,«O0r combined methods.

QR-7200 Review for Potential Malfunctions

The selection of methods for qualifying active
mechanical equipment should be based on a review of
potential malfunctions that could result from specified
service conditions. Potential malfunctions shall be
reviewed comprehensively by all parties involved|in the
development, implementation, and documentatjon of
the qualification program; however, the overall responsi-
bility is that of the Owner.

Components and subassemblies that are not inyolved
in the equipment’s function may be excluded frqgm the
qualification process if it can be shown that their mal-
function has no effect on the specified function pr, via
interfaces, on the function of other equipment.

QR-7300 Selection of Qualification Methods

During the development of the qualification prggram,
alternative methods of qualification should be cpnsid-
ered and addressed. Qualification shall be accomplished
by test, analysis, operating experience, or some ¢ombi-

included in the specified value of qualification parame-
ters shall be indicated.

(h) Significant aging mechanisms, where known, shall
be identified. Appendix QR-B provides supplementary
details associated with the qualification of nonmetal-
lic parts.

(i) Acceptance criteria for qualification shall be speci-
fied to ensure satisfaction of the fundamental qualifica-
tion requirement. The acceptance criteria shall include
limiting values of input to and performance required

nation of these methods. Regardless of the qualification
method, rationale shall be provided to show that the
operability of the equipment cannot be degraded to such
a point that it cannot perform its specified function.

QR-7310 Qualification by Test. Tests shall demon-
strate that the equipment performance meets or exceeds
the requirements of the equipment design and the appli-
cable qualification specifications. Testing of equipment
satisfies qualification requirements if it accounts for sig-
nificant aging mechanisms, subjects the equipment to
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specified service conditions, and demonstrates that such
equipment can perform its specified function during
and/or subsequently for the specified operating time.
The testing shall consist of a planned sequence of
test conditions that meet or exceed the expected service
conditions. Testing shall include all specified service
condition functional tests, radiation exposure, aging,
abnormal or special operation, seismic, accident (design
basis event), and posttest inspection when they are

QUALIFICATION OF ACTIVE MECHANICAL EQUIPMENT USED IN
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data, or physical laws of nature may be used to demon-
strate that the equipment can perform its function under
specified service conditions. Qualification by analysis
may be used when testing is not practical and other
supporting data are available to support the analytical
assumptions and conclusions reached. Qualification by
analysis may also be used when only partial test and
other supporting data are available to support the ana-
lytical assumptions and conclusions reached.

included in the qualification specification. Sequence of
testing and acceptance criteria shall be established prior

for metallic components, but aging may influ-
e functional performance of active components.
etallic materials, a component aging process
d to emulate postulated modes of material deg-

rately aged.

basis event. If specified, operability of equip-
perform its required function during a dynamic
transi¢nt shall use the normal system fluid. Use of an
alternative fluid is acceptable, if justified.

7313 Determination of Qualification. An indi-
vidual component test-(or other qualification methods)
may He conducted . only if interfaces and interrelation-
ships [betweernr components can be accommodated in
a marjner reflecting in-plant configuration. Otherwise,
equipiment-must be tested as an assembled unit. Equip-
ment shall-be considered to be qualified by test if it can

not normally a significant concern for metallic'qompo-
nents; however, it should be one of the items consjdered:

(a) analysis may be used to eliminate considpration
of environmental stresses or aging‘effects that Have an
insignificant impact upon equipment fungtional
integrity;

(b) analysis may be used torextrapolate or otherwise
account for the effect of equipment design modifirations
as well as verification'of aging or environmental
ters in instances when intended application
prior qualification constraints

QR-7321 Aging. As described in QR-7311; T"mg is

plify or supplant the test aging exercise for no
items.

tion for dynamic loadings, such as but not ki
vibration and seismic, shall consider analytic

meet or exceed its specified function for desi
events and postdesign basis events at the en
qualified life. The equipment qualified life shall e equal
to the age of the equipment assumed when performing
the design basis event analysis.

QR-7330 Qualification by Experience. Datp from
equipment of similar design that has successfully oper-

ated under known serv1ce condltlons may be used as
the basis for nnn]lﬁr erience

be successtully demonstrated as being able to meet or
exceed its specified functions for applicable design basis
and postdesign basis events at the end of its qualified
life. Equipment qualified life shall be equal to the equiva-
lent age of the tested unit prior to undergoing design
basis event simulation.

QR-7320 Qualification by Analysis. Qualification by
analysis shall consist of mathematical or other logical
methods for qualification. Bases for assumptions and
extrapolations shall be documented. Test data, operating

is applicable only for those service conditions that have
actually been experienced without adverse results on
the equipment’s ability to perform its function. The
validity of this qualification method depends on demon-
strating similarity between the equipment to be qualified
and the equipment for which there is operating experi-
ence, including similarity between the service conditions
and equipment performance. Operating experience can
provide information on limits of extrapolation, aging
characteristics, malfunction modes and rates, equipment
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performance, and maintenance requirements.

QR-7340 Combined Methods. Equipment may be
qualified by a combination of test, analysis, and
operating experience, provided partial qualification
achieved under multiple procedures can be articulated
in a logical fashion to justify the overall equipment quali-
fication. For example, when size, application, time, or
other limitations preclude the use of a test on the com-
plete equipme :

eters a

(a) the qualification requirements are satisfied; and
(b) the qualified life is determined and the basis estab-

ASME QME-1-2002

Data used to demonstrate the qualification of the
equipment shall be pertinent to the in-plant application.
In addition, any aging processes not treated during ini-
tial qualification, but addressed by in-service surveil-
lance monitoring, shall be specifically identified.

QR-8200 Documentation Files

Equipment qualification documentation shall be
mamtamed in a quahﬁcatlon f11e The f1le shall contain

ing quahﬁcatlon documentatxon sumlar to, butmat lim-
ited to, the following:
(a) evidence that the specified design (requirements
were addressed;
(b) evidence that the functional qualification require-
ments were addressed;
(c) evidence of extent of qualification deternjined,
including a description of thie’process followed;
(d) supporting qualification documentation or [refer-
ence to same, such as gualification and productign test
reports, certificates ‘of ‘compliance, material certfifica-
tions, and installation/operation/maintenance manual;
(e) summary-and conclusions; and
(f) approval signature and date.
Qualification file shall be prepared and mainfained
in accordance with ASME NQA-1.
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NONMANDATORY APPENDIX QR-A
DYNAMIC QUALIFICATION OF MECHANICAL EQUIPMENT

QR-A1 SCOPE

(b) indirectly bv demonstrated similarity of candidate

This| Appendix identifies the procedures and guide-
lines which ASME Class 1, 2, and 3 pumps and
valves may be seismically qualified for operability when
subjected to dynamic effects. This initial publication
addresses qualification for seismic loadings only. The
methogls and definitions presented in this Standard are
not intended to limit other qualification techniques. In
particylar, this Standard permits the testing methods
presented in IEEE Std 344-87 by direct reference to it
(see QR-A3000).

Onesignificant difference between this Appendix and
IEEE Std 344-87 is the deletion of the explicit Operating
Basis Harthquake (OBE) seismic functionality qualifica-
tion requirement by provisions of this Appendix, pro-
vided fertain caveats are met.

Medhanical equipment specified as ASME Code
Classe 1, 2, and 3 (unlike electrical equipment) require
ASME|Boiler and Pressure Vessel Code (BPVC) Section
III evaluation of leak tightness and structural integrity
of pregsure-retaining components. Within the Seryice
Level B category normally used to evaluate the OBE
loading case, linear elastic response is usually, fequired
for all|primary loads. When stresses and deformations
inducgd by the OBE are limited to the‘elastic range,
deformations are small and predictable, and therefore
ASME Boiler and Pressure Vessel. Code analysis for the
OBE Ipading case can provide funetional or operability
quali.:fation.

With the caveat that operability failure modes be iden-
tified and evaluated for.the’OBE, including fatigue eval-
uations within the limitations of the ASME BPVC, there
is no rpquirement.that such components be further eval-
uated [by this Appendix for operability under the OBE
loading condition.

The| mechanical equipment to be qualified by proce-
dures based upon this document can be of many forms;

equipment to parent equipment that has been q—tlalified
by analysis, test, or experience data.

QR-A2000 PURPOSE

The purpose of this Appendix-is to provide recom-
mended practices to demonstrate'that pumps and valves
constructed to ASME BPVIC(Section IiI can meef speci-
fied function or operability requirements during and
following Design Basis Earthquakes. This Appeandix is
nonmandatory and provides various recommended
practices for seismic qualification performgnce of
mechanical equipment. As a nonmandatory doqument,
it containswording such as shall, should and muy. The
word shall denotes a suggested requirement;{ should
denotés-a suggested recommendation; and may denotes
permission, neither a requirement nor a recommen-
dation.

QR-A3000 REFERENCES

The references listed below have provided

Engineers, September 4, 1981
ASME Bailer

therefore, this document presents the guidelines for
many acceptable seismic qualification methods, with the
intent of permitting the user to make a judicious selec-
tion from the options offered. Exceptions to these recom-
mended practices may be made when it can be shown
that the substituted procedure verifies that the equip-
ment can perform its specified function. The basis for a
technical justification is:

(a) directly by analysis or tests of equipment or proto-
type equipment being qualified; or

111, Appendix I, Design Stress Intensity Values, Allow-
able Stresses, Material Properties, and Design Fatigue
Curves, The American Society of Mechanical Engi-
neers, 1986

ASME Boiler and Pressure Vessel Code (BPVC), Section
111, Appendix N, Dynamic Analysis Methods, The
American Society of Mechanical Engineers, 1986

ASME Paper 74-NE-8, Equivalent Static Load From
Amplification Response Curves; J. M. Gwinn and
Goldstein; PV&P Conference, 1974
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ASME Paper 74-NE-9, Amplification Factors to Be Used
in Simplified Seismic Dynamic Analysis of Piping Sys-
tems; J. D. Stevenson and W. S. Lapay; PV&P Confer-
ence, June 1971

Publisher: The American Society of Mechanical Engi-
neers (ASME), Three Park Avenue, New York, NY
10016; Order Department: 22 Law Drive, Box 2300,
Fairfield, NJ 07007
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Cooperation with the U.S. Nuclear Regulatory Com-
mission, April 1990

Publisher: U.S. Nuclear Regulatory Commission (NRC),
One White Flint North, 11555 Rockville Pike, Rock-
ville, MD 20852

User’s Manual, COMPAR-Access Program to Seismic
Qualification Data Bank Based on Analysis and Test-
ing, Stevenson and Associates, January 1985

EQE Ing-Vol—+—Pitot-ProgramReport; Programfor-the——pyblisher Stevenson & Associates, 9217 Midwest €S, Ave-

DeveJopment of an Alternate Approach to Seismic
Equipment Qualification, September 1982

EQE Ing., Vol. 2: Pilot Program Report Appendices, Pro-
gram for the Development of an Alternative Approach
to Sejsmic Equipment Qualification, September 1982

EQE Report, Summary of the Seismic Adequacy of
Twenty Classes of Equipment Required for Safe Shut-
down of Nuclear Plants, EQE Inc., San Francisco, Cali-
fornia, February 1987 draft

Publisher: Stevenson & Associates, 9217 Midwest Ave-
nue, Cleveland, OH 44125-2415

IEEE Std 344-87, Recommended Practices for Seismic
Qualification of Class 1E Equipment for Nuclear
Powdr Generating Stations, Institute of Electrical and
Electyonics Engineers, 1987

IEEE 5{d 382-85, Type Test of Class 1E Electrical Valve

tors for Nuclear Power Generating Stations,

te of Electrical and Electronics Engineers, 1985

r: Institute of Electrical and Electronics Engi-

(IEEE), 445 Hoes Lane, Piscataway, NY 08854

-75/087, Standard Review Plan Section\3.7.2,
. P, Seismic Systems Analysis, November 1975
-1211, Regulatory Analysis for Reselution of

ipment in Operating Plants, IJ:5. Nuclear Regu-
Commission, Washington, D.C., February 1987

Regulatory Guide 1.60, Design Response Spectra for
Nuclpar Pewer Plants, U.S. Atomic Energy Commis-
sion,|Washington, D.C., 1973

nue, Cleveland, OH 44125-2415

User’s Manual, EPRI/NUS Equipment Qualifi¢ation
Data Bank, Rev. 9, NUS Corp., Clearwater, Florida,
October 1987

Publisher: Electric Power Researchinstitute (EPRI), 3412
Hillview Avenue, Palo Alto, CA 94304

WRC Bulletin 300, (1) Technical Positions on Ckiteria
Establishment; (2) Technical Position on Damping Val-
ues—Interim Summary Report; (3) Technical Pgsition
on Response Spectra Broadening; (4) Technical Posi-
tion on Industry Practice, December 1984

Publisher: Welding Research Council (WRC), 3 Park
Avenue)27th Floor, New York, NY 10016-5902

QR<A4000 DEFINITIONS

These definitions establish the meanings of wdrds in
the context of their use in this Appendix.

acceleration design value: acceleration value that may be
used as an alternative response spectrum or time History
to define seismic input for design of equipment.

assembly: two or more connected components that may
be qualified as a unit.

attachment: an item that is appended to a device, compo-
nent, or assembly.

bounding spectra: ground response spectra for a fﬁe for
which items of equipment are considered seismpically
qualified by experience.

broadband response spectrum: a response spectrurn that
describes motion in which amplified response pccurs
over a wide (broad) range of frequencies.
Classes 1, 2, 3, MC: ASME Boiler and Pressure [Vessel
Code Section III definitions of classes of equiment.

Regul oty Guide 1.61 Damping Valves for Seismic
Design of Nuclear Power Plants, U.S. Atomic Energy
Commission, Washington, D.C., 1973

Regulatory Guide 1.122, Development of Floor Design
Response Spectra for Seismic Design of Floor-Sup-
ported Equipment or Components, Rev. 1, U.S.
Nuclear Regulatory Commission, February 1978

Senior Seismic Review and Advisory Panel (SSRAP),
Use of Seismic Experience and Test Data to Show
Ruggedness of Equipment in Nuclear Power Plants,
prepared for Seismic Qualification Utility Group in

coherence: the coherence function defines a comparative
relationship between two time histories. It provides a
statistical estimate of how much two motions are related
as a function of frequency. The numerical range is from
zero, for unrelated, to one, for perfectly correlated
motions.

correlation coefficient: the correlation coefficient function
defines a comparative relationship between two time
histories. It provides a statistical estimate of how much
two motions are related as a function of time delay. The
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numerical range is from zero for unrelated, to +1.0 for
related motions.

cutoff frequency: the frequency in the response spectrum
where the Zero Period Acceleration aS_ymyLutc €53€en-
tially begins. This is the frequency beyond which the
single-degree-of-freedom oscillators exhibit very little or
no amplification of motion, and indicates the upper limit
of the frequency content of the waveform being ana-

lyzed.
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Fourier spectrum: a complex valued function that pro-
vides amplitude and phase information as a function of
frequency for a time domain waveform.

fragility: susceptibility of equipment to malfunction as
a result of structural or operational limitations or both
when subjected to dynamic excitation.

fragility level: the highest level of excitation parameters
that equipment can withstand and stlll perform the spec-

cycle: ohe complete sequence of values of an alternating
quantityy.
damping: a generic name ascribed to the energy dissipa-
tion mechanisms or small, otherwise unrepresented non-
linearitfes that reduce the amplification and broaden
the vibyatory response in the region of resonance. One
hundred percent critical damping is defined as the least
amount of equivalent viscous damping that causes a
single-flegree-of-freedom system to return to its original
position without oscillation after initial disturbance.

device: an item that is used in connection with, or as an
auxiliaty to, other items of equipment on which it may
be moynted.

effectivg mass: the mass of the structure or equipment
that participates in determining the dynamic response
of the gtructure or equipment.

effectivg mass ratio: the ratio of the effective mass consid-
ered ir] the response to the total effective mass for the
equipment or structure.

equipmpnt: see definition in QR-4000.
equipmpnt, candidate: see definition in QR-4Q00:

equipment, flexible: equipment, including .the” effects of
the eqpipment supports, the lowest natural frequency
of whith is less than the frequency Value at the start of
the Zero Period Acceleration (ZPA) or the cutoff fre-
quency of the applicable response spectrum.

equipment, parent: see definition in QR-~4000.
equipment, rigid: equipthent, including the effects of the
equipment supports, the lowest natural frequency of
whichlis greater than'the frequency value at the start of
the Zdro Period Acceleration (ZPA) or the cutoff fre-
quency of the\applicable response spectrum.

equivalent stattc load: an eqmvalent statically apphed load
Or acce of-the

ffed-funet clude
the interdependence of amplitude, frequency, and time).
fragility response spectrum: a test response spec (TRS)

that defines the fragility level of the equipment.

generic equipment ruggedness spectrum: a co
response spectrum based on experience for whi

sufficient ruggedness to perform its specified

generic response spectrim: a response spectruin that
defines an envelope/for which specific equipment
including its supports has been found to be gble to
perform its spégified function.

ground accelgration: the acceleration time history] of the
ground resulting from the motion of a given earthquake.
The maximum amplitude ground acceleration is the ZPA
of theé ground response spectrum.

groups (supports): one or more supports that are agsumed
to undergo the same seismic motion (i.e., a|single
response spectrum is applicable to a group of supports).

low-cycle fatigue: a progressive fracture or cumulative
fatigue damage of the material, which may be ipflicted
by less than 1,000 cycles of load because of localized
stress concentration at high strains under flucfuating
loads.

mass ratio: the ratio of the equipment mass (secon
the building mass (primary) participating
response.

ary) to
in the

narrow band response spectrum: a response spectrym that
describes motion in which amplified response| occurs
over a limited (narrow) range of frequencies.

E which
eristics
bd in a

natural frequency: the frequency or frequencies a
a body vibrates due to its own physical charac
(mass and stiffness) when the body is distort
specific direction and then released.

applicable response spectrum that may be used as an
alternative to response spectrum or time history to
define seismic input for design of equipment.

floor acceleration: the acceleration of a particular building
floor (or equipment mounting) resulting from the
motion of a given earthquake. The maximum floor accel-
eration is the ZPA of the floor response spectrum.

foundation: a structure that supports or otherwise pro-
vides restraint to equipment and buildings.

10

octave: the interval between two frequencies that have
a frequency ratio of two.

power spectral density (PSD): the mean squared amplitude
per unit frequency of a waveform. PSD is expressed in
g?/Hz versus frequency for acceleration waveforms.

qualification life: see definition in QR-4000.

required input motion (RIM): the input motion in terms
of either acceleration, velocity, or displacement
expressed as a function of frequency, for which the


https://asmenormdoc.com/api2/?name=ASME QME-1 2002.pdf

QUALIFICATION OF ACTIVE MECHANICAL EQUIPMENT USED IN
NUCLEAR POWER PLANTS

equipment or component shall be qualified for its accept-
ance criteria.

required response spectrum (RRS): the response spectrum
issued by the Owner or his agent as part of the specifica-
tion for seismically qualifying equipment. The RRS con-
stitutes a requirement to be met in qualifying equipment.

resonance frequency: a frequency at which peak response
occurs in a system subject to forced vibration.

ASME QME-1-2002

QR-A5100 Earthquake Environment

Earthquakes produce six degrees of freedom (three
translational and three rotational) random ground
motions. These motions, for design purposes, are charac-
terized by simultaneous but statistically independent
components, two horizontal and one vertical. The
strong-motion portion of the earthquake normally con-
sidered in design may last 10 sec to 15 sec, although the

responsg spectrum: a plot of the maximum response, as
a function of oscillator frequency, of an array of single-
degree-pf-freedom (SDOF) damped oscillators subjected

to the e base excitation
ruggedF: ability of equipment to perform its specified
function when subjected to dynamic excitation.

sine beats: a continuous sinusoid, of one frequency, with
its ampllitude modulated by a sinusoid of a lower fre-
quency.

stationayity: a waveform is stationary if its amplitude
distribytion, frequency content, and other descriptive
parametters are statistically constant with time.

structure: a combination of physical members that make
an item} such as a building or a support, that is designed
to sustgin a load.

structurpl integrity: a condition describing an assembly
or groyping of equipment relative to their ability to
carry applicable loads within the limits of acceptable
structufal behavior.

system:
forms

assembly or grouping of equipment that-per-
specific plant function.

test response spectrum (TRS): the response spectrum that
is developed from the actual time history. motion of the
shake thble or other dynamic input device.

transfer |function: a complex frequency response function
that defines the dynamic characteristics of a constant
paramgter linear system. For an ideal system, the trans-
fer fungtion is the ratio of\the Fourier transform of the
output o that of a given input. The output/input ratio
function versus frequency is called a transmissibility

spectrufit. 1
mum accelerahon amphtude of the time hlstory used
to derive the spectrum.

QR-A5000 GENERAL DISCUSSION OF
EARTHQUAKE ENVIRONMENT AND
EQUIPMENT RESPONSE

This Article provides background on earthquake
behavior and on methods for simulating seismic events.

me, nsid-
erably longer. For earthquakes with zero periodground
accelerations in excess of about 0.35 g, the streng-motion

durations often exceed 15 sec. Ground motion i typi-
cally broadbanded and random, and\it is gengerally
accepted that amplified response can occur over|a fre-
quency range of 1 Hz to 33 Hz.

QR-A5200 Equipment on Foundations

The vibratory nature-of ground motion (both| hori-
zontal and vertical) can-be amplified or attenuafed in
structure-mounted équipment. For any given ground
motion, the alteration depends on the system’s natural
frequencies of vibration (soil, equipment support, and
equipment)\and the mechanisms of damping and mass
ratio between the equipment and the foundation. The
response spectra that describe ground motion arg typi-
cally‘broadband, indicating that multiple freqpency
excitation predominates.

QR-A5300 Equipment on Structures

Ground motion (horizontal and vertical) may pe fil-
tered by intervening building structures to produce
either amplified or aftenuated narrow band mptions
within the structure. The dynamic response of equip-
ment on structures may be further amplified or attenu-
ated to an acceleration level many times more|or, in
some instances, less than that of the maximum ground
acceleration, depending upon the structure and é¢quip-
ment damping, effective mass ratios, and naturl fre-
quencies. The narrow band response spectra that
typically describe a building floor response motion indi-
cate that single-frequency excitation of equipmerit sub-
components can predominate.

QR-A5400 Equipment on Systems (in Line)

Sumlar ﬁltermg of m—structure motlon may od]

components mounted away from system supports the
resultant motion may be predominantly single fre-
quency in nature and centered near or at the local reso-
nance frequency of the distribution (piping) system. This
resonance condition may produce the most critical seis-
mic load on components mounted in the system line.
Mass ratio effects or dynamic coupling that typically
reduce the response of the in-line equipment are often
conservatively neglected. The seismic input motions for
components mounted on flexible systems may be
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defined in terms of required input motion (RIM), and
procedures defined in IEEE 382-85 (see QR-A3000) may
be used to seismically qualify such components. In addi-
tion to inertia effects, the potential for relative motion
between a distribution system and its supporting build-
ing structure, or between a branch and main line, may
be a significant earthquake effect.

QR-A5500 Nonlinear Equipment Response

ign to the minor nonlinear effects typically associ-
ith damping. These nonlinearities may be of a
ric nature, such as rocking or sliding, a working

a significant change in stiffness as a function
. If a system exhibits significant nonlinearity, such
jor is recognized and accounted for in order to

inearity may also occur as a result of local vibra-
ontact, or impact of equipment. Such examples

es subject to piping interaction with supporting or
adjacent equipment on structures. When such nonlinear
responjse conditions exist, the qualification procedure
shall dccount for such behavior and shall be properly
validaged.

QR-A5600 Simulating the Earthquake

The| goal of seismic simulation is to reproduce the
postulated earthquake environment in a realistic manner
that islamenable for use in equipment qualification. The
form gf the simulated seismic inputused for the qualifi-
cation of equipment by analysis or testing can be
descriped by one of the following functions: required
input [motion, response spéctrum, time history, power
spectrpl density, acceleration, or equivalent static load
design value. This inpuit-may be generated for the foun-
datior}, floor of the-building, or system upon which the
equipment is to be:mounted. It is supplied by the Owner
or agdnt to themanufacturer as a part of the specifica-
tions for thatequipment, or it is generated by the manu-
facturpr to genencally cover future apphcanons

Because
as well as the filtered response motion of structures and
in-line systems on which equipment may be mounted,
the directional components of the motion and their
application to the equipment shall be specified.

Due to eccentricity of supporting structures (center of
shear and center of gravity do not coincide) or due to
the finite time passage of seismic wave motion across
the building foundation, additional torsional motion
(depending on the type of building model used) may
be applicable to equipment as a function of its distance
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from the shear center of the supporting building. Proce-
dures for determining this torsional effect, if applicable,
shall be specified.

QR-A5610 Required Input Motion. The required input
motion is defined in terms of accelerations, velocity, or
displacement as a function of frequency and is applied
in the form of a continuous series of sine beats or sinu-
soids over the frequency range of interest

: i ompo-

nents. See IEEE Std 382-85 (QR—ASOOO) for more Hetails.

QR-A5620 Response Spectrum. The response spec-
trum provides information on the maximum rgsponse
of single-degree-of-freedom oscillators as a fungtion of
oscillator frequency and damping when subjected to an
input time history motion. The/frequency contentlas well
as the peak amplitude (ZeroPeriod Acceleration)) of the
input motion are also inidicated.

It is important to recognize that the response spectrum
does not supply the following information:

(a) the unique waveform or time history of the
tion that preduced it;

(b) the duration of motion (this must be given sepa-
rately in\specifications);

(c) the response of any particular equipment
atest.

excita-

during

QR-A5630 Time History. The expected form| of the
motion is generally obtained from existing or artfficially
generated earthquake records. It may also be geherated
so that its response spectrum will essentially rpatch a
given response spectrum. For application at anfy floor,
the time history record generated includes the dynamic
filtering and amplification effects of the building and
other intervening support structures.

QR-A5640 Power Spectral Density Function. The
mean squared amplitude per unit frequency of the vibra-
tory motion is characterized in terms of the PSD] a func-
tion of frequency.

NOTE: Although response spectrum and PSD functiof, unlike
time history, do not define the unique waveform or duration of

the excitation, they are still valuable tools. They enable significant
frequency-dependent properties of the motion tobe seen a
from one curve.

Design Values Components or eqmpment may be quali-
fied analytically by applying a limiting acceleration
design value (ADV) to the mass distribution of the com-
ponent or equipment in order to determine limiting
equivalent static forces in all three orthogonal directions.
This ADV is determined by use of the peak of the appli-
cable RRS or the ZPA if the component can be shown
to be rigid. A coefficient of 1.5 times these peak or ZPA
values is often used to define the ADV in those instances
in which the component is supported at more than two
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points. However, values less than 1.5 may be used if
justified (see NUREG-75/087 in QR-A3000).

QR-A6000 GENERAL SEISMIC QUALIFICATION
REQUIREMENTS

The seismic qualification of ASME Class 1, 2, and 3
equipment should demonstrate ability of the equipment
to perform its specified function during and after the
time it[is 0 the foadings Tesuiting fromt one
Safe Shutdown Earthquake (SSE). Meeting the ASME
Boiler and Pressure Vessel Code (BPVC) Section III anal-
ysis requirements within elastic limits for the Operating
Basis Eprthquake (OBE) provides assurance of specified
function for that level of earthquake as discussed in QR-
A1000.| The most commonly used methods for seismic
qualifi¢ation are described in this document. The meth-
ods ar¢ grouped into the following four general cate-
gories:

(a) gredictand evaluate the equipment’s performance
by analysis;

(b) test the equipment under simulated seismic condi-
tions;

(c) qualify the equipment by use of experience data;

(d) gerform evaluations by combined analysis, test,
and/of experience data.

EachH of the preceding methods may be used to verify
the ability of the equipment to meet the seismic qualifica-
tion refuirements. The choice should be based on the
practicplity of the method for the type, size, shape, and
compléxity of the equipment, the available database,
whethgr the required safety function can be assessed in
terms ¢f structural integrity alone, and the reliability of
the conclusions. When the specified function’of equip-
ment reéquires a demonstration of operability during the
earthquake, the equipment specified function shall be
demonstrated during the strong-motion portion of the
earthqtiake.

Design margins specified in)ASME BPVC Section Il
shall bp employed where required or applicable.

Seismic testing, as part.of an overall qualification pro-
gram, should be performed in its proper sequence as
indicaLt:d in the\overall equipment qualification
program.

The effects:of equipment repair and parts replacement
on the| performance of equipment in the qualification

prog]‘a aa na

QR-A6100 Design Basis Earthquake

The Design Basis Earthquake for which equipment
shall be qualified is the SSE identified for the site. Seismic
qualification for operability for the OBE shall be in accor-
dance with ASME BPVC Section III requirements for
pressure-retaining and leak-tight integrity. In some
instances, a smaller OBE may also be specified by the
Owner or agent for seismic qualification of the equip-
ment. In such instances, the methods and procedures
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contained in this Appendix may also be used to qualify
equipment for the OBE. However, margins to be used
to qualify equipment for either the SSE or the OBE are
beyond the scope of this Standard. Guidance for the
establishment of such margins may be found in ASME
BPVC Section Il and various ANS system standards,
as well as applicable NRC regulatory procedures and
guides. The acceptance criteria, which include consider-
ation of specified margin, shall be established as
described 1n QK-A7240 and QR-A7540.

QR-A6200 Damping

QR-A6210 Introduction. Structural damping fis the
generic name ascribed to the numerous energy dissipa-
tion mechanisms in a system. It also accounts forl small
nonlinear response effects not ‘otherwise considedred in
the evaluation. In practice, structural damping depends
on many parameters, suchas structural system sypport
configurations and types,modes of vibration, strajin lev-
els, velocity, material properties, and joint slippage. In
linear vibratiorn theory, the simplifying assumption is
made that damping is purely viscous, or dependent on
the relative_velocity of moving parts. Therefore,| when
a value of damping is associated with a practical system,
it is usually assumed to be equivalent viscous. This is
a convenient way of relating real-world hardware behav-
ior,which is usually nonlinear to some degred, with
theoretical concepts, which normally use linear methods
of analysis.

For equipment composed of an assembly of cpmpo-
nents, there is usually no single damping value. Damp-
ing is associated with types of connections used, rgnging
from bolted to welded construction, and is stfongly
affected by boundary conditions, including gaps and
joint slippage. The value of structural damping m4y vary
from place to place depending on the numeroug other
factors previously mentioned and can be termed local
damping. The structural damping that is typically
defined for use in seismic evaluations is called| global
damping and is a composite of the local damping [values
of the system. In such instances, it is recommended that
best estimate values of structural damping be used in
equipment qualification, rather than some lower pound
value. In the absence of specific damping criteria, the
values contained in Table QR-A6210-1 should be used.

Since each mode of vibration of a structure can and

pingasa func-
tion of modal mass and stiffness, a useful practice in
analysis is to associate a value of damping to each mode
of vibration of the equipment that is in the frequency
range of interest. Furthermore, damping may also be
defined as a function of modal frequency, which is the
case for piping when ASME BPVC Code Case N-411-1
applies.

OIle (10¢€ 1aVe 4 AITICIE vdlluec OI (ldl

QR-A6220 Measurement of Damping. Linear vibra-
tion theory indicates that there are numerous methods
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Table QR-A6210-1 Damping Values: fit of the multiple mode response of the equipment.
Percent of Critical Damping

QR-A6230 The Application of Damping. Damping is

Earthquake Magnitude used differently in testing and analysis in equipment

Operating Basis Safe Shutdown qualification as described below. The damping factor

Structure or Component Earthquake Earthquake used in verification by analysis is recommended as the
best estimate, rather than lower bound values, for get-

Equipment and large 2 3 ting the most realistic dynamic response of the com-

diameter piping
systems [Note (1)],
> NP9 12 (DN 300)

ponent.
In analysis a mathematical model is made of the
equipment in order to predict the response to the $eismic

Small dfameter piping 1 2 motion. The value of damping used in thig-mod¢l shall
?gig OS) <NPS12 correspond to the actual energy dissipation in the|equip-
ment, plus the nonlinear effects that'reduce response

Welded steel structures 2 4 not otherwise included in the analysis, to enaple the
Bolted qteel structures 4 7 response to be accurately predicted. There is a need to
Prestressed concrete 2 5 know the ranges of damping forithe specific equfpment

structlures and the nature of nonlinearities and their effect|on the
response. It is recommended that appropriate vdlues of

Reinforded concrete 4 7 damping be obtained from tests.
structures . L .
In most equipment, damping is a function of rgsponse
NOTE amplitude, due‘to such factors as internal friction within
(1) includes both material and structural damping. If the piping material or af connections between components,|degree

m consists of only one or two spans, with little structural of cracking of composite members, or Coulomb-type
ping, use values for small diameter piping. sliding friction. For analytical purposes, these |energy
dissipation damping mechanisms may often be dealt
withfin terms of linear viscous damping approxirpations
if\proper consideration is given to the fact that they
vary, sometimes significantly, with increasing response.
Damping shall be used with caution when detefmined
by low impedance testing, for damping valups thus
determined may not indicate strong-motion exditation.

In general, damping increases with excitatioh level.
However, at very low levels of excitation, agparent
. ; . damping levels can be quite high due to nonlineat effects
ine whether damping changes with response  ;¢qqciated with small gaps in the supports. At lvels of
de are significant. excitation where operability of the equipment wpuld be
-A6221 Damping by Measuring the Decay Rate. a concern, damping is expected to remain congtant or
The efjuivalent viscous damping can be calculated by  increase with increases in excitation level.

le to measure damping. Considerable care must
ised in making the transition from an idealized
to a practical system. The following methods for
ting damping are commonly used. The metheds
that a single mode of vibration can be _excited
equipment and that motion transducers are
ed at positions other than at a stationary node of
otion. In all cases, care should be exercised to

recording the decay rate gf the particular mode of vibra- Most analysis of structural systems assumes linear
tion. This procedure is 6ften referred to as the logarithmic ~ behavior and viscous damping. Certain components
decrement method. may exhibit nonviscous damping or nonlinear b}havior.

The treatment of this problem is analytically cpmplex,

R-A6222, Damping by Measuring the Half-Power

but ing time hi: i .
idth. Equipment is typically excited with a slow ut may be performed using time history techijiques

. . L. In testing, the equipment may be qualified by being
sine syeep fest. The response of any desired location in subjected to a sim?ﬂated seismic motion as defjned by
equipmentis measured and plotted as a function of

frequency. The damping associated with each mode can 1 i via the peak response of :flﬁzrii;h zfszil;rgr;:
be calculated by measurements of the width of the deoree-of-freedom damped oscillators. Since the oscilla-
respective resonance peak at the half-power point. This Bre P )

. ) tors are hypothetical, any practical value of damping,
fnrec;’c;ciiure is often referred to as the half-power bandwidth e.g., 5%, may be employed in the RRS for testing, and

itneed not correspond to the actual equipment damping.

QR-A6223 Damping by Curve Fitting Methods.  (Note the distinction from the use of the RRS in analysis,

Equipment is typically excited by swept sine, random,  where the value of damping must be related to the equip-

or transient excitation, and a response transfer function  ment being qualified.) The application of the RRS and

is developed. The resulting curve is matched by  TRS in selecting acceptable test motions is referenced
adjusting the individual modal damping values toabest  in QR-A7300.
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In comparing the RRS and TRS, it is preferred that
the damping in each be the same. When the RRS and
TRS damping are different, the following applies:

(a) if the damping for the enveloping TRS is greater
than that for the RRS and the criteria referenced in QR-
A7300 are satisfied, then the qualification is acceptable
since under these circumstances the TRS is conservative;

(b) if the damping for the enveloping TRS is less than
that for the RRS, a conclusive statement is not possible
withouf
lyze the

test motions to produce a TRS for an acceptable
dampirlg value equal to or greater than the RRS damping
value.

QR-A6300 Response Spectrum

Basic| spectra used in seismic qualification of equip-
ment are contained in NRC Regulatory Guide 1.60 (see
QR-A3(00) and are reproduced in this Appendix as Figs.
QR-A6300-1 and QR-A6300-2. On a case-by-case basis
acceptable to regulatory authorities, site specific spectra
may be pubstituted for spectra shown in Figs. QR-A6300-
1 and QR-A6300-2. RRS may be generated from the basic
spectra|of Figs. QR-A6300-1 and QR-A6300-2 or other
site-specific spectra using either the time history or the
direct method. A description of an acceptable time his-
tory angl application of the direct method can be found
in NUREG-75/087 Standard Review Plan 3.7.2, Rev. 2
(QR-A3000). Response spectra are used directly to
develop inertial seismic loading on equipment and may
be used indirectly to determine relative support motien
seismic|loads on equipment.

QR-A6400 Required input Motion

ed input motion (RIM) in seismic evaluations
lly associated with componénts’ mounted in

a wide range of lirfe frequencies.
input to a distribution system is typically a ran-

c characteristics of the system amplify the excita-
e system resonance frequencies and suppress
the oth¢r frequencies. The maximum response occurs at
the preflominant distribution system frequencies.

ASME QME-1-2002

shall be applied at one-third octave intervals over the
frequency range of 1 Hz to 33 Hz. The test amplitude
shall correspond to the levels specified for response of
the distribution system. This amplitude shall be inde-
pendent of direction. Hence, single-axis excitation is per-
mitted, with the axes corresponding to the apparent
most critical direction of the component.
When a component in a distribution system is closely
restrained by a support back to the building or other
, tech-
niques are recommended for qualification rathef than
the RIM test procedure just described, unless-th¢ RIM
has been conservatively established with regard o the
RRS.

QR-A6500 Acceleration or Equivalent Static Loa
Design Values

Equipment can be analyticdlly seismically qualified
by applying acceleration-design values (ADV) uged to
develop equivalent static loads. These are single
accelerations that may be applied statically to the ¢
ment in accordance with the mass distribution si

demonstrated. The response spectral peak value pr the
ZPA should be multiplied by a suitable coefficiemt that
accounts for the potential effects of higher modles or
incomplete or missing modes associated with statjc ver-
sus dynamic mode shapes. For equipment supported at
more than two points, a coefficient of 1.5 is r¢com-
mended. Coefficients less than 1.5 may be used if ade-
quately justified.

QR-A6600 Differential Support Motion

In addition to the inertial loading on equipment fevel-
oped from seismic accelerations applied to the] mass
of the equipment, additional loads may be induded on
equipment supported at two or more points that are
undergoing relative support motion associated with the
motion of the supporting structures. In general| most
equipment is supported at a single point. Because|of the
relatively high stiffness and required elastic respdnse to

A method that meets the above seismic input simuia-
tion criteria for a component mounted in the distribution
system is either a sine beat test or a relatively short
duration sine dwell test at several frequencies. The mini-
mum peak test amplitude shall be that which the distri-
bution system is expected to experience.

A series of continuous sine beats or sinusoids at vary-
ing amplitudes as defined in Fig. QR-A6400-1 is recom-
mended for qualification by test. To ensure the excitation
of all predominant resonance frequencies, the sine beats

15

earthquake motions of nuclear power plant structures,
differential support motions are usually negligible and
have little effect on the seismic induced forces on equip-
ment. Therefore, differential support motions are not
normally considered in the seismic evaluation of equip-
ment, except for equipment or a component that is sup-
ported at three or more points on the same structure,
or at two or more points on different structures, or
between in-line components and the supporting struc-
ture (see NUREG-75/085 in QR-A3000). In these cases,
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Figl QR-A6300-1 Horizontal Design Response Spectra Scaled to 1 g Horizontal Ground Acceleration

ipment qualifier shall consider the effects of dis-

response calculahons or by using the apphcable ﬂoor
response spectra. For the latter option, the maximum
displacement of each support is predicted by the rela-
tionship Z; = Z,g/w’, where Z, is the spectral accelera-
tion in g’s at the ZPA end of the specttum curve, w
is equal to the predominant frequency of the primary
support structure in radians per second, and g is the
gravitational constant.

The support displacements shall be imposed on the
supported item. The responses due to the inertia effect

and relative displacements should be combined as
follows:

(a) For equipment supported by a common or differ-
ent supportmg structure, the relative displacemepts may
squares
method ifitis demonstrated that they are uncorrelated.
Otherwise, they shall be determined by the absolute
sum method.

(b) For in-line components (e.g., valves) supported by
both the line and the primary structure, relative displace-
ments shall be determined by the absolute sum method.

In lieu of the response spectrum approach, time histo-
ries of support motions may also be used as excitations
to the systems.
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QR-A6700 Loads to Be Considered in Qualification

The Joads to be considered in the seismic qualification
of mechanical eqitipment for nuclear power stations are
defined in‘the Design Specification required by ASME
BPVC $ection III. They will be made part of the Seismic

Frequency, Hz

5 10 20 50 100

cycles per earthquake. This Appendix assumes|in the
limit that there are 60 full stress cycles during th¢ plant
life. This cyclic input assumes the potential of five OBE
or aftershocks and one SSE.

The minimum value of S, for all Code materials from

Input Specification required to seismically qualify the
required function or performance of the component.

QR-A6800 Fatigue and Aging Considerations

QR-A6810 Fatigue. Seismic loads, being vibratory in
nature, give rise to cyclic loading of components; hence,
there is a potential for fatigue-type failures. However,
the number of maximum stress cycles from a given
earthquake is quite limited. Paragraph N-1214 of
Appendix N to ASME BPVC Section IIl suggests ten

the Appendix I-9.1 curves of ASME BPVC Section III
(see QR-A3000) is 230 ksi for 60 cycles. Inertia-induced
earthquake stresses are considered primary in nature
and in all cases are limited in design to less than 3S,,
where S, is no greater than 0.33S,. In the limit, earth-
quake stresses may be equal to S, computed on an elastic
basis. Independent of other loads, the S, of the material
used would have to equal or exceed 230 ksi before
fatigue induced by earthquake stresses could govern
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design. Code materials used to design mechanical com-
ponents typically do not exceed an ultimate strength of
100 ksi, so earthquake-induced failure in ASME BPVC
Section III materials is not considered credible. When
functionality or operability of equipment is determined
by behavior of Code materials having specified mini-
mum ultimate strengths of less than 230 ksi, no cyclic
or fatigue evaluation is required.
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Non-ASME Boiler and Pressure Vessel Code materials,
such as gaskets or seals, or Code materials having an
ultimate strength in excess of 230 ksi may not have
been qualified to preclude fatigue failure for low-cycle
loading up to 60 cycles. In such instances, it is recom-
mended that these materials be qualified by separate
effects tests or, alternatively, it would be necessary as
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part of the functionality or operability seismic qualifica-
tions to subject the equipment to 60 cycles of loading.

Other cyclic loads induced on the mechanical equip-
ment by valve operation, equipment start or stop, flow,
or rotating equipment vibration and temperature ranges
shall be considered in evaluating the overall fatigue life
of the component or otherwise be limited to such a
low magnitude (e.g., see ANSI/ ASME OM3-1982 in QR-
A3000) that they do not exceed the endurance limit for

ASME QME-1-2002

equipment characteristics must be established by tech-
niques that can be technically justified. Due consider-
ation to changes in design and manufacturing
techniques must be considered as part of the technical
justification supporting similarity.

Similarity guidelines are contained in Attachment A
to this Appendix. Because similarity comparisons are
dependent upon the type of equipment being qualified,
specific equipment qualification articles in the individ-

the maferial used in the equipment.

QR-ApB20 Aging. Aging in mechanical components
is assogiated with corrosion, erosion, wear, particle

thickness as a corrosion or erosion allowance
t required in design. Aging phenomena are

etallic parts of equipment shall be in compliance
P specific standard for the mechanical equipment
under ¢onsideration.

QR-A7600 QUALIFICATION METHODS

e are two basic methods for seismic functional
tion of mechanical equipment, direct and indi-
e indirect method is also referred to as'parent
equipmant extension. The direct method involves qualifi-
cation of the actual or prototype equipment by analysis
or test. [The indirect method qualifies equipment by simi-
larity t¢ equipment that has been gualified previously
by analysis, test, or the use of experience data. QR-A7100
covers [ualification by experiénce data and similarity
associated with the indirect method. QR-A7200
addresges qualification byianalysis, QR-A7300 addresses
qualifidation by testing;and QR-A7400 addresses combi-
nation pf testing and analysis using either the direct or
the indjirect method.

QR-A7100 -Qualification by Indirect Method

QR-A7110 Introduction. There are many types of

ual QV and QP Sections of this Standard shogid be
consulted in order to establish similarity between parent
and candidate components.

QR-A7120 Experience Data. Experience data m
derived from a variety of sources such as:

(a) analysis or test data from-previous qualifitation
programs (EQE Vols. 1 and 2; andUser’s Manual, EPRI/
NUS in QR-A3000);

(b) documented data from equipment in facilitigs that
have experienced natural strong-motion earthguakes
(User’s Manual, COMPAR; EQE Report; and NYREG-
1211 in QR-A3000); or

(c) data from operating dynamic loading or
dynamic environments.

Depending on the source and the level of documenta-
tion detail available, various approaches are appropriate.
QR=A7121, QR-A7122, and QR-A7123 provide|addi-
tional detail specific to each case.

ay be

other

QR-A7121 Previous Qualifications. Many insmic
and dynamic qualification programs have been con-
ducted for various ASME Class 1, 2, and 3 equipment
by the nuclear industry and can be used to develop an
experience database. Some of these equipment |items
may have been qualified by incorporating a test
program along with preliminary exploratory (resgnance
search) tests as referenced in QR-A7300. Otherg have
been qualified using analysis techniques as desfribed
in QR-A7200 or by using a combined test and analysis
technique as described in QR-A7400. In order to uke this
experience database, the input motions, to whith the
equipment was previously qualified, must be ¢learly
documented, together with pertinent qualifi¢ation
parameters, such as resonance frequencies, damping,
and responses of the equipment.

QR-A7122 Natural Earthquakes. Another type of
experience database consists of the documented per-

equipment that were qualified by prior testing, by analy-
sis, or by a combination of both methods. In addition,
there is equipment that is similar to equipment that has
been in service for various periods of time and has been
exposed to in-plant vibration and natural seismic distur-
bances. Therefore, qualification of equipment may be
accomplished by demonstrating its similarity with pre-
viously qualified equipment or with equipment that has
been exposed to other more severe seismic environ-
ments. Similarity of excitation environment and of

19

formance of equipment in facilities that have been sub-
jected to an earthquake. The database equipment shall be
identical, or similar (in construction, dynamic response,
etc.), to the equipment being qualified. It is preferable
that the earthquake be quantified by recorded measure-
ment of the earthquake-induced motion at, or near, the
equipment mounting location. However, it is recognized
that this information is not generally available from nat-
ural earthquake data; therefore, alternatively, a docu-
mented conservative estimate of input motion may be
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generated by extrapolation or interpolation of measure-
ments elsewhere (see QR-A7131). Based on the observed
response to natural earthquake, bounding ground
response spectra can be developed that may be used to
qualify equipment, as discussed in Attachment C.

QR-A7123 Other Experience. The approach
described above for natural earthquake data may also
be applied to the use of operating dynamic loading or

QUALIFICATION OF ACTIVE MECHANICAL EQUIPMENT USED IN
NUCLEAR POWER PLANTS

may be used to generate lower-level composite esti-
mates, providing that approximations for multimode
response and/or cross axis coupling are taken into
account. Justification for such approximations must con-
sider the absence of modal excitation caused by mis-
match of spectral content in the composite RRS. Thus,
the interaction of excitation characteristics and dynamic
properties for the specimen must be considered. Dura-
tion of a composite excitation must be similar to those

other goenmented-dynamic-environments-as-a-basis-for
qualifiration. In such a case, the principle of similarity
as disqussed in QR-A7130 must be used to justify the
approach.

QR-A7130 Similarity. Qualification by the use of
extrapplation from experience data must be based on
the copcept of similarity. This concept recognizes that
the quplification process for equipment is composed of
the following basic factors:

(a) excitation;

(b) physical system (dynamic properties and opera-

to be similar to the original different excitations.
ines for similarity determination are contained in
ent A to this Appendix.

R-A7131 Excitation; Similarity of excitation con-
stitutgs likeness of parameters such as spectral charac-
teristics, duration, directions of excitation axes, and
locatipn of measurement for the motions relative to the
equipment motnting. Ideally, the generic response spec-
tra (GRS) er\géneric equipment ruggedness spectra
(GERS$) should be as alike as is practicable for different
excitations whose similarity is to be established. How-

from which it 1s derived. Furthermore, to provide for
proper vibration buildup and low-cycle fatigueeffects,
as with qualification by testing, any constituent experi-
ence data must be based on a minimum’of 19 sec of
strong-motion duration. The qualification must also
account for exposure to the requiredfiormal and|abnor-
mal conditions, such as normdl plant vibrationg antici-
pated and abnormal thermdl and pressure trangients.

QR-A7132 Physical Systems. Physical systefn simi-
larity must be established for an equipment ai{:.mbly,

and/or a device or.subassembly (including moynting),
depending on4he configuration of the new equipment
to be qualifiéd, For a complete assembly, similarjty may
be demonstrated through comparison of make,|model,
and serialhumbers, and consideration of dynamjc prop-
erties, construction, and operating characteristigs.
Sirice the objective of qualification by the similarity
and past experience method includes a consideration of
the expected dynamic response, a rational approach can
be used to establish similarity of dynamic structural
properties by an investigation of physical paragmeters
of equipment systems. This can be done by comparing
the predominant resonant frequencies, mode shapes,
and damping, or alternatively establishing similarity of
transfer functions at locations where critical devices are
installed. This can be covered by dynamic cha‘;lacteris—
tics. These dynamic characteristics are dependlent on
parameters such as:
(a) equipment physical dimensions;
(b) equipment weight, its distribution, and cpnter of
gravity;
(c) equipment structural load transferring character-
istics and stiffness to resist seismic excitation;
(d) equipment base anchorage strength and stiffness
to ensure both structural integrity and adequate|bound-
ary conditions; and

ever, a conservative composite excitation can be derived
by extrapolations or interpolations of data whose
parameters are not identical but are comparable. For
example, estimates may be based on measurements
taken elsewhere on the structure or on other structures
in the vicinity of the given equipment, if the estimates
can be justified by conservative calculations based on
sound engineering methods using geophysical models,
structural models, or both, as applicable. Likewise, exci-
tations whose spectral content are significantly different
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(e) equipment interfaces with adjacent items or con-
necting accessories.

The relative difference, or dissimilarity, of all the above
physical parameters needs to be bounded to ensure that
adequate similarity exists between equipment assem-
blies. In addition, assurance should be obtained that
changes from the original database equipment do not
result in the formation of previously nonexistent reso-
nances and do not introduce new mechanisms for mal-
function.
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For equipment for which seismic qualification can be
demonstrated by showing that individual devices are
performing their specified function during the earth-
quake, a device or subassembly similarity evaluation
approach may be considered. Similarity of physical sys-
tems shall be addressed for the individual devices. In
this case, similarity in device-operating principle shall
be addressed. Physical system parameters, as applicable
to equipment assemblies discussed above, may not be

ASME QME-1-2002

be used to demonstrate that ASME BPVC Section III
mechanical equipment can meet their operability
requirement during and following one SSE (Safe Shut-
down Earthquake). Design limits as specified in ASME
BPVC Section III are used to provide assurance of pres-
sure-retaining and leak-tight integrity of individual
mechanical equipment. The analysis method shall notbe
used to demonstrate operability for complex equipment
that cannot be modeled to adequately predict its behav-

obvious| or may be difficult to define, such as in an
analysig or engineering judgment justification. There-
fore, the justification for similarity lies in the careful
examingtion of the dynamic properties, anchorage, and
operating principles applicable to the device. In any
case, an/appropriate physical parameter database shall
be used o demonstrate that similar equipment behavior
results Between the database equipment and the equip-
ment under investigation. For complex devices, a test
and/ orILnalysis may be required to show proper justifi-
cation.

QR}A7133 Dynamic Response. A physical system

response can be described by the same quantities as
excitatign (e.g., duration, frequency content, amplitude),
or throdgh a physical system description such as failure
modes,|and excitation level and/or failure criteria
acceptance and/or rejection. When physical system
charactdristics are known through the experience data
(by any| one of the previously mentioned methods of
QR-A7121 through QR-A7123) and when excitation
charactgristics are also available, then system response
can be evaluated and extended toward similar systems.
On the pther hand, there are occasions for whichyonly
response and physical system characteristics are avail-
able. For these situations, the excitation requirement can
be consg¢rvatively evaluated in light of known response
quantities and physical system characteristics (obtained
by the methods of QR-A7121 through QR-A7123). Such
info ion for input excitatien.may then be used to
qualify similar equipment.

QR1A7134 Operability. Equipment being qualified
shall bg capable of performing its specified function
during and after artearthquake. The specified function
during the earthquake may or may not be the same as
that aftdr thewearthquake. Therefore, for each qualifica-
tion, the specified function shall be defined for both

ior. Analysis without testing or experience data is-adcept-
able only if structural integrity as defined in QR~44000
can ensure the design-intended function,\Operapility
analysis is limited to applications that can bé quantified
in terms of a parameter that can be’calculated 4nd a
margin to loss of operability can be\established.

Two approaches to seismic analysis are described| One
approach is based on dynamic analysis, the other on
static analysis. Althoughsthe methods describefl are
most commonly used,.other methods may be uged if
they are justified. The.general procedure is first to rgview
the equipment to,assess the dynamic characteristics; sec-
ond, determine-the response using one or more of sev-
eral methods described in the following sections; third,
determine the behavior (stresses, deformation, displace-
ments, rotations, loads, loss or initiation of contact at
interface, etc.) that results from the response; and fipally,
compare the calculated behavior with behavio1 that
would ensure compliance with specified fun¢tion
requirements.

The review stage should take into account the com-
plexity of the equipment and the adequacy of analytical
techniques to properly predict the equipment’s operabil-
ity while subjected to seismic excitation. The res

static coefficient method (QR-A7230). In gener
choice is based on the perceived margin of s
of the equipment, since the static coefficient m
though easier and more economical to perform, is
ally more conservative. The RRS used to analyze efuip-
ment should be peak broadened +15% in accordance
with the requirements of Regulatory Guide 1.122 (see
QR-A3000) to account for uncertainty in modeling|asso-
ciated with mass and stiffness definitions.

during nce data
shall provide the documented evidence to support the
demonstration of proper operability, as defined, for each
application. Where an operation is required during the
earthquake, the experience data shall provide evidence
that the equipment performed as required in a similar
system.

QR-A7200 Qualification by Analysis

QR-A7210 Introduction. Analytical procedures are
summarized and referenced in this subarticle, which can

21

The mathematical models used for analysis may be
based on structural parameters that are calculated or on
parameters established by test, or a combination of
these. They shall also represent the stiffness properties
and boundary conditions of the equipment. The model
shall be sufficiently refined to ensure mathematical rep-
resentation of all significant modes of vibration and
allow the evaluation of all pertinent failure modes. Suffi-
cient detail to illustrate relative motion of key points,
coupling and load transfer, etc., shall be obtained. All
significant equipment interfaces with other equipment,
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components, assemblies, or systems shall be considered.
These interfaces shall include all significant eccentricity
and torsion-producing phenomena, such as the effects
of equipment attachments.

The boundary condition of the mathematical model
and its interface with other equipment and systems shall
be effectively coordinated with the characterization of
the seismic input. If not previously considered in the
load definition, the mathematical model should incorpo-

QUALIFICATION OF ACTIVE MECHANICAL EQUIPMENT USED IN
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QR-A7222 Response Spectrum. The response spec-
frum analysis allows the response of interest (deforma-
tions, deflections, rotations, loads, stresses, strains, and
initiation or loss of contact at interface) to be determined
by combining all significant modes of vibrations. A suffi-
cient number of modes should be included to ensure
an adequate representation of the equipment dynamic
response and reaction forces at supports. An acceptable
criterion for adequacy is that the inclusion of additional

rate the effects of equipment mounting and location
(floor, wall, etc.), intervening elements and structures
(suppdrts, platforms, etc.), intervening systems (pipe,
duct, e}c.), and differential support motion, as discussed
in QR-A6600. The damping that is used in the analysis
shall have a reference basis. Such reference bases include
Appendix N of ASME BPVC Section III, Regulatory
Guide|1.61, WRC Bulletin 300 (see QR-A3000), and the
applicable safety analysis report or by test. If no damp-
ing value has been established in the Seismic Input Spec-
ificatign, justifiable means shall be used to support the
damping value used in the Seismic Qualification Report.

Usinjg the calculated response, one determines the
behavior of the equipment in terms of structure integrity
as related to the functional requirements of the equip-
ment, fincluding operating loads. Such loads include
internal pressure, operator thrust, dynamic transients,
flow-induced vibration, reciprocating and rotating
equipment vibrations, and nozzle loadings. Applicable
combinations of these loads are typically required in the
analytjcal qualification process and their effects.shall

ation for functionality and operability are limited
ications in which all safety-rélated strength, dis-

-A7221 Introduction. The equipment and sup-

modes aoe:

spaced modes are encountered. In these situati
modal and spatial combination procedures identjfied in
Regulatory Guides 1.60 and 1/92'shall be used.

QR-A7223 Time Histories: When three components
of the statistically independent time histories arp input
simultaneously for a time history analysis, the regponses
can be combined algebraically at each time incfement.
To ensure statistical independence, artificially generated
time histories should have coherence values of lgss than
0.5 when computed with at least 12 data samples. Alter-
natively,.a correlation coefficient with an absolute value
of less'than 0.3 for all time lags may be used as digcussed
inJEEE Std 344-87.

QR-A7230 Static Coefficient Analysis. This
analysis allows a simpler technique that usually| results
in added conservatism. No dynamic analysis is required.
The acceleration response of the equipment is agsumed
to be defined by the acceleration design valye (QR-
A6500). The resultant inertial force, when the afcelera-
tion design value is applied to the mass distribytion of
the equipment, is applied in the three principal direc-
tions with a plus or minus sensing to determiine the
worse resultant.

QR-A7240 Acceptance Criteria. Acceptance criteria to
be used in qualification by analysis shall be applied to
the computed parameters associated with the identified
failure modes that determine functional adequady of the
equipment. Acceptance criteria shall be established in
the input specification requirement. Compliante with
the acceptance criteria shall be demonstrated in the Seis-
mic Qualification Report. In general, for activd equip-
ment qualified by analysis, behavior of the equipment

ports shall be modeled to adequately represent their
mass distribution and stiffness characteristics. This
model may be used to perform a modal (eigenvalue)
analysis to determine the equipment’s dynamic charac-
teristics (frequency and mode shapes). Alternatively, an
incremented time step solution of the equations of
motion may be used to determine dynamic response.
The time step integration procedure, while relatively
costly, has the ability for direct determination of multiple
independent support motions and nonlinear response.

is limited to elastic response due to primary loads.

QR-A7300 Qualification by Testing

QR-A7310 Introduction. Seismic qualification by test-
ing requires that the equipment be subjected to a simu-
lated earthquake motion that is anticipated to occur at
the equipment mounting. The test shall demonstrate
that the equipment will perform its specified function
during and after the seismic event. The nature of the
simulated motion can vary significantly, depending on
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whether the equipment is to be installed at ground level
or at some floor level within a building structure. Proce-
dures necessary to carry out such tests with a reasonable
degree of conservatism are in most cases quite complex.
Detailed guidelines for typical test procedures for elec-
trical equipment have been provided by IEEE Std 344
since 1975. Since those guidelines were applicable to
equipment in general, they have also been used for
mechanical equipment. The policy of this Standard is
y to endorse the continued use of IEEE Std 344,
50 Section 7.0 of that document shall provide the detailed
requirements for qualification of mechanical equipment
by testing except as modified by this Standard in QR-
A7340.|For the sake of continuity, some general state-
ments will be included herein.

QR-A7320 Types of Tests

-A7321 Exploratory Tests. Exploratory tests con-
sist of the measurements of equipment dynamic charac-
teristi¢s by some form of modal identification
procedtires. The equipment is mounted in close simula-
tion to|that anticipated in the field, with the required
i ents. Measurements are taken at various loca-
ticipated to be important to interior functioning
deviceq or at locations that provide a good indication
of stru¢tural modal characteristics. It is then subjected
to a suftable excitation and the responses are recorded.
In partficular, care shall be taken to ensure that the
mounting of equipment during the test is similar to the
mounting in the field. Components that may in them-
selves pe rigid if flexibly mounted or attached in“the
field shall have this flexibility represented during the
test. Injthe past, a sine sweep resonance search has been
widely[used for these tests. However, randomexcitation
or ever{simulated earthquake events arenow often used,
and equipment transfer functions(ate subsequently
developed by fast Fourier transform processing of the
response and excitation data. Exploratory tests are not
a requifement for qualification directly, but their results
may beg used in further development of procedures or
in justification for qualification tests, or these results
may be part of a combined analysis experience and test
approarch, as described in QR-A7400.

QR-A7322 Proof Tests. In the past, most equipment
qualifigatiorthas been performed by proof test methods.
This appr r
motion at the equipment mounting represents that antic-
ipated from the specified Safe Shutdown Earthquake
(SSE). Simulated motion usually is required to demon-
strate that the test response spectrum (TRS) conserva-
tively envelops the required response spectrum (RRS)
that was generated for the equipment mounting location
as part of the test specification. The result of a proof
test is a demonstration that the equipment performs its
specified function, both during and after the simulated
SSE event. In view of the tendency of building structures

ires tha sim d earthquake 1
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to filter ground motion differently from one site to
another, such qualifications may be site-specific. How-
ever, this limitation may be reduced by broadening the
frequency content of a specified response spectrum and
enveloping response to represent a more generic simu-
lation.

QR-A7323 Fragility Tests. Fragility tests are con-
ducted to determine the peak amplitude level of a speci-
. N . . t can
perform its specified function. A sequence of test runs
is performed with increasing amplitudes of the spegcified
waveform until malfunction is observed‘in the ¢quip-
ment. When the specified motion is compared tp that

anticipated for the SSE at the equipment mounting, a
measure of margin is established:
In addition to the response spectrum type of [input

loading, in-line equipment may also be qualified by RIM
testing as described in IEEE Std 382-85.

QR-A7330 General Approach to Testing

QR-A7331 Preliminary Tests. Exploratory | tests
described in QR~A7320 are usually performed prior to
conducting(the’actual qualification test or qualifiration
by a combination of testing and other methods. (Other
preliminary tests, such as thermal or operational aging,
or any other required environmental test, should Qe per-
formed prior to the seismic test. This sequence ehsures
that the equipment is at the end of the qualifigd life
state at the time of the seismic qualification.

QR-A7332 Development of Simulated Segismic
Motion. The simulated seismic motion shall corlerva—
tively represent that which can be expected at the ¢quip-
ment mounting for the SSE event. The general pature
of earthquake motion can be represented by a npnsta-
tionary random process having broad frequency cpntent
(i.e., 1 Hz to 33 Hz) at ground level, but with |much
narrower frequency content near building naturpl fre-
quencies, when representing filtered motion at building
floor levels. Several characteristics of seismic motion
must be noted when simulated waveforms are fdevel-
oped for testing purposes. These characteristics are
understood to describe the motion that occurs [at the
equipment mounting.

(a) The general character of earthquake motign is a
random process that builds to a relatively statjonary
! i level
for some duration and then decays to a negligible value.

(b) Approximately stationary random motion occurs
during the strong motion. It is this part of the excitation
that causes most damage to equipment. It must be sus-
tained a minimum of the larger of 15 sec or the duration
of strong motion during a qualification test.

(c) Frequency content of the required motion and
actual test motion is indicated by the amplified region
of a response spectrum. Thus, a TRS shall closely envelop
the RRS to ensure proper frequency content.



https://asmenormdoc.com/api2/?name=ASME QME-1 2002.pdf

ASME QME-1-2002

(d) Stationarity of the waveform during the simulated
strong motion shall be demonstrated. This ensures that
all required frequencies are present to a sufficient
amount during the strong motion.

(e) Mult1ax1s motions shall have an appropriate
degree of statistical independence. This is determined
by examining the coherence or cross correlation between
the waveforms for different axes.

Test waveforms that have the above characteristics

QUALIFICATION OF ACTIVE MECHANICAL EQUIPMENT USED IN
NUCLEAR POWER PLANTS

these differences exceed the limits of similarity (Attach-
ment A), their effects on qualification shall be evaluated
directly by means of analysis or test.

Ana]vem in anpera] is limited to determination of

A2 OF

loads, reachons, stresses, strains, deflections, and clear-
ances, which are then compared with acceptable limits.
However, loss of function of components cannot always
be explained in terms of such computed quantities. In
these cases, experience data or testing must be relied

may b¢ generated by superimposing a variety of compo-

nent sjgnals, such as sine dwells, sine beats, narrow
band, and broadband random signals.
QR-A7333 Conduct of Test and Operability. Detailed

procedures for preparing and conducting seismic quali-
fication tests shall be obtained from IEEE Std 344-87,
Section 7.0, and IEEE Std 382-85, Section 5.5.8. Details
for prgparing and conducting functional tests for equip-
ment ghall be obtained from the manufacturers’ opera-

equipm

sis, a
examfg

d testing—has’its advantages and limitations. For
le, to dqualify the component in question, it is

equal fo'0

upon to demonstrate operability or to otherwis¢ estab-
lish acceptable limits for those quantities that|can be
evaluated by analysis.

In general, all three methods or combinations
may be used to seismically qualify_operability gr func-
tionality of mechanical components. The dg¢cision
regarding which methods to use to qualify a paslrticular
mechanical component should be left to the Profgssional
Engineer or the officer- of the qualifying orgarnization
who approves andisighs the Seismic Qualifjcation
Report (QR-A8300).

However, nothing in this Appendix shall be interpre-
ted as preventing the author of the Seismic Input Bpecifi-
cation (SIS) from specifying in detail (in the $IS) the
method(s) or combinations of methods to be fised in
seismically qualifying the equipment covered by [the SIS.

thereof

QR-A8000 DOCUMENTATION

QR-A8100 General

The documentation for qualification of eachl equip-
ment type shall demonstrate that the equipmgnt per-
forms its specified function when subjected to the
seismic motions for which it is to be qualified, intluding
any required margin. Therefore, proper documgntation
requires a clear statement of the specific requifements
and an accurate recording of the procedures and results
of the analysis, test, experience data, or any combination
of these methods.

In general, two documents are required to Hemon-
strate functional seismic qualification of equipment, a
Seismic Input Specification and a Seismic Qualification
Report. The preparation of the Seismic Input Specifica-
tion is the responsibility of the Owner of the equiipment.
The preparation of the Seismic Qualification Report is

nent being quahﬁed In general “this can best be exam-
ined by analysis to develop the input seismic motion
applicable to the experience database.

Results of a given particular component qualification
test may become a part of an experience database.
Strictly speaking, this qualification is applicable only to
the component tested. To extend qualification to similar
components, it is necessary to consider potential differ-
ences in material properties, sizes, manufacturing toler-
ances, clearances, and mounting characteristics. When

24

the responsibility of the organization that performs the
equipment seismic qualification and evaluates the
results as applicable to the qualification of the equip-
ment. In the event that a manufacturer of the equipment
performs a generic seismic equipment qualification, the
preparation of both the Seismic Input Specification (as
the Owner’s agent) and Seismic Qualification Report are
the responsibility of the manufacturer. It is the responsi-
bility of the Owner to review and accept the Seismic
Qualification Report.
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QR-A8200 Input Specification Requirements

Directions for the preparation of specification infor-
mation required for evaluation of the equipment are as
follows:

(a) If RRS are furnished, the RRS for the location on
which the equipment is to be mounted shall contain the
data for the two horizontal and one vertical axes as
a minimum. The RRS shall have been broadened as

terface connections, shall be described.
physical description of equipment shall be pro-

ponents shall be provided.

(h) Qther loading requirements and interface require-
0 be accounted for shall be specified.

(i) Alcceptance criteria shall be specified.

00 Seismic Qualification Report

The $eismic Qualification Report shall present a clear,
explanation of how the data contained in the
i¢ Input Specification and resultant experience,
ik, tests, or combinations théreof have been used

(a) Hquipment being ‘qualified shall be clearly iden-
tified.

(b) , ADV, time-histories, RIM, or load coefficients
levels for which equipment is being qualified shall be

ASME QME-1-2002

testing shall be documented in the test report and recon-
ciled by the equipment supplier. This data may become
part of the postearthquake field maintenance checks and
procedures for that equipment.

(d) If analysis is used to qualify the equipment, the
failure modes used to determine functional adequacy
shall be clearly identified and computed margins to fail-
ure presented

A i erating the Seismic
Quahﬁcanon Report shall be 1dent1f1ed and refer¢nced.
() A dated approval signature of a Professional Engi-
neer or an officer of the qualification organization shall
be included.

QR-A8310 Analytical Data. If analysis is performed
as the qualification method, the method and dat3 used
and the failure modes considéred shall be presentted in
a step-by-step form thatican be audited by pdrsons
skilled in such analysis. Boundary conditions, including
anchoring and any-other interfaces, shall be clearly
defined. Input/output data required to support per-
formance claims: shall be included in the reporf. The
reaction force(s) at the interface connection(s) to the sup-
port structure shall also be included.

A statement shall be made verifying that the computer
programs were validated on the computer hardwpre on
which the program was executed. Computer pro%r:ms,
options, version numbers, dates, and systems used shall
be identified and documented.

QR-A8320 Test Data. If testing is used as the qudlifica-
tion method, the test data shall contain the follpwing
information:

(1) equipment being qualified:

(1) tested equipment identification (incl
devices)

(2) tested equipment functional specification

(3) tested equipment settings and limitations{when
appropriate;

(b) test facility:

(1) location
(2) testing equipment and calibration;

(c) testmethod and procedures, including moniftoring
for operability, and acceptance criteria;

(d) equipment mounting details, including all

iding

inter-

alies) shall be presented. Details defining a test fixture
if used during testing shall also be provided. If a compo-
nent or device of the equipment is tested or analyzed
separately, the procedure used shall also be summarized.
If an anomaly is experienced during any test, it shall
be documented in the report. If the equipment is not
modified to eliminate the anomaly, then the final user
shall justify the use of the equipment and file this justifi-
cation with the Seismic Qualification Report. Any equip-
ment refurbishment that is performed during seismic

25

tace connections;

(e) test data (including proof of performance, TRS
plots, RIM plots, time histories, and PSD coherence
checks as necessary). Whatever the type of multifre-
quency testing employed, the acceleration time history
of the input table motion shall be provided in the test
report in addition to the TRS. As a minimum, a time
history of the table motion shall be provided for one
test in each of the three directions of excitation from the
SSE testing,.
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(P test results, including measured natural frequen-
cies and conclusions (including statement of any anom-
alies).

QR-A8330 Past Experience Data

QR-A8331 Strong-Motion Earthquake Data. If a
comparison to past experience in real strong-motion
earthquake or other tests is used as the qualification

QUALIFICATION OF ACTIVE MECHANICAL EQUIPMENT USED IN
NUCLEAR POWER PLANTS

RRS.! If the GRS or GERS envelop the RRS, the equip-
ment is qualified provided it can be demonstrated that
the type of equipment for which the GRS or GERS is
generated has similar functional and dynamic character-
istics as the equipment being qualified. This demonstra-
tion requires the following documentation:

(a) a description of original equipment past experi-
ence qualified, including, as a minimum, actual name-
plate data and anchorage or support of the equipment;

memofﬁ-m—qndﬂaem-d\nfa-sheﬂ-eenﬁm.
(a) a description of original equipment that is past

experi¢gnce qualified, including, as a minimum, actual
nameplate data and anchorage or support of the
equipment;

(b) g description of new equipment being qualified;

(c) d description of the service or use of the original
equipment past experience qualified;

(d) 4 description of the service or use of the new
equiprhent being qualified;

(e) d discussion of similarities or lack thereof between
didate equipment being qualified and the refer-
uipment in the past experience database (see
ent A);

description of the excitation for which the new
ent is to be qualified;

description of the response and behavior of the
equipment based on the past experience strong-
earthquake;

justification of the results.

-A8332 Generic Response Spectra Enveloping
Data. In this method, generic response spectra (GRS)
or gerneric equipment ruggedness spectra (GERS) are
developed from analysis or_tests of various types of
equipthent. These GRS or-GERS are compared to the

Lla) ed’

w7

(c) a description of the service or use of the
equipment past experience qualified;

(d) a description of the service or use of
equipment being qualified;

(e) adiscussion of similarities orlack thereof b¢tween
the candidate equipment being-qualified and th¢ refer-
ence equipment in the past experience databage (see
Attachment A);

(f) a description of the past experience, includ
basis for any seismic loading estimation, GRS, or|GERS.
It may be necessary to scale down the GERS|by an
uncertainty factor’as a function of the data used to
develop the GERS;

(g) justification of the results.

QR-A8340 Combined Methods of Qualificat

ng the

on. If

proof of performance is by a combination of methods
described in QR-A8100 to QR-A8300, the repoxt shall
contain reference to the specific combined qualiffcation

method used and the appropriate information corjtained
in each method as described therein. When extrapplation
of data is made from similar equipment, a description
of the differences between the equipment invo}ved is
required. Justification that the differences flo not
degrade the seismic adequacy below acceptablq limits
(additional analyses or testing may be required) shall
be included.

! As discussed in the Senior Seismic Review (see QR-AB000), if
the RRS is not computed equivalent to the Regulatory Guides 1.60
and 1.122 derived spectrum (see QR-A3000), a multipli¢r of 1.5
shall be applied to the shape of the RRS.

26
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ATTACHMENT A
GUIDELINES FOR QUALIFICATION BY SIMILARITY
(Indirect Method)

Al GLNERAL

This| Attachment presents guidelines to achieve the
qualifigation of candidate equipment by establishing its
similarjity to parent equipment. Much of the guidance
provided herein is summarized from the User’s Manual
prepared by COMPAR-Access (see QR-A3000), which
can be|consulted for more details. The guidance pro-
vided herein is also an expansion of general concepts
definedl in IEEE Std 344-87, Section 9.0. A valid qualifica-
tion by similarity requires consideration of each of the
following four items:

(a) fiinctional characteristics

(b) excitation characteristics

(c) physical characteristics

(d) doncurrence of excitation and physical character-
istics.

A2 FUNCTIONAL CHARACTERISTICS

Cangdlidate equipment considered for qualification'by
similz:%;y shall have function/malfunction characteris-

tics similar to those of the parent equipment for which
a database is available.

A2.1 Specified Function

The gpecific function of the candidate equipment to be
qualified shall be the same or envéloped by the specified
functign defined in the qualification document of the
parent|equipment.

A2.2 Failure/Malfunction Modes

The |most probable mode or modes of failure/mal-
functign of the .candidate equipment shall be stated and
justified to-be common with that of the parent equip-
ment. Furthermore, the physical location on the equip-

any one of the listed parameters for the candidate com-
ponent deviates by more than 10% from the correjpond-
ing parameter for the parent componenit, an assegsment
of the effect of increment(s) shall be-thade in tefms of
quantities impacting the qualification status, stich as
stresses and deformations.

A3 EXCITATION CHARACTERISTICS

The excitation for the candidate equipment s

was generated from qualification of several parent
equipment items. Specific excitation characteristids to be
considered include (but are not necessarily limited to):

(a)>frequency distribution: indicated by amplified
region of response spectrum or by power spectral
density;

(b) peak amplitude of time history, i.e., excitation
ZPA;

(c) maximum amplification factor: ratio of ma)ximum
response spectrum value to ZPA;

(d) time duration: strong-motion portion mu
least 10 sec;

(e) axes of orientation: must be common for candidate
and parent equipment, i.e., careful examination ¢f sup-
ports at excitation location is required;

(f) excitation location.

be at

A4 PHYSICAL CHARACTERISTICS

Physical similarity is determined by those equi
properties that influence its dynamic response. Physical
similarity between candidate and parent equipment can
be shown by one of several methods (which include
A4.1 through A4.4).

ment

ment of any critical device/mechanism that precipitates
the failure/malfunction is to be noted.
A2.3 Design Parameters

List the appropriate parameters for the candidate and
parent equipment, as shown in Table Al.
A2.4 Acceptance Criteria

A comparison of the design parameters for both the
parent and the candidate component shall be made. If
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A4 Essentially Identical Equipment

Equipment can be compared by make, model, and
serial number, and found to be identical (within devia-
tions associated with manufacturing tolerances) or
found to have differences that are so slight that the
dynamic response can be argued to be essentially unaf-
fected.

A4.2 Similar Modal Properties

This is equipment whose mass, stiffness, and damping
properties can be shown to be similar. Justification
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Table A1 List of Input Parameters

Parameters

Parent Equipment

Candidate Equipment

1. Temperature

2. Design pressure

3. Oerating pressure

4. Hygirostatic pressure

5. Progess medium

imum leakage rate

7. Torque

8. Thryist

9. Noazle loads

10. Other parameters (list as applicable)

Resolution of any significant differences:

includes providing comparative data as shown in
Table A2.

A4.3 Acceptance Criteria

For acceptance criteria, provide comparison of items
1 through 7 of Table A2 for both the parent and candidate
equipment. If there are significant differences (more than
+15%) in any one of the items (or subitems), the effect
of the difference shall be evaluated in terms of the
following:

28

(a) stiffness

(b) mass distribution

(c) boundary conditions

(d) natural frequencies

(e) damping

The different effect on the stresses, deformations, and
load capacities (such as stem or shaft buckling capacity
and bearing load capacity) at critical locations shall also
be evaluated and shown to be within the allowable crite-
ria limits.
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Table A2 Comparative List of Physical Parameters

Parameters Parent Equipment Candidate Equipment

1. Component physical dimensions

2. Component weight, its distribution, and center of
gravity

3. Bill or-ma%enalﬁ

4. Crostsectional and length data to characterize
stiffnpss and load-transferring capacity

5. Mourting with respect to:

Mounting description

Type of support

Support detaits

Structural members

Size

Location

Material

Welding details

Rod (material)

Location

Size and length

Type
Bolting details

Bolts and nuts material, grade

Number and size

Geometry (bolt circle or pattern.info.)

Washers

Holes in baseplates.(cir¢ular or oval)

Pretorque values.

6. Nozzles:
Locations

Sizes

7. Othef interfaces with adjacent items such as cables,
cond[lns,_mh.a._et' d

Resolution of any significant differences:

29
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A4.4 Similar Critical Transfer Function

The critical transfer function establishes a direct
dynamic relationship between the excitation and the
critical location where failure or malfunction is being
evaluated. It can be established from typical exploratory
resonance search data, if available, for a response point
near a critical location. When the critical transfer func-
tion plot can be established for both candidate and par-
ent equipment, and where this can be shown to be within
20% in amplitude within a designated frequency band-
width,no further modal characteristics need to be deter-
mined| As a result, the equipment is physically similar
within| the designated frequency bandwidth.

CiT dRiialT VL oadaaaialdt

QUALIFICATION OF ACTIVE MECHANICAL EQUIPMENT USED IN
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A5 CONCURRENCE OF EXCITATION AND PHYSICAL
SIMILARITY

A valid quaiification by similarity requires that the
frequency bandwidth within which physical similarity
exists for both candidate and parent items shall be con-
current within the frequency band for which the candi-

side this frequency band is not essential, butc
unlimited, as discussed in NUREG/CR-5012 (s
A3000).

30
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ATTACHMENT B
EXAMPLES OF QUALIFICATION OF PUMPS AND VALVES
BY ANALYSIS® 2

Bl EXAMPLE 1: VERTICAL PUMP/MOTOR
ASSEMBLY

troduction

e-dimensional lumped mass beam finite ele-
odel of the pump /motor assembly and its sup-

sses are evaluated and compared with the allow=
ss criteria to determine structural and leak-tight

odel Description

A finite element model is developed for the pump/
ssembly as shown in Figi. Bl and used in the
analysik. The merits of using this approach are threefold:

(@) 1{ represents the distribution of mass and stiffness
for the|determination of natural frequencies, including
higher [modes.

(b) A complete dynamic analysis may be performed
to determine theloads and resultant stresses and dis-
placements using’ this model.

(c) Tt détermines how the loads are distributed
through each load path in the statically indeterminate

resultant stress, deformations, and bearing loads

The pump/motor assembly and some(details jof the
pump are shown in Fig. B1. The schematic representa-
tion of the model is provided in Fig. B2. Essemtially,
the model is a three-dimensional.lumped mass|beam
element model, capable of accepting loads from the pos-
tulated vertical and two hofizontal directions of earth-
quake simultaneously. The\three parallel beams [of the
lower portion represent/the centerlines of the pump
shaft, bowl casingsjand suction barrel shell. i

masses as défined and located on the appropriate qutline
drawings.and other references. This model has a tptal of
105 nodes, 97 beam elements, and 16 boundary elements.

B1.3 Method of Analysis

The analysis is performed in two distinct steps| First,
a modal analysis is performed using the subspace itera-
tion technique and all eigenvectors are saved on|a per-
manent file for subsequent analysis with v4rious
dynamic loading conditions. In this instance, 25
were considered in the analysis, with a highest fre

and hydrodynamic effects). It should be notefl that
earthquake-induced excitations seldom have inpuf ener-
gies above 33 Hz and hydrodynamic effects abovelabout
100 Hz. It should also be noted that damage dlue to
dynamic excitations above about 15 Hz is usuallly con-
trolled by velocity or displacement, not accelefation.
Therefore, use of equivalent static loads based onfaccel-
erations at frequencies above 15 Hz may result in pverly
conservative design requirements. Table Bl gives the
first 14 frequencies of the model up to 84.1 Hz. Ag Table
B1 shows, the fundamental frequency of the equipment

portions of the structure.

The finite element model in this instance is used to
verify the structural integrity as well as the operability
of this active pump. In general, however, there is no
requirement that a dynamic model be used to compute
resultant stress in the pump/motor assembly. Often,
dynamic external forces in each mode are determined
from the response spectrum analysis of a dynamic model
and applied to a more detailed static model of the
pump/motor assembly to determine such things as

15 7.82 Hz,”wWhich 1s In the potential resonanf region

! Examples 1 and 2 contain an OBE design requirement because
the analysis performed is to determine structural and leak-tight
integrity in accordance with ASME BPVC Section III requirements,
as well as to determine functional adequacy.

2 Examples 1 and 2 are for rough illustrative purposes only, to
define the type of analysis performed. In general, current design
control procedures, as described in 16CFR50 Appendix B and
implemented by organizational quality assurance and ASME NQA
procedures, would require a more detailed documentation of quali-
fication by analysis than is illustrated by these examples.
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Table B1 Calculated Frequencies for Pump/Motor
Assembly: Print of Frequencies

QUALIFICATION OF ACTIVE MECHANICAL EQUIPMENT USED IN
NUCLEAR POWER PLANTS

B1.4 Load Combinations

The pressure boundary components of this pump/
motor assembly are classified as ASME BPVC Section

TY ™o Y nma=d nemd el Llemsen Lo smas t}.;
Il Class 2 ctiul.pf“lcut and therefore must Luulyx_y wiui

the rules of Subsection NC of ASME BPVC Section IIL
Structural and leak-tight integrity are addressed in terms
of these Code rules wherever applicable. At locations
where the ASME Code does not apply, general methods
of stress analysis and principles of mechanics are used

Mode Frequency, Hz

Number {Cycles/sec)
1 0.7818+01

2 0.8518+01

3 0.1163+02

4 0.1211+02

5 0.3450+02

6 0.3458+02

7 0.3717+02

8 0.4122+02

9 0.5935+02
10 0.6421+02
11 0.7330+02
12 0.7679+02
13 0.7835+02
14 0.8409+02

quake-induced response, thereby justifying the
r a dynamic analysis for this relatively flexible

iscussed above, the response spectra analysis
is selected for the dynamic analysis of the assem-

defined in Standard Review Plan 3.7.2 and ASME BPVC
Sectioh Il Appendix N may also be used. The response
spectrh used are developed from the seismic response
spectrp curves and pther applicable dynamic loads as
defingd in the Design Specifications.

Corfservative damping values of 2% for ASME Code
Level [C conditions and 1% for Level B conditions are
adoptpd in this example. The following additional loads
are alsasincluded in the analyses performed in this

with behavior limits consistent with those defjned in
the ASME Code.
In Example 1, the following load combinations were
identified in the Design Specification and are caltulated
using the results of static and dyndmic analysig®
ASME Service Level B Condition:

N + OBE + SRV
ASME Service Level'C Condition:

SSE + CO
N + Envelope of SSE + CO + SRV
SSE + CHUG + SRV

where
N"'= normal conditions
CO = condensation oscillation loads
SRV = safety relief valve loads
CHUG = chugging load
OBE = Operation Basis Earthquake Load
SSE = Safe Shutdown Earthquake Load

The internal forces and moments obtained fpr each
beam element are combined according to the load combi-
nations identified above using appropriate methods as
defined in Regulatory Guides 1.60, 1.61, and 1192, and
Standard Review Plans 3.7, 3.8, and 3.9, and with the
overall guidance of ANS Standards 51.1 for BYR and
52.1 for PWR systems. These combined loads gre then
used to calculate the component stresses at criti¢al loca-
tions. Evaluation of stresses is in accordance wjiith NC-
3400 of ASME BPVC Section III for Service Levels B,
C, or D as defined in the Design Specification| for the
component.

B1.5 Stress Analysis, Leak-tight and Structurgl

exampter

(a) pump nozzle loads, obtained from the analysis
of the piping subsystems attached to the suction and
discharge nozzles;

(b) weight of all the parts of the pump and motor and
the water inside the pump;

(c) internal design pressure acting on pressure bound-
ary components;

(d) pump thrust and torque loads;

(e) motor electromagnetic forces.

34

Integrity
In order to ensure the adequacy of the equipment,
Ehe—ieuew-in-g—aﬁalyt-ieal—eﬁeés-aad—eensi-dexajons are
undertaken:

(a) Perform a detailed dynamic/static analysis on a
three-dimensional finite element model that represents
the mass, stiffness, and boundary conditions of the
pump/motor assembly.

(b) Consider the loading combinations that are stipu-
lated in the Design Specification.

% CO, SRV, and CHUG loads are applicable to BWR pressure
suppression systems.
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(c) Comply with the design requirements of the
Design Specification and ASME BPVC Section III for
Service Levels B, C, or D, whichever are applicable;
also, use other methods of mechanics and stress analysis
when needed.

In Example 1, foundation bolt stresses are calculated
from forces developed in the model elements represent-
ing the anchor bolts at the foundatlon level, assuming

dl to be transferred by friction between the base
of the efquipment and the supporting structure.

In the example, for all critical locations, the stresses
evaluated using Service Level C criteria are higher than
stresses|produced by other load combinations. Highest
stress lavels at all locations are compared to the allow-
ables and the resultant safety factor determined as
shown in Table B2. It is also common to express design
adequagy in terms of design margins. Design margins
are detgrmined as follows:

design margin = safety factor — 1.0

B1.6 Deformations, Bearing Loads, and Operability

In Sexvice Level C, in Example 1, the computed deflec-
tions o1 deformations are limited to 75% of those that
are expgcted to cause malfunction of the pump. Verify
the operability analytically by checking relative dis
placemé¢nts and bearing load capacities at the critical
locatiorfs. This is accomplished by combination of the
following steps:

(a) Fiilure mode analysis dictates critical locations.

(b) Model analysis yields relative. displacements at
these crjitical locations between moving and stationary
parts.

{c) Chlculated relative displacements and bearing
loads afe compared with.allowable or minimum clear-
ances and bearing loads-supplied by the manufacturer.

(d) I} order to support the analytical approach indi-
cated by (a) through (c) above, various test results such

ASME QME-1-2002

presented, the pump is considered seismically quahﬁed
for the load combinations specified in para. B1.4.*

B2 EXAMPLE 2: FOUR-INCH BUTTERFLY VALVE
B2.1 Purpose

The purpose of Example 2 is to present the seismic

quahﬁcahon of a4in. butterﬂy va]ve used ina nuclear

- . O s the
analysw requlred to perform thls quahﬁcatlon

B2.2 Model Description

The analysis is performed using a'finite element
model. In the finite element model, the valve, bracket,
shaft, wafer, and actuator are modeled in considdgrable
structural detail using beam and plate elements to fnath-
ematically describe the mas$and stiffness distribution
of the system. In general these elements are termihated
at nodal points wherever structural discontingities
occurred (i.e., cornefs, changes in moments of irfertia,
etc.). See Figs. B3 and B4.

B2.3 Method of Analysis

The furidamental natural frequencies of the valves are
determined. The units have their lowest naturd] fre-
quen¢y above 33 Hz.

Once the frequency requirements are satisfieq, the
valve is analyzed for the following static equivalent
loads:

(a) seismic g loads

(b) deadweight (1.0 g)

(c) pressure on the wafer

(d) torque on the shaft

The following seismic acceleration design yalue
(ADV) g loads are considered:

Earthquake Horizontal Vertical
OBE 3.3 2.0
SSE 45 3.0

Each orthogonal direction is evaluated separately and
the three results are combined by the SRSS mgthod.
These combined results are added to the absolute [value
of the results of the deadweight, pressure, and tprque
load evaluations.

Unit load cases are input and the results are fagtored
by the appropriate values to obtain the correct selsmic,

ysis results. These comparisons are used to substantiate
the validity of analytical models used for the computa-
tion or alternatively to provide a basis for better analyti-
cal definition of the equipment.

B1.7 Summary and Concluding Remarks

Example 1 presents the results of an analytical assess-
ment and design qualification for a vertical pump/
motor assembly. Based on the results of the analyses

deadweight, pressure, and torque loadings.

B2.4 Stress Analysis, Leak-tight and
Structural Integrity

The results of various analyses performed are pre-
sented in this section. Table B3 provides the materials

* Further detailed treatment of the similar qualification effort for
similar pumps is in “Structural Integrity and Operability Analysis
of Vertical Pump-Motor Assemblies,” ].S. Mokri and W.H. Fleming,
General Electric Co., Paper #84-PVP-108, ASME.
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Table B2 Evaluation of Behavior at Critical Locations

Description Calculated Allowable Safety Factor

Leak-tight and Structural Integrity

Motor stand stress 5,221 psi 19,250 psi 3.70

Motor bolting tensile stress 5,587 psi 37,500 psi 6.67

Motor bolting shear stress 2,281 psi 15,500 psi 6.67

Suction barrel shell 8,195 psi 16,500 psi 2.0
at inleJ nozzIe stress

Suction Harrel head/pin 5,024 psi 16,500 psi 3}33
interfage stress

Pump firgt stage casing 2,446 psi 8,250 psi 3133
min. sgction stress

Pump sefies casing 3,000 psi 8,250 psi 2|78
min. s¢ction stress

Pump sefies casing bolts A, = 7.73 in.? (req.) A, = 11.02 inZ(avail) 1143
req. arga

Pump tog casing An = 7.65 in.2 (req.) Ay = 1102'in.2 (avail.) 1145
bolts req. area

Stuffing hox discharge 17,725 psi 28,875 psi (Level B) 1164
elbow |nterface stress 24,170 psi 31,500 psi (Level Q) 1130

Dischargg head An = 19.60 in.? (req.) Ap = 19.84 in.? (avail) 1101
bolts req. area

Foundatipn bolts tensile stress 12,730 psi 29,000 psi 2|27

Foundatipn bolts shear stress 4,129 psi 11,950 psi 286

Discharg¢ column stress 6,101 psi 16,500 psi 2470

Discharge column An = 8.73dn.2 (req.) Ap = 11.02 in.? (avail) 127
bolts req. area

Pump shaft at 5,838\psi 15,000 psi 2156
min. section stress

Operabil[y

Pump shpft bearing 11 psi 20 psi 1482
(max. load location)

Pump pin to support 9,789 b 14,650 tb 149
reaction load

Motor upthrust load 0 [Note (1)} 2,287 1b d

Motor dawn thrust load 4,380 b 22,500 lb 9.0

Relative flisplacement 0.008 in. 0.009 in. 112
between shaft and
throttl¢ byshing

Relative displacement 0.0006 in. 0.030 in. 50.0

between shaft and
mechanical seal

NOTE:
(1) Actual valve is less than weight.
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Valve body

&

Wafer

and allowable stress values for the valve parts analyzed.
Stressps for ASME Level B and Level C Service Condi-
tions are summarized on Tables B4 through B8. At criti-
cal locations identified through failure mode-effect

ULLE LIS C1) LS c UD ] (I a []

result of the same finite element model analysis.

B2.5 Deformations and Operability

Computed displacements are given in Table B9. Also
provided are the allowable clearances obtained from the
valve manufacturer.

B2.6 Summary and Concluding Remarks

(@) The valve had its lowest natural frequency above
33 Hz and therefore can be considered rigid.

Fig. B4 Finite Element Formulation of Butterfly Valve Assembly

38

® Nodes

<> Beam elements

O Plate elements

(b) The membrane (0,,), membrane plus Hending
(Om+p), and shear (o) stresses developed under the com-
bined loadings specified are all within the appyopriate
allowable values.

e ements tatcutatedare-—wett-below the
limits that could cause valve leakage or shaft binding.

It is therefore assured that the seismic acceleration
design values given in para. B2.3 do not adversely affect
the leak-tight, structural integrity, and function or subse-
quent operation of the valve.

UISPld
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Table B3 Allowable Stresses at 200°F for 4 in. Valve

ASME QME-1-2002

Body Shaft Wafer Bracket Bolts

Material SA-216 WCB A 564 630 SA-351 CF8M A 36 A 449 Gr. 5
ASME S, 17,500 - 17,500 ce
ASME S 115,600 36,000
Upset
Allowable o, 17,500 84,000 17,500 28,800 53,300
Allowable o, 17,500 84,000 17,500 28,000 .
Allowable o, 9,450 62,424 9,450 19,440 20,000
Faulted
Allowable o, 17,500 84,000 17,500 28,800 53,300
Allowable op,s 28,875 84,000 28,875 28,800 v
Allowable o, 9,450 62,424 9,450 19,440 20,000

Table B4 Beam Stresses, psi, for ASME Service

Table B5 Beam Stresses, psi, for ASME Sefvice

Level B Level C
Body Neck Shaft Body Neck SHaft

(8P-1) (8P-2, 3) (8P-1) (B8P, 3)
Beam 105 112 Beam 105 112
o, 9 39 on 12 52
Allawable 17,500 92,480 Allowable 17,500 921480
Be 105 110 Beam 105 110
[ 582 15,365 [ 648 155395
Aligwable 17,500 92,480 Allowable 28,875 92}480
Be 105 112 Beam 105 112
o, 134 51,139 oy 139 51139
Allgwable 9,450 62,424 Allowable 9,450 62)424

Table¢ B6 Plate Stresses, psi,-for ASME Service Table B7 Plate Stresses, psi, for ASME Sefvice
Level B Level C

Wafer Bracket Wafer Bracket
Plate ... 367 Plate e 367
Om <13 18 Om <16 21
Allgwable 17,500 21,600 Allowable 17,500 211600
Plafe 309 A Plate 309 .- -
U'm} 11,071 < 3,851 Tmsb 11,078 < 31854
Allowabte 17560 28:800 Atlewable 28;875 28,800
Plate - 367 Plate ce 367
oy <9 13 o, <11 15
Allowable 9,450 19,440 Allowable 9,450 19,440

39
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Table B8 Other Locations

Wedge Pin

__ Aa AnD oot e O EON et
op = 11,233 psi < ugy = 32,480 psi

Wafer Hub

10,492 psi < o = 17,500 psi

i

oy

Bolts (bracket to neck)

o, = small

Table B9 4 in.

Valve Nodal Displacements, in., for ASME Service Level C

Allowable Safety
Locat{on Node AG, AG, AG; SRSS [Note (1)] Factor
Wafer 23 0.003166 0.00000125 0.0000182 0.003166 0.010 3.16
Shaft bdaring 6 0.00000824 0.00000227 0.000000476 0.00000856 0.010 1000.00
Bracket 57 0.0000296 0.0000104 0.0000315 0.0000444 0.020 450.00
NOTE:

(1) Supplied by manufacturer.
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ATTACHMENT C
QUALIFICATION OF PUMPS AND VALVES
USING NATURAL EARTHQUAKE EXPERIENCE DATA

C1 INTRODUCTION

This Attachment illustrates an approach using a natu-
ral earthquake experience database in establishing the
functional qualification of certain classes of mechanical
equipment in nuclear power plants, specifically pumps
and valves. This Attachment draws heavily on proce-
dures developed by the Seismic Qualification Utility
Group (SQUG) as discussed in NUREG-1211 (see QR-
A3000).|[Formal development of an earthquake database
sponsoted by SQUG began in 1982 and the available
natural (earthquake experience database expands with
each new major seismic event. New data have consist-
l to increased confidence in the use of this tech-
describe behavior of mechanical equipment in
es and for evaluating and qualifying equip-
functional adequacy in earthquakes. This has

quake is a significant)issue, except where there
earthquake-induced damage.

quirements of this Attachment in no way reduce
ify the ASME' BPVC Section III requirements
applicable to construction of pumps and valves, nor do
they erfsure ‘generic acceptance by regulatory author-
ities.

being evaluated with the estimated ground motiop that
similar equipment in the database actually resisted in
natural earthquakes. To simplify this comparison, the
bounding spectrum is normally exptessed in te of
the ground response at the site rather.than floor response
or equipment response.

The bounding spectrum shown in Fig. C1 is intgnded
for comparison with the 5%-damped design hori
ground response spectrumeat a given nuclear powerfplant
site. In other words,‘if the horizontal ground response
spectrum for the ‘nuclear plant site is less than a
bounding spectrum at the approximate frequenky of
vibration of the ¢équipment and at all greater frequé¢ncies
(also referred to as the frequency range of interest), then
the equipment class associated with that spec is
considered to be included within the scope of this
method. Alternatively, 1.5 times the bounding spectra
imay be compared with the applicable 5% building and
5% equipment damped horizontal floor spectrum |n the
nuclear plant.

The comparison of the bounding spectrum|with
design horizontal ground response spectra is acceptable
for pumps and valves mounted at less than approxi-
mately 40 ft above grade (the top of the ground sur-
rounding the building). It should be noted t
general, this procedure of direct compariso
bounding spectrum with ground spectrum applie$ only
to equipment with as-anchored frequencies of less than
8 Hz. However, for both valves and pumps, the(8 Hz
lower-bound frequency requirement is unnecessarjy. For
equipment mounted at more than approximately] 40 ft
above grade, comparisons of 1.5 times the boupding
spectra with horizontal floor spectra are necessary.

Based on the review of data from a large number of
earthquakes, it was judged that the vertical comppnent
is not any more significant relative to the horigontal
i data-

comuop.

C2 APPLICATION

With certain caveats and exclusions that are described
in C3, it is possible to demonstrate seismic ruggedness
for many classes of equipment at a nuclear power plant
through use of a seismic bounding spectrum. An exam-
ple of such a bounding spectrum applicable to pumps
and valves is shown in Fig. Cl. The purpose of the
bounding spectrum is to allow a comparison of the
potential seismic exposure of equipment in the plant

41

base plants. Therefore, it was concluded that seismic
bounds could be defined purely in terms of horizontal
motion levels.

The criteria are met when the 5% damped design
horizontal spectrum lies below the bounding spectrum
at frequencies greater than or equal to the fundamental
frequency range of the equipment. This estimate can be
made by experienced engineers using their own judg-
ment without the need for equipment-specific analysis
or testing.


https://asmenormdoc.com/api2/?name=ASME QME-1 2002.pdf

ASME QME-1-2002

QUALIFICATION OF ACTIVE MECHANICAL EQUIPMENT USED IN
NUCLEAR POWER PLANTS

Mo l T l ! l
5% damping

08— -
g / Bounding spectrum
c
o
“E 0.6 |— —
©
o
o
it
£ 04— ]
|3
[}
o
7

Ground acceleration =0.33 g
0.2 |— —]
0.0 | | l I l I
0 4 8 12 16 20 24 28

C3 CAVEATS AND EXCEPTIONS
C3.1 Pumps

Pumps are relatively stiff and very rugged devices
due to their inherent design and operating requirements.
Motors|for this class of equipment are also included for
functiopal qualification of the assembly, butnot for the
motor ifself. Subject to the limitations described in C3.1.1
and C3|1.2, the equipment meets the criteria for seismic
qualtiiilnc:tion for operability using the bounding
spec .

C3.1]1 Horizontal Pumps. Horizontal pumps include
rotary impeller and positive displacement pumps. They
may bd driven by electtie.motors, reciprocating piston
, or steam turbines. Peripheral systems are
includ€d if they are.mounted directly on the pump. The
databage is sufficiently broad so that horizontal pumps
of all chpacities are included.

For Qorizontal pumps, all such units are very rugged
and n i i

Frequency, Hz

Fig. C1 Seismic Motion Bounding Spectrum_Horizontal Ground Motion

(d) Thrust restraint of the shaft in both axial dirgctions
should exist.

(e) Any relays used to control operability of horizontal
pumps must be separately evaluated.

(P Sufficient slack and flexibility must be pregent in
cooling, fuel, and electrical lines.

(g) Consideration should be given to identify| situa-
tions in which horizontal pumps may be affected by
gross pipe motion, differential displacement, and|exces-
sive nozzle loads. This is an issue associated with|exces-
sive force on pump nozzles, which could potentially
break the pump nozzle, cause pump body disfortion
sufficient to cause binding, or fail the pump anchorage.

These excessive forces are uncommon and need only
be considered if there is a long section of unsupported
pipe, significant restraint of free end displacenjent of
the attached pipe, or a heavy valve attached to the pipe
near the pump. An experienced engineer can|assess
whether further evaluation is required beyond thdt iden-

following caveats:

(a) The unit is properly anchored. Expansion anchors
are generally not acceptable unless the safety factor on
the anchor can be shown to exceed 4.0 for loads that
include the dynamic cyclic characteristics of design basis
earthquake load.

(b) Any vibration isolation system must be evaluated.

(c) The driver and pump must be connected by a
rigid base or skid. If not, the potential for differential
displacement must be evaluated.

tified herein.

C3.1.2 Vertical Pumps. Vertical pumps include an
electric motor drive attached to a base flange with a
centrifugal or a deep well pump below the flange.
Peripheral equipment attached to the pump is included.
The database is sufficiently broad so that vertical pumps
of all capacities are included. Vertical pumps above the
flange are very rigid and need no further analysis except
as noted below.
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The variety of vertical pump configurations and shaft
lengths below the flange, and the relatively small num-
ber of database points in several categories preclude the
use of the database to screen all vertical pumps. Vertical
turbine pumps, i.e., deep well submerged pumps with
cantilevered shafts up to 20 ft in length and with bottom-
bearing support of the shaft to the casing are well enough
represented to meet the bounding criteria below the
flange as well. Either individual analysis or use of

ASME QME-1-2002

box serve as an actuator to operate the valve.

Based on a review of the database and anticipated
variations in conditions, valves are sufficiently rugged
to survive a seismic event generating ground motion
within the bounding spectrum and remain operational
thereafter, provided that the following conditions exist
in the nuclear facility:

(a) The valve body is not cast iron.

{b) The valve yoke construction is not cast iron in

anothey method is required as a means of evaluating
other vertical pumps below the flange. The chief con-
cerns would be damage to bearings due to excessive
loads, damage to the impeller due to excessive displace-
ment, and damage due to interfloor displacement on
multifloor supported pumps. There is evidence of
increased wear and maintenance required on vertical
pumps|after earthquakes.

The ¢aveats for vertical pumps are as follows:

(a) The unit is properly anchored. Expansion anchors
are notfacceptable unless the safety factor on the anchor
can be [shown to exceed 4.0 for loads that include the
dynamijc cyclic characteristics of the design basis earth-
quake load.

(b) Vertical pumps with shaft lengths in excess of 20
ft mustfbe evaluated separately. The impeller drive shaft
must be supported within the casing.

(c) Brief consideration should be given to avoid situa-
tions il which vertical pumps may be affected by gross
pipe motion, differential displacement, and nozzle loads
(see C3.1.1 discussion for horizontal pumps).

(d) Any relays on the vertical pumps and motors must
ately evaluated to determine possible effects of

sufficient’quantities and not covered in this sec-
liquid-operated piston valves such as hydraulic
erated valves.

motor-operated valves, piston-operated valyed, and
spring-operated pressure relief valves.

(c) The valve is mounted on a pipe of hin di
or greater.

(d) For air-operated diaphragm valves, pistonjoper-
ated valves that are lightweight similar to air-operated
diaphragm valves, and spring-operated pressure| relief
valves, the distance from the centerline of the pipe to
the top of the operator or.cylinder shall not exceed the
distance indicated in Fig Q2 corresponding to the [diam-
eter of the pipe.

(e) For motor-operated valves and piston-opérated
valves that are-of substantial weight, the distanc¢ from
the centerlirie“of the pipe to the top of the operator or
cylinder andthe weight of the operator shall not g¢xceed
the values indicated in Fig. C3 corresponding fo the
diameter of the pipe.

(f)" The actuator and yoke are supported by the pipe,
and neither is independently braced to the strucIue or
supported by the structure unless the pipe is also braced
immediately adjacent to the valves to a cothmon
structure. )

(g) Sulfficient slack and flexibility is provided [in the
tubing, conduits, or piping that supply the air or power
needed to operate the valve.

Figure C3 for motor-operated valves and substantial
piston-operated valves may not cover all combinations
of operator weight and eccentricity from the pipe denter-
line due to limits in the database. Some extrapg¢lation
of the values in Fig. C3 may be done provided that the
engineer making the extrapolation uses sound engi-
neering judgment. For example, for a given pipe diame-
ter, the values of operator weight and distance [to the
top of the operator from centerline of pipe may be varied
provided that their product, a measure of the canfilever
moment applied to the pipe, does not exceed thq value
calculated from Fig. C3. The distance to the top|of the

Air-operated diaphragm valves consist of a valve
operated by a rod actuated by air pressure against a
diaphragm attached to the rod. The actuator is sup-
ported by the valve body through a cantilevered yoke.
Piston-operated valves or spring-operated pressure
relief valves contain air or liquid in a cylinder or chamber
that actuates the valve with control provided by a spring.
Motor-operated valves consist of an electric motor and
gear box cantilevered from the valve body by a yoke
and interconnected by a drive shaft. The motor and gear

oper. Y more
than approximately 30%. Likewise, if the ground motion
spectra for the site is below the bounding spectrum in
the entire frequency range possible for the piping and
valve network, the operator weight or distance to the
top of the operator can be increased by the ratio of the
spectra. Either of these values may not be increased by
more than approximately 30% by this procedure.

The operator weights given in Fig. C3 are from the
database and may have been estimated slightly low from
available catalogs. Thus, if an actual operator is slightly
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100 ™1 outside experien
el '

Inside experience data

80

ce data

60

to Top of Operator or Cyl|nder

40

30
25—

Operator Height, in., From Centdrline of Pipe

Design ¢f Small Bore Piping. Reprinted with permission.

Fig.

heavie|
the va

assign|
For

plying

r than the value in Fig. C3, thelengineer evaluating
lve can use some engineering judgment in
Ing similarity.

nir-operated and liquid-operated valves not com-

ness
astati

with the aboveimitations, the seismic rugged-
nay be demonstrated by static test. In these tests,
force equal to.three times the approximate opera-

lowing the application of the static loads. The hmltatlons
other than those related to the distance of the top of the

8

Pipe-Diameter, in.

| NOTE: Copyright © 1990. Electric Power Research Institute. EPRI NP-6628. Procedure for Seismic Evaluation and

44

7

pproximate
maximum operato

10

12

14

C2 Limits of Experience Data for Motor-Operated Valves and Substantial Piston-Operated Vglves

operator to the centerline of the pipe, given abovle, shall
remain in effect. Similarly, static tests can be performed
on a mock-up test stand provided that the valve details
are very similar to those in the plant. If there are humer-
ous valves, a rational test program can be develpped to
envelop the valve configurations in the plant. Alterna-
tively, an analytical evaluation can be made.

If the valve body is cast iron, the valve can be qyalified,
provided that stress analysis of the valve and asspciated
piping reveals that total maximum stress from all
sources of load in the cast iron material does not exceed

near the valve to obtam these low stresses in the
valve body.
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D Outside experience data

Inside experience data

Operator Height, in., From Cepterline of Pipe
to Top of Operator or Cylinder

Pipe Diameter,"in.

GENERAIl NOTE: Copyright © 1990. Electric Power Research Institute. EPRI NP-6628. Procedure for Seismic Evaluation and
Design df Small Bore Piping. Reprinted with permission.

Fig. C3 Limits of Experience Data for Air-Operated Diaphragm Valves, Spring-Operated Pressure
Relief Valves, and Piston-Operated Valves of Lightweight Construction
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NONMANDATORY APPENDIX QR-B
GUIDE FOR QUALIFICATION OF NONMETALLIC PARTS

QR-B1000 SCOPE

Thi4 Appendix recommends a methodology and
descriles the documentation that should be available in
a users (generally a utility’s) files to demonstrate the
qualifi¢ation of nonmetallic parts, materials, or lubri-
cants (honmetallics). It covers the qualification of non-
metallics in new equipment and in existing equipment
that is within the scope of the user’s mechanical equip-
ment dualification program.

It provides guidance for the utilization of nonmetallics
test daEa, documented service life information, analysis
as a means of qualification, qualification testing of non-
metallics, and the establishment of limitations on the
use of|certain nonmetallics to ensure their acceptable
performance. It provides guidance on the factors to be
considered in qualifying equipment utilizing these non-
metalljcs for service in nuclear power plant environ-
ments.

This) Appendix addresses the steps for the user of the
mechahical equipment to follow in order to qualify and
to maiptain the qualification of the nonmetallics that are
a part [of the mechanical equipment.

QR-B2000 PURPOSE

The|purpose of this Appendix is to provide guidance
for demonstrating and maintaining the environmental
qualification of nonmetallics. It provides guidance for
the us¢ of nonmetallic test data, documented service life
infornation, analysis, and qualification testing as means
of demhonstrating the erivironmental qualification of
nonmg¢tallics.

Thi§ Appendix issionmandatory. It provides recom-
mend¢d methods\for the demonstration and mainte-
nancgd of the ‘environmental qualification of
nonmetallics:*‘As a nonmandatory recommended guide,

IEEE Std 101-1987, Guide for the Statistical Analysis of
Thermal Life Test Data
IEEE Std 323-1983, Qualification of 1E Equipment for
Nuclear Power Generating Stations
IEEE Std 627-1980, Design Qualification of Safefy Sys-
tems Equipment Used in Nuclear Power Gengrating
Stations
Publisher: Institute of Electrical and Electronics Engi-
neers (IEEE), 445 Hoes)Lane, Piscataway, NJ (8854

QR-B4000 DEFINITIONS
All definitions are contained in Section QR-4(00.

QR-B5000 REQUIREMENTS
QR-B5100 General

Normally, nonmetallics in mechanical equipmient are
more susceptible to degradation resulting from flormal,
abnormal, and accident environmental and service con-
ditions than are metallic parts. The qualificatior) of the
nonmetallics in mechanical equipment shall be gemon-
strated for the applicable postulated service an envi-
ronmental conditions to ensure that the equipment can
perform its intended safety function.

The nonmetallics shall be identified by their ppecific
material name, manufacturer, manufacturer’s ppecific
compound, configuration, and their safety fungtion(s).
All of the environmental service conditions at ';}\e loca-

tion of the nonmetallic shall be clearly defined. The effect
of the process medium temperature on the lif¢ of the
nonmetallic should be evaluated for any process
medium whose temperature is higher than the highest
external environmental temperature. Temperatyire rise
within the mechanical equipment during operation of
the equipment should also be included when defining

the environment for a nonmetallic

it confains“wording such as shall, should, and may. The
word i i nt,

the word should to denote a suggested recommendation,
and the word may to denote permission, neither a
requirement nor a recommendation.

This Appendix provides guidance on the necessary
documentation requirements that are specific to nonme-
tallics to ensure the existence of accurate and complete
records of qualification. It provides the user with those
factors that should be considered when preparing a qual-
ification maintenance program for the equipment in
which the nonmetallics are used.

When qualification is by analysis, it is important that
the combined effects of the environmental parameters
be fully considered in the analysis. The combined effects
of time-temperature and radiation degradation should
be considered. The effect that exceeding the radiation
threshold could have on the time-temperature analysis
should be included in the analysis.

The effects of environmental and service conditions
should be evaluated, and all failure mechanisms associ-
ated with these conditions should be identified. This
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evaluation should be used in selecting an appropriate
qualification method.

QR-B5200 Identification and Specification of
Qualification Requirements

Each nonmetallic shall be identified by material type.
It is important to be as specific as possible, since there
may be variations in degradation properties of nonme-

tallics WMM_M—P“M
lowing gre necessary to properly identify nonmetallics: A

(a) commercial name/trade name of the material

(b) manufacturer

(c) generic name/chemical name of the material

(d) dimensijons of the part(s) composed of the material

(e) chemical composition of the material

(f) manufacturer’s compound identification for the
materiall

(g) material’s activation energy (in conjunction with
one of the above identification methods only, and which
is based|on the material’s critical failure mechanism in
the intended service)

NOTE: When properties for a specific material are not available,
the qualiffer should choose data for materials of the same family
and the sgme failure mechanism as the materials in question. The
qualifier J:!a‘ll provide a basis as to why these properties are conser-
vative.

The sgfety functions of each nonmetallic should be
specified. Its location and function in the equipment
should e identified. The effects of failure modes (the
comporfent’s manufacturer should be consulted for
advice/assistance in making this determination).for the
nonmetpllic should be evaluated with respect to its
safety function. Nonmetallics having no«failure modes
under the specified environmental and service condi-
tions that affect the safety function of the mechanical
equipm¢nt may be excluded from qualification. How-
ever, thd evaluation leading to‘their exclusion should be
recorded in the mechanical equipment’s qualification
documentation.

QR-B5210 External Conditions. The external service
conditions should*be'specified separately from the con-
ditions ht the location of the nonmetallic (internal to
the medhanical equipment). The specification for the
external| conditions should include normal, abnormal,

These parameters may include, but are not limited to,
the following:

(a) temperature

(b) pressure

{c) relative humidity

(d) radiation: gamma, beta, neutron (doses and rates,
under normal and accident conditions)

{e) cycling/operability: wear, make/break

(f) duration: normal, DBE, post-DBE
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(g) spray: chemical, demineralized water
(h) submergence.

QR-B5220 Internal Conditions. The internal condi-

. tions depend upon the application of the mechanical
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equipment and vary accordingly. These parameters may
include:

(a) process fluid media type and chemistry

(b) process temperature

(d) process relative humidity
(e) process radiation
(P mechanical stress.

QR-B5300 Selection of Qualification/Methods

Acceptable methods of qualification are testing, pnal-
ysis, use of operating experience, and combinafions
thereof. The choice of qualification method will depend
upon the severity of the énvironmental and service con-
ditions, and the resulting failure mechanisms fof the
nonmetallics. In some instances, it may also deper|d on
the data available’to document qualification.

Analysis may/be used when a well-defined nodel
exists for evaluating the effect of the environmentall and
service conditions on the nonmetallics. The use of apaly-
sis is simplified when the number of influences on the
nonfetallics is limited to one or at most two parameters.
Operating experience may be used if it can be adequately
documented and can be shown to envelop the spegified
normal, accident, and post-accident environmental and
service conditions of the nonmetallic. Testing to dimu-
lated conditions may be used when applicable analytical
models do not exist, or when the number of influ¢nces
to be considered makes their use difficult. Any df the
methods may be used in conjunction with anothet. For
example, operating experience could be used to [limit
or eliminate the need for normal life simulation| The
reasoning for the choice of methods should be dlocu-
mented in the qualification record.

Following qualification, it may be necessary tp use
alternate nonmetallics or change the configuratipn of
nonmetallics in the course of equipment evolution}. The
effects of these changes and/or substitutions shoyld be
evaluated to determine if the nonmetallic’s qualifidation
has been affected. The evaluation should be documented
and should become part of the qualification reco

determines that qualification has been affected, the non-
metallics shall be qualified in accordance with all of the
requirements of this Appendix. Analysis may be used
provided it is documented; it demonstrates that the sub-
stituted nonmetallics are equal or superior to the quali-
fied nonmetallics in materials, design, and application;
and it demonstrates that they do not compromise
the performance of the mechanical equipment under
any postulated normal, abnormal, and/or accident
condition.
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The qualified life, replacement schedule, and replace-
ment procedures for the qualified nonmetallics should
be determined and recorded in the qualification docu-
mentation. Reference to another nnnrnpnate document

CITiCIIGT © aivuls

containing the data may be made in lieu of repeating °

the contents of that document.
The shelf life of all nonmetallics, and any applicable
storage limitations, should be determined and recorded

in the qualification documentation. ical equipment;
(c) the equipment’s postulated internal and external
QR-B5400 Preservation of Qualification service conditions;

Once|qualified mechanical equipment is installed, its
qualifiedl condition should be preserved through appro-
priate preventive maintenance, testing, and monitoring.
Care should be taken to ensure that nonmetallics are
exposed to conditions that are no more severe than those
for whifh they have been qualified.

If dufing the course of their service life, nonmetallics
are exppsed to conditions not bounded by the qualifica-
tion, their ability to withstand these conditions shall be
evaluatpd and, as appropriate, further qualification shall
be perfprmed. This additional qualification may result
er qualified life, increased surveillance require-
ments, pr the need for the use of another material.

The preventive maintenance that was assumed or sim-
ulated pnder the qualification program should be per-
formed| upon the installed component to preserve the
qualifidation of the component. Nonmetallics should be
replacefl prior to the end of their qualified lives. ‘Any
time t the nonmetallic is disturbed, such as-during
correctjve maintenance, it shall be returned to-the condi-
tion agsumed or simulated in the qualification. For
example, disturbing crush seal O-rings.will require their
replacement. The maintenance program for the overall
component should ensure that all covers, seals, etc., that
protectl nonmetallics from the énvironment or inadver-
tent pllysical damage are restored following mainte-
nance.

Failyre or unexpected wear out of nonmetallics during
the serpice life of the)associated component should be
evaluated to determine whether the condition resulted
from a random“defect or from a stress that was not
fully cgnsidered during the qualification. If the condition
resultefl from such a stress, appropriate action, such as

QUALIFICATION OF ACTIVE MECHANICAL EQUIPMENT USED IN
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QR-B5500 Documentation

The qualification of nonmetallics shall be docu-
mented. The equipment user should maintain the record
of qualification. The documentation should, as a mini-
mum, include:

(a) identification of each of the nonmetallics in the
equipment;

(b) description of its application/function in the

(d) the Qualification Report;

(e) the qualified life of each nonmetallic;

(f) the qualification for replacement nonmetalligs that
were not part of the original qualification;

(g) schedules and requirements for maintenance /sur-
veillance;

(h) shelf life preservation requirements.

Qualification documentation should include as{much
detail as possible concerning assumptions and consider-
ations made during the performance of the qualifi¢ation.
Such details are ‘of great use during the service [life of
mechanical'€quipment when further analysis and evalu-
ation of the qualification of nonmetallics is necessary. It
should ‘also establish traceability and similarity [to the
tested/analyzed materials for the nonmetallics that are
installed in the qualified component.

Article QR-B7000 describes the details of the|docu-
mentation procedure requirements of this Appendix.

QR-B6000 METHODS OF QUALIFICATION
QR-B6100 General

This Article provides guidance on the applicafion of
testing, experience data, and analysis to qualify nonme-
tallics for their safety functions. Each of these
has certain strengths and weaknesses that the qualifica-

eliminating the stress, limiting the life of the nonmetallic,
or requalification, should be taken.

Where uncertainties exist in qualification models or
in accurately defining environmental or service condi-
tions at the location of the nonmetallic, condition moni-
toring may be used to establish replacement and
refurbishment schedules. Intervals between monitoring
the condition of the nonmetallic should be set such that
wear out or failure does not occur prior to observation
of the condition.

be necessary to approximate the anticipated conditions
as a result of limited time and test facility capabilities.
The qualifier shall consider the effects of these approxi-
mations on the qualification results.

The application of experience from actual service of
a similar nature to that desired for qualification may
provide information from applicable environments, but
adequate documentation of that experience may be diffi-
cult to maintain and retrieve. The qualifier shall exercise
care in extrapolating this data for use in environments
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other than those for which actual data is available.

Analysis can be an effective method of demonstrating
the applicability of information for one nonmetallic to
the qualification of another. However, great care should
be taken to ensure that the methods used for the compar-
ison are validated and appropriate for the specific quali-
fication activity.

In most cases, a combination of the three methods
will provide the most accurate and reliable qualification.

ASME QME-1-2002

t, = qualified service duration, same units of time
as ty
accelerated aging temperature, K

T, = qualified service temperature, K

E, = activation energy of the nonmetallic, eV

kg = Boltzmann’s constant

= 0.8617 x 10™ eV/K

One of the most unportant assumptions on which the

Arrhenius Model is hased is that the activation energy

oy
I

Prior to selecting the method(s) to be used in a particu-
lar qualification application, the qualifier should evalu-
ate the potential failure modes of the nonmetallic(s) and
the consequences of that failure. Formalized approaches
to this analysis, such as failure modes and effects analy-
sis, shquld be considered. Such an analysis can assist
the qualifier in predicting the most probable failure
mode (such as tensile failure, compression set, and
others)(and the degree to which the degraded part can
perform its safety function.

In order to be qualified to the criteria of this Article,
etallic shall demonstrate that after exposure

ile or compressive strength, or other pertinent
that the mechanical equipment manufacturer

ognized method of characterizing accelerated
aging effects and estimating equivalent damage
at specjfic time—temperature points is the application of
the Arrhenius Model. This methodology i§ described
below.

It hds been generally demonstrated.that for many
nonmatallics, the time-temperature degradation pro-
cess can be described in a single temperature-dependent
reactioh that follows the Arrheniuis equation:

k = A exp[H(E,/ksT)]

where
k E reaction-rate
A E frequency factor (assumed constant)
exp = exponent to base e
E, Fractivation energy, eV
kg =—PBeltzmann’s-constant

of the reaction remains constant over the temperature
range of interest. Activation energies for most elasto-
meric materials are typically in the rangé of 0.75(eV to
0.85 eV. However, there is a great deal of data avjilable
to the qualifier with higher and with lower eVs. It is the
qualifier’s responsibility to review-the available [litera-
ture and databases to determine the eV most applicable
to the material and the specific usage for which it is
being qualified.

It is the responsibility-of the qualifier to detgrmine
the activation energy of the material being qualified.
The manufacturer ‘of the nonmetallic is normally the
primary source'for this information. If the manufgcturer
is unable to/provide the required information and the
qualifier.uses data for similar materials, it shall b¢ dem-
onstrated that the value selected is conservative for the
material being qualified, for the intended use/cdnfigu-
ration of the material, and for the environmental condi-
tions for which the qualification is intended.

NOTE: Lower values of activation energy produce cons¢rvative
results when predicting lifetimes from accelerated aging tTts. The
reasonableness of these results should be considered in the determi-
nation of the qualified life of the nonmetallic.

The Arrhenius Model is presented here becaus¢ of its
wide acceptance in the determination of thermal aging
effects. However, other models have also been [devel-
oped, especially by material manufacturers. It is fecom-
mended that the Arrhenius Model be used.

QR-B6300 Testing

Testing a nonmetallic at conditions similar td those
for which it is to be qualified can provide a high level
of confidence in its ability to perform its safety funhction.
Testing shall subject the nonmetallic to load condjitions,
durations, and sequences that have been shown to be
at least as severe as the conditions for which the donme-

= 0.8617 x 107 eV/K
T = absolute temperature, K
This equation can be rearranged into the following
form, which is more useful:

=4 exp Ea/kg [1/T2 - 1/T1]

where
t; = accelerated aging time, units of time (usually
days)

tallic is to be qualified. Except as described in QR-B6310
and QR-B6320, the sequence of applied loads should
duplicate, to the extent practicable, the environment for
which the nonmetallic is to be qualified. A typical
sequence includes thermal aging, radiation exposure,
and operation under the qualification conditions of tem-
perature, pressure, humidity, and chemical environment.
The test sequence, whether as described above or some
other, shall be justified and documented as appropriate
for the qualification application.
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It is preferred that the nonmetallic be tested when
installed in the actual equipment in which it performs
its safety-related function. If this is not practical, the
fixture used should accurately simulate the actual instal-
lation of the nonmetallic.

During the qualification testing, typical conditions of
static and mechanical loads (including operating cycles),
chemical environment, radiation environment, tempera-
ture, and pressure shall be applied. The operating cycles

QUALIFICATION OF ACTIVE MECHANICAL EQUIPMENT USED IN
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During the thermal aging process, the nonmetallic
shall be mounted or contained in its normal configura-
tion, either as installed in the mechanical equipment or
in a test fixture.

QR-B6320 Radiation Aging. Radiation aging is used
in the qualification process to cause material degrada-
tion that is at least as severe as that which is anticipated
to occur in the service for which the nonmetal]ic is to

during|aging (end of life conditions) should simulate
expectg¢d operation for the same interval as the acceler-
ated normal life. Separate operating cycles should be
imposdd during simulated accident exposure for equip-
ment that is expected to operate during and/or follow-
ing ekxposure to an accident or postaccident
enviromment(s). The test conditions and the duration of
testing| shall be as severe as the conditions for which
the nopmetallic is to be qualified.

Considerable data exist as a result of testing per-
formed by manufacturers and users of nonmetallics.
With proper verification of the validity and applicability,
this data can be used in the qualification process. This
verification should include a consideration of the physi-
cal and chemical properties, test sequences, loads and
load cpmbinations applied, durations of loads, and
potential synergistic effects. A sound basis shall be pro-
vided for accepting testing sequences other than those

stated

of the source(s) shouldralso be evaluated and j
The possibility that low-dose rates experienced i
service may be more damaging than the higher rates
applied during/qualification should also be consjdered.

Consideration should be given to the types of radia-
tion (beta, gamma, etc.) that the equipment and its non-
metallics ' will see in service. These types of rafiation
shallbe-addressed in any testing program and thejappro-
priate exposure requirements established by thg qual-
ifier.

QR-B6330 Mechanical Wear Aging. Mechanical wear
resulting from operating cycles is an important qualifica-
tion consideration. It is desirable to perform the wear
cycles during the accelerated thermal and ragliation
aging process to account for any transitory pr
changes. The qualifier should consider the f.

conditions that more accurately reflect actual o
conditions. Wear aging testing should address
cation requirements for the nonmetallic being| tested.
The wear cycles should be imposed in combinatipn with
the other loads anticipated in actual service. However, if
this is impractical, the wear aging cycles may be applied
during another part of the qualification process, pro-
vided that the deviations from the anticipated opjerating

extent by subjecting the
nonmetallic to higher than expected temperatures for a
shorter time than anticipated in service. If accelerated
aging is used in the qualification process, extreme care
shall be taken to ensure that atypical material changes
resulting from the elevated temperature do not invali-
date the test data. A method of showing a correlation
between the long-term thermally induced degradation
at one temperature and the accelerated degradation that
occurs at elevated temperatures is described in QR-
B6200.
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sequences are justified.

QR-B6400 Use of Experience

Data obtained from operating experience are consid-
ered comparable to test data, provided the total environ-
ment in which the nonmetallic was used is well
characterized. Appropriate conservatism shall be used
to account for the unknowns associated with the reduced
control on actual operating environments compared to
typical test environments.
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Since qualification testing usually requires the imposi-
tion of DBE conditions following aging of the nonmetal-
lic, a common application of experience data in
qualification is the testing at DBE conditions of the non-
metallic previously used in the actual environment of
interest.

Without further testing, the experience data shall ade-
quately demonstrate that the criteria stated in QR-B6100
for demonstration of qualification can be met.
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(b) comparison of specifications and functions of the
nonmetallics to be qualified with those having operating
experience data;

(c) summary of operating experience data including
operating conditions, maintenance records, and
operating history;

(d) the logic used to qualify the nonmetallic for its
intended service based on the available experience data;

(e) limitations on the qualification.

QR-B6500 Qualification by Analysis

is is also used to determine the loads that are to
ied in the qualification process. It can also be
used to|demonstrate that specific load combinations are
appropfiate for a given qualification activity. The analyt-
ical techniques used should be based on sound engi-
neering| principles and should have been verified by
indepentdent means to demonstrate their validity for the
functiofal characteristic being analyzed. All assump-
tions arld approximations included in the analyses shall
be cleaglly defined and justified.

Withput further testing, the analysis should ade-
quately|demonstrate that the criteria stated in QR-B6100
for demonstration of qualification can be met.

QR-B7000 DOCUMENTATION

In addition to the documentation requirements' con-
tained |in QR-7000, the requirements in(QR-B7100
through QR-B7400 shall be met when one ‘of the stated
methods is used to qualify nonmetallies.

QR-B7100 Documentation for Qualification by
Operating Experience

{a) ldentification of the specification for the non-
metalli¢s for which operating experience is available;

QR-B7200 Documentation for Qualification by
Analysis

(a) Description of the analytical methods, computer
codes, or mathematical model used‘and the method of
verification;

(b) description of the assumptions and empirical data
used, along with the appropriate justifications;

(c) description of the-analytically established per-
formance characteristics-and /or the sources of the test
data used to perform the analysis, along with juz[:'gca-
tion of the data’s applicability to the specific qualifica-
tion program;

(d) conclusions including any limitations on qalifi-
cation.

QR-B7300 Documentation for Qualification by
Combined Methods

When combined methods of qualification are [used,
the appropriate requirements of QR-B7100 and QR-
B7200 shall be complied with.

QR-B7400 Documentation of Modifications or
Changes That Can Affect Qualificatiop of
Nonmetallics

All modifications to qualified nonmetallics madp dur-
ing the installed life of the component should be docu-
mented by the component user. The evaluation pf the
effect of the modification to the nonmetallic shoyld be
documented, as should any requalification that is deter-
mined to be necessary.
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Section QDR:
Qualification of Dynamic Restraints

QDR-1 SCOPE

hreak away: the force required to initiate movement in

Section QDR contains the qualification requirements
and guidelines for ASME Code qualified dynamic
restraint assemblies. Restraint assembly items may be
qualifi¢d as part of a restraint assembly or may be quali-
fied separately. It is the responsibility of the Owner or
the Owmner’s designee, hereafter referred to as the Owner,
to specify those restraint assemblies to which this Section
will bel applied.

The [scope of this Standard is limited to hydraulic
snubbers, mechanical snubbers, and gap restraints.
Restraint assemblies and restraint assembly items quali-
fied in accordance with this Section shall meet the
requirdments of Section QR. Where the requirements of
Sectionn QDR conflict with the requirements of Section
QR, the requirements of Section QDR take precedence.

QDR-1100 Boundaries of Jurisdiction

All ¢lements of a restraint within the Boundaries of
Jurisdirtion are within the scope of Section QDR. The
Boundhries of Jurisdiction are defined as pin-to-pin.of
the resEaint.

This| qualification standard augments, but does not
replacg, the requirements of ASME Boiler afid-Pressure
Vessel [Code (BPVC) Section III, Subsection NE.

QDR-2000 PURPOSE

The purpose of Section QDR is'to define requirements
and prpvide guidelines forthe qualification of the design
of the |dynamic restraint\assembly. Initial qualification
shall Be achieved by testing and analysis in order to
ide assurance that the restraint in service shall func-
tion aq required urnder all specified design conditions.
ctional specification for dynamic restraints that
specifies the\functional parameters and general per-
formance’requirements provides the basis for qualifi-

one direction.

candidate restraint: those components qualified through
extension of parent qualification.

dead band: the free axial movement of the regtraint
between the two activation levelsin opposite directions.

drag: the load required to maintain restraint moyement
at a specific velocity.

dynamic restraint: any-restraint that, by design,| has a
primary purpose of. controlling dynamic movenfent of
a pipe or component.

gap: the physical distance the pipe or component will
travel along the restraint axis before movenpent is
restricted;

parefit) restraint: components used to initially qualify a
given design.

rated load: the design load capacity for the restrainf based
on the use of Level A Service Limits defined by|ASME
Boiler and Pressure Vessel Code Section IIL

release rate: the rate of the restraint axial movement after
the activation of the restraint under a specified load.

spring rate: the linear approximation of the relationship
of the load displacement characteristics of the restraint.

stroke: the maximum available axial movement| of the
device.

QDR-4000 QUALIFICATION PRINCIPLES AND
PHILOSOPHY

The fundamental principles and philosophy per-
taining to equipment qualification are provided |in Sec-
tion QR, Article QR-5000 and apply to mechanical

cation.

QDR-3000 DEFINITIONS

These definitions establish the meaning of words in
the context of their use in this Section and supplement
those listed in Section QR.

activation: the change of condition from passive to active,
in which a snubber resists rapid displacement of the
attached pipe or component.

equipment in general. Qualification requirements spe-
cific to the restraint assembly or restraint assembly items

are contained in Articles QDR-5000 through QDR-7000
of this section.

Restraints are used to control dynamic system
responses. Ideally, under a steady or continuing force,
the system or component supported by restraints will
move freely, as if the restraints did not exist. However,
when a force is applied suddenly, restraints will control
dynamic responses so that the stresses in the supported
system will not exceed allowable Code limits.
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The basic characteristic of a dynamic restraint is its
ability to develop a force-displacement relationship dur-
ing dynamic loading that will restrain the movement of
the component. The qualification program for dynamic
restraints will adequately define the level of this force-
displacement relationship at various operating frequen-
cies. Additionally, the qualification program may predict
the degradation of these force-displacement relation-
ships when subjected to operational and severe environ-
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design their systems. These parameters are activation
level, release rate, break away, drag, dead band, load
rating, and spring rate, as applicable to the individual
design.

(a) Activation of the restraint is triggered when the
design characteristic (a velocity or an acceleration)
reaches a predetermined value in either direction. The
activation level is determined by rapid application of a
single direction load of increasing velocity. Only a small

mentalfconditions, such as high cycle fatigue, humidity,
dirt, dyst, spray, radiation, or other environmental con-

on the|long-term performance of a restraint. System
vibratipns may resultin reduced fatigue life and possibly
increased restraint aging.

The }oad-displacement relationship is used by design-
ers forthe modeling of restraints in a system analysis
and, in| turn, adds to the validity of the system analysis.
The spring rate is a simplified expression of the force-
displatement relationship of the restraint under the
action pf a cyclically applied load equal to the magnitude
of the fated load in both tension and compression: The
springrate may vary as a function of the frequency and
the magnitude of the applied load.

Sectjon QR-7340 describes qualification by similarity
analysis. Nonmandatory Appendix QDR-B of this Sec-
tion contains typical parameters to_be considered when
qualifitation is to be establishéd by similarity.

QDR-4000 Hydraulic Snybbers

Hydraulic snubbers are component standard supports
used tp mitigate the effects of a dynamic event. These
devices allow for relatively unrestricted movement at
low velocities; typical of thermal growth rates. They
contrdl diSplacement velocities by passing a fluid
medium'\through some form of controlled passage or

fraction of the rated load is normally required to-a¢tivate
arestraint. Some restraint designs may not have anfactive
triggering characteristic, but instead rely-.on ppssive
inherent nonlinear response. In such cases, this tegt, and
the determination of the dead band, would not befappli-
cable.

(b) Release rate is the velocity at which regtraint
motion occurs after activation has taken place. It fan be

release rate magnitude needs to be determined f
eral levels 4p 1o the faulted load in both directigns, all
at a specific temperature.

(c) Break away can be determined using a load cell
to measure the force required to injtiate movement. True
break away can only be determined in one direction per
test sequence. Note that in laboratory environments this
test can be performed with adequate controls, bput it is
not intended to be performed as any part of an in-gervice
operability testing program.

(d) Drag can be determined using a load cell tp mea-
sure the force required to move the restraint at a specific
velocity. Testing shall be performed in both direftions.

(e) Dead band can be determined by measuring the
distances traveled by the restraint before it activates in
opposite directions. The dead band can have a gignifi-
cant effect on performance at all load levels. It is therefore
prudent to measure it with the associated loading at
several levels, up to the rated load.

(f) Load rating may be determined by test or anjalysis,
in accordance with ASME BPVC Section III, Subsec-
tion NE

(g) Spring rate shall be determined dynamjically.
Additionally, a static spring rate may be determiined if
required. The applied loads in tension and comptession

orifice from the high-pressure portion of the fluid system
to a lower pressure portion of the device. The controlled
flow rate determines the linear displacement of the pis-
ton/piston rod. These devices typically provide some
means of accommodating fluid expansion/contraction
due to ambient temperature changes, and may accom-
modate fluid volume differences associated with single
piston rod designs.

QDR-4110 Functional Parameters. The functional
parameters of snubbers are essential for the users to
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divided by the recorded displacements in tension and
compression describe the spring rate, including dead
band. Methods of spring rate determination shall be
identified in the Functional Qualification Report (QDR-
7310).

(h) The amount of stroke is typically dictated by the
amount of thermal movement (in the restraint’s axial
direction) experienced at the location where the restraint
is to be used. The amount of stroke is predicated on what
the pipe analysis indicates is appropriate. The stroke
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is the physical distance the pipe will travel along the
restraint axis.
(i) While the rate of fluid loss in hydraulic restraints

is not strictly a functional parameter, it ic important
because hydraulic restraints will not function properly
without hydraulic fluid. An acceptable limit for the fluid
loss rate is important to the qualification of a restraint
and therefore shall be considered in the functional speci-

fication and the subsequent testing.
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should be measured with the associated loading at sev-
eral levels, up to the rated load.

(/) Load rating may be determined by test or analysis,
SacHon TTT[ Subsec-

fo =1 1310} L S S ¥ Ve | 9 18

in accordance with ASME BPVC
tion NE.

(g) Spring rate shall be determined dynamically.
Additionally, a static spring rate may be determined if
required. The applied loads in tension and compression
divided by the recorded displacements in tension and

QDR-4200 Mechanical Snubbers

Mechanical snubbers are component standard sup-
ports used to mitigate the effects of a dynamic event.
These dlevices allow for relatively unrestricted move-
ment at low velocities, typical of thermal growth rates.
They c¢ntrol displacements, displacement velocities, or
acceleration levels by mechanical means.

QDR#4210 Functional Parameters. The functional
paramsters of snubbers are essential for the users to
design [their systems. These parameters are activation
level, bBreak away, drag, dead band, load rating, and
spring fate, as applicable to the individual design.

(a) Activation of the restraint is triggered when the
design|characteristic (a velocity or an acceleration)
reacheg a predetermined value in either direction. The
activation level is determined by rapid application of a
single direction load of increasing velocity. Only a small
fraction} of the rated load is normally required to activate
a restraint. Some restraint designs may not have an active
triggering characteristic but instead rely on passive
inherert nonlinear response. In such cases, this test and
the detgrmination of the dead band would notbe appli-
cable.

(b) Release rate is the velocity at which restraint
motion| occurs after activation has taken-place. It can be
measuted during the activation test of the restraint. The
release[rate magnitude depends-on-the loading magni-
tude and is an indication of-the recovery rate of the
restraint as it returns to the\inactivated condition. The
release|rate magnitude needs to be determined for sev-
eral levels up to the faulted load in both directions, all
at a specific temperature.

(c) Break away can be determined using a load cell
to measure theforce required to initiate movement. True
break gway.can only be determined in one direction per
test sequence.

compression describe the spring rate, including dead
band. Methods of spring rate determinationshall be
identified in the Functional QualificationReport [QDR-
7310).

(h) The amount of stroke is typicdlly dictated
amount of thermal movement (in\the restraint”
direction) experienced at the lo¢ation where the
is to be used. The amount of stroke is predicated o
the pipe analysis indicates,is appropriate. The
is the physical distance’the pipe will travel alo:
restraint axis.

(i) The effectson.the above functional parametgrs due
to any form of-l@bricant used shall be considered|in the
functional specification and subsequent testing,.

by the
axial
traint
what
stroke
g the

QDR-4300" Gap Restraints

Gap restraints are nonlinear devices. The restraint pro-
vides a gap, which can be set for the predicteda:l(‘
movements of the piping at the installed location.
gap will allow free thermal expansion, or the dev
be set so that there is a compromise between

ment is restrained to lessen the amount of d
deflection allowed). After the gap is closed, a
generated when the contact surfaces engage.
dynamic movement of the pipe is reversed,
moves back through the gap until the gap closeq in the
opposite direction. The opposite contact surfacgs then
engage and a force is generated.

QDR-4310 Functional Parameters. The funftional
parameters pertinent to gapped restraints are gdp size,
spring rate, fatigue of springs, friction, and load [rating.

{(a) Gap size is typically dictated by the amdunt of
thermal movement (in the restraint’s axial dirgction)
experienced at the location where the restraint i
used. The intent is to allow free thermal movemeht (i.e.,

NOTE: Inlaboratory environments this test can be performed with
adequate controls, but this test is not intended to be performed as
any part of in-service operability testing program.

(d) Drag can be determined using a load cell to mea-
sure the force required to move the restraint at a specific
velocity. Testing shall be performed in both directions.

(e) Dead band can be determined by measuring the
distances traveled by the restraint before it activates in
opposite directions. The dead band can have a signifi-
cant effect on performance at all load levels. Dead band
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impose no normal loading on th

r (=]
restricting dynamic movement. The amount of gap is
predicated on what the pipe analysis indicates is appro-
priate and can be smaller or greater than the predicted
thermal movement. The gap size is the physical distance
the pipe will travel along the restraint axis before move-
ment is restricted. The gap is analogous to the dead
band of a snubber.

(b) Deflections will be imposed on the device as a
result of the transmission of static and/or dynamic
loads. Spring rate is typically determined by analysis
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requirements. Spring rate in a gapped device is defined
by its characteristics after the gap is closed and loading
begins. Spring rates may differ in tension and compres-
sion and shall be noted. Through testing, the manufac-
turer shall establish the spring rates. Methods of spring
rate determination shall be identified in resulting report.
For gap restraints that have load-limiting capability, the
spring rate may change at a predetermined load. For
these restraints, there is no increase in load with addi-

ASME QME-1-2002

accomplished through demonstration of design similar-
ity and analysis.

The procedure of QDR-6300 is based on the applica-
tion of a comprehensive analytical modeling procedure
that must be verified by the results of the parent restraint
testing program. The program must show applicability
to the selected candidate restraints. This extension of
qualification is based upon the conditions that both the
parent and candidate restraints use the same design

tional dlisplacement.

(c) An evaluation shall be made to determine fatigue
life of springs used in the device. Testing and /or analyti-
cal evaluations can be used.

(d) Hriction could be developed as the device moves
through its gap. Friction loads shall be determined
through testing.

{e) 1pad rating may be determined by test or analysis,
in accdrdance with ASME BPVC Section III, Subsec-
tion NF.

QDR-5000 FUNCTIONAL SPECIFICATION

(2) The owner shall provide a functional specification
to define the required performance characteristics. The
performance characteristics shall include the acceptable
values and ranges of restraint functional parameters and
anticipated environments. Typical content of a func-
tional gpecification is shown in Nonmandatory Appen-
dix QIDR-A. The functional specification shall be
reconciled with the Design Specification in accordance
with ABME BPVC Section III, Subsection NF.

(b) A restraint design’s suitability to meet therequire-
ments ¢f the functional specification for a speeific appli-
cation }s required to be documented in ‘an Application
Report|as described in QDR-7320.

QDR-6D00 QUALIFICATION-PROGRAM

QDR-6100 General Requirements

Sectipn QDR provides-two basic methods for qualifi-
cation of a restraint'assembly. A restraint may be quali-
fied by| a program. of testing and analysis to become a
qualified parentréstraint assembly, or it may be qualified
by an ektension of a qualification program that has been
previopsly performed on a similar parent restraint

concept, and that the rules of QDR-6300 are fully| satis-
fied. The use of QDR-6300 is not obligatory in thé|sense
that all restraints may be qualified by testing as parent
restraint assemblies; however, if QDR-6300"is used for
the extension of parent restraint qualification to a gandi-
date restraint qualification, all provisions of QDR-6300
must be complied with for the(canididate restrairt.

QDR-6200 Parent Restraint.Qualification

QDR-6210 Approach.to Qualification. The intpnt of
parent restraint qualification is to provide generic|quali-
fication of a given restraint assembly design. An Appli-
cation Report;~as described in QDR-7320, is required
to provide dociumentation that each of the prodyuction
restraints\is qualified for a specific application.

In any qualification program there is a concern that the
unit selected for testing is exceptional. Testing muiltiple
units, randomly selected if possible, may redude this
concern. The Owner shall establish the number of units
required for satisfactory qualification. Testing of multi-
ple units provides increased confidence in repeatability
of the test results. Additional conservatism may be
added to the anticipated service requirements tp add
further confidence in the component. If one or[more
units fail to meet the requirements, an analysis to deter-
mine the reason for failure is required to provide data
for design changes. Since the test program could [result
in considerable usage of the restraints, tested unit shall
be inspected and appropriately refurbished ptior to
actual service.

Overloading of restraints could take place under
accident conditions. The restraint should fail in a er
that would not result in undesirable stress or strain on
the piping system. The margin to failure due to ovefload-
ing conditions is designated as the ultimate load and
shall be furnished by the manufacturer. Ultimate load
capability shall be determined analytically and jor by

some

assembly.

(2) QDR-6200 may be used to provide functional qual-
ification of a parent restraint assembly through a testing
program. The testing is intended to demonstrate that
a restraint assembly can perform its required function
under conditions specified in the functional specifi-
cation.

{b) QDR-6300 may be used to provide functional qual-
ification of a wide range for candidate restraint sizes by
extension of the parent restraint qualification. This is
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testing as permitted by the goverming codes and design
specifications.

There may be special requirements specified for
restraints subject to unique conditions or applications.
Such requirements shall be defined in the functional
specification. Tests or evaluations shall be conducted to
verify the ability of the restraint to endure or satisfy
these conditions.

QDR-6220 Testing. The qualification program shall
specify the functional parameters and environmental
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variables to be measured. The functional parameters
shall include those specified in Article QDR-4000. The
environmental variables shall include temperature,
humidity or steam-water condition, special thermal
tran51ents external pressure, and radiation as applica-
ble. The application of a low amplitude, high frequency
vibration shall be included as an environmental require-
ment. Testing shall include all loading conditions

defined in the functional specifications.

QUALIFICATION OF ACTIVE MECHANICAL EQUIPMENT USED IN
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QDR-6223 Test Sequence. Qualification testing
shall be in accordance with QDR-6200 and shall include
tests QDR-6223(a) through (f) in the described sequential
order. Any deviations shall be justified in the Functional
Qualification Report. Additional testing may be inserted
within this sequence as appropriate. The testing
sequence, except as noted in the previous sentence,
shall be:

(a) pretest inspection;

The $pring rate is a function of the load direction, (b) pre-aging functional parameter testing;
the exteénsion of restraint travel, and the amplitude and (c) aging and service condition simulatiof;
frequerjcy of the dynamic loading, as well as environ- (d) intermediate inspection without disass¢mbly,
mental| conditions. The spring rate is determined by maintenance, or modifications;

subjecting the test unit to dynamic cyclic tests over an
appropriate frequency range. The temperature extremes
anticipated in service shall be reproduced for testing.

QDR-6221 Installation and Orientation. The parent
test resfraint shall be supported by its normal mounting
points fo permit testing in accordance with QDR-6222.
The qyalification program shall specify the way the
restraigt is to be mounted for testing.

If spherical bearings are utilized for connection, the
toleranice between the inner bearing hole diameter and
the diameter of the pin shall be specified by the restraint
cturer. The connection of the restraint is not

cone.

a satisfactory justification for the worst-case orientation
decisign is documented in the/ Functional Qualification
Report,.

The [provisions of QDR-6300 shall be used to extend
parent restraint qualification to various candidate
restraint sizes. The: parent restraint test program shall
includp measurement instrumentation as necessary to
satisfy| all the requirements of that sub-article.

QDR- The test

(e) post-aging functional parameter testing;

() posttest inspection.

Pretest inspection shall include, but is not lim:lfed to,
a thorough dimensional inspection of all comp¢nents.
These dimensions shall be'recorded for comparisqn with
the posttest dimensional“inspection.

Intermediate inspection shall consist of visual inspec-
tion for loose, broken, or corroded components, fittings,
fasteners, ete/Signs of fluid loss should be noted,|where
applicableX\No activities that could repair or niitigate
any degradation shall be performed.

QDR-6223.1 Functional Parameter Testing for
Hydraulic Snubbers. All parameters described inf QDR-
4100 shall be determined at the recorded room tempera-
ture and at a temperature of 200°F (93°C) or at the speci-
fied maximum design temperature, whichever is higher.
Temperature correction factors for higher or lower tem-
peratures shall be documented where appropriate. Tem-
perature shall be recorded at the beginning and|end of
each of the tests. The tests shall be performed with the
restraint at the mid-stroke position unless otherwise
required.

(a) The activation level (where applicable) shall be
tested in each direction. The acceleration or velocity
shall be recorded as a function of time. The activation
level shall be determined from this data.

(b) The release rate shall be tested and recorded in
each direction at 5%, 10%, 25%, 50%, and 100% qf rated
load and at the emergency load.

(c) The break away drag shall be determined at the
initiation of the drag test in each direction or diring a
test performed specifically to determine break away

shall be conducted and monitored using equipment ade-
quate for detecting changes in the variables. The qualifi-
cation program shall specify the test and monitoring
equipment to be used for the qualification and describe
the accuracy within the anticipated range. The test and
monitoring equipment shall be calibrated and docu-
mented against auditable calibration standards. The
data-recording equipment shall have sufficient speed,
sensitivity, and capacity to permit measurement of the
time dependence of each variable.
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drag. The force corresponding with the initiation of
movement shall be recorded.

(d) The drag shall be determined in each direction.
The values of the drag and the velocity shall be recorded.
Drag shall be performed throughout the entire range of
travel to demonstrate drag characteristics.

{e) The dead band shall be recorded during the activa-
tion level testing described in this Article or during a
separate test performed specifically for determination
of dead band.
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() Where it is impracticable to perform multicycle
dual-direction faulted-load dynamic testing, one-cycle
dynamic loading tests shall be performed subsequent
to all other tests. The restraint shall be centered about the
Y stroke location, and at each end of the manufacturer-
recommended useable stroke. A loading amplitude
equal to the faulted loading shall be performed to dem-
onstrate adequacy of the response. The force, displace-
ment, and velocity (or acceleration as appropriate) shall

ASME QME-1-2002

(d) The drag shall be determined in each direction.
The values of the drag and the velocity shall be recorded.
Drag shall be performed throughout the entire range of
travel to demonstrate drag characteristics.

(e) The dead band shall be recorded during the activa-
tion level testing described in this Article, or during a
separate test performed specifically for determination
of dead band.

(O AL 3
T

be recdrded. Any damage or other anomalies shall be
noted gnd evaluated to determine the effects of faulted
loads gn the operability of the restraint.

(8) The spring rate shall be tested by a dynamic cyclic
loading equal to the rated load (or other specified load).
The pepk displacement range, including the dead band,
shall b¢ obtained during the dynamic cyclic test through
the peak force range. The peak force range shall include
load agplied in opposite directions. Restraint movement
shall b¢ centered about the %, %, and ¥, stroke locations
according to the requirements of the functional specifica-
tion. The testing frequency shall be from 3 Hz to 33 Hz
at intervals of approximately 3 Hz. Each frequency shall
last noflless than 10 sec. Response at each frequency shall
be recgrded as load-displacement traces. No extreme
changel in displacement should be observed from one
frequency to the next, as this could indicate that the
fundamental frequency (natural frequency) resides in
the 3 t¢ 33 Hz range.

(k) The stroke is a parameter to be dimensionally veri-
fied, buit no further testing need be performed.

(i) Hydraulic fluid loss during the testing shall ‘be
recordgd.

DR-6223.2 Functional Parameter Testing for
Mechanical Snubbers. All parameters described in QDR-
4200 shall be determined at the recorded room tempera-
at a temperature of 200°F (93°C) or the specified
um design temperature,)whichever is higher.

es shall be documented where appropriate. Tem-
e shall be recofded at the beginning and end of
each of the tests. The tests shall be performed with the
restraint at the mid-stroke position unless otherwise
required.

(a) The @etivation level (where applicable) shall be
tested [in\each direction. The acceleration or velocity

peratus

{H—W ticycle
dual-direction faulted-load dynamic testing, ong-cycle
dynamic loading tests shall be performed subs¢quent
to all other tests. The restraint shall be centered abgut the
Y, stroke location, and at each end of the manufdcturer
recommended useable stroke. Avloading ampllitude
equal to the faulted loading, shall be performed t¢ dem-
onstrate adequacy of the response. The force, digplace-
ment, and velocity (or acceleration, as appropriate) shall
be recorded. Any damage'or other anomalies shall be
noted and evaluated to determine the effects of faulted
loads on the operability of the restraint.

(2) The spring rate shall be tested by a dynamiq cyclic
loading equal'to the rated load (or other specified load).
The peakdisplacement range, including the dead band,
shall be'ebtained during the dynamic cyclic test
the peak force range. The peak force range shall i
load applied in opposite directions. Restraint movement
shall be centered about the ¥, %, and ¥, stroke logations
according to the requirements of the functional spécifica-
tion. The testing frequency shall be from 3 Hz to[33 Hz
at intervals of approximately 3 Hz. Each frequencly shall
last not less than 10 seconds. Response at each frequency
shall be recorded as load-displacement tracegs. No
extreme change in displacement should be obgerved
from one frequency to the next, as this could indicate
that the fundamental frequency (natural freq
resides in the 3 to 33 Hz range.

(h) The stroke is a parameter to be dimensionally veri-
fied, but no further testing need be performed.

(i) Degradation of any lubrication shall be monitored
and documented during testing.

QDR-6223.3 Functional Parameter Testing
Restraints. All parameters described in QDR-43
be determined at the recorded room tempera

shall be recorded as a function of time. The activation
level shall be determined from this data.

(b) The release rate shall be tested and recorded in
each direction at 5%, 10%, 25%, 50%, and 100% of rated
load and at the emergency load.

(c) The break away drag shall be determined at the
initiation of the drag test in each direction, or during a
separate test performed specifically for determination
of break away drag. The force corresponding with the
initiation of movement shall be recorded.
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stroke position unless otherwise required.

(a) The gap is a parameter to be dimensionally veri-
fied, but no further testing need be performed.

(b) The spring rate shall be verified through testing
by a dynamic cyclic loading equal to the rated load (or
other specified load). No extreme change in displace-
ment should be observed from one frequency to the next,
as this could indicate that the fundamental frequency
(natural frequency) resides in the 3 to 33 Hz range.
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(c) If fatigue life of springs is to be verified through
test, the spring shall be exercised through its entire work-
ing range for sufficient cycles to simulate the expected
or predicted design life exposure.

(d) The drag shall be determined in each direction.
The value of the drag shall be recorded. Drag shall be
performed throughout the entire range of travel (gap)
to demonstrate drag characteristics.

(e) A loading amplitude equal to the faulted loading

QUALIFICATION OF ACTIVE MECHANICAL EQUIPMENT USED IN
NUCLEAR POWER PLANTS

the seal material and the working environment. Special
consideration shall be given to the combined effects of
temperature and radiation on material performance.

(b) Data on material and process tractability shall be
included to demonstrate that the material of the tested
restraint and the materials designated in the manufac-
turing specification meet the same requirements as the
material selection justified in QDR-6226(a).

be performed to demonstrate adequacy of the

in the {

QDR-6224.2 Service Condition. The qualification
shall specify the service condition simulation
i, humidity, temperature, wetted, etc.) towhich

: y e TeOIITe
dition so that fea51b1hty can be illustrated and correla-
tion between results can be established.

QDR-6226 Material Data Requirements. The follow-
ing material data shall be included to ensure that the
restraint is manufactured according to the specification:

(a) The data from or reference to tests conducted to
prove the adequacy of the basic material selection. An
example of this would be tests for compatibility between
the seal material and the hydraulic fluid and between
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- - amic
restraint shall be considered to have failed the qEE;;'h’ca—

tion testing requirements if any of the following pccurs:
(a) failure to meet any of the functional parameters
(e.g., activation, release rate, drag force, dead| band,
spring rate) specified for the dynamic restraint|{in the
functional specification, while being loaded to it§ speci-
fied load ratings for all loading“conditions;
(b) failure to meet any ‘of.the functional parreters
during/after being subjected to the environmental con-
ditions specified in the-functional specification;
(c) failure to meet any of the special testing rpquire-
ments of the Fanctional Specification;
(d) failuré\to pass a posttest inspection and
after all testing and exposure to the environmen
ditions, specified in the functional specification.

QDR-6228 Ultimate Load Capacity. The u}jtimate
load capacity of a restraint design shall be detefmined
by test or analysis. The analysis report shall follow the
stress report requirements described by the ASME BPVC
Section 111, Subsection NF. The mode of failure ghall be
determined by the test or analysis.

QDR-6229 Posttest Inspection and Analysis. Upon
completion of the qualification tests, the tested assembly
shall be disassembled, inspected, and subjectpd to a
posttest analysis. The results of this analysis ghall be
documented in the Functional Qualification Repprt and
shall contain the following information:

(a) identification of the restraint tested;

(b) the last test conducted on the restraint
test sequence;

(c) analysis of the posttest restraint conditiory;

(d) summary, conclusions, and recommendatjon;

(e) approval signature and date (certification by a
Registered Professional Engineer competent in the field
of functional and environmental testing);
disposition of resh

alysis
al con-

in the

QDR-6300 Candidate Qualification

QDR-6310 General Requirements.  Candidate
restraint assemblies that are identical in construction
(same manufacturer, type, size, rating, etc.) to a parent
restraint assembly may be qualified by preparing an
Application Report in accordance with QDR-7320 and
referencing the appropriate parent restraint Functional
Qualification Report.
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Candidate restraint assemblies that are not identical
in construction to a parent restraint assembly may be
qualified by extension through appropriate analysis
and/or testing.

QDR-6310 is not intended to be a stand-alone qualifi-
cation-by-analysis technique. It contains guidelines for
the functional qualification of a candidate restraint
assembly based on the extension of parent restraint qual-
ification by analysis. The analysis techniques and proce-
dures ave been validate ough correlation o
analytifral predictions with the parent test results. As
such, gualification of a candidate restraint by QDR-6300
cannof be broader in scope than that for the parent
restraint, tested in accordance with the requirements of
QDR-6p00.

The procedure is based on a high degree of similarity
between the candidate restraint and the parent restraint
assemblies. Where sufficient design similarity exists (in
accordance with QDR-6320), qualification of the candi-
date restraint can be demonstrated by a test-verified
analysis procedure designed to ensure that the mechani-
cal strehgth, rigidity, and critical design tolerances of the
candidate restraint compare favorably with the qualified
parent|restraint. Where inadequate design similarity
occurs,| the analysis procedure must be supplemented
with adlditional analytical evaluations or tests.

In ogder to provide reasonable validation, the test-
verified analysis procedure is based on comparison of
analytiral predictions with two or more parent restraints
as established in QDR-6340.

QDR{6320 Design Similarity

QDR-6321 Allowance for Differences. Any.analysis
ke allowances for differences in dimensions,
ce characteristics, working fluid, orientation,
and other parameters. In order to address these allow-
ances, the test-verified analysis procedure shall be based
on the imilarity between the parent restraint assembly
and thp candidate restraint assembly. The similarity
must b¢ sufficient to justify the applicability of the analy-
sis profedure to these)parameters. The establishment
of certpin design similarity criteria will also provide
qualifidation assurance for those parameters that are
difficult to addréss in an analysis procedure.

QOR-6322 Similarity Requirements. For qualifica-
tion of & candidate restraint assembly by the test-verified

ASME QME-1-2002

defined as any combination of algorithms, finite-element
analyses, or other appropriate analytical techniques.

(b) The analysis procedure shall be documented in
the Application Report in a form that provides adequate
revision control, and that permits reviewing, checking,
or verifying its applicability by personnel who are expe-
rienced in this area of activity.

QDR-6332 Procedure Requirements

i d to

address each characteristic of the restraintassgmbly,
such as those listed in QDR-6332(b). The term shall be
loosely interpreted to mean any analyticalform which
can be used to provide consistent analysis results. The
model can range in complexity fromasimple hangbook
formula to an elaborate finitecelement analysis|algo-
rithm, or even a specified analytical procedurel com-
posed of various combinations of analytical forms. The
same analytical modelsshall be capable of analyzing all
similar restraints to be/qualified without alteratipns or
arbitrary adjustment of constants. The models| once
established andverified, must be consistently applied to
all restraint assemblies to be analyzed. All finite-element
analysis models shall maintain consistency in tht‘ajEppli-

cationof elements, the element types, and the boundary
conditions at all interfaces for all similar restraint 4ssem-
blies - that are analyzed.

(b) The analysis procedure models shall be suffidiently
detailed to include, but not be limited to, an analysis of
the following:

(1) stresses and deflection data for all critical
in the restraint assembly based on the maximum
fied dynamic loading;

(2) stress calculations on all essential-to-function
parts based on the maximum load capability pf the
restraint;

(3) stresses and deflections for all critical pojnts in
the restraint based on the maximum specified angular
misalignment of the specified load;

(4) relative deflections that affect clearpnces
between all essential-to-function parts that undergp rela-
tive motion during operation of the restraint;

(5) fatigue usage on the restraint assembly as appli-
cable;

(6) fundamental resonant frequency of the regtraint
assembly;

points
speci-

analysis methods, the requirements for design similarity
and evaluation of differences shall include, where appli-
cable, but not be limited to those parameters addressed
in Section QR, Nonmandatory Appendix A.

QDR-6330 Analysis Procedure

QDR-6331 Selection and Documentation
(a) The extension of qualification by test-verified
analysis requires selection of an appropriate analysis
procedure. Analysis procedure, as used herein, is
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(7) ngidity of the mounting brackets used to attach
accessories to the restraint assembly;

(8) other functional parameters as designated in
QDR-4000.

QDR-6340 Analysis Procedure Verification

QDR-6341 Verification Methods
(@) Verification of the analytical procedure shall be
accomplished through correlation of the analytical
results with data obtained from testing.
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(b) Verification methods may take any combination
of the following forms:

(1) tests conducted on parent restraint assemblies
performed in accordance with QDR-6200. The parent
restraint test program shall include additional measure-
ments or testing as necessary to satisfy the requirements
of QDR-6300.

(2) supplemental tests performed outside the scope

of the parent restraint test program, but which address

QUALIFICATION OF ACTIVE MECHANICAL EQUIPMENT USED IN
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(2) due consideration is given to functional per-
formance capabilities of materials and combinations of
materials.

(c) Dimensions/Tolerances. Physical dimensions and
tolerances of applicable candidate restraint parts shall
be considered.

(d) Surface Finish. Surface finishes of applicable can-
didate restraint parts shall be considered where appli-
cable.

specifit portions of the overall analysis procedure, e.g.,
tests performed by the manufacturer to verify restraint
sizing|calculations, dead band calculations, restraint
break qway force calculations, etc. It is incumbent upon
the regtraint supplier to demonstrate applicability of
these tests to the restraints being qualified.

(3) reference to standard textbook calculation pro-
cedurep that have been extensively verified, are widely
used, dnd are accepted throughout the industry without
recourse to further verification tests.

QDR-6£00 Extension of Qualification

QDRI6410 Applicability of Qualification Extension.
d that the allowable stresses predicted by the
ified analysis are within the elastic range, the
procedure is applicable in its entirety, without

ings

(a) within the range of restraint sizes established
in QDR-6300, and

(b) satisfy the design similarity requirements of
QDR-§320.

QDR-6420 Qualification Extension Requirements. The

ication analysis procedure may be.applied without
venﬁcatlon by testing to candidate restraint sizes
gs that meet the design similarity requirements
elow (See also Nonmandatory Appendix QDR-
aint Similarity). Design/similarity must be estab-
ased on the lack ‘of potential effect on perform-
ith regard todll'functional parameters, (e.g.,
activation, release frate, drag force, dead band, spring
rate). Environméntal conditions identified in the func-
tional [specifiéation must be considered. The following
specific parameters shall be considered in establishing
similafity’of design:

(e) Fabrication/Assembly Method. Fabricati}tn and
assembly method (e.g., welding, bolting) shall‘be con-
sidered.

(f) Coatings/Plating. Coatings and plating of applica-
ble candidate restraint parts shall be considered| where
applicable.

(g) Production Testing. Methods used in production
testing during manufacturifig shall be considered.

QDR-7000 DOCUMENTATION REQUIREMENTS
QDR-7100 Scope

(a) Qualification documentation is intended tq verify
that each.restraint assembly is qualified to perfprm its
designated function when used for its intended gervice.
Qualification is substantiated by demonstrating the rela-
tionship between the service requirements and the test-
ing and/or analysis, which is done in the qualification
program.

(b) A qualification plan, as described in QDR-
required to translate the functional specificatior]
step-by-step qualification program.

(c) A Functional Qualification Report, as degcribed
in QDR-7310, is required to document parent r¢straint
compliance with Section QDR.

(d) An Application Report, as descrifed in
QDR-7320, is required to document qualification of a
particular candidate restraint assembly for a Ipeciﬁc
application.

200, is
into a

QDR-7200 Qualification Plan

A qualification plan (which may be part of the Func-
tional Qualification Report) shall be prepared with
appropriate inspection and test record forms. Thege shall
define test objectives, test instrumentation, conditions
of the test, orientation, permissible maintengnce or

(a) Design/Configuration. Applicable candidate
restraint parts shall be similar in design and configura-
tion, the principal difference being overall size and/or
weight.

(b) Materials. Differences in materials of restraint
assembly components need to be accounted for. Material
differences are acceptable provided that

(1) appropriate adjustments in qualification rating
parameters are made based on the relative yield
strengths of the materials;
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adjustments, and acceptance criteria. In addition, the
plan shall define specific analytical techniques and
acceptance criteria to be used for the extension of parent

restraint qualification to candidate restraints using
QDR-7300.

QDR-7300 Reports

QDR-7310 Functional Qualification Report
(a) A Functional Qualification Report shall be pre-
pared for each parent restraint assembly qualified in
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accordance with this Standard. This Functional Qualifi-
cation Report shall provide complete identification of
the restraint by type, size, rating, and other data as
appropriate, including the qualification plan, test
results, and inspection data. The Functional Qualifica-
tion Report shall also contain a summary of the method-
ologies used and the parameters established by the
functional qualification testing and analysis. Any spe-
cific limitations that restrict qualification shall be stated.

ASME QME-1-2002

restraint assemblies given in QDR-6300. [t is the objective
of the Application Report to verify that the candidate
restraint will perform its intended function and that
it qualifies for the operating conditions shown in the
Functional Qualification Report. This may be accom-
plished by direct comparison with an identical parent
restraint assembly, or by supplementary analysis and/
or testing. Any supplementary analysis and/or testing
shall conform to the requirements of QDR-6300 and shall

(b) ere prequalified components of the restraint
assembly (e.g., brackets, solenoid restraints) are used as
part of [the restraint assembly qualification, the Func-
tional Quualification Report shall reference the report(s)
upon which such prequalification is based. In addition,
it must[be shown that the mounting and integration of
this prequalified component on the restraint assembly
does nqt degrade or otherwise interfere with the pre-
qualification of the component.

(c) Each Functional Qualification Report shall be cer-
tified td be correct and complete and to be in compliance

ble for the functional qualification.
QDR-y320 Application Report
(a) Application Report is required to demonstrate

didate restraint assemblies that are identical
in consfruction to a parent restraint assembly may be
qualified simply by preparing an Application Report
and referencing the appropriate parent restraint Func-
tional Qualification Report. Candidate restraint assem-
blies, which are not identical irrconstruction to a parent
restraint assembly, may have)qualification extended to
them through appropriate analysis and/or testing as
outlined in QDR-6000.-In addition, the Application
Report khall reference/the appropriate parent restraint
Functional Qualification Report and shall further show
how ea¢h of the specific application requirements of the
functional specification are appropriately addressed by
the par¢nt restraint report or other tests and analysis.

show that the qualification of a given parent regtraint
assembly constitutes a valid basis for conclusion that
the design of the candidate restraint assembly i of at
least an equivalent adequacy for its intended tion.

(d) Where prequalified parts of the’reStraint ass¢gmbly
(e.g., brackets, solenoids) are used.as'part of the regtraint
assembly qualification, the Application Report shall ref-
erence the report(s) upon which such prequalifigation
is based. In addition, it shall be shown that the moynting
and integration of this préqualified part on the redtraint
assembly does not degrade or otherwise interferq with
the prequalification _of the part.

(e) The Application Report for a qualified candidate
restraint assémbly shall contain the following, as appli-
cable:

(1)<serial number, tag number, or other unique
identification of the candidate restraint assembly

(2) complete description of the candidate redtraint
assembly construction configuration, includi}g an
assembly drawing. This description shall include 4 com-
plete identification of the restraint by type, sizd, and
rating.

(3) a summary of the functional parameters and
how they are met by the candidate restraint assembly;

(4) reference to the parent restraint Functional
Qualification Report(s) upon which the candjidate
restraint qualification is based;

(5) inspection reports, as applicable, for both the
parent restraint and candidate restraint assembligs;

(6) all test results and analyses used to show that
the candidate restraint assembly satisfies the reguire-
ments of QDR-6300;

(7) reference to the Qualification Reports for a|l pre-
qualified components used per (d) above;

(8) any specific limitations that restrict qualifi-
cation.

(f) Each Application Report shall be certified by one

(c) Qualification of a candidate restraint is based on
the individual test conditions for a parent restraint and
the guidance for extension of qualification to candidate
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or more Registered Professional Engineers to be correct
and complete and to be in compliance with this
Standard.
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NONMANDATORY APPENDIX QDR-A
FUNCTIONAL SPECIFICATION FOR DYNAMIC RESTRAINTS

ctional specification provides detailed defini-
ctional requirements applicable to restraints

plete afjd in accordance with the functional specification
prepared by the manufacturer. Compliance with these
requirements for this functional specification is intended
to ensyre that the operating conditions and functions
of the gestraint have been adequately defined: This will
permit|the restraint manufacturer to_demonsirate the
adequIy of both the design of the restraint and the
materipls used in its construction for the intended
service

000 REFERENCES
identified by the Owner.

000 DEFINITIONS
See {JDR=3000.

QDR-A5000 FUNCTIONAL SPECIFICATION
CONTENTS

It is the responsibility of the owner or the owner’s
agent to identify the functional requirements of the
restraint and provide for the delineation of the following:

(a) application characteristics (see QDR-A5100);

(b) aesign requirements (see QDR-A5200);

(c) operational requirements (see QDR-A5300);

(d) functional parameters (see QDR-A5400);
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“ - L] CIlg C -
() installation requi nts (see QDR-A5600)
(g) maintenance and inspection require
(see QDR-A5700);
(h) other requirements (see QDR-A5800).

QDR-A5100 Application Characteristics

The application characteristics of each regtraint
should be identified by listing which of the following
descriptive terms are appropriate:

(a) seismic restraint;

(b) dynamic force restraint;

(c) vibration&estraint;

(d) pipe whip restraint;

(e) relief Valve restraint; :

() others, including combinations of the above.

QDR:A5200 Design Requirements

The following information should be specified:
(a) design operating temperature;
(b) time-temperature data for design thermal tran-
sients with the number of cycles indicated;
(c) seismic acceleration and dynamic loading that the
restraints must be capable of withstanding trarjsverse
to the line of action without loss of functional capability;
(d) seismic acceleration and dynamic loading that the
restraints must be capable of withstanding alopg the
line of action without loss of functional capability;
(e) limits on the acceptable range of the fundamental
frequency of the restraint assembly;
() limits on acceptable angular offset from the line
of action of load.

QDR-A5300 Operational Requirements

Anticipated modes of restraint operation, ing
those related to seismic events and water h
should be specified. The operating conditions anfd envi-
ental conditions s

QDR-A5310 Operating Conditions. The number of
operational cycles, the imposed loading or movement
(number, amplitude and direction), and the environment
(including temperature) for each of the following opera-
tional categories, as a minimum, should include:

(a) installation testing;

(b) system hydrostatic testing;

{c) pre-operational testing;

(d) start-up testing;



https://asmenormdoc.com/api2/?name=ASME QME-1 2002.pdf

QUALIFICATION OF ACTIVE MECHANICAL EQUIPMENT USED IN
NUCLEAR POWER PLANTS

(e) normal and abnormal plant operations (including
postulated accident conditions, shock, or pulsating
loads);

(f) in-service testing;

(g) vibration.

QDR-A5320 Environmental Conditions. A histogram
of the environmental conditions that are postulated to
exist should be provided.

The need of restrain o

bnormal

ASME QME-1-2002

(1) activation level (when applicable) and tolerance
at rated load at the maximum and minimum working
temperatures;

(2) release rate and tolerance at 5%, 10%, 25%, 50%,
and 100% of rated load at emergency load for the maxi-
mum and minimum working temperatures;

(3) acceptable limits for the break away force at the
maximum and minimum working temperatures;

(4) acceptable limits for drag force associated with

ental conditions with or without maintenance

e following factors are considered relevant:
atmosphere, including chemistry, temperature,

humidity, and radioactivity, in which the restraints must
operat¢ under upset, emergency, and faulted plant con-
ditions| The duration of these conditions should be spec-
ified.

(c) vjbration environment under normal, upset, emer-
gency, pnd faulted conditions.

QDR-A5400 Functional Parameters

The [functional parameters defined in QDR-5000
should|be specified and should include QDR-A5400(a)
through QDR-A5400(c).

(a) Hydraulic Snubbers

(1) activation level (when applicable) and tolerance
at rated load at the maximum and minimum working
temperptures;

(2) release rate and tolerance at 5%,:10%, 25%, 50%,
and 100% of rated load at emergency-load for the maxi-
mum and minimum working temperatures;

(3)) acceptable limits for the-break away force at the
maximpm and minimum working temperatures;

(4) acceptable limits for\drag force associated with
moving under a specified velocity at the maximum and
minimgim working temperatures;

(5) acceptable limits for the dead band at the maxi-
mum ahd minimum working temperatures for the range
of working loads and restraint locations;

(6) load ratings for all service levels;

(7)_acceptable range of spring rates at the maxi-

moving under a specified velocity at the maximum and
minimum working temperatures;

(5) acceptable limits for the dead band at the|maxi-
mum and minimum working temperatures for therange
of working loads and restraint locations;

(6) load ratings for all serviee\levels;

(7) acceptable range of spring rates at the [maxi-
mum and minimum working, temperature at the fre-
quency, the load range, arid-the classification of the load
(i.e., normal or emergericy) at which the spring rate is
to be determined with restraint locations at Y, } and
%, stroke locations;

(8) verify-availability of full design stroke;

(9) any lubrication degradation may affect| other
parameters such a drag.

(c) Gap Devices

(1) acceptable limits for the drag force;

(2) inclusion of the range of available gap
adjustment;

(3) acceptable range of spring rates, the load fange,
and the classification of the load (i.e., normal or|emer-
gency) at which the spring rate is to be determimed;

(4) acceptable number of cycles for sprinn;lj;tigue
testing.

QDR-A5500 Special Material Requirements

Special material requirements of the restraint ghould
be specified. Items to be considered should include, but
not be limited to, the following:

(a) hydraulic fluid (including its potential for e]ectro-
lytic corrosion)

(b) seals

(c) springs

(d) special surface preparations or coatings

(e) lubricants.

QDR-A5600 Installation Requirements

mum and minimum working temperature at the fre-
quency, the load range, and the classification of the load
(i.e., normal or emergency) at which the spring rate is
to be determined with restraint locations at %, %, and
%, stroke locations;

(8) verification of availability of full design stroke;

(9) fluid loss rate not exceeding that which would
empty the reservoir during the expected service life of
the component.

(b) Mechanical Snubbers

The following requirements for the installation of the
restraint should be specified:

(a) orientation of the hydraulic restraint and relative
position of the hydraulic reservoir to the restraint if any
limitations exist;

(b) orientation of the mechanical restraints installa-
tion if any limitations exist;

(c) the available space for installation and removal if
any limitations exist;

(d) travel location in the restraint as installed;
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(e) the range of transverse movement provided;
(f) any special mounting provided or required.

QDR-A5700 Maintenance and inspection
Requirements
An acceptable hydraulic fluid leakage rate should be

specified for hydraulic restraints. Special provisions for
restraint maintenance should be specified, if required.
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tests (i.e., drag test, activation level test, and release rate
test) with specific testing equipment.

QDR-A5800 Special Performance Requirements

Other requirements for special performance or load-
ing, conditions, as applicable, should be specified.

QDR-A6000 FILING REQUIREMENTS
A copy of the functional specification should be filed

Where[requirements are established for in situ inservice
testing} requirements should be included for demonstra-
ting the feasibility of performing the required inservice

at the location of the installation and shall be-available
to the enforcement authorities having jurisdictign over
the plant installation.
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NONMANDATORY APPENDIX QDR-B
RESTRAINT SIMILARITY

QDR-B1000 SCOPE

This[Nonmandatory Appendix provides guidance in
determjning whether design similarity exists such that
the qudlification analysis procedure may be applied to
candidate restraint sizes and ratings without further ver-
ification by testing. Examples are included that illustrate
how dgsign similarity may be established, in terms of
specifid similarity parameters defined in QDR-7420.

QDR-BR000 EXAMPLES OF DESIGN SIMILARITY

Examples of design similarity in terms of specific
paramgters are listed below. These are limited, selected
s and are not intended to be all-inclusive. It

ing the acceptability of applying a qualification

hydraulic snubbers, activation level and release
y be deﬁned in terms of flow rate and pressure.

ilar configuration, the effect of temperature on
rameters should be determined by extrapolation
or interpolation of data obtained by testing one snub-
ber siz¢.

QDR-B2200 Similarity of Materials

Weal
restrair

or aging data obtained by testing a selected
t model or size should be applied to other models
or sizeq provided that-the same or similar materials, (i.e.,
mechanical, physicaldnd chemical properties), are used.
Justifichtion of‘differences should be provided.

QDR-B2300 Slmllanty of Dlmensmns/Tolerances

cific size should be apphed to other o—rmg sizes that
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have thmm&wm_&mb&lnhﬂnjes for
mating parts should be the same or the diffefences

should be justified.

QDR-B2400 Similarity of Surface Finish

Wear or aging data obtained by testing restraints of a
given model should be applied toother models prqvided
that surface finishes between mating parts for which
relative motion exists are representative of the resfraints
to which the data are t6-be applied.

QDR-B2500 Similarity of Fabrication/Assembly
Method

Life cyclé test data (e.g., data obtained from|cyclic
loading tests or vibration tests) obtained by testing a
specificrestraint model should be applied to othef mod-
els, provided that both models were fabricated and
assembled in the same or a similar manner. Application
of data obtained using a model that is assembled by
welding to a model that is assembled by bolting would
normally not be acceptable.

QDR-B2600 Similarity of Coatings/Plating

Corrosion resistance data obtained by testing a
selected restraint model should be applied to othef mod-
els or sizes provided that the same or similar plating or
coatings are used.

QDR-B2700 Similarity of Production Testing

Production tests for some snubber models may
involve quasi-static testing in which activation pgrame-
ters such as activation level, release rate, or accelgration
threshold are measured. For other restraint mpdels,
dynamic testing methods may be used for production
tests. Qualification testing, on the other hand, generally
involves dynarmc testmg Sumlanty of productln test

tlon test data from one restramt model to another
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NONMANDATORY APPENDIX QDR-C
TYPICAL VALUES OF RESTRAINT FUNCTIONAL PARAMETERS

QDR-01000 SCOPE

Thig Nonmandatory Appendix is provided to aid both
the rejtraint designer and the specification writer. It
identiffes the qualification functional parameter values
that may be considered when establishing a qualification
program. The selection of applicable items, either the
ones identified herein or others specified as required, is
the option of the owner.

(a) activation level 4 in. per minute (IPM) to 20 IPM

(b) telease rate 0 IPM to 6 IPM

(c) break away for less than 1 kip rated load, 5% maxi-
mumy; [for 1 kip and above, 3% maximum

(d) qirag for less than 1 kip rated load, 5% maximumy;
for 1 Kip and above, 3% maximum

(e) 1Eead band (lost motion) generally should not
exceed 0.040 in. when measured across the snubber
excluding end fittings

(P lpad rating, see QDR-4110(f)

(g) ppring rate is the peak-to-peak displacement
under|load, excluding end attachments, and should not
exceed 0.12 in. when the input-freéquency is in the 3 to
33 Hz|range

(h) the stroke should be)able to accommodate the
thermal and dynamic movements plus one additional
inch of travel on eachrend (inclusive of installation toler-
ances

(i) fluid loss’rate should not exceed that which would
empty| the reservoir during the expected service life of
the component.

itiate
bbers
of the

(c) Break away/drag is the force required to
and maintain axial movement of mechanical)s
and is typically restricted to less than 2% or 3%
rated load.

(d) Drag for less than 1 kip rateddoad, 5% man
for 1 kip and above, 3% maximum.

(e) Dead band (lost motion)’generally should not
exceed 0.040 in. when measured across the spubber
excluding end fittings.

(P For load ratingj see¢ QDR-4210(f).

(g) Spring rate-is the peak-to-peak displa¢ement
under load, excluding end attachments, and shopld not
exceed 0.12 inches when the input frequency is in the 3
Hz to 33 Hz range.

(h) The stroke should be able to accommodate the
thermal and dynamic movements plus an additional
lin.'of travel on each end (inclusive of installation toler-
ances).

(i) Any lubrication degradation should no
other parameters such a drag.

[imum;

t affect

QDR-C2300 Gap Restraints

(a) Gap (see QDR-6223).
(b) Spring rate tolerances should be kept to a|plus or
minus of 20% if no specific value is given from the
analysis of the piping system.
(c) Fatigue life of springs should be greater than the
service life of the component.
(d) Friction developed should be kept to 2% ¢f rated
load of the device.
(e) Load ratings are the minimum load that th¢ device
will restrain under the given loading conditior]. How-
ever, for a load-limiting device, the load rating isfa maxi-
mum load and the device should be within 10% of the
rated load.

QDR-C2200 Mechanical Snubbers

Typical values for mechanical snubber functional
parameters are as follows:

(a) Activation level—acceleration-limiting snubbers
are generally designed to a maximum value of 0.02 g.

(b) Release rate for a snubber that does not have an
active/passive mode should be within 25% of the theo-
retical performance curves (unless specifically designed,
neither acceleration or velocity limiting snubbers should
have a release rate of zero).
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QDR-C3000 AGING AND SERVICE CONDITION
SIMULATION QUALIFICATION
PROGRAM

The qualification program should specify a steam
humidity simulation of 350°F (177°C) saturated steam
for 72 hr if the restraint service area is inside the contain-
ment. It should specify submergence in 200°F (93°C)
water for 72 hr if the restraint service is in a water
environment.
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Section QP:
Qualification of Active Pump Assemblies

Caod veloc-

ification of pumps that must perform a specified

. The objective is to provide confidence in the
engineering, testing, installation, operation, and
ce of pumps in nuclear systems, including
ce of function for a design basis event.

ce are included in this Section to provide a guide
mework for pump qualification. Qualification
requir¢ments are provided for the following:

(a) pump assembly/pump

(b) shaft-seal system

(c) furbine driver

(d) power transmission device

(e) quxiliary equipment

QP-1

Section QP contains the qualification requirements
and gpidelines, for active pump assemblies used in
nuclear power plants and that must function for design
basis }enfs. Pump assembly items may be qualified as
part of a single pump assembly or may be qualified

100 SCOPE

ity or displacement principles, regardless of the'artange-
ment, are included. Additionally, shaft-sealing)systems,
drivers, power transmission devices, and auxiliary
equipment are also included. Section QP.does notlapply
to electrical equipment such as motors, valve actyiators,
instruments, and control devices:that are qualified by
conformance with appropriate IEEE standards.|How-
ever, qualification of the moteordriver mechanical effects
on the pump assembly is‘included in Section QI
Detailed design considerations for shaft-seal systems
are provided in Nonmandatory Appendix QP-E.| These
guidelines are provided as an aid to the qualification
specification sriter and are not part of this Standard.

QP-2000" PURPOSE

The purpose of Section QP is to provide qualifjcation
requirements and guidelines specific to pump gssem-
blies to ensure the adequacy of the pump assembly to
perform its specified function.

QP-3000 REFERENCES

This Article documents reference documents of|signif-
icance from which guidance, concepts, principles, prac-
tices, criteria, and parameters, have been carried fgrward
into Section QP. These references include:

API Standard 610, Centrifugal Pumps for Petrpleum,
Heavy Duty Chemicals, and Gas Industry Sqrvices,
Feb. 1995, 8th Edition

API Standard 611, Steam Turbines for General Refinery
Service, Aug. 1988, Reaffirmed May 1991, 3rd Edition

API Standard 682, Shaft Sealing Systems for Centrifugal
and Rotary Pumps, Oct. 1994

Publisher: American Petroleum Institute (API),
Street, N.W., Washington, DC 20005

1220 L

separately. It is the responsibility of the Owner or the
Owner’s designee to specify those pump assemblies to
which this Section will be applied.

Pump assemblies and pump assembly items qualified
in accordance with this Section shall meet the require-
ments of Section QR. Wherever the requirements of Sec-
tion QP conflict with the requirements of Section QR,
the requirements of Section QP take precedence.

Section QP is applicable to all pump types, as defined
in Section III of the ASME Boiler and Pressure Vessel

67

ASME B73.1M, Specification for Horizontal End Suction
Centrifugal Pumps for Chemical Process, 1991

ASME B73.2M, Specification for Vertical In-Line Centrif-
ugal Pumps for Chemical Process, 1991

ASME OM Code-1995, Subsection ISTB, Inservice Test-
ing of Pumps in Light-Water Reactor Power Plants

ASME PTC 8.2-1990, Performance Test Codes—
Centrifugal Pumps

Publisher: The American Society of Mechanical Engi-
neers (ASME), Three Park Avenue, New York, NY
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10016-5990; Order Department: 22 Lawn Drive, Fair-
field, NJ 07007-2900

Hydraulic Institute Pump Standards, 1994
Publisher: Hydraulic Institute, 9 Sylvan Way, Parsip-
pany, NJ 07054

SM 23-1979, Steam Turbines for Mechanical Drive
Service

Publisher: i
tion [(NEMA), 1300 North 17th Street, Rosslyn, VA
22209

SP-1, g
SP-30,
Rotal

Publis!
neer$

lossary of Seal Terms, March 1995

Guidelines for Meeting Emission Regulations for
ing Machinery with Mechanical Seals, April 1994
er: Society of Tribologists and Lubrication Engi-
(STLE), 840 Busse Highway Park, IL 60068-2376

QP-40p0 DEFINITIONS

The [following definitions establish the meanings of
words [in the context of their use in this Section and
supplement those definitions listed in Section QR.

auxiliafy equipment: items necessary to support the oper-
ation gf the pump, shaft-seal system, driver, or power
fransmission device, including any appurtenances as
definedl in ASME Boiler and Pressure Vessel Code, Sec-
tion IIl, NCA-1260.

best efficiency point: the hydraulic flow at which the pump
assembly achieves its highest efficiency, i.e., the reference
point for which the specific speed is calculated for simili-
tude cpmparisons.

compontent coolant: a fluid used as a heat removal medium
and separated from the process fluid by a barrier.

injection fluid: a fluid injected into the seal area at a
pressufe higher than the process fluid to lubricate and
cool tHe seal, and in some instarices to prevent leakage
of progess fluid along the(shaft.

motor driver: a class of machines that converts electrical
energy into rotary motion.

operatil
is expsg

1g point(s):any hydraulic point at which the pump
cted to\ppérate, under the various operating con-
ditions of(the plant. Multiple operating points may be
specified for a pump, within the flow range from mini-
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shaft seal: a device designed to prevent or limit the leak-
age of fluid between two surfaces of relative motion.
This includes mechanical end face seals and packing.

shaft-seal systemi: a system of shaft seals and directly
associated appurtenances as required that limits the pro-
cess fluid leakage to the atmosphere or to low-pressure

systems and collects and directs the leakage.
turbine driver: a class of machines that converts energy

QP-5000 QUALIFICATION PRINCIPLES AND
PHILOSOPHY

The fundamental principles and philosophly per-
taining to equipment qualification are provided r;r Arti-
cle QR-5000 and apply to mechanical equipment in
general. Qualification requifements specific to thg pump
assembly or pump assembly items are contained in Arti-
cles QP-6000 through-QP-8000.

QR-7000 describeés qualification by similarity analysis.
Nonmandatory Appendix QP-D contains typical param-
eters to be considered when qualification is to bg estab-
lished by similarity.

QP-6000 QUALIFICATION SPECIFICATION

The qualification specification for pump assgmblies
and pump assembly items shall be provided in| accor-
dance with QR-6000 and the additional requiremnjents of
this Article. Nonmandatory Appendices QP-A] QP-B,
and QP-C provide checklists of items for guidance in
the preparation of the qualification specificatior].

It is the responsibility of the Owner or the Gwner’s
designee to provide the qualification specification} and to
approve the qualification program used to demdnstrate
that the acceptance criteria established in the qualifica-
tion specification have been met.

For a pump assembly qualified to a generic ehviron-
ment, the manufacturer is responsible for the develop-
ment of both the specification and the qualification

program.
QP-6100 Equipment Specified Function

Pump assembly specified function shall be ir]
dance with QR-6000(a).
Items may be excluded from the qualification process

accor-

mum tlow to the maximum runout condition.

power transmission device: an item that transmits the
rotary motion from the turbine driver or motor driver
to the pump.

process fluid: the fluid pumped.

pump: the basic component of the pump assembly that
transfers the process fluid.

pump assembly: the pump and the grouping of items
needed to ensure the operation of the pump.
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if it ean be shown-that-their malfunctions-have ro effect
on the pump assembly’s specified function. For example,
when the pumping function is not a requirement but
the pressure retention function is, motive power to the
pump need not be qualified but the shaft-sealing system
shall be qualified.

QP-6200 Equipment Description and Boundary

The qualification specification shall identify those
items that are part of the pump assembly. The qualifica-
tion specification shall also define the interfaces between
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the pump assembly and the external attachments and
supports. When pump assembly items are qualified sep-
arately, the qualification specification shall also define
interfaces between the pump and the driver, shaft-seal
system, power transmission device, and auxiliary
equipment.

QP-6210 Pump Assembly/Pump. The pump assembly
includes the pump and its shaft-seal system, driver,

ASME QME-1-2002

QP-6600 Aging

The qualification specification shall require that sig-
nificant aging mechanisms along with components and /
or materials subject to aging be identified. The effects
of the identified aging mechanisms shall be assessed
and shown to be acceptable during the qualification
process. Nonmandatory Appendix QR-B provides sup-
plementary details associated with the qualification of
nonmetallic parts

transmi i {
The p pressure boundary is defined in ASME

BPVC S¢ction HII. The pump includes items that:

(a) contain the process fluid, such as the casing or
barrel, including nozzles, thermal barrier, and closure
memberf;

(b) prppel the process fluid, such as the impeller;

(c) arg an integral part of the pump, such as the dif-
fuser or powl including the pump shaft, pump bearings,
and beafing supports; and

(d) arg auxiliary equipment.

QP-6220 Shaft-Seal System. The shaft-seal system
included the seal assembly, seal system piping, seal water
cooling, [filtering devices, and auxiliary equipment.

QP-6230 Turbine Driver. The turbine driver includes
the casing, shaft, blades, wheel, jets, governor, stop
valves, ghaft seals, bearings, and auxiliary equipment.

QP-6240 Power Transmission Device. Power trans-
mission| devices include shaft couplings, belt drives,
fluid drjves, gear drives, and auxiliary equipment.

QP-6250 Auxiliary Equipment. Examples of auxiliary
equipment are cooling water systems, lubricating sys-
tems, control valves, instrumentation, and external sup-
ports, which are supplied as part of the pump assembly.

QP-6300 Description of Interface Attachments and
Loads

Locat]
loads an
ments s

QP-640

on, nature, and magnitude of externally applied
d structural characteristics for interface attach-
hall be specified.

D Service Conditions

QP-6700 Acceptance Criteria

The required acceptance criteria shall be specifipd in
accordance with the requirements of QR-6000(i) an{QP—
6710 through QP-6750. The types ofiperformance jtems
listed in QP-6710 through QP-6750 shall be includgd in,
but may not be limited to, the/types of required acrept-
ance criteria listed.

QP-6710 Pump Assembly/Pump. The qualiﬁcEtion
specification shall specify the performance reqgired
from the pump assembly /pump during specified ser-
vice conditions:-Acceptance criteria shall be spegified
for:

{a) capacity (flow)

(b) total developed head (or pressure)

(c)réquired net positive suction head (NPSHR

(d) start-up and operating time based upon plan
ditions

(e) transients such as thermal or pressure

(f) priming time

(g) process fluid conditions

(h) environmental parameters

(i) minimum flow rates and associated time limita-
tions

(j) vibration limits

Instrument accuracy for pressure, flow rate, speed,
vibration, and differential pressure, and vibration
acceptance criteria, shall not be less than that presdribed
in ASME OM, Subsection ISTB.

QP-6720 Shaft-Seal System. The qualification sg

con-

ecifi-

cation shall specify the performance required froE the
Servife conditions defining the application of the  shaft-seal system during specified service conditions.
pump gssembly shall be specified. Service conditions  Acceptance criteria shall be specified for:
are of tyo types: (a) flow rate of coolant through cooling jacket or seal
(a) operating conditions that tend to stress the pump cavity;
assembly; N ‘ (b) start-up and running torque requirements;
{b) environmental conditions that define the sur- (c) seal leakage rates under static and dynamic
roundings. operating conditions.

Nonmandatory Appendix QR-A provides supple-
mentary details associated with dynamic qualification
of mechanical equipment.

QP-6500 Margins

Required margin for QP-6700 acceptance criteria shall
be specified.
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QP-6730 Turbine Driver. The qualification specifica-
tion shall specify the performance required from the
turbine driver during specified service conditions.
Acceptance criteria shall be specified for:

(a) speed/output torque at operating steam condi-
tions (pressure, temperature, flow, and quality);
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(b) required start-up and operating time based upon
plant conditions;

(c) capability of the governor system to regulate
steam flow within specified limits;

(d) vibration limits.

QP-6740 Power Transmission Device. The qualifica-
tion specification shall specify the performance required
from the power fransmission dev1ce durmg spec1f1ed

8750 Auxiliary Equipment. The qualification spec-
shall specify the performance required from
any uniquely identified auxiliary equipment during
specified service conditions.

QP-TOL)O QUALIFICATION PROGRAM
QP-71

The|qualification program shall be established in
accordance with the requirements of QR-7000 and as
modified below.

0 General Requirements

QP-7200 Review for Potential Malfunctions

Potential malfunctions shall be identified in aeccor-
dance with the requirements of QR-7200. Examples of
potentjal malfunctions in pump assemblies ‘that shall
be reviewed include loss of rated flow/head, rotating
element seizure, or rotating element clearance/drag/
leakagp. The effects of wear of critical\)components shall
be part of this review.

QP-73p0 Selection of Qualification Methods

Methods for qualification of pump assemblies and
pump |assembly items shall be in accordance with the
requir¢ments of QR-7300.

QP-7310 Pump

(a) Pump.qualification shall consider significant

QUALIFICATION OF ACTIVE MECHANICAL EQUIPMENT USED IN
NUCLEAR POWER PLANTS

(1) testing over the full range of normal and DBE
operating points for hydraulic performance, leak tight-
ness, and structural integrity. Testing in the vendor shop
or a suitable test facility is preferred in order to reduce
test variables and provide controlled results. If such test-
ing is not physically practicable due to size or configura-
tion, in-situ testing as part of ASME OM, Subsection
ISTB preservice test provided with suitably accurate
instrumentation is acceptable.
ude the pujnp, its
auxiliary equipment, and the baseplate if onelis pro-
vided.

(3) visual and dimensional inspections at [appro-
priate intervals to identify excessive wear or dengdation
of pump parts

(b) Service aspects that shall be'considered in formu-
lating a qualification program are:

(1) pump functional conditions (flow cappcities,
developed head requirements, suction head provided,
system fluid conditions including transients, opprating
time, and operating frequency anticipated over he life
of the plant, etc.). Functional conditions are to include
periodic in-service testing and anticipated inoperative
periods:

(2).environmental conditions;

(3) starting requirements;

(4) normal operating loads;

(5) externally applied loads (seismic, nozzlp, etc.);

(6) aging of nonmetallic materials (Nonmandatory
Appendix QR-B provides supplementary details|associ-
ated with the qualification of nonmetallic parts and may
or may not be part of the in-situ testing above)

(7) maintaining design life (maintenance, ovlerhaul,
replacement, etc.).

QP-7320 Shaft-Seal System. A shaft-seal syst¢m nor-
mally should not be functionally qualified by gnalysis
alone. However, analysis may be used to extend previ-
ous testing or previous experience to the spEmfied
design service conditions, provided the analyticpl tech-
niques have been validated through comparison to mea-
sured performance of comparable shaft-seal §ystem.
Types of permitted analysis include heat generatjon and
removal, mechanical stress, thermal stress, wehr rate,
interface velocity, axial movement, radial moyement,

hydraulic’and mechanical design factors that can  angular movement, torsional deflection, and nahllral fre-
degrat_andjmpaﬂ_thgabjlimoﬂh&p;mlp_m_peﬁom_qufnry

its specified function.

In addition to aging effects, qualification techniques
shall address and incorporate, as necessary, the impact
of periodic testing, maintenance, overhaul, and replace-
ment of essential parts of the pump assembly.

The qualification method shall identify the service
conditions for which the pump is being qualified as
described in QP-7310(b).

The pump qualification program shall include the fol-
lowing:

In qualification by test, a plan shall be prepared with
appropriate inspection and test record forms to define
test objectives, test fluids, conditions of the test, permis-
sible maintenance or adjustments, and acceptance crite-
ria. A shaft-seal system test facility shall be used that
provides rotation, appropriate means for pressurization,
fluid thermal control, and seal leakage measurement.
Prior to start of a test sequence, all system conditions
shall be recorded as applicable to the test shaft-seal
assembly and test installation according to the plan. Test
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data shall include face surface finish and flatness, face
loads at installation length, shaft-seal system leakage,
temperature, pressure, and seal face power require-
ments. Testing sequence shall include all service condi-
tions.

Qualification on the basis of experience or analysis
requires that documentation be provided which demon-
strates that the performance of a similar shaft-seal sys-
tem equals or exceeds the specified design service

ASME QME-1-2002

(1) testing over the full range of normal and DBE
operating conditions for steam performance, leak tight-
ness, and structural integrity;

(2) the test assembly shall include the turbine and
its auxiliary equipment;

(3) visual and dimensional inspections at appro-
priate intervals to identify excessive wear or degradation
of turbine parts.

(b) Service aspects considered in formulating a test

cation. fAreas that shall be evaluated when determining
applicability of experience are similarity of application,
enviroriment, performance data, maintenance, and
inspectipn records.

Envirpnmental and aging effects on the materials of
construttion may be evaluated on the basis of generic
testing that adequately encompasses the process and
environmental effects on the material properties. Quali-
ficationjneed not be based on the actual shaft-seal system
comporjents. However, any qualification not based on
actual tests shall demonstrate that the data used are
appropriate and applicable to the configuration and to
the matgrial used for the application.

The manufacturer shall demonstrate the adequacy of
the shaft-seal system in either or both of the follow-
ing wayfs:

(a) by supplying documentation that the proposed
system had proved itself through a comprehensive test-
ing program. The testing program shall have included
full-scale tests at normal and DBE operating conditions.
The doqumentation shall include a detailed description
of the t¢sts, test equipment, and actual test results.

(b) by providing documentation showing that the
propos€d system is similar and has been\used success-
fully fof a stated length of time in similar service. This
method|shall not be used if the proposed system, or the
environment in which it is to-be/used, differs signifi-
cantly ffom the one to which,itis being compared or if
service[conditions vary'significantly from normal
operatinjg service conditions.

QP-73

(a) Ty
cant hy

conditil;.s, both normal and DBE, of the proposed appli-

30 Turbine-Driver

rbine driver qualification shall consider signifi-
iraulic.and mechanical design factors that can
degradd and impact the ability of the turbine driver to

qualification program shall include:

(1) turbine functional conditions (turbine"horse-
power/speed including transients, operating-time, and
operating frequency anticipated over thelife of the plant,
etc.). Functional conditions are to iriclade periodic in-
service testing and anticipated inoperative periods.

(2) environmental conditions;

(3) starting requirements;

(4) normal operating loads;

(5) externally applied loads (seismic, nozzle,

(6) aging of nonmetallic materials (Nonmandatory
Appendix QR-Bprovides supplementary details associ-
ated with the qualification of nonmetallic parts and may
or may not‘be part of the in-situ testing above);

(7). maintaining design life (maintenance, overthaul,
replacement, etc.).

(c)\Any electrical controls associated with the tirbine

shall be qualified in accordance with the requirements
of IEEE Std 323 and IEEE Std 344. Qualification df any
motor-operated control or block valve actuators in the
steam supply systems shall be in accordance with the
requirements of IEEE Std 382.

etc.);

QP-7340 Power Transmission Device
(a) Power transmission device qualification shalj con-
sider significant hydraulic and mechanical desigh fac-
tors that can degrade and impact the ability of the device
to perform its specified function.
Qualification shall consider the full range of speed and
horsepower requirements. In addition to aging effects,
qualification techniques shall address and incorpprate,
as necessary, the impact of periodic testing, mginte-
nance, overhaul, and replacement of essential parts of
the power transmission device.
The qualification program shall include the folloing:
(1) The power transmission device shall be tested at

the design conditions of speed and horsepower (tdrque)

perform its specified Tunction.

In addition to aging effects, qualification techniques
shall address and incorporate, as necessary, the impact
of periodic testing, maintenance, overhaul, and replace-
ment of essential parts of the turbine driver.

The qualification method shall identify the service
conditions for which the turbine driver is being qualified
as described in QP-7330(b).

The turbine driver qualification program shall include
the following:
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over the full range of normal and DBE operating condi-
tions for both mechanical performance and structural
integrity.

(2) Visual and dimensional inspections shall be per-
formed at appropriate intervals to identify excessive
wear or degradation.

(b) Service aspects considered in formulating a test
qualification program shall include:

(1) power transmission device functional condi-
tions (speed, horsepower, operating time, and operating
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frequency anticipated over the life of the plant). Func-
tional conditions are to include periodic in-service test-
ing and anticipated inoperative periods.

(2) environmental conditions;

(3) starting requirements;

(4) normal operating loads;

(5) externally applied loads (seismic);

(6) aging of nonmetallic materials (Nonmandatory
Appendix QR-B provides supplementary details associ-

QUALIFICATION OF ACTIVE MECHANICAL EQUIPMENT USED IN
NUCLEAR POWER PLANTS

QP-8000 DOCUMENTATION

The documentation requirements shall be in accor-
dance with QR-8000 and the additional requirements of
this Article. In addition to original qualification docu-
mentation, special installation requirements and mainte-
nance required to maintain qualification shall be
documented.

ated with the qualification of nonmetallic parts and may
or may [not be part of the in-situ testing above);
(7) | maintaining design life (maintenance, overhaul,
replacefnent, etc.).
(c) Any electrical controls associated with speed
changing devices shall be qualified in accordance with
the reqpirements of IEEE Std 323 and IEEE Std 344.

QP-ZISO Auxiliary Equipment. When auxiliary equip-
ment iy qualified separately from the pump assembly,
pump,|shaft-seal system, driver, and transmission
device} its qualification shall consider significant
hydraylic and mechanical design factors that can
degrad¢ and impact performance of specified function.
The approach to qualification shall identify the service
conditipns and interfaces with pump assembly items.

QP-7400 Aging

Pump assemblies and pump assembly items shall be
qualifidd in accordance with QR-7311 or QR-7321. Non-
mandafory Appendix QR-B provides supplementary
details |associated with the qualification of nonmetal-
lic parts.

QP-75

0 Dynamic Loading

assemblies and pump assembly items shall be
qualifi¢d in accordance with QR-7312 er' QR-7322. Non-
mandatory Appendix QR-A provides supplementary
details| associated with the dynamic qualification of
ical equipment.

ob
T
Documentation shall include, but is not limiLd to,

dimension of mechanical fits and clearances.

QP-8200 Shaft-Seal System

Documentation shall include, but is not limifed to,
shaft-seal assembly drawing with appropriate pill of
materials, service conditions,and precautions noted that
would preclude malfunction.

QP-8300 Turbine Driver

Documentation shall include, but is not limifed to,
dimension of mechanical fits and clearances. The|docu-
mentation for the turbine driver shall also be as spgcified
in IEEE Std 323, IEEE Std 344, and IEEE Std 382 jwhere
thesé/standards are invoked.

QP-8400 Power Transmission Device

Documentation shall include, but is not limi
dimensions of mechanical fits and clearances. The
mentation for the power transmission device sha
be as specified in IEEE Std 323, IEEE Std 344, an
Std 382 where these standards are invoked.

red to,
docu-
11 also
1 IEEE

QP-8500 Auxiliary Equipment

Documentation shall include, but is not limifed to,
dimension of mechanical fits and clearances.
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NONMANDATORY APPENDIX QP-A
PUMP SPECIFICATION CHECKLIST

the spedification writer. It lists items that may be consid-
ered when developing the qualification specification for
pump dssembly items.

Append provided 1o Cl

| APPLICABLE DOCUMENTS, CODES, AND
STANDARDS

(a) ABME Boiler and Pressure Vessel Code (BPVC),
Section [IT (Code) construction class, applicable edition
and addenda

(b) Dpsign Specification.

Il DESIGN AND CONSTRUCTION REQUIREMENTS

(a) pump type

(b) de¢sign life

(c) ctional, operating, environmental, and service
conditigns under which the pump must operate

(d) operational modes including time limit for recir-
culating flow testing

(e) fliid pumped, specific gravity at given tempera-
tures

(f) ddsign pressure

(g) design temperature

(h) rdted flow, maximum required flew (runout flow)

(i) head at rated flow, maximum required flow, and
shutoff conditions

(j) stction temperature:\minimum, normal,
maximym

(k) syction pressure: maximum and normal

() NPSH available at-rated and maximum required
flows

(m) ambient temperature, humidity, and radiation

(n) wiater chemical content (pump and/or seal cool-
ing watgr)

(0) um operating flow limitations

generator loading

(x) cooling water; temperature, minimum-and
mum; pressure; and maximum pressure drop

(y) entrained material for which the. pump s de-
signed; dirt, debris, insulation, moltenr fuel, diesgl oil,
fish, etc., under normal and abnormal service dondi-
tions

(z) separation of running\ffequency from shaftmatu-
ral frequency and pumpassembly torsional natural fre-
quency

(aa) start-up and Operating time

(bb) couplingyflexibility, alignment, service life,
ing load, balance

(cc) specific location at plant site (inside or ouitside
containment).

maxi-

bear-

< STRUCTURAL, SEISMIC, AND ENVIRONMENTAL

QUALIFICATION REQUIREMENTS

(a) requirements for dynamic analysis or testing

(b) designation of loads, load combinationd, and
related Code service conditions

(c) demonstration of operability by analysis or test
under all applicable loading conditions

(d) seismic loading OBE and SSE

(e) stress limits

(f) seismic design criteria

(g) minimum acceptable force and moment cafrying
capability of the pump nozzles, the pump casing, and
the pump support attachments

(h) seismic acceleration, both horizontal (two ofthog-
onal directions) and vertical.

IV MATERIAL AND MANUFACTURING
REQUIREMENTS

(p) use of mechanical seals and type of seal cooler, if
applicable

(9) flow restrictor from seal cavity, if applicable

(r) vent and drain from pump casing and types of
connections

(s) type of pump nozzle connections and details

(t) connection requirements to other ancillary piping

(1) support and anchorage requirements, and config-
uration

(v) cooling water piping code requirements

73

(a) specific material requirements (if differing from
the manufacturer’s standards).

V TESTING REQUIREMENTS

(a) shop performance test and measurements to be
taken, including capacity, total head, power input, effi-
ciency, NPSH, and vibration at the bearing or on the shaft

(b) prequalification transient test requirements and
acceptance criteria.


https://asmenormdoc.com/api2/?name=ASME QME-1 2002.pdf

ASME QME-1-2002

VI DOCUMENTATION, INSTRUCTIONS, AND

LIMITATIONS

(a) documentation requirements

{t) requirement for manufacturer’s provision of val-
ues of maximum allowable forces and moments

(c) operational limits for pump recirculation or opera-

tion without cooling water

QUALIFICATION OF ACTIVE MECHANICAL EQUIPMENT USED IN
NUCLEAR POWER PLANTS

(d) requirement for manufacturer’s provision of val-
ues for minimum flow capability and time limitations
(e) requirements for manufacturer’s provision of bolt-
and washer

: i .
ing material requirements, torque values,

configuration
(/) quantified acceptable limits for wear of bearings
to establish minimum service life.
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NONMANDATORY APPENDIX QP-B
PUMP SHAFT-SEAL SYSTEM SPECIFICATION CHECKLIST

Thi

the spe

ered w
pump

1 APH

cification writer. It lists items that may be consid-
hen developing the qualification specification for
bhaft-seal system items.

LICABLE DOCUMENTS, CODES, AND

STANDARDS

(a) A
Section
and ad

(b) 1

(c) A
and ST

Il DE

(@) t
(b) d

(1
(2

(c) p

(1
2

(d)

(1
ature
(2
(3
(4
directi
(5

L.SME Boiler and Pressure Vessel Code (BPVC),
11 (Code) construction class, applicable edition,
denda

Design Specification

ISME B73.1M, ASME B73.2M, API 610, API 682,
LE SP-30.

S5IGN AND CONSTRUCTION REQUIREMENTS

ype of seal or seal system to be provided
esign life
static
dynamic
ost-design basis event design life
number of cycles
duration of cycles
onditions at seal cavity
fluid pumped, specific gravity,at given temper-

design pressures

design temperature

thermal and preSsure transient (rate, range,
b1)

thermal and. pressure transient duration

(minufes)

(6
7
(8

allowable leakage
radiation
shaft speed

9

and abnormal service condmons

75

(1) pressure

(2) temperature
(3) flow rate

(4) chemistry

(5) pressure drop

1-2002

(f availability of seal injection;including the quantity,

temperature, chemistry, and solids particle size

(g) possible inaccessibility ‘ef pump during ope
that restricts opportunities for visual inspection ar]
ventive maintenance to-the seal system

ration

d pre-

(h) the need forqassembly and maintenance fgatures

to limit personnel exposure time in radiation fie

|ds

(i) shaft direction or rotation as viewed frgm the

drive end
(j) specific location at plant site (inside or o
containment).

1]
QUALIFICATION REQUIREMENTS

(a) qualification acceptance criteria
{b) environmental qualification requirements.

IV MATERIALS AND MANUFACTURING
REQUIREMENTS

(@) specific material requirements (if differing
the manufacturer’s standards).

V TESTING REQUIREMENTS

VI DOCUMENTATION, INSTRUCTIONS, AND
LIMITATIONS

(a) documentation requirements
(b) requirements for manufacturer’s provision

utside

STRUCTURAL, SEISMIC, AND ENVIRONMENTAL

r from

pf bolt-

configuration.

washer


https://asmenormdoc.com/api2/?name=ASME QME-1 2002.pdf

ASME QME-1-2002

QUALIFICATION OF ACTIVE MECHANICAL EQUIPMENT USED IN
NUCLEAR POWER PLANTS

NONMANDATORY APPENDIX QP-C
PUMP TURBINE DRIVER SPECIFICATION CHECKLIST

This Nonmandatory Appendix is provided to aid

(e) shaft vibration limits

the spqcification writer. It lists items that may be consid-
ered when developing the qualification specification for
pump [turbine driver items.

LICABLE DOCUMENTS, CODES, AND

conditjons under which the turbine must operate

(1) design pressures and temperatures (maximum,
normall, minimum) for inlet and exhaust

(2) operating pressures and temperatures (maxi=
mum, normal, minimum) for inlet and exhaust

(3) operating conditions (bhp, rpm) at correspond-
ing design/operating conditions

(4) ambient temperature, pressure, humidity, and
radiatjon

(5) maximum horsepower
(d) cooling water: minimum, normal, and maxi-
mum femperature and pressure

(7) process fluid analysis/(chlorides, etc.)

(c) pperational modesincluding operating and design
process fluid conditiofis;and duration and frequency of
operation

(d) nterface requirements (control system, utilities
available, flanged connections, etc.)

() specific location at plant site (inside or) utside
containment).

I STRUCTURAL, SEISMIC, AND ENVIRONMENTAL

QUALIFICATION REQUIREMENTS

(a) seismic qualification requirements (specification
must include definition of seismic environment
(b) environmental qGalification requirements
(c) design qualification requirements (i.e., p
vessel analysis, low=cycle fatigue analysis, etc.)
(d) qualification acceptance criteria.

essure

IV MATERIAL AND MANUFACTURING
REQUIREMENTS

(a) specific material requirements (if differing from
the manufacturer’s standards).

V TESTING REQUIREMENTS

(a) requirement for demonstration that the upit will
operate through all modes of operation for duration
specified (i.e., shop or field test, analysis, and /dr expe-
rience).

VI DOCUMENTATION, INSTRUCTIONS, AND

LIMITATIONS

(a) document requirements
(b) requirements for manufacturer’s provigions of
bolting material requirements, torque valugs, and
washer configuration.
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NONMANDATORY APPENDIX QP-D
PUMP SIMILARITY CHECKLIST

This to_aid

(13) single or multistage

both the pump designer and the specification writer. It
lists items that may be considered when establishing
rules of similarity between either pump designs or pro-
cess conflitions. The selection of applicable items, either
the oneslidentified herein or others specified as required,
is at the|option of the Owner.

I PUMP DESIGN

(a) hydraulic capability
(1) [rating of pump, discharge size, NPS (DN)
(2) Ibest efficiency point as percentage of condition
(3) [rise-to-shutoff from condition
(4) INPSHR at condition
(5) [specific speed
(6) [suction specific speed
(7) |speed(s) of rotation
(8) [tip speed
(9) jnumber of vanes
(b) mpchanical capability
(1) |size of suction and discharge nozzles, NPS (DN)
(2) [impeller diameter, in. (mm)
(3) [vane treatment, finish and filing (over@nd under)
(4) |stationary to rotating fit clearances
(5) [rotation
(6) |method of support (frame,foot, centerline)
(7) |speed control (constant/variable)
(8) |type and size of bearing-system
(9) |type and size of drive coupling
(10§ stiffness of pump and driver support on base
(11) arrangement (vertical or horizontal)
(12) open or closed impeller

(14) metallurgy of wetted parts.

II PROCESS DESIGN

(a) pumped fluid
(1) start-up conditions
(2) normal and abnormal conditions
(3) transient conditions\of'flow, temperature, [fluid
chemistry, and pressure
(4) test conditions
(b) external conditions
(1) start-up conditions
(2) normal.and abnormal conditions
(3) transient conditions of flow, temperature, |fluid
chemistry,)and pressure
(4), amplitude and duration of seismic excitafion
(5) transient piping interaction
(6) cooling water for seal or bearing cooling.
Similarity can be undertaken only within pumps of
the same class and type.
The collection of the above parameters provigles a
means of narrowing the differences between pum

to like internal and external loads, expressed as
stress and assembly strain in response to no.
abnormal loads, similar pumps will exhibit con,

equally be expected to withstand like aging effects and
will retain their ability to perform their specified desi
function.

Exceptions will be considered if documentation|{dem-
onstrates similarity of performance notwithstanding the
above criteria.
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NONMANDATORY APPENDIX QP-E
GUIDELINES FOR SHAFT-SEAL SYSTEM
MATERIAL AND DESIGN CONSIDERATION

QP-E1 (100 SCOPE

This| Nonmandatory Appendix contains guidelines
for the|special material and design considerations for
shaft-sgal systems that are intended to be qualified in
accordgnce with the requirements of Section QP.

QP-E2000 PURPOSE

This| Appendix provides material and design guid-
ance tq the qualification specification writer.

QP-E3000 DEFINITIONS

The [following definition establishes the meaning of
a term|in the context of its use in this Appendix and
supplements those found in Sections QR and QP:

stress index: the ratio of the design stress to the minimum
ultimate strength of the material (5/5,).

QP-E4000 MATERIAL CONSIDERATIONS

QP-E4100 Pressure-Retaining Material

Glarjd plates and associated bolting\are defined as
pressufre-retaining material by the ASME Boiler and
Pressure Vessel Code (BPVC), Section III. Requirements
to be irfcluded in the qualification/specification for mate-
rial used in pressure-retaining/applications are to be in
accordance with the appropriate ASME BPVC Section III
classification and its.associated material requirements.

QP-E4200 Nonpressure-Retaining Material

(a) Considerations to be included in the qualification
specification for material used for seal-mating faces
applicgtions are:

manufactured from any material suitable 'fpr the
intended service.

(c) Material with a stress index greater than 0.1, used
for springs, bolts, pins, and other metallic or brittl¢ parts,
should meet an ASME, ASTM, or-AMS specificatipn that
controls the quality of the material.

(d) Proprietary material with a stress index greater
than 0.1, used for springs;bolts, pins, and other mpetallic
or brittle parts that donothave a suitable national speci-
fication available, should be qualified by testing inaccor-
dance with Section/QP. Such proprietary materials are
designated by-a. specific identification number py the
material manufacturer and certified to meet all the qual-
ity assurance requirements of the originally qualified
material.

QP-E5000 DESIGN CONSIDERATIONS
QP-E5100 General

For normal operating conditions, the shaft-sdal sys-
tem is designed to operate without maintenance [for the
design life listed in Table QP-E1.

For service conditions other than normal, thq shaft-
seal system is designed to operate without maintenance
for a specified duration and a specified number of{cycles.
If only one cycle of a specific operating condition is
specified, then it is understood that replacenjent or
maintenence may occur before resuming normal{opera-
tion unless other design considerations are specified in
the qualification specification.

Special shaft-seal systems such as double seals, tan-
dem seals, bellows, and/or cartridged seals arg to be
specified in the qualification specification.

QP-E5200 Design Input

(a) The pump manufacturer will supply the seal man-

(1) no detrimental physical property changes
occurring when subjected to the seal cavity fluids for
the times listed in Table QP-E1;

(2) no detrimental physical property changes
occurring when subjected to the maximum seal cavity
temperature listed in Table QP-E1;

(3) no detrimental wear rate when subjected to the
conditions listed in Table QP-E1.

(b) Material with a stress index less than 0.1, used for
retainers, bolts, pins, bushings, and other parts, may be

ufacturer with the following general design criteria:
(1) applicable edition and addenda of Section III
of the ASME Boiler and Pressure Vessel Code;
{2) service conditions and associated duty cycles as
listed in Table QP-E1.

(b) The pump manufacturer will supply the seal man-
ufacturer with the following arrangement and interface
conditions:

(1) type of seal to be provided (i.e., packing,
mechanical, bellows, double tandems, cartridged, etc.);
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Table QP-E1 Shaft-Seal System Specification 02)
Design Basis Condition
Normal Design Basis | In-Service | Hydrostatic Other
[Note (1)} Events Tests [Note (2)} [Note (3)}
Fluid [Note (4)]
Pressure, psia (MPa)
Temperature, °F (°C) NA
Thermal transient
rate, range, and NA
irection, °F/min (@
Confitions at direction, °F/min (°C/s)
Sepl Cavity Thermal transient
duration, min N
Allowable leakage
[Note (5)]
Radiation, rads NA
Speed, rpm NA
Abnormal Number of cycles NA
Condlition Info
(Deksign Life) Duration of cycles, hr NA
Pressure, psia (MPa) NA
Component
doolant Temperature, °F (°C) NA
Cdnditio
qnaitions Flow rate, gpm (mm>/s) NA
i Static, hr NA NA NA
Design
Life Dynamic, hr NA NA NA
GENERA| NOTE: NA indicates not applicable.
NOTES:
(1) Normal conditions refer ta seal conditions_in'pump that are required to function during normal plant operation.
(2) Inclyde this information if seal is to be uSed during hydrostatic tests.
3) Oter refers to conditions that may affectthe seal cavity environment such as external loads, loss of component
coolant or injection, and to conditions that are not covered in the other categories.
(&) If fldid is water, specify quantity-of-chemicals present as additives or impurities and solids particle size.
(5) Allopable leakage refers to that-leakage which can be collected as liquid at the seal operating conditions.
(2) shaft or sleeve diameter at seal; (1) seal system piping arrangements and sea] flush-
(3} shaft or sleeve material; ing systems shall conform to ASME B73.1M, ASME
(4) shaft orientation (i.e., vertical or horizontal); B73.2M, API 610, API 682, and STLE SP-30;

(5) direction of rotation;
(6) seal cavity maximum diameter at seal;

(2) availability of component coolant, includtng the
guantity, maximum temperature, pressure, avhilable

(7) seal cavity length;

{8) shaft to seal cavity misalignment conditions
(i.e., static eccentricity, static angularity, range of axial
travel, etc.); and

(9) shaft motions (i.e., radial, axial, and angular)
relative to the seal cavity during seismic and design
basis conditions as listed in Table QP-E1.

(c) The pump manufacturer will supply the seal man-
ufacturer with the following shaft-seal system external
conditions:
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pressure drop, and chemistry; and

(3) availability of seal injection, including the quan-
tity, temperature, chemistry, and solids particle size.

(d) The pump manufacturer will supply the seal man-

ufacturer with the following special provisions:

(1) maintenance provisions;

(2) inaccessibility of the pump during operation
that would restrict visual inspection and preventive
maintenance; and
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(3) necessary assembly and maintenance features
that limit personnel exposure time in radiation fields.
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PLANTS

Table QP-E2 Limits for Unbalanced Seals

Seal Max. Sealing
. Diameter, Max. Shaft Pressure,
QP-E5300 Mechanical Face Seals in. (mm) Speed, rpm psig (MPa)

(a) Mechanical face seals should be of the hydrau- 7
lically balanced type, except as provided for in Table 72102 (13 10 51) ;J%g; 16820600 128 Eggg
QP-E2. ’ ’ ’

(b) Either a sliding gasket (ie., O-ring, V-ring, or U-  over2to 4 (5110 102)  Up to 1,800 50 (0.35)
ring) or a metal or rubber bellows should be used 1,801 to 3,600 25 (0.17)
betwegn the axially moving seal face and shatt sleeve
or housing.

(c) Hor applications involving seal face velocities over
5,000 fpm (25 m/s), it is preferred that the axially mov-
able sdal face be mounted on the stationary housing
rather fthan on the shaft.

QP-E5400 Packings

(a) Stuffing boxes on all pumps should be packed
with a| sufficient amount of packing as recommended
by the| packing manufacturer. The minimum packing
size is [ sq in. (160 mm?); however, a packing size of
% sq ih. (240 mm?) or greater is preferred.

(b) Rump stuffing boxes are to be provided with a
lanterr] ring for fluid injection directly into the packing.
Inlet apd outlet connections must be provided for the
lantern} ring.

(c) Sufficient space is to be provided for the packing
to be replaced without removing or dismantling any
part ofher than the gland and the lantern ring if split.

(d) If the stuffing box of a vertical pump'is su
to discharge pressure and a bleedoff to suction i
the bleedoff should be by means of internal rath
external piping.

(e) Adequate seal draining isto be provided
no liquid can collect in the driver support piece

QP-E5500 Shaft Sleeves

(a) Shaft sleeveS,)when used, are to be sealed
vent leakage-between the sleeve and the sha
machined for concentric rotation.

(b) Ends of shaft sleeve assemblies or nuts, wh
on pumps arranged for packing, are to extend
the outer face of the packing gland.

(c) Shaft sleeves are to extend beyond the ¢
seal gland plate on pumps employing an auxilig
other than a throttle bushing.
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Section QV:
Functional Qualification Requirements for Active Valve
Assemblies for Nuclear Power Plants

INTRODUCTION

This Bection of ASME QME-1 is provided to ensure
that active valve assemblies for nuclear power plants
will function as specified and was developed under
sponsofship of The American Society of Mechanical
Enginedrs. Its development was initiated by the Ameri-
can National Standards Committee N45 on Reactor
Plants and Their Maintenance. In October 1972, the N45
Committee established a task force to prepare a series
of standlards to ensure that valves would function as
speciﬁeE. In 1974, the task force was reassigned to Amer-
ican Nalional Standards Committee B16 and designated
Subcommittee H. In 1982, the task force was again reas-
signed fo ASME Main Committee on Qualification of
Mecharjical Equipment Used in Nuclear Power Plants
and degignated Subcommittee QV. The first standard to
be issu¢d by Subcommittee H was ANSI N278.1-1975,
which ¢overs the preparation of functional specifica-

ign QV provides a method for qualification ‘of

treme adverse conditions of pressure, mechani-
ing, flow dynamics, temperatiire, and vibration.
ing involves imposition of certain of these condi-
combination, and others individually, all equal-

andarddnay be imposed on valves. The adverse
f such\combinations have been considered by
ittee, and it has been concluded that this quali-
i ide a high e of assurance

the first valve, a specific design weakness is discoyered,
then a similar weakness will be expected inall the|other
valve sizes.

Ithas been proposed that in such cases, if a representa-
tive number of valve sizes test successfully, it shoa\llll-g be
possible by similarity analysis to.infer that the qualifica-
tion of design acceptability can be extended fto all
remaining valve sizes of-similar design.

Such generic qualification is considered to be poten-
tially acceptable, subject to due consideration o¢f the
degrees of variationfrom exact geometric simjla.)];ity of
two valves of different size, and considering the possibil-
ity of scale factors having some unanticipated adverse
effect on functional performance.

In Section QV, provision has been made for analytical
extension of parent valve qualification to candidate
valves, with the expectation that generic qualifi¢ation
will be a practical way to maximize the cost-effectieness
of the design qualification process. References ih this
Standard to parent and candidate assemblies address
this undertaking. The term parent is intended to [mean
the elder in a family of generic offspring having strong
resemblance to the parent.

The candidate is the nominee for family membership
until it is shown that specific rules have been safisfied
for analytical extension of parent qualification, and the
candidate is accepted as qualified by the Owner or
er’s designee.

Article QVC-7000 are satisfied. The intent is to g¢nsure
that the candidate valve structure has substantially the
same or greater mechanical strength and rigidity ps the

of functional operability for all such combinations.

It is recognized that in testing a complete series of
valves, for example NPS 6, 8, 10, 12, 14, 16, 18, 20, 24,
28, 32, and 36 (DN 150 to 900) valves, all being Class
600 valves of the same type, much of the test time, work,
and expense will be unproductive because no useful
information will be produced by the later tests. If the
various sizes are uniformly designed and proportioned,
it will be expected that all valves in the series will per-
form uniformly in the tests. Conversely, if on the test of

parent valve structure, relative to their respective load
ratings. The procedure of Article QVC-7000 is based on
the application of a comprehensive analytical modeling
procedure that must be rigorously verified by the results
of the parent valve testing program.

Over the past several years, results of NRC-sponsored
testing of active type valves have identified technical
considerations requiring future evaluation beyond that
leading up to this version of QME-1, Section QV. The
overall development of ASME QME-1 represents many


https://asmenormdoc.com/api2/?name=ASME QME-1 2002.pdf

ASME QME-1-2002

years of work and is needed by industry. ASME QME-
1 is now suitable for publication, including Section QV,
which represents a current-day version of ANSI B16.41
and ANSI N278.1. It is the considered opinion of QME'’s
Main Committee that many of industry’s problems and
subsequent associated vaive testing results are due to
lack of proper mechanical equipment qualification as
opposed to product quality. Many of the industry’s valve
problems would have been precluded if adequate quali-
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assembly in the pipeline) and all acceptance criteria that
shall be met.

(c) Section QV considers all the conditions affecting
operability qualification of the complete valve assembly,
as opposed to attempting to qualify either the valve or
actuator as separate units. In case of conflicts, Section
QV takes precedence over Section QR for specific valve
qualification requirements. Integrity of the pressure-
retaining boundary of the valve, covered by the code

ficatiorh requirements such as those documented in this
Standard had been implemented in the past. The appli-
cation [of valve assembly performance characteristics
developed through parent valve testing, as required in
this Standard, will lead to the development of data
requied for implementation of meaningful
O&M procedures, and is expected to contribute to the
eliminfation of plant operating problems. Once pub-
lished,|it is the intent of QME to pursue more recently
identiffed active valve technical considerations requir-
ing regolution and to revise this Standard as required.

QV-1000 SCOPE
Qv-11

(a) Pection QV establishes the requirements and
guidelines for functional qualification of active valve
assemblies for nuclear power plants. These active valves
can be classified as either active power-operated valve
assemblies, active self-operated check valve assemblies,
or active pressure relief valve assemblies. The sgope of
Secti IIQV as it relates to the qualification requirements
of each of these classifications is outlined in"QV-1200
through QV-1400, respectively.

(b) 1t is especially important for the plant Owner or
Ownet’s designee to identify any external load condi-
tions, jother than seismic loads, that may fall into the
categgry of dynamic loads omthe valve assembly. Work
is under way regarding the qualification requirements
for special dynamic load\conditions other than seismic;
however, until that- work is complete, the scope of this
Standard is limited-to valve qualification that demon-
strateg valve operability under dynamic load situations
represented:by seismic (earthquake) conditions (includ-
ing pr| pess flow/ dynamlc condltlons) All other special
dyna
of this Standard and are to be addressed separately in
accordance with the Owner’s specifications. Also, to
ensure proper functional qualification, it is the responsi-
bility of the Owner or Owner’s designee to identify those
active valves that require qualification under Section QV,
identify the valve functional classification as outlined in
QV-1100(a), identify the ASME nuclear valve classifica-
tion, and specify the functional qualification require-
ments (due to process flow conditions and externally
applied loads arising from installation of the valve

DO General Information
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developed by the ASME Boiler and Pressure vessgl Com-
mittee, is excluded from the scope of Section QY.
(d) Functional qualification of a parent valve passem-
bly consists of testing and analysis, as, specified|in this
Section, to demonstrate that a valve assembly can per-
form its required function under specified condjitions.
(e) Article QVC-7000 can be used to provid
tional qualification of a candidate valve assenbly by
extension of parent valve.qualification through ¢
stration of design similatity and rigorous analysis. The
use of Article QVC-7000 is not obligatory in thp sense
that all valves cotild be qualified by testing as|parent
valves; however, if Article QVC-7000 is used [for the
analytical .extension of parent valve qualificatipn to a
candidate_valve assembly, then all provisions |of that
Article-shall apply.

QV-1200 Active Power-Operated Valve Requirements

(a) Where appropriate, each numbered articleland its

valves, active self-operated check valves, and

pressure relief valves. When there is no differenge in the

structured using the decimal .1 (i.e., QV-xxxx.1){ Active
power-operated valve assemblies seeking opefrability
qualification under Section QV shall meet all prgvisions
of this Section as outlined in this paragraph.

(b) 1t is not intended that this subarticle be ppplied
to power-operated relief valves that are qualified per
the requirements of QV-1400, nor is this subarticle
intended to be applied to self-operated check valyes that
are qualified per the requirements of QV-1300.

Requ"ements

(a) Where appropriate, each numbered article and its
subarticles in Section QV is substructured using decimal
numbers to differentiate between active power-operated
valves, active self-operated check valves, and active
pressure relief valves. When there is no difference in the
qualification requirements for the three types of valves,
the subarticle decimal substructuring is eliminated. All
numbered articles, subarticles, etc., that outline the
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requirements for active self-operated check valves are
substructured using the decimal .2 (i.e., QV-xxxx.2).
Active self-operated check valve assemblies to be quali-
fied for operability under Section QV shall meet all pro-
visions of this Section as outlined in this paragraph.
(b) It is not intended that this subarticle be applied
to power-operated valves that are qualified per the
requirements of QV-1200, nor is this Section intended
to be applied to active pressure relief valves that are

ASME QME-1-2002

QV-4000 DEFINITIONS

QV-4000.1 Active Power Operated Valves

The following definitions apply only to active valves.
Other definitions pertinent to valves, but which also
apply to other types of mechanical equipment, can be
found in QR-4000.

cold working pressure: the valve pressure rating at 100°F

{2Q0

qualifibd per the requirements of QV-1400.

(c) Check valves with an external actuating device
whose(sole purpose is to provide a means for in-service
testingl of operability are considered within the scope
of QV-1300. Check valves with a simple weight or spring
device| are also considered to be within the scope of
QV-1300. Check valves with an external actuator whose
purpoge is to provide positive closure or to assist in
closur¢ are considered within the scope of QV-1200 in
additign to QV-1300.

QV-1400 Active Pressure Relief Valve Requirements

(a) When appropriate, each numbered article and its
subarticles in Section QV is substructured using decimal
numbdrs to differentiate between active power-operated
valves| active self-operated check valves, and active
pressufe relief valves. When there is no difference in the
qualifitation requirements for the three types of valves,
the subparticle decimal substructuring is eliminated. All
numbgred articles, subarticles, etc., that outline the
requirgments for active pressure relief valves are.sub-
structyred using the decimal .3 (i.e., QV-xxxx.3)»Active
pressufe relief valve assemblies to be qualified foropera-
bility ynder Section QV shall meet all provisions of this
Section} as outlined in this paragraph.

(b) It is not intended that this subarticle be applied
to selfjoperated check valves that'are‘qualified per the
requirgments of QV-1300, nor is this subarticle intended
to be applied to power-operated valves that are qualified
per th¢ requirements of QV-1200.

QV-20Dp0 PURPOSE

It is| the purpose of Section QV on active valves to
providp requirements for the qualification of the design
of valvies; actuators, and the combmatlon thereof (valve
assembiies): eve < Ard
sis, or a combmatmn thereof in order to provide assur-
ance that the valve assemblies in service will func-tion
as required under all specified operating conditions.

QV-3000 REFERENCES

To avoid inconsistency and duplication, all standards
or codes referenced in this Standard are described in
QR-3000.

L=~y O

extended structure: that portion of a valve assemblly that
extends outward from the centerline of the.pipeline, as
measured from the mating surface onnthe’ valve body;
e.g., on a sliding-stem valve assembly, the extended
structure would include, as a minitmum, the valye bon-
net, yoke, actuator, and all acdessories mounted [on the
actuator assembiy.

maximum motive power: the electrical, fluid, or mec‘:Ianical
power provided whefivoltage or actuator pressufe is at
the highest value for, which the valve assembly ik to be
qualified.

minimum motive power: the electrical, fluid, or mechanical
power provided when voltage or actuator pressupe is at
the lowest value for which the valve assembly i to be
qualified.

motive power: the electrical, fluid, or mechanical [power
required to operate the valve assembly.

normal motive power: the electrical, fluid, or meitrdcal
power provided when voltage or actuator pressupe is at
its normal or nominal value.

operating cycle: the movement of a valve closure mjember
through its full stroke under defined operating [condi-
tions, terminating with a return to the starting pgsition.

valve assembly: a valve-actuator combination inquding
those functional accessories that are directly mounted
thereon. The term valve assembly should be broadly inter-
preted to include power-operated valves, self-ogerated
check valves, and pressure relief valves.

(a) test valve assembly: a valve assembly selected for
qualification testing.

(b) parent valve assembly: a test valve assembly that
hasbeen qualified by all appropriate testing and apalysis
as required by QVP-7000

7 to be
qualified by extension of parent valve assembly qualifi-
cation through the application of the rules contained in
QVC-7000.

(d) qualified candidate valve assembly: a candidate
valve assembly that has completed the qualification
requirements of QVC-7000.

QV-4000.2 Active Self-Operated Check Valves
See QV-4000.1.
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QV-4000.3 Active Pressure Relief Valves

All definitions from QV-4000.1 apply, with the follow-
ing additions: the terminology for pressure relief valves
shall be as defined in ASME PTC 25.3-1988. In aduxuuu,
the following definitions are provided to ensure a uni-
form understanding of selected terms as they are used

in this Standard.

pressure relzef valve a valve that is de51gned to open to
preveni—s ern 2= o 2
specifigd value due to exposure to emergency or abnor-
mal copditions, and to reclose and prevent the further
flow of[fluid after normal conditions have been restored
(it may| also be designed to prevent excessive internal
vacuunm). The valve consists of all functional accessories
mountdd directly thereon. Pressure relief valves may be
further|classified as follows:

(a) self-actuated valve: a valve that is actuated by inlet
static pressure.

(b) externally actuated valve: a valve that is actuated
by extdrnal motive power.

(c) tombined self- and externally actuated valve: a valve
that is (J?ctuated by external motive power and, in the
event of failure of the external motive power, will open
automatically at the set pressure due to inlet static
pressute.

QV-5000 QUALIFICATION REQUIREMENTS
QV-5000.1 Active Power-Operated Valves

(a) ctional qualification shall be demonstrated-by
tests, by analyses, or by a suitable combination(thereof,
based ¢n the requirements provided in thi§ Standard.

(b) As applicable, the functional qualification shall
demonfstrate the following:

(1) valve sealing capability

(2) cold cyclic operability

(3] hot cyclic operability

(4) operability under/maximum pipe-reaction end
loading

(5) operability during and after loading representa-
tive of|the maximum/seismic or vibratory incident [see
QV-5000.1(e)]

(6] flow.intérruption and functional capability

(7) adequacy of the materials of construction to sur-
vive envifonmental and aging effects

A
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(d) A qualification plan (which may be part of the
Functional Qualification Report) shall be prepared in
accordance with QV-8200. A Functional Qualification
Report shall be prepared for each parent valve assembly
in accordance with QV-8310, and an Application Report
shall be prepared for each qualified candidate valve in
accordance with QV-8320.

(e) Appendix QR-A is a nonmandatory appendix for
reference only. Comphance w1th the requlrements of this

. ATDE 3A and
no further consideration of that Appendix is.required
for the qualification of any valves under this Standard;
however, upon agreement with the Owner, Appendix
QR-A may be used to supplement portions of Section
Qv.

QV-5000.2 Active Self-Operated Check Valves

Article QV-5000.1 applies, with the exception of items
QV-5000.1(b)(2) and QV-5000.1(b)(3), which afre not
applicable for active self-operated check valves.

QV-5000.3 Active Pressure Relief Valves

Article @V-5000.1 applies with the following modifi-
cation of\QV-5000.3(b):
(b) As’applicable, the functional qualification shall
demonstrate the following:
(1) valve sealing capability
(2) operability under maximum pipe-reacti
loading
(3) operability during and after loading representa-
tive of the maximum seismic incident [see QV-5000.1(e)]
(4) flow interruption capability
(5) adequacy of the materials of construction/to sur-
vive environmental and aging effects
(6) set point verification
(7) blowdown verification
(8) thermal shock capability.

n end

QV-6000 FUNCTIONAL QUALIFICATION
SPECIFICATION

It is the responsibility of the plant Owner or Owner’s
designee to identify the functional requirements for a
valve assembly. These requirements shall be prpvided
in a specification document prepared in accordange with

(c) Qualification of a parent valve assembly in accor-
dance with this Standard demonstrates that the parent
valve assembly will perform its function for the specified
test conditions and qualifies the parent valve assembly
design for operating conditions shown in the Functional
Qualification Report described in QV-8310. The func-
tional qualification program qualifies the valve assembly
only for the orientation used in the qualification test
program, unless that test orientation can be shown to
be the worst-case orientation for the assembly.

84

A AN A
APPEIAIR V-4,

QV-7000 QUALIFICATION PROGRAM

(a) Section QV provides two basic methods for quali-
fication of a valve assembly. A valve assembly that is a
candidate for qualification may be qualified by a thor-
ough program of testing and analysis to become a quali-
fied parent valve assembly, or it may be qualified by a
rigorous extension of a qualification program that has
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been previously performed on a similar qualified parent
valve assembly.

(b) Article QVP-7000 may be used to provide func-
tional qualification of a parent valve assembly through
a rigorous program consisting of testing intended to
demonstrate that a valve assembly can perform its
required function under conditions specified in the func-
tional specification.

(c) Article QVC-7000 may be used to provide func-

ASME QME-1-~-2002

qualified. To ensure that the parent valve assembly to
be tested is representative of the candidate valves to be
qualified, the manufacturer shall assure that subsequent
candidate valves to be qualified are constructed to qual-
ity levels that are equal to or better than those used for
the parent valve; i.e., all candidate valve materials and
methods of manufacture shall be rigorously controlled
and shall compare favorably with those of the parent
valve. This may be accomplished by conformance with

tional [qualification of a wide range of candidate valve
sizes By extension of parent valve qualification through
demonpstration of design similarity and rigorous analy-

that must be rigorously verified by the results
arent valve testing program, which shows appli-
to the selected candidate valves. This extension
ification is based upon the conditions that both
ent and candidate valves use the same design
t, and that the rules of Article QVC-7000 are fully
satisfi¢d. The use of Article QVC-7000 is not obligatory
in the pense that all valves could be qualified by testing
as par¢nt valve assemblies; however, if Article QVC-7000
is used for the extension of parent valve qualification to
a candidate valve assembly, then all provisions of that
Articleé must be complied with for the candidate valve
i tion.

plication Report, as-described in QV-8320, is then
irpd to provide documentation that each of the pro-
valves is qualified for a specific nuclear plant

Although analysis, per Article QVC-7000, is used
extendively in the extension of parent valve qualification

the appropriate provisions of ASME BPVC Secfion III,
Division 1 and ASME NQA-1.

(b) The parent test valve shall be supported| by its
normal mounting points in such a manner‘as to [permit
testing in accordance with each of the tests outljned in
QVP-7320.

(c) The orientation of the test yalve assembly ghall be
as required by the functional specification; howeyer, the
test valve assembly may be'mounted in a more co
tive, worst-case orientation, provided that a sati
justification for the worst-case orientation de
presented in the Functional Qualification Report.

7000 will be ‘used to extend parent valve qualifi
to various candidate valve sizes, the parent v.
program’ may include measurement instrumentation as
necessary to satisfy all the requirements of that Article.

QVP-7320 Test Sequence

QVP-7320.1 Active Power-Operated Valves
(a) All testing per QVP-7300 shall be performed on

the same parent valve test assembly in the sefuence
listed below except for permissible deviations ljsted in
QVP-7320.1(b). Any other deviations must bp thor-
oughly justified in the Functional Qualification Report.

(1) pretest inspection

(2) fundamental frequency determination

(3) environmental and aging simulation

(4) intermediate inspection

(5) cycle test

(6) intermediate inspection

(7) end-loading test

(8) intermediate inspection

(9) seismic test

(10) intermediate inspection

(11) flow interruption and functional cag

ability

to candidate valves that are similar in construction to
the parent valve, testing as outlined in this Article is
the primary method for qualification of parent valve
assemblies. Certain limited analysis, however, is permis-
sible as outlined in QVP-7400.1.

QVP-7300 Testing

QVP-7310 Installation and Orientation
(a) A parent valve assembly or assemblies shall be
selected as representative of the production valves to be
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demonstration

(12) posttest inspection

(b) In the test sequence above, it may be desirable

to group certain tests or to change the sequence. The
following deviations to the above sequence are permis-
sible:

(1) the fundamental frequency determination may
be combined with the seismic test;

(2) the end-loading test may be combined with the
seismic test [see QVP-7370.1(c)];
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(3) additional testing as required to satisfy the pro-
visions of QVC-7000 may be performed at any point in
the sequence.

QVP-7320.2 Active Seli-Operated Check Vaives.
QVP-7320.1 applies with the exception of items QVP-
7320.1(a)(2), (a)(5), and (a)(9), which are not required
for active self-operated check valves. In addition, the
following paragraph applies:

¢) Those check valves with acj'_]]aﬂng means involv-
(c) (5 ctional perrormance O: € assembly.

ing external weights, springs, or a power actuator whose
purpose is to provide positive closure or to assist in
closurd, and those check valves with an external actuat-
ing deyice whose sole purpose is to provide a means
for in-$ervice testing of operability, may be tested or
qualified by analysis which verifies that the actuating
device Fannot degrade the function or operability during
and after a seismic event.

QVYP-7320.3 Active Pressure Relief Valves

(a) All testing per QVP-7300 shall be performed on
the same parent valve test assembly in the group
sequenice listed below. Individual tests within Group 2
may be¢ conducted in any sequence or in any combina-
tion with other tests within that group. Any deviations
must bg thoroughly justified in the Functional Qualifica-
tion Report.

(1] Group 1

a) pretest inspection
b) performance and leakage (baseline)
(2] Group 2
a) fundamental frequency determination
b) seismic test
c) discharge-pipe and reaction-loading qualifi-
cation [test
d) combined seismic and end-leading test
e) external environment test
f) thermal effects test
(3] Group 3
a) performance and leakage (final)
b) posttest inspection.

QVP17330 Inspection

QYP-7330.1, Active Power-Operated Valves
(a) A pretestinspection per QVP-7331 shall be per-
formed on-the test valve assembly as the first step in
the tes} séquence outlined in QVP-7320. The purpose of
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to assist in the evaluation of the test valve assembly and
provide data relating the functional performance of the
assembly to the various test environments.

(c) A posttest inspection per QVP-7333 shall be per-
formed on the test valve assembly as the last step in the
test sequence outlined in QVP-7320. The purpose of this
posttest inspection is to obtain data for comparison with
the pretest inspection in order to determine what effect,
if any, the sequence of qualification tests has had upon

QVP-7330.2 Active Self-Operated Check Valves. Sce
QVP-7330.1.

QVP-7330.3 Active Pressure Relief Valves

{a) See QVP-7330.1(a).
(b) Intermediate inspection per-QVP-7332 to agsi
evaluation of the test valve may be made at inte
times during the qualification testing program.

that requires maintenance or adjustment of
acceptance of the ‘tést must be evaluated accordi
the limitations. of the test plan. No alterations,

reinitiated. Any maintenance or adjustments s
fully/described and evaluated in the Functional Qualifi-
cdtion Report.

(c) See QVP-7330.1(c).

QVP-7331 Pretest Inspection

QVP-7331.1 Active Power-Operated Valves
(a) The first step in the pretest inspection is td deter-
mine the suitability of the test valve assembly prior to
beginning the actual test program. This inspectign, as a
minimum, shall include a thorough visual examjnation
of the assembly to ensure correct assembly of jall the
components, proper calibration of the assembly, jproper
calibration of all test equipment, security of fadteners,
adequacy of the motive power supply, and appr
ness of all control settings, packing preload, etc
(b) In order to establish baseline functional va
the test valve assembly, pretest functional tes
be performed according to the qualification pl

this pretest inspection is to ensure the appropriateness
of the test valve assembiy and to establish baseline val-
ues for the functional performance of the assembly.
These baseline functional values will then be compared
with the post-test inspection values upon completion of
the test sequence.

(b) Intermediate inspections per QVP-7332 should be
performed on the test valve assembly at intermediate
points throughout the test program as outlined in QVP-
7320. The purpose of these intermediate inspections is

establish the base performance of the valve being tested.
Leakage rates and stroking times measured following
the other tests in the qualification test series shall be
recorded in the Functional Qualification Report for com-
parison with the initial test values in order to establish
a basis for verification of the valve application. In the
event that the user of this Standard intends to use the
rules of QVC-7000 for the extension of qualification to
various candidate valve assemblies, the pretest inspec-
tion should also include the measurement of all critical
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operating clearances as required in QVC-7220.1(h).

(c) The test valve assembly shall be installed in a test
fixture assembly that simulates the actual installation of
the valve assembly as closely as possible. In addition,
the following requirements shall be met:

(1) the test fixture shall permit control of the pres-
surization of both the upstream and downstream flow
ports;

(2) motive power connections shall be functionally

ASME QME-1-2002

to the bonnet cavity, the leakage rates being measured
for each main seat.

(f) The primary stem/shaft-seal leakage shall be
observed at the rated cold working pressure with the
valve in the partially open position to ensure pressuriza-
tion of the valve in the area of the primary stem/shaft
seal. For valves without leak-off connections, primary
stem/shaft-seal leakage shall be observed and the leak
rate estimated. For valves with leak-off connections,

equivallent to an actual installation;

(3) orientation of the valve assembly shall be as
requirgd to satisfy the provisions of QVP-7310;

(4) provision shall be made to measure main-seat
leakagp as stipulated in QVP-7331.1(e);

(5) provision shall be made to observe primary
stem/shaft-seal leakage as stipulated in QVP-7331.1(f);

(6) provision shall be made to measure valve cycle
strokirlg time in both the opening and closing directions
as requiired in QVP-7331.1(h);
the test working fluid may be water (that may
a corrosion inhibitor), steam, air, or an inert
hichever is appropriate to simulate worst-case

the rated pressure of the valve, but_in any
ese test pressures determine the qualification

test pressures may be established with sufficient
to allow for the qualification-of other candidate

For reason, the selected test-pressures may be con-
servatijvely chosen to be equal to the rated pressure of
the valve

(e) For measuremént-of main-seat leakage, a valve
closure shall be effected by the actuator using minimum
motive power,cand the maximum seat-sealing differen-
tial tegt pressuré shall be established. Pressure on one
side of| the-closure shall be relieved to establish a differ-
ential pressure in the specified flow direction, or in the

leakage at the leak-off connections shall be measured
and recorded. For valves utilizing diaphragms”pr bel-
lows to achieve zero stem/shaft-seal leakage, the test
shall be performed so as to demonstrate the pfessure
integrity of the bellows or diaphragm seal. In all cases,
regardless of the stem/shaft-seal construction, the intent
of this test is to demonstrate ‘the’ pressure integrity of
the primary stem/shaft-seal arrangement. The|initial
primary stem/shaft-seal-leakage test shall be performed
after fully cycling theitest'valve assembly ten times. The
leakage rate test duration shall be adequate to det¢rmine
the leakage rate, but no less than 5 min.

(g) An initial ‘baseline cold-cycle stroking tie test
shall be performed in order to provide a basis for com-
parison with stroking time tests conducted thro
the test'sequence. The actual value of the stroki
for the test valve is not important here because:

specific candidate valve assemblies; and

(2) the test valve is not being qualified for a
stroking time.

Stroking time can be varied for many valve
bly styles by control system changes, and th
should be checked for a particular application
on the specific production valve assembly at
of manufacture. It should be realized, however,

in the remainder of the test sequence have any deleteri-
ous effects upon the stroking capability of thg valve
assembly. It is common for a valve assembly tp have
quite different stroking times for each direction of/ travel.
The most important parameter to evaluate for the basis

most adverse direction for bidirectional valves. For
example, a globe valve with an unbalanced disk, when
the design is such that flow tends to open the valve
disk, shall be seat-leak tested with pressure applied on
the upstream side of the disk. Leakage shall be collected
from the low pressure side of the closure or otherwise
measured by appropriate means. The test period shall
be a minimum of 5 min or longer as deemed adequate
to establish the leakage rate. For double-disk gate valves,
the selected seat-sealing test pressure may be applied

87

of qualification is the stroking time in the direction of
the defined function (i.e., whether the valve is expected
to stroke closed or stroke open during postulated acci-
dent conditions).

(h) The baseline cold-cycle stroking time test
described in QVP-7331.1(g) shall consist of one full
operating cycle using normal motive power and one
full operating cycle using minimum motive power. Both
cycles are to be performed at normal room temperature,
not to exceed 100°F (38°C). With the valve fully open,
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the valve body is pressurized at the selected test pres-
sure, and a valve closure is initiated and timed. One
side of the closure is then depressurized to establish the
test differential operating pressure in the specified flow
direction, or in the most adverse direction for bidirec-
tional valves {see QVP-7331.1(e)]. An opening is then
initiated and timed. Differential pressure need not be
maintained after the test valve assembly is unseated.

QUALIFICATION OF ACTIVE MECHANICAL EQUIPMENT USED IN
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parent valve being tested. For this reason, the selected
test pressures may be conservatively chosen to be equal
to the rated pressure of the valve.

(e) The valve shall be pressurized in a direction tend-
ing to seat the disk. Leakage shall be collected from the
opposite side of the closure or otherwise measured by
appropriate means. The test shall be a minimum of 5

min or a longer period deemed adequate to measure
the leakage rate.

e first step in the pretest inspection is to deter-
e suitability of the test valve assembly prior to
g the actual test program. This inspection, as a
minimpm, shall include a thorough visual examination
of the ssembly to ensure correct assembly of all the
compohents, proper calibration of the assembly, proper
calibration of all test equipment, security of fasteners,
adequdcy of the motive power supply, and appropriate-
ness of all control settings.

(b) In order to establish baseline functional values for
the test valve assembly, pretest functional tests shall be
performned according to the qualification plan. The initial
valve leakage establishes the base performance of the
valve being tested. Leakage rates measured following
the other tests in the qualification test series shall be
recorded in the Functional Qualification Report for com-
parison with the initial test values in order to establish
a basis| for verification of the valve application.

(c) The test valve assembly shall be installed in a test
fixture|assembly that simulates the actual installation of
the valve assembly as closely as possible. In addition,
the following requirements shall be met:

(1} The test fixture shall permit control of.the pres-
surization of both the upstream and downstréam flow
ports.

(2) Motive power connections shall'be functionally
equivalent to an actual installatior.

(3} Orientation of the valve assembly shall be as
required to satisfy the provisions of QVP-7310.

(4} Provision shall be_ made to measure main-seat
leakagg as stipulated in.QVP-7331.2(e).

(5) Provision shall be made to observe primary
shaft-seal leakage as stipulated in QVP-7331.2(f).
The test-working fluid may be water (that may
a corrosion inhibitor) steam, air, or an inert gas,

mum test seat-seahng d1fferent1a1 pressure shall be
defined in the qualification plan and documented in
the Functional Qualification Report. The valve-body test
pressure and the seat-sealing test pressure used in this
test may be equal to or less than the rated pressure of
the vaive, but in any event, these test pressures deter-
mine the qualification pressure rating for the parent
valve test assembly. The selected test pressures may be
established with sufficient margin to allow for the quali-
fication of other candidate valves that are similar to the
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(f) For check valves having sealed shafts, shaft-seal
leakage shall be observed at cold working presstife with
the valve in the partially open position. For valvef with-
out leak-off connections, shaft-seal leakage shall be
observed and the leak rate estimated. For valves with
leak-off connections, leakage at the‘leak-off connection
shall be measured and recorded/If the sealed shpft is a
moving part, the initial shaft-seal leakage test shall be
performed after fully cyeling the test valve asse
times. The leakage rate test duration shall be adequate
to measure the leakage rate, but no less than 5 ini

QVP-7331.3 Active Pressure Relief Valves
(a) The firststep in the pretest inspection is to deter-
mine the suitability of the test valve assembly prior to
beginning the actual test program. This inspectign, as a
minimum, shall include a thorough visual examjnation
of.the assembly to ensure correct assembly of |all the
components, proper calibration of the assembly, jproper
calibration of all test equipment, security of fagteners,
adequacy of the motive power supply, and apprdpriate-
ness of all control settings.
(b) In order to establish baseline functional values for
the test valve assembly, pretest functional tests ghall be
performed according to the qualification plan.

QVP-7332 Intermediate Inspections

QVP-7332.1 Active Power-Operated Valves. At
each of the intermediate inspection test points sgecified
in the test sequence of QVP-7320.1, the valve asgembly
shall be fixtured according to QVP-7331.1(c), followed by
the main-seat leakage test of QVP-7331.1(e), the primary
stem/shaft-seal leakage test of QVP-7331.1(f), gnd the
cold-cycle stroking time test of QVP-7331.1(h). Tgst data
for these intermediate inspection tests shall be rgcorded
in the Functlonal Quahﬁca’aon Report for comparison

QVP-7332.2 Active Self-Operated Check Valves.
QVP-7332.1 applies with the exception of the reference
to the stroking time test of QVP-7331.1(h).

QVP-7332.3 Active Pressure Relief Valves. Data
for intermediate inspections as required by the qualifica-
tion plan shall be recorded in the Functional Qualifica-
tion Report for comparison with the baseline data from
QVP-7331.3.
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QVP-7333 Posttest Inspection

QVP-7333.1 Active Power-Operated Valves

(a) Upon completion of the complete test program,

the valve assembly shall be fixtured according to QVP-
7331.1(c), followed by the main-seat leakage test of QVP-
7331.1(e), the primary stem/shaft-seal leakage test of
QVP-7331.1(f), and the cold-cycle stroking time test of
QVP-7331. 1(h) Test data for these posttest mspectlon
tests she :
Report for companson w1th the baselme data from QVP—
7331.1] The basis for qualification shall include confor-
mance| to the functional performance criteria for main-
seat lgakage, primary stem/shaft-seal leakage, and
stroking time, following completion of the qualification
test prpogram.

(b) Upon completion of the tests in QVP-7333.1(a),
valve assembly shall be disassembled and thor-
inspected. Any significant damage or changes
recorded and evaluated in the Functional Quali-
Report described in QV-8310.

QVP-7333.2 Active Self-Operated Check Valves.
33.1 applies, except for the references to QVP-
7331.1{f) and (h), which are not applicable to active self-
operated check valves.

QVP-7333.3 Active Pressure Relief Valves. Upon
completion of the complete test program, the valve
assembly shall be disassembled and thoroughly
inspected. Any significant damage or changes shall be
recordpd and evaluated in the Functional Qualification
Report described in QV-8310.

QVP;:7340 Fundamental Frequency Determination
QYP-7340.1 Active Power-Operated.Valves

frequepcy, no resonant amplification of the motion will
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QVP-7340.2 Active Self-Operated Check Valves. See
QVP-7340.1 except as noted in QVP-7320.2(c).

QVP-7340.3 Active Pressure Relief Valves. See QVP-
7340.1.

QVP-7341 Test Methods

QVP-7341.1 Active Power-Operated Valves
(a) Test Method Selectzon If a structure 1s temporarlly
: ratory
manner at its fundamental frequency untll the ipternal
damping dissipates the energy of the input-disturbance
and brings the structure to rest. If the structure is fontin-
uously disturbed in a cyclic manner, the struc will
exhibit an increase in its motion when the frequéncy of
the driving input matches the fundamental frequency
of the structure. There are a number of technique$ using
one or both of these facts to'determine the fundamental
frequency of a valve assembly. Acceptable meth¢ds are
described below. As applicable, the valve stroke
shall be determined'by experimentation so that
est possible fundamental frequency is obtained, gnd the
valve assembly, shall be tested independently in gach of
three mutaally perpendicular directions along ¢ach of
the major axes of the valve assembly.

(b) “Snap-Release Method

1) This technique involves rigidly mounting the
valve assembly by its normal mounting points (fisually
the valve body ends), and then applying a side lpading
force to the valve extended structure using a stepl wire
and turnbuckle arrangement, or some similar apparatus.
(2) This restraining apparatus shall then be cut or
rapidly released to allow the valve assembly to vibrate at
its fundamental frequency. A suitable recording|device
shall be used to record the output of an accelerpmeter
attached to the extended structure of the valve asgembly.
(3) Counting the average number of cyfles in
1 sec on this accelerometer recording will determine the
fundamental frequency of the valve assembly.
(4) This method of testing will work well ih most
instances; however, the recording may be difficult to
interpret when several higher frequency modes are
superimposed on the fundamental frequency.
(5) To implement this method, the valve assembly
must be rigidly mounted by its normal mounting points
(usually the valve body ends) to a large inertigl mass
that can effectively provide inertial isolation from the

result. The results of this fundamental frequency deter-
mination are used to classify the valve assembly as flexi-
ble or rigid per the requirements of QVP-7380.1.

(c) The fundamental frequency determination for any
candidate valve assembly or component can be made
by analysis per the requirements of QVC-7300, or by
test using the methods of QVP-7341.1; however, the fun-
damental frequency determination for all parent valve
test assemblies shall be made using the test methods of
QVP-7341.1.

surrounding environment.
(c) Vibration Table Method

(1) This technique involves rigidly mounting the
valve assembly by its normal mounting points (usually
the valve body ends) to a vibration shake table capable of
providing pure sinusoidal motion in a single direction.

(2) Vibrate the valve assembly using a sinusoidal
frequency sweep from 5 Hz to the maximum qualifica-
tion frequency, and an input amplitude sufficiently high
to excite resonance of the structure.
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(3) In no case shall the maximum vibration fre-
quency be less than 40 Hz, nor shall the input amplitude
be less than 0.2 g. In addition, the input frequency sweep
rate shall not exceed one octave per minute.

(4) One input accelerometer shall be mounted on
the test valve mounting fixture at a location where it
interfaces with the test valve assembly, and a response
accelerometer shall be mounted centrally on the test
valve assembly, preferably near the center of gravity of
the val{e extended structure. These accelerometers s
be alignjed with each other and oriented so as to measure
motion| along the input axis.

(5)| The fundamental frequency of the valve assem-
bly is defined as the lowest frequency at which the out-
put acfeleration response value exceeds the input
accelergtion value by a factor of three or more.

(d) [Fast Fourier Transform Method

(1) The fast Fourier transform method, otherwise
known| as the FFT method, uses a digital signal-pro-
cessing| device to collect vibration input and response
data apd then transform this data from the real time
dorn.azll to the frequency domain in order to allow easier
interpretation.

(2) Most FFT devices can then display the data as
a Bode| diagram (amplification and phase shift versus
frequency), co-quad diagram (real and imaginary com-
ponents versus frequency), or Nyquist diagram (real
compohent versus imaginary component), as well as
displaying the original input and output data versus
time.

3
differe
diagr

Although all of these displays can be useful-for

t purposes, the co-quad diagram or:the' Bode
are the most useful for determining the funda-

mental| resonant frequency of the valve assembly.

(4) To implement this method, the-valve assembly
must bp rigidly mounted by its normal mounting points
(usuai the valve body ends) to'a’large inertial mass
that can effectively provide inertial isolation from the
surroupding environmenty

(5] The vaive assembly is then given a measured
input pxcitation and/the resulting valve assembly
responge is measured with a centrally located accelerom-
eter, preferablynear the center of gravity of the extended
structure.

(6] The input excitation can take several forms. It
can be p measured force impulse using a specially instru-
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(7) The fundamental frequency of the test valve
assembly is the lowest frequency when:

(a) the co-quad diagram shows a definite peak
response on one component display coinciding with a
definite zero-crossing on the other component display,
and/or

(b) the Bode diagram shows a peak in the ampli-
tude-versus-frequency display coinciding with a 90 deg
phase shift in the phase-versus-frequency display.

produce a constant-amplitude sinusoidal force
be used to excite the valve assembly.

that can effectively, provide inertial isolation fr¢m the
surrounding environment.

(3) The constant-force vibration drive mechanism
shall be attached as close as possible to the cehter of
gravity of.the valve assembly extended structure.

(4)> A response accelerometer shall be mounted cen-
trally)on the test valve assembly, preferably near the
cénter of gravity of the valve extended structute, and
as close as possible to the point of attachment|of the
driving force, or on the side of the assembly directly
opposite from the driving force. This accelerometer shall
be aligned so as to measure motion along the inppt axis.

(5) Vibrate the valve assembly using a copstant-
amplitude sinusoidal frequency sweep from 5 Hz to the
maximum qualification frequency, with an inpyt force
amplitude sufficiently high to excite resonance| of the
structure.

(6) In no case shall the maximum vibratipn fre-
quency be less than 40 Hz. In addition, the input fre-
quency sweep rate shall not exceed one oct
minute.

valve assembly is defined as the lowest frequency at

which the output acceleration experiences a signifi

and sharply defined increase in amplitude.
(8) Because of the unknown inertial properties of

mented hammer with built-in force transducer or, alter-
natively, it can be a random vibration input provided
by a small vibration machine attached to the valve
assembly or provided by mounting the valve rigidly on
a large vibration shake table. The measured input can
be either force or acceleration measured at the point of
input to the valve assembly. The FFT machine collects the
input and response data, transforms it into the frequency
domain, and displays it in any of the diagrams pre-
viously mentioned.

90

the valve assembly being tested, it is impossible to estab-
lish an exact amplitude criterion, as was done in QVP-
7341.1(c)(5); however, by monitoring both the force input
signal and the acceleration response on a two-channel
oscilloscope, it is possible to determine the resonant
frequency by observing the 90 deg change in input/
output phase relationship from the Lissajous pattern on
the oscilloscope.

(9) Since the accuracy of this method is dependent
upon the ability of the vibration system to maintain a
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constant input force, it is extremely important to monitor
the force input to ensure that it remains constant
throughout the frequency sweep range.

QVP-7341.2 Active Self-Operated Check Valves.
See QVP-7341.1 except as noted in QVP-7320.2(c).

QVP-7341.3 Active Pressure Relief Valves. See
QVP-7341.1.

ASME QME-1-2002

environmental effects, and when normal in-service test-
ing practices prescribed by ASME Section XI provide
adequate corrective action to compensate for any degra-
dation due to environmental or aging effects.

(d) Qualification of plastic or elastomeric materials
that are used in essential-to-function parts requires expo-
sure to radiation and thermal aging environments that
are equivalent to the maximum for which the valve is
to be qualified. This radiation and thermal aging qualifi-

QVPF7350 Environmental and Aging Simulafion

(a) Yalve assemblies generally covered by this Section
are chgracterized by the use of metal for all components
that provide the pressure-containing boundaries and
operating load bearing or transmitting functions. The
use of [metal in valve components provides basic assur-
ance against loss of operability from environmental and
aging pffects, such as radiation, elevated temperature,
and impinging chemical sprays; however, due consider-
ation rhust be given to the aging mechanisms associated
with the effects of corrosion, erosion, and fatigue. These
aging leffects on metal components are addressed in

ined to the internal surfaces of the pressure-
ing parts that are in contact with the process fluid,
this aging phenomenon is adequately addressed
through the design provisions prescribed in ASME
BPVC Bection III. Likewise, the aging effects of corrosion
on the|internal surfaces of the pressure:retaining parts
are alsp accounted for by the design provisions of ASME
BPVC |Section III; therefore, the ‘main concern of this
Standdrd should be toward theaging effects of corrosion
on the structural integrity-of-any essential-to-function
parts pther than the presstre-retaining components.
Since rfuclear power plants have relatively clean ambient
environments during)normal operation, the long-term
aging pffect dueto"corrosion of structural members is
relativply insignificant. In addition, normal good design
practide incorporates some margin in the initial design
of the pomponents. These considerations, coupled with

cation shall be performed as specified in Appendix QR-
B, followed by functional tests of the valve(ass
per QVP-7320. It is preferred that the radiation

lation.
(e) If electric actuators aré-used, whose perfo
may be degraded when exposed to various envir

essential*to-function parts that are made of met
not undergo prior testing per IEEE Std 382. In a

(f In addition to the hot- and cold-cycle
tests described in QVP-7360, test and /or analys

the design life of any essential-to-function pa
as springs or gears, that experience cyclic stre
their normal operation (see QVP-7400.1).

QVP-7360 Cycle Testing

QVP-7360.1 Active Power-Operated Valves. Cycle
testing demonstrates the capability of the tesf valve
assembly to open and close under adverse combinations
of motive power, system pressure, and temperature.
Cycle testing is performed at both hot and cold |condi-
tions.

QVP-7360.2 Active Self-Operated Check Valves. Not
applicable to active self-operated check valves.

QVP-7360.3 Active Pressure Relief Valves. Not
applicable to active pressure relief valves. T

the fact that the seismic Ioading tests of this Standard
(see QVP-7381) require adjustments to compensate for
variability in material and geometric properties, provide
reasonable assurance against loss of operability due to
corrosion.

(c) The use of nonmetallic materials is frequently con-
fined to nonessential-to-function components or compo-
nents involving substantially total confinement in
compressive loadings, as in stem/shaft-seal packing and
in joint sealing gaskets when there is little concern for
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QVP-7361 Cold Cycle Functional Test

QVP-7361.1 Active Power-Operated Valves

(a) The cold cycle functional test shall be performed
at room temperature conditions not exceeding 100°F
(38°C).

(b) The test valve shall be placed in a fixture per QVP-
7331.1(c).

(c) Three full operating cycles shall be performed with
the test valve depressurized and utilizing the maximum
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motive power for actuation. Stroking time shall be mea-
sured separately for each half of the cycle for comparison
with the baseline measurement of QVP-7331.1(h).

(d) Three full operating cycles shall also be performed
utilizing minimum motive power. With the valve fully
open, the valve body is pressurized at the selected test
pressure, and a valve closure is initiated and timed. One
side of the closure is then depressurized to establish the
test differential operating pressure in the specified flow

QUALIFICATION OF ACTIVE MECHANICAL EQUIPMENT USED IN
NUCLEAR POWER PLANTS

timed. Differential pressure need notbe maintained after
the test valve assembly is unseated. Stroking time mea-
surements for each half of the cycle shall be recorded
for comparison with the baseline measurement of QVP-
7331.1(h).

(e) Three full operating cycles shall be performed uti-
lizing minimum motive power for valve actuation. With
the valve fully open, the valve body is pressurized at
the selected test pressure. When it is ensured that all

directidn, or in the most adverse direction for bidirec-
tional yalves [see QVP-7331.1(e)]. An opening is then
initiatefl and timed. Differential pressure need not be

VP-7361.3 Active Pressure Relief Valves. Not
le to active pressure relief valves.

-7362 Hot Cycle Functional Test

VP-7362.1 Active Power-Operated Valves
e hot cycle functional test is only required when
either gf the following two conditions exist:

(1)[ if the valve is to be qualified for fluid tempera-
ture in[excess of 200°F (93°C); or

(2)| if the test valve has essential-to-function compo-
nents mhade of plastic or elastomeric materials that will
operatq in service at temperatures in excess of (100°F
(38°C).

(b) The hot cycle functional test shall be performed
at a quplification temperature such that all portions of
the entre valve assembly are subjected'to temperatures
that arp at least as great as expected’ when the valve
assembly is operating at the specified service tempera-
tures. Ih no case shall the testtemperature be less than
the appropriate temperatures-from QVP-7362.1(a).

(c) The test valve shall be'installed in a test fixture as
specifigd in QVP-733L.1(c). Provision shall also be made
for regulating the.working fluid temperature and/or
the termiperature of the test valve assembly.

d) initial\test run shall be made consisting of one
full opgrating cycle utilizing normal motive power. With
the valyve(fully open, the valve body is pressurized at

portions of the entire valve assembly, includihg the
working fluid, are subjected to temperatures thaf are at
least as great as expected when the valve‘assembly is
operating at the specified service temperatares, g valve
closure is initiated and timed. One/side of the dlosure
is then depressurized to establish\the test differential
operating pressure in the specified flow directior], or in
the most adverse direction for bidirectional valves [see
QVP-7331.1(e)]. An openingis then initiated and timed.
Differential pressure need not be maintained aaer the

test valve assembly s tinseated. Stroking time mdasure-
ments for each half of the cycle shall be recorded for
comparison with the baseline measurement off QVP-
7331.1(h).

(f) A final test run is begun with the valve open, the
test valve pressurized at the selected test pressufe, and
all portions of the entire valve assembly, including the
working fluid, subjected to temperatures that are at least
as great as expected when the valve assembly is
operating at the specified service temperatures. A valve
closure is then initiated using the maximum 1potive
power and the closure timed. With the valve closed, the
test valve and fixture shall be allowed to cool to steady
state equilibrium with ambient air, no higher than 100°F
(38°C). One side of the closure is then depressurjzed to
establish the test differential operating pressure|in the
specified flow direction, or in the most adverse difection
for bidirectional valves [see QVP-7331.1(e)]. An opening
is then performed using minimum motive power for
actuation, and the opening timed. Differential pyessure
need not be maintained after the test valve assernbly is
unseated. Stroking time measurements for each fhalf of
the cycle shall be recorded for comparison with the base-
line measurement of QVP-7331.1(h).

QVP-7362.2 Active Self-Operated Check Malves.
Not applicable to active self-operated check valyes.

the selected test pressure. When it is ensured that all
portions of the entire valve assembly, including the
working fluid, are subjected to temperatures that are at
least as great as expected when the valve assembly is
operating at the specified service temperatures, a valve
closure shall be initiated and timed. One side of the
closure is then depressurized to establish the test differ-
ential operating pressure in the specified flow direction,
or in the most adverse direction for bidirectional valves
[see QVP-7331.1(e)]. An opening is then initiated and
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QVP-7362.3 Active Pressure Relief Valves. Not
applicable to active pressure relief valves.

QVP-7363 Performance and Leakage Test (Self-
Actuated)

QVP-7363.1 Active Power-Operated Valves. Not
applicable to active power-operated valves.

QVP-7363.2 Active Self-Operated Check Valves.
Not applicable to active self-operated check valves.
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QVP-7363.3 Active Pressure Relief Valves

(a) The performance and leakage test is intended to
establish an operability baseline that will be used
throughout the functional qualification test program to
demonstrate acceptability of the test valve assembly dur-
ing and after exposure to the qualification loading tests.
For the initial performance and leakage test series, it is
intended that valve setup adjustments may be made
to bring valve performance in line with the functional

ASME QME-1-2002

with sufficient flow capability to adequately test the
valve. The facility shall also provide the appropriate
motive power for actuation. Instrumentation shall be
provided as applicable to record pressures, ambient and
fluid temperatures, valve position, valve travel time,
input power (i.e., volts, amps, air pressure, hydraulic
pressure, etc.), and valve stem and seat leakage.

(c) The test valve assembly shall be operated (open
and closed) at the specified inlet pressure, and static

specifidation requirements. No further adjustment shall
be allowed during or following qualification testing
unless ppecifically allowed by the test plan.

(b) The test valve assembly shall be installed in a test
facility |having the capability of providing pressurized
test fluld as required per the test plan to the valve inlet
with sufficient flow capability to adequately test the
valve. Instrumentation shall be provided to record, as a
minimym, pressures, ambient and fluid temperatures,
valve spat leakage rate, and valve lift.

(c) Appropriate valve thermal stabilization shall be
achievgd. Adjust valve set pressure and blowdown pres-
sure as(specified in the test plan. Test media shall be as
defined in the test plan. Following valve setup, the test
valve assembly shall be cycled through a minimum of
three complete cycles, recording applicable data.

(d) Unless otherwise specified in the test plan, con-
duct of|the seat leakage test shall be performed as noted
below.

(1) Appropriate valve thermal stabilization shall
have b¢en achieved.

(2)| Leakage measurement shall be performed with
the sperified differential pressure applied for the speci-
fied pefiod to establish and record the seat(leakage.

QVP-7364 Performance and Leakage Test (Exter-
nally Ac¢tuated)

DVP-7364.1 Active Power-Operated Valves. Not
le to active power-operated valves.

VP-7364.2 Active Self-Operated Check Valves.
Not applicable to active'self-operated check valves.

applic

VP-7364.3. Active Pressure Relief Valves
(a) The perfofrmance and leakage test is intended to
establish an opérability baseline that will be used
throughout-the functional qualification test program to
demongtrate acceptability of the test valve assembly dur-

and/or dynamic backpressure. Cycle the valve a|mini-
mum of three times for each motive powercondlition,
recording the applicable data. The power-failure mode
shall be tested, if applicable.

(d) With the test valve assembly in‘the closed pgsition
(for valves using external motive power for closurd, min-
imum motive power shall be used), increase inlef pres-

differential presstre. For valves without leak-off ¢
tions, packing leakage shall be observed and thg leak
rate estimated. For valves with leak-off connedtions,
leakageat the leak-off connections shall be medsured
and recorded.

QVP-7370 End-Loading Test

QVP-7370.1 Active Power-Operated Valves
(a) The pipe-reaction end-loading test is intengled to
demonstrate operability of the test valve assembly|while
being subjected to all pipe end-loading forces for which
the valveis to be qualified, along with the normal service
loads, which include pressure and deadweight.
(b) The end-loading test is not required if:
(1) the intended application for the valve does not
impose significant end-load reactions (e.g., a drair| valve
with piping attached to one end of the valve dops not
impose significant loading); or
(2) the valve is designed to be installed in piping
by bolting the valve between pipe flanges, and thd valve
body has a generally cylindrical cross section (gxcept
for through bolting holes and a provision for actuator
mounting and entrance of the valve stem/shaft) of such
proportions that the length of the valve body parallel
to the pipe run is equal to or less than the inside digmeter

ing and after exposure to the qualification loading tests.
For the initial performance and leakage test series, it is
intended that valve setup adjustments may be made
to bring valve performance in line with the functional
specification requirements. No further adjustments shall
be allowed during or following qualification testing
unless specifically allowed by the test plan.

(b} The test valve assembly shall be installed in a test
facility having the capability of providing pressurized
test fluid as required per the test plan to the valve inlet
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of the valve (e.g., a wafer-style butterfly valve).

(c) The end-loading test may be combined with the
seismic test of QVP-7380.1 or it may be conducted sepa-
rately, depending upon which option represents the
worst-case operability condition. The Functional Quali-
fication Report must contain justification for the option
chosen for each test valve.

(d) The test valve assembly shall be installed in a test
fixture as specified in QVP-7331.1(c), with end pieces
capable of transmitting the test end loading. The test
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arrangement may be such that a constant moment is
applied over the entire length of the valve body, and
that the valve body is subjected to at least the normal
axial tensile forces produced in the end closures by the
simultaneous application of full test pressure in the
valve and connecting piping. Alternative arrangements
that impose shear loadings and variable moments over
the length of the valve body are acceptable, provided
that the moment is at least equal to the minimum

QUALIFICATION OF ACTIVE MECHANICAL EQUIPMENT USED IN
NUCLEAR POWER PLANTS

SMYS = specified minimum yield strength for the
valve body material, psi

(h) With the valve in the open position, the initial test
operating pressure from QVP-7370.1(e) is established in
the valve assembly, and while this pressure is main-
tained, the initial test loading moment from QVP-
7370.1(f) and (g) is applied to the valve assembly. This
test, using the largest possible loading moment and pres-

sure, is intended to simulate any deformation of the

c L] v ].VC UUU)’ L1ITC I-CDI. l.ll.UlLlCLll
e apphed in the plane and mode most likely to
ely affect test valve assembly operability. For most
globe valves, this is normally considered to be
ane of the valve stem and pipe centerlines, and
g to close the bonnet bore.
itially, the test operating pressure should be at

gher pressure rating classifications. In order to
e worst-case pressure condition during the ini-

shall be at least equal to the maximum possible moment
that thq specified piping can apply to the valve without
yielding the pipe. For convenience in describing this
initial moment, reference is made to NB-3545.in-ASME
Section| III; however, it should be emphasized that this
method applies to valves of all ASME ¢lasses for pur-
poses ¢f this end-loading test. The initial moment M
shall b¢ at least equal to F,S, as defined in NB-3545.
(g) Due to tolerances and material variations, the test
valve body may be stronger than the minimum allow-
able dgsign conditions. Therefore, the initial loading
momerjt M determined in QVP-7370.1(f) shall be further
increased by a factor Ky determined by the following
ratio:

5,Gim

K =
17 (SMYS)Gy

such that\the initial loading moment M = K;F,S, where

valve body that might result from an accidental siinulta-
neous application of the maximum pressure(and| maxi-
mum possible loading moment that the attached piping
can impart to a valve of minimum material properties
and minimum dimensions.

(i) In order to provide a more realistic loading fcondi-
tion on the valve during the valve-closure test, the end-
loading moment is reduced 4o the maximum valtie that
the attached piping couldiimpart to the valve and still
remain within the ASME Code allowable stresses for
the piping. For simplicity, this reduced loading moment
is approximated by’reducing the end-loading mpoment
to two-thirds-of\the initial moment obtained in| QVP-
7370.1(f) and (g). In order to provide a more re¢alistic
pressuré.condition for which the valve actuator is
designed'to operate against, the test pressure from QVP-
7370:4e) is then reduced to the maximum desigh pres-
sure for which the valve is to be qualified. Al valve
closure cycle is then effected using minimum motive
power for the actuator. The closure time shall be
observed and recorded for comparison with the baseline
measurement of QVP-7331.1(h). Following clogure, a
valve main-seat leakage test shall be conducted injaccor-
dance with QVP-7331.1(e).

(j) With the test loading moment at the samsg
as in QVP-7370.1(i), a valve opening is made ufilizing
minimum motive power with maximum closure|differ-
ential pressure for which the test valve assembly is to
be qualified. This pressure differential shall be jgphed
in the specified flow direction, or in the most adverse
direction for bidirectional valves [see QVP-7331.1(e)].
Differential pressure need not be maintained affer the
test valve assembly is unseated. During this opsgration,
the opening time shall be observed and recorded for
comparison with the baseline measurement of QVP-
7331.1(h).

value

S, = actual test bar yield strength of the body
material, psi (MPa)

valve body section bending modulus at the
valve crotch region (defined as G, in NB-
3500, ASME BPVC Section Ill) based on the
actual measured dimensions, in.> (mm?)
valve body section bending modulus at the
valve crotch region (defined as G; in NB-
3500) based on minimum drawing dimen-
sions, in.® (mm?)

Gbm
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QVP-7370.2 Active Self-Operated Check Valves
(a) See QVP-7370.1(a).
(b) See QVP-7370.1(b).
(c) See QVP-7370.1(c).
(d) See QVP-7370.1(d).
(e) See QVP-7370.1(e).
() See QVP-7370.1(f).
() See QVP-7370.1(g).
(h) See QVP-7370.1(h).
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(i) In order to provide a more realistic loading condi-
tion on the valve during the valve closure test, the end-
loading moment is reduced to the maximum value that
the attached piping could impart to the valve and still
remain within the ASME Code allowable stresses for
the piping. For simplicity, this reduced loading moment
is approximated by reducing the end-loading moment
to two-thirds of the initial moment obtained in QVP-
7370.2(f) and (g). In order to provide a more realistic

ited. Following closure, a valve main-seat leakage
all be conducted in accordance with QVP-
7331.1(¢). Finally, with the test loading moment at the
same rgduced value, a valve opening is made.

(j) Pgrformance of this test requires that a test exercis-
ing me¢hanism be provided to enable the cycling of the
disk from fully closed to fully open to fully closed again.
The er)t(Jrcising mechanism shall be designed so that it
i minimal additional loads to the valve, allowing
valve movement to be observed, and so it can
e be determined that the valve is free of any

bjected to discharge-pipe, end-load forces for
e test valve assembly is to be qualified.
e magnitude and direction of (the discharge-

ith provisions for applying the test loading.
hall be verified through instrument readout or

(1)| Self-Actuated. With the discharge-pipe static
test load applied.to the valve, the test pressure shall be
applied to the wvalve inlet for seat leakage testing as
specifigd in"QVP-7363.3(d). Record the results. The test
valve shall then be operationally tested as specified in

ASME QME-1-2002

QVP-7380 Seismic Test

QVP-7380.1 Active Power-Operated Valves

(a) The seismic test is intended to demonstrate the
operability of a test valve assembly when subjected to
a loading that is representative of the specified seismic
load qualification level.

(b) The qualification test method shall be determined
by whether the test valve assembly is flexible (i.e., has

g £ orrigid (ie.,
has a f-undamental frequency greater than or eq al to
33 Hz) in its least rigid axis. If the test valve ass¢mbly
has a fundamental frequency of 33 Hz or greafer, as
determined by QVP-7340.1, it shall be seismically guali-
fied by testing in accordance with!@QVP-7381.1. [If the
test valve assembly has a fundamenital frequency less
than 33 Hz, as determined by ‘QVP-7340.1, it shall be
seismically qualified by testing in accordance with
QVP-7382.

(c) Complex actuators, such as electric actuptors,
hydraulic actuators,’or large pneumatic piston yotary
actuators, etc.,;whose operability depends to 4 high
degree upon the interdependence of many internaljparts,
shall have ‘undergone seismic qualification testing in
accordance* with the applicable portions of IEEE Std
344 prior to meeting the requirements of this S¢ction.
Simpler actuators, such as spring-return diaphmagm/
piston types, which have a minimum of internal| parts
and whose operability is more dependent upon its(struc-
tural characteristics, are exempt from the IEEE S{d 344
prequalification if the test valve assembly is rigid per
the definition of QVP-7380.1(b).

(d) All essential-to-function accessories shhll be
attached to the valve assembly to satisfy the rigidity
requirements of QVP-7380.1(b). The essential-tojfunc-
tion accessories that have not been previously qualified
in accordance with IEEE Std 344 as part of the acfuator
assembly shall be seismically qualified by test in pccor-
dance with the test section of IEEE Std 344.

QVP-7380.2 Active Self-Operated Check Valves. Not
applicable to active self-operated check valves.

QVP-7380.3 Active Pressure Relief Valves. See|QVP-
7380.1.

QVP-7381 Rigid Valve Assemblies
QVP-7381.1 Active Power-Operated Valves

QVP-7363.3(c). Record all applicable data. Repeat the
seat leakage test as specified in QVP-7363.3(d).

(2) Externally Actuated. With the discharge-pipe
static load test applied to the valve, the test pressure
shall be applied to the valve inlet for seat leakage testing
as specified in QVP-7364.3(d). Record the results. The
test valve shall then be operationally tested at minimum
motive power as specified in QVP-7364.3(c). Record all
applicable data. Repeat the seat leakage test as specified
in QVP-7364.3(d).
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(a) The valve manufacturer is responsible for
determining the magnitude of the loading required to
simulate the effect of the specified triaxial acceleration
g-levels for which the valve is to be qualified. Since the
valve assembly is considered to be rigid, the specified
seismic g-loads may be simulated by a single uniaxial
force concentrated at the center of gravity of the valve
extended structure, and applied in the least rigid axis
as determined in QVP-7380.1(b), unless a more critical
axis can be determined. If desired, the seismic g-levels
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may be increased to facilitate later candidate valve quali-
fication of similar valves.

(b) The first step in calculating the seismic test load
force F, is to convert the triaxial acceleration g-level
components, acting on the installed valve assembly, into
a single resultant uniaxial acceleration g-level by using
the square-root-sum-of-squares (SRSS) method. This
uniaxial g-level is then multiplied by the weight of the
valve extended structure to obtain a qualification load

force
furthe
on the
valve

(c)

QUALIFICATION OF ACTIVE MECHANICAL EQUIPMENT

USED IN

NUCLEAR POWER PLANTS

from the application of uniform seismic acceleration to

the valve assembly.

(f) With the valve in the open position, test operating

pressure, as defined in QVP-7381.1(d), shall be

estab-

lished in the valve, and while pressure is maintained,
the test load force F, shall be applied as specified in

QVP-7381.1(e).

(g) While maintaining the test load force F; from QVP-
7381.1(c), reduce the pressure in the valve to the desig-

pa qu may need to De
adjusted to compensate for the effects of gravity
est valve, depending upon the orientation of the
ssembly during the test.

higher test load force F; may be selected to

ensure| adequate margin to meet the candidate valve

exten

ion requirements of QVC-7520(a) or QVC-

7620(bj(3)(a), and to account for any dimensional or
materipl tolerance differences between the parent valve

assem|
can be
that a

ly and any candidate valve assemblies. Unless it
hown conclusively by analysis or other methods
lesser adjustment is adequate to account for

dimensional and material tolerances, the following rela-
tionship should be used to determine the test load force:

where

Fi2 L1F,

F; 5 test load force, Ib; (N)

F q
(d)

+ required qualification load force, Ib; (N)

e test operating pressure should be at least equal

to the L00°F (38°C) cold-working pressure rating for the
valve assembly being qualified; however, a higher test

press
of can

worst:
the te
which
factor

e may be selected in order to cover qualification
Hidate valve bodies of the same type, but higher

ase pressure condition during the seismic test,
operating pressure shall be greater than that for
the test valve assembly-is to be qualified by a
equal to the ratio of the actual test bar yield

pressie rating classifications. In order to ensure the

strength of the tested body material divided by the speci-
fied minimum yield strength of the body material.
(e) The valve agsembly shall be installed in a test

fixturd
test lo
by its
ends).
resist

with suitable’ provision for imposing the static
ad, and Such that the valve assembly is mounted
hormal \mounting points (usually the valve body
Thevalve mounting shall be sufficiently rigid to

force remains essentially perpendicular to the centerline

of the

valve extended structure. The test load force F;

shall be applied along the least rigid axis of the valve
assembly as determined in QVP-7380.1(b), and shall be
concentrated as close to the center of gravity of the valve
extended structure as can safely be applied, such that
the resulting forces, moments, and torque acting on the
yoke-actuator structure in the region from the actuator
mounting flange to the valve body are at least equal to
the calculated forces and moments that would result

nated test pressure for which the valve assemb
be qualified. A seismic operability test shall“4
performed in accordance with QVP-7381.1¢h),
(j) below.

(h) The seismic operability test shall be made s
with one full operating cycle aftilizing normal
power at normal room temperature, not to excee
(38°C). With the valve fully/open, the valve Y
maintained at the designated test pressure and
closure is initiated afid-timed. One side of the
is then depressurized to establish the test diffs
pressure in the’ specified flow direction, or in th
adverse direction for bidirectional valves {se(
7331.1(e)].'A valve opening is then initiated and|
Differential pressure need not be maintained aj
test valve assembly is unseated.

(i) Three full operating cycies shall then be per|

y is to
hen be
i), and

tarting
motive
1 100°F
ody is

h valve

closure
brential
e most
e QVP-
timed.
ter the

formed

with the test valve depressurized and utilizing th|
mum motive power for actuation. Stroking ti
be measured separately for each half of the c
comparison with the baseline measurement o
7331.1(h).

(j) Three full operating cycles shall also be pe:
utilizing minimum motive power. With the val
open, the valve is pressurized at the designa
pressure and a valve closure initiated and tim
side of the closure is then depressurized to esta
test differential pressure in the specified flow di
or in the most adverse direction for bidirectiona

cle for
QVP-

ormed
e fully
ed test
d. One
ish the
ection,
valves

[see QVP-7331.1(e)]. A valve opening is then ihitiated
and timed. Differential pressure need not be maintained
after the test valve assembly is unseated. Stroking time

measurements for each half of the cycle shall be r¢

for comparison with the baseline measurement ¢
7331.1(h).

corded
f QVP-

thelapplied seismic load and ensure that the load
- .Z Active Self-Operate eck Valves.

QVP-7381.1 applies with the exception of QVP-
7381.1(h), (i), and (j). In addition, the following subsub-

paragraph applies:

(h) The seismic operability test shall be made starting

with one full operating cycle utilizing normal

motive

power at normal room temperature, not to exceed 100°F
(38°C). With the valve fully open, the valve body is
pressurized at the designated test pressure. The valve is
permitted to close to confirm free movement of the disk.
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QVP-7381.3 Active Pressure Relief Valves

(a) See QVP-7381.1(a).

(b) See QVP-7381.1(b).

(c) See QVP-7381.1(c).

(d) QVP-7381.1(d) is not applicable to active pressure
relief valves.

(e) See QVP-7381.1(g).

(f) The test shall be conducted as follows:

(1) elf-Actuated. With the load 3 ied

the performance tests defined in QVP-7363.3(c) and rec-
ord alll applicable results. The deflection of the center

of gragxty of the upper structure in the direction of the

applicgtion of the load relative to the valve body shall
be medsured and recorded.

(2) Externally Actuated. With the load applied, con-
duct the minimum motive power performance tests
definefl in QVP-7364.3(c) and record all applicable
results] The deflection of the center of gravity of the
upper $tructure in the direction of the application of the
load relative to the valve body shall be measured and
recordgd.

QVP-7382 Flexible Valve Assemblies. Test valve
assemblies that are classified as flexible per the definition
of QVI-7380.1(b) shall be seismically qualified by test
in accordance with the test section of IEEE Std 344.

QVYP-7383 Combined Seismic and Discharge-Pipe
Loading Test

VP-7383.1 Active Power-Operated Valves. Not
applicdble to active power-operated valves.

VP-7383.2 Active Self-Operated Check Valves.
licable to active self-operated check.valves.

VP-7383.3 Active Pressure Relief Valves

ic and discharge-pipe-loading forces.
e test valve assembly-shall be installed in a test

e test shall bé conducted as follows:

Self-Actuated. Apply test loads specified in
QVP-7381.1(c); then apply test loads specified in QVP-
7370.3(p) such\that the load combination simulates the
most s¢vere-condition. Perform the tests and record the
results [specified in QVP-7370.3(d)(1).
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dynamic fluid forces on the valve disk, which the actua-
tor must overcome. This capability can be demonstrated
by test as described in QVP-7391.1, or by analysis as
described in QVP-7392.1, provided that sufficient test
verification exists to justify the analysis methods used,
over the qualification conditions involved. As a mini-
mum, verification of the analysis used in QVP-7392 shall
meet all the requirements of QVC-7300 and QVC-7400.

for
the evaluation of valve adequacy for service applidations
involving flow reversal and resulting pressure surge pro-
duced by valve closure, the evaluation of valve tendency
to wedge-lock the disk in the seat following a maximum
differential pressure closure,"and the evaluatfon of
proper valve sizing to maintain the valve disk [in the
fully open position under normal flow conditiors.

(b) For the evaluation of valve adequacy to handle
flow reversals, it is<required that a math model jor the
equivalent be déveloped and demonstrated, by the rep-
resentative dynamic flow reversal tests, as conserva-
tively adequate for the prediction of pressure|surge
levels,

QVP-7390.3 Active Pressure Relief Valves.| Flow
interruption is inherently demonstrated on préssure
relief valves during all cycle or operational performance
tests. No other individual tests are required to demon-
strate this capability.

QVP-7391 Test Method

QVP-7391.1 Active Power-Operated Valves

(a) The test valve assembly shall be installed infa pipe
run connected to a reservoir sufficient to supplly the
required flow and to simulate the desired opdrating
conditions. Instrumentation shall be provided to simul-
taneously record the valve disk travel, upstrean] pres-
sure, and downstream pressure. Supplemdntary
instrumentation shall be provided to measure the flow
or to permit calculation of the flow during the dlosure
part of the test cycle.
(b) Prior to the initiation of the test, the valve yill be
closed and the working fluid upstream of the valvp shall
be raised to and maintained at the pressure for which
the valve is to be qualified. The pressure downgtream

(2) Externally Actuated. Apply test loads specified
in QVP-7381.1(c); then apply test loads and perform the
tests specified in QVP-7370.3(d)(2).

QVP-7390 Flow Interruption and Functional Capability
Demonstration

QVP-7390.1 Active Power-Operated Valves. The
flow interruption capability demonstration is intended
to verify the ability of the valve assembly to open or
close against substantial flow that can cause large
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of the valve shall be at ambient pressure.

(c) The test will be initiated by opening the valve
against the full inlet pressure. Once fully open flow
condition has been established, the valve will again be
closed. To the extent practical, the pressure differential
across the valve for the entire valve travel cycle should
be maintained at the maximum pressure differential for
which the valve is to be qualified. For rotating-stem/
shaft type valves, such as butterfly or ball valves, where
the maximum torque has the potential for occurring at
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larger angles of opening, or for balanced-disk designs
of sliding-stem valves where the maximum thrust
requirements may not occur near the closed position,
the analysis methods of QVP-7392.1 should be used to
qualify the valve when the test facility is unable to main-
tain the appropriate pressure differential throughout the
full closure range. Significant deviations from this proce-
dure must be thoroughly justified.

(d) The valve cycle shall be effected using the mini-

QUALIFICATION OF ACTIVE MECHANICAL EQUIPMENT USED IN
NUCLEAR POWER PLANTS

velocity, upstream pressure, and downstream pressure
as a function of time.

(2) Tests shall be performed by establishing full
forward flow or full opening of the valve, initiating flow
reversal, and observing the behavior of the valve and
the upstream and downstream pressures, and verifying
that the valve disk closes as specified in the functional
specification.

(3) Tests at varying rates of flow reversal shall be

mum motive power of the actuator. Following comple-
tion of [the final valve closure, an observation shall be
made of the seat leakage using the maximum seat-seal-
ing differential test pressure as defined in QVP-
7331.1(gl).

(e) The requirements of QVP-7392.1(b) and (c) shall
also be met with regard to actuator stall condition loads.

(f) Dpring this test sequence, functional test measure-
ments shall be established as appropriate for the particu-
lar valve-actuator assembly to be qualified. The
functiopal measurements shall include measurement of
the torques and/or thrusts required to operate the valve
for the|entire range of pressure differential and flow
conditibns for which the valve is to be qualified, and
e and /or thrust delivered by the valve actuator.
ic-motor-driven actuators, the delivered torque

um input voltage. In addition, the functional
nce characteristics of the valve-actuator assem-
be established by measurement of the appro-
put signal and resulting valve disk position
complete stroking range of the valve. The valve
g conditions, including upstream pfessure,
am pressure, pressure differential across the
k, stroking time, fluid flow, and fluid tempera-

VP-7391.2-Active Self-Operated Check Valves
low Rewersal Test

(1)] The-test valve assembly shall be installed in a
piping $ystem for water flow testing suitable for produc-

made to demonstrate the validity of the math jnodel
prediction of surge pressure.
(4) Free closing valves, in which thereisno quantifi-

able restraint on the closure element as it’approaches
the seated position other than its inertia, will pjoduce
significant pressure surge as a function of the rpverse
velocity of the test fluid at thé instant-of-closuge seat
contact. Tests of free closing ¥alves shall include at least:
(@) one test that produces an instant-of-dosure
velocity at least equalto the corresponding hjghest
instant-of-closure velocity for which the valve i to be
qualified; or
(b) three tests at significantly different instant-of-
closure velogities, to provide math model data ad¢quate
to establish credibility of extrapolations of performance
at revérse velocities exceeding the test values.
(5) Controlled closure valves, in which closupe ele-
ment approach to the seated position is forcpfully
restrained, shall be tested for at least three significantly
different rates of flow reversal to permit verification
of the math model for subsequent use in applidations
analysis.
(6) As soon as conditions permit, following
pletion of the valve closure, an observation shall be
of the seat leakage under differential pressure.
(b) Disk-to-Seat Wedge-Lock Evaluation Test

(1) For valves requiring this test, it will be negessary

to install the test valve assembly in a piping gystem
capable of applying a static pressure differential |across
the closed valve equal to the maximum total stati¢-plus-
dynamic differential pressure for which the valve is to
be qualified.
(2) If valve design is to be qualified for applidations
atelevated temperature [above 212°F (100°C)], prqvision
will be required for heating the assembly to the desired
qualification temperature for an additional test.
(3) Valves having a body and /or disk seating taper

com-
made

tion of flow reversal at controlled rates of acceleration,
from an initial velocity adequate to hold the test valve
closure element in its fully open position.

The downstream pipe section shall be the same nomi-
nal size as the valve, and shall have a wall thickness
adequate for service at the maximum pressure for which
the valve is rated. The length of the upstream and down-
stream piping shall be reasonably representative of prac-
tical service conditions. Instrumentation shall be capable
of recording time charts or digital equivalent of flow
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angle greater than 29 deg (cone angle greater than 58
deg) are not required to be tested.

(4) For this test it is important that the body and
disk seating surfaces are chemically clean and that there
is no contaminant in the test fluid that would produce
lubricity greater than that of potable water.

(5) Valves shall be subjected to a static closed pres-
sure differential equal to the maximum static-plus-
dynamic pressure differential for which the valve is to
be qualified. The pressure shall then be removed, and
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a determination made that the valve can open normally
with a minimum of fluid pressure in the flow direction.

(6) If the valve is to be qualified for elevated tem-
perature [above 212°F (100°C)], repeat as in the sequence
above after raising the temperature of the contained test
fluid to the desired qualification temperature. Both the
test pressure and temperature will determine the condi-
tions for which the test will qualify the valve, and the
pressure need not be the same as for the cold opening

ASME QME-1-2002

and calculations need only be made at this condition;
however, for many rotary valves or some balanced-disk
design sliding-stem valves, it may be necessary to per-
form these caiculations considering each major incre-
ment of valve opening.

(c) Determine the capability of all essential-to-func-
tion parts to withstand the applied force or torque that
is calculated in QVP-7392.1(b).

(d) Demonstrate that the minimum force or torque

test.
(c) Fully Open Valve Disk Flow Test

(1) The test valve assembly shall be installed in
a piping system capable of incremental increasing of
forwargd flow until the valve disk reaches its fully open
and stable position. The valve shall be protected against
system| turbulence. A typical method would be to pro-
vide a ptraight section of pipe at least ten diameters in
length upstream of the valve inlet.

(2) The test fluid shall be of equal or less density
than the fluid of the valve application.

(3) The test valve shall include a means to verify
the valye disk position. Instrumentation of the test sys-
tem shhll be capable of determining the flow velocity
and fldid conditions.

(4) The mass flow rate required to ensure full travel
of the disk to stable contact with a stop shall be deter-
mined |At the fully open, stable flow condition, the flow
velocity and fluid condition (data to determine the mass
tes) shall be recorded. Three test runs shall be
ed to verify the fully open, stable characteristics

VP-7392.1 Active Power-Operated Valves
e analysis method must demonstrate that the
torque produced by all the possible loading

demongtrated that the minimum force or torque pro-
duced py(the actuator is capable of overcoming all the

capable of being developed by the actuator excedds the
applied loads from QVP-7392.1(b).

QVP-7392.2 Active Self-Operated ‘Check Yalves.
Not applicable to active self-operated check valves.

QVP-7392.3 Active Pressuré. Relief Valves. Not
applicable to active pressure relief valves.

QVP-7393 Extemnal Environment Effects Test
Actuated Only)

QVP-7393.1 Active Power-Operated Valves. Not
applicable to active power-operated valves.

QVP-7393.2 Active Self-Operated Check VYalves.
Not applicable’to active self-operated check valves.

QVP-7393.3 Active Pressure Relief Valves
(a), The external environment effects test d¢mon-
sirates the effects of the external environment on the test
valve assembly. The test is intended to induce rformal
external environmental conditions (temperaturef pres-
sure, etc.) that exceed standard design ambient rondi-
tions of 40°F (4°C) to 100°F (38°C), and when external
pressure can affect pressure relief valve performance,
and to determine their effect on valve performange and
seat leakage.
(b) The test valve shall be installed for test in th¢ same
manner as specified in QVP-7363.3(b).
(c) Provisions for producing the external enyiron-
ment, as defined in the test plan, shall be provicI;d.
(d) With the specified external environment fondi-
tions applied to the test valve, perform the tests and
record the results specified in QVP-7363.3(c) and (d).

QVP-7394 Thermal Effects Test

QVP-7394.1 Active Power-Operated Valves. Not
applicable to active power-operated valves.

QVP-7394.2 Active Self-Operated Check Yalves.
Notapptic i = €es.

(Self-

applied loads on the valve.

(b) Calculate, as a function of valve opening, the maxi-
mum force or torque produced on the valve disk and
stem/shaft due to dynamic flow loads, pressure unbal-
ance loads, bearing and packing friction loads, seat
loads, unbalanced weight loads, seismic loads, actuator
stall condition loads, and any other loads appropriate
for the given application. For some valve designs it may
be possible to justify that maximum force or torque
conditions occur near the closed position of the valve,
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QVP-7394.3 Active Pressure Relief Valves

(a) Active pressure relief valves that are required to
withstand fluid temperature transients equal to or
greater than a temperature change of 500°F (260°C) in 10
sec shall be subject to a thermal shock test to demonstrate
that sudden application of hot fluid is not detrimental
to the test valve.

(b) The test valve assembly shall be installed in a test
facility having the capability of inducing a fast thermal

(02)

(02)
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