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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ENVIRONMENTAL TESTING -

Part 3-3: Supporting documentation and guidance —
Seismic test methods for equipments

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization compr
Il national electrotechnical committees (IEC National Committees). The object of IEE€ ‘s to pro
ternational co-operation on all questions concerning standardization in the electrical and¢glectronic field
his end and in addition to other activities, IEC publishes International Standards, TecghniCal Specificaf]
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter,referred to as
ublication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interd

the subject dealt with may participate in this preparatory work. International, governmental and
overnmental organizations liaising with the IEC also participate in this preparation. IEC collaborates cl
ith the International Organization for Standardization (ISO) in accordance\with conditions determine|
greement between the two organizations.

Q = Tt = Q

onsensus of opinion on the relevant subjects since each technical{gommittee has representation fro

g
Tlhe formal decisions or agreements of IEC on technical matters express,as nearly as possible, an internat
qg
interested IEC National Committees.

IEC Publications have the form of recommendations for interhational use and are accepted by IEC Natf]
Gommittees in that sense. While all reasonable efforts are¢made to ensure that the technical content of
Hublications is accurate, IEC cannot be held responsibfe for the way in which they are used or for
misinterpretation by any end user.

Ip order to promote international uniformity, IEC Natienal Committees undertake to apply IEC Publica
tfansparently to the maximum extent possible inZtheir national and regional publications. Any diverg
Hetween any IEC Publication and the corresponding national or regional publication shall be clearly indicat
the latter.

IEC itself does not provide any attestation/of conformity. Independent certification bodies provide confo
ssessment services and, in some areas), access to IEC marks of conformity. IEC is not responsible fof
rvices carried out by independent ceftification bodies.

Il users should ensure that they have the latest edition of this publication.

o liability shall attach to IEE-or its directors, employees, servants or agents including individual expertg
embers of its technical committees and IEC National Committees for any personal injury, property dama
ther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out_of-the publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn te’the Normative references cited in this publication. Use of the referenced publicatio
indispensable_ferithe correct application of this publication.

ttention isTdrawn to the possibility that some of the elements of this IEC Publication may be the subij¢
atent rights? IEC shall not be held responsible for identifying any or all such patent rights.
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made to the previous edition. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard |IEC 60068-3-3 has been prepared by IEC technical committee 104:
Environmental conditions, classification and methods of test.

This second edition cancels and replaces the first edition published in 1991. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) the main aim of this revision is to connect the testing level to the seismic activity level of
he zone where the equipment could be installed;

b) | standard shape for the required response spectrum is also given for the general\seigmic
class for which the seismic environment is either not known or is imprecisely known;

c) [Clauses 11 to 15 were renumbered and some adjustments were made as their content is
very general and the requirements can be applied both to the general seismic class and to
the specific seismic class;

d) the word “envelope” is replaced with “dominance” and “to envelop’ with “to dominatg” in
prder to provide a more precise meaning from a mathematical poiftyof view.

Thel|text of this International Standard is based on the following do¢uments:

FDIS Report on‘voting
104/835/FDIS 104/841/RVD

Fulllinformation on the voting for the approval of\this International Standard can be found in
the report on voting indicated in the above table:

Thig document has been drafted in accordance with the ISO/IEC Directives, Part 2.
Thig International Standard is to be used in conjunction with IEC 60068-1.

A list of all parts in the IEC 60068 series, published under the general title Environmental
testfng, can be found on the lEC website.

The| committee has deecided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data relatefd to
the ppecific document. At this date, the document will be
e feconfirmed,

o Withdrawn,

o [eplaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION

Guidance is included in each of the-three two test methods referred to in this document but it
is specific to the test method. The guidance in this document is directed towards choosing the
appropriate test method and applying it to seismic testing.

Thi : : R th IEC 600681,
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ENVIRONMENTAL TESTING -

Part 3-3: Supporting documentation and guidance —
Seismic test methods for equipments

Objecet Scope

019

Thi

part of IEC 60068 applies primarily to electro-technical equipment but its application

be ¢xtended to other equipment and to components.

can

In alddition, if some type of analysis is always performed when making a seismijc, qualificafion,

for

xample for the choice of the representative sample to be tested or for.the extensio

the [seismic qualification from the tested specimen to similar specimens, theerification of]

per
be
bas

Thig
test
abil
stre

The

ormance of an equipment by analysis or by a combination of testing and analysis-may

bd entirely upon data from dynamic testing.

document deals solely with the seismic testing of a full-size equipment which can
ed on a vibration table. The seismic testing of an equipmeént is intended to demonstrats
ty to perform its required function during and/or affer the time it is subjected to
sses and displacements resulting from an earthquake.

object of this document is to present a.range of methods of testing which, w

pres
qua

NOT]
has
IEC

The
doc

This
and

2

The

tcribed specified by the relevant specification, can be applied to demonstrate

pertlormance of equipment for which seismic ¢esting is required with the main aim of achie

ification.

FE Qualification by so-called “fragility-testifig” is not considered to be within the scope of this document w

50068-2 test methods.

choice of the method ofstesting can be made according to the criteria described in
Liment. The methods themselves are closely based on published IEC test methods.

verify, the perfopmance of an equipment.

Normative references

faiowing documents are referred to in the text in such a way that some or all of t

pcceptable but is outside the scope of this document, which iscréstricted to verificat

h of
the
can
on

be
b its
the

hen
the
ing

hich

been prepared to give generally applicable guidance on seismic testing and specifically on the udge of

this

document is intended for use by manufacturers to substantiate, or by users to evallate

heir

con

ent canstitutes rnnlllirnmnnfe of this document For dated rnfnrnnm’-‘-c, nnly the edi

tion

cited applies. For undated references, the latest edition of the referenced document (including

any

IEC

IEC

amendments) applies.
60068-1, Environmental testing — Part 1: General and guidance

60068-2-6, Environmental testing — Part 2-6: Tests — Test Fc: Vibration (sinusoidal)

IEC 60068-2-47, Environmental testing — Part 2-47: Test — Mounting of specimens for
vibration, impact and similar dynamic tests

IEC 60068-2-57, Environmental testing — Part 2-57: Tests — Test Ff: Vibration — Time-history

and

sine-beat method
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IEC 60068-2-64, Environmental testing — Part 2-64: Tests — Test Fh: Vibration, broadband
random and guidance

IEC 60068-2-81, Environmental testing — Part 2-81: Tests — Test Ei: Shock — Shock response
spectrum synthesis

ISO 2041, Mechanical vibration, shock and condition monitoring — Vocabulary

3 Terms and definitions

For| the purposes of this document, the terms and definitions” given in IEC 6006p-1,
IEC|60068-2-6, IEC 60068-2-57 and ISO 2041 and the following apply.

ISOjand IEC maintain terminological databases for usec¢invStandardization at the following
addfesses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at htips//www.iso.org/obp

31
asspmbly
two|or more devices sharing a commonsmounting or supporting structure

3.2
bar1dpass at -3 dB
frequency intervals defined by the points possessing an ordinate larger than or equal to \/2 12
timgs the maximum value-ofthe plot

SEE]| Figure 2.

3.3
basjic response spectrum
unmodified\response spectrum defined by the characteristics of the building, its floor Igvel,
dampingratio, etc. and obtained from a specific ground motion

SEE “Figure—=-

Note 1 to entry: The basic response spectrum is generally of the narrow band type at floor level. The basic
response spectrum is calculated by the architect engineer of the plant and it is generally not known by the
equipment manufacturer and by the test engineer.

3.4

broadband response spectrum

response spectrum that describes the motion indicating that a number of interacting
frequencies exist which-must should be treated as a whole

SEE: Figure 3c¢).

Note 1 to entry: The bandwidth is normally greater than one octave.



https://iecnorm.com/api/?name=4ec3e75b56d629cfd365e68e9aa50caf

-10 - IEC 60068-3-3:2019 RLV © IEC 2019

3.5
critical frequency (definition technically equivalent to that in 8.1 of |[EC 60068-2-6):

frequency at which:

— malfunctioning and/or deterioration of performance of the specimen which are dependent
on vibration are exhibited, and/or

— mechanical resonances and/or other response effects occur, for example chatter
[SOURCE: IEC 60068-2-6:2007, 3.9]

3.6
crt:J;sover frequency-{definition-technically-equivalent to-that of 1ISO-2041)

frequency at which the characteristic of a vibration changes from one relationship to_anoth

N4
-

Note| 1 to entry: For example, a crossover frequency may be that frequency at which the gontrol of the| test
vibrgtion amplitude changes from a constant displacement value versus frequency to a constantyacceleration jalue
verstyis frequency.

[SOJURCE: ISO 2041:2009, 2.118, modified — Example omitted and notg added.]

3.7
cutioff frequency
frequency in the response spectrum where the zero period\dcceleration (ZPA) asympfote
begjns

Notel 1 to entry: The cut-off frequency is the frequency beyohd which the single-degree-of-freedom (SIPOF)
oscillators exhibit no amplification of motion and indicate the upper limit of the frequency content of the wavegform
being analysed.

3.8

damping-(not identical with 1SO_2041 defiditi }
gel#e@e#m—ase#bed—%@—me—%memus energy dissipation mechanisms in a system.

Notel 1 to entry: In practice, damping depends on many parameters, such as the structural system, mode of
vibrgtion, strain, applied forces, velocity, nraterials, joint slippage.

Note] 2 to entry: This definition is notidentical to that given in ISO 2041.

3.8/
critjcal damping
minfmum viscous damping that will allow a displaced system to return to its initial position
without oscillation

3.8.2
damping ratio
ratip of actual damping to critical damping in a system with viscous damping

3.9
direction factor

factor taking account of the difference in magnitude at ground level that normally exists
between the horizontal and vertical accelerations resulting from an earthquake

3.10

floor acceleration

acceleration of a particular building floor (or an equipment mounting) resulting from the
ground motion of a given earthquake

Note 1 to entry: In practice the floor acceleration may be resolved into its horizontal and vertical components.
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3.11

geometric factor

factor required in single axis testing to take into account the interaction along the different
axes of the equipment of simultaneous multi-directional input vibrations

3.12

9n

standard acceleration due to the earth's gravity, which itself varies with altitude and
geographical latitude

1t P T Eor th BEROoSas. f ithic d woaantth IV I f o ieraoundad ot ih naatactanvhal Bl
Noted—te—entr—Forthe—purp s—of-this—desument—the—vatue—of is—rouhded—up—to—the—hearest-whele—umber,

J
that [s 10 m/s2.

3.113
gropund acceleration
acceleration-ef-the-groeund resulting from the motion of a given earthquake

Note] 1 to entry: In practice the ground acceleration may be resolved into its horizontal and ~€ertical components.

3.14
lateral frequencies
two|frequencies determined according to the —3 dB response areund the overall resongnce
frequency

SEE]| Figure 2.

3.1%
malfunction
losq of capability of the equipment to initiate or sustain a required function, or the initiation of
undesired spurious action which may result in adverse consequences for safety

Note] 1 to entry: Malfunction will be defined by the relevant specification.

3.16
narfowband response spectrum
response spectrum in which single=frequency excitation predominates

SEE| Figure 3a).
Notel 1 to entry: The bandwidth is normally 1/3 oct (one third octave) or less.

Notel 2 to entry: When several widely spaced well-defined frequencies exist, if justified, each of their respopses
may |[be treated separately as a narrow-band response spectrum (see Figure 3b)).

3.17
damped natural frequency
frequency of free vibration of a-strueture damped linear system depending only on its pwn
physical’'characteristics (mass, stiffness, and damping)

3.18
overall resonance
resonance frequency at which a complete structure amplifies the exciting motion

Note 1 to entry: Within the frequency range between 1 Hz and 35 Hz, overall resonance generally corresponds to
the first mode of vibration. It is important to take into account the overall resonance frequencies when they are
enclosed in the strong part of the required response spectrum (see 3.27).

3.19
pause
interval between consecutive test waves (for example sine beats)

Note 1 to entry: A pause should be such that it results in no significant superposition of the response motions of
an equipment.
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3.20
preferred testing axes
three orthogonal axes which correspond to the most vulnerable axes of the equipment

3.21

required response spectrum

RRS

response spectrum specified by the user

SEE

: Figures 1, 2 and 3.

019

3.2

respnance frequency

fre
dec

Note]
dam
dyng
diffe

Note]
trans

Note
freqy

Notel

3.2]
res
plot
free

SEE

Note

3.24
S$1-

earfhquake which would be expected to occur during the operating life of the equipment
which safety related equipment is to be designed to continue to operate without

for
mal

Note

3.2¢
S2-

uency at which, in forced oscillation, a change in the frequency of excitation ‘Causgq
fease in the response of the system

1 to entry: The value of resonance frequency depends upon the measured variable..For a—given—
ed linear system, the values of resonance frequency for displacement, velocity and aceeleration (respect
mic compliance, mobility and accelerance; see [SO 2041) are in increasing, order of frequency.
ences between these resonance frequency values are small for the usual damping(ratios.

2 to entry: In seismic testing, it is often assumed that a resonance frequency is significant wher
missibility of the response is greater than 2.

3 to entry: For a damped linear system the resonance frequency(is coincident with the damped ng
ency.

4 to entry: This definition is not identical to that given in ISO\2041.

bonse spectrum-{nhot-identical with-1SO-2041 definition)

of the maximum response to a defined input motion of a family of single-degres
dom bodies at a specified damping ratig

Figures 1, 2 and 3.
1 to entry: This definition is not ideftical to that given in ISO 2041.

)
parthquake

function

1 to entry: ~An;S1-earthquake corresponds in nuclear applications to the operating base earthquake (OB

earfhquake which produces the maximum vibratory ground motion for which cen
stru%mmmmmmmi, f f f

Note

parthquake

S a

ively
The

the

tural

-of-

and

).

tain

1 to entry: The structures, systems and components are those essential to ensure proper function, inte

and safety of the total system.

Note

2 to entry: An S2-earthquake corresponds in nuclear applications to the safe shutdown earthquake (SSE

3.26

sine beat
continuous sinusoidal wave of one frequency which is modulated by a sinusoidal wave of a
lower frequency

SEE: Figure 5.

Note

1 to entry: The duration of one sine beat is half the period of the modulating frequency.

grity

)
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Note 2 to entry: In this document, the sine beat is considered as a single-frequency wave.

3.27
strong part of time history

part of time history from the time when the plot first reaches 25 % of the maximum value to

the time when it falls for the last time to the 25 % level

SEE: Figure 6.

3.28
strong part of the response spectrum

pan Uf tilc bpcutlulll fUI VV;IibiI t;IU I'esSpPuliotc dbbUiCIaﬁUll ib il;y;lcl t;ldll fUl tilc —3
bandpass of the required response spectrum

SEE| Figure 2.

Note] 1 to entry: Generally, the strong part of the response spectrum is located in the first third.of the frequ
band.

3.2

suplerelevation factor

factpr accounting for the change in the acceleration with respeet to the earth due to
tranfsmissibility of buildings and structures

3.3

synthesized time history

artificially generated time history such that its response spectrum-envelops dominates
reqliired response spectrum

3.3
tesi level
largest peak value within a test wave

Note] 1 to entry: In seismic testing, acceleration’is the parameter normally used.

3.3
tes{ frequency
frequency at which the specimen is to be excited during a test

Notel 1 to entry: A test frequency is one of two types as defined in 3.32.1 and 3.32.2.

3.321
predetermined.test frequency
frequency-preseribed specified by the relevant specification

3.32.2
inv«fstigated test frequency

dB

ency

—

he

the

frequerncy obtamed by a vibratiomr responseimvestigation

3.33

test response spectrum

response spectrum derived from the real motion of the vibration table either analytically o
using spectrum analysis equipment

SEE: Figures 2, 3c) and 3d).

3.34
time history-{(not-identical with-1SO-2041-definition}

recording, as a function of time, of acceleration or velocity or displacement

Note 1 to entry: This definition is not identical to that given in ISO 2041.

r by
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3.35

zero period acceleration

ZPA

high-frequency asymptotic value of acceleration of a response spectrum

Note 1 to entry: An example of ZPA is given in Figure 2.

Note 2 to entry: The zero period acceleration is of practical significance as it represents the largest peak value of
acceleration, for example in a time history. This should not be confused with the peak value of acceleration in the
response spectrum.

Note 3 to entry: This note applies to the French language only.

4 |General and qualification considerations

4.1 General seismic class and specific seismic class

Twqg seismic classes have been established: a general seismic class and(a, specific seigmic
clags. Neither of these classes can be considered to be more demanding-than the other. [The
difference between the two classes lies in the availability of and/or the accuracy in defining
the [characteristics of the seismic environment. When high reliability-safety equipment for a
spegified environment is required, such as safety related equipment’in nuclear power pIéLnts,
the |[use of precise data is necessary and, therefore, the spegific’'seismic class is applicable
and| not the general seismic class. Annex A contains a flow/chart for the selection of the Jtest
clags (general seismic class or specific seismic class) and-fedr three flow charts (Figures|A.2
to A.4) covering the possibilities discussed in this documeént. To-ebtain-the-maximum take| full
advhntage-from of this document it is strongly recomniended that the flow charts be studied
very thoroughly.

Clayises 11 to 15 describe the recommended seismic testing methods for equipment covgred
by the general seismic class for which thedseismic environment is either not known gr is
imprecisely known.

Thig class covers equipment for which the relevant seismic motion does not result from a
spegific study taking into accounf_the characteristics of the geographic location and of|the
supporting structure or building:

In-the-case-of equipments In this class, the seismic motion is generally characterized by jone
datym which is a peak_acceleration at the ground level. This acceleration is derived from|the
seigmic data relative(tg'the area of interest.

Wheén an equipment is not mounted at ground level, the transmissibility of the building anfd/or
the supportingistructure should be taken into account.

Clayises\ 16 to 20 describe the recommended seismic testing methods for equipment covgred
by thespecific seismic class for which the seismic environment is well known or the requjred
response specitra and/or the time hisiories are specified in the relevant specificafion.

This class covers the equipment for which the relevant seismic motion results from a specific
study taking into account the characteristics of the geographic location and of the supporting
structure or building.

Feoreguipment In this class, the seismic motion is defined by response spectra (evaluated for
different damping ratios) or by a time history.

The relevant specification should contain information relating to the subjects discussed
in4.2,4.3 and 4.4.
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4.2 Service conditions

Service conditions should be duplicated as closely as possible when an equipment is tested,
particularly those conditions (electrical, mechanical, and thermal pressure, etc.) whose
stresses combine with those of the seismic test to affect the operation or integrity of the
equipment. When account is not taken of these service conditions in the test, the omission
should be justified.

4.3 Malfunction criteria

When the service conditions and function are known or have been selected, the relevant
spegification will-presecribe specify acceptance and/or malfunction criteria.

NOTE There are cases when the final service conditions or the conditions of use of the equipment which is fo be
testqgd are not known but have been selected. In these cases, malfunction criteria cannot be accurately established
and [are therefore assumed without formal justification; for example, in the absence of better information| the
assumption is frequently made that the duration of a malfunction in electrical circuitry is 5 ms.

4.4| Qualification criteria

The|following classification is introduced as it allows criteria to be assigned to equipment fpr a
parficular application.

Criterion 0: Equipment subjected to seismic testing which) experienced no malfungtion
pither during or after the test.

Criterion 1: Equipment subjected to seismic testing which suffered a malfunction dufing
he test but reverted to its correct state after the test.

Criterion 2: Equipment subjected to seismic<testing which experienced a malfungtion
Huring the test and required resetting or adjustment on completion of the test but requjred
ho replacement or repair.

5 |[Testing procedures

5.1 General

Tesling should be in accordance with-Seetion—Two{clauses6-to10) Clauses 11 to 15 for|the
gengral seismic class or-Seétion—Three{clauses—11-to-15) Clauses 16 to 20 for the spe ific

seigmic class.

5.2 Mounting
The| equipmentsshould shall be mounted in accordance with IEC 60068-2-47.

NOTE For..more detailed guidance in the case of equipment normally used with vibration isolators
see |EC 60068-2-6:2007, Clause A.5.

TheLinfluence of connections cables piping etc should be taken into account when
mounting the equipment. Also, unless justified, the normal “in service” mounting structure of
the equipment should be included in the seismic test.

The orientation and mounting of the equipment during the test should be specified and is then
the only condition for which the equipment is considered qualified, unless adequate
justification can be made to extend the qualification to an untested condition (for instance, if it
is proved that the effects of gravity do not influence the behaviour of the equipment).

5.3 Measurements
5.3.1 Vibration measurements at the vibration table

Measurements-should shall be carried out in accordance with IEC 60068-2-6, IEC 60068-2-57
andlECB80068-2-59, IEC 60068-2-64 and IEC 60068-2-81 as relevant.
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i . ibrati bl

Vibration measurements at the vibration table are to be made to ensure that the correct levels
of vibration are applied at the required measuring positions.

Parameters to be permanently recorded (displacement, velocity, acceleration), the equipment
used, and the functions of each transducer (reference, measurement) should be specified.

5.3.2 Vibration measurements on the equipment

In addition to the measurements at the vibration table, measurements may be made on the
equjpment to provide further information about its performance during the test. Theselatter
megsurements are not a part of the vibration test requirements.

5.38 Functional monitoring of the equipment

Monitoring should be adequate to evaluate the performance of the equipment-before, during
and|after the test.

The| relevant specification for the equipment should-preseribe specifylany characteristics t¢ be
permanently recorded.

5.4| Frequency range

In garthquakes, the predominant frequencies are genenally between 1 Hz and 35 Hz. This
range is sufficient to determine the critical frequencies<of the equipment and for its testing. In
certain cases the test frequency range of 1 Hz~te/35 Hz may be extended or reduced
depending on the effective value of the‘cut-off frequency of the ground respgnse
speftrum; moreover the test frequency range)may be reduced depending on the critical
uencies-present of the specimen, but thiscshould be justified.
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For—specific seismic—¢class testing, the preferred test waves are in accordance with—the
standardsfor the following standards:

— sine sweep (primarily for the vibration response investigation) (IEC 60068-2-6)
—sine-beat ({EC 60068-2-59)

— continuous sine (endurance at fixed frequencies) (IEC 60068-2-6);

— time history and sine beat (IEC 60068-2-57).
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7 Test wave selection

General

7.1

Clause 7 should be read in conjunction with Clause 9. The test wave selection should take
into account the anticipated characteristics of the equipment when it is in its installed position

and under the influence of the specified earthquake.\Whichever-is-the-adepted-wave form;-the

For the purposes of this document, the test waves are divided into two categories.

a) Multifrequency waves:
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1) time history (natural, synthesized or random motion sample);
2) other waves (requiring justification);
single-frequency waves:

w

sine sweep;

N

sine beat;

a

continuous sine (Figure 7);

)
)
)
)

(22}

other waves (requiring justification).

—Multifregquency-waves

In general, when the vibration spectrum is broadband, the test wave should beé\ of

mul

7.3

ifrequency type. However, certain exceptions are allowed after justification (see 7.3).

Single-frequency waves

: o ineg

If the ground seismic motion is filtered by one of the structural modes;-the resulting floor |

mot

on may show a predominant frequency. This corresponds-to a narrowband requ

the

vel
ired

response spectrum and in this situation a single-frequency yibration may be a satisfacftory

exc

The
ove

tation.

Fall test response spectrum obtained for each test frequency. The single-frequency

response spectrumee#espee@ng%eaeh%esk#eq&eney should be Iarger than or equal to

stron
spe

The

Fre

unc
situ

Jtrum (RRS) (see Figures 3b) and 3d)).

brtainties such as site variations, axes of the structure or design uncertainties. In

narfowband, it should be @assumed on the basis of this broadened response spectrum that

exc

tation is multifrequency.

Single-frequency.tests can be used to qualify the equipment in the following cases:

a)
b)
c)
8

8.1
8.1

The

ho interacting resonance frequencies (this is considered to be the case when they
more than 1/4 oct apart, see Figure 3b));

Fesonance frequencies of the equipment are located outside the strong part of
Feguired response spectrum;

single-frequency test response spectrum should not*be mistaken for-the-envelope-of| the

test
the

required respdnse

-envelope—of-the overall single-frequency test response spectrum-associated—with—gach
testifrequency should be larger than erZequal to the required response spectrum-{see-13-2}.

juently only an artificially broadened response spectrum is available to take account of

this

htion and in the absencé of additional evidence to demonstrate floor seismic motions t¢ be

the

are

the

special cases, if justified.
Test waves

General

A1 Specification of test waves

test wave used should:

a) produce a test response spectrum larger than or equal to the required response spectrum;

b) possess a maximum peak acceleration value at least equal to that of the zero period

acceleration;
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c) reproduce with a safety margin the effects of the required earthquake (see 8.1.2);

d) ideally not include any frequency greater than 35 Hz or the cut-off frequency if this is
higher, but if such frequencies exist in the testing wave they should not be taken into
account in evaluating the test response spectrum, especially when obtaining the ZPA-
value.

8.1.2 Simulation with a safety margin of the effects of an earthquake

In evaluating the seismic risk of a particular site, it is necessary to make an allowance for the
estimated number of S1- and S2-earthquakes to which the equipment might be subjected
during the lifetime of the installation. Five S1-earthquakes and one S2-earthquake are
gengrally assumed unless a different number can be justified. However, to achieve a grepter
safgty margin, the equipment may be subjected to two tests corresponding to the level of| the
S2-earthquake.

The| S1 tests should be followed by at least one S2 test. The duration of each‘\test should be
at least equal to the strong part of the time history used to define the mequired respgnse
speftrum (see 9.5).-Alternatively The tests should simulate at least the same level of fatigue
as fhat to which the equipment is liable to be subjected during both the S1- and |S2-
earfhquakes.

Thus, each test should simulate with the same safety margin-the effects of an earthquake.
Redlistance to fatigue decreases as the stress level increases and, therefore, the S1 test may
be feplaced by a number of S2 tests producing the sametotal ageing, providing the number
chogen is justified.

The| duration and number of S1 and S2 tests_applied to the equipment may exceed|the
reqlired values in order to provide for the functional checks—preseribed specified by |the
reIeI/ant specification. In this case, as many“test waves as necessary are applied but|the
probbability of fatigue failure is increased.

The| test waves simulating S1- or S2-garthquakes may be applied as “wave sequences” (see
Figure 5). In this case, the waves-must shall be sufficiently spaced (by at least 2 s) to ayoid
theif effects being superimposed on’the equipment.

8.2| Multifrequency wave testing
8.2/ General requirements

Muljifrequency wave testing should be carried out in accordance with the recommendations
indicated in 8.1.\n particular, a check should be made using an appropriate analysi$ to
demonstrate ¢hat the test response spectrum—enveleps dominates the required respgnse
spegtrum. .The recommended values for the appropriate analysis are at least 1/6 oct| for
damping-between 2 % and 10 % and 1/12 oct for 2 % or less. If the damping is greater thap or
equlal {040 %, an appropriate analysis in 1/3 oct is sufficient.

8.2.2 Time-history test

The test is performed by applying to the equipment a time history (see 3.34) to simulate the
probable ex0|tat|on of the eqmpmentAt—eheutd—be—demenstpated—that—the—test—Feseense
- If not
d|rectly supplled by the relevant specmcatlon the test t|me hlstory shaII be generated starting
from the required response spectrum as described in IEC 60068-2-81.

The duration of the test wave should be at least equal to the duration of the strong part of an
earthquake. This is generally taken to be between 5 s and 10 s.
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8.23 Other multifrequency tests

In r:Lany cases the required motion may represent significant fijkering of ground motion by [one

ore sharp building or soil resonances, or both. The £orresponding RRS may include
medium-to-low level amplification over a broad frequency¢rainge, with highly amplified nafrow
bands associated with each building resonance. For thesé cases a test may be performed by
applying to the equipment a multifrequency excitatiQd, the amplitude of which is adjusted
either manually or automatically in multiple-fregquency bands. However the use df a
muljifrequency motion test may require an unréasonably high maximum peak value of|the
inpyt so as to meet the higher amplification ¢agsociated with the building resonances. |t is
permissible to synthesize a complex signal thvat comprises the summation of several diffefent
typgs of individual narrowband components.'superimposed on lower level broadband rangdom
motjon. This approach affords a bettersehance of producing a table motion whose TRS|will
envelop the RRS, without introducing\éxcessive ZPA levels. Typical methods of synthesizing
conlplex signals are (see Figures 3.and 4):

) random motion with singNdwells;

b) random motion with(sifte beats;

(2

)
)
) combination of mMultiple sinusoids;
)

[oN

combination-af decaying sinusoids.
8.3| Single-frequency testing

8.3/ General requirements

Thel single-frequency wave is applied at a frequency and with an amplitude such that the Jtest
response spectrum is larger than or equal to the-maximum-part value of the-basie requfred
response spectrum at that frequency—{seefigure—) (see Figures 3b) and 3d)). If the overall
test response spectrum does not cover the—3-dB-bandpass RRS, justification is required.

In general, basic response spectra which may have similar amplitudes will show different
frequencies depending upon the differences in soil modules, building height, or position of the
equipment. In this case, single-frequency waves are applied at the critical frequencies of the
equipment which occur in the strong part of the spectrum and at any specified predetermined
frequencies unless justified (see 7.3). The test frequencies are applied over the specified
frequency range as stated in 5.4, in steps not greater than 1/2 oct (see Figure 3d)). This
guards against the possibility that some critical frequencies—are will not be excited, which
were undetected during the vibration response investigation generally made by a sine-sweep
test. If applicable, tests should be carried out at the-lateral critical frequencies (see 3.5) as
well as at the overall resonance frequency of the equipment.
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The input level to be applied to the vibration table is calculated taking into account the

ampI|f|cat|on of the test wave andth&pte#e#th&basw—mspensespeetmm%aﬂampm&mﬂe

aeeele#ahen the ZPA of the reqwred response spectrum at a damplng ratio of 5 %. When the
equipment possesses critical frequencies in the strong part of the spectrum with a damping
ratio lower than 2 % or higher than 10 %, then the input level is determined by reference to
the-plet-of-the-basiec required response spectrum at a damping ratio corresponding to that of
the equipment. After carrying out all the tests along each axis of the equipment, a
mod|f|cat|on of its mechanlcal charactenstlcs may be noticed. In this case—tt—sheutd—be

the relevant speC|f|cat|on shall state what actlon is to be taken if any change of
frequency occurs.

8.3.2 Sine-sweep test
The| sine-sweep test is performed by means of a continuous, low-level logarithmic frequgncy

sweep cycle at a rate not exceeding 1 oct/min over a frequency range equalt'to or larger fhan
that{ for which the equipment is to be qualified.

8.3.3 Sine-beat test

Thel number of cycles per beat is adjusted so¢that the test response spectrum dominates|the
reqliired response spectrum (see Figure 3d)); The peak value of acceleration of the begt is
caldulated taking into account the amplification of the test wave and the ZPA of the requjred
response spectrum at a damping ratio oft8 %.

For|a given peak value of sine-beat acceleration, the safety margin of the test increases Wwith
the [humber of cycles. For the test'response spectrum to be larger than or equal to the—3-¢B
banfppass-of-the-basic required response spectrum, it is usual to use between 5 and 10 cygles
per|sine beat. The envelope)of the test response spectra of these sine beats should-include
donjinate the required response spectrum.

A se¢quence of five“sine beats (or continuous sine) should be applied at test frequencies ¢ver
the [specified frequency range as stated in 5.4 and in steps not greater than 1/2 oct. The Jtest
amplitude shgould correspond to the zero period acceleration level corresponding to|the
S1-earthquake' followed by one sine beat defined as above with the zero period acceleration
levgl corresponding to the S2-earthquake. The envelope of the test response spectra of these
sing beats should-include dominate the required response spectrum.

8.3.4 Continuous sine test

For each test frequency a continuous sine motion is applied to the equipment so that the test
response spectrum dominates the required response spectrum at least in a range around the
considered frequency (see Figure 3d)) and the input level to be applied to the vibration table
is calculated taking into account the amplification of the test wave and the ZPA of the required
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response spectrum at a damping ratio of 5 %. The input signal should be of sufficient duration
for at least five cycles to be at the maximum calculated amplitude (see Figure 7).

8.4  Other test wave forms
Other wave forms can be used if justified in accordance with the recommendations of 8.1.
9 Testing conditions

9.1 __Introduction General

The| procedures indicated in Clause 9 are recommended for use in the testing of equipnent
des|gned to withstand earthquakes. The seismic tests are performed by subjecting [the
equjpment to a vibratory motion simulating the seismic motion with a safety margin defined
eithpr—by—arequired—response—spectrum—or—by—a—time-history by a peak acceleration, a
frequency distribution of the acceleration and a duration of the appliedaceeleration. [The
thegretical basis for this test procedure is considered to be outside the scope of |this
document but can be readily obtained from relevant technical literature,

A dffficult problem in attempting to define tests for qualifying equipment is in the selectiop of
suitpble test waves, as described in Clause 7. Numerous,factors should be taken [into
accpunt, for example the type of equipment, its position and-the nature of the earthquake
expected. A further point is the need to determine whether'theé equipment is to be used fpr a
spegific application or for a more general purpose. In the*first case, the seismic motion|will
prolbably be closely specified and the testing is thén selected so as to comply with [this
confition, whereas in the latter case the test should\be designed to qualify the equipmenf{ for
a future application for which a more general required response spectrum is to be specified.

In Writing the relevant specification a requiredresponse spectrum is normally generated and it
is usually broadened in the maximum amplification area to cover the effects of unknown or
varipble factors such as the natural fregirencies of the building structure which are not knpwn
with accuracy and the position of\\the equipment inside the building. This is called a
broadband required response spectrum (see Figure 2). The extent to which the spectrum used
can|be broadened is to be-preseribed specified by the relevant specification.

Angther factor to be taken\into account is the multi-directional nature of the earthquake. [The
equjpment is tested so as to take these effects into account. This is described in Clause 10.

Difficulty arises when attempting to define the testing of individual components (relgys,
motprs, sensors,\etc.) or complex assemblies such as control cabinets. In the first case, [it is
reagonable te_ensure that the component is subjected to the actual seismic tests whilsf its
operating conditions are applied or simulated and has its performance checked during|the
testjng. FRis might, however, prove to be impractical in the second case, that-ef is for complex
equmeent, which may include many components forming parts of several systems and bging

conpected to other equipment located at numerous positions within the structure.

The following alternatives are acceptable if it proves impossible to test such equipment in
operation. In the first method each component is tested separately, simulating its service
conditions so as to establish the maximum level of acceleration for which the equipment
shows an acceptable performance. Then the equipment, with its components installed but out
of service, or without its components and with devices simulating their dynamic properties, is
subjected to a vibration test to demonstrate that the acceleration spectrum at the location of
each component is equal to or less than the level for which that individual component has
been qualified.

A second method consists in applying the input vibration appropriate to theregquired-response
speetrum-—to in-service mounting conditions of the equipment of which the components are
inoperative or have their dynamic properties simulated. The acceleration levels at the
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component locations are then measured and used as the input acceleration to qualify
separately the components in service.

The purpose of installing inoperative components is to ensure that the equipment possesses
the same dynamic characteristics as in normal operation. For instance, whenever possible,
control cabinets should be dealt with as complete units and their components tested
individually.

9.2 Vibration response investigation
Th vibration racnaonca invactiaatinn cuinnliac datag An oriticnal toct fronianciac It can alo be
Vo+atHo e85 S-S5t gatoH—5t He-5—aata—oH—6GHHGa e S+ e que &8 s—t+—cahH—a154

usefl to supply data both on the damping ratio of the equipment and to enable a choicg of
single or multi-axis testing to be made.

W

It i3 usually carried out using single-axis sinusoidal excitation and is run~with a single
loggrithmic sweep cycle over a frequency range between 1 Hz and 35 Hz up)and down at a
swelep rate sufficiently low to determine the critical frequencies but not excéeding 1 oct/min.

Random vibration testing may also be used as an alternative ngethod for the vibration

resgonse investigation (see IEC 60068-2-64:2008, 8.2).

Thelamplitude of vibration applied in the course of the vibration.response investigation should
not |be so large as to produce an effect comparable to the\éffect of the test itself. Howe)er,
the |evel should be sufficiently high to take into account the non-linearity effects which cquse
the gritical frequencies and the damping to be dependéent upon the amplitude of vibration.

NOTE An amplitude of vibration of 2 m/s? is often used. This‘value-may can be reduced to 1 m/s2 or less if the
case| of sharp resonances.

It should be noted that due to physical coniplexity or restricted access to critical parts [(for
example sealed relays), these vibration response investigation tests may not detect all|the
critical frequencies. Also, because of non-linearities, resonance responses at high levels may
differ in frequency and damping from“those recorded at lower levels and some resonar|ces
may not be visible at low excitation) The result of a low-level exploratory test may, therefpre,
not Jalways provide complete information regarding the dynamic behaviour of an equipment.
For|these reasons, if no criticalfrequency has been noted, the test is performed according to
the recommendations of 9.3.1.

9.3 Test methods

9.3 Test méthod for equipment without critical frequencies

As |outlined™in 9.2, even if the vibration response investigation test detects no crifical
frequencies; this does not guarantee that they will not occur at higher excitation levels. This
may result from the following:

exceeded).

b) The absence of measurements in a critical position during the test. For instance, it is not
possible to measure in a simple manner the vibrations of electrical contacts in unexcited
relays. However, these contacts may be subjected to mieroe-closings or micro-openings of
very short time duration with detrimental-te impact on good operation of the equipment
when the vibratory levels reach a certain threshold.

c) The excitation level may be too weak to allow certain critical frequencies to be detectable.
After carrying out the vibration response investigation as indicated in 9.2 and showing that

there is no detectable critical frequency lower than 35 Hz, the equipment is tested in
accordance with Clause 10 and one of the following options chosen:
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1) A logarithmic sweep cycle at between 1 oct/min and 2 oct/min (one cycle of 1 Hz to 35 Hz
to 1 Hz) with the required zero—period-acceleration levels corresponding respectively to
S1- and S2-earthquakes.

2) A sequence of five sine beats (or continuous sine) should be applied at test frequencies
over the specified frequency range as stated in Clause 5 and in steps not greater than 1/2
oct. The test amplitude should correspond to the zero—period-acceleration level of the
S1-earthquake followed by one sine beat defined as above with the zero—pericd
acceleration level corresponding to the S2-earthquake.

3) Other waveforms (as, for example, time-histories) producing a test response spectrum at
least equal to the required response spectrum corresponding either to S1- or
Z-earthquakes.

9.3.2 Test method for equipment with critical frequencies

Equipment that have been found to have critical frequencies are tested in accordance with
Clayises 7 and 10.

9.4| Selection of damping

Required response spectra are usually specified for various damping ratios. It is normdl to
seldct a single curve with a damping value representative of.one of the main itemg of
equjpment being investigated, although most equipment possess several vibration modges,
each with a different damping ratio. As a general rule a required response spectrum with a
danmping of 5% is considered to be appropriate for stresses near to the yield point of most
materials.

A check should be made that the corresponding test' response spectrum-exceeds domingtes
the [required response spectrum. If necessary, reference can be made to either a requjred
response spectrum possessing a damping level corresponding to that measured on [the
equjpment or to a value selected from Table-4

Table 1 — Typical-damping ratios (per cent of critical)

Item Stresses corresponding to
1/4 yield stress 1/2 yield stress? At yield stress®

Welded steel structures 0,5to1 2 4
Bolted steel structures 0,5to 1 4 7
Reinforced concrete structures 0,5to 1 4 7
Cabinets and panels 0,5to 1 2 5
Assemblies 0,5to 1 2 7
Large 'equipment, steel pipes 0,5to1 2 3
>300 mm diameter

Stall pipes < 300 mm diameter 0,5to 1 1 2

a8 Often used for S1-earthquakes.
b

Often used for S2-earthquakes.

The required response spectrum reference damping curve is:

— 2 %, if the equipment damping is equal to or less than 2 %;
— 5%, if the equipment damping is between 2 % and 10 %;
— 10 %, if the equipment damping is equal to or greater than 10 %.
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9.5 S1-earthquake and S2-earthquake testing

The definitions of S1 and S2 levels are currently used only in relation to nuclear power plants,
but equivalent levels may be used for other types of application.

When seismic testing specifications include the effect of one (or more) S1- and
S2-earthquakes, the number of tests corresponding to the S1 should be justified for each site.
Five S1 tests and one S2 test are usually considered to be sufficient in the absence of more
accurate information.

o functional safety-of
performance of the equipment, and that fatigue or ageing condition is not genepated, |the
undetected presence of which could lead to defective performance during a subsequent|S2-

earfhquake-are-not-generated.

imental t

All 1lests indicated in-the—fellowing Clauses 11 to 20 may be used for the determination of|the
performance of an equipment for an S1-earthquake. When the required nomber of equipnpent
operational checks is high, it may be necessary to carry out more S2tests than specifief to
allov checking of the equipment part by part.

Both the shape and magnitude of the spectrum may differ for, the two seismic levels of S1 fand
S2.|1t is therefore necessary to know the spectra correspanding to each of these seigmic
levgls. It is commonly assumed that the S2 spectrum hasithe same shape as that of S1,[but
twige the level.

9.6| Specific application testing

The| purpose of this type of testing is to demanstrate that a particular equipment in a defined
locgtion for a specific application can withstand a specified earthquake. In the testing of
safety related equipment in nuclear power plants this type of testing is referred to as “seigmic
qualification”.

9.7| Assembly testing

It i3 normal to test large~complex assemblies by simulating the most critical in-seryice
confitions. It is not, however, always possible to simulate all these in-service conditions at the
same time, for examplénin the case of control panels containing items belonging to diffefent
circpits. In this situation, it is acceptable to perform “out of service” testing of the equipnment
with real or dummy_components installed during testing of the assembly.

Theltest should™enable the vibratory response at the point of installation of each component to
be Hetermined either by direct measurement or by transfer functions. For each simulated
conponent, this response should be lower than that for which the individual components have
beeh qualified.

In testing assemblies, the test waves referred to in Clauses 7 and 8 or any other justifiable
wave, may be used. After testing, the assembly is inspected and the integrity of all the
unmonitored components, such as cabling, ete--—checked.

9.8 Component testing

Each component is subjected to testing by simulating its in-service condition. It is also
installed on the vibration table under conditions which ensure dynamic simulation of the
required installation, unless the response at the installation point of the component is
reproduced in the assembly testing as described in 9.7. The component may be tested by the
test waves referred to in Clauses 7 and 8 or any other wave.
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Single and multi-axis testing

10.1 General

Seismic ground motion may occur simultaneously in all directions and in a random fashion,

but

this does not exclude single-axis or biaxial testing.

10.2 Single-axis testing

Single-axis testing applied successively in the three preferred testing axes of the equipment

can

For

be-justified-sither:

conditions, or

when there is little or no coupling between the three preferred testing ‘axes of
pquipment when taken in pairs.

example, if a component is normally installed in an equipment which‘@mplifies motion

singdle direction, or if the construction and/or mounting of a component-estricts its motio

one
out,

a justification should be given.

10.3 Biaxial testing

10.3.1 General requirements

Bia
test
cou

ial testing is necessary when significant coupling exists between two of the prefe
ng axes of the equipment. The choice of the.type of test depends upon the plane of
bling.

10.3.2 Two horizontal axes

The
ava

a)

b)

lable.

Biaxial installation

n the case of an installation capable of simultaneous excitation by independent wa
he vibration is applied along two of the preferred testing axes of the equipment, the
response spectrumyalong each axis being at least equal to the corresponding requ
fesponse spectrum. If the waves are not independent, the test may impose a penalty s
he excitationypeaks are occurring simultaneously along both axes.

[he equipment is then rotated through 90° around the vertical axis and the above
'epeated.

Single-axis installation

nithe case when only a single-axis installation is available. the equipment may stil

when the equipment is subjected only to single-axis excitation due to its installation

the

in a
n to

direction, a single-axis test may suffice. However, if testing in alhthree axes is not carried

'red
the

two following cases may be encountered, according to the type of testing installation

es,
test
ired
nce

test

be

excited simultaneously along the two preferred testing axes in the horizontal plane using a
single wave as follows.

The equipment is mounted so that the excitation axis is at a 45° angle with respect to both

these testing axes. The vibration along the excitation axis is then increased to \/5 times
that used in biaxial testing. This imposes a penalty because the vibration peaks along the

preferred testing axes occur simultaneously.

The equipment is then rotated through 90° around the vertical axis and the above test

repeated.

10.3.3 One horizontal axis and one vertical axis

As in 10.3.2, two cases may be encountered according to the type of testing installation

ava

ilable:
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Biaxial installation
The test is carried out by applying separate and independent simultaneous excita

tion

waves along two of the preferred testing axes of the equipment, checking that the required

b)

response spectrum along each axis is achieved. If the waves are not independent, the
may be very conservative since the excitation peaks are occurring simultaneously al
both axes.

The equipment is then rotated through 90° around the vertical axis and the above
repeated.

Single-axis installation

acceptable, the installation plane remaining horizontal. The equipment is mounted-en
Vibration table so that one of the two preferred testing axes in the horizontal plafevis
specified angle to the direction of excitation (see Figure 8).

Since in this case the motions along the two directions are not independent, four tests
hen carried out in order to test both in and out-of-phase effects. The” equipmen
nstalled on the vibration table as indicated below:

bosition 1: in the position as described;

position 2: rotated through 180° around the vertical axis;

bosition 3: rotated through 90° around the vertical axis with-respect to position 1;
position 4: rotated through 180° around the vertical axis With respect to position 3.

test
ong

test

is

the

at a

are
t is

With this type of test, the spectra obtained have the samé_shape for all three preferred testing

axe
the
can

zerq
levgl by

whdre

suc
is a

Thig test may.impose a penalty since the excitation peaks are occurring simultaneously al
both axes.

5 of the equipment but with horizontal relative tovettical levels determined by the slop
excitation direction with respect to the horizodial surface of the table. If the table sl
be adjusted, it can be set to obtain the required ratio between the horizontal and ver

g = (ah2 + av2)1/2

s the zero period acceleration of the excitation;
s the zero period acceleration in horizontal direction;

s the zero period acceleration in vertical direction;

It least equalito the ZPA of the required response spectrum for the corresponding 3

period acceleration (ZPA) levels. The exéitation is defined as a zero period accelerali

e of
ope
ical
on

n that the zerolperiod acceleration projected along each of the two axes of the equipment

Xis.
ong

sed

10.4 Triaxial testing

10.4.1 General

Triaxial testing is desirable when significant couplings exist simultaneously between all three
preferred testing axes of the equipment.

10.4.2 Triaxial installation

The test is performed with simultaneous but independent inputs into the three preferred
testing axes of the equipment, each producing the required response spectrum along that
axis.
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10.4.3 Biaxial installation (one horizontal axis, one vertical axis)

019

The vertical and horizontal waves are independent. Use can be made of a biaxial table by
exciting the equipment horizontally at 45° with respect to its preferred testing axes. The
procedure is similar to that indicated in 10.3.2a), namely to define the horizontal excitation
level with the test response spectrum along each of the preferred testing axes of the
equipment adjusted to be at least equal to the corresponding required response spectrum.

11

Conditioning for the general seismic class

11.1

In d
may

Int
the

a)

b)

When there is significant coupling between the three preferred test axes of the equipment

the
can

be taken with the use of single-frequency waves_—'Sine beat, sine sweep or continuous si
the peak seismic accelerations for the..warious axes are not usually in phase|

as
mul

Selection of test type

rder to prove the ability of equipment to withstand seismic forces, several types-"of
be considered. These are listed in Table 2.

ne general seismic class, single axis testing with sine beat or sine sweep lis preferred
following reasons:

sine beat, as its form is similar to that of the horizontal earthquake'wave at floor leve
simple structures presenting one mode of resonance;

sine sweep, as it is simple to achieve but may be less realistie’than the actual earthqu
waves appearing at the floor levels.

use of geometric correction factors is not desirable, multi-axis testing (biaxial or tria
be used, although not normally recommended. Ifmulti-axis testing is used, caution sh

ifrequency wave such as time history should therefore then be used.

Table 2 —tSelection of test type

Test type
Test wave Single-axis Multi-axis
test test
Sine‘sweep a [
Sine beat a c
Time history b a
Continuous sine b [
Key
a = recommended
b = suitable
¢ = not normally recommended

test

for

S in

ake

or if
ial)
buld
e —

A

11.2 Selectionofthe Test method

The test method is a calculated amplitude test: this is applied where the conditions of use of
the equipment are either totally unknown or insufficiently known to allow the different
parameters of the test to be specified (see Clause 12).
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12 Calculated amplitude test method for the general seismic class

12.1 Application

The calculated amplitude test method is recommended when sufficient information is available
on mP\e——Enra ;"’ 5 € v G‘G e v v stiffteterthy nv
estimation of test level; this would not be possible when the conditions of use of the equip
are lunknown, nevertheless a conservative choice of the parameters is possible tosgalcuflate
the fest amplitude.

12.2 Testing conditions
12.2.1 General

In principle this is a single-axis test, where the different axes are excited one after the other.
Thig is appropriate where, for example, there is little interaction between the different axep or
the nteraction can be accounted for by applying a geometric factor.

12.2.2 Performance level

The| severity of the test is determined by the valugs<ascribed to the following parameters,
whi¢h the relevant specification for the equipment should-presecribe specify:
a) ftest wave (see 12.2.3),

b) Hamping of the equipment (see 12.2.4),

c) puperelevation factor (see 12.2.6),

d) Mdirection factor (see 12.2.7),

e) frequired response spectrum (see Clause 14),

f) duration of the test (see 13.1),

g) pmplitude of the test wave (see 13.2).

12.2.3 Test wave selection

The| test wave selected will have a noticeable influence on the response of the equipment
when its damping value is significantly different from 5 % (see Figure 9) even with the usg of
a wave facton

12.2.4/ "Damping ratio

A damping ratio of 5 % is recommended when the critical damping of the equipment lies
between 2 % and 10 %. If the damping ratio is outside this range, it is recommended that a
value representative of the actual vibrational behaviour of the equipment is used to determine
the applicable wave factor. For further details, see 13.2.2 and Figure 9.

12.2.5 Ground acceleration (ay)

The ground acceleration (a,) depends upon the seismic conditions of the site where the
equipment is to be located. V?/hen it is known, it should be-prescribed specified by the relevant
specification. Otherwise, the recommended values should be selected from those given in
Table 3.
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Table 3 — Ground acceleration levels

IEC 60068-3-3:2019 RLV © IEC 2019

The
this
of d
folld

Seismic activity zone Zone 0 Zone 1

Ground acceleration, ag (m/s?) 0 1

zone 1

— peak displacement = 0,02 mfor /< 0,8 Hz;
— peak velocity = 0,01 m#s-for 0,8 < /< 1,6 Hz;
— peak acceleration =Ch*m/s2 for £ = 1,6 Hz;
zone 2

— peak displagement = 0,04 m for /< 0,8 Hz;
— peak vefocity = 0,02 m/s for 0,8 < < 1,6 Hz;
— peaksatéeleration = 2 m/s2 for f= 1,6 Hz;
zong 3

+ peak displacement = 0,06 m for /< 0,8 Hz;
# peak velocity = 0,03 m/s for 0,8 < < 1,6 Hz;

ground acceleration values can be used aboye\a crossover frequency of 1,6 Hz. Bglow
frequency, the amplitude of velocity is used.down to 0,8 Hz. Below 0,8 Hz the amplifude
isplacement is used (see Figure 10). The¢orresponding motion amplitude values arg as
ws:

— peak acceleration = 3 m/s2 for 21,6 Hz;
zone 4

— peak displacement = 0,1 m for f < 0,8 Hz;

— peak velocity = 0,05 m/s for 0,8 < < 1,6 Hz;

— peak acceleration = 5 m/s2 for f= 1,6 Hz.

For sake of knowledge of the specification writer, the correspondence among the peak ground

acceleration,

the seismic activity zone and the modified Mercalli index,
IEC TS 62271-210:2013, Table D.1, is shown in Table 4.

taken from
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Table 4 — Correspondence between peak ground acceleration and
some seismic scales

The

fromp 1 Hz up to 35 Hz and the duration, in“the time domain, ranges from 15 s to 120 s.

A li

app
cov

Equipment to be used in“~Seismic zones 1 through 4 shall be tested to determine

equ
zon

12.2

The
buil

Seismic Peak ground Modified
activity zone acceleration (PGA) Mercalli index Richter scale
y (m/s?) (MMI)
0,01 | 0to2
0,01 to 0,02 I 1to02
o)
0,02 to 0,05 I 2to3
0,05 to 0,1 % 3to4
0,110 0,2 \Y 4t05
1
0,2 to 0,5 VI 5to 6
2 0,5to 1 VIl 5to7
3 1to 2 VIl 6 to' 8
2to5 IX 7\t 9
5to 10 X
4
10 to 20 Xl 8 or higher
more than 20 Xl
NOTE The grade of the seismic activity zones cofresponds to a probable
maximum intensity with a probability to be exece€ded by 10 % in 50 years for
medium subsoil conditions (see IEC 60721-256),

acceleration time history of the seismjic<excitation is extended in the frequency don

mited number of classes of envitonmental conditions is given, covering a broad fiel
ications. The user of this doglwnent should select the lowest classification necessary
bring the conditions of seismlicity of the intended zone of installation.

pment’s ability to.Withstand earthquakes. No earthquake requirements are provided
e 0.

.6 Superelevation factor (K)

Hings and structures is accounted for by means of the superelevation factor, K.

amplifieation of the ground acceleration resulting from the vibrational behaviouf

hain

i of
for

the
for

of

The Tecommended values are given in _Table b but a relevant specification may—prescribe
specify other values for given site conditions, if known.

Table 5 - Recommended superelevation factors (K)

K factor Application
1,0 Mounting of equipment on rigid foundations or on
structures of high rigidity
1,5 Installations rigidly connected to buildings
2,0 Installations on stiff structures connected rigidly to
buildings
3,0 Installations on low rigidity structures connected to

buildings
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12.2.7 Direction factor (D)

The seismic movement along either horizontal axis is normally greater than along the vertical
axis. If the equipment mounting conditions are specified, the test should be carried out
according to the preferred horizontal testing axes, x and y, with 100 % of the test level, but
with only 50 % along the vertical axis, z.

In the case of specimens with unspecified mounting conditions, the full test should be carried
out in all three preferred testing axes, unless otherwise—prescribed specified by the relevant
spegification.

Dirdction factors are listed in Table 6.

Table 6 — Direction factors (D)

Axis of vibration D factor Limitations
Horizontal, D, D, =1 -
Horizontal, Dy Dy =1 -
Vertical, D, D,=0,5 Only with a specified vertical attitude
Vertical, D, D, =1 When the mountingsattitude is not specified?

a8 If the effect of gravity does not influence the behaviour-of the equipment, these tests are
carried out with each of the three main axes of the equipment in turn in the vertical plane.
The direction factors for each case are D, = 1, Dy =15 D, = 0,5.

12.2.8 Floor acceleration (ay)

In the calculated amplitude method of testing, advantage is taken of the greater knowledgg of
data. The ground acceleration (ag) is, kiown or has been-prescribed specified by the releyant
spetification. Therefore the floor acceleration (af) can be determined from the formula:

ag=ag X K x D (1)

whdre

a, |is the ground acgeeleration (see 12.2.5);

9
K |is the superelevation factor (see 12.2.6);

D |[is the diregtion factor (see 12.2.7).

13 |Testing parameters for the general seismic class

13.1+—Duratien-of-test

The duration of a seismic test should be appropriate for that of the strong part of the time
history of the earthquake (see Figure 6).

For tests using sine-beat waves in accordance with 15.2.1, the duration of the test depends
upon the test frequency, number of beats specified, and pauses. In the case of tests using
vibration sweeping techniques in accordance with 15.2.2, the duration of the test depends
upon the required frequency range, the sweep rate, the number of sweep cycles and the
number of test directions involved.

For tests using a time history, the acceleration-time history waveform will be synthesized by
following the procedure illustrated in IEC 60068-2-81. The test procedure forces the
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equipment to follow the specified motion of the synthesized waveform by means of a vibration

tabl

e.

The total duration of the time history shall be about 30 s, of which the strong part shall not be
less than 20 s.

For a continuous sine test, the duration should be sufficient to reach at least five cycles at
maximum acceleration amplitude (see Figure 7).

13.2 Test acceleration (ay)

13.7

The
veld

The

stan

.1  General

est acceleration (a;) is established by taking the floor acceleration (gf) as—found-in

t
dard—amplitude—conventionaltest-method (enn 72 1\ orthe calculated—amuplitude
aatra litude

amplitude of a test wave can be defined as the maximum value of an accelerafion,
city or displacement wave but only acceleration is referred to for earthquake behaviour.

Lthe

tact

otat

met|

wavie being utilized and any interaction between axes due to the\installation location.
adjystment is accomplished by the application of a wave factor (@)-and a geometric factor|

tot

the equipment (ZPA of the test) and is calculated from the formula:
ay = ap * o x G

whdre

as |s the floor acceleration (see 12.2.8);

o |s the wave factor (see 13.2.2);

G |s the geometric factor (see 13.2.3)-

13.2.2 Wave factor (o)

Diff
equ
fact

is gimilar to the—flegeiground wave of an actual earthquake—after—filtering—through|
intefvening structure.
The| values of)the wave factor o for the other test waves are normally determined wit

damping rafiojof 5 %. Table 7 gives the value of a for a 5 cycle sine beat, for a continu
sing wayveror a sine sweep with various damping ratios. These values are calculated f
Figyre’9-which can also be used to obtain wave factors for various numbers of cycles per

bea

g < Ve toHa—te HHetHOoG ulnlunu.auu

hod-(see-8-2.7) calculated (see 12.2.8). The accelerahon (as) is then adjusted for the

ne floor acceleration. Thus, the value g, represents the acCeleration level to be applie

brent types of test waves® produce different levels of severity depending upon

br which is equal to 1°for-the-5-cycle-sine-beat—The-5-cycle-sine-beat the test wave w

tCot

test

This

(G)
d to

(2)

the

jpment damping. The éffects are taken into account by the use of a wave amplification

hich
Lthe

h a
ous
rom
sine

I and damping ratios. Examples of equipment damping values are given in Table 1.

Table 7 — Wave factor

; Wave factor
erir:)lr:?e:tf Damping of the RRS - -
% of critical (% of critical Continuous sine
(% o critica damping) 5 cycle sine beat | Time history and sine sweep
damping) (1 oct/min)
E<2% £E=2% 0,66 1 0;30,2
2%< £<10 % £=5% 0,59 1 085 0,32
E>10 % E=10% 0,58 1 68 0,44
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13.2.3 Geometric factor (G)

If there is insufficient information about the excitation at the installation site of the equipment,
the geometric factor, G, is taken:

1 for single-axis excitation with no interaction with the other axis,

1,5 for single-axis excitation with interaction with the other axis.

14

Required response spectrum for the general seismic class

Guiflance Tfor the development of a required response spectrum In the situation wH

env

ronmental conditions are not well known is provided here below.

When the application or the environment is not well known, the following recommendat
are |given for defining a required response spectrum according to Figure 1 in log-log scale:

NOT
12d

p) the test frequency range is defined from f; = 1 Hz up to f, = 35 Hz,

from the peak ground acceleration corresponding to thecseismic zone where
equipment should be installed,;

c) between f; = 1 Hz and 2f,, the acceleration is specified(by the slope of 12 dB/oct;
d) the maximum value of the acceleration between 2fgand 1/3 f, is equal to

— 2,24 times that of zero period acceleration fgr 2710 % damping ratio,

— 3 times that of zero period acceleration ferna@ 5 % damping ratio,

— 5 times that of zero period accelerationXor a 2 % damping ratio.

E When the frequency f, is lower than 0,8 Hz, th@acceleration below 1,6 Hz will be specified by the slo
B/oct.

b) the zero period acceleration value, in m/s2, is calculated as in@ifated in 13.2 staf

ere

ons

ting
the

e of
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12 dB/oct ‘.5()'
U
ol
SR
O
&
O
( BQ
0,1 A -
/; 2/; s\\‘}\ nho Hh ) Frequency .
%

(log-log scale) (as ommended by IEC 60068-2-57)
N

Thel RRS should be defined for eaCh of the three translational degrees of freedom separafely,

or gt least one spectrum shouk{.be given for the horizontal and one spectrum for the verfical

.

direction of excitation. N\

Figure 1 — Shape of a requireg’@sponse spectrum in generalized form

The| seismic movementtalong either horizontal axis is normally greater than along the vertical
axig: see 12.2.7 for @ orrect choice of the direction factor.

levgl (see 9

Whéen Ee)%ypical damping ratio of the specimen lies between 2 % and 10 %, the requjred
res% spectrum at 5 % is recommended. If the typical damping ratio of the specime{w is
lower than or equal 1o Z %, only the required response specirum a b 1Is recommended, and

if the damping ratio is higher than or equal to 10 %, the required response spectrum at 10 %
is recommended.

Itis commonlgg@ﬁmed that the S2 spectrum has the same shape as that of S1, but twice|the

15 Testing procedures for the general seismic class

15.1 Vibration response investigation (VRI)
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The] vibration response investigation shall be carried out as descrifed’in 9.2.

The| amplitude of vibration of 2 m/s2 is often used. This vafue“may be reduced to 1 m/s

acc
in 1

lesq in the case of sharp resonances. In any case the profilexof the vibration amplitude carr be
i

bmmodated in the frequency range below 1,6 Hz D a similar way as it is descr
P .2.5.

.2 Types of test

.2.1 Sine-beat test

¥ or

bed

B
0]

Thel| test is of a singteyaxis type and consists of a sequence of sine beats according to 8}

and|to IEC 6006842-57, if not otherwise specified by the relevant specification (see Figu

and

Annex A).

The| acceleration to be applied to the vibration table is that determined in 13.2. The profil

the
sim

|Iar way as it is described in 12.2.5.

e 5

e of

vibratijon amplitude can be accommodated in the frequency range below 1,6 Hz in a

The test is carried out within the specified frequency range as stated in 5.4:

a)

b)

Equipment without critical frequencies

The test frequencies need to be applied over the specified frequency range as stated in
5.4 and in steps not greater than 1/2 oct; any predetermined test frequencies not covered

also need to be applied. Tests using less than these frequencies should be justified.

Equipment with critical frequencies

The test frequencies are the critical frequencies and the predetermined test frequencies
as—prescribed specified by the relevant specification. Tests using less than these

frequencies should be justified.
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15.2.2 Sine-sweep test

The test is of a single-axis type. The acceleration to be applied to the vibration table is that
determined in 13.2. The profile of the vibration amplitude can be accommodated in the
frequency range below 1,6 Hz in a similar way as it is described in 12.2.5.

oct

15.2.3 Time-history test '\q

The| test is of a single-axis type if not otherwise specified in the relevant sﬁ%fication. The
test| is performed by applying to the equipment a time history (see 3.3%~0 simulate [the
prolbable excitation of the equipment according to IEC 60068-2-57. It shé@fd be demonstrated
that| the test response spectrum is equal to or greater than the reqkjb@ﬁ response spectrum
spetified in Clause 14. QQ

The] duration of the test wave should be at least equal to the @ation of the strong part of an
earfhquake. This is generally taken to be between 5 s and 1@

15.2.4 Other test wave forms Q

Othpr wave forms can be used if justified i@ccordance with the recommendations of 8.1.
16 [Conditioning for the specific\seismic class

xO

It isjrecommended that the egudipment should be tested according to the procedure described
in the specific seismic cl@\\ when the following parameters are defined by the releyant
spetification: .

a) prequired respo@pectrum and, if applicable, the duration of the earthquake, or
b)  required timevhistory.

For|this sej class, it is normal to indicate the number of S1- and S2-earthquakes| for
whi¢h the cts are to be simulated, as well as the load conditions (other than seismic) t¢ be
taken ir(o) ccount.

N

17 Test wave selection for the specific seismic class

17.1 General

Whichever is the adopted wave form, the test response spectrum measured should dominate
the required response spectrum and the total duration of the test should be at least equal to the
strong part of the earthquake (see 8.2.1).

17.2 Multifrequency waves

In general, when the vibration spectrum is broadband, the test wave should be of the
multifrequency type. However, certain exceptions are allowed after justification (see 7.3).
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17.3 Single-frequency waves

019

Sine-sweep tests are not generally used for specific seismic class testing. Other single-

frequency waves are allowed on specific cases (see 7.3).

18 Test waves for the specific seismic class

18.1 General

As far as test waves are concerned, Clause 8 applies with the additional requirements
indifated in 8.2 and 18.3. A
18.2 Single-frequency testing %Q‘
18.2.1 General Q\

Thel maximum level of this wave should be calculated by applying the waf@‘factor as stated

in 1

profile of the vibration amplitude can be accommodated in the frequ

in a
18.%
The

sSwWe
that

The
in 1

profiile of the vibration amplitude can be

ina

18.2

The
as

Mor
beld

18.2

The|i
ampli

acc
vibr

3.2.2 to the zero period acceleration of the required response specirum. Moreover
@ range below 1,6

similar way as it is described in 12.2.5.
CoQ

.2 Sine-sweep test C)

sine-sweep test is performed by means of a contmlﬁgs low-level logarithmic frequsg

ep cycle at a rate not exceeding 1 oct/min over a

for which the equipment is to be qualified.

maximum level of the test should be ca@

3.2.2 to the zero period acceleration of-the required response spectrum. Moreover
a@g'mmodated in the frequency range below 1,6

similar way as it is described in 12.@.

w 1,6 Hzina smd@\way as it is described in 12.2.5.

O

.4 Contin ot sine test

culated by applying the wave factor as stated in 13.2.2 to the zero pe

the
Hz

ncy

ency range equal to or larger than

ted by applying the wave factor as stated

the
Hz

um.
nge

| N4
.3 Sine-beat test \O
peak value of acceleratl,o\lvf the beat should be calculated by applying the wave factor
stated in 13.2.2 to t ro period acceleration of the required response specty
eover the profile of the“vibration amplitude can be accommodated in the frequency ra

should be of sufficient duration for at least five cycles to be at the maximum

riod
the

of the required response spectrum (see Figure 7). Moreover the profile of

o it doceor: ibhad in 149 9 O

gl amplltude can be accommodated in the frequency range below 1,6 Hz in a smllilar

way

a5-H+15—-aGeSeHP e —1====5~

18.3 Other test wave forms

Other wave forms can be used if justified in accordance with the recommendations of 8.1.

19

Testing conditions for the specific seismic class

As far as test conditions are concerned, Clause 9 fully applies.
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20 Single and multi-axis testing for the specific seismic class

As far as single and multi-axis testing is concerned, Clause 10 fully applies

o

TRS of single frequency

Zone of structural natural frequencies

o |

Acckleration

Lo
NI

Broad band RRS

Lateral frequencies

Strong part of RRS

Basic response ‘'spectrum

-3dB
de 2 by
i
/
/
/ I
/
/
// ZPA level
/
// Bandpass
/
/ ~——
s XY N Tm———
/ / !
T T T T T T T e e e e e e ZPA
s
e
//
5 Frequency
IEC

Key
TRS|= test response spegctrum
RRS|= required response spectrum
ZPA|= zero period-acceleration
Figure 2 — Typical envelope response spectrum
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g § Basic narrow band response
g < spectrum (with two peaks)
£ Basic narrow band response spectrum
\\ S
T
fa fio Frequenc]
C C
f Frequency
[
IEC
a) b)
s | Single-frequency TRS
c =]
Sk & | Octave ;172 M2}y 172
& ?
3 8
Q TRS
8 Broad band RRS < VNG \/,{\/,Jr
'\
,Z__/' // \
- Frequend
Frequency
IEC
c) d)
Key
TRS|= test response spectrum
RRS|= required response.spectrum

Figure 3 — Types of response spectrum envelopes
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Acceleration

Sine-beat spectrum

Required response spectrum

VUTtirequency response spectrum

S

Vibration amplitude (acceleration)

Frequency
IEQ

Figure 4 — Multifrequency response spectrum with superimposed sine beats
1S'sine beat Pause 2™ sine beat Pause 3"sine beat Pause 4" sine beat Pause 5" sine beat
y 4 \\ y 7 N y 7 \\ ; N y \\
e T v T
Vw {1 ‘\IWU/ 4 UU WU |
\ \ _/ \ AL 1 \ W
L/
Test frequency.

Modulating frequency Five cycles

IEC

Figure 5 — Sequence of five sine beats with five cycles
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Figure 6 — Typical time history
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Equipment ———e=

Table

Vibration generator

-=—— |nclined planhe

AT

Figure 8 — Biaxial table along an inclined plane

IEC
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Figure 9 — Wave amplification factors
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Figure 10 — Vibration amplitudes for ground acceleration «
with crossover frequencies at 0,8 Hz and 1,6 Hz
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Annex A
(informative)

charts for test selection

Applicable to the
general seismic class
(Section Two)

Are the
conditions for the
equipment known ?
{see 6.2)

Y

Standard amplitode
conventional'test

(see clause.7)

See annex A.1 )

Calculated

Guidance

Is the seismic
environment
known ?

Applicable to the
specific seismic class
{Section Three)

Multi-axis test ? YES

(see clause 15)

ES

Single-axis
test
{see 15.1)

C See annex A.3 j

Multi-axis test

ah_lp:;tudc test
(see clause 8)

See annex A.2 j

{see 15.2Z and 15.3)

Q See annex A4 )

046/90
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A.1 Selection of test type

Annex A contains the flow chart below for the selection of the test type (see Figure A.1) and
three flow charts covering individual tests (see Figures A.2, A.3 and A.4).

Guidance

NO

Applicable to the
eneral seismic class

[«

lculated amplitude test
(seq Clauses 11-12-13-14-15)

See Clause A.2

Is the seismic
environment known?

Single-axis test
(see 10.2)

See Clause A.3

Figure A.1 — Selection

YES

Applicable to the
specific seismic class

Multi-axis test? Multi-axis test

(see Clauses 10 and20)

(see 10.3 and 104

See Clause A4

of seismic class

IEC
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A.2 General seismic class — Calculated amplitude test

Calculated amplitude test
(see Clause 12)

preferred suitable

i i Test type selection m
Single-axis y
(see 11.1 and 12_2_V g Multi-axis

suitable
Time history
Selection of test waves (see 10°hand 15.2.3)
(see 11.1) Test Ff
\’/ N \I/ \I/ \J \I/ Calculation of floo
Sine beat Sine sweep Continuous sine Other wave tvpes acceleration
(see 11.1) (see 11.1) (see 11.1) (Justification re uireé,Psee 11.1) (see 12.2.8)
Test Ff Test Fc Test Fe quired; :
Calfulation of floor Calculation of floor Calculation of floor Calculation of tesf
hcceleration acceleration acceleration acceleration
see 12.2.8) (see 12.2.8) (see 12.2.8) (see 13.2. and Clause 1)
Caleulation of test Calculation of test Calculation of test
gcceleration acceleration acceleration
(see 13.2) (see 13.2) (see 13.2)
NaY
Vibration response
investigation
(see 15.1)
Vibration response
investigation
(see 15.1)
YES
YES
[ Critical frequencies Critical frequencies
I i i i
Tst frequencies Test frequencies Test frequencies Test frequencies
(see 15.2.1a) (see 15.2.1b) (see 15.2.1a) (see 15.2.1b)
IEC
Figure A.2 — Calculated amplitude test flowchart
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A.3 Specific seismic class — Single axis testing

Single-frequency waves
(see 7.3 and 8.3)

Single-axis testing
(see 10.2)

A

IR

-/

Multifrequency waves
(see 7.2 and 8.2)

{ 1

Sine beat
(see 7.3 and 8.3.3)
Test Ff

Continuous sine
(see 7.3 and 8.3.4)
Test Fc

\ﬁ\l

Time history
(see 7.2-and 8.2.2)
Test Ff

Key

TRS|= test response spectrum

RRS|=€equired response spectrum

T

Select S1/S2
level
(see 9.5)

Duration’of test
(see 8.1.2)

TRS =2 RRS
(see 8.1.1)

Peak acceleration = ZPA
(see 8.1.1)

ZPA = zero period acceleration

Figure A.3 — Single-axis testing flowchart
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A.4 Specific seismic class — Multi-axis testing

Multi-axis testing
(see 10.3 and 10.4)

recommended permitted

Multifrequency waves
(see 7.2 and 8.2)

|

\V4

Test wave selection
(see Clause 7)

Single-frequency waves
(justification required)
(see 7.3,8.3and 11.1)

Time history
(see 7.2 and 8.2)
Test Ff

J

Select S1/S2 level
(see 8.1.2)

l

Duration of test
(see 8.1.2)

A

TRS 2RRS
(see 8.1.1)

L

Peak acceleration2 ZPA
(see 8.1:1)

IEC

Key
TRS|= test response spectrum
RRS| = required response spectrum

ZPA|= zero period acceleration

Figure A.4 — Multi-axis testing flowchart
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ENVIRONMENTAL TESTING -

Part 3-3: Supporting documentation and guidance —
Seismic test methods for equipment

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprjsing

Il national electrotechnical committees (IEC National Committees). The object of IEE€ ‘s to pro
imternational co-operation on all questions concerning standardization in the electrical and(electronic field

mote
. To

this end and in addition to other activities, IEC publishes International Standards, Technical Specificatjons,

echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter,referred to as

“IEC

ublication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee intergsted

in the subject dealt with may participate in this preparatory work. Internationaly governmental and

non-

overnmental organizations liaising with the IEC also participate in this preparation. IEC collaborates clgsely
ith the International Organization for Standardization (ISO) in accordancée\with conditions determinefl by

greement between the two organizations.

he formal decisions or agreements of IEC on technical matters express,.as nearly as possible, an internat

@)

terested IEC National Committees.

EFC Publications have the form of recommendations for intermational use and are accepted by IEC Nat

|
q
Hublications is accurate, IEC cannot be held responsible for the way in which they are used or for
misinterpretation by any end user.

Ih order to promote international uniformity, IEC Natienal Committees undertake to apply IEC Publica
tfansparently to the maximum extent possible inCtheir national and regional publications. Any diverg
between any IEC Publication and the corresponding national or regional publication shall be clearly indicat
the latter.

IEC itself does not provide any attestationl«of conformity. Independent certification bodies provide confo

onal

onsensus of opinion on the relevant subjects since each technical{committee has representation from all

onal

ommittees in that sense. While all reasonable efforts are¢made to ensure that the technical content off IEC

any

ions
Ence
Bd in

mity

ssessment services and, in some areas,, access to IEC marks of conformity. IEC is not responsible forl any

rvices carried out by independent certification bodies.

Il users should ensure that they have the latest edition of this publication.

o liability shall attach to IEG-oc its directors, employees, servants or agents including individual experts| and

embers of its technical committees and IEC National Committees for any personal injury, property dama
her damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out_0f-the publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn to’the Normative references cited in this publication. Use of the referenced publicatio
indispensable_forthe correct application of this publication.

ttention isTdrawn to the possibility that some of the elements of this IEC Publication may be the subje]
atent rights? IEC shall not be held responsible for identifying any or all such patent rights.

Intefnational Standard |IEC 60068-3-3 has been prepared by IEC technical committee

En

ronmental Pnndifinnc, classification and methods of test

e or
and
IEC

hs is

ct of

04:

This second edition cancels and replaces the first edition published in 1991. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) the main aim of this revision is to connect the testing level to the seismic activity level of

the zone where the equipment could be installed,;

b) a standard shape for the required response spectrum is also given for the general seismic

class for which the seismic environment is either not known or is imprecisely known;
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019

Clauses 11 to 15 were renumbered and some adjustments were made as their content is

very general and the requirements can be applied both to the general seismic class an
the specific seismic class;

dto

the word “envelope” is replaced with “dominance” and “to envelop” with “to dominate” in

order to provide a more precise meaning from a mathematical point of view.

text of this International Standard is based on the following documents:

FDIS Report on voting
104/835/FDIS 104/841/RVD

Full
the

Thig

Thig

Al
test|

The
stak
the

information on the voting for the approval of this International Standard can b&/foun
report on voting indicated in the above table.

document has been drafted in accordance with the ISO/IEC Directives,-Part 2.
International Standard is to be used in conjunction with IEC 600681

5t of all parts in the IEC 60068 series, published under the_general title Environme
fng, can be found on the IEC website.

committee has decided that the contents of this document will remain unchanged until
ility date indicated on the IEC website under "http#//webstore.iec.ch" in the data relate
specific document. At this date, the document will be

feconfirmed,

vithdrawn,

replaced by a revised edition, or

hmended.

d in

ntal

the
d to
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INTRODUCTION

Guidance is included in each of the two test methods referred to in this document but it is
specific to the test method. The guidance in this document is directed towards choosing the
appropriate test method and applying it to seismic testing.
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ENVIRONMENTAL TESTING -

Part 3-3: Supporting documentation and guidance —
Seismic test methods for equipment

Scope

019

Thi

be ¢xtended to other equipment and to components.

part of IEC 60068 applies primarily to electro-technical equipment but its application

can

In alddition, if some type of analysis is always performed when making a seismic, qualificafion,

for

the [seismic qualification from the tested specimen to similar specimens, the verification of]

per
acc
enti

This
test
abil
stre

The
by t
whi

NOT]
has
IEC

The
doc

Thig
and

2

The
con

xample for the choice of the representative sample to be tested or for.the extensio

ormance of an equipment by analysis or by a combination of testing,and analysis car
bptable but is outside the scope of this document, which is restrictéd to verification ba
rely upon data from dynamic testing.

document deals solely with the seismic testing of a full-size equipment which can
cd on a vibration table. The seismic testing of an equipmeént is intended to demonstrats
ty to perform its required function during and/or after the time it is subjected to
sses and displacements resulting from an earthquake.

he relevant specification, can be applied to.demonstrate the performance of equipmen
th seismic testing is required with the main, aim of achieving qualification.

FE Qualification by so-called “fragility-testing®~is not considered to be within the scope of this document

50068-2 test methods.

choice of the method of testing can be made according to the criteria described in
Liment. The methods themselves are closely based on published IEC test methods.

verify, the performance of an equipment.

Normative references

following documents are referred to in the text in such a way that some or all of {

h of
the

be
sed

be
b its
the

object of this document is to present a range.of methods of testing which, when specified

for

hich

been prepared to give generally applicable guidance on seismic testing and specifically on the uge of

this

document is intended for use by manufacturers to substantiate, or by users to evallate

heir

cite
any

IEC

IEC

amendments) applies.
60068-1, Environmental testing — Part 1: General and guidance

60068-2-6, Environmental testing — Part 2-6: Tests — Test Fc: Vibration (sinusoidal)

ent constitutes requirements of this document. For dated references, only the ed]tion

i ing

IEC 60068-2-47, Environmental testing — Part 2-47: Test — Mounting of specimens for
vibration, impact and similar dynamic tests

IEC 60068-2-57, Environmental testing — Part 2-57: Tests — Test Ff: Vibration — Time-history

and

sine-beat method
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IEC 60068-2-64, Environmental testing — Part 2-64: Tests — Test Fh: Vibration, broadband
random and guidance

IEC 60068-2-81, Environmental testing — Part 2-81: Tests — Test Ei: Shock — Shock response
spectrum synthesis

ISO 2041, Mechanical vibration, shock and condition monitoring — Vocabulary

3 Terms and definitions

For| the purposes of this document, the terms and definitions given in IEC 6006
IEC|60068-2-6, IEC 60068-2-57 and ISO 2041 and the following apply.

ISOland IEC maintain terminological databases for use in standardization at\the follov
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

¢ |SO Online browsing platform: available at http://www.iso.org/obp

3.1

asspmbly

two|or more devices sharing a common mounting or supparting structure

3.2

bar1dpass at -3 dB

frequency intervals defined by the points possessing an ordinate larger than or equal to \/
timgs the maximum value of the plot

SEE]| Figure 2.

3.3

basjic response spectrum

unn
dani

SEE

Note
resp
equi

3.4
bro
resf

odified response spectrum.defined by the characteristics of the building, its floor Ig
ping ratio, etc. and obtained from a specific ground motion

Figure 2.

1 to entry: The basic response spectrum is generally of the narrow band type at floor level. The |

bnse spectrum _is\calculated by the architect engineer of the plant and it is generally not known by
pbment manufaeturer and by the test engineer.

hdband response spectrum
onse’ spectrum that describes the motion indicating that a number of interad

frequencies exist which should be treated as a whole

2 /2

vel,

asic
the

ting

SEE

: Figure 3c).

Note 1 to entry: The bandwidth is normally greater than one octave.

3.5
crit

ical frequency

frequency at which:

[SO

malfunctioning and/or deterioration of performance of the specimen which are dependent
on vibration are exhibited, and/or

mechanical resonances and/or other response effects occur, for example chatter

URCE: IEC 60068-2-6:2007, 3.9]
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3.6
crossover frequency
frequency at which the characteristic of a vibration changes from one relationship to another

Note 1 to entry: For example, a crossover frequency may be that frequency at which the control of the test
vibration amplitude changes from a constant displacement value versus frequency to a constant acceleration value
versus frequency.

[SOURCE: ISO 2041:2009, 2.118, modified — Example omitted and note added.]

3.7
cuqoff frequency

frequency in the response spectrum where the zero period acceleration (ZPA) asymptote
begjns

Notel 1 to entry: The cut-off frequency is the frequency beyond which the single-degree-of-freedom (SIDOF)
oscillators exhibit no amplification of motion and indicate the upper limit of the frequency content of the wavgform
being analysed.

3.8
damping
enefgy dissipation mechanisms in a system.

Notel 1 to entry: In practice, damping depends on many parameters, such’ as the structural system, mode of
vibrgtion, strain, applied forces, velocity, materials, joint slippage.

Notel 2 to entry: This definition is not identical to that given in 1ISQ72041.

3.8/
critjcal damping
minjmum viscous damping that will allow a displaced system to return to its initial position
without oscillation

3.8.2
damping ratio
ratip of actual damping to critical.damping in a system with viscous damping

3.9
dirgction factor
factpr taking account_aof the difference in magnitude at ground level that normally exists
between the horizontal'and vertical accelerations resulting from an earthquake

3.10
flogr acceleration
acceleration—of a particular building floor (or an equipment mounting) resulting from |the
grolind metion of a given earthquake

Note TTt0 entry: N practice the 1loor acceleration may be resolved nto Its horizontal and veriica components.

3.11

geometric factor

factor required in single axis testing to take into account the interaction along the different
axes of the equipment of simultaneous multi-directional input vibrations

3.12

9n

standard acceleration due to the earth's gravity, which itself varies with altitude and
geographical latitude

Note 1 to entry: For the purposes of this document, the value of g, is rounded up to the nearest whole number,
that is 10 m/s?.
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3.13
ground acceleration
acceleration resulting from the motion of a given earthquake

Note

1 to entry: In practice the ground acceleration may be resolved into its horizontal and vertical componen

3.14

late

ral frequencies

ts.

two frequencies determined according to the —3 dB response around the overall resonance

freq

uency

SEE| Figure 2.

3.1

malfunction
losq of capability of the equipment to initiate or sustain a required function, or the initiatio

undesired spurious action which may result in adverse consequences for safety,
Notel 1 to entry: Malfunction will be defined by the relevant specification.

3.16

narfowband response spectrum

response spectrum in which single-frequency excitation predominates

SEE| Figure 3a).

Notel 1 to entry: The bandwidth is normally 1/3 oct (one third octaye) or less.

Note]
may

3.17

fre
cha

3.1

resg

Note
the 1
encl

3.1

pa
inte

daglped natural frequency

oveiall resonance

2 to entry: When several widely spaced well-defined\frequencies exist, if justified, each of their respo
be treated separately as a narrow-band response spectrim (see Figure 3b)).

uency of free vibration of a damped’ linear system depending only on its own phyg
racteristics (mass, stiffness, and.damping)

nance frequency at which a complete structure amplifies the exciting motion

1 to entry: Within the frequency range between 1 Hz and 35 Hz, overall resonance generally correspon
irst mode of vibration” It is important to take into account the overall resonance frequencies when they
sed in the strong part of the required response spectrum (see 3.27).

se
Fval between consecutive test waves (for example sine beats)

nses

ical

Is to
are

Note

1 1to entry: A pause should be such that it results in no significant superposition of the response motions of
an equipment.

3.20
preferred testing axes

thre

e orthogonal axes which correspond to the most vulnerable axes of the equipment

3.21

required response spectrum

RRS

response spectrum specified by the user

SEE:

Figures 1, 2 and 3.
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3.22

resonance frequency

frequency at which, in forced oscillation, a change in the frequency of excitation causes a
decrease in the response of the system

Note 1 to entry: The value of resonance frequency depends upon the measured variable. For a damped linear
system, the values of resonance frequency for displacement, velocity and acceleration (respectively dynamic
compliance, mobility and accelerance; see ISO 2041) are in increasing order of frequency. The differences
between these resonance frequency values are small for the usual damping ratios.

Note 2 to entry: In seismic testing, it is often assumed that a resonance frequency is significant when the
transmissibility of the response is greater than 2.

Note]3 to entry: For a damped linear system the resonance frequency is coincident with the damped thuraI
freqyency.

Notel 4 to entry: This definition is not identical to that given in ISO 2041.

3.2
response spectrum
plot| of the maximum response to a defined input motion of a family, of single-degreqg-of-
fregdom bodies at a specified damping ratio

SEE| Figures 1, 2 and 3.

Note] 1 to entry: This definition is not identical to that given in ISO 2041,

3.24
S1-earthquake
earfhquake which would be expected to occur during.the operating life of the equipment jand
for |which safety related equipment is to bexdesigned to continue to operate without
malfunction

Notel 1 to entry: An S1-earthquake corresponds in ‘nuclear applications to the operating base earthquake (OBIE).

f
~

3.2%
S2-earthquake
earthquake which produces the-’maximum vibratory ground motion for which centain
structures, systems and compenents are designed to remain functional

Notel 1 to entry: The structures, systems and components are those essential to ensure proper function, intggrity
and pafety of the total system,

Notel 2 to entry: An SZ2-eafthquake corresponds in nuclear applications to the safe shutdown earthquake (SSH

~

3.21

sin¢ beat
confinuous=sinusoidal wave of one frequency which is modulated by a sinusoidal wave pf a
lower frequency

SEE: Figure 5.
Note 1 to entry: The duration of one sine beat is half the period of the modulating frequency.

Note 2 to entry: In this document, the sine beat is considered as a single-frequency wave.

3.27

strong part of time history

part of time history from the time when the plot first reaches 25 % of the maximum value to
the time when it falls for the last time to the 25 % level

SEE: Figure 6.
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3.28

strong part of the response spectrum

part of the spectrum for which the response acceleration is higher than for the -3 dB
bandpass of the required response spectrum

SEE: Figure 2.

Note 1 to entry: Generally, the strong part of the response spectrum is located in the first third of the frequency
band.

the

ired

Notel 1 to entry: In seismic testing, acceleration is the parameter normally used.

frequency at which the specimen is to be excited:during a test

Notel 1 to entry: A test frequency is one of two types as’defined in 3.32.1 and 3.32.2.

3.32.1
predetermined test frequency
frequency specified by the relevant-specification

3.32.2
investigated test frequency
frecIuency obtained by awibration response investigation

3.31
tes{ response spectrum
response spectrum derived from the real motion of the vibration table either analytically of by
using spectrum analysis equipment

SEE| Figures 2, 3c) and 3d).

3.34
time history
recording, as a function of time, of acceleration or velocity or displacement

Note 1 to entry: This definition is not identical to that given in ISO 2041.

3.35

zero period acceleration

ZPA

high-frequency asymptotic value of acceleration of a response spectrum

Note 1 to entry: An example of ZPA is given in Figure 2.
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Note 2 to entry: The zero period acceleration is of practical significance as it represents the largest peak value of
acceleration, for example in a time history. This should not be confused with the peak value of acceleration in the
response spectrum.

Note 3 to entry: This note applies to the French language only.
4 General and qualification considerations

4.1 General seismic class and specific seismic class

Two seismic classes have been established: a general seismic class and a specific seismic
Clabb. NUE“IUI Uf t;IUbU bidbbcb vdll IUU L.vUIIbiL.IIUICUI tU IUU Imorc UIUIIIdlIL“IIy tildll tilc U“ICI. The
diffgrence between the two classes lies in the availability of and/or the accuracy in defining
the [characteristics of the seismic environment. When high reliability safety equipment for a
spegified environment is required, such as safety related equipment in nuclear power pIéLnts,
the luse of precise data is necessary and, therefore, the specific seismic class'is applicable
and| not the general seismic class. Annex A contains a flow chart for the selection of the ftest
clags (general seismic class or specific seismic class) and three flow charts: (Figures A.R to
A.4) covering the possibilities discussed in this document. To take fallyadvantage of [this
docpment it is strongly recommended that the flow charts be studied yéry thoroughly.

Clayses 11 to 15 describe the recommended seismic testing metheds for equipment covgred
by the general seismic class for which the seismic environment is either not known dr is
impfecisely known.

Thig class covers equipment for which the relevant §eiSmic motion does not result from a
spefific study taking into account the characteristi€s) of the geographic location and of|the
supporting structure or building.

In this class, the seismic motion is generally characterized by one datum which is a peak
acceleration at the ground level. This acceleration is derived from the seismic data relative to
the jarea of interest.

When an equipment is not mounted at ground level, the transmissibility of the building anfg/or
the supporting structure should be*taken into account.

Clayses 16 to 20 describe'\the recommended seismic testing methods for equipment covgred
by the specific seismic ¢lass for which the seismic environment is well known or the requjred
response spectra and/or'the time histories are specified in the relevant specification.

Thig class coversithe equipment for which the relevant seismic motion results from a spegific
study taking ite' account the characteristics of the geographic location and of the supponting
structure or\building.

In this/class, the seismic motion is defined by response spectra (evaluated for diffefent

d aiac—ratioa) b o tioa hictoris
amnm Py TatoS) O oy a e TiTStoTys

The relevant specification should contain information relating to the subjects discussed
in4.2,4.3 and 4.4.

4.2 Service conditions

Service conditions should be duplicated as closely as possible when an equipment is tested,
particularly those conditions (electrical, mechanical, and thermal pressure, etc.) whose
stresses combine with those of the seismic test to affect the operation or integrity of the
equipment. When account is not taken of these service conditions in the test, the omission
should be justified.
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Malfunction criteria

When the service conditions and function are known or have been selected, the relevant
specification will specify acceptance and/or malfunction criteria.

NOTE There are cases when the final service conditions or the conditions of use of the equipment which is to be
tested are not known but have been selected. In these cases, malfunction criteria cannot be accurately established
and are therefore assumed without formal justification; for example, in the absence of better information, the

assu

4.4

mption is frequently made that the duration of a malfunction in electrical circuitry is 5 ms.

Qualification criteria

Thel|following classification is introduced as it allows criteria to be assigned to equipmentf]
parficular application.

5.1

Tes
Cla

5.2
The

NOT
see

The
moy
the

The
the
just
is p

pither during or after the test.

Criterion 1: Equipment subjected to seismic testing which suffered a malfunction du
he test but reverted to its correct state after the test.

ho replacement or repair.
Testing procedures

General

ses 16 to 20 for the specific seismic class:

Mounting

equipment shall be mounted in aggordance with IEC 60068-2-47.

FE For more detailed guidance in the case of equipment normally used with vibration isol
EC 60068-2-6:2007, Clause A.5,

nting the equipment. Also, unless justified, the normal “in service” mounting structur
equipment should™be included in the seismic test.

orientationsand mounting of the equipment during the test should be specified and is

only cofdition for which the equipment is considered qualified, unless adeq
fication'can be made to extend the qualification to an untested condition (for instance,
roved that the effects of gravity do not influence the behaviour of the equipment).

5.3
5.3.

Criterion 0: Equipment subjected to seismic testing which experienced no‘malfungtion

ring

Criterion 2: Equipment subjected to seismic testing which experienced a malfungtion
Huring the test and required resetting or adjustment on completion-of the test but requjred

ting should be in accordance with Clauses< 11 to 15 for the general seismic clas$ or

htors

influence of connections, cables, piping, etc., should be taken into account when

e of

hen
ate
if it

—Neasurements

1 Vibration measurements at the vibration table

Measurements shall be carried out in accordance with IEC 60068-2-6, IEC 60068-2

IEC

60068-2-64 and IEC 60068-2-81 as relevant.

-57,

Vibration measurements at the vibration table are to be made to ensure that the correct levels

of v

ibration are applied at the required measuring positions.

Parameters to be permanently recorded (displacement, velocity, acceleration), the equipment
used, and the functions of each transducer (reference, measurement) should be specified.
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2 Vibration measurements on the equipment

019

In addition to the measurements at the vibration table, measurements may be made on the
equipment to provide further information about its performance during the test. These latter
measurements are not a part of the vibration test requirements.

5.3.

3 Functional monitoring of the equipment

Monitoring should be adequate to evaluate the performance of the equipment before, during

and

after the test.

The

permanently recorded.

5.4

In ¢

cert
dep
mor
the

7.1
Cla

into
and

For

relevant specification for the equipment should specify any characteristics.to

Frequency range

arthquakes, the predominant frequencies are generally between 1 Hz-and 35 Hz.
ain cases the test frequency range of 1 Hz to 35 Hz may be)éxtended or redu
ending on the effective value of the cut-off frequency of the grelhd response spectr

eover the test frequency range may be reduced depending on‘\the critical frequencie
specimen, but this should be justified.

Conditioning

s5ine sweep (primarily for the vibration response investigation) (IEC 60068-2-6);
continuous sine (endurance at fixed freguencies) (IEC 60068-2-6);
ime history and sine beat (IEC 60068+2-57).

Test wave selection

General

ise 7 should be read’ in conjunction with Clause 9. The test wave selection should t

under the influence of the specified earthquake.

the purposes of this document, the test waves are divided into two categories.

Multifrequency waves:
1) time history (natural, synthesized or random motion sample);

seismic testing, the preferred test waves are incfaccordance with the following standards:

be

This
range is sufficient to determine the critical frequencies of the equipmentd for its testing.

ced
um;
5 of

(4]

ake

account the anticipated characteristics of the equipment when it is in its installed position

b)

7.2

Z) otherwaves (requiring Justification);

single-frequency waves:

w

sine sweep;

N

sine beat;

a

continuous sine (Figure 7);

)
)
)
)

&)

other waves (requiring justification).

Multifrequency waves

In general, when the vibration spectrum is broadband, the test wave should be of the
multifrequency type. However, certain exceptions are allowed after justification (see 7.3).
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7.3 Single-frequency waves

If the ground seismic motion is filtered by one of the structural modes, the resulting floor level
motion may show a predominant frequency. This corresponds to a narrowband required
response spectrum and in this situation a single-frequency vibration may be a satisfactory
excitation.

The single-frequency test response spectrum should not be mistaken for the overall test
response spectrum obtained for each test frequency. The single-frequency test response
spectrum should be larger than or equal to the required response spectrum (RRS)
(see_Figures 3b) and 3d)).

The| overall single-frequency test response spectrum should be larger than or equal.to|the
reqliired response spectrum.

Frequently only an artificially broadened response spectrum is available tof‘take account of
uncgrtainties such as site variations, axes of the structure or design uncertainties. In |this
situption and in the absence of additional evidence to demonstrate floor s€ismic motions t¢ be
narjowband, it should be assumed on the basis of this broadened response spectrum that|the
excitation is multifrequency.

Single-frequency tests can be used to qualify the equipment in(the following cases:
a) po interacting resonance frequencies (this is considéred to be the case when they|are
more than 1/4 oct apart, see Figure 3b));

b) resonance frequencies of the equipment are-Mlocated outside the strong part of [the
required response spectrum;

c) ppecial cases, if justified.
8 |Test waves

8.1 General
8.1/ Specification of test waves
The| test wave used should:

a) produce a test response spectrum larger than or equal to the required response spectrum;

b) possess a makximum peak acceleration value at least equal to that of the zero pefiod
pcceleration;

c) freproduce ‘with a safety margin the effects of the required earthquake (see 8.1.2);

d) jdeallyinot include any frequency greater than 35 Hz or the cut-off frequency if this is
higher, but if such frequencies exist in the testing wave they should not be taken |into
cecount in_evaluating the test response spectrum. especially when obtaining the ZPA-
value.

8.1.2 Simulation with a safety margin of the effects of an earthquake

In evaluating the seismic risk of a particular site, it is necessary to make an allowance for the
estimated number of S1- and S2-earthquakes to which the equipment might be subjected
during the lifetime of the installation. Five S1-earthquakes and one S2-earthquake are
generally assumed unless a different number can be justified. However, to achieve a greater
safety margin, the equipment may be subjected to two tests corresponding to the level of the
S2-earthquake.
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The S1 tests should be followed by at least one S2 test. The duration of each test should be
at least equal to the strong part of the time history used to define the required response
spectrum (see 9.5). The tests should simulate at least the same level of fatigue as that to
which the equipment is liable to be subjected during both the S1- and S2-earthquakes.

Thus, each test should simulate with the same safety margin the effects of an earthquake.
Resistance to fatigue decreases as the stress level increases and, therefore, the S1 test may
be replaced by a number of S2 tests producing the same total ageing, providing the number
chosen is justified.

The{mﬂ—mberﬁ—sﬂ—anﬂ—ei—km—appﬁed—m—fhe—emmm—m—m the
reqliired values in order to provide for the functional checks specified by the releyant

spegification. In this case, as many test waves as necessary are applied but the probability of
fatigue failure is increased.

Thel| test waves simulating S1- or S2-earthquakes may be applied as “wave .sequences” (see
Figure 5). In this case, the waves shall be sufficiently spaced (by at least,2s) to avoid their
effects being superimposed on the equipment.

8.2| Multifrequency wave testing
8.2/ General requirements

Mulfifrequency wave testing should be carried out in accordance with the recommendations
indicated in 8.1. In particular, a check should be made using an appropriate analysi$ to
demonstrate that the test response spectrum dominates the required response spectrum. [The
recommended values for the appropriate analysisiare at least 1/6 oct for damping between
2 %land 10 % and 1/12 oct for 2 % or less. If thexdamping is greater than or equal to 10 %}, an
appropriate analysis in 1/3 oct is sufficient.

8.2.2 Time-history test

The| test is performed by applying ta\the equipment a time history (see 3.34) to simulate|the
probhable excitation of the equipment. If not directly supplied by the relevant specification,|the
test| time history shall be generated starting from the required response spectrum| as
desgribed in IEC 60068-2-81.

The| duration of the testiwave should be at least equal to the duration of the strong part of an
earthquake. This is generally taken to be between 5 s and 10 s.

8.2.3 Othermultifrequency tests

any cases the required motion may represent significant filtering of ground motion by jone
ore~sharp building or soil resonances, or both. The corresponding RRS may include
medium-to-low level amplification over a broad frequency range, with highly amplified nafrow
ban . . o by
applying to the equipment a multifrequency excitation, the amplitude of which is adjusted
either manually or automatically in multiple-frequency bands. However the use of a
multifrequency motion test may require an unreasonably high maximum peak value of the
input so as to meet the higher amplification associated with the building resonances. It is
permissible to synthesize a complex signal that comprises the summation of several different
types of individual narrowband components superimposed on lower level broadband random
motion. This approach affords a better chance of producing a table motion whose TRS will
envelop the RRS, without introducing excessive ZPA levels. Typical methods of synthesizing
complex signals are (see Figures 3 and 4):

a) random motion with sine dwells;
b) random motion with sine beats;

c) combination of multiple sinusoids;
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d) combination of decaying sinusoids.
8.3 Single-frequency testing
8.3.1 General requirements

The single-frequency wave is applied at a frequency and with an amplitude such that the test
response spectrum is larger than or equal to the value of the required response spectrum at
that frequency (see Figures 3b) and 3d)). If the overall test response spectrum does not cover
the RRS, justification is required.

In g]eneral, basic response spectra which may have similar amplitudes will show diffefent
frequencies depending upon the differences in soil modules, building height, or position off the
equjpment. In this case, single-frequency waves are applied at the critical frequencies” of|the
equjpment which occur in the strong part of the spectrum and at any specified predetermined
frequencies unless justified (see 7.3). The test frequencies are applied over\the specified
frequency range as stated in 5.4, in steps not greater than 1/2 oct (see Figure 3d)). This
guards against the possibility that some critical frequencies will not be excited, which were
undetected during the vibration response investigation generally made by a sine-sweep test. If
applicable, tests should be carried out at the critical frequencies (seg(3.5) as well as at|the
ovefall resonance frequency of the equipment.

The| input level to be applied to the vibration table is calculated taking into account|the
amplification of the test wave and the ZPA of the required\response spectrum at a damping
ratio of 5 %. When the equipment possesses critical frequencies in the strong part of|the
spegtrum with a damping ratio lower than 2 % or higher than 10 %, then the input level is
determined by reference to the required response spectrum at a damping ratio corresponding
to that of the equipment. After carrying out all the'dests along each axis of the equipmert, a
modification of its mechanical characteristics_tay be noticed. In this case, the releyant
spetification shall state what action is to be taken if any change of frequency occurs.

8.3.2 Sine-sweep test

The| sine-sweep test is performed byimeans of a continuous, low-level logarithmic frequgncy
swelep cycle at a rate not exceeding 1 oct/min over a frequency range equal to or larger than
that|for which the equipment is“te-be qualified.

8.3.3 Sine-beat test

The|l number of cycles’per beat is adjusted so that the test response spectrum dominates|the
reqliired responselspectrum (see Figure 3d)). The peak value of acceleration of the beat is
caldulated taking\into account the amplification of the test wave and the ZPA of the requjred
response spectrum at a damping ratio of 5 %.

For|a given peak value of sine-beat acceleration, the safety margin of the test increases ith
the [number of cycles. For the test response spectrum to be larger than or equal to|the
I'GQUilcd reSPonsST bpcbtlulll, ts—tstattousebetweenr—S5—=and—16 uyu:ca pet stme—beat—The
envelope of the test response spectra of these sine beats should dominate the required
response spectrum.

A sequence of five sine beats (or continuous sine) should be applied at test frequencies over
the specified frequency range as stated in 5.4 and in steps not greater than 1/2 oct. The test
amplitude should correspond to the zero period acceleration level corresponding to the
S1-earthquake followed by one sine beat defined as above with the zero period acceleration
level corresponding to the S2-earthquake. The envelope of the test response spectra of these
sine beats should dominate the required response spectrum.
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8.3.4 Continuous sine test

For each test frequency a continuous sine motion is applied to the equipment so that the test
response spectrum dominates the required response spectrum at least in a range around the
considered frequency (see Figure 3d)) and the input level to be applied to the vibration table
is calculated taking into account the amplification of the test wave and the ZPA of the required
response spectrum at a damping ratio of 5 %. The input signal should be of sufficient duration
for at least five cycles to be at the maximum calculated amplitude (see Figure 7).

8.4 Other test wave forms

Other wave forms can be used if justified in accordance with the recommendations of 8.1,

9 |Testing conditions

9.1 General

The| procedures indicated in Clause 9 are recommended for use in the testing of equipment
des|gned to withstand earthquakes. The seismic tests are performied by subjecting |the
equipment to a vibratory motion simulating the seismic motion with-a_safety margin defined by
a peak acceleration, a frequency distribution of the acceleration @fid a duration of the applied
acceleration. The theoretical basis for this test procedure is considered to be outside|the
scope of this document but can be readily obtained from relévant technical literature.

A dffficult problem in attempting to define tests for qualifying equipment is in the selectiop of
suitpble test waves, as described in Clause 7.-Numerous factors should be taken finto
accpunt, for example the type of equipment, its_position and the nature of the earthquake
expgected. A further point is the need to determine whether the equipment is to be used fpr a
spegific application or for a more general purpose. In the first case, the seismic motion|will
prolbably be closely specified and the testing is then selected so as to comply with [this
conflition, whereas in the latter case the test should be designed to qualify the equipment for
a fuure application for which a more géneral required response spectrum is to be specified.

In wWriting the relevant specification-a required response spectrum is normally generated and it
is usually broadened in the maximum amplification area to cover the effects of unknown or
varipble factors such as the natural frequencies of the building structure which are not knpwn
with accuracy and the position of the equipment inside the building. This is called a
broadband required response spectrum (see Figure 2). The extent to which the spectrum used
can|be broadened is(to be specified by the relevant specification.

Andther factop-tobe taken into account is the multi-directional nature of the earthquake. [The
equjpment istested so as to take these effects into account. This is described in Clause 1(.

Difficultyarises when attempting to define the testing of individual components (relays,
motprsy’sensors, etc.) or complex assemblies such as control cabinets. In the first case, |it is
reasonable to ensure that the component is subjected to the actual seismic tests whilst its
operating conditions are applied or simulated and has its performance checked during the
testing. This might, however, prove to be impractical in the second case, that is for complex
equipment, which may include many components forming parts of several systems and being
connected to other equipment located at numerous positions within the structure.

The following alternatives are acceptable if it proves impossible to test such equipment in
operation. In the first method each component is tested separately, simulating its service
conditions so as to establish the maximum level of acceleration for which the equipment
shows an acceptable performance. Then the equipment, with its components installed but out
of service, or without its components and with devices simulating their dynamic properties, is
subjected to a vibration test to demonstrate that the acceleration spectrum at the location of
each component is equal to or less than the level for which that individual component has
been qualified.
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A second method consists in applying the input vibration appropriate to the in-service
mounting conditions of the equipment of which the components are inoperative or have their
dynamic properties simulated. The acceleration levels at the component locations are then
measured and used as the input acceleration to qualify separately the components in service.

The purpose of installing inoperative components is to ensure that the equipment possesses
the same dynamic characteristics as in normal operation. For instance, whenever possible,
control cabinets should be dealt with as complete units and their components tested
individually.

9.2 —Vibrationresponse-investigation

Thel| vibration response investigation supplies data on critical test frequencies. It can‘alsg be
usefl to supply data both on the damping ratio of the equipment and to enablea choicg of
single or multi-axis testing to be made.

%4

It i3 usually carried out using single-axis sinusoidal excitation and is ‘run with a sipgle
loggrithmic sweep cycle over a frequency range between 1 Hz and 35 Hz up and down gt a
swelep rate sufficiently low to determine the critical frequencies but not‘exceeding 1 oct/min.

Random vibration testing may also be used as an alternatiYe~method for the vibration
resgponse investigation (see IEC 60068-2-64:2008, 8.2).

Thelamplitude of vibration applied in the course of the vibration response investigation should
not |be so large as to produce an effect comparable to the effect of the test itself. Howejer,
the [level should be sufficiently high to take into acecount the non-linearity effects which cquse
the ritical frequencies and the damping to be dependent upon the amplitude of vibration.

NOTE An amplitude of vibration of 2 m/s? is often used, This value can be reduced to 1 m/s2 or less in the case of
sharp resonances.

It should be noted that due to physical*complexity or restricted access to critical parts |(for
example sealed relays), these vibration response investigation tests may not detect all|the
critical frequencies. Also, because(of non-linearities, resonance responses at high levels nay
differ in frequency and damping.from those recorded at lower levels and some resonarjces
may not be visible at low excitation. The result of a low-level exploratory test may, therefpre,
not Jalways provide complete information regarding the dynamic behaviour of an equipmient.
For|these reasons, if ne critical frequency has been noted, the test is performed according to
the recommendations-0f*9.3.1.

9.3| Test methods
9.3 Test)method for equipment without critical frequencies

As |outlined in 9.2, even if the vibration response investigation test detects no crifical
frequencies, this does not guarantee that they will not occur at higher excitation levels. This
may result from the following:

a) Non-linearity of the structures (especially the generation of shocks when certain levels are
exceeded).

b) The absence of measurements in a critical position during the test. For instance, it is not
possible to measure in a simple manner the vibrations of electrical contacts in unexcited
relays. However, these contacts may be subjected to closings or openings of very short
time duration with detrimental impact on good operation of the equipment when the
vibratory levels reach a certain threshold.

c) The excitation level may be too weak to allow certain critical frequencies to be detectable.
After carrying out the vibration response investigation as indicated in 9.2 and showing that

there is no detectable critical frequency lower than 35 Hz, the equipment is tested in
accordance with Clause 10 and one of the following options chosen:
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1) A logarithmic sweep cycle at between 1 oct/min and 2 oct/min (one cycle of 1 Hz to 35 Hz
to 1 Hz) with the required acceleration levels corresponding respectively to S1- and S2-
earthquakes.

2) A sequence of five sine beats (or continuous sine) should be applied at test frequencies
over the specified frequency range as stated in Clause 5 and in steps not greater than 1/2
oct. The test amplitude should correspond to the acceleration level of the S1-earthquake
followed by one sine beat defined as above with the acceleration level corresponding to
the S2-earthquake.

3) Other waveforms (as, for example, time-histories) producing a test response spectrum at
least equal to the required response spectrum corresponding either to S1- or
Z-earthquakes.

9.32 Test method for equipment with critical frequencies

Equipment that have been found to have critical frequencies are tested in accordance ith
Clayses 7 and 10.

9.4| Selection of damping

Required response spectra are usually specified for various damping ratios. It is normdl to
seldct a single curve with a damping value representative of.one of the main itemg of
equjpment being investigated, although most equipment possess several vibration modes,
each with a different damping ratio. As a general rule a required response spectrum with a
danjping of 5% is considered to be appropriate for stresses near to the yield point of most
materials.

A dheck should be made that the corresponding test response spectrum dominates |the
reqlired response spectrum. If necessary, reference can be made to either a requjred
response spectrum possessing a damping level corresponding to that measured on |the
equjpment or to a value selected from Table-¥

Table 1 — Typical-damping ratios (per cent of critical)

Item Stresses corresponding to
1/4 yield stress 1/2 yield stress? At yield stress®

Welded steel structures 0,5to1 2 4
Bolted steel structures 0,5to 1 4 7
Reinforced concrete structures 0,5to 1 4 7
Cabinets and panels 0,5to 1 2 5
Assemblies 0,5to 1 2 7
Large 'equipment, steel pipes 0,5to1 2 3
>300 mm diameter

Stmall pipes < 300 mm diameter 0,5to 1 1 2

a8  Often used for S1-earthquakes.
b

Often used for S2-earthquakes.

The required response spectrum reference damping curve is:

— 2 %, if the equipment damping is equal to or less than 2 %;
— 5 %, if the equipment damping is between 2 % and 10 %;
— 10 %, if the equipment damping is equal to or greater than 10 %.
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9.5 S1-earthquake and S2-earthquake testing

The definitions of S1 and S2 levels are currently used only in relation to nuclear power plants,
but equivalent levels may be used for other types of application.

When seismic testing specifications include the effect of one (or more) S1- and
S2-earthquakes, the number of tests corresponding to the S1 should be justified for each site.
Five S1 tests and one S2 test are usually considered to be sufficient in the absence of more
accurate information.

o functional safety-of

e not detrimental t
performance of the equipment, and that fatigue or ageing condition is not generated, |the
undetected presence of which could lead to defective performance during a subsequent|S2-
earthquake.

All fests indicated in Clauses 11 to 20 may be used for the determination ofythe performgnce
of gn equipment for an S1-earthquake. When the required number of equipment operatipnal
chegks is high, it may be necessary to carry out more S2 tests-than specified to allow
chegking of the equipment part by part.

Botlh the shape and magnitude of the spectrum may differ for, the two seismic levels of S1 jand
S2.|It is therefore necessary to know the spectra correspending to each of these seigmic
levgls. It is commonly assumed that the S2 spectrum hasithe same shape as that of S1,|but
twige the level.

9.6| Specific application testing

The| purpose of this type of testing is to demaonstrate that a particular equipment in a defined
locgtion for a specific application can withstand a specified earthquake. In the testing of
safgty related equipment in nuclear power plants this type of testing is referred to as “seigmic
qualification”.

9.7| Assembly testing

It i3 normal to test large~complex assemblies by simulating the most critical in-seryice
conflitions. It is not, howeyver; always possible to simulate all these in-service conditions at|the
same time, for examplenin the case of control panels containing items belonging to diffefent
circpits. In this situation, it is acceptable to perform “out of service” testing of the equipnent
with real or dummy components installed during testing of the assembly.

Thel|test should™enable the vibratory response at the point of installation of each component to
be fetermined either by direct measurement or by transfer functions. For each simulated
confpongént, this response should be lower than that for which the individual components have
beeh. qualified.

In testing assemblies, the test waves referred to in Clauses 7 and 8 or any other justifiable
wave, may be used. After testing, the assembly is inspected and the integrity of all the
unmonitored components, such as cabling, checked.

9.8 Component testing

Each component is subjected to testing by simulating its in-service condition. It is also
installed on the vibration table under conditions which ensure dynamic simulation of the
required installation, unless the response at the installation point of the component is
reproduced in the assembly testing as described in 9.7. The component may be tested by the
test waves referred to in Clauses 7 and 8 or any other wave.
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Single and multi-axis testing

10.1 General

019

Seismic ground motion may occur simultaneously in all directions and in a random fashion,

but

this does not exclude single-axis or biaxial testing.

10.2 Single-axis testing

Single-axis testing applied successively in the three preferred testing axes of the equipment

can

For
sing
one
out,

10.]
10.3
Bia

test]
cou

10.3

The
ava

a)

b)

be-justified-sither:

conditions, or
when there is little or no coupling between the three preferred testing ‘axes of
bquipment when taken in pairs.

example, if a component is normally installed in an equipment which‘@mplifies motion
le direction, or if the construction and/or mounting of a component-restricts its motio

a justification should be given.

Biaxial testing
.1 General requirements

ial testing is necessary when significant coupling exists between two of the prefe
ng axes of the equipment. The choice of the.type of test depends upon the plane of
bling.

.2 Two horizontal axes

lable.

Biaxial installation

n the case of an installation capable of simultaneous excitation by independent wa
he vibration is applied along two of the preferred testing axes of the equipment, the
response spectrunmvalong each axis being at least equal to the corresponding requ
fesponse spectrum. If the waves are not independent, the test may impose a penalty s
he excitationypeaks are occurring simultaneously along both axes.

[he equipment is then rotated through 90° around the vertical axis and the above
repeated.

Single-axis installation

ni\he case when only a single-axis installation is available, the equipment may stil

when the equipment is subjected only to single-axis excitation due to its installation

the

in a
n to

direction, a single-axis test may suffice. However, if testing in aththree axes is not carried

'red
the

two following cases may be encountered, according to the type of testing installation

es,
test
ired
nce

test

be

excited simultaneously along the two preferred testing axes in the horizontal plane using a
single wave as follows.

The equipment is mounted so that the excitation axis is at a 45° angle with respect to both

these testing axes. The vibration along the excitation axis is then increased to \/5 times
that used in biaxial testing. This imposes a penalty because the vibration peaks along the

preferred testing axes occur simultaneously.

The equipment is then rotated through 90° around the vertical axis and the above test

repeated.

10.3.3 One horizontal axis and one vertical axis

As in 10.3.2, two cases may be encountered according to the type of testing installation

ava

ilable:
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a)

b)

Biaxial installation

The test is carried out by applying separate and independent simultaneous excitation

waves along two of the preferred testing axes of the equipment, checking that the requ
response spectrum along each axis is achieved. If the waves are not independent, the
may be very conservative since the excitation peaks are occurring simultaneously al
both axes.

The equipment is then rotated through 90° around the vertical axis and the above
repeated.

Single-axis installation

acceptable, the installation plane remaining horizontal. The equipment is mounted-en
Vibration table so that one of the two preferred testing axes in the horizontal plafevis
specified angle to the direction of excitation (see Figure 8).

Since in this case the motions along the two directions are not independent, four tests
hen carried out in order to test both in and out-of-phase effects. The’ equipmen
nstalled on the vibration table as indicated below:

bosition 1: in the position as described;

position 2: rotated through 180° around the vertical axis;

pbosition 3: rotated through 90° around the vertical axis with-reéspect to position 1;
position 4: rotated through 180° around the vertical axis with respect to position 3.

ired
test
ong

test

is

the

at a

are
t is

With this type of test, the spectra obtained have the samé_shape for all three preferred tesfting

axep of the equipment but with horizontal relative tovettical levels determined by the slop

the

can|be adjusted, it can be set to obtain the required ratio between the horizontal and ver

excitation direction with respect to the horizodtal surface of the table. If the table sl

e of
ope
ical

zer@ period acceleration (ZPA) levels. The exéitation is defined as a zero period acceleration
levgl by

by = (ah2 + av2)1/2
whegre
ag | is the zero period acceleration of the excitation;
ap, is the zero period acceleration in horizontal direction;
a, | isthe zero period.acceleration in vertical direction;
such that the zero'period acceleration projected along each of the two axes of the equipnpent
is at least equal\to the ZPA of the required response spectrum for the corresponding gxis.
Thig test may.impose a penalty since the excitation peaks are occurring simultaneously along
both axes.
Wh sed

tot

In the required slope of the vibration table cannot be obtained, the input level is increa

10.4 Triaxial testing

10.4.1 General

Triaxial testing is desirable when significant couplings exist simultaneously between all three
preferred testing axes of the equipment.

10.4.2 Triaxial installation

The test is performed with simultaneous but independent inputs into the three preferred
testing axes of the equipment, each producing the required response spectrum along that
axis.
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10.4.3 Biaxial installation (one horizontal axis, one vertical axis)

019

The vertical and horizontal waves are independent. Use can be made of a biaxial table by
exciting the equipment horizontally at 45° with respect to its preferred testing axes. The
procedure is similar to that indicated in 10.3.2a), namely to define the horizontal excitation
level with the test response spectrum along each of the preferred testing axes of the
equipment adjusted to be at least equal to the corresponding required response spectrum.

11

Conditioning for the general seismic class

11.1

In d
may

Int
the

a)

b)

When there is significant coupling between the three preferred test axes of the equipment

the
can

be taken with the use of single-frequency waves_—Sine beat, sine sweep or continuous si
the peak seismic accelerations for the..wvarious axes are not usually in phase|

as
mul

Selection of test type

rder to prove the ability of equipment to withstand seismic forces, several types-"of
be considered. These are listed in Table 2.

ne general seismic class, single axis testing with sine beat or sine sweep lis preferred
following reasons:

sine beat, as its form is similar to that of the horizontal earthquake'wave at floor leve
simple structures presenting one mode of resonance;

sine sweep, as it is simple to achieve but may be less realistie’than the actual earthqu
waves appearing at the floor levels.

use of geometric correction factors is not desirable, multi-axis testing (biaxial or tria
be used, although not normally recommended. Ifmulti-axis testing is used, caution sh

ifrequency wave such as time history should therefore then be used.

Table 2 —tSelection of test type

Test type
Test wave Single-axis Multi-axis
test test
Sine‘'sweep a [
Sine beat a c
Time history b a
Continuous sine b [
Key
a = recommended
b = suitable
¢ = not normally recommended

test

for
s in
ake
or if
ial)
buld

e_
A

11.2 Test method

The test method is a calculated amplitude test: this is applied where the conditions of use of
the equipment are either totally unknown or insufficiently known to allow the different
parameters of the test to be specified (see Clause 12).
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Calculated amplitude test method for the general seismic class

Application

The calculated amplitude test method is recommended when sufficient information is available
on the characteristics and on the location of the equipment to allow a sufficiently accurate
estimation of test level; this would not be possible when the conditions of use of the equipment
are unknown, nevertheless a conservative choice of the parameters is possible to calculate
the test amplitude.

12.2

12.2
The

whe
aw

12.2

Testi it

.1 General

rinciple this is a single-axis test, where the different axes are excited one after the ot
is appropriate where, for example, there is little interaction between the different axe
nteraction can be accounted for by applying a geometric factor.

.2 Performance level

severity of the test is determined by the values ascribed t6“the following paramet
th the relevant specification for the equipment should specify:

fest wave (see 12.2.3),

damping of the equipment (see 12.2.4),

superelevation factor (see 12.2.6),

direction factor (see 12.2.7),

required response spectrum (see Clause 14);

duration of the test (see 13.1),

amplitude of the test wave (see 13.2).

.3 Test wave selection

n its damping value is gignificantly different from 5 % (see Figure 9) even with the us
hve factor.

.4 Dampingratio

Ad

between 2 %.and 10 %. If the damping ratio is outside this range, it is recommended th
valye représentative of the actual vibrational behaviour of the equipment is used to detern
the ppplicable wave factor. For further details, see 13.2.2 and Figure 9.

mping ratie~of 5 % is recommended when the critical damping of the equipment

her.
5 or

ers,

test wave selected will .have a noticeable influence on the response of the equipnpent

e of

lies
at a
hine

12.2.5 Ground acceleration (a

)

The ground acceleration (a,) depends upon the seismic conditions of the site where the
equipment is to be located. When it is known, it should be specified by the relevant
specification. Otherwise, the recommended values should be selected from those given in

Tab

le 3.

Table 3 — Ground acceleration levels

Seismic activity zone Zone 0 Zone 1 Zone 2 Zone 3 Zone 4

Ground acceleration, ag (m/s?) 0 1 2 3 5
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The ground acceleration values can be used above a crossover frequency of 1,6 Hz. Below
this frequency, the amplitude of velocity is used down to 0,8 Hz. Below 0,8 Hz the amplitude
of displacement is used (see Figure 10). The corresponding motion amplitude values are as
follows:

zone 1

— peak displacement = 0,02 m for /< 0,8 Hz;
— peak velocity = 0,01 m/s for 0,8 < < 1,6 Hz;
— peak acceleration = 1 m/s2 for f> 1,6 Hz;

For|sake of knowledge of the specification writer)the correspondence among the peak gro|
the seismic activity zone and the modified Mercalli index,
TS 62271-210:2013, Table D.1, is showrn in Table 4.

acceleration,

IEC

Z0Ne £

— peak displacement = 0,04 m for /< 0,8 Hz;
— peak velocity = 0,02 m/s for 0,8 < /< 1,6 Hz;
— peak acceleration = 2 m/s2 for = 1,6 Hz;
zone 3

— peak displacement = 0,06 m for < 0,8 Hz;
— peak velocity = 0,03 m/s for 0,8 < < 1,6 Hz;
— peak acceleration = 3 m/s2 for f= 1,6 Hz;
zone 4

peak displacement = 0,1 m for < 0,8 Hz;
peak velocity = 0,05 m/s for 0,8 < f< 1,6 Hz
— peak acceleration = 5 m/s2 for f= 1,6 Hz:

Table 4 — Correspondence between peak ground acceleration and
some seismic scales

taken fi

und
rom

Seismic Peak ground Modified
activity zone acceleration (PGA) Mercalli index Richter scale
Y, (m/s?) (MMI)
0,01 | O0to2
0,01 to 0,02 I 1to 2
0
0,02 to 0,05 " 2to3
0,05 to 0,1 v 3to4
01taQ2 \/ 4105
1
0,2t0 0,5 VI 5to6
2 0,5to 1 VI 5to7
3 1to 2 Vil 6to8
2to5 IX 7t09
5to 10 X
4
10 to 20 Xl 8 or higher
more than 20 X1l
NOTE The grade of the seismic activity zones corresponds to a probable
maximum intensity with a probability to be exceeded by 10 % in 50 years for
medium subsoil conditions (see IEC 60721-2-6).
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The acceleration time history of the seismic excitation is extended in the frequency domain
from 1 Hz up to 35 Hz and the duration, in the time domain, ranges from 15 s to 120 s.

A limited number of classes of environmental conditions is given, covering a broad field of
applications. The user of this document should select the lowest classification necessary for
covering the conditions of seismicity of the intended zone of installation.

Equipment to be used in seismic zones 1 through 4 shall be tested to determine the
equipment’s ability to withstand earthquakes. No earthquake requirements are provided for
zone 0.

12.2.6 Superelevation factor (K)

The| amplification of the ground acceleration resulting from the vibrational behaviouf of
builfings and structures is accounted for by means of the superelevation factoriK:

Thel recommended values are given in Table 5 but a relevant specification. may specify other
valyes for given site conditions, if known.

Table 5 - Recommended superelevation factors (K)

K factor Application

1,0 Mounting of equipment on rigid feundations or on
structures of high rigidity

1,5 Installations rigidly connected to buildings

2,0 Installations on stiff sfructures connected rigidly to
buildings

3,0 Installations on lew rigidity structures connected to
buildings

12.2.7 Direction factor (D)

Thel seismic movement along gither horizontal axis is normally greater than along the vertical
axig. If the equipment mounting conditions are specified, the test should be carried|out
accprding to the preferred ‘horizontal testing axes, x and y, with 100 % of the test level,|but
with only 50 % along the.vertical axis, z.

In tihe case of specimens with unspecified mounting conditions, the full test should be carried
out jn all three preferred testing axes, unless otherwise specified by the relevant specificatjon.

Dirdction factors are listed in Table 6.

Table 6 — Direction factors (D)

Axis of vibration D factor Limitations
Horizontal, D, D, =1 -
Horizontal, Dy Dy =1 -
Vertical, D, D,=0,5 Only with a specified vertical attitude
Vertical, D, D, = 1 When the mounting attitude is not specified?

a8 If the effect of gravity does not influence the behaviour of the equipment, these tests are
carried out with each of the three main axes of the equipment in turn in the vertical plane.
The direction factors for each case are D, = 1, D, = 1,D,=0,5.
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12.2.8 Floor acceleration (ay)

In the calculated amplitude method of testing, advantage is taken of the greater knowledge of
data. The ground acceleration (a,) is known or has been specified by the relevant
specification. Therefore the floor acceleration (a¢) can be determined from the formula:

ag=ag X K x D (1)

where

a, is the ground acceleration (see 12.2.5);

9
K |is the superelevation factor (see 12.2.6);

D |[is the direction factor (see 12.2.7).

13 |Testing parameters for the general seismic class

13.1 Duration of test

The| duration of a seismic test should be appropriate for that of theCstrong part of the {ime
histpry of the earthquake (see Figure 6).

For|tests using sine-beat waves in accordance with 15.2.1the duration of the test depgnds
upoph the test frequency, number of beats specified, and¢patses. In the case of tests uging
vibrption sweeping techniques in accordance with 15.2(2," the duration of the test depgnds
upoph the required frequency range, the sweep rate,the number of sweep cycles and|the
nunjber of test directions involved.

For|tests using a time history, the acceleration:time history waveform will be synthesizedq by
follqwing the procedure illustrated in IE€/60068-2-81. The test procedure forces [the
equjpment to follow the specified motion of-the synthesized waveform by means of a vibration
table.

Thel total duration of the time history shall be about 30 s, of which the strong part shall nof be
lesq than 20 s.

For|a continuous sine test,~the duration should be sufficient to reach at least five cyclep at
majimum acceleration.amplitude (see Figure 7).

13.2 Test acceleration (ay)
13.2.1 Gepneral

The|l amplitude of a test wave can be defined as the maximum value of an acceleratjon,
veldcity or displacement wave but only acceleration is referred to for earthquake behaviour.

The test acceleration (aq;) is established by taking the floor acceleration (as) as calculated
(see 12.2.8). The acceleration (as) is then adjusted for the test wave being utilized and any
interaction between axes due to the installation location. This adjustment is accomplished by
the application of a wave factor (o) and a geometric factor (G) to the floor acceleration. Thus,
the value a; represents the acceleration level to be applied to the equipment (ZPA of the test)
and is calculated from the formula:

ag=agxaxG (2)

where
as is the floor acceleration (see 12.2.8);

o is the wave factor (see 13.2.2);
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G is the geometric factor (see 13.2.3).

13.2.2 Wave factor (a)

—-31-—

Different types of test waves produce different levels of severity depending upon the
equipment damping. The effects are taken into account by the use of a wave amplification
factor which is equal to 1 for the test wave which is similar to the ground wave of an actual
earthquake.

The values of the wave factor a for the other test waves are normally determined with a

da

ous
rom

Figyre 9 which can also be used to obtain wave factors for various numbers of cycles per sine

Table 7 — Wave factor

and damping ratios. Examples of equipment damping values are given in Tableq.

: Wave factor
Dam_pmg of Damping of the RRS
equipment . :
% of critical (% of critical Continuous sine
(% o critica damping) 5 cycle sine beat | Time history and sine sweep
damping) (1 oct/min)
<2 % E=2% 0,66 1 0,2
2%< £<10% E=5% 0,59 1 0,32
E>10 % E=10% 0,58 1 0,44

13.2

If there is insufficient information about the €xcitation at the installation site of the equipm
geometric factor, G, is taken:

the

14

Gui
env

Whe¢

.3 Geometric factor (G)

I for single-axis excitation with noNnteraction with the other axis,
1,5 for single-axis excitation with interaction with the other axis.

Required response spectrum for the general seismic class

jance for the deVelopment of a required response spectrum in the situation wh
ronmental conditiohs are not well known is provided here below.

n the application or the environment is not well known, the following recommendat
are |given for defining a required response spectrum according to Figure 1 in log-log scale:

ent,

ere

ons

ting

the

equipment should be installed,;
c) between f; = 1 Hz and 2f, the acceleration is specified by the slope of 12 dB/oct;

d) the maximum value of the acceleration between 2f, and 1/3 f, is equal to
— 2,24 times that of zero period acceleration for a 10 % damping ratio,
— 3 times that of zero period acceleration for a 5 % damping ratio,
— 5 times that of zero period acceleration for a 2 % damping ratio.

NOTE When the frequency f, is lower than 0,8 Hz, the acceleration below 1,6 Hz will be specified by the slope of
12 dB/oct.
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Figure 1 — Shape of a required’response spectrum in generalized form
(log-log scale) (as_ recommended by IEC 60068-2-57)

Thel RRS should be defined for eaCh of the three translational degrees of freedom separafely,
or gt least one spectrum should.be given for the horizontal and one spectrum for the verfical
direction of excitation.

Thel seismic movement‘along either horizontal axis is normally greater than along the vertical
axiq: see 12.2.7 for the'correct choice of the direction factor.

It isfcommonly. assumed that the S2 spectrum has the same shape as that of S1, but twice|the
levdl (see 9,5)

When the) typical damping ratio of the specimen lies between 2 % and 10 %, the requjred
resqonse spectrum at 5 % is recommended. If the typical damping ratio of the specime{w is
lower than or equal to Z %, only the required response spectrum a b 1S recommended, and

if the damping ratio is higher than or equal to 10 %, the required response spectrum at 10 %
is recommended.

15 Testing procedures for the general seismic class

15.1 Vibration response investigation (VRI)

The vibration response investigation shall be carried out as described in 9.2.
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The amplitude of vibration of 2 m/s2 is often used. This value may be reduced to 1 m/s2 or
less in the case of sharp resonances. In any case the profile of the vibration amplitude can be
accommodated in the frequency range below 1,6 Hz in a similar way as it is described
in 12.2.5.

15.2 Types of test
15.2.1 Sine-beat test

The test is of a single-axis type and consists of a sequence of sine beats according to 8.3.2
and to IEC 60068-2-57, if not otherwise specified by the relevant specification (see Figure 5
and|Annex A).

Thel acceleration to be applied to the vibration table is that determined in 13.2. The‘profile of
the |vibration amplitude can be accommodated in the frequency range belowrn1;6 Hz in a
similar way as it is described in 12.2.5.

Theltest is carried out within the specified frequency range as stated in 5(4

a) Equipment without critical frequencies

The test frequencies need to be applied over the specified frequency range as statefd in
b.4 and in steps not greater than 1/2 oct; any predetermingd test frequencies not covered
hlso need to be applied. Tests using less than these frequéncies should be justified.

b) Equipment with critical frequencies

[he test frequencies are the critical frequencies~and the predetermined test frequenties
bs specified by the relevant specification. TestS)using less than these frequencies should
be justified.

15.2.2 Sine-sweep test

Thel| test is of a single-axis type. The acceleration to be applied to the vibration table is fhat
dete¢rmined in 13.2. The profile of :the vibration amplitude can be accommodated in|the
frequency range below 1,6 Hz in a similar way as it is described in 12.2.5.

Ong sweep cycle shall be applied, as defined in IEC 60068-2-6, with a logarithmic sweep rate
of 1| oct/min and with the fréquency range as stated in 5.4.

15.2.3 Time-history.test

The| test is of asingle-axis type if not otherwise specified in the relevant specification. [The
test| is performed by applying to the equipment a time history (see 3.34) to simulate |the
probhable excitation of the equipment according to IEC 60068-2-57. It should be demonstrated
that| the testresponse spectrum is equal to or greater than the required response spectrum
spetified in Clause 14.

The duration of the test wave should be at least equal to the duration of the strong part of an
earthquake. This is generally taken to be between 5 s and 10 s.

15.2.4 Other test wave forms
Other wave forms can be used if justified in accordance with the recommendations of 8.1.
16 Conditioning for the specific seismic class

It is recommended that the equipment should be tested according to the procedure described
in the specific seismic class when the following parameters are defined by the relevant
specification:
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a) arequired response spectrum and, if applicable, the duration of the earthquake, or
b) a required time history.

For this seismic class, it is normal to indicate the number of S1- and S2-earthquakes for
which the effects are to be simulated, as well as the load conditions (other than seismic) to be
taken into account.

17 Test wave selection for the specific seismic class

17.+—General

Whichever is the adopted wave form, the test response spectrum measured should dominate
the frequired response spectrum and the total duration of the test should be at least equal tg the
stropg part of the earthquake (see 8.2.1).

17.2 Multifrequency waves

In general, when the vibration spectrum is broadband, the test wave should be of [the
muliifrequency type. However, certain exceptions are allowed after justification (see 7.3).

17.3 Single-frequency waves

Sing¢-sweep tests are not generally used for specific seismic class testing. Other single-
frequency waves are allowed on specific cases (see 7.3).

18 |Test waves for the specific seismic class

18.1 General

As ffar as test waves are concerned,:Clause 8 applies with the additional requirements
indicated in 18.2 and 18.3.

18.2 Single-frequency testing
18.2.1 General

Thel maximum level of.this wave should be calculated by applying the wave factor as stated
in 18.2.2 to the zerQ@ period acceleration of the required response spectrum. Moreover|the
profile of the vibration amplitude can be accommodated in the frequency range below 1,4 Hz
in alsimilar waysas it is described in 12.2.5.

18.2.2 Sine-sweep test

Thel| side-sweep test is performed by means of a continuous, low-level logarithmic frequgncy
SWEEP L,yl,ic atarate ot U)\bccu'illg +octimimover=fr eguenCy range cquai toot ialgcl than
that for which the equipment is to be qualified.

The maximum level of the test should be calculated by applying the wave factor as stated
in 13.2.2 to the zero period acceleration of the required response spectrum. Moreover the
profile of the vibration amplitude can be accommodated in the frequency range below 1,6 Hz
in a similar way as it is described in 12.2.5.

18.2.3 Sine-beat test

The peak value of acceleration of the beat should be calculated by applying the wave factor
as stated in 13.2.2 to the zero period acceleration of the required response spectrum.
Moreover the profile of the vibration amplitude can be accommodated in the frequency range
below 1,6 Hz in a similar way as it is described in 12.2.5.
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18.2.4 Continuous sine test

— 35 —

The input signal should be of sufficient duration for at least five cycles to be at the maximum
amplitude calculated by applying the wave factor as stated in 13.2.2 to the zero period
acceleration of the required response spectrum (see Figure 7). Moreover the profile of the
vibration amplitude can be accommodated in the frequency range below 1,6 Hz in a similar

way as it is described in 12.2.5.

18.3 Other test wave forms

Other wave forms can be used if justified in accordance with the recommendations of 8.1.

19 [Testing conditions for the specific seismic class
As far as test conditions are concerned, Clause 9 fully applies.
20 |Single and multi-axis testing for the specific seismic class
As flar as single and multi-axis testing is concerned, Clause 10 fully~applies.
7N
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RRS = required response spectrum

ZPA = zero period acceleration

Figure 2 — Typical envelope response spectrum
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Figure 3 — Types of response spectrum envelopes



https://iecnorm.com/api/?name=4ec3e75b56d629cfd365e68e9aa50caf

IEC 60068-3-3:2019 © IEC 2019 - 37 -

c
s
© .
5 Sine-beat spectrum
[0]
Q
o
<
Required response spectrum
MuTtifrequency response spectrum
Frequency
IEQ
Figure 4 — Multifrequency response spectrum with superimposed sine beats
= 15tsine beat Pause 2" sinebeat Pause 3" sine bedt, Pause 4" sine beat Pause 5" sine beat
ie]
©
o
Q " - _ _
8 il T e 2T “T T~ T s
8 / N 4 N / A / N / N
p NN A A
:'3 \ \ 7 \ \ .
3 \!MU &, \!HUU/ \\! UU/ \HUU/ \!\UUU/ Time
S . \ ; \, b \ P, )
© ) U Y 9 1_ i ¥ ¥ | g
5 L7
B Test frequency
Kol .
S Modulating frequency Five cycles
IEC
Figure 5 — Sequence of five sine beats with five cycles
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Figure 9 — Wave amplification factors
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Annex A
(informative)

Flow charts for test selection

A.1 Selection of test type

Annex A contains the flow chart below for the selection of the test type (see Figure A.1) and
three flow charts covering individual tests (see Figures A.2, A.3 and A.4).

Guidance

Applicable to the
specific seismic class

Is the seismic
environment known?

Applicable to the
eneral seismic class

Cqlculated amplitude test - - - s
(sed Clauses 11-12-13-14-15) Single-axis test Multi-axis test? Multi-axis test
(see 10.2) (See Clauses 10 and 20) (see 10.3 and 10.}4)
See Clause A.2 See Clause A4

See ClauseA.3

IEC

Figure A.1 — Selection of seismic class
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A.2 General seismic class — Calculated amplitude test

Calculated amplitude test
(see Clause 12)

suitable

Multi-axis
1_:|

preferred

Test type selection

(see 11.1 and 12.2.3)/

\/

plleferred suitable

Timehistory
Selection of test waves (see 1131 and 15.2.B)
(see 11.1) Test Ff

y e \ L N L

Calculation of floo

Sine beat Sine sweep Continuous sine Other wave types acceleration
(see 11.1) (see 11.1) (see 11.1) Justification re uirec);'psee A (see1228)
Test Ff Test Fc Test Fc ( quire; x

J / \

Calculation of floor Calculation of floor
hcceleration acceleration acceleration
see 12.2.8) (see 12.2.8) (see 12.2.8)

] L

Caleulation of test Calculation of test Calculation of test
gcceleration acceleration acceleration
(see 13.2) (see 13.2) (see 13.2)

Calculation of tes
acceleration
(see 13.2. and Clause 14

Calpulation of floor

Q

Vibration response

b

investigation
(see 15.1)
Vibration response
investigation
(see 15.1)

YES

Critical frequencies

Critical frequencies

V2

v

Vi

N —

—

pst frequencies
(see 15.2.1a)

Test frequencies
(see 15.2.1b)

Test frequencies
(see 15.2.1a)

Test frequencies
(see 15.2.1b)

Figure A.2 — Calculated amplitude test flowchart

IEC
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A.3 Specific seismic class — Single axis testing

Single-frequency waves
(see 7.3 and 8.3)

Single-axis testing
(see 10.2)

A

A

-/

Multifrequency waves
(see 7.2 and 8.2)

7 Y
Sine beat Continuous sine Time history
(see 7.3 and 8.3.3) (see 7.3 and 8.3.4) (see 7.2-and 8.2.2)
Test Ff Test Fc Test Ff

\ﬁ\l

Key

TRS|= test response spectrum

RRS|=r€quired response spectrum

T

Select S1/S2
level
(see 9.5)

Duration’of test
(see 8.1.2)

TRS =2 RRS
(see 8.1.1)

Peak acceleration = ZPA
(see 8.1.1)

ZPA = zero period acceleration

Figure A.3 — Single-axis testing flowchart
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A.4 Specific seismic class — Multi-axis testing

Multi-axis testing
(see 10.3 and 10.4)

recommended permitted

Multifrequency waves
(see 7.2 and 8.2)

|

\V4

Test wave selection
(see Clause 7)

Single-frequency waves
(justification required)
(see 7.3,8.3and 11.1)

Time history
(see 7.2 and 8.2)
Test Ff

J

Select S1/S2 level
(see 8.1.2)

l

Duration of test
(see 8.1.2)

A

TRS 2RRS
(see 8.1.1)

L

Peak acceleration2 ZPA
(see 81)

IEC

Key
TRS|= test response spectrum
RRS| = required response spectrum

ZPA|= zero period acceleration

Figure A.4 — Multi-axis testing flowchart
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

ESSAIS D’ENVIRONNEMENT -

Partie 3-3: Documentation d’accompagnement et recommandations —

Méthodes d’essais sismiques applicables aux matériels

AVANT-PROPOS

a Commission Electrotechnique Internationale (IEC) est une organisation mondiale de‘“normalis
mposée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC a
bjet de favoriser la coopération internationale pour toutes les questions de normalisation"dans les domg
e I'électricité et de I'électronique. A cet effet, I'lEC — entre autres activités =) 'publie des No
imternationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessible
ublic (PAS) et des Guides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée §
mités d'études, aux travaux desquels tout Comité national intéressé par le sujet)traité peut participer|
rganisations internationales, gouvernementales et non gouvernementales, enlidison avec I'lEC, partic
dgalement aux travaux. L'IEC collabore étroitement avec I'Organisation Interfnationale de Normalisation (I
lon des conditions fixées par accord entre les deux organisations.

es décisions ou accords officiels de 'lEC concernant les questions techniques représentent, dans la mg
u possible, un accord international sur les sujets étudiés, étant doenhé que les Comités nationaux de
intéressés sont représentés dans chaque comité d’études.

es Publications de I'lEC se présentent sous la forme de reCommandations internationales et sont agr|
mme telles par les Comités nationaux de I'l[EC. Tous les €efforts raisonnables sont entrepris afin que
assure de l'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsab
dventuelle mauvaise utilisation ou interprétation qui en.est faite par un quelconque utilisateur final.

ans le but d'encourager I'uniformité internationale, fes’ Comités nationaux de I'lEC s'engagent, dans tou
esure possible, a appliquer de fagon transparente’les Publications de I'l[EC dans leurs publications nation
t régionales. Toutes divergences entre toutes{ Publications de I'lEC et toutes publications nationale
regionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépend
fournissent des services d'évaluation de\conformité et, dans certains secteurs, accédent aux marque
nformité de I'lEC. L’IEC n'est responsSable d'aucun des services effectués par les organismes de certific
indépendants.

ous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication.

ucune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires
andataires, y compris ses- experts particuliers et les membres de ses comités d'études et des Corl
ationaux de I'lEC, polir-tout préjudice causé en cas de dommages corporels et matériels, ou de tout

ommage de quelque _nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les
e justice) et les dépenses découlant de la publication ou de I'utilisation de cette Publication de I'lEC o
tpute autre Publication de I'lEC, ou au crédit qui lui est accordé.

attention eSt attirée sur les références normatives citées dans cette publication. L'utilisation de publica
reférencées est obligatoire pour une application correcte de la présente publication.

‘attention est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent
bjet*de droits de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels g
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e‘brevets et de ne pas avoir signalé leur existence.

La Norme internationale IEC 60068-3-3 a été établie par le comité d'études 104 de I'lEC:
Conditions, classification et essais d'environnement.

Cette deuxiéme édition annule et remplace la premiére édition parue en 1991. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) le principal objectif de la présente révision est d’adapter le niveau d’essai au niveau

d’activité sismique de la zone ou le matériel est susceptible d’étre installé;
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b) une forme normalisée du spectre de réponse spécifié est également fournie pour la classe
sismique générale pour laquelle I’environnement sismique n’est pas connu ou l'est de

maniére imprécise;

c) les Articles 11 a 15 ont été renumérotés et plusieurs ajustements ont été effectués car le
contenu de ces articles est trés général et les exigences peuvent s’appliquer aussi bien a

la classe sismique générale qu’a la classe sismique spécifique;

d) le terme «enveloppe» est remplacé par «dominance» et «envelopper» par «dominer» afin
d’expliciter ces termes du point de vue mathématique.

Let

Le napport de vote indiqué dans le tableau ci-dessus donne toute information'sur le vote a

abo

Ce

La présente Norme internationale doit étre utilisée conjointement avec I'lEC 60068-1.

Ung liste de toutes les parties de la série IEC 60068, publiées sous le titre général Es
d’enfvironnement, peut étre consultée sur le site web dé.I'lEC.

Le

stahilité indiquée sur le site web de I'lEC sous "http://webstore.iec.ch” dans les donn

rela

exte de cette Norme internationale est issu des documents suivants:
FDIS Rapport de vote
104/835/FDIS 104/841/RVD

uti a I'approbation de cette Norme internationale.

jocument a été rédigé selon les Directives ISO/IEC, Partie 2

comité a décidé que le contenu de ce document ne sera pas modifié avant la date
tives au document recherché. A cette date, le document sera
reconduit,

supprime,

remplacé par une édition révisée, ou

hmendé.

ant

sais

de
ées



https://iecnorm.com/api/?name=4ec3e75b56d629cfd365e68e9aa50caf

IEC 60068-3-3:2019 © IEC 2019 53

INTRODUCTION

Des recommandations sont incluses dans chacune des deux méthodes d’essai auxquelles il
est fait référence dans le présent document, mais elles sont spécifiques a la méthode d’essai
concernée. Les recommandations données dans le présent document visent a choisir la
méthode d’essai appropriée et a s’appliquer aux essais sismiques.
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ESSAIS D’ENVIRONNEMENT -

Partie 3-3: Documentation d’accompagnement et recommandations —
Méthodes d’essais sismiques applicables aux matériels

1 Domaine d’application

La présente partie de I'lEC 60068 s’applique principalement au matériel électrotechnique
maip son application peut s’étendre a d’autres matériels et composants.

Par|ailleurs, si un certain type d’analyse est toujours effectuée lors de la réalisation dfune
qualification sismique, par exemple pour choisir I’échantillon représentatif a_ soumettre a egsai
ou pour étendre la qualification sismique du spécimen soumis a essai,a des spécimens
sim|laires, la vérification des performances d’un matériel par l'analyse ou par |une
combinaison d’essais et d’analyses peut étre acceptable mais elleg-n’entre pas dang le
domaine d’application du présent document, qui se limite a la vérification uniquement fondée
sur Jes données d’essais dynamiques.

Le présent document traite uniquement des essais sismiqués” d’'un matériel grandeur nature
qui |peut étre contrélé sur une table vibrante. Les essais. sismiques d’'un matériel visent a
dénmontrer sa capacité a remplir la fonction exigée gendant et/ou apres la période dufant
lagyelle il est soumis aux contraintes et déplacements résultant d’un séisme.

Le |présent document a pour but de présenter un éventail de méthodes d’essai [qui,
lorspu’elles sont stipulées par la spécification applicable, peuvent étre appliquées pgour
démontrer les performances du matériel pour lequel des essais sismiques sont exigés, le|but
principal étant la qualification de ce matériel.

NOTE La qualification par un essai dit «essai de fragilité» n’est pas considérée comme entrant dans le donjaine
d’application du présent document qui a é{é établi pour fournir des recommandations généralement applicableqd aux
essafis sismiques, et plus spécifiquement pour I'utilisation des méthodes d’essai de I'|EC 60068-2.

La méthode d’essai peut\ étre choisie en fonction des criteres décrits dans le présent
document. Les méthodes elles-mémes sont étroitement liées aux méthodes d’essai publiées
par['lEC.

Le présent document s’adresse aux fabricants qui souhaitent fournir des preuves, ou |aux
utilisateurs saueleux d’évaluer et de vérifier, les performances d’'un matériel.

2 |Références normatives

Les documents suivants sont cités dans le texte de sorte qu’ils constituent, pour tout ou partie
de leur contenu, des exigences du présent document. Pour les références datées, seule
I’édition citée s’applique. Pour les références non datées, la derniére édition du document de
référence s’applique (y compris les éventuels amendements).

IEC 60068-1, Essais d’environnement — Partie 1: Généralités et lignes directrices

IEC 60068-2-6, Essais d’environnement — Partie 2-6: Essais — Essai Fc: Vibrations
(sinusoidales)

IEC 60068-2-47, Essais d’environnement — Partie 2-47: Essais — Fixation de spécimens pour
essais de vibrations, d’impacts et autres essais dynamiques
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IEC 60068-2-57, Essais d’environnement — Partie 2-57: Essais — Essai Ff: Vibrations —
Méthode par accélérogrammes et sinusoides modulées

IEC 60068-2-64, Essais d’environnement — Partie 2-64: Essais — Essai Fh: Vibrations
aléatoires a large bande et guide

IEC 60068-2-81, Essais d’environnement — Partie 2-81: Essais — Essai Ei: Chocs — Synthese
du spectre de réponse au choc

ISO 2041, Vibrations et chocs mécaniques, et leur surveillance — Vocabulaire

3 |Termes et définitions

Pour les besoins du présent document, les termes et définitions de (FIEC 60068-1,
I'IEC 60068-2-6, I'IEC 60068-2-57 et I'|SO 2041 ainsi que les suivants, s’appliquent.

L’IS|O et 'IEC tiennent a jour des bases de données terminologiques destinées a étre utiligées
en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/
e |SO Online browsing platform: disponible a I'adresse httpi//Www.iso.org/obp
3.1

ensemble
deuk dispositifs ou plus partageant une structure de)fixation ou de support commune

3.2
bande passante a -3 dB
intefvalles de fréquence définis par les, points dont I'ordonnée est supérieure ou égale a

N 2|2 fois la valeur maximale de la représentation

VOIR: Figure 2.

3.3
speictre de réponse fondamental
spegtre de réponse nonwmodifié défini par les caractéristiques du batiment, ses étages, |son
taux d’amortissement;\etc., et obtenu a partir d'un mouvement spécifique du sol

VOIR: Figure 2.

Notel 1 a I'artiCle;* Le spectre de réponse fondamental est généralement de type a bande étroite au niveauy des
étagps. Lewspectre de réponse fondamental est calculé par I'architecte-ingénieur de linstallation et p’est
géndralement pas connu du fabricant du matériel et de I'ingénieur d’essais.

3.4
spectre de réponse a large bande

spectre de réponse qui décrit le mouvement indiquant I'existence d’un certain nombre de
fréquences en interaction qu’il convient de traiter dans leur globalité

VOIR: Figure 3c).

Note 1 a l'article: La largeur de bande est normalement supérieure a une octave.

3.5
fréquence critique
fréquence pour laquelle:

— apparait un mauvais fonctionnement et/ou une altération des propriétés du spécimen, dus
aux vibrations, et/ou
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— se produisent des résonances mécaniques et/ou d’autres manifestations d’'une réponse,
par exemple, des martélements

[SOURCE: IEC 60068-2-6:2007, 3.9]

3.6
fréquence de transfert
fréquence a laquelle la caractéristique d’'une vibration passe d’une relation a une autre

Note 1 a l'article: Par exemple, une fréquence de transfert peut étre la fréquence a laquelle la valeur de
I'amplitude des vibrations d’essai passe, par rapport a la fréquence, d’une valeur de déplacement constante, a une
valelir a accélération constante.

[SOURCE: ISO 2041:2009, 2.118, modifié — L'exemple a été omis et une note ajoutée.]

3.7
fréquence de coupure
fréquence du spectre de réponse a laquelle débute I'asymptote de I'accelération a période
nulle (ZPA)

Note] 1 a l'article: La fréquence de coupure est la fréquence au-dela de laquelleles oscillateurs a un seul degré
de liperté (SDOF) ne présentent aucune amplification du mouvement et indiquent’la limite supérieure du corftenu
fréqyentiel de la forme d’onde en cours d’analyse.

3.8
amortissement
meéganismes de dissipation de I'’énergie dans un systéme

Notel 1 a 'article: En pratique, I'amortissement dépend dexnombreux paramétres, tels que le type de structure, le
mod¢ de vibration, la déformation, les forces appliquées,¢la_vitesse, les matériaux, le glissement des joints.

Note] 2 a I'article: Cette définition n’est pas identique acelle de I'ISO 2041.

3.8/
amortissement critique
valdur minimale de 'amortissementyvisqueux pour lequel un systéeme avec déplacement initial
revient a sa position de repos sans oscillation

3.8.

taux d’amortissement
rapport entre la valeur~de I'amortissement réel et la valeur de 'amortissement critique ¢’un
sysféme a amortisSement visqueux

3.9

facfeur de-directivité
facteur tenant compte de la différence d’amplitude au niveau du sol qui existe normalement
entre desaccélérations horizontale et verticale résultant d’'un tremblement de terre

3.10

accélération du plancher

accélération d'un plancher de batiment particulier (ou d’'une fixation de matériel) résultant du
mouvement du sol di a un tremblement de terre donné

Note 1 a l'article: En pratique, I'accélération du plancher peut étre décomposée en ses composantes horizontale
et verticale.

3.11

facteur géométrique

facteur exigé dans les essais selon un seul axe afin de tenir compte de linteraction des
vibrations d’entrée multidirectionnelles simultanées, sur les différents axes du matériel
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3.12

9n

accélération normalisée due a la gravité terrestre, qui varie elle-méme en fonction de I'altitude
et de la latitude géographique

Note 1 a I'article: Pour les besoins du présent document, la valeur de g, est arrondie a la valeur entiére la plus
proche, soit 10 m/s2.

3.13
accélération du sol
accélération résultant du mouvement d’un tremblement de terre donné

Note]l 1 a l'article: En pratique, 'accélération du sol peut étre décomposée en ses composantes horizontale et
vertigale.

3.14
fréquences latérales
deuik fréquences déterminées en fonction de la réponse a —3 dB autour de, la fréquencg de
résgnance globale

VOIR: Figure 2.

3.1%
défaut de fonctionnement
pere de la capacité du matériel a déclencher ou maintenir une fonction exigée,| ou
déc|lenchement d’'une action parasite non voulue qui peat*avoir des conséquences néfastes
pour la sécurité

Note] 1 a I'article: Un défaut de fonctionnement est défini par |a spécification applicable.

3.1
spectre de réponse a bande étroite
spegtre de réponse dans lequel prédomine une excitation monofréquence

VOIR: Figure 3a).
Notel 1 a 'article: La largeur de bande-est normalement inférieure ou égale a 1/3 oct (un tiers d’octave).

Note|2 a Il'article: Lorsqu’il existe) plusieurs fréquences bien définies largement espacées, si cela est jugtifié,
chadune de leurs réponses _peut étre traitée séparément comme un spectre de réponse a bande étroite |(voir
Figufe 3b)).

3.17
fréquence propre avec amortissement
fréquence de«vibration sans contrainte d’un systéme linéaire amorti dépendant uniquement de
ses|propres caractéristiques physiques (masse, rigidité et amortissement)

3.1
résLa-nee—g-lo-ba-le

fréquence de résonance a laquelle une structure compléte amplifie le mouvement d’excitation

Note 1 a l'article: Dans la gamme de fréquences entre 1 Hz et 35 Hz, la résonance globale correspond
généralement au premier mode de vibration. |l est important de tenir compte des fréquences de résonance globale
lorsqu’elles sont incluses dans la partie forte du spectre de réponse spécifié (voir 3.27).

3.19
pause
intervalle entre deux ondes d’essai consécutives (par exemple des sinusoides modulées)

Note 1 a l'article: Il convient d’appliquer une pause afin qu’elle permette d’éviter toute superposition significative
des mouvements de réponse d’'un matériel.
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3.20
axes préférentiels d’essai
trois axes orthogonaux correspondant aux axes les plus vulnérables du matériel

3.21

spectre de réponse spécifié

SRS

spectre de réponse spécifié par I'utilisateur

VOIR: Figures 1, 2 et 3.

3.2

fréquence de résonance
fréquence a laquelle, en oscillation forcée, une variation de la fréquence d’excitationientraine
une|baisse de la réponse du systéme

Notel 1 a l'article: La valeur de la fréquence de résonance dépend de la variable mesurée.” Pour un sysjéme
linégire amorti, les valeurs de fréquence de résonance pour le déplacement, la nitesse et I'accélération
(respectivement la souplesse dynamique, la mobilité et I'accélérance; voir I'lISO 2041) sont dans l'ordr¢ de
fréqyence croissant. Les différences entre ces valeurs de fréquence de résonanece(sSont faibles pour les [taux
d’amlortissement courants.

Notel 2 a I'article: Lors des essais sismiques, une fréquence de résonance est'\souvent supposée étre significptive
lorsque la transmissibilité de la réponse est supérieure a 2.

Notel 3 a I'article: Pour un systéme linéaire amorti, la fréquence de résohance coincide avec la fréquence propre
avec|lamortissement.

Note] 4 a I'article: Cette définition n’est pas identique a celle de\l'lSO 2041.

3.2
speictre de réponse
replésentation de la réponse maximale a unnrmouvement d’entrée défini d’'une famille de corps
a un degré de liberté, pour une valeur spécifiée du taux d’amortissement

VOIR: Figures 1, 2 et 3.

Note] 1 a I'article: Cette définition n’est pas identique a celle de I'ISO 2041.

3.24
séirIme S1
tremmblement de terre susceptible de se produire pendant la durée de vie utile du matérigl et
par |[rapport auquel_le matériel lié a la sécurité doit étre congu pour continuer a fonctionner
sang défaut

Note] 1 a l'articte’, Dans les applications nucléaires, un séisme S1 correspond au séisme de base d’exploitption
(OBE - operating base earthquake).

3.2%
séisme S2
tremblement de terre qui produit le mouvement vibratoire maximal du sol pour lequel
certaines structures et certains systémes et composants sont congus pour rester fonctionnels

Note 1 a l'article: Ces structures, systémes et composants sont essentiels pour assurer le bon fonctionnement,
I'intégrité et la sécurité de 'ensemble du systéme.

Note 2 a l'article: Dans les applications nucléaires, un séisme S2 correspond au séisme majoré de sécurité
(SSE - safe shutdown earthquake).

3.26

sinusoide modulée

onde sinusoidale a fréquence fixe, modulée en amplitude par une onde sinusoidale de
fréquence inférieure

VOIR: Figure 5.
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Note 1 a I'article: La durée d’une sinusoide modulée est égale a une demi-période de la fréquence de modulation.

Note 2 a I'article: Dans le présent document, la sinusoide modulée est considérée comme une onde
monofréquence.

3.27

partie forte d’un accélérogramme

partie d’'un accélérogramme comprise entre l'instant ou il dépasse pour la premiére fois 25 %
de sa valeur maximale et celui ou il descend définitivement sous 25 % d’elle

VOIR: Figure 6.

3.2

parfie forte du spectre de réponse
parfie forte du spectre pour laquelle I'accélération de réponse est plus élevée que~podr la
bande passante a —3 dB du spectre de réponse spécifié

VOIR: Figure 2.

Notel 1 a I'article: En général, la partie forte du spectre de réponse est située dans le premier tiers de la bande de
fréqyences.

3.2

facfeur de surélévation

factpur tenant compte du changement d’accélération par rappert a la Terre en raison d
tranfsmissibilité des batiments et des structures

W
)

3.3

accglérogramme synthétique
accelérogramme qui est produit artificiellement  pour que le spectre de réponse| lui
corlespondant domine le spectre de réponse spécifié

3.31
amplitude d’essai
valqur maximale des valeurs de créte\de I'onde d’essai

Note] 1 a I'article: Dans les essais sismiques, I'accélération est le parametre normalement utilisé.

3.3%
fréquence d’essai
fréquence a laquelle e spécimen doit étre excité lors d’'un essai

Notel 1 a 'article: _Uhe-fréquence d’essai est 'un des deux types définis en 3.32.1 et 3.32.2.

3.32.1
fréqguence-d’essai prédéterminée
fréc1uence spécifiée par la spécification applicable

3.32.2
fréquence d’essai d’investigation
fréquence relevée lors de I'essai de recherche et d’étude des fréquences critiques

3.33

spectre de réponse d’essai

spectre de réponse obtenu a partir du mouvement réel de la table vibrante, soit
analytiquement, soit en utilisant des moyens d’analyse spectrale

VOIR: Figures 2, 3c) et 3d).

3.34
accélérogramme
enregistrement de I'accélération, de la vitesse ou du déplacement en fonction du temps
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Note 1 a I'article: Cette définition n’est pas identique a celle de I'|SO 2041.

3.35

accélération a période nulle

ZPA

valeur asymptotique du spectre de réponse d’accélération aux fréquences élevées

Note 1 a I'article: Un exemple de ZPA est donné a la Figure 2.

Note 2 a l'article: L’accélération a période nulle a une signification particuliere car elle représente la valeur
maximale de I'accélération, par exemple dans le cas d'un accélérogramme. Il convient de ne pas la confondre avec
la valeur maximale de I'accélération du spectre de réponse.

Notel 3 a l'article: Le terme abrégé «ZPA» est dérivé du terme anglais développé correspondant «zero-period
acceferation».

4 |Généralités et facteurs a considérer pour la qualification

4.1| Classe sismique générale et classe sismique spécifique

Deyx classes sismiques ont été définies: une classe sismique générale et une clgdsse
sismique spécifique. Aucune de ces deux classes ne peut étre.considérée comme plus
exigeante que l'autre. La différence entre les deux classes résidésdans la disponibilité et/ou la
pré¢ision dans la définition des caractéristiques de I'environnement sismique. Lorsql’un
matgriel de sécurité de haute fiabilité est exigé pour un environnement spécifié, tel qug le
matgriel lié a la sécurité dans les centrales nucléaires, il est nécessaire d’utiliser des données
prég¢ises et, de ce fait, la classe sismique spécifique est applicable et non la classe sismique
géngrale. L’Annexe A contient un organigramme asSocié a la sélection de la classe d’epsai
(clapse sismique générale ou spécifique) et trois organigrammes (Figures A.2 a A.4) couvfant
les [possibilités exposées dans le présent document. Pour tirer le meilleur parti du présent
docpment, il est vivement recommandé d’étudier-minutieusement ces organigrammes.

Les|Articles 11 a 15 décrivent les méthodes d’essai sismique recommandées pour le matgriel
coupjert par la classe sismique générale pour laquelle I’environnement sismique n’est |pas
conhu ou I’est de maniére imprécise:

Cetfe classe couvre le matériel~pour lequel le mouvement sismique pertinent ne résulte |pas
d’une étude spécifique tenant'compte des caractéristiques de la position géographique et de
la sjructure de support ou dU batiment.

Dans cette classe;le/ mouvement sismique est généralement caractérisé par un poin{ de
référence qui est.une accélération maximale au niveau du sol. Cette accélération est obtenhue
a partir des données sismiques se rapportant a la zone étudiée.

Si un matériel n’est pas fixé au niveau du sol, il convient de tenir compte de la transmissihilité
du batiment et/ou de la structure de support.

Les Articles 16 a 20 décrivent les méthodes d’essai sismique recommandées pour le matériel
couvert par la classe sismique spécifique pour laquelle I'environnement sismique est bien
connu ou pour laquelle les spectres de réponse spécifiés et/ou les accélérogrammes sont
spécifiés dans la spécification applicable.

Cette classe couvre le matériel pour lequel le mouvement sismique pertinent résulte d’une
étude spécifique tenant compte des caractéristiques de la position géographique et de la
structure de support ou du batiment.

Dans cette classe, le mouvement sismique est défini par des spectres de réponse (évalués
pour différents taux d’amortissement) ou par un accélérogramme.
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Il convient que la spécification applicable contienne des informations se rapportant aux sujets
traités aux 4.2, 4.3 et 4.4.

4.2 Conditions de service

Lorsqu’un matériel est soumis a essai, il convient de dupliquer aussi fidélement que possible
les conditions de service, en particulier les conditions (électriques, mécaniques et de pression
thermique, etc.) dont les contraintes se combinent a celles de I'effet sismique pour affecter le
fonctionnement ou l'intégrité du matériel étudié. Si ces conditions de service ne sont pas
prises en compte pour I'essai, il convient de justifier cette omission.

4.3 Criteres de mauvais fonctionnement

Lorgque les conditions de service et la fonction sont connues ou ont été chaisies| la
spétification applicable spécifie les critéres d’acceptation et/ou de mauvais fonctionrhementt.

NOTE |l existe des cas ou les conditions de service finales ou les conditions d’emploi dumatériel a soumetfre a
essal ne sont pas connues mais ont été sélectionnées. Dans ces cas, les critéeres de mauvais fonctionnement ne
peuVent pas étre établis avec précision et sont donc supposés sans justification-.formelle; par exemplg, en
I’absfence d’informations complémentaires, I’hypothése est souvent faite que la duréedun mauvais fonctionnement
dang un circuit électrique est de 5 ms.

4.4| Critéres de qualification

La ¢lassification suivante est introduite car elle permet d attribuer des critéres a un matgriel
pouf une application particuliere.

Critére 0: le matériel a été soumis a un essai siSmique mais n’'a présenté aucun mauyais
onctionnement pendant ou aprés I'essai.

Critere 1: le matériel a été soumis a un&essai sismique, a rencontré un problem¢g de
onctionnement pendant I’essai mais est;revenu a son état de fonctionnement correct
Aprés I'essai.

Critere 2: le matériel a été soumis*a un essai sismique, a rencontré un problém¢g de
onctionnement pendant I'essai.\a nécessité un nouveau réglage ou un ajustement a
‘issue de I'essai mais n’a pas.d@ étre remplacé ou réparé.

5 [Modes opératoires d’essai

5.1 Généralités

Il cqnvient de procéder aux essais conformément aux Articles 11 a 15 pour la classe sismique
géngrale, ou aux Articles 16 a 20 pour la classe sismique spécifique.

5.2 Fixation

Le matériel doit étre monté conformément a I'lEC 60068-2-47.

NOTE Pour obtenir des recommandations plus détaillées dans le cas des matériels normalement utilisés avec les
isolateurs de vibrations, voir '|EC 60068-2-6:2007, Article A.5.

Il convient de tenir compte de l'influence des connexions, cables, tuyauteries, etc. pour la
fixation du matériel. Par ailleurs, sauf justification, il est recommandé d’inclure la structure de
montage «en service» normale du matériel dans I’essai sismique.

Il convient de spécifier I'orientation et la fixation du matériel pendant 'essai qui représente le
seul cas de figure pour lequel le matériel est considéré qualifié, a moins qu’une justification
appropriée puisse étre donnée pour étendre la qualification a une condition non soumise a
I'essai (par exemple, s’il est prouvé que les effets de la pesanteur n'ont aucune influence sur
le comportement du matériel).


https://iecnorm.com/api/?name=4ec3e75b56d629cfd365e68e9aa50caf

- 62 - IEC 60068-3-3:2019 © |IEC 2019

5.3 Mesures
5.3.1 Mesures de vibrations sur la table vibrante

Les mesures doivent étre réalisées conformément a I'|[EC 60068-2-6, I'|EC 60068-2-57,
I'lEC 60068-2-64 et '|EC 60068-2-81, selon le cas.

Des mesures de vibrations sur la table vibrante doivent étre effectuées afin de s’assurer que
les niveaux de vibration corrects sont appliqués dans les positions de mesure exigées.

Il canvient de spécifier les parameétres 3 enregistrer en permanence (déplacement vitesse,
accglération), le matériel utilisé et les fonctions de chaque transducteur (référence, mesure).

5.3.2 Mesures de vibrations sur le matériel

En plus des mesures effectuées sur la table vibrante, des mesures peuvent étre’réalisées|sur
le matériel afin d’obtenir des informations supplémentaires sur ses performances au cours de
I’essai. Ces derniéres mesures ne font pas partie des exigences relatives aux essaig de
vibrptions.

5.3.3 Surveillance fonctionnelle du matériel

Il cpnvient d’exercer une surveillance adaptée pour évaluéres performances du matériel
avaht, pendant et aprés I'essai.

Il egt recommandé de spécifier, dans la spécification applicable, toutes les caractéristiques a
enrggistrer en permanence.

5.4| Gamme de fréquences

Dans les tremblements de terre, les fréquences prédominantes sont généralement compr|ses
entle 1 Hz et 35 Hz. Cette gamme estsuffisante pour déterminer les fréquences critiquesg du
matgriel ainsi que pour ses essais)\'‘Dans certains cas, la gamme de fréquences d’efsai
de 1 Hz a 35 Hz peut étre élargie ou resserrée en fonction de la valeur efficace d¢ la
fréquence de coupure du spegire de réponse du sol; en outre, la gamme de fréquerces
d’edsai peut étre resserrée enfonction des fréquences critiques du spécimen, mais il convjient
de Ie justifier.

6 |Conditionnement

Pour les essais sismiques, les ondes d’essai privilégiées sont conformes aux norines
suiantes:

— palayage sinusoidal (principalement pour la recherche et I'étude des fréquences critiqiies)
IEC"60068-2-6), T

sinusoide continue (endurance aux fréquences fixes) (IEC 60068-2-6),

accélérogramme et sinusoide modulé (IEC 60068-2-57).
7 Sélection de I’'onde d’essai

7.1 Généralités

Il est recommandé de lire I'Article 7 conjointement avec I'Article 9. Pour la sélection de I'onde
d’essai, il convient de tenir compte des caractéristiques attendues du matériel une fois dans
sa position installée et soumis a I'influence du séisme spécifié.

Pour les besoins du présent document, les ondes d’essai sont réparties entre deux
catégories:
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a) les ondes multifréquences:
1) accélérogramme (naturel, synthétique ou échantillon de mouvement aléatoire),
2) autres ondes (nécessitant une justification),

b) les ondes monofréquences:
3) balayage sinusoidal,

4) sinusoide modulée,
5) sinusoide continue (Figure 7),
6) autres ondes (nécessitant une justification).

7.2| Ondes multifréquences

En général, lorsque le spectre des vibrations est large, il convient que I'onde d’essai soif du
type multifréquence. Cependant, certaines exceptions sont autorisées apres™justification
(voir 7.3).

7.3| Ondes monofréquences

résultant au niveau des étages peut présenter une fréquence prédeminante. Ceci correspjond
a un spectre de réponse spécifié¢ a bande étroite et dans cette situation, une vibration
mornofréquence peut étre une excitation satisfaisante.

Si I mouvement sismique du sol est filtré par 'un des modes. Sisucturels, le mouvegrent

o

Il cpnvient de ne pas confondre le spectre de réponse d’essai monofréquence, ave
speftre de réponse d’essai global obtenu pour chaque fréquence d’essai. Il convient qu
speftre de réponse d’essai monofréquence soit supérieur ou égal au spectre de répgnse
spétifié (SRS) (voir Figures 3b) et 3d)).

<

o

Il cgnvient également que le spectre de réponse d’essai monofréquence global soit supérjeur
ou egal au spectre de réponse spécifié.

Souvent, un seul spectre de réponse élargi artificiellement est disponible pour tenir compte
des|incertitudes telles que les. variations de site, les axes de la structure ou les incertitudes
de |conception. Dans cette Gituation et en I'absence de preuves supplémentaires |qui
démontrent que les mouvements sismiques du plancher sont dans une bande étroite, il
conyient de supposer, sur la base de ce spectre de réponse élargi, que I’excitation|est
mulfifréquence.

Deg essais mongfféquences peuvent étre utilisés pour qualifier le matériel dans les [cas
suiants:

a) jucunexfréequence de résonance en interaction (ce cas est envisagé lorsque I'espacement
est supérieur a 1/4 oct, voir Figure 3b));

b) fréquences de résonance du matériel situées a l'extérieur de la partie forte du spectre de
réponse spécifié;

C) cas spéciaux, si cela est justifié.
8 Ondes d’essai

8.1  Généralités
8.1.1 Spécification des ondes d’essai
Il convient que les ondes d’essai utilisées:

a) produisent un spectre de réponse d’essai supérieur ou égal au spectre de réponse
spécifié;
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b) aient une valeur maximale de l'accélération au moins égale a celle de l'accélération a
periode nulle;

c) reproduisent, avec une marge de sécurité, les effets du séisme exigé (voir 8.1.2);

d) n’incluent idéalement aucune fréquence supérieure a 35 Hz ou a la fréquence de coupure
si celle-ci est plus élevée, mais si de telles fréquences existent dans I'onde d’essai, il
convient de ne pas en tenir compte dans I'évaluation du spectre de réponse d’essai,
notamment lors de I'obtention de la valeur ZPA.

8.1.2 Simulation des effets d’un séisme avec une marge de sécurité

Po ;
marjge de tolérance pour le nombre estimé de séismes S1 et S2 auxquels le matériel| est
susteptible d’étre soumis au cours de la durée de vie de l'installation. L’hypothése coturante
est |[de cing séismes S1 et un seul séisme S2, sauf si un autre nombre peut étre justjifié.
Cependant, pour obtenir la marge de sécurité augmentée, le matériel peut étre_.soumis a deux
essais correspondant au niveau du séisme S2.

Il cgnvient que les essais S1 soient suivis d’au moins un essai S2. Il est fecommandé qug la
duré¢e de chaque essai soit au moins égale a la partie forte de I'accglérogramme utilisé pour
défipir le spectre de réponse spécifié (voir 9.5). Il convient que les{gssais simulent au mpins
le méme niveau de fatigue que celui auquel le matériel est susceptible d’étre soumis pendant
les séismes S1 et S2.

De e fait, il convient que chaque essai simule les effetsid’'un séisme, avec la méme marge
de [sécurité. La résistance a la fatigue diminue a{meésure que le niveau de contrainte
augmente et, par conséquent, I'essai S1 peut étre yremplacé par un nombre d’essais| S2

produisant le méme vieillissement total, a conditionque le nombre choisi soit justifié.

La gurée et le nombre d’essais S1 et S2 appliqués au matériel peuvent dépasser les vaI;Turs
exigées afin de permettre les contrdles fonctionnels spécifiés par la spécification applicaple.
Dans ce cas, autant d’ondes d’essai que nécessaire sont appliquées, mais la probaHilité
d’unje défaillance due a la fatigue augmente.

Les|ondes d’essai simulant des séismes S1 ou S2 peuvent étre appliquées sous formg de
«séfjuences d’'ondes» (voirFigure 5). Dans ce cas, les ondes doivent étre suffisamment
esppcées (d’au moins 2 s) paur éviter la superposition de leurs effets sur le matériel.

8.2| Essais aux ondes multifréquences
8.2 Exigences-générales

I ¢onvient~de procéder aux essais aux ondes multifréquences conformément [aux
recommandations indiquées en 8.1. Il est en particulier recommandé d’effectuer un confréle
par |ung( analyse appropriée afin de démontrer que le spectre de réponse d’essai doming le
spegtre de réponse spécifié. Les valeurs recommandées pour I'analyse appropriée son{ au
m0| 1S 1/’6 Ubt pour uti dIIIUIt;DDUIIIGIIt bUIII}JIiD GIItIG 2 n//o Ut 10 n/s’ Ut 1/’12 Ubt pOUUl 2 n// ou
moins. Si I'amortissement est supérieur ou égal a 10 %, une analyse appropriée sur 1/3 oct
est suffisante.

8.2.2 Essai par accélérogrammes

L’essai est réalisé en appliquant au matériel un accélérogramme (voir 3.34) afin de simuler
I’excitation probable du matériel concerné. S’il n’est pas directement fourni par Ila
spécification applicable, I'accélérogramme d’essai doit étre généré en débutant par le spectre
de réponse spécifié, tel que décrit dans I'lEC 60068-2-81.

Il convient que la durée de I'onde d’essai soit au moins égale a la durée de la partie forte d’un
séisme. Cette durée est généralement fixée a une valeur comprise entre 5 s et 10 s.
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8.2.3 Autres essais multifréquences

Dans de nombreux cas, le mouvement exigé peut représenter un filtrage significatif du
mouvement du sol par une ou plusieurs résonances pointues du batiment et/ou du sol. Le
SRS correspondant peut inclure une amplification de moyen a faible niveau sur une large
gamme de fréquences, des bandes étroites fortement amplifiées étant associées a chaque
résonance de batiment. Pour ces cas, un essai peut étre réalisé en appliquant au matériel
une excitation multifréquence dont I'amplitude est ajustée manuellement ou automatiquement
dans des bandes de fréquences multiples. Cependant, 'utilisation d’'un essai de mouvement
multifréquence peut exiger une valeur maximale excessivement élevée de I’entrée de maniére
a satisfaire a I'amplification plus élevée associée aux résonances du batiment. Il est admis de
synfhetiser un signal complexe qui comprend la somme de plusieurs types diiferenis| de
conposants individuels a bande étroite superposés a un mouvement aléatoire a large bande
de hiveau inférieur. Cette approche augmente les chances de produire un mouveméni de
table dont le SRE enveloppe le SRS, sans introduire de niveaux ZPA excessifs. Lésyméthgdes
typgs de synthétisation de signaux complexes sont (voir Figures 3 et 4):

n) mouvement aléatoire avec sinusoides a palier,
pb) mouvement aléatoire avec sinusoides modulées,
c) combinaison de sinusoides multiples,

d) combinaison de sinusoides décroissantes.

8.3| Essais monofréquences

8.3/ Exigences générales

L'onde monofréquence est appliquée a une fréquence et avec une amplitude telles quge le
speftre de réponse d’essai est supérieur ou égala la valeur du spectre de réponse spécit]:é a
cette fréquence (voir Figures 3b) et 3d)). Si lexspectre de réponse d’essai global ne colivre
pas|le SRS, une justification est exigée.

En |général, les spectres de réponseifondamentaux qui peuvent avoir des amplitudes
simjlaires indiquent différentes fréquences en fonction des différences de modules de sol} de
hauteur de batiment ou de position~du matériel. Dans ce cas, des ondes monofréquences $ont
appliquées aux fréquences critiques du matériel qui apparaissent dans la partie fortg du
speftre et a toutes les fréquences prédéterminées spécifiées, sauf justification (voir 7.3). |Les
fréquences d’essai sont appliquées sur la gamme de fréquences spécifiée, comme indiqué au
5.4 par paliers non supérieurs a 1/2 oct (voir Figure 3d)). Cette mesure permet d’évitgr la
nontexcitation éventuelle de plusieurs fréquences critiques qui n‘ont pas été détecfées
pendant la rechereche’/et I’étude des fréquences critiques généralement effectuées pan un
essfi de balayage“sinusoidal. S’il y a lieu, il convient d’effectuer les essais aux fréquences
critipues (voir,33%) ainsi qu’a la fréquence de résonance globale du matériel.

Le |niveau—d’entrée a appliquer a la table vibrante est calculé en tenant compte| de
I'amplification de l'onde d’essai et de la ZPA du spectre de réponse spécifié a un faux
d’amortissement de 5 %. Lorsque le matériel présente des fréquences critiques dans la pgrtie
forte du spectre avec un taux d’amortissement inférieur a 2 % ou supérieur a 10 %, le niveau
d’entrée est alors déterminé en se référant au spectre de réponse spécifié a un taux
d’amortissement correspondant a celui du matériel. Aprés réalisation de tous les essais sur
chaque axe du matériel, une modification de ses propriétés mécaniques peut étre observée.
Dans ce cas, la spécification applicable doit indiquer I'action a mener pour tout changement
de fréquence.

8.3.2 Essai de balayage sinusoidal

L'essai de balayage sinusoidal est effectué au moyen d’un cycle continu de balayage de
fréquences logarithmiques de bas niveau, a une vitesse non supérieure a 1 oct/min sur une
gamme de fréquences supérieure ou égale a celle pour laquelle le matériel doit étre qualifié.
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8.3.3 Essai par sinusoides modulées

Le nombre de cycles par sinusoide modulée est réglé pour que le spectre de réponse d’essai
domine le spectre de réponse spécifié (voir Figure 3d)). La valeur maximale d’accélération de
la sinusoide modulée est calculée en tenant compte de I'amplification de 'onde d’essai et de
la ZPA du spectre de réponse spécifié a un taux d’amortissement de 5 %.

Pour une valeur maximale donnée de I'accélération de la sinusoide modulée, la marge de
sécurité de l'essai augmente avec le nombre de cycles. Pour que le spectre de réponse
d’essai soit supérieur ou égal au spectre de réponse spécifié, le nombre de cycles utilisés est
généralement compris entre 5 et 10 cycles par sinusoide modulée. Il convient que 'enveloppe
des|spectres de réponse d’essai de ces sinusoides modulées domine le spectre de réponse
spégifié.

Il egt recommandé d’appliquer une séquence de cing sinusoides modulées (Ou -sinusoides
confinues) a des fréquences d’essai situées dans la gamme de fréquences spécifiée, commme
indifué au 5.4, et par paliers non supérieurs a 1/2 oct. Il convient que Panmiplitude d’egsai
corfesponde au niveau d’accélération a période nulle correspondant au/séisme S1, sUyivie
d’une sinusoide modulée définie comme ci-dessus, le niveau d’accélération a période nulle
correspondant au séisme S2. Il convient que I'’enveloppe des spectresS) de réponse d’essaj de
ces|sinusoides modulées domine le spectre de réponse spécifié.

8.3J4 Essai par sinusoides continues

Pour chaque fréquence d’essai, un mouvement a sinusoide continue est appliqué au matgriel
afin|que le spectre de réponse d’essai domine le specire de réponse spécifié au moins dans
une| gamme située au voisinage de la fréquencesconsidérée (voir Figure 3d)), et le niveau
d’entrée a appliquer a la table vibrante est calculé en tenant compte de I'amplification de
I'onfle d’essai et de la ZPA du spectre de réponse spécifié a un taux d’amortissement de % %.

Il cpnvient que la durée du signal d’entrég, soit suffisante pour au moins cing cyclgs a
I’amplitude maximale calculée (voir Figurex?).

8.4 Autres formes d’onde d’essai

D’aytres formes d’onde peuvent étre utilisées, si cela est justifié, conformément [aux
recmmandations du 8.1.

9 |Conditions d’essai

9.1 Généralités

Les| modes -epératoires décrits a I'Article 9 sont recommandés pour soumettre a essdi le
matgriel coneu pour résister a des séismes. Les essais sismiques sont réalisés en soumettant
le matériea un mouvement vibratoire simulant le mouvement sismique, avec une marge de
séclrité, définie par une accélération maximale, une répartition des fréquences| de
|‘aC é:élat;un Ct uric dulU’C dc :,auué:élat;uu app:lquéc. LG bGOU théunquc dG oT UL de
opératoire d’essai est considérée comme non couverte par le présent document, mais elle
peut facilement étre trouvée dans les ouvrages de référence techniques pertinents.

Un probléme difficile rencontré lors de la définition des essais de qualification d’un matériel
est la sélection d’ondes d’essai adaptées, tel que décrit a I'Article 7. Il convient de tenir
compte de nombreux facteurs tels que, par exemple, le type de matériel, sa position et la
nature du séisme attendu. Un autre point a considérer est la nécessité de déterminer si le
matériel doit étre utilisé pour une application spécifique ou dans un but plus général. Dans le
premier cas, le mouvement sismique est probablement spécifié de maniére précise et les
essais sont ensuite choisis conformément a cette condition, alors que dans le second cas, il
convient de concevoir I'’essai pour qualifier le matériel en vue d’'une future application pour
laquelle un spectre de réponse spécifié plus général doit étre fourni.
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Lors de la rédaction de la spécification applicable, un spectre de réponse spécifié est
normalement généré et il est généralement élargi dans la zone d’amplification maximale afin
de couvrir les effets de facteurs inconnus ou variables tels que les fréquences propres de la
structure du batiment qui ne sont pas connues avec précision, et la position du matériel a
I'intérieur du batiment. On parle alors de spectre de réponse spécifié a large bande (voir
Figure 2). Les possibilités d’extension du spectre utilisé doivent étre spécifiées par la

spécification applicable.

Un autre facteur a prendre en compte est la nature multidirectionnelle du séisme. Le matériel
est soumis a essai de maniére a tenir compte de ces effets. Une description est donnée a
I’Article 10

Ung difficulté apparait lors de la définition des essais pour des composants individuels\(telais,
moteurs, capteurs, etc.) ou des ensembles complexes tels que des armoires decegommande.
Dans le premier cas, il est raisonnable de s’assurer que le composant est soumis -aux esgais
sismiques réels tout en appliquant ou en simulant ses conditions de service;)et de contrpler
ses|performances tout au long des essais. En revanche, ceci peut s’avérerfimpossible dans le
secpnd cas, c’est-a-dire pour un matériel complexe, qui peut in¢iire de nombieux
conposants formant des parties de plusieurs systémes et connectésya d’autres matériels
situgs a de nombreux emplacements au sein de la structure.

Les|alternatives suivantes sont acceptables s’il s’avére impossible de soumettre a essaj ce
matgriel en service. Dans la premiére méthode, chaque<composant est soumis a egsai
sépprément, en simulant ses conditions de service “\deé maniére a établir le niveau
d’agcélération maximal pour lequel le matériel démontre une performance acceptable. Ensjuite
le matériel, avec ses composants installés mais hors. service, ou sans ses composantf et
avef des dispositifs simulant leurs propriétés dynamiques, est soumis a un essai de vibration

pour démontrer que le spectre d’accélération :a.’emplacement de chaque composant|est
inféfrieur ou égal au niveau pour lequel ce composant individuel a été qualifié.

Ung seconde méthode consiste a appliquer la vibration d’entrée adaptée aux conditiong de
morntage en service du matériel dont les composants sont inopérants ou dont les proprig¢tés
dynpmiques sont simulées. Les niveaux d’accélération aux emplacements des composants
sonf ensuite mesurés et utilisés eftant qu’accélération d’entrée afin de qualifier séparément
les composants en service.

L’'ingtallation de composants’inopérants est destinée a s’assurer que le matériel présente| les
mémes caractéristiquesidynamiques qu’en fonctionnement normal. Par exemple, dans la
megure du possible] iI* convient de traiter les armoires de commande comme des unités
compléetes et de soumettre a essai leurs composants de maniére individuelle.

9.2| Recherche et étude des fréquences critiques

La fechgerche et I'étude des fréquences critiques fournissent des données sur les fréquerjces

Elles sont généralement effectuées en utilisant une excitation sinusoidale monoaxiale et un
seul cycle de balayage logarithmique sur une gamme de fréquences comprises entre 1 Hz et

35 Hz vers le haut et vers le bas, a une vitesse de balayage suffisamment petite pour
déterminer les fréquences critiques mais sans dépasser 1 oct/min.

Les essais de vibration aléatoire peuvent également étre utilisés comme méthode alternative
pour la recherche et I'étude des fréquences critiques (voir I'lEC 60068-2-64:2008, 8.2).

Il convient que 'amplitude des vibrations appliquées au cours de la recherche et de I'étude
des fréquences critiques ne soit pas trop grande de maniére a produire un effet comparable a
I’effet de I'essai lui-méme. Cependant, il est recommandé que le niveau soit suffisamment
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