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NATIONAL FOREWORD

The adoption of the IEC Standard as a Malaysian Standard was recommended by the
Working Group on Environmental Testing for Electrical and Electronic Equipment under the
authority of the Industry Standards Committee on Electrotechnical-2.

This Malaysian Standard is identical with IEC 60068-2-57:1999, Environmental testing - Part
2-57: Tests - Test Ff: Vibration - Time-history method, published by the International
Electrotechnical Commission (IEC). However, for the purposes of this Malaysian Standard,
the following apply:

a) in the source text, "this International Standard" should read "this Malaysian Standard";

b) the comma which is used as a decimal sign (if any), to read as a point;

c) the basis IEC 60068-2-57 is printed in English and French version. However, only the
English version is retained for this Malaysian Standard; and

d) reference to International Standards should be replaced by equivalent Malaysian

Standards as follows:

Referenced International Standards

IEC 60068-1, Environmental testing - Part
1: General and guidance

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

IEC 60068-2-27, Environmental testing -
Part 2: Tests - Test Ea and guidance:
Shock

IEC 60068-2-47, Environmental testing -
Part 2: Tests - Mounting of components,
equipment and other articles for dynamic
tests including shock (Ea), bump (Eb),
vibration (Fc and Fd) and steady-state
acceleration (Ga) and guidance

IEC 60068-2-64, Environmental testing -
Part 2: Tests - Test Fh: Vibration, broad-
band random (digital control) and guidance

Corresponding Malaysian Standards

MS IEC 60068-1, Environmental testing -
Part 1: General and guidance

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

MS IEC 60068-2-27, Environmental testing
- Part 2: Tests - Test Ea and guidance:
Shock

MS IEC 60068-2-47, Environmental testing
- Part 2-47: Test methods - Mounting of
components and other articles for vibration,
impact and similar dynamic tests

MS IEC 60068-2-64, Environmental testing
- Part 2: Tests - Test Fh: Vibration, broad-
band random (digital control) and guidance

Compliance with a Malaysian Standard does not of itself confer immunity from legal
obligations.

NOTE. IDT on the front cover indicates an identical standard i.e. a standard where the technical content, structure,
wording (or is an identical translation) of a Malaysian Standard is exactly the same as in an International Standard or
is identical in technical content and structure although it may contain the minimal editorial changes specified in clause
4.2 of ISO/IEC Guide 21-1.
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6)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ENVIRONMENTAL TESTING -

Part 2-57: Tests — Test Ff: Vibration —
Time-history method

FOREWORD

The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of the IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, the IEC publishes International Standards. Their preparation is
entrusted to technical committees; any IEC National Committee interested in the subject dealt with may
participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. The IEC collaborates closely with the International Organization
for Standardization (ISO) in accordance with conditions determined by agreement between the two
organizations.

The formal decisions or agreements of the IEC on technical matters express, as nearly as possible, an
international consensus of opinion on the relevant subjects since each technical committee has representation
from all interested National Committees.

The documents produced have the form of recommendations for international use and are published in the form
of standards, technical specifications, technical reports or guides and they are accepted by the National
Committees in that sense.

In order to promote international unification, IEC National Committees undertake to apply IEC International
Standards transparently to the maximum extent possible in their national and regional standards. Any
divergence between the IEC Standard and the corresponding national or regional standard shall be clearly
indicated in the latter.

The IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with one of its standards.

Attention is drawn to the possibility that some of the elements of this International Standard may be the subject
of patent rights. The IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 60068-2-57 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 1989, and constitutes a
technical revision.

This part 2-57 is intended to be used in conjunction with IEC 60068-1. It was established on the
basis of the sixth edition of that standard (1988) together with its amendment 1 (1992).

The text of this standard is based on the following documents:

FDIS Report on voting
104/130/FDIS 104/136/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 3.

It has the status of a basic safety publication in accordance with IEC Guide 104.

Annexes A and B are for information only.

The committee has decided that this publication remains valid until 2006. At this date, in
accordance with the committee's decision, the publication will be

reconfirmed,;

withdrawn;

replaced by a revised edition, or
amended.
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INTRODUCTION

This part of IEC 60068 details a method for testing components, equipment and other
electrotechnical products, hereinafter referred to as "specimens", which in service can be
subjected to short-duration random-type dynamic forces of which typical examples are the
stresses induced in equipment as a result of earthquakes, explosions and during transport and
operation of different kinds of vehicles.

The characteristics of these forces and the damping of the specimen may be such that the
vibration response of the specimen will not reach a steady-state condition.

The test consists, after any preliminary vibration response investigation with sinusoidal or
random vibration has been performed, of subjecting the specimen to a vibration time-history
specified by a response spectrum with characteristics simulating the effects of the dynamic
forces.

A time-history may be developed or obtained from:

— a natural event (natural time-history);

— arandom sample, or

O e .
_ a synthesized signal. E artificial time-history

In general, some modification is necessary in order to adapt to the required testing severity.
The use of a time-history allows a single test wave to envelop a broadband response spectrum.

It is possible for all the modes of the specimen in the excitation axis (or axes) to be excited at
the same time and consequently the stresses derived from the combined effects of the coupled
modes are generally taken into account.

Procedures are described for conducting the test and for the measurement of the vibration at
given points. The requirements for the vibration motion and for the choice of severities, that is
frequency range, required response spectrum, number of high-peaks of the response and
number and duration of time-histories, are also detailed.

Specification writers will find in clause 13 a list of details to be considered for inclusion in
specifications, in annex A, on the guidance, and in annex B, on recommended test frequency
ranges.

It is emphasized that vibration testing always demands a certain degree of engineering
judgement and both supplier and purchaser should be fully aware of this fact. The writer of the
relevant specification is expected to select the testing procedure and the values of severity
appropriate to the specimen and its use.
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ENVIRONMENTAL TESTING -

Part 2-57: Tests — Test Ff: Vibration —
Time-history method

1 Scope and object

This part of IEC 60068 aims to provide a standard procedure for determining, by the time-
history method, the ability of a specimen to withstand specified severities of transient vibration.

2 Normative references

The following normative documents contain provisions which, through reference in this text,
constitute provisions of this part of IEC 60068. For dated references, subsequent amendments
to, or revisions of, any of these publications do not apply. However, parties to agreements
based on this part of IEC 60068 are encouraged to investigate the possibility of applying the
most recent editions of the normative documents indicated below. For undated references, the
latest edition of the normative document referred to applies. Members of IEC and ISO maintain
registers of currently valid International Standards.

IEC 60068-1:1988, Environmental testing — Part 1: General and guidance
IEC 60068-2-6:1995, Environmental testing — Part 2: Tests — Test Fc: Vibration (sinusoidal)
IEC 60068-2-27:1987, Environmental testing — Part 2: Tests — Test Ea and guidance: Shock

IEC 60068-2-47:1982, Environmental testing — Part 2: Tests — Mounting of components,
equipment and other articles for dynamic tests including shock (Ea), bump (Eb), vibration (Fc
and Fd) and steady-state acceleration (Ga) and guidance

IEC 60068-2-64:1993, Environmental testing — Part 2: Tests — Test Fh: Vibration, broad-band
random (digital control) and guidance

IEC 60068-3-3:1991, Environmental testing — Part 3: Guidance — Seismic test methods for
equipment

ISO 266:1997, Acoustics — Preferred frequencies

ISO 2041:1990, Vibration and shock — Vocabulary

3 Definitions

For the purpose of this part of IEC 60068, the terms and definitions given in ISO 2041,
IEC 60068-1, IEC 60068-2-6, IEC 60068-2-64 and the following apply.
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3.1
critical frequency
frequencies 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

3.2

damping

generic term ascribed to the numerous energy dissipation mechanisms in a system. In practice,
damping depends on many parameters, such as the structural system, mode of vibration,
strain, applied forces, velocity, materials, joint slippage, etc.

3.3

critical damping

minimum viscous damping that will allow a displaced system to return to its initial position
without oscillation in the shortest time possible

3.4
damping ratio
ratio of actual damping to critical damping in a system with viscous damping

3.5
signal tolerance
signal tolerance: T = (% - 1) x100 (in percentage)

where
NF is the r.m.s. value of the unfiltered signal;
F is the r.m.s. value of the filtered signal.

3.6

fixing point

part of the specimen in contact with the fixture or vibration table at a point where the specimen
is normally fastened in service

NOTE If a part of the real mounting structure is used as the fixture, the fixing points are taken as those of the
mounting structure and not of the specimen.

3.7

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

NOTE For the purpose of this standard, the value of g, is rounded up to the nearest whole number, that is,
10 m/s2.

3.8

high peaks of the response

calculated peaks of the response of a single-degree-of-freedom system (oscillator), excited by
a time-history, exceeding a specified threshold value (see figure 2)

NOTE 1 In practice, reference is made to high peaks of the response since it is difficult to identify complete
response cycles due to a transient excitation (time-history).

NOTE 2 The peak is a positive or a negative maximum deviation from the zero-line between two consecutive zero-
crossing points (see figure 3).
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3.9

measuring points

specific points at which data are gathered for conducting the test. These points are of two main
types, as defined below

NOTE Measurements may be made at points within the specimen in order to assess its behaviour; these are not
considered as measuring points in the sense of this standard.

3.9.1

check point

point located on the fixture, on the vibration table or on the specimen as close as possible to
one of its fixing points, and in any case rigidly connected to it

NOTE 1 A number of check points are used as a means of ensuring that the test requirements are satisfied.

NOTE 2 |If four or fewer fixing points exist, each is used as a check point. If more than four fixing points exist, four
representative fixing points will be defined in the relevant specification to be used as check points.

NOTE 3 In special cases, for example for large or complex specimens, the check points will be prescribed by the
relevant specification if not close to the fixing points.

NOTE 4 Where a large number of small specimens are mounted on one fixture, or in the case of a small specimen
where there are a number of fixing points, a single check point (that is the reference point) may be selected for the
derivation of the control signal. This signal is then related to the fixture rather than to the fixing points of the
specimen(s). This procedure is only valid when the lowest resonance frequency of the loaded fixture is well above
the upper frequency of the test.

3.9.2

reference point

point, chosen from the check points, whose signal is used to control the test, so that the
requirements of this standard are satisfied

3.10

natural frequency

frequency of free vibration of a structure depending only on its own physical characteristics
(mass, stiffness and damping)

3.1

natural time-history

recording, as a function of time, of for example acceleration, velocity or displacement, resulting
from a given event

3.12

oscillator

single-degree-of-freedom system intended to produce or be capable of maintaining mechanical
oscillations

3.13
pause
interval between two consecutive time-histories

NOTE A pause should be such as to result in no significant superposition of the response motion of the specimen

and can be obtained from:
T s ﬁl N 100
f d

where
T is the duration (s);
f is the lowest natural frequency (Hz);

d is the critical damping at the lowest natural frequency (in per cent).
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3.14
preferred testing axes
three orthogonal axes which correspond to the most vulnerable axes of the specimen

3.15

random motion sample

sample of random motion record modified in frequency range and amplitude so as to produce a
required response spectrum

3.16
required response spectrum
response spectrum specified in the relevant specification

3.17

response spectrum

plot of the maximum response to a defined input motion of a family of single-degree-of-
freedom bodies as a function of their natural frequencies and at a specified damping ratio

3.18

sampling frequency

the number of discrete magnitude values taken per second to record or represent a time-
history in a digital form

3.19

strong part of the required 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 4)

NOTE Generally, for seismic applications, the strong part of the response spectrum is located in the first third of
the frequency band.

3.20

strong part of the time-history

part of the 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 5)

3.21

sweep cycle

traverse of the specified frequency range once in each direction, for example 1 Hz to 35 Hz to
1 Hz

3.22

synthesized time-history

artificially generated time-history such that its response spectrum envelops the required
response spectrum

3.23
test level
largest peak value within a test wave

3.24

test response spectrum

response spectrum derived from the real motion of the vibration table either analytically or by
using response spectrum analysis equipment
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3.25
time-history
recording, as a function of time, of acceleration, velocity or displacement

NOTE A definition of the mathematical term "time-history" is given in ISO 2041 and relates to the magnitude of a
quantity expressed as a function of time.

3.26

zero period acceleration

high-frequency asymptotic value of acceleration of the response spectrum (as an example see
figure 6)

NOTE The zero period acceleration is of practical significance as it represents the largest peak value of

acceleration, for example in a time-history. This is not to be confused with the peak value of acceleration in the
response spectrum.

4 General requirements

The purpose of this test is to determine mechanical weakness and/or degradation in specified
performance and to use this information, in conjunction with the relevant specification, to
decide whether a specimen is acceptable or not. It may also be used, in some cases, to
demonstrate the mechanical robustness of specimens and/or to study their dynamic behaviour.

The extent to which a specimen has to function during vibration or merely to survive conditions
of vibration shall be stated in the relevant specification.

For the purpose of this test, the specimen is always fastened to the vibration table.

In order to facilitate the use of this standard, references are given in the main part inviting the
reader to refer to the flow chart of figure 1 and to annex A; the clause numbers in the main part
are also referred to in annex A.

5 Requirements for testing

The requirements for a vibration response investigation are given in 5.1, those for time-history
testing in 5.2, while 5.3 deals with mounting for testing.

5.1 Vibration response investigation

When prescribed by the relevant specification, the vibration response investigation may be
carried out with reference to IEC 60068-2-6, taking account of 5.1.1 to 5.1.9 below, in order to
determine the critical frequencies and, where required, the damping ratio.

Random vibration testing may also be used as an alternative method for the vibration response
investigation (see IEC 60068-2-64, 4.3 and clause A.3).

5.1.1 Basic motion

The basic motion shall be a sinusoidal function of time and shall be such that the fixing points
of the specimen on the vibration table, which shall be prescribed by the relevant specification,
move substantially in phase and in straight parallel lines, subject to the limitations imposed in
5.1.2 and 5.1.3.
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5.1.2 Spurious motion
5.1.2.1 Transverse motion

The maximum vibration amplitude at the check points in any axis perpendicular to the specified
axis shall not exceed 50 % of the specified amplitude up to 500 Hz or 100 % for frequencies in
excess of 500 Hz. The measurements need only cover the specified frequency range. In
special cases, such as for small specimens, the amplitude of the permissible transverse motion
may be limited to 25 %, if required by the relevant specification.

In some cases, such as for large-size or high-mass specimens or at some frequencies, it may
be difficult to achieve these values. In such cases, the relevant specification shall state which
of the following requirements apply:

a) any transverse motion in excess of that stated above shall be noted and stated in the test
report; or

b) transverse motion which is known to offer no hazard to the specimen need not be
monitored.

5.1.2.2 Rotational motion

Where, due to the large-size or high-mass of a specimen, spurious rotational motion of the
vibration table is likely to be caused, the relevant specification shall prescribe a tolerable level.
The achieved level shall be stated in the test report.

5.1.3 Signal tolerance

Unless otherwise stated in the relevant specification, acceleration signal tolerance measure-
ments shall be performed. They shall be carried out at the reference point and shall cover the
frequencies up to 5000 Hz or five times the driving frequency, whichever is the lesser.
However, this maximum analysing frequency may be extended to the upper test frequency for
the sweep, or beyond, if specified in the relevant specification.

Unless otherwise stated in the relevant specification, the signal tolerance shall not exceed 5 %.
In some instances, it may not be possible to achieve this value, in which case a signal
tolerance value greater than 5 % is acceptable. If prescribed, the acceleration amplitude of the
control signal at the fundamental driving frequency is restored to the specified value by use of
a tracking filter.

In the case of large or complex specimens, where the specified signal tolerance values cannot
be satisfied at some parts of the frequency range and where it is impracticable to use a
tracking filter, the acceleration amplitude need not be restored, but the signal tolerance shall
be stated in the test report.

NOTE If a tracking filter is not used and the signal tolerance is in excess of 5 %, the reproducibility may be
significantly affected by the choice of either a digital or analogue control system.

The relevant specification may require that the signal tolerance, as defined above, together
with the frequency range affected, is stated in the test report, whether or not a tracking filter
has been used.

5.1.4 Vibration amplitude tolerances

The basic motion along the required axis at the check and reference points shall be equal to
the specified values within the following tolerances. These tolerances include instrument
errors. The relevant specification may require that the confidence level used in the assessment
of measurement uncertainty is stated in the test report.
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At low frequencies, or with large-size or high-mass specimens, it may be difficult to achieve the
required tolerances. In these cases it is expected that a wider tolerance or the use of an
alternative method of assessment shall be prescribed in the relevant specification and stated in
the test report.

5.1.4.1 Reference point

Tolerance on the control signal at the reference point shall be £15 % of the basic motion.

5.1.4.2 Check points

Tolerance at each check point shall be in accordance with the following:
— up to 500 Hz: +25% of acceleration;

— above 500 Hz: +50 % of acceleration.

5.1.5 Frequency tolerances

The following frequency tolerances apply:

— upto 0,25 Hz: +0,05 Hz;
— from 0,25 Hz to 5 Hz: 120 %;

— from 5 Hz to 50 Hz: +1 Hz;

— above 50 Hz: 2 %.

When the comparison of the critical frequencies (see 9.2) before and after testing is required,
the following tolerances apply:

— upto0,5Hz: 10,05 Hz;
— from 0,5 Hz to 5 Hz: +10 %;

— from 5 Hz to 100 Hz: 10,5 Hz;
— above 100 Hz: 10,5 %.

5.1.6 Sweeping

The sweeping shall be continuous and the frequency shall change exponentially with time at a
rate not exceeding one octave per minute.

NOTE With a digital control system, it is not strictly correct to refer to the sweeping as "continuous", but the
difference is of no practical significance.

5.1.7 Damping ratio
The damping ratio is normally determined from the vibration response investigation. This

determination depends on the test apparatus used and demands engineering judgement. Other
methods may be employed if justified in the test report.

5.2 Time-history testing

Time-history testing shall take into account the following.

5.2.1 Basic motion
The time-history used can be obtained from either:

a) a natural time-history, or
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b) a synthesized time-history by composition of frequencies included within the specified
range. In this case, the synthesized time-history shall be generated with the appropriate
resolution, as follows:

— not more than 1/12 octave bands when the specimen damping is lower than or equal
to 2 %;

— not more than 1/6 octave bands when the specimen damping lies between 2 % and
10 % (general case);

— not more than 1/3 octave bands when the specimen damping is higher than or equal
to 10 %.

The value of the damping ratio (see 3.4) may be defined by the relevant specification or
otherwise obtained, for example by means of the vibration response investigation (see 5.1). A
value of 5 % is normally taken.

5.2.2 Transverse motion

The maximum peak value of acceleration or displacement at the check points in any axis
perpendicular to the specified axis shall not exceed 25 % of the specified peak value in the
time-history, unless otherwise stated in the relevant specification. The recorded measurements
need only cover the specified frequency range.

At some frequencies or with large-size or high-mass specimens, it may be difficult to achieve
these values (see also A.1). In such cases, the relevant specification shall state which of the
following requirements applies:

a) transverse motion in excess of that stated above shall be stated in the test report;

b) transverse motion need not be monitored.

5.2.3 Rotational motion

Where spurious rotational motion of the vibration table is likely to be important, a tolerable
level, which shall then be stated in the test report, shall be prescribed by the relevant
specification.

5.2.4 Tolerance zone for the required response spectrum

The tolerance zone to be applied to the required response spectrum shall range from 0 % to
+50 % (see figure 6).

If a small proportion of the individual points on the test response spectrum lies outside this
zone, the test may still be acceptable provided such points do not coincide with the resonance
frequencies of the specimen. If such a condition is not fulfilled, the actual test level at the
resonance frequency is to be stated in the test report (see also A.1).

The test response spectrum shall be checked at least:

— in 1/12 octave bands if the specimen damping is lower than or equal to 2 %;

— in 1/6 octave bands if the specimen damping is between 2 % and 10 % (general case);

— in 1/3 octave bands if the specimen damping is higher than or equal to 10 %.

NOTE In some cases the required response spectrum may have been so artificially shaped or broadened that the

test response spectrum cannot be generated within this tolerance zone. The tolerances in the relevant test
specification may then need to be revised.
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5.2.5 Frequency range

The signal from the reference point shall not contain any frequency higher than the test range,
except those induced by the test facilities and the specimen. The maximum value of the signal
outside the test frequency range induced by the test facilities without specimen shall not
exceed 20 % of the maximum value of the specified signal from the reference point. If the
above values cannot be achieved, those obtained shall be stated in the test report.

Frequencies outside the test frequency range shall not be taken into account when evaluating
the test response spectrum.

5.2.6 Calculation of the test response spectrum

In order to keep errors to a minimum when calculating the test response spectrum, special
consideration shall be given to sampling and filtering of the time-history under evaluation.

It is recommended that the sampling frequency of the time-history is at least a factor of 10
higher than the upper frequency f, for the response calculation.

NOTE In this way the response time-history for the highest f, oscillator will be calculated with a magnitude error of
less than 5 %. If a sampling frequency of 2,56 f, is used, as is common for frequency analysis, an error exceeding
60 % can be obtained in the maximum response of the highest f, oscillator.

A low-pass filter shall always be used prior to digitizing the time-history under evaluation to
avoid aliasing errors. It is recommended that the half-power point cut-off frequency of the anti-
aliasing filter be 1,5 f,. The cut-off rate shall be at least -60 dB/octave. Use of these
recommended values ensures that a full response is obtained for the highest f, oscillator.
Errors at the highest oscillators, due to phase modifications induced by anti-aliasing filters, are
also suppressed.

Truncation errors can be obtained if the time-history under evaluation or the response time-
histories of the oscillators do not decay within the time frame for the calculation. This is
particularly critical when calculations are performed for oscillators with low damping.
Truncation errors shall be avoided by using a long time frame.

NOTE A rationale of the problem is reported in appendix B to IEC 60068-2-27 which gives the definitions of
"initial" and "residual" response spectrum. For the evaluation of the test response spectrum a "total" response
spectrum should be calculated, then taking into account the total "strong part" of the response of the oscillator.

5.3 Mounting

The specimen shall be mounted in accordance with IEC 60068-2-47.

If a specimen is normally mounted on isolators, but it is necessary to carry out a test without
them, the specified excitation level shall be modified to take this into account.

The influence of connections, cables, piping, etc. shall be taken into account when mounting
the specimen.

NOTE Where practicable, the normal in-service mounting structure of the specimen should be included in the test.

The orientation and mounting of the specimen during testing shall be prescribed by the relevant
specification and constitute the only condition for which the specimen is considered as
complying with the requirements of the standard, unless adequate justification can be given for
extension to an untested condition (for instance, if it is shown that the effects of gravity do not
influence the behaviour of the specimen).
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Severities

—27—

The test severity is determined by a combination of the following parameters:

The relevant specification shall state the values for each parameter on the basis of the
recommendations given in 6.1 to 6.4.

6.1

The test frequency range shall be given in the relevant specification by selecting a lower
frequency from table 1 and an upper frequency from table 2. Recommended frequency ranges
are shown in table 3; examples of test frequency ranges commonly used for different

test frequency range;

required response spectrum;

number and duration of the time-histories;
number of high peaks of the response (see clause A.3).

Test frequency range

applications are given in annex B.

Table 1 — Lower frequencies

fy

Hz

0,1

10
55
100

Table 2 — Upper frequencies

f,

Hz

10
20
35
55
100
150
300
500
2000

Table 3 — Recommended test frequency ranges

From f, to f,
Hz Hz
0,1 to 10*
1 to 35
1 to 100
5 to 35"
10 to 100*
10 to 150
10 to 500
10 to 2 000
55 to 2000
* The ranges marked with an asterisk are not within
the recommended ranges of IEC 60068-2-6.
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6.2 Required response spectrum
The relevant specification shall state the level and the shape of the required response
spectrum to be used for the testing, including the zero period acceleration value. It shall also

state the specimen axes along which the spectra are applied when they are not identical for all
the axes.

Guidance for the development of a required response spectrum in the situation where
environmental conditions are not well known is provided in clause A.2.

6.3 Number and duration of time-histories
6.3.1 Number of time-histories

The relevant specification shall specify the number of time-histories to be applied to the
specimen and the axes concerned.

Unless otherwise specified, the number of time-histories to be applied to each test axis and for
each time-history level shall be selected from the following series:

...1:2;5;10; 20; 50...

When more than one time-history level is used, testing shall always begin with the lowest and
continue with higher levels. Each time-history shall be followed by a pause.

6.3.2 Time-history duration

The relevant specification shall state the duration of each time-history for which recommended
values in seconds are given by the following series:

...1:;2;3;5;10; 20; 30; 50....

6.3.3 Duration of the strong part of the time-history

In some cases, the relevant specification may require the strong part of the time-history to be a
given percentage of the total duration. Otherwise, except when precluded by the requirements
of 6.4, the value of the strong part shall be selected from the following percentages of the total
duration:

25 %, 50 %, 75 %.
The selected value shall be stated in the test report.

6.4 Number of high peaks of the response

The relevant specification may state the number of high peaks of the response leading to
values greater than a specified threshold value (see clause A.3).

High peaks of the response are an additional severity applicable preferably when natural
frequencies are located inside the strong part of the required response spectrum.

These high peaks of the response should be expressed as a percentage of the required
response spectrum value at specific natural frequencies.
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Unless otherwise prescribed by the relevant specification, the number of high peaks of the
response shall be within the range 3 to 20, with reference to a threshold value of 70 %, for a
2 % to 10 % damping ratio. The alternate positive and negative peaks shall be approximately
equally distributed as shown in figure 2.

7 Preconditioning

The relevant specification may call for preconditioning and shall then prescribe the conditions.

8 Initial measurements

The specimen shall be submitted to the visual, dimensional and functional checks prescribed
by the relevant specification.

9 Testing

9.1 General

The specimen shall be excited in each of the three preferred testing axes unless otherwise
prescribed by the relevant specification. The order of testing along these axes is not important
unless prescribed by the relevant specification.

When prescribed by the relevant specification, control of the specified test level shall be
supplemented by a maximum limit of the driving force applied to the vibration table. The
method of force limitation shall then also be prescribed by the relevant specification.

9.2 Vibration response investigation

When prescribed by the relevant specification, the dynamic response of the specimen in the
defined frequency range shall be investigated.

The vibration response investigation may be performed with sinusoidal or random vibration in a
test frequency range and with a test level as prescribed by the relevant specification.

The response investigation shall be carried out with a test level selected so that the response
of the specimen remains smaller than during time-history testing but at a sufficiently high level
to detect critical frequencies.

The response investigation with sinusoidal excitation shall be carried out with a logarithmic
sweep rate not higher than one octave per minute, but it may require to be decreased if more
precise determination of the response characteristics can thereby be obtained. Undue dwell
should be avoided.

The response investigation with random vibration shall be carried out taking into account that
the time of the test shall be long enough to minimize stochastical variations in the response. It
should be noted that the frequency resolution will need to be sufficiently high to determine
adequately the response peaks (narrowest —3 dB bandwidth), and it is recommended that at
least five spectral lines are contained within the narrowest —3 dB bandwidth.

The specimen shall be in functioning mode during this investigation if required by the relevant
specification. Where the mechanical vibration characteristics cannot be assessed because the
specimen is functioning, an additional vibration response investigation with the specimen not
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functioning shall be carried out. During this stage, the specimen shall be examined in order to
determine the critical frequencies, which shall then be stated in the test report.

In certain circumstances, the relevant specification may prescribe an additional vibration
response investigation on completion of the time-history testing so that the critical frequencies
before and after the time-history testing can be compared.

The relevant specification shall state what action is to be taken if any change of frequency
occurs. It is essential that both vibration response investigations are carried out in the same
manner and at the same test level.

9.3 Time-history testing

For time-history testing, values for the severity are given in the relevant specification according
to clause 6.

The test response spectrum shall envelope the required response spectrum according to the
tolerances given in 5.2.4.

Between consecutive time-histories a pause of sufficient length shall be included, so that no
significant superposition of response motion of the specimen occurs. The relevant specification
shall also state whether single axis, biaxial or triaxial testing is required.

NOTE Biaxial and triaxial test methods are generally used for seismic applications (category 1, see A.2.1), see
IEC 60068-3-3.

9.3.1 Single axis testing

Testing is carried out successively along each preferred testing axis.

9.3.2 Biaxial testing

For each series of tests, the two time-histories are applied simultaneously along two of the
preferred testing axes of the specimen. If the time-histories are not independent, each test is
repeated with a relative phase angle of 0° first and then 180°.

NOTE When biaxial testing is specified, testing may be carried out in a single inclined axis installation but the
movements along the two axes will always be dependent. The test response spectrum for each axis should be
adjusted to envelop the required response spectrum in that axis.

9.3.3 Triaxial testing
For each series of tests the time-histories are applied simultaneously along all three of the

preferred testing axes. For this method of testing, the use of single axis or biaxial installations
is not appropriate.

10 Intermediate measurements

When prescribed by the relevant specification, the specimen shall function during a prescribed
number of time-history tests and its performance shall be checked.
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11 Recovery

It is sometimes necessary, when prescribed by the relevant specification, to provide a period of
time after testing and before final measurements to allow the specimen to reach the same
conditions, for example of temperature, as existed for the initial measurements.

12 Final measurements

The specimen shall be submitted to the visual, dimensional and functional checks prescribed
by the relevant specification.

The relevant specification shall provide the criteria upon which the acceptance or rejection of
the specimen shall be based.

13 Information to be given in the relevant specification

When this test is included in a relevant specification, the following details shall be given in so
far as they are applicable, paying particular attention to the items marked with an asterisk (*)

as this information is always required.

Clause
a) Basic motion * 5.1.1 and 5.2.1
b) Transverse motion 5.1.2.1and 5.2.2
c) Rotational motion 5.1.2.2and 5.2.3
d) Signal tolerance 5.1.3
e) Vibration amplitude tolerances 5.1.4
f) Damping ratio 5.1.7
g) Mounting of the specimen* 5.3
h) Test frequency range® 6.1
i) Required response spectrum* 6.2, A.2
i) Number of time-histories™ 6.3.1
k) Time-history duration® 6.3.2
[) Duration of strong part of time-history 6.3.3
m) Number of high peaks of the response and threshold value 6.4, A.3
n) Preconditioning 7
0) Initial measurements® 8
p) Preferred testing axes 9.1
q) Driving force limitation 9.1
r) Vibration response investigation 9.2
s) Performance and functional check 9.2
t) Single axis, biaxial or triaxial testing” 9.3
u) Intermediate measurements 10
v) Recovery 11
w) Final measurements* 12
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Preconditioning (7)

v

Initial measurements (8)

v

Testing (9)
Vibration response investigation (9.2):

— Sinusoidal excitation
— Random excitation (as alternative method)

I

Selection of test severities (6)
Test frequency range (6.1)
Required response spectrum (6.2)
Number of time-histories (6.3.1)
Duration (6.3.2)
Strong part of time-history (6.3.3)

Number of high peaks of the response (6.4), if required

v

Synthesis of the artificial time-history (annex A)

Checking of the time-history frequency content (Fourier transform)

Check of the number of high peaks of the response (A.3), if required

v

No /\

Sufficient ?

¢ Yes (continue)

Testing (9)
Time-history testing (9.3)

i

Intermediate measurements (10)

v

Recovery (11)

:

Final measurements (12)

Figure 1 — Flow chart for vibration, time-history

IEC 1549/99
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Figure 2 — Example of a typical response of an oscillator excited by a specific time-history
(specified threshold value of 70 %)
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Annex A
(informative)

Synthesis of the artificial time-history: Guidance

A.1 Introduction

Many recognized testing procedures exist to demonstrate the ability of a specimen to withstand
various types of vibration forces. These procedures range from the simple continuous
sinusoids to complex highly specialized time-history methods, each being best suited for
particular requirements or circumstances, or to represent a particular vibration environment.

The time-history method becomes important for:

a) applications where the vibration environment is to be reproduced as closely as possible;

b) applications where little is known about the specimen, or where there is great difficulty in
determining critical aspects about the specimen, for example critical frequencies, etc.

Time-history testing avoids a tendency to overtest compared with other methods. This is
because the time-history method reproduces or closely represents the real environment and
the possibility of overstressing or fatiguing from a too conservative test method is reduced.

In reproducing the real or field environment, a response spectrum is developed by the
specification writer. Usually a damping factor is assigned which represents the damping of the
specimen. This developed response spectrum is called the required response spectrum and is
a part of the specification and represents the test criterion which has to be fulfilled. During the
testing of the specimen, the test laboratory produces a similar environment and creates a test
response spectrum. This test response spectrum is obtained by processing of the record of the
vibration table motion during a test run (5.2.6). It is important in the calculation of the test
response spectrum that the input waveform (vibration table motion) is recorded taking into
account the recommendations stated in 5.2.6.

The test response spectrum is then compared with the required response spectrum so that it
can be determined whether the test criterion has been fulfilled. To fulfil the test criterion, the
test response spectrum has to envelop the required response spectrum. In developing the test
response spectrum, trial or preliminary runs are often made with the test specimen exchanged
for an equivalent mass. It is important, however, that this mass is dynamically representative of
the specimen. Thus, the test laboratory can adjust the test levels and not fatigue and
overstress the test specimen unnecessarily.

The tolerances to be applied to the required response spectrum will be stated in the
specification but if a small proportion of the individual points lies outside the tolerance zone
(see figure 6) the test may still be acceptable. In some instances, when testing with high-mass
or large-size specimens, it may not be possible to achieve the required tolerances at certain
frequencies. In these cases, the specification will allow a wider tolerance to be applied
(see 5.2.4).

Time-history testing requires the test laboratory to utilize sophisticated and accurate
instrumentation, as well as digital computer equipment for control and analysis. The
parameters given are standardized and suitable tolerances are chosen in order to obtain
similar results when a test is conducted at different locations. The standardization of values
also enables equipment to be grouped into categories corresponding to their ability to withstand
certain given vibration severities.
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A.2 Recommendations for obtaining a required response spectrum (see 6.2)

When the application or the environment is not well known, the following recommendations are
given for defining a required response spectrum. Due to the large number of applications
(seismic, aerospace, transport and others), there is a need to give recommendations for two
categories of required response spectra.

A.2.1 Category 1
Category 1 is relevant to:

— seismic applications;

— applications with time-histories containing many frequencies spread out over a wide
frequency range;

— cases where a collection of time-histories with different frequencies need to be enveloped;
— cases where there is a need to excite the equipment over a wide frequency range
regardless of the application.

A required response spectrum for category 1 is represented in figure 7, according to the
considerations given hereinafter.

a) The test frequency range (f; to f,) should be selected from table 3; examples of commonly
used values are shown in annex B.

b) The zero period acceleration value, g, is normally selected from the following series:
... 0,2;0,5;1;2;5;10; 20...
c) Between f; and 2f;, the acceleration is specified by the slope of 12 dB/octave.

NOTE When a frequency of f; lower than 0,8 Hz is chosen, the frequency 2f; should be fixed to 1,6 Hz and
the slope below 1,6 Hz should be 12 dB/octave.

d) The maximum value of 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.

e) Between 1/3 f, and 2/3 f, the acceleration reaches the zero period acceleration value with a
linear law on a log/log scale.
NOTE When the typical damping ratio of the specimen lies between 2 % and 10 %, the required response
spectrum at 5 % is recommended. If the typical damping ratio of the specimen is lower than or equal to 2 %,

only the required response spectrum at 2 % is recommended, and if the damping ratio is higher than or equal to
10 %, the required response spectrum at 10 % is recommended.

A.2.2 Category 2

Category 2 is relevant to those applications where it is known that the time-histories contain
one or few dominant frequencies in a rather narrow frequency band.

A required response spectrum for category 2 is represented in figure 8, according to the
considerations given hereinafter.

a) Select the central frequency f, based on the best knowledge of the dominant frequencies of
the application or the environment. In accordance with ISO 266, recommended values for f;
are as indicated by the following series (intervals are 1/3 octave): ...16; 20; 25; 31,5; 40;
50; 63; 80; 100; 125; 160...
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b) The following relationship should be used between f,, f, and f#, for the generalized
requirement:

fo=fo/2; fy = 2fy
NOTE For some applications a narrower frequency range is needed for the strong part of the response
spectrum; in such cases a limitation to 2/3 octave band is recommended (from f, = £,/ Y2 - 0,794 f, and

3
f,=f, ¥2 = 1,26 £).

c) The frequency range f,/2, 3f, may be adjusted in order to fit the values given either in 6.1
or in annex B.

d) The zero period acceleration value, g, is normally selected from the following series:
... 1;2;5;10; 20 ...

e) Between f,/2 and f, and between f, and 2f, the acceleration reaches the zero period
acceleration value with a linear law on a log/log scale according to figure 8. Between f; and
fy/2 a slope of 12 dB/octave is recommended; between 2f, and f, the acceleration is equal
to the zero period acceleration.

f) The maximum value of acceleration between f, and f, is equal to
— 3 times that of the zero period acceleration for a 10 % damping ratio;
— 4,5 times that of the zero period acceleration for a 5 % damping ratio;
— 6,5 times that of the zero period acceleration for a 2 % damping ratio.

NOTE When the typical damping ratio of the specimen lies between 2 % and 10 %, the required response
spectrum at 5 % is recommended. If the typical damping ratio of the specimen is lower than or equal to 2 %,
only the required response spectrum at 2 % is recommended, and if the damping ratio is higher than or equal to
10 %, the required response spectrum at 10 % is recommended.

A.3 Number of high peaks of the response (see 6.4)

The reproduction of the effects which would be produced by vibration (for example
earthquakes, explosions) requires that the specific environment be simulated as accurately as
possible with some safety factor. When the environment is not sufficiently known or is difficult
to simulate, a safety factor needs to be included to take account of the worst case.

The first criterion for the above consists in ensuring that the test response spectrum envelops
the required response spectrum. This envelope ensures that the maximum required level of
each oscillator response has been reached.

The second criterion is to ensure that the duration of the strong part of the time-history is equal
to or longer than that of the phenomenon under consideration.

These two approaches mentioned above may, however, not be sufficient as they do not take
into account completely the effects of high-level alternating excitation. Indeed, these
excitations may be vitally important for equipment when they occur at its natural frequencies
and generate non-elastic strains which may be detrimental to the specimen.

An analysis of the signals simulating the phenomena under consideration allows these high
peaks of the response to be taken into account. This could be done during the synthesis of the
artificial time-history (see the flow chart in figure 1):

a) by checking the frequency content of the synthesized time-history in order to be sure to
excite the specimen at its natural frequencies (Fourier transform analysis);

b) by counting the number of high peaks of the response whose values exceed a specified
level for oscillators centred on the frequencies covering the strong part of the required
response spectrum.
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The damaging capability of a time-history is directly proportional to its energy content and the
energy delivered by a time-history is directly related to the number of high peaks generated in
the response of an oscillator. Thus, if two different time-histories will generate the same
number of high peaks in the response of the same oscillator, they will have the same damaging
capability. However, it has to be considered that the amount of damage produced in a
specimen is related not only to the number of high peaks of the response, but also to the level
of these peaks; then the number of high peaks of the response should be chosen with respect
to a threshold value.

Since the fatigue damage decreases very rapidly with decreasing amplitude, it is sufficient to
consider the peaks higher than a threshold value (see 6.4 and figures 2 and 3) in a response of
oscillators centred on the frequencies covering the strong part of the required response
spectrum.

For each application (earthquake, explosion, etc.) there is a relationship between the threshold
level and the number of peaks at the location where the specimen is mounted. Thus, the
threshold level and the corresponding number of peaks should be chosen in order to represent
in the best way the fatigue effects. In general, the peaks lower than 50 % have minor effects
from the point of view of oligo-cyclic fatigue. A threshold level higher than 90 % will lead to only
few peaks which are not representative of fatigue effects. For these reasons the use of 70 %
for the threshold value is recommended, with the representative number of peaks relevant to
each application. Experience reveals that, for seismic application, at least five peaks with a
threshold value of 70 % should be considered. In any case, engineering judgement is required
to choose the number of high peaks of the response.

Special care should be taken during the synthesis of the artificial time-history in order to obtain
a sufficient number of high peaks of the response. From experience, this should give
confidence that the required number of high peaks of the response are obtained when the three
following conditions apply:

— the specimen natural frequency is located inside the strong part of the response spectrum;
— the specimen behaviour is linear;

— the test response spectrum covers the required response spectrum.
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Annex B
(informative)

Test frequency ranges

Examples of test frequency ranges commonly used for different applications are the following.

[ Seismic applications:
From 1 Hz to 35 Hz

(ground and floor-mounted equipment)

NOTE In the case of equipment with a natural frequency below 1 Hz the suggested frequency range
is 0,1 Hz to 35 Hz.

From 1 Hz to 100 Hz

From 10 Hz to 100 Hz
L Transport applications:

From 10 Hz to 150 Hz

From 10 Hz to 500 Hz

From 10 Hz to 500 Hz
L Aircraft applications:
From 10 Hz to 2 000 Hz




