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INTERNATIONAL ELECTROTECHNICAL COMMISSION 
____________ 

 
ENVIRONMENTAL TESTING –  

 
Part 2-64: Tests – Test Fh: Vibration,  

broadband random and guidance 
 
 

FOREWORD 
1)  The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 

all national electrotechnical committees (IEC National Committees). The object of 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, IEC publishes International Standards, Technical Specifications, 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 
Publication(s)”). 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. IEC collaborates closely 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 
agreement between the two organizations. 

2) The formal decisions or agreements of 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 IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 
the latter. 

5) IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any 
equipment declared to be in conformity with an IEC Publication. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

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

DISCLAIMER 
This Consolidated version is not an official IEC Standard and has been prepared for 
user convenience. Only the current versions of the standard and its amendment(s) 
are to be considered the official documents. 

This Consolidated version of IEC 60068-2-64 bears the edition number 2.1. It consists of 
the second edition (2008-04) [documents 104/456/FDIS and 104/459/RVD] and its 
amendment 1 (2019-10) [documents 104/848/FDIS and 104/855/RVD]. The technical 
content is identical to the base edition and its amendment. 

In this Redline version, a vertical line in the margin shows where the technical content 
is modified by amendment 1. Additions are in green text, deletions are in strikethrough 
red text. A separate Final version with all changes accepted is available in this 
publication. 
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International Standard IEC 60068-2-64 has been prepared by IEC technical committee 104: 
Environmental conditions, classification and methods of test. 

This second edition constitutes a technical revision. 

The major changes with regard to the previous edition concern the removal of Method 1 and 
Method 2, replaced by a single method, and replacement of Annex A with suggested test 
spectra and removal of Annex C.  

Also included in this revision is the testing of soft packed specimens. 

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2. 

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

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

The committee has decided that the contents of the base publication and its amendment will 
remain unchanged until the stability date indicated on the IEC web site under 
"http://webstore.iec.ch" in the data related to the specific publication. At this date, the 
publication will be  

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• 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 

This part of IEC 60068 deals with broadband random vibration testing intended for general 
application to components, equipment and other products, hereinafter referred to as 
”specimens”, that may be subjected to vibrations of a stochastic nature. The methods and 
techniques in this standard are based on digital control of random vibration. It permits the 
introduction of variations to suit individual cases if these are prescribed by the relevant 
specification. 

Compared with most other tests, test Fh is not based on deterministic but on statistical 
techniques. Broad-band random vibration testing is therefore described in terms of probability 
and statistical averages. 

It is emphasized that random 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. 

The test method is based primarily on the use of an electrodynamic or a servo-hydraulic 
vibration generator with an associated computer based control system used as a vibration 
testing system. 

The traditional general purpose broad-band random vibration test utilizes waveforms with a 
Gaussian distribution of amplitudes. However, when so specified, this test procedure can also 
be utilized with random vibration tests with a non-Gaussian distribution of amplitudes. Such 
tests are sometimes alternatively known as high kurtosis tests.  

Annexes A and B are informative annexes giving examples of test spectra for different 
environmental conditions, a list of details to be considered for inclusion in specifications and 
guidance. 

Annex C is an informative annex giving information on non-Gaussian distribution/high kurtosis 
tests.  
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ENVIRONMENTAL TESTING –  
 

Part 2-64: Tests-Test Fh: Vibration,  
broadband random and guidance 

 
 
 

1 Scope 

This part of IEC 60068 demonstrates the adequacy of specimens to resist dynamic loads 
without unacceptable degradation of its functional and/or structural integrity when subjected 
to the specified random vibration test requirements. 

Broadband random vibration may be used to identify accumulated stress effects and the 
resulting mechanical weakness and degradation in the specified performance. This 
information, in conjunction with the relevant specification, may be used to assess the 
acceptability of specimens. 

This standard is applicable to specimens which may be subjected to vibration of a stochastic 
nature resulting from transportation or operational environments, for example in aircraft, 
space vehicles and land vehicles. It is primarily intended for unpackaged specimens, and for 
items in their transportation container when the latter may be considered as part of the 
specimen itself. However, if the item is packaged, then the item itself is referred to as a 
product and the item and its packaging together are referred to as a test specimen. This 
standard may be used in conjunction with IEC 60068-2-47:2005, for testing packaged 
products. 

If the specimens are subjected to vibration of a combination of random and deterministic 
nature resulting from transportation or real life environments, for example in aircraft, space 
vehicles and for items in their transportation container, testing with pure random may not be 
sufficient. See IEC 60068-3-8:2003 for estimating the dynamic vibration environment of the 
specimen and based on that, selecting the appropriate test method. 

Although primarily intended for electrotechnical specimens, this standard is not restricted to 
them and may be used in other fields where desired (see Annex A). 

2 Normative references 

The following referenced documents are indispensable for the application of this document. 
For dated references, only the edition cited applies. For undated references, the latest edition 
of the referenced document (including any amendments) applies. 

IEC 60050-300: International Electrotechnical Vocabulary – Electrical and electronic 
measurements and measuring instruments – Part 311: General terms relating to 
measurements – Part 312: General terms relating to electrical measurements – Part 313: 
Types of electrical measuring instruments – Part 314: Specific terms according to the type of 
instrument  

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

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

IEC 60068-2-47:2005, Environmental testing – Part 2-47: Tests – Mounting of specimens for 
vibration, impact and similar dynamic tests 
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IEC 60068-3-8:2003, Environmental testing – Part 3-8: Supporting documentation and 
guidance – Selecting amongst vibration tests  

IEC 60068-5-2: Environmental testing – Part 5-2: Guide to drafting of test methods – Terms 
and definitions 

IEC 60721-3 (all parts), Classification of environmental conditions – Part 3: Classification of 
groups of environmental parameters and their severities 

IEC Guide 104, The preparation of safety publications and the use of basic safety publications 
and group safety publications 
 

ISO 2041: Vibration and shock – Vocabulary 

3 Terms and definitions 

For the purposes of this document, the following terms and definitions apply.  

NOTE The terms used are generally defined in IEC 60050-300, IEC 60068-1, IEC 60068-2-6, and IEC 60068-5-2 
and ISO 2041. If a definition from one of those sources is included here, the derivation is indicated and departures 
from the definitions in those sources are also indicated. 

3.1  
cross-axis motion 
motion not in the direction of the stimulus; generally specified in the two axes orthogonal to 
the direction of the stimulus 

NOTE The cross-axis motion should be measured close to the fixing points. 

3.2  
actual motion 
motion represented by the wideband signal returned from the reference point transducer 

3.3  
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. 

3.4  
control methods 
3.4.1 
single point control  
control method using the signal from the transducer at the reference point in order to maintain 
this point at the specified vibration level 

3.4.2 
multipoint control  
control method using the signals from each of the transducers at the checkpoints 

NOTE The signals are either continuously averaged arithmetically or processed by using comparison techniques, 
depending upon the relevant specification. See also 3.13. 

3.5  
gn 
standard acceleration due to the earth's gravity, which itself varies with altitude and 
geographical latitude 
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NOTE For the purposes of this standard, the value of gn is rounded up to the nearest whole number, that is  
10 m/s2. 

3.6  
measuring points 
specific points at which data are gathered for conducting the test 

NOTE These points are of three types, as defined in 3.7 to 3.9. 

3.7  
checkpoint 
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 checkpoints 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 checkpoint. For packaged products, where a fixing 
point may be interpreted as the packaging surface in contact with the vibration table, one checkpoint may be used, 
provided that there are no effects due to resonances of the vibration table or the mounting structure in the 
frequency range specified for the test. If this is the case, multipoint control may be necessary, but see also NOTE 3. 
If more than four fixing points exist, four representative fixing points will be defined in the relevant specification to 
be used as checkpoints. 

NOTE 3 In special cases, for example for large or complex specimens, the checkpoints 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 
with a number of fixing points, a single checkpoint (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.  

3.8  
reference point (single-point control) 
point, chosen from amongst the checkpoints, whose signal is used to control the test, such 
that the requirements of this standard are satisfied 

3.9  
fictitious reference point (multipoint control) 
point, derived from multiple checkpoints either manually or automatically, the result of which 
is used to control the test so that the requirements of this standard are satisfied 

3.10  
response points 
specific points on the specimen from which data is gathered for the purpose of the vibration 
response investigation 

NOTE These points are not the same as checkpoints or reference points. 

3.11  
preferred testing axes 
three orthogonal axes that correspond to the most vulnerable axes of the specimen 

3.12  
sampling frequency 
number of discrete magnitude values taken per second to record or represent a time-history in 
a digital form 

3.13  
multipoint control strategies 
method for calculating the reference control signal when using multipoint control 

NOTE Different frequency domain control strategies are discussed to in 4.7.1. 
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3.14  
averaging 
process of determining the control acceleration spectral density formed from the arithmetic 
average of the acceleration spectral densities at each frequency line of more than one 
checkpoint  

3.15  
extremal (maximum or minimum) 
process of determining the control acceleration spectral density formed from the maximum or 
minimum acceleration spectral density at each frequency line of more than one checkpoint  

3.16  
crest factor  
ratio of the peak value to the r.m.s. value of the time history  

[ISO 2041] 

3.17  
–3 dB bandwidth 
frequency bandwidth between two points in a frequency response function which are at 0,707 
of the maximum response when associated with a single resonance peak 

3.18  
acceleration spectral density 
ASD 
mean-square value of that part of an acceleration signal passed by a narrow-band filter of a 
centre frequency, per unit bandwidth, in the limit as the bandwidth approaches zero and the 
averaging time approaches infinity  

3.19  
control acceleration spectral density 
acceleration spectral density measured at the reference point or the fictitious reference point 

3.20  
control system loop 
sum of the following actions: 

– digitizing the analogue waveform of the signal derived from the reference point or fictitious 
reference point; 

– performing the necessary processing; 
– producing an updated analogue drive waveform to the vibration system power amplifier 

(see Clause B.1.) 

3.21  
drive signal clipping (see also Figure 1) 
limitation of the maximum crest factor of the drive signal effective frequency range  

3.22  
effective frequency range (see also Figure 1) 
frequency range between 0,5 times f1 and 2,0 times f2 

NOTE Due to initial and final slope, the effective frequency range is higher than the test frequency range between 
f1 and f2. 

3.23  
error acceleration spectral density 
difference between the specified acceleration spectral density and the control acceleration 
spectral density 
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3.24  
equalization  
minimization of the error acceleration spectral density 

3.25  
final slope (see also Figure 1) 
part of the specified acceleration spectral density above f2 

3.26  
frequency resolution 
Be 
width of the frequency intervals in the acceleration spectral density in Hertz 

NOTE It is equal to the reciprocal of the record block length (T) in digital analysis; the number of frequency lines 
is equal to the number of intervals in a given frequency range 

3.27  
indicated acceleration spectral density 
estimate of the true acceleration spectral density read from the analyser presentation 
distorted by the instrument error and the random error 

3.28  
initial slope (see also Figure 1) 
part of the specified acceleration spectral density below f1 

3.29  
instrument error 
error associated with each analogue item of the input to the control system and control 
system analogue items 

3.30  
random error 
error changing from one estimate to another of the acceleration spectral density because of 
the limitation of averaging time and filter bandwidth in practice 

3.31  
record 
collection of equally spaced data points in the time domain that are used in the calculation of 
the Fast Fourier Transform 

3.32  
reproducibility  
closeness of the agreement between the results of measurements of the same value of the 
same quantity, where the individual measurements are made 

– by different methods, 
– with different measuring instruments, 
– by different observers, 
– in different laboratories, 
– after intervals of time which are long compared with the duration of a single measurement, 
– under different customary conditions of use of the instruments employed 

NOTE The term “reproducible” also applies to the case where only certain of the preceding conditions are taken 
into account. 

[IEC 60050-300, modified] 
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3.33  
root-mean-square value (see also Figure 2) 
root-mean-square value (r.m.s. value) of a single-valued function over an interval between 
two frequencies is the square root of the average of the squared values of all functions over 
the total frequency interval f1 and f2 

3.34  
standard deviation, σ (see also Figure 2) 
in vibration theory, the mean value of vibration is equal to zero; therefore for a random time 
history, the standard deviation is equal to the r.m.s. value 

3.35  
statistical accuracy 
ratio of true acceleration spectral density to indicated acceleration spectral density 

3.36  
statistical degrees of freedom (see also Figure 3) 
DOF 
for estimation of acceleration spectral density of random data with a time-averaging technique, 
the effective number of statistical degrees of freedom is derived from the frequency resolution 
and the effective averaging time 

3.37  
test frequency range 
frequency range between f1 and f2 (see Figure 1) in which the ASD is constant or shaped as 
given in the relevant specification 

3.38  
true acceleration spectral density 
acceleration spectral density of the random signal acting on the specimen 

3.39 
kurtosis 
4th statistical moment, which provides a measure of the shape of an amplitude distribution 

Note 1 to entry: Typically a waveform with Gaussian distribution will have a kurtosis of 3, if considered over an 
infinite period. 

Note 2 to entry: Kurtosis is given by:  

 
( )  .4

4
1

1 1x x
σ=

= −∑
N

i
i

kurtosis
N  

where:  

σ  is the standard deviation of the N values which describe the waveform; 

xi  are individual values representing the waveform described by N such values;  

  is the mean value of the N values which describe the waveform. 

3.40 
skewness 
3rd statistical moment, which provides a measure of non-symmetry of an amplitude 
distribution 

Note 1 to entry: Typically a waveform with Gaussian distribution will have a skewness of 0, if considered over an 
infinite period. 

Note 2 to entry: Skewness is given by:  
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where: 

σ  is the standard deviation of the N values which describe the waveform; 

xi  are individual values representing the waveform described by N such values; 

  is the mean value of the N values which describe the waveform.  

3.41 
beta distribution 
family of continuous probability distributions defined on the interval [0, 1] parametrized by two 
positive shape parameters, denoted by α and β, that appear as exponents of the random 
variable and control the shape of the distribution 

SEE: Figure 4. 

 
Figure 4 – Examples of the beta distribution with different α and β values 

4 Requirements for test apparatus 

4.1 General 

The required characteristics apply to the complete vibration system, which includes the power 
amplifier, vibrator, test fixture, specimen and control system when loaded for testing. 

The standardized test method consists of the following test sequence normally applied in each 
of the mutually perpendicular axes of the test specimen: 

1) An initial vibration response investigation, with low level sinusoidal excitation,  
or low level random excitation, (see 8.2). 

2) The random excitation as the mechanical load or stress test. 
3) A final vibration response investigation to compare the results with the initial one and to 

detect possible mechanical failures due to a change of the dynamic behaviour (see 8.2 
and 8.5). 
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Where the dynamic behaviour is known, and it is not considered relevant, or sufficient data 
can be gathered during the test at full level, the relevant specification may not require pre and 
post test vibration response investigations. 

For non-Gaussian testing, the test apparatus shall be able to produce a signal with a specified 
probability distribution and crest factor. Generally, non-Gaussian random vibration testing 
requires shaker and amplifier systems that are designed for Gaussian random vibrations but 
with increased crest factor capabilities. 

4.2 Basic motion 

The basic motion of the fixing points of the specimen shall be prescribed by the relevant 
specification. The fixing points shall have substantially identical motions in phase and 
amplitude and shall be rectilinear relative to the direction of excitation. If substantially 
identical motions are difficult to achieve, then multipoint control shall be used. 

NOTE For large structures and a high frequency range, for example 20 Hz – 2 000 Hz, the dynamics of the test 
specimen is likely to require multipoint control. 

4.3 Cross-axis motion  

Cross-axis motion should be checked, if required by the relevant specification, either before 
the test is applied by conducting a sine or random investigation at a level prescribed by the 
relevant specification, or during testing by utilising additional monitoring channels in the two 
perpendicular axes. 

The ASD value of each frequency at the checkpoints in both axes perpendicular to the 
specified axis shall not exceed the specified ASD values above 500 Hz and below 500 Hz 
shall not exceed –3 dB of the specified ASD values. The total r.m.s. value of acceleration in 
both axes perpendicular to the specified axis shall not exceed 50 % of the r.m.s. value for the 
specified axis. For example for a small specimen, the ASD value of the permissible cross axis 
motion may be limited such that it does not exceed –3 dB of the basic motion, if so prescribed 
by the relevant specification. 

At some frequencies or with large-size or high-mass specimens, it may be difficult to achieve 
these values. Also, in those cases where the relevant specification requires severities with a 
large dynamic range, it may also be difficult to achieve these. In such cases, the relevant 
specification shall state which of the following requirements applies: 

a) any cross-axis motion in excess of that given above shall be stated in the test report;  
b) cross-axis motion which is known to offer no hazard to the specimen need not be 

monitored. 

4.4 Mounting 

The specimen shall be mounted in accordance with IEC 60068-2-47. In any case, the 
transmissibility curve chosen from IEC 60068-2-47 must be squared before multiplication with 
the ASD spectrum. 

4.5 Measuring systems 

The characteristics of the measuring system shall be such that it can be determined whether 
the true value of the vibration as measured in the intended axis at the reference point is within 
the tolerance required for the test. 

The frequency response of the overall measuring system, which includes the transducer, the 
signal conditioner and the data acquisition and processing device, has a significant effect on 
the accuracy of the measurements. The frequency range of the measuring system shall 
extend from at least 0,5 times the lowest frequency (f1) to 2,0 times the highest frequency (f2) 
of the test frequency range (see Figure 1). The frequency response of the measuring system 
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shall be flat within ±5 % of the test frequency range. Outside of this range any further 
deviation shall be stated in the test report. 
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Figure 1 – Tolerance bands for acceleration spectral density;  
initial and final slope (see B.2.3) 

4.6 Vibration tolerances 

4.6.1 ASD and r.m.s. value 

The indicated acceleration spectral density in the required axis at the reference point between 
f1 and f2 in Figure 1 shall be within ±3 dB, allowing for the instrument and random error, 
referred to the specified acceleration spectral density.  

The r.m.s. value of acceleration, computed or measured between f1 and f2, shall not deviate 
more than 10 % from the r.m.s. value associated with the specified acceleration spectral 
density. These values are valid for both the reference point and fictitious reference point. 

At some frequencies, or with large-size or high-mass specimens, it may be difficult to achieve 
these values. In such cases, the relevant specification shall prescribe a wider tolerance. 

The initial slope shall not be less than +6 dB/octave and the final slope shall be –24 dB/ 
octave or steeper (see also B.2.3). 

4.6.2 Distribution 

The instantaneous acceleration values at the reference point shall have an approximately 
normal (Gaussian) distribution as given in Figure 2. If explicitly desired, a validation shall be 
performed during normal system calibration (see B.2.2). 

The drive signal clipping shall have a value of at least 2,5 (see 3.16). The crest factor of the 
acceleration signal at the reference point shall be examined to ensure that the signal contains 
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peaks of at least 3 times the specified r.m.s. value, unless otherwise prescribed by the 
relevant specification. 

If a fictitious reference point is used for control, the requirement for the crest factor applies to  
each individual checkpoint used to form the control acceleration spectral density. 

The probability density function shall be computed for the reference point for a duration of 
2 min during testing. The admissible deviation from the normal distribution, Figure 2, shall be 
prescribed in the relevant specification.  
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Figure 2 – Time history of stochastically excitation; 
probability density function with Gaussian (normal) distribution 

(example with crest factor = 3, see also 3.14 and 4.6.2) 

For non-Gaussian tests, the time history shall be recorded and the statistical characteristics of 
crest factor, skewness, kurtosis and amplitude probability distribution established, see 
Clause C.3. If required by the test specification, additional analysis of the time history shall be 
undertaken. The measurement time for kurtosis, skewness and amplitude probability 
distribution should be long enough to obtain statistically acceptable results. 

4.6.3 Statistical accuracy 

The statistical accuracy is determined from the statistical degrees of freedom Nd and the 
confidence level (see also Figure 3). The statistical degrees of freedom are given by: 

 Nd = 2Be × Ta (1) 

where 

Be  is the frequency resolution; 
Ta  is the effective averaging time. 

Nd shall not be less than 120 DOF, unless otherwise specified by the relevant 
specification. If the relevant specification states confidence levels to be met during the 
test, Figure 3 should be used to calculate statistical accuracy. 
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Figure 3 – Statistical accuracy of acceleration spectral density versus 
degrees of freedom for different confidence levels 

(see also 4.6.3) 

4.6.4 Frequency resolution 

The frequency resolution Be in Hz necessary to minimize the difference between the true and 
the indicated acceleration spectral density shall be selected by taking the digital controller 
frequency range divided by the number of spectral lines (n). 

 Be = fhigh/n (2) 

where 

fhigh is the frequency range chosen from the options provided by the digital vibration control 
system in Hertz and should be equal or greater than 2f2, that is fhigh ≥ 2f2, see Figure 1; 

n is the number of spectral lines equally spread over the frequency range to fhigh. 

The number of spectral lines, n, should be at least 200. Frequency resolution shall be given in 
the relevant specification (see also Clause 11, item j)) and stated in the test report. 

Be  shall be chosen such that, as a minimum, a frequency line coincides with the frequency f1 
in Figure 1 and the first frequency line is at 0,5 of f1; also that two frequency lines define the 
initial slope. If this gives two different values then the smallest Be shall be chosen. 

NOTE There is a compromise between having a finer Be, resulting in a longer loop control time and better 
definition of the spectrum, or having a coarser Be, resulting in a shorter loop control time and worse definition of 
the spectrum. 
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4.7 Control strategy 

4.7.1 Single/multipoint control 

When multipoint control is specified or necessary, the control strategy shall be specified. 

The relevant specification shall state whether single point or multipoint control shall be used. 
If multipoint control is prescribed, the relevant specification shall state whether the average 
value of the signals at the checkpoints or the extremal value out of the signals at the selected 
control points shall be controlled to the specified level. For multipoint control, the relevant 
specification should state whether an unprocessed spectrum of each of the control channels 
contributing to the control spectrum should be added to the test report. 

NOTE If it is not possible to achieve single point control, then multipoint control should be used by controlling the 
average or extreme value of the signals at the checkpoints. In either of these cases of multipoint control, the point 
is a fictitious reference point. The method used should be stated in the test report. 

The following strategies are available. 

4.7.1.1 Averaging strategy 

In this method, the control value is computed from the signals from each checkpoint. A 
composite control value is formed by arithmetically averaging the ASD value at each 
frequency line from the checkpoints. This arithmetically averaged control value is then 
compared with the specified ASD value of each frequency. 

4.7.1.2 Weighted averaging strategy 

The control ASD of each frequency aC is formed by averaging the ASD from the checkpoints 
a1 to an according to their weighting w1 to wn: 

aC = (w1 x a1 + w2 x a2 +….+ wn x an) / (w1 + w2 +…+ wn) 

This control strategy offers the possibility that different checkpoint signals contribute a 
different portion to the control value of each frequency. 

4.7.1.3 Extremal strategy 

In this method, a composite control ASD is computed from the maximum (MAX) or the 
minimum (MIN) extreme ASD values of each frequency line measured at each checkpoint. 
This strategy will produce a control value of each frequency that represents the envelope of 
the ASD values as a function of frequency from each checkpoint (MAX) or a lower limit of the 
ASD values as a function of frequency from each checkpoint (MIN). 

4.7.2 Multireference control 

If specified by the relevant specification, multiple reference spectra may be defined for 
different checkpoints or measuring points or different types of controlled variables, for 
example, for force limited vibration testing.  

When multireference control is specified, the control strategy shall be either: 

Limiting:  All control signals shall be beneath their appropriate reference spectrum. 

Superseding: All control signals shall be above their appropriate reference spectrum. 

4.8 Vibration response investigation 

The vibration response investigation is a convenient and sensitive method for the evaluation 
of the effects of vibration testing, see IEC 60068-3-8. Aims, purposes and methods for 
vibration response investigations with its advantages are explained in IEC 60068-3-8. The 
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requirements for sinusoidal excitation are given in test Fc (IEC 60068-2-6) and those for random 
excitation are given in this standard. 

In the case of sinusoidal excitation, it should be remembered that, in the case of non-linear 
resonances, the resonance frequencies will change depending on the direction of the 
frequency variation during the sweep. For random excitation non linearities can influence the 
resonance behaviour. For sinusoidal and random excitation, the amplification at resonances 
may be dependent on the magnitude of the input vibration. 

For the vibration response investigations of an ‘undefined type’ specimen or package, it may 
be necessary to measure different signals such as driving force or velocity. If specified by the 
relevant specification, for example, the spectra of the mechanical impedance of the specimen 
should be calculated before and after the test. 

NOTE Mechanical impedance and other similar terms are defined in ISO 2041. 

5 Severities 

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

– test frequency range; 
– r.m.s. value of acceleration; 
– shape of acceleration spectral density; 
– duration of testing. 

Each parameter shall be prescribed specified by the relevant specification. They may shall be: 

a) chosen from the values given in 5.1 to 5.4; 
b) chosen from the examples in Annex A for different environmental conditions; 
c) derived from the known environment if this gives significantly different values; or 
d) derived from other known sources of relevant data (for example IEC 60721-3). 

For non-Gaussian vibration testing the test severity is determined by the same parameters as 
for broad-band Gaussian vibration testing but with the addition of: 

− the type of non-Gaussian testing to be undertaken (see Annex C), 

− the required probability distribution or kurtosis (and skewness if applicable),  

− the required crest factor. 

5.1 Test frequency range 

If option a) is chosen, then  f1 and f2  may be chosen from the following values in Hz: 

a)   f1 : 1; 2; 5; 10; 20; 50; 100; 
b)   f2: 20; 50; 100; 200; 500; 1 000; 2 000; 5 000. 

Frequencies f1 and f2 and their relation to the acceleration spectral density are shown in the 
spectra examples in Annex A. 

5.2 RMS value of acceleration 

If option a) is chosen, then the r.m.s. value of acceleration (nominal value in Figure 1) 
between f1 and f2 may be chosen from the following values in m/s2: 

1; 1,4 ; 2; 2,8; 3,5; 5; 7; 10; 14; 20; 28; 35; 50; 70; 100; 140; 200; 280 

NOTE The value of 10 m/s2 is ascribed to gn for the purposes of this standard. 
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5.3 Shape of acceleration spectral density curve 

This test specifies an acceleration spectral density curve with increasing, decreasing and flat 
horizontal portions (see spectra A.1 – A.4). For a standard test one of the spectra shall be 
selected according to the dynamic environment of the test item. The relevant acceleration 
spectral density values shall be calculated by the control system taking the r.m.s. value, 
frequencies and shape of the spectrum into account. In special cases, it may be appropriate 
to specify an individually shaped acceleration spectral density curve. In these cases the 
relevant specification shall prescribe the shape as a function of frequency. The different levels 
and their corresponding frequency ranges, (break points) shall be selected whenever possible 
from the values given in 5.1 and 5.2 and the spectra A.1 – A.4. 

5.4 Test duration 

The duration of testing shall be given in the relevant specification or may be selected from the 
following series: 1; 2; 5; 10; 20; 30; 45; 60 min; 2; 5; 8; 12; 24 h, with a tolerance of +5 %. 

6 Preconditioning 

If the relevant specification calls for preconditioning it shall then prescribe the conditions. 

7 Initial measurements and functional performance test 

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

8 Testing 

8.1 General 

Testing follows the sequence prescribed by the relevant specification. The different steps are 
as follows: 

– initial vibration response investigation, if prescribed; 
– low-level excitation for equalization before proceeding to the full level test in one 

continuous mode; 
– random vibration testing; 
– final vibration response investigation, if prescribed. 

The specimen shall be excited in each of the preferred testing axes in turn, unless otherwise 
prescribed by the relevant specification. The order of the testing along these axes is not 
important, unless prescribed by the relevant specification. If the specimen is sensitive to 
gravity, for example a mercury tilt switch, then vibration may only be applied in its normal 
service position and shall be prescribed by the relevant specification. 

The control ASD of each frequency at the reference point shall be derived from one 
checkpoint if single-point control is used or from a number of checkpoints where multipoint 
control is utilized. 

In the latter case, the relevant specification shall state which checkpoints shall be used to 
control to the specified level for the following control strategies, (see also 4.7): 

– the average value of the ASD of each checkpoint (average control); 
– the weighted average value of the ASDs at the checkpoints (weighted average control); or 
– the maximum or minimum extreme values of each frequency of all checkpoints (extremal 

control). 
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In either of the above cases of multipoint control, the control spectrum becomes a fictitious 
one without a reference to an existing checkpoint. 

Special action is necessary when a specimen normally intended for use with vibration 
isolators needs to be tested without them. See also IEC 60068-2-47. 

8.2 Initial vibration response investigation 

If not especially prescribed by the relevant specification, a vibration response investigation is 
not required. However, the relevant specification may prescribe a vibration response 
investigation in each axis either before, or both before and after, the random vibration testing. 

When prescribed by the relevant specification, the dynamic response for at least one point on 
the specimen in the defined frequency range shall be investigated. The number and position 
of the response points should be clearly defined in the relevant specification. 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. Reference is 
made to IEC 60068-2-6 for sinusoidal vibration and to this standard for random vibration 
excitation. Also see IEC 60068-3-8 for more information and the advantages and 
disadvantages of each method. 

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

When sinusoidal excitation is used, at least one sweep cycle over the test frequency range 
prescribed by the relevant specification shall be performed with an acceleration amplitude 
≤10 m/s2 or a displacement amplitude of ±1 mm, whichever is less. The vibration amplitude 
shall be adapted to the r.m.s. acceleration value of the random test, in order to prevent a 
higher stress on the specimen than during random vibration testing. A sweep rate of 1 octave 
per minute shall be applied to determine the frequencies and amplitudes of the resonances. If 
there is concern about exciting the structure to a full resonance then a faster sweep rate may 
be applied as an indication of frequency and relative amplitude of the resonance within the 
frequency band of interest. Investigations at slower sweep rates or sweeping back and forth 
around a known resonance may be required but should be limited to the minimum time to 
obtain the results required. Undue dwell time is to be avoided. The vibration amplitude may be 
varied as required. 

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. A 
random vibration response test shall be carried out using a spectrum between f1 and f2. At the 
lowest resonance frequency there shall be a minimum of five spectral lines within the 
frequency band at –3 dB of the resonance peak. 

When random excitation is used, the r.m.s. value of acceleration should be not more than 
25 % of the value specified to be used during the random vibration testing. The duration shall 
be as short as possible, but at least long enough to make an analysis with DOF = 120 
possible degrees of freedom (see Figure 3). If the resonance response is observed and 
documented periodically during the full level test, special resonance investigations are not 
necessary. 

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 
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. 
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8.3 Low-level excitation for equalization prior to testing 

Prior to random vibration testing at the specified level, a preliminary random excitation at 
lower levels with the real specimen may be necessary to equalize the signal and for 
preliminary analysis. It is important that at this stage the level of the acceleration spectral 
density applied is kept to a minimum. 

The permitted durations for preliminary random excitation are the following: 

− below –12 dB of the specified r.m.s. value level: no time limit; 

− from –12 dB to –6 dB of the specified r.m.s. value level: not more than 1,5 times 
the specified test duration; 

− between –6 dB and 0 dB of the specified r.m.s. value level: not more than 10 % of the 
specified test duration. 

The duration of the preliminary random excitation shall not be subtracted from the specified 
test duration for random vibration testing. 

8.4 Random testing 

8.4.1 General 

The relevant specification shall select the appropriate test frequency range (f1 to f2), the 
overall r.m.s. value of acceleration, the shape of the acceleration spectral density curve and 
test duration. When prescribed by the relevant specification, multiple measurements of the 
acceleration spectral density and of the r.m.s. value of acceleration, at the checkpoints, shall 
be made at appropriate intervals in order to verify that the random input spectrum is 
stationary, and this shall be stated in the test report. 

For non-Gaussian vibration testing, the time history shall be recorded and the kurtosis, 
skewness (if applicable) and amplitude probability density shall be established as required by 
the relevant specification (see also Figure 5). 
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Key 

Kurtosis = 4,5 (see 3.39) 

Skewness = 0 (see 3.40) 

Figure 5 – Time history of non-Gaussian excitation –  
Probability density function compared with Gaussian (normal) distribution  

8.4.2 Intermediate measurements and functional performance 

When prescribed by the relevant specification, the specimen shall be functioning during a  
prescribed time interval during the testing, and its performance shall be checked (see 
Clause B.6). 

8.5 Final vibration response investigation 

If the relevant specification has prescribed an initial response investigation, it may also 
require an additional vibration response investigation on completion of the random testing, in 
order to determine whether changes or failures have occurred since the initial vibration 
response investigation. The final response investigation shall then be performed in the same 
manner at the same response points and with the same parameters as used for the initial 
vibration response investigation. Guidelines for the use of changes in vibration response, for 
example change of critical frequencies, is given in IEC 60068-3-8. The relevant specification 
shall state what action is to be taken if different results are obtained in the two investigations. 
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9 Recovery 

It is sometimes necessary to provide a period of time after testing and before final 
measurements in order to allow the specimen to attain the same conditions, for example of 
temperature, as existed for the initial measurements. The relevant specification shall then 
prescribe the conditions for recovery. 

10 Final measurements and functional performance 

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

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

For the evaluation of vibration response results see IEC 60068-3-8. 

11 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) Control point* 3.4 
b) Measuring points* 3.6 
c) Basic motion* 4.2 
d) Fixing points* 4.2 
e) Cross axis motion 4.3 
f) Mounting of the specimen* 4.4 
g) Vibration tolerances for testing large-size or high-mass specimens 4.6 
h) Crest factor* / amplitude distribution, kurtosis and skewness (if applicable)/   

drive signal clipping amplitude 4.6.2 5.3 
i) Statistical accuracy (number of DOFs) 4.6.3 
j) Frequency resolution* 4.6.4 
k) Control strategy 4.7 
l) Test frequency range* 5.1 
m) RMS value of acceleration* 5.2 
n) Shape of acceleration spectral density curve* 5.3 
o) Test duration* 5.4 
p) Preconditioning 6 
q) Initial measurements* 7 
r) Preferred testing axes and order of testing* 8.1 
s) Critical frequencies 8.2 
t) Initial and final vibration response investigation 8.2 & 8.5 
u) Intermediate measurements 8.4.2 
v) Recovery 9 
w) Final measurements and acceptance or rejection criteria* 10 
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x) Uncertainty of measuring system B.1 
y) Performance and functional check 10 

12 Information to be given in the test report 

As a minimum the test report shall show the following information: 

1) Customer (name and address) 
2) Test laboratory (name and address) 
3) Test Report identification (date of issue, unique number) 
4) Test dates 
5) Purpose of the test (development test, qualification, etc) 
6) Test standard, edition (relevant test procedure) 
7) Test specimen description  (initial status, unique ID, quantity, photo, 

drawing, etc.) 
8) Mounting of test specimen  (fixture id, drawing, photo, etc.) 
9) Performance of test apparatus  (cross motion, etc.) 
10) Measuring system, sensor location   (description, drawing, photo, etc.) 
11) Uncertainties of measuring system, (overall uncertainty, calibration data,  

if required by relevant specification last/next date of calibration) 
12) Control strategy (single/multipoint control, multi reference 

control) 
13) Initial, intermediate and/or final measurements 
14) Required severities  (as specified in test specification) 
15) Test severities with documentation, (measuring points, test spectra, test 

if required by the relevant specification  duration, frequency resolution, number 
 of DOFs, distribution, etc.) 

16) Test results (final status of test specimen) 
17) Observations during testing and actions taken 
18) Summary of test 
19) Test manager (name and signature) 
20) Distribution (list of those receiving the report) 

NOTE 1 A test log should be written for the testing, where the test is documented by, for example, a chronological 
list of test runs with test parameters, observations during testing and actions taken and data sheets on 
measurements made. The test log can be attached to the test report. 

NOTE 2 See also ISO/IEC 17025. 
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Annex A  
(informative) 

 
Standardized test spectra 

 

For several environmental conditions standard input spectra are derived from different 
specifications such as MIL-STD 810F, EN 61373, RTCA DO-160D as well as internal 
specifications of automobile and electronic companies. The test parameters are examples for 
tests with the following standard environmental conditions. For details see specifications 
referenced in the tables. 

Spectrum A.1 Transportation 

For details see specifications referenced in Tables A.1 and A.2 below. 
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Figure A.1 – Frequency/amplitude break points – Transportation 

Table A.1 – Categories for spectrum – Transportation  

Category Description Suggested 
time per axis 

Axes Specification/ 

reference 
No. h No. 

1 Truck transportation over U.S. highways; restrained 
cargo. 

   

 

1 a Vertical 1 1 MIL-STD 810F 

1 b Horizontal 1 2 derived from MIL-
STD 810F  

2 Transportation; water, land; hard conditions. 

Railcar with hard suspension trailers. 
0,5 3  

3 Telecommunications equipment; portable and non-
stationary use; Rough handling and transfer. 0,5 3 ETSI 300 019-2-7 

4 Portable equipment; operating. 0,5 3  
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Table A.2 – Break points for spectrum: transportation 

Category f1 ASDf1 fa fb ASDfa,fb f2 ASDf2 ar.m.s. 
value. 

No. Hz (m/s2)2/Hz Hz Hz (m/s2)2/Hz Hz (m/s2)2/Hz m/s2 

1 a (10)a 1,44 5 40 1,44 500 0,0144 (10,2) 

1 b 5 0,65 5 20 0,65 500 0,015 6,5 

2 10 1,0 10 200 1,0 500 0,3 18,7 

3 10 2,0 10 12 2,0 150 0,16 8,0 

4 10 0,037 30 200 0,33 500 0,053 9,9 

a Values in brackets: for details see specification. 

 

Spectrum A.2 Stationary installation 

For details see specifications referenced in the Tables A.3 and A.4 below. 
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Figure A.2 – Stationary installation spectrum – Frequency/amplitude break points 
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Table A.3 – Categories for spectrum: stationary installation 

Category Description Suggested 
time per axis 

axes Specification/ 

reference 
No. h No. 

1 Telecommunications equipment; stationary use at 
weather protected locations; partly temperature-
controlled locations; in-use. 

0,5 3 ETSI EN 300 019-
2-3, T 3.2 

 

NOTE Stationary used equipment as Central 
Computers, PCs, Printers; operating. Equipment 
with highly sensitive components; operating. 
Buildings with no noticeable vibration. 

   

2 Telecommunications equipment; stationary use at 
weather protected locations; sheltered locations; in-
use. 

0,5 3 ETSI EN 300 019-
2-3, T 3.5 

NOTE Buildings with noticeable vibration but not 
externally induced. 

 

3 Buildings with externally induced vibration; non 
operating. 1 3  

 

Table A.4 – Break points for spectrum: stationary installation 

Category f1 ASDf1 fa fb ASDfa,fb f2 ASDf2 ar.m.s. 
value. 

No. Hz (m/s2)2/Hz Hz Hz (m/s2)2/Hz Hz (m/s2)2/Hz m/s2 

1 5 0,001 3 10 50 0,02 100 0,001 3 1,1 

2 5 0,002 5 10 50 0,04 100 0,002 5 1,5 

3 10 0,022 30 200 0,20 500 0,005 2 7,0 
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Spectrum A.3 Equipment in wheeled vehicles 

For details see specifications referenced in the Tables A.5 and A.6 below. 
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Figure A.3 – Equipment in wheeled vehicles – Frequency/amplitude break points 

Table A.5 – Categories for spectrum: equipment in wheeled vehicles 

Category Description Suggested 
time per axis 

axes Specification/ 

reference 
No. h No. 

1 Automobile; chassis mounted. 8 3  

 

 

Automobile; Installation area: Engine compartment 
(bay); attached to body or on the radiator. 

   

2 a Vertical 8 1  

2 b Horizontal longitudinal  8 1  

2 c Horizontal transversal 8 1  

 Railcars; body mounted; mass of test specimen < 
500 kg.   IEC 61373, Cat. 1 

B 

3 a Vertical 5 1 

3 b Horizontal longitudinal 5 1 

3 c Horizontal transversal 5 1  

 Railcars; bogie mounted; mass of test specimen < 
100 kg.   IEC 61373, Cat. 2 

4 a Vertical 5 1 

4 b Horizontal longitudinal 5 1 

4 c Horizontal transversal 5 1 

 Railcars; axle mounted; mass of test specimen < 50 
kg.   IEC 61373, Cat. 3 

5 a Vertical 5 1 

5 b Horizontal longitudinal 5 1 

5 c Horizontal transversal 5 1 
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Table A.6 – Break points for spectrum: equipment in wheeled vehicles 

Category f1 ASDf1 fa fb ASDfa,fb f2 ASDf2 ar.m.s. 
value. 

No. Hz (m/s2)2/Hz Hz Hz (m/s2)2/Hz Hz (m/s2)2/Hz m/s2 

1 10 10 10 50 10 1 000 0,1 33,8 

2 a 5 0,4 11 15 4,0 200 0,1 11,0 

2 b 5 0,15 12 18 0,9 200 0,07 6,7 

2 c 5 0,15 10 15 1,9 200 0,15 10,0 

3 a 5 1,86 5 20 1,86 150 0,034 7,8 

3 b 5 0,9 5 20 0,9 150 0,016 5,4 

3 c 5 0,37 5 20 0,37 150 0,0067 3,5 

4 a 5 1,49 10 100 11,8 250 1,9 42,4 

4 b 5 0,33 10 100 2,62 250 0,42 20,0 

4 c 5 1,13 10 100 8,96 250 1,44 37,0 

5 a 10 68,6 20 100 545 500 22 300 

5 b 10 13,9 20 100 110 500 4,45 135 

5 c 10 55,5 20 100 441 500 17,84 270 

 

Spectrum A.4 Equipment installed in airplanes and helicopters 

For details see specifications referenced in the Tables A.7 and A.8 below. 
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Figure A.4 – Equipment installed in airplanes and helicopters 
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Table A.7 – Categories for spectrum: equipment in airplanes and helicopters 

Category Descripition Suggested 
time per axis 

axes Specification/ 

Reference 
No. h No. 

 
Fixed wing turbojet or turbofan engines (subsonic & 
supersonic).   

RTCA 
DO-160D 

 

1 a Fuselage. 

 

NOTE Fuselage, except structure parts; directly 
subjected to the engine; standard. 

1 3  

1 b Fuselage. 

 

NOTE Fuselage, except structure parts; directly 
subjected to the engine; robust. 

1 3  

1 c Instrument panel, console & equipment rack. 1 3  

1 d Wing & wheel well, empennage. 

 

NOTE Engine pods, pylons, wings, empennages, 
landing gear bays. 

1 3  

2 Propeller aircraft. 1 3  

 Helicopter    

 3 a Except drive elements. 1 3 

3 b Drive elements. 1 3  

 

Table A.8 – Break points for spectrum: equipment in airplanes and helicopters 

Cat. f1 ASDf1 fa  fb ASDfa,fb fc fd ASDfc,fd f2 ASDf2 ar.m.s. 
value 

No. Hz (m/s2)2/Hz Hz Hz (m/s2)2/Hz Hz Hz (m/s2)2/Hz Hz (m/s2)2/Hz m/s2 

1 a 10 1,2 10 40 1,2 52 500 2,0 2 000 0,13 41,4 

1 b 10 2,4 10 40 2,4 52 500 4,0 2 000 0,25 58,3 

1 c 10 1,2 10 40 1,2 100 500 0,2 2 000 0,0126 14,9 

1 d 10 4,0 10 100 4,0 200 500 8,0 2 000 0,5 79,7 

2 10 2,4 10 40 2,4 52 500 4,0 2 000 0,25 58,3 

3 a 5 0,2 70 300 2,0 500 500 2,0 500 0,2 26,0 

3 b 10 0,012 150 2 000 2,58 2 000 2000 2,58 2 000 2,58 70,0 
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Annex B  
(informative) 

 
Guidance 

 

B.1 General introduction 

To achieve reproducibility is not easy. Because of the statistical nature of the random signal, 
the complex response of the specimen and the errors arising from the analysing process, it is 
not possible to predict with certainty whether the true acceleration spectral density of the 
random input at the specimen will match the indicated acceleration spectral density at the 
specimen within a predefined set of tolerances. A complex, time-consuming analysis after the 
test is required, as estimation on line is not possible. 

The performance of most digital vibration control equipment likely to be employed for random 
vibration testing can be expected to be similar. Using some selectable parameters of the 
vibration control equipment, a preliminary calculation can be made to estimate the statistical 
accuracy associated with the difference between the indicated and the true acceleration 
spectral density. This does not take into account other sources of uncertainty as defined in 
ISO/IEC 17025 which refers to ENV 13005, Guide to the expression of uncertainty in 
measurement. These parameters, which are dependent on each other, can therefore be 
chosen so that an optimum similarity between the two acceleration spectral densities is 
achieved. 

Equalization of the specified acceleration spectral density requires several repetitions of the 
control loop, the duration depending on several factors, such as hardware configuration, total 
system transfer function, shape of the specified acceleration spectral density, control 
algorithm and test parameters, which can be adjusted prior to the test. The relevant test 
parameters are: maximum analysing frequency, frequency resolution and drive signal clipping. 

The control algorithm of the random vibration involves a compromise between control 
accuracy and control loop time, which is affected, for example, by the number of records per 
loop. High control accuracy requires more input data and therefore longer loop times and 
slower response to dynamic changes in the actual acceleration spectral density. Also, the 
frequency resolution has great influence on the errors and the loop time. Normally a narrow 
resolution bandwidth yields a higher control accuracy but a longer control loop time. In order 
to minimize the deviation between the true and the indicated acceleration spectral density at 
the specimen, optimization of the mentioned test parameters is required. 

A vibration response investigation gives essential information about the specimen/vibrator 
interaction. For example, this investigation could reveal excessive test fixture vibration 
amplification or coincident resonance between fixture and specimen. It is therefore 
recommended that prior to mounting a specimen in its fixture a dynamic response survey or 
modal test be performed on the fixture and necessary modifications performed to avoid 
putting unrealistic loads into the specimen. 

B.2 Requirements for testing 

B.2.1 Single-point and multipoint control 

The test requirements are confirmed by the acceleration spectral density computed from the 
random signal measured at the reference point. 

For stiff or small-size specimens, for example in component testing, or if it is known that the 
dynamic influence of the specimen is low and the test fixture is stiff in the test frequency 
range there need only be one checkpoint, which then becomes the reference point. 
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In the case of large or complex specimens, for example equipment with well-spaced fixing 
points, either one of the checkpoints, or some other point is specified for reference. For a 
fictitious point, the acceleration spectral density is computed from the random signals 
measured at the checkpoints. It is recommended that for large and/or complex specimens a 
fictitious point is used. 

B.2.1.1 Single-point control 

Measurements are made at one reference point and the indicated acceleration spectral 
density is directly compared with the specified acceleration spectral density. 

B.2.1.2 Multipoint control 

When multipoint control is specified or necessary, two frequency domain control strategies 
are available. 

B.2.1.2.1 Averaging strategy 

In this method the acceleration spectral density is computed from the signal of each 
checkpoint. A composite acceleration spectraI density is found by arithmetically averaging the 
acceleration spectral density of these checkpoints. 

The arithmetically averaged acceleration spectral density is then compared to the specified 
acceleration spectral density. 

B.2.1.2.2 Extremal strategy 

In this method, a composite acceleration spectral density is computed from the maximum or 
the minimum extreme value of each frequency line of the acceleration spectral density 
measured at each checkpoint. This method is also called ‘maximum’ or ‘minimum’ strategy, 
because it produces an acceleration spectral density which represents the envelope of the 
acceleration spectral densities of each checkpoint. 

B.2.2 Distribution 

B.2.2.1 Distribution of the instantaneous values 

The distribution of the instantaneous values of the random drive signal employed during the 
testing is known as the normal or Gaussian distribution, and is defined by the equation: 

 ( )p e( ) / /χ
σ π

χ σ= −1
2

1 2 2

 (B.1) 

where 

p(χ) is the probability density; 

σ is the r.m.s. value of the drive signal = standard deviation; 

χ is the instantaneous random drive signal value. 

The mean value of the random drive signal time history is assumed to be zero. 

The normal probability density function for random is shown in Figure 2. 

B.2.2.2 Crest factor 

The crest factor characterises the distribution of the excitation (control) signal by the ratio of 
the maximum of the instantaneous value to the r.m.s. value (see also Figure 2). 
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The crest factor can only be applied to the digital vibration control system output drive signal, 
since non-linearities in the system, that is power amplifier, vibrator, test fixture and specimen, 
may modify the random waveform at the checkpoint. These non-linearities over a wide 
frequency band are generally beyond any control.  

The crest factor is required by this standard to be not less than 2,5 (see also 4.6.2). For 
normally distributed random amplitudes, if the crest factor of 2,5 is used, approximately 99 % 
of all instantaneous drive values are applied to the power amplifier. 

B.2.3 Initial and final slope 

This standard calls for a shaped or flat acceleration spectral density that is specified between 
f1 and f2 (see spectra A.1 to A.4). However, a practical test can only be run with an initial and 
final slope. In order to keep the r.m.s. value of acceleration as close as possible to the 
specified values, the slopes should be as steep as possible. 

Normally the initial slope should be not less than 6 dB/octave. In circumstances where the 
acceleration spectral density level at f1 is high, and it is necessary to reduce displacement 
amplitudes to be compatible with vibration facility capabilities, then the initial slope may be 
increased. 

In general, digital vibration control equipment has a dynamic range for the acceleration 
spectral density of the order of 8 dB between two adjacent frequency lines. To achieve a 
steeper slope, it may be necessary to employ a narrower frequency resolution Be than 
originally defined. If this is not possible, or the maximum achievable slope does not produce 
the required reduction in displacement, the negative acceleration spectral density tolerance 
value may need to be modified in the lower frequency range. 

These problems do not apply to the final slope above f2. This slope should be equal to 
–24 dB/octave or steeper. 

B.3 Testing procedures 

Where the test is simply to demonstrate the ability of a specimen to survive and operate at the 
appropriate excitation levels, the test need only continue for a duration sufficient to 
demonstrate this requirement over the specified frequency range. In cases where the ability of 
an item to withstand the cumulative effects of vibration is to be demonstrated, for example 
fatigue and mechanical deformation, the test should be of a sufficient duration to accumulate 
the necessary stress cycles, although this may give a duration outside the values specified in 
5.4. 

For endurance testing of an equipment normally mounted on isolators, the isolators are 
usually fitted. If it is not possible to perform the test with the appropriate isolators, for example 
if the equipment is installed together with other equipment on a common mounting device, the 
equipment may be tested without them with a prescribed different severity. The severity 
should be determined by taking into account the transmissibility of the isolating system in 
each axis used for the test. When the characteristics of the isolators are not known, reference 
should be made to B.4.1. 

The relevant specification may require an additional test on a specimen with the external 
isolators removed or blocked in order to demonstrate that minimum acceptable structural 
resistance has been achieved. In this case, the severity to be applied should be prescribed by 
the relevant specification. 
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B.4 Equipment normally used with vibration isolators 

B.4.1 Transmissibility factors for isolators 

IEC 60068-2-47 provides a full description of what to do for situations where testing should be 
conducted with isolators but they are not available for test. 

B.4.2 Temperature effect 

It is important to note that many isolators contain material whose mechanical properties may 
be temperature sensitive. If the fundamental resonance frequency of the specimen on the 
isolators is within the test frequency range, caution needs to be exercised in deciding the 
length of time for which any excitation should be applied. However, under some 
circumstances it may be unreasonable to apply excitation continuously without permitting 
recovery. If the actual time distribution of excitation of this fundamental resonance frequency 
is known, an attempt should be made to simulate it. If the actual time distribution is not known 
excessive overheating should be avoided by limiting the periods of excitation in a manner that 
will require engineering judgement. 

B.5 Test severities 

The frequency range and acceleration spectral density given have been selected to cover a 
wide range of applications. When an item is for use in one application only, it is preferable to 
base the severity on the vibration characteristics of the real environment if known. 

Wherever possible, the test severity applied to the specimen should be related to the 
environment to which the specimen will be subjected, during either transportation or operation 
or to the design requirements if the object of the test is to assess mechanical robustness. 

When determining the test severity, consideration should be given to the possible need to 
allow an adequate safety margin between the test severity and the conditions of the real 
environment. 

B.6 Equipment performance 

When appropriate, specimens should be operated either throughout the test or at appropriate 
phases of the test, in a manner representative of their functioning conditions. 

For specimens in which vibration may influence the switch-on and switch-off function, for 
example interfering with the operation of a relay, such functioning should be repeated to 
demonstrate a satisfactory performance in this respect during the test. 

If the test is to demonstrate survival only, the functional performance of specimens should be 
assessed after the completion of the vibration test. 

B.7 Initial and final measurements 

The purpose of the initial and final measurements is to compare particular parameters in order 
to assess the effect of vibration on the specimen. 

The measurements may include, as well as visual requirements, electrical and mechanical 
operational and structural characteristics. 
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Annex C 
(informative) 

 
Guidance on non-Gaussian distribution/high kurtosis tests 

C.1 Non-Gaussian random vibration 

Random vibration testing has traditionally utilized a nominally Gaussian distribution of 
amplitudes, but with the crest factor of the waveform set so as to truncate the amplitude 
distribution at around three standard deviations. In recent years, several different techniques 
have become available, which allow the required acceleration spectral density to be achieved, 
but with a waveform distribution typically modified to permit higher amplitudes to occur with a 
greater probability. This commonly results in a distribution with a 4th moment of statistics 
(kurtosis), which is greater than that of a normal or Gaussian distribution. Hence, the 
approach is sometimes referred to as high kurtosis or non-Gaussian vibration testing. With 
some available techniques it may also be possible to use a waveform with a kurtosis less than 
that of a Gaussian distribution and/or with a non-zero skewness.  

High kurtosis or non-Gaussian vibration testing can be advantageous in a number of 
circumstances. A typical application arises when both vibration and shock conditions occur 
together. Such conditions commonly occur when equipment is transported on or installed in 
land vehicles. In such cases it may be required to incorporate moderately higher amplitude 
components to the waveform either randomly or pseudo-periodically. High kurtosis or non-
Gaussian vibration testing may also be used to replicate the effects of repeated impacts of 
moderate amplitude such as occurs when equipment is loose or experiences “rattling”. In this 
case a waveform with a high kurtosis and non-zero skewness could be used.  

The traditional general purpose broad-band random vibration test procedure of this document 
can also be used with high kurtosis or non-Gaussian vibration testing with only minor 
modifications. 

High kurtosis or non-Gaussian vibration testing should not be used in place of a traditional 
broad-band Gaussian vibration test, except were explicitly specified in the relevant 
specification. 

C.2 Methods to generate non-Gaussian random vibration 

C.2.1 General 

High kurtosis or non-Gaussian vibration testing mostly utilizes the same control strategy as 
used with traditional broad-band Gaussian vibration tests. Moreover, the underlying 
techniques used by vibration controllers to establish a non-Gaussian waveform, are 
essentially the same as for Gaussian vibration testing, but typically with an additional step.  

Currently, there are several different available techniques used to modify a Gaussian 
waveform into a non-Gaussian one. The different techniques may produce distinctly different 
waveforms, simply specifying the acceleration spectral density, skewness, and kurtosis is not 
sufficient to produce a waveform with identical characteristics. As a consequence, the 
techniques are not necessarily interchangeable and different failure modes may be stimulated, 
by the different techniques, even if the test severity is identical. Therefore, it is essential to 
record and to interpret the time history characteristics during the test.  

Set out below is information on three methods for modifying a Gaussian waveform into a non-
Gaussian one. It should be emphasized that these three different methods are only included 
here as guidance for the specifier who may have no prior knowledge. Available approaches 
are not limited to those described and indeed many other methods and variants exist which 
can also be used to effectively implement the non-Gaussian vibration test of this document.  
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The three methods described in this annex are: 

− amplitude modulation technique, 

− phase modification technique, 

− non-uniform phase technique. 

The selection of the most appropriate techniques for generating a non-Gaussian waveform 
will depend upon the application and characteristics of the waveform required. This document 
makes no recommendations as to the most appropriate technique for a particular application. 
Any choice to be made is left to the relevant specification.  

C.2.2 Amplitude modulation technique 

Commonly, general purpose broad-band Gaussian digital random vibration test controllers 
generate the required waveform by randomizing the phase components of a frequency 
spectrum, using a uniformly distributed random variable. This frequency spectrum is 
converted to a waveform by means of an inverse Fourier transform. The random waveform is 
typically multiplied by a window function, overlapped and then added together to form a nearly 
stationary input to the vibration excitation system. The multiplication by the window function 
accomplishes two objectives: the spectral lines are spread and the window limits the leakage 
into nearby frequencies. If the window and overlap are chosen appropriately, the result can be 
truly stationary. If the overlap is not sufficient for a given window, the data can be slightly non-
stationary, with a period equal to the overlap duration.  

The amplitude modulation approach to generate a non-Gaussian waveform is similar to the 
one described above, except the amplitude of the window is a random variable. The 
distribution of this random variable can arise from any distribution, although if a beta 
distribution is used, it effectively limits the kurtosis.  

The amplitude modulation technique: 

a) Produces waveforms with a well-defined spectrum. 
b) Produces waveforms with zero skewness. 
c) Produces waveforms which have relatively long “bursts” of high amplitudes. Hence, long 

realizations need to be generated to accurately estimate the kurtosis. The kurtosis of short 
segments will vary considerably. 

d) The kurtosis of the waveform can be controlled using a defined distribution such as with 
the parameters of a beta distribution. Increasing the standard deviation of the beta 
distribution monotonically increases the kurtosis. This makes an iterative procedure to 
pick the parameters for a specified kurtosis relatively straightforward.  

C.2.3 Phase modification technique 

Another way to generate non-Gaussian vibrations is to initially set the phase of the frequency 
spectrum from a uniform distribution, as in the previous technique. However, the phase is 
subsequently modified using an optimization procedure to vary the phase in an attempt to 
minimize the difference between the target kurtosis and skewness with that of the generated 
waveform.  

The phase modification technique: 

a) can produce waveforms with kurtosis both less than 3 and greater than 3;  
b) can produce waveforms with a skewness other than zero;  
c) is computationally intensive. 
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C.2.4 Non-uniform phase technique  

If the values chosen for the frequency spectrum are selected from a distribution other than a 
non-uniform one, the resultant waveform will have non-Gaussian kurtosis and skewness 
statistics. 

If, for example, the phase values are selected from a beta distribution, the span of values will 
be in the range 0 to 2π and the mean will have a value of π. If the two parameters of the beta 
distribution (α and β) are equal and positive, the distribution will be symmetrical about the 
mean. If, α = β = 1, a uniform distribution results. As the values of α and β become large, the 
distribution starts to approximate to a Gaussian distribution whose variance decreases as the 
values of α and β increase.  

When all the phase angles of the frequency spectrum are 0, the peak amplitude of the 
waveform will be the maximum possible. If the phase distribution moves from uniformly 
distributed random toward an impulse at π, a waveform with an increasing peak amplitude 
and hence an increasing kurtosis, will be produced. This can be achieved using a beta 
distribution with a decreasing variance (an increasing α and β).  

It is even possible to make the beta parameters (α = β) a function of frequency and hence the 
kurtosis will be a function of frequency. This can for example be used to generate a waveform 
which is approximately Gaussian at low frequencies but has a large kurtosis at higher 
frequencies.  

Variation to the technique can be achieved by modifying the way that the resultant waveforms 
are windowed, overlapped and added together. These can be used to control where in the 
extended waveform the peaks occur. In this way the peaks can occur randomly or pseudo-
periodically.  

The non-uniform phase technique:  

a) Can only generate waveforms with a values of kurtosis greater than or equal to 3.  
b) Can only generate waveforms with negative and positive skewness.  
c) Produces waveforms with many short duration excursions greater than would be expected 

from a Gaussian distribution. The frequency of these excursions can be controlled in 
either a random or quasi-periodic manner.  

d) Is computationally efficient. 

C.3 Additional analysis 

The relevant specification may specify, when undertaking non-Gaussian or high kurtosis 
testing, that additional parameters of the waveform are derived. These additional parameters 
are not used to control the test waveform, but rather to establish additional characteristics of 
the waveform which can be used for comparison with perceived damage criterion. Different 
additional waveform parameters may be used, depending upon the perceived damage 
criterion of concern. Several or all of the following parameters may be considered. 

a) cycle counting, 
b) Rainflow cycle fatigue counting, 
c) level crossing counts, 
d) maximum response spectrum (MRS),  
e) fatigue damage spectrum (FDS), 
f) temporal moments. 

Full document details: IEC 60068-2-64-2019

http://www.avadocuments.com/doc/iec-60068-2-64-2019
http://www.avadocuments.com/doc/iec-60068-2-64-2019


IEC 60068-2-64:2008+AMD1:2019 CSV – 39 – 
 IEC 2019 
The probability density as well as other methods can yield significant different results if their 
setup and boundary definitions are not commonly defined for reasons of comparison (see 
DIN 45667:1969-10). 

C.4 Frequency range 

The relevant specification may state a frequency range in which the non-Gaussian distribution 
has a significant influence. The upper frequency of this frequency range may be particularly 
relevant to non-Gaussian waveforms containing high amplitude events at higher frequencies. 
This is because to adequately define such events, the upper frequency of the test frequency 
range may need to be greater than would normally be required for an equivalent conventional 
Gaussian vibration test. Also some of the techniques used to generate a non-Gaussian 
random vibration, inherently impose restrictions on the lower frequency of the usable 
frequency range to prevent excessive shocks characterized by low frequencies. 
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Partie 2-64: Essais – Essai Fh: Vibrations aléatoires 

à large bande et guide 
 
 

AVANT-PROPOS 
1) La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation 

composée de l'ensemble des comités électrotechniques nationaux (Comités nationaux de l’IEC). L’IEC a pour 
objet de favoriser la coopération internationale pour toutes les questions de normalisation dans les domaines 
de l'électricité et de l'électronique. A cet effet, l’IEC – entre autres activités – publie des Normes 
internationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessibles au 
public (PAS) et des Guides (ci-après dénommés "Publication(s) de l’IEC"). Leur élaboration est confiée à des 
comités d'études, aux travaux desquels tout Comité national intéressé par le sujet traité peut participer. Les 
organisations internationales, gouvernementales et non gouvernementales, en liaison avec l’IEC, participent 
également aux travaux. L’IEC collabore étroitement avec l'Organisation Internationale de Normalisation (ISO), 
selon des conditions fixées par accord entre les deux organisations. 

2) Les décisions ou accords officiels de l’IEC concernant les questions techniques représentent, dans la mesure 
du possible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux de l’IEC 
intéressés sont représentés dans chaque comité d’études. 

3) Les Publications de l’IEC se présentent sous la forme de recommandations internationales et sont agréées 
comme telles par les Comités nationaux de l’IEC. Tous les efforts raisonnables sont entrepris afin que l’IEC 
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4) Dans le but d'encourager l'uniformité internationale, les Comités nationaux de l’IEC s'engagent, dans toute la 
mesure possible, à appliquer de façon transparente les Publications de l’IEC dans leurs publications nationales 
et régionales. Toutes divergences entre toutes Publications de l’IEC et toutes publications nationales ou 
régionales correspondantes doivent être indiquées en termes clairs dans ces dernières. 

5) L’IEC elle-même ne fournit aucune attestation de conformité. Des organismes de certification indépendants 
fournissent des services d'évaluation de conformité et, dans certains secteurs, accèdent aux marques de 
conformité de l’IEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certification 
indépendants. 
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La Norme internationale IEC 60068-2-64 a été établie par le comité d’études 104 de l'IEC: 
Conditions, classification et essais d'environnement. 

Cette deuxième édition constitue une révision technique. 

Les modifications principales par rapport à l’édition précédente concernent le retrait de la 
Méthode 1 et de la Méthode 2, remplacées par une méthode unique, et remplacement de 
l’Annexe A par des spectres d’essais préconisés et le retrait de l’Annexe C.  

Aussi inclus dans cette révision, l’essai des spécimens avec emballages mous.  

Cette publication a été rédigée selon les Directives ISO/IEC, Partie 2. 

Elle a le statut de publication fondamentale de sécurité, conformément au Guide IEC 104. 

Une liste de toutes les parties de la série IEC 60068, présentées sous le titre général Essais 
d’environnement, peut être consultée sur le site web de l'IEC. 

Le comité a décidé que le contenu de la publication de base et de son amendement ne sera 
pas modifié avant la date de stabilité indiquée sur le site web de l’IEC sous 
"http://webstore.iec.ch" dans les données relatives à la publication recherchée. A cette date, 
la publication sera  
• reconduite, 

• supprimée, 

• remplacée par une édition révisée, ou 

• amendée. 
 

IMPORTANT – Le logo "colour inside" qui se trouve sur la page de couverture de cette 
publication  indique qu'elle contient des couleurs qui sont considérées comme utiles à 
une bonne compréhension de son contenu. Les utilisateurs devraient, par conséquent, 
imprimer cette publication en utilisant une imprimante couleur. 
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