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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
ENVIRONMENTAL TESTING –  

 
Part 2-86: Tests – Test Fx: Vibration –  

Multi-exciter and multi-axis method 
 

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 itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

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) IEC draws attention to the possibility that the implementation of this document may involve the use of (a) 
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in 
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which 
may be required to implement this document. However, implementers are cautioned that this may not represent 
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC 
shall not be held responsible for identifying any or all such patent rights. 

IEC 60068-2-86 has been prepared by IEC technical committee 104: Environmental conditions, 
classification and methods of test. It is an International Standard. 

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

Draft Report on voting 

104/1035/FDIS 104/1043/RVD 

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

The language used for the development of this International Standard is English. 
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in 
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available 
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are 
described in greater detail at www.iec.ch/publications. 

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

The committee has decided that the contents of this document will remain unchanged until the 
stability date indicated on the IEC website under webstore.iec.ch in the data related to the 
specific document. At this date, the document will be 

• reconfirmed, 

• withdrawn, or 

• revised. 
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ENVIRONMENTAL TESTING –  
 

Part 2-86: Tests – Test Fx: Vibration –  
Multi-exciter and multi-axis method 

 
 
 

1 Scope 

This document provides a test procedure for use with multi-exciter and multi-axis vibration test 
systems. The vibration test is intended for general application to components, equipment, and 
other products, hereinafter referred to as "specimens", subjected to dynamic environments that 
could arise during an equipment life cycle. Although this document is mainly intended for 
vibration testing, the procedure is also applied to certain types of shock and transient tests. 

The test procedure set out in this document is applicable where a specimen is required to 
demonstrate its adequacy to resist specified vibration, shock and transient conditions, without 
unacceptable degradation of functional or structural performance. The test procedure has 
significant similarity to test procedures of other IEC 60068-2 documents and encompasses the 
same range of vibration and shock excitation types. 

This document is applicable to specimens subjected to vibration, shock and transient conditions 
resulting from transportation and/or operational environments, for example in aircraft, space 
vehicles and land vehicles. It is primarily intended for unpackaged specimens. It is applicable 
to specimens in their transportation container when the latter are considered as part of the 
specimen itself. 

The test method and associated techniques addressed within this document are primarily 
intended for use with multiple electrodynamic or servo-hydraulic vibration generators along with 
an associated computer-based digital control system to control of the specimen excitations.  

This document encompasses two testing approaches, commonly referred to as multi-exciter 
single-axis (MESA), and multi-exciter multi-axis (MEMA). These are: 

a) Utilising fixed base shakers either in a single axis or a selected combination of fixed X, Y, 
Z configurations, also allowing for rotations dependent upon fixture coupling design. 

b) Utilising multiple shakers attached directly to the specimen via flexible couplings or similar 
methods. Here the shakers are attached at any point and in any direction on the specimen. 
This approach is quite similar to that used for modal testing, but using environmental test 
severities.  

It is emphasised that MESA and MEMA testing currently requires a high degree of engineering 
judgement and relevant experience, and both test specifier and tester are fully aware of this 
fact. Generally, MESA and MEMA testing requires greater resources to set up an appropriate 
test, but potentially provides a more accurate outcome. 

For the purpose of this document, the creator of the relevant testing specification, the test 
specifier, is expected to select the procedure and the values of severity appropriate to the 
specimen and its use. Precursor testing is included within the procedure of this document, as 
an option, to permit the test specifier to establish the practicality of the test specification and 
severities with the specimen. A separate specimen is usually provisioned for such precursor 
testing. 
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The existing single axis, single vibrator test procedures within the IEC 60068-2 series can be 
used with a wide range of different excitations, such as broad band random, random on random, 
sine on random, swept sine, shock, and long-time history replication. Theoretically these 
different forms of excitations, can also be applied using multi-axis and multi-exciter methods. 
However, suitable techniques and commercially available test control software, for some of 
these types of testing, are not necessarily currently commonly available. For this reason, the 
procedure of this document is currently primarily intended for broad band random and time 
history replication as facilities to undertake these types of tests are commonly available. With 
that said, the procedure of this document may be adapted, by the user, for other forms of 
excitation and advice is provided. 

Traditionally, vibration, shock and transient test severities are specified using acceleration as 
the control parameter. However, this is not an essential pre-requisite of the procedure within 
this document. For the purpose of this document, vibration, shock and transient test severities 
are specified by the user and may be in the form of acceleration, velocity, displacement, or 
force. The need to include different control parameters within this document arises because 
there is a greater likelihood when using multi-exciter testing to specify mixed parameters for 
control purposes. In which case the vibration, shock and transient waveforms applied to the 
specimen will be controlled based upon the feedback from transducers measuring the 
appropriate parameter. 

Although primarily intended for electrotechnical specimens, this document is not restricted to 
them and may be used in other fields where desired. 

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements 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 60068-1, Environmental testing – Part 1: General and guidance 

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

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

IEC 60068-2-57, Environmental testing - Part 2-57: Tests – Test Ff: Vibration – Time-history 
and sine-beat method 

IEC 60068-2-64, Environmental testing – Part 2-64: Tests –Test Fh: Vibration, broadband 
random and guidance 

IEC 60068-2-80, Environmental testing – Part 2-80: Tests –Test Fi: Vibration – Mixed mode 

IEC 60068-2-85, Environmental testing – Part 2-85: Tests –Test Fj: Vibration – Long time 
history replication 

ISO 2041, Mechanical vibration, shock and condition monitoring – Vocabulary 
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3 Terms and definitions 

For the purposes of this document, the terms and definitions given in ISO 2041, IEC 60068-1, 
IEC 60068-2-6, IEC 60068-2-27, IEC 60068-2-57, IEC 60068-2-64, IEC 60068-2-80 and 
IEC 60068-2-85 and the following apply. 

ISO and IEC maintain terminology databases for use in standardization at the following 
addresses:  

• IEC Electropedia: available at https://www.electropedia.org/ 

• ISO Online browsing platform: available at https://www.iso.org/obp 

3.1  
multi-exciter single-axis 
MESA 
method of applying vibration test waveforms using multiple vibration exciters, but all applying 
the vibrations in a single specimen axis 

3.2  
multi-exciter multi-axis 
MEMA 
method of applying vibration test waveforms using multiple vibration exciters in two or more 
specimen axis 

Note 1 to entry: The applied excitations may be in the translation axes, rotational axes or both translation and 
rotational axes. 

3.3  
single-input single-output  
SISO 
method of applying vibration test waveforms using input of a single drive signal to an exciter 
system in a single-degree of freedom configuration and a single measured output from the test 
specimen or its fixing points in a single-degree of freedom configuration 

Note 1 to entry: This is essentially a conventional single axis/exciter test arrangement using a single measured 
response for control purposes. 

3.4  
single-input multiple-output 
SIMO 
method of applying vibration test waveforms using input of a single drive signal to an exciter 
system in a single degree of freedom configuration, and multiple measured outputs from the 
test specimen or its fixing points in a multi-degree of freedom configuration 

Note 1 to entry: This is essentially an extension of a conventional single axis/exciter test arrangement, but 
manipulating multiple measured responses for control purposes. 

3.5  
multiple-input single-output 
MISO  
method of applying vibration test waveforms using input of multiple drive signals that are applied 
to the multiple exciters, to produce a single measured output from the test specimen or its fixing 
points 

Note 1 to entry: Unless the multiple inputs are applying the identical waveform, this arrangement is often not 
possible as multi-exciter test control systems often require the number of outputs to match the number of inputs. 
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3.6  
multiple-input multiple-output 
MIMO 
method of applying vibration test waveforms using input of multiple drive signals that are applied 
to the exciters, to produce multiple measured outputs from the test specimen or its fixing points 

Note 1 to entry: Commonly, as a minimum, the number of inputs and outputs should be the same, but many systems 
used for multi-exciter control, allow the number of outputs to exceed the number of inputs. Commonly, multi-exciter 
and multi-axis test control systems operate as multiple-input multiple-output systems. 

4 Background 

4.1 General 

The capability to undertake multi-exciter testing has been available for some time for seismic 
as well as durability / fatigue testing. Generally, such tests utilise excitations which occur at 
relatively low frequencies. It is only comparatively recently that capabilities have become 
commonly available to undertake multi-axis and/or multi-exciter tests, at frequencies necessary 
for general purpose vibration, shock and transient testing. 

The use of multi-axis and/or multi-exciter testing equipment [1]1 for certain types of vibration,  
shock and transient testing is currently perceived as having advantage in a number of 
applications, some of which are set out below. This list should not be considered as exhaustive 
as applications for multi-axis and/or multi-exciter testing are still being identified. Broadly the 
advantages of multi-axis and/or multi-exciter testing include better loading distribution, more 
realistic excitations, and the potential for test time reduction. 

4.2 Multi-axis and/or multi-exciter testing to achieve an improved distribution of 
dynamic responses 

Multi-axis and/or multi-exciter testing is in regular use for large and/or dynamically complex 
specimens, where there is a need to ensure that the dynamic response motions of the specimen 
are correctly achieved. In such cases multi-exciter testing can achieve a far more accurate 
distribution of dynamic responses than the traditional vibration, shock and transient testing 
methods. This is particularly the case when the specimen would experience, in-service, dynamic 
excitations from multiple excitation sources. An example of this would be a road vehicle were 
somewhat different dynamic excitations arise from each wheel. 

Using multi-axis and/or multi-exciter testing to achieve an improved distribution of dynamic 
responses within a specimen, usually requires test severities which are derived from vibration, 
shock or transient data, measured during actual life cycle conditions. The applied dynamic 
excitations are commonly controlled from measurements at multiple response locations. This is 
essentially a "controlled response" test control strategy. This is a fundamentally different control 
strategy, to that used for the majority of the single axis vibration, shock and transient tests 
within IEC 60068-2. Those single axis tests are basically "controlled excitation" tests both 
applying and controlling the excitations to the specimen’s fixing points. Such a control strategy 
is not profoundly influenced by the dynamic responses of the specimen. Consequently, the test 
severities for such "controlled excitation" tests can readily adopt "generic" severities as the 
severities are independent of the dynamic responses of the specimen. 

For some applications "generic" severities have advantage in that they may represent a wide 
range of life cycles conditions. For example, the generic test severities for transportation 
encompass a range of usage conditions and a variety of transportation platforms. The use of 
simple generic test severities with multi-axis and/or multi-exciter testing may limit the ability to 
achieve an accurate distribution of dynamic responses. 

___________ 
1 Numbers in square brackets refer to the Bibliography. 
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4.3 Multi-exciter testing for large equipment 

Multi-exciter testing is sometimes used as a testing convenience, permitting the use of several 
smaller exciters rather than a single much larger (and more expensive) exciter. In this case the 
use of multi-exciter testing can permit the testing of equipment which otherwise would not be 
practicable. As an example, four vibrators could be (electrically and mechanically) coupled 
together to provide a facility to test very large specimens such as entire vehicles. If the 
waveforms applied to each exciter are correlated, then such a setup is essentially that of a 
conventional single axis test procedure and comparable test severities could be adopted. If the 
waveforms are not correlated, then the procedure of this document would be more applicable. 
In such cases the test severities may be defined either as applied excitations to the specimen 
fixing points or as specimen responses. In either case, the testing arrangement means that the 
test will need to be controlled using a "controlled response" strategy. 

Although the use of generic test severities is a possibility when using this type of test approach, 
the phase and amplitude relationship between the excitations will still need to be derived with 
some knowledge of actual relationships. This is necessary as, without such knowledge, the 
dynamic conditions experienced by the specimen may well be significantly increased and/or 
decreased in an indeterminate way from that of a single axis test. 

4.4 Multi-axis testing for reliability growth 

Multi-axis testing has been perceived as having advantage for reliability growth testing of 
certain types of electro-technical equipment. This is because the multi-axis dynamic responses 
produced within the specimen are different, in many ways, to those produced during single axis 
testing. The multi-axis dynamic responses produced are considered to exercise a greater 
number of potential failure and degradations modes of the specimen than the conventional 
single axis testing. 

The test severities used for reliability growth testing are generally exaggerated (viz. greater 
than those likely to be experienced in-service) and applied at the fixing points of the specimen. 
For this specific purpose, the use of generic test severities may be appropriate. Nevertheless, 
the dynamic responses within the specimen may not necessarily represent conditions which 
actually occur during the specimen life cycle. For this reason, failures identified by such test 
are commonly the subject of a reliability failure assessment, to ensure they could realistically 
occur during the equipment’s life cycle. 

4.5 Multi-axis testing to reduce test durations 

Multi-axis testing has sometimes been proposed as a testing convenience for reducing the 
duration of applied excitation. Simplistically, by applying excitations in all three-axis 
simultaneously, the test duration can be reduced by a third from that of single axis tests 
undertaken in three axes separately. It may also achieve savings in that only one test set up is 
required. However, these savings may not necessarily be fully achieved as the multi-axis test 
set up may be more complicated to achieve. When coupled with the purpose of achieving an 
improved distribution of dynamic responses, such a saving may not always possible, as the use 
of more realistic severities may also require them to be applied for longer durations. 

There can also be a concern when multi-axis testing is used with generic severities to achieve 
a test duration reduction. This is because the phase and amplitude relationship utilised between 
the different excitation axes, will produce indeterminately increased and/or decreased dynamic 
conditions with the specimen from those of three separate single axis tests. Commonly generic 
severities are based upon long historic experience with the existing single axis test. As such it 
may not be realistic to compare the outcome of multi-axis testing, undertaken with generic 
severities, with the outcome of historic single axis tests. 
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5 Test apparatus and control strategy 

The use of any multi-exciter or multi-axis test system, capable of satisfying the test 
requirements, is acceptable [1]. The capability of the excitation equipment and control facility 
to conduct the test, as specified in the relevant specification, shall be verified prior to 
undertaking the test. 

Guidance information on multi-exciter / multi-axis test control systems is provided in Annex A. 
Guidance on the application of different control strategies is provided in Annex B. Guidance on 
the use of different multi-exciter / multi-axis test configuration is provided in Annex C. Further 
general guidance on multi-exciter and multi-axis testing can be found in [2], [3], [4] and [5]. 

6 Test severities and tolerances 

6.1 Test severities 

The test severities utilised shall be those specified in the relevant specification. Unless 
specified otherwise, the severities and other parameters necessary to undertake this test should 
be based on the purpose for which it is being conducted and on the conditions the specimen is 
likely to experience during its life cycle. 

Guidance information on establishing severities for multi-exciter / multi-axis testing is provided 
in Annex D. 

6.2 Tolerances 

The measured control responses shall not deviate from the specified requirements by more 
than the test tolerances quoted in the relevant specification. 

Unless specified otherwise the tolerance on:  

a) Power spectral density values, of a Gaussian random vibration test, shall be within ±3 dB of 
the specified values. 

b) Time history amplitudes, of a time history replication test, shall be within ±20 % of the 
highest amplitude of the specified waveform for at 90 % of the specified waveform duration. 

The test tolerances shall not be used to modify the specified requirements. 

Any deviation from the specified tolerances shall be agreed with the relevant test specifier and 
the actual tolerances achieved, and reason for the deviation, stated in the test report. In order 
to achieve such an agreement, it is recommended that the verification measurements set out in 
Annex B should be made available to the relevant test specifier. 

Guidance information on the selection of suitable tolerances for multi-exciter / multi-axis testing 
is provided in Annex E. 

6.3 Excitations outside the specified test frequency range 

Excitations outside the specified test frequency range shall be minimised and if required 
quantified. The approach to be used to quantify excitations outside the specified test frequency 
range, if required, shall be specified in the relevant specification. Guidance information on 
establishing severities for multi-exciter / multi-axis testing is provided in Annex B. 

Unless specified otherwise the out of test frequency range excitations shall be established as 
set out below. 

a) Random vibration: For random vibration tests, including all the vibration tests, which have 
broad band and narrowband random components, the out of test frequency range responses 
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shall be established up to 5 000 Hz or 5 times the driving frequency, whichever is the lesser. 
The out of test frequency range responses shall be established in accordance with the 
procedure of IEC 60068-2-64, although it should be noted that the procedure of 
IEC 60068-2-64 is specifically related to the use of acceleration as a control parameter. 

b) Time history replication: For time signal replication tests the out of test frequency range 
responses shall be established up to 10 000 Hz or 10 times the driving frequency, whichever 
is the lesser. The out of test frequency range responses shall be established in accordance 
with the procedure of IEC 60068-2-85. 

c) Sinusoidal tests: For sinusoidal vibration tests (fixed, swept and stepped) the signal 
tolerance shall be established up to 5 000 Hz or 5 times the driving frequency, whichever is 
the lesser. This parameter applies whether the signal is acceleration, velocity, or 
displacement. The signal tolerance shall be established in accordance with the procedure 
of IEC 60068-2-6. 

6.4 Cross-axis motions 

The relevant specification shall specify whether cross-axis motions are to be controlled. If there 
is a requirement to control cross-axis motions, then the relevant specification shall also specify 
the approach to be used to quantify the cross-axis motions and the appropriate tolerance. 

If cross-axis motions are of concern and no requirements are provided in the relevant 
specification, then the following are recommended. 

a) Random vibration: should not exceed -3 dB of the highest specified spectral acceleration 
for each control axis for each frequency up to 500 Hz or 0 dB for higher frequencies in 
accordance with IEC 60068-2-64. 

b) Sine vibration: should not exceed 50 % of the highest specified acceleration for each control 
axis for each frequency up to 500 Hz or 0 dB for higher frequencies in accordance with 
IEC 60068-2-6. 

c) Time history replication: should not exceed 50 % of the highest specified acceleration for 
each control axis at each time step in accordance with IEC 60068-2-85. 

Any deviation from the specified cross-axis requirements shall be agreed with the relevant test 
specifier and the actual cross axes motions achieved, and reason for the deviation, stated in 
the test report. In order to achieve such an agreement, it is recommended that the verification 
measurements set out in Annex B should be made available to the relevant test specifier. 

Further guidance information on cross-axis motions for multi-exciter/multi-axis testing is 
provided in Clause B.3. 

7 Mounting of specimen and installation of measurement systems 

The specimen shall be mechanically connected to the multi-exciters and fixtures, in the required 
orientation and state, as specified in the relevant specification. Unless specified otherwise, the 
specimen shall be held by its normal means of attachment. The specimen installation shall 
include, as required, any connections necessary for power supplies, test signals, performance 
monitoring and any monitoring instrumentation, to establish the responses from the test 
specimen. 

General guidance on the mounting of specimens for vibration testing is provided in 
IEC 60068-2-47 [6]. However, the guidance and normative requirements of IEC 60068-2-47 are 
intended for single axis testing, they are not necessarily fully applicable to multi-exciter testing. 
Additional guidance on test fixtures and the mounting of specimens, applicable to different types 
of multi-axis or multi-exciter testing, is provided in [1] as well as in Annex C. 

Thermal, vibration, shock and transient measurement instrumentation shall be installed on to 
the test specimen and test fixture, as specified by the relevant specification. 
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a) The characteristics of the thermal, vibration, shock and transient measuring systems shall 
be such that they can determine whether the true value of the measured parameter is within 
the tolerance required for the test. 

b) The frequency range of vibration measurement systems shall extend from at least 0,5 times 
the lowest test frequency to 2,0 times the highest frequency of the test frequency range. For 
shock and transient measurement systems the frequency range shall extend from at least 
0,5 times the lowest test frequency to 10,0 times the highest frequency of the test frequency 
range. 

c) The frequency response of the overall vibration, shock and transient measurement systems, 
which includes the transducer, signal conditioning, data acquisition and processing devices, 
shall be flat within ±5 %, over the test frequency range. 

8 Precursor testing 

Precursor testing is included within this procedure, as an option, to permit the test specifier to 
establish the practicality of the test specification and severities with the specimen. Precursor 
testing may be used in order to verify the adequacy of the control strategy, signal tolerance, 
out of test frequency range responses and cross-axis motion. Precursor testing may require the 
provision of a separate specimen. 

The precursor testing may additionally be used to quantify the inter-relationship between the 
excitations, using the parameters specified in the relevant specification. The inter-relationships 
between the excitations are normally specified using parameters such as cross-spectral 
densities (amplitude and phase), partial coherence and multiple coherence. If no parameter is 
specified in the relevant specification the most convenient for the test controller may be utilised. 

If precursor testing is required, by the relevant specification, it shall be undertaken as stipulated. 

With the agreement of the test specifier, based upon the results of the precursor testing and/or 
pre-test dynamic characterisation, aspects of the test control severities, parameters and 
tolerances may be re-specified. Any agreed changes shall be recorded in the appropriate test 
report. 

Further guidance on precursor testing is provided in Clause B.4. 

9 Vibration response investigation 

Any pre-test vibration response investigation to identify the dynamic characteristics of the 
specimen, stipulated in the relevant specification, shall be undertaken, and recorded in 
accordance with the stated procedure. Guidance on dynamic characterisation related 
specifically to this procedure is provided in Clause B.5. The vibration response investigation is 
a convenient and sensitive method for the evaluation of the effects of dynamic excitations. Aims, 
purpose and methods for vibration response investigations, with its advantages, are explained 
in IEC 60068-3-8. The requirements for sinusoidal excitation are given in test Fc 
(IEC 60068-2-6) and for random excitation in test Fh (IEC 60068-2-64). 

10 Pre-conditioning 

If appropriate the temperature chamber shall be adjusted to provide any temperature pre-
conditioning requirements specified in the relevant specification. Unless specified otherwise, 
adjustment of temperature to achieve any pre-conditioning requirements shall be at a rate no 
greater than 3 °C per minute. Guidance on pre-conditioning and thermal stabilization is provided 
in Clauses B.5 and B.6 respectively, as well as [7]. 
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11 Initial measurement and functional performance test 

A pre-test functional or performance test shall be performed, as specified in the relevant 
specification to provide baseline data. Guidance on functional performance testing is provided 
in Clause B.7. 

12 Low level excitation for equalisation prior to testing 

The multi-exciter test control equipment shall be adjusted to achieve the desired equalisation, 
up to −6 dB of the specified level. Unless otherwise specified in the relevant specification, the 
equalisation process of Annex B shall be used. The time required to achieve equalisation shall 
not be subtracted from the test time. 

13 Testing 

The excitations shall be increased to the full specified test level. The finite time required to 
increase the test severity, to the specified test level, shall be the minimum possible and shall 
not exceed 10 % of the test duration. This time shall be recorded and shall not be subtracted 
from the test time. Guidance on vibration control equalisation and thermal stabilisation is 
provided in Annex B. 

The required mechanical and thermal test cycles shall be applied to the test specimen, for the 
number of test cycles specified. 

If for any reason the test is interrupted or disrupted then, unless there is an alternative 
procedure in the relevant specification, any interrupted shock or transient waveform shall be 
repeated in its entirety. Interrupted vibration testing shall recommence from the point where it 
was interrupted. In either case, the climatic pre-conditioning and stabilization, as required in 
Clause 10, shall be achieved before recommencing the test. If a single interruption occurs with 
a deviation in temperature of less than 10 %, then testing can continue from where the deviation 
or interruption ends. 

When continuous vibration testing would cause unrealistic heating of the specimen or its 
mounting, the excitations may be interrupted by periods of rest for a duration time specified in 
the relevant specification. 

The test procedure shall be repeated, for all specified mechanical and thermal test cycles. If 
using a multi-exciter single-axis test configuration, the test procedure shall be repeated, 
applying excitations along each specified axis in turn. When the test programme requires the 
application of a number of different types of vibration or shock, amplitude levels, durations or 
rigging conditions, unless otherwise specified by the relevant specification, it is permitted to 
complete the entire sequence of tests for one axis prior to changing to another axis. 

14 Intermediate measurement and functional performance 

Functional or performance testing shall be performed at intervals during the testing, as specified 
in the relevant specification. Guidance on functional performance testing is provided in 
Clause B.7. 

15 Recovery 

At the completion of the test, the climatic chamber shall be allowed to return to the laboratory 
conditions (preferably selected from IEC 60068-1), at a rate no greater than 3 °C per minute. 
Alternatively, the relevant specification may require that one of the recovery procedures of 
IEC 60068-1 be followed. 
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16 Final measurement and functional performance and vibration response 
investigation 

Perform any post-test functional or performance testing specified in the relevant specification 
shall be undertaken. Guidance on functional performance testing is provided in Annex B. 

Any post-test vibration response investigation, stipulated, shall be undertaken, and recorded in 
accordance with the stated procedure. 

The specimen shall be examined for degradation and detrimental effects, as required by the 
relevant specification. 

17 Test verification 

Any measurements and analysis, specified in the relevant specification, to verify that the test 
has been achieved shall be undertaken. Guidance on test verification is provided in Clause B.7. 

18 Information to be specified in the relevant specification 

When this test is included in the relevant specification, the following details shall be given as 
far as they are applicable: 

a) Whether the test is a demonstration of performance or survival or both; 
b) The multi-exciter multi-axis test configuration; 
c) The method and orientation of mounting the specimen and details of any connections for 

necessary cables, pipes, etc.; 
d) If using a multi-exciter single-axis configuration; the axes and senses along which the 

multi-excitation is to be applied; 
e) Whether gravitational effects are to be considered; 
f) If the influence of stray magnetic fields is important, the acceptable limits and the action to 

be taken if these limits are exceeded; 
g) Whether the specimen is to be tested with or without isolating mounts fitted, where 

applicable; 
h) The precursor test strategy and requirements including the parameters to be established 

and test verification criteria to be adopted; 
i) The control strategy to be adopted, including the control and monitoring points, or the 

procedure for their selection; 
j) For vibration tests, the type of vibration test, the vibration test severities, the axis, and order 

in which the vibration tests are to be applied as well as the test duration including rest 
periods where applicable; 

k) For shock tests, the type of shock test, the shock test waveform, the axis, sense, and order 
in which the shocks are to be applied; 

l) The temperature and humidity conditions, and if applicable the thermal test cycles, under 
which the test is to be conducted, if other than standard atmospheric conditions; 

m) The minimum frequency resolutions to be used for control, monitoring and verification 
purposes; 

n) The maximum permissible variation between responses measured at the control points and 
the action to be taken if outside these limits (unless otherwise specified only applicable to 
multi-point control); 

o) Whether cross-axis motion is important, and if so the acceptable limits for this motion and 
the action to be taken, if the limits are exceeded; 

p) The tolerances to be applied; 
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q) If functional performance is to be assessed, the phases of the test when the specimen is to 
operate and be assessed, and the levels of performance required; 

r) Whether any visual or other examinations are required, and if so at what phases of the test 
they are to be conducted; 

s) Whether any pre-test and post-test dynamic characterisation is required, the approach to 
be used and a suitable procedure; 

t) Any additional; parameters to be recorded, test verification criteria to be adopted, data to 
be collected and method of analysis; 

u) Any permitted deviations from the test procedure. 

19 Information to be given in the test report 

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

a) Customer (name and address); 
b) Test laboratory (name and address); 
c) Test report identification (date of issue, unique number); 
d) Test dates (date when test was run); 
e) Purpose of the test (development test, qualification, etc.); 
f) Test standard, edition (relevant test procedure); 
g) Test specimen description  (initial status, unique ID, quantity, photo, drawing, etc.); 
h) Mounting of test specimen  (fixture ID, drawing, photo, etc.); 
i) Performance of test apparatus (cross motion, etc.); 
j) Measuring system, sensor location (description, drawing, photo, etc.); 
k) Uncertainties of measuring system (overall uncertainty, calibration data, if required by 

relevant specification last/next date of calibration); 
l) Initial, intermediate and/or final measurements (if performed by the test laboratory); 
m) Test severities achieved (measured severities); 
n) Test results (final status of test specimen); 
o) Observations during testing and actions taken (details of any testing issues, test 

disruptions); 
  

Full document details: IEC 60068-2-86-2024

http://www.avadocuments.com/doc/iec-60068-2-86-2024
http://www.avadocuments.com/doc/iec-60068-2-86-2024


IEC 60068-2-86:2024 © IEC 2024 – 17 –  

p) Summary of test (summary of test, pass fail decisions); 
q) Test manager (name and signature); 
r) Distribution (list of those receiving the report). 

NOTE 1 A test log is written for the testing, where the test is documented by, for example, a chronological list of 
test runs with test parameters, observations during testing, 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 [8]. 
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Annex A 
(informative) 

 
Guidance on multi-axis and multi-exciter test control systems 

A.1 General 

The use of multi-exciter and multi-axis systems for vibration, shock and transient testing can 
have positive advantages, especially when testing large or heavy structures or those with a 
dynamic response not easily replicated with a single excitation source. Multi-exciter test 
facilities can permit the application of a broader distribution of vibratory energy and vibratory 
forces into a specimen, than is typically possible with single exciter systems (either SISO or 
SIMO). The most common applications of multi-exciter testing are indicated below, although not 
necessarily limited to those applications. 

a) Multi-exciter systems can be used for the testing of large and heavy specimens, which 
cannot readily be tested with single exciters. The use of multi-exciter systems allows 
vibration, shock and transient testing of vehicle equipment or payloads, which would 
otherwise require evaluation on a test track. Advice on the use of multi-exciter systems 
(either MISO or MIMO) for the testing of large vehicle and ship systems is given in Annex C. 

b) Multi-exciter systems, configured to excite specimens in up to six degrees of freedom, have 
advantage for the evaluation of equipment reliability and the appraisal of some sensor 
systems. Advice on the use of multi-axis systems for multi-degree of freedom testing is 
given in is given in Annex C. 

A.2 Multi-exciter control strategies 

Multi-exciter test facilities are commonly configured in one of two ways, both of which are 
encompassed by the procedures of this chapter. 

a) Multi-exciters multi-axis (MEMA). This configuration utilises multiple exciters to apply 
dynamic inputs to the equipment in multiple directions. The multiple exciters may be 
configured to generate dynamic responses in one to six degrees of freedom simultaneously. 
This configuration is usually adopted when multi-axis excitations occur which either 
generate conditions or damage, which cannot be replicated by applying the excitation to 
each axis in-turn. 

b) Multi-exciters single-axis (MESA). This configuration utilises multi-exciters, to 
simultaneously apply dynamic inputs to equipment in a single direction. This configuration 
is frequently adopted for testing long slender structures, or for replicating multiple excitation 
sources (such as payloads of a wheeled vehicle). A special case of this test equipment 
configuration may be used, when a large force capacity is required. In such a case the 
multiple exciters may be operated with them coupled in-phase. 

MESA and MEMA are the two general testing approaches encompassed by this document.  
Single-input single-output (SISO), single-input multiple-output (SIMO), multiple-input single-
output (MISO) and multiple-input multiple-output (MIMO) are more detailed exciter 
arrangements of MESA or MEMA with defined drive signal and response measurement 
arrangements. In principle, with all the defined testing arrangements (SISO, SIMO, MISO and 
MIMO) rigid table or rigid frame with fixed base exciter or exciters attached directly with flexible 
couplings to the specimen may be used.  In practice, some arrangements are more common 
and applicable than others. 

Regardless of the configuration of the test facility, multi-exciter test control systems apply 
multiple drive waveforms to the various exciters, to reproduce multiple measured control 
responses. The measured control response or responses may be either on the test specimen 
or its attachments. 
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The general principles of a closed loop control strategy used for multi-exciter testing are 
essentially the same as that of single exciter testing. Vibration, shock or transient excitation is 
controlled to within specified bounds, by sampling the dynamic motions of the specimen under 
test, at specific locations. These locations may be at, or in close proximity to, the specimen 
fixing points (controlled input) or at defined points on the specimen (controlled response). In 
practice, most multi-exciter tests are controlled on the response of the specimen, but in some 
instances at locations in close proximity to the exciter attachment points. The control strategy 
is normally specified in the relevant specification, but may, with the agreement of the test 
specifier, be amended as a result of precursor testing. 

Although the general principles of multi-exciter testing are similar to those used for the more 
commonly encountered single exciter testing (SISO or SIMO), there are additional 
considerations that need to be addressed. Control of a multi-exciter system typically 
necessitates the application of multiple drive waveforms to the exciters. In some situations, 
these excitations may be entirely correlated (with each exciter applying essentially the same 
excitation) or entirely uncorrelated (with each exciter applying entirely independent excitations). 
However, these two are special cases of the more common situation, where the excitations are 
partly correlated and there is some degree of inter-relationship, between the waveforms applied 
to the separate exciters. Moreover, quantitatively the degree of inter-relationship will vary with 
frequency and be dependent upon the dynamic characteristics of the specimens and its test 
fixture. Specifying and quantifying this inter-relationship, between the excitations applied by the 
separate exciters, is a critical difference between multi-exciter testing and the single exciter 
case. 

With the exception of correlated exciter testing, establishing, and quantifying the inter-
relationship between each response degree of freedom is an essential part of defining the test 
requirement for multi-exciter tests. This inter-relationship is normally developed from 
measurements made during environmental characterisation work to establish suitable 
severities. However, in the absence of suitable data, pre-cursor testing may be required to 
establish suitable requirements. 

Quantifying the vibration inter-relationship between the responses is classically achieved by 
augmenting the normal power spectral density severities for each degree of freedom, with 
cross-spectral densities between each response pair. For multi-exciter time history or shock 
testing the power spectral densities and cross-spectral densities may be replaced by the auto 
correlation function and cross-correlation functions, respectively. 

A.3 Determined and over determined control strategies 

Historically, multi-exciter testing, has adopted a traditional "square" control technique, were the 
number of exciters equals the number of control measurements. As an example, an 
arrangement of two exciters would be controlled using two control accelerometers. Typically, 
the control accelerometers could be placed either the two exciter heads, the two attachment 
points, or two locations on the specimen near the attachment points. With this testing 
arrangement, many additional response measurements could also be made, providing a good 
estimate of the dynamic responses of the entire test system. Commonly several of the additional 
response measurements may also be used to limit the responses of the specimen, in 
conjunction with the two control measurements, to avoid over-testing. However, as with any 
limit control scenario, the use of the inherent extremal control can dramatically reduce the 
excitation levels and create discontinuities in the frequency responses. 
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An alternative and more recently used method is the so called over-determined or "rectangular" 
control, in which the number of control measurements exceeds the number of exciters. Over-
determined control uses an approach akin to least-squares curve fitting methods, to provide an 
improved estimate of the system multiple frequency response functions, from which closed loop 
control is achieved. The reported advantage of over-determined control is that it can result in 
dynamic vibration responses which have a closer match to the reference spectral density matrix 
(in a least squares sense) over a greater number of degrees of freedom than could be achieved 
using square control with the same number of exciters. However, the disadvantage is that any 
individual degree of freedom may have a larger deviation from its reference spectrum than 
would be achieved using square control. 

Multi-exciter testing using the multi-axis test configuration may encompass both orthogonal and 
rotational degrees of freedom. In such cases it may be necessary to adopt a control strategy 
which incorporates signal transformation. Signal transformation is essentially the linear 
mapping of the control points to some pre-determined degrees of freedom used for control. 
Typically, the mapped degrees of freedom of a ‘virtual point’ are chosen to be the rigid body 
degrees of freedom of interest. The location of the virtual point is usually defined by the test 
specifier. The intent of adding flexible body degrees of freedom to the control is to give the 
system more control authority, so it can work to suppress specific vibration modes. As an 
example, the signal transformation method can be used to map the response of four tri-axial 
accelerometers to six rigid body degrees of freedom with rotations defined about the virtual 
control point, which typically will be at the excitation equipment. The calculated linear and 
angular accelerations of the virtual control point are used as the control signals for the six 
degrees of freedom test. 

A.4 Quantifying the inter-relationship between exciters for vibration testing 

For a two-exciter system, a minimum of two power spectral densities and a complex conjugate 
pair of cross-spectral density are required. A six-exciter system would require a minimum of six 
power spectral densities as well as fifteen complex cross-spectral densities. These examples 
are illustrated in Figure A.1 and Figure A.2. It should be noted that only the upper half of the 
matrix needs to be defined, because the lower off-diagonal terms are the complex conjugates 
of the upper off-diagonal terms. A cross-spectral density may be specified in terms of its 
complex (real and imaginary) components or more commonly in terms of the relative amplitude 
and phase between the exciter pairs. 

( )xxPSD f  ( )xyCSD f  
( )yxCSD f  ( )yyPSD f  

 

NOTE The lower off-diagonal term is the complex conjugates of the upper off-diagonal term. 

Figure A.1 – Power Spectral Density (PSD) and Cross-Spectral Density (CSD) 
for a two exciter system 

( )xxPSD f  ( )xyCSD f  ( )xzCSD f  ( )xaCSD f  ( )xβCSD f  ( )xyCSD f  
( )yxCSD f  ( )yyPSD f  ( )yzCSD f  ( )yaCSD f  ( )yβCSD f  ( )yγCSD f  
( )zxCSD f  ( )zyCSD f  ( )zzPSD f  ( )zaCSD f  ( )zβCSD f  ( )zyCSD f  
( )axCSD f  ( )ayCSD f  ( )azCSD f  ( )aaPSD f  ( )aβCSD f  ( )aγCSD f  
( )βxCSD f  ( )βyCSD f  ( )βzCSD f  ( )βaCSD f  ( )ββPSD f  ( )βγCSD f  
( )yxCSD f  ( )yγCSD f  ( )yzCSD f  ( )yaCSD f  ( )yβCSD f  ( )γγPSD f  

 

NOTE The lower off-diagonal terms are the complex conjugates of the upper off-diagonal terms. 

Figure A.2 – Power Spectral Density (PSD) and Cross-Spectral Density (CSD) 
for a six exciter system 
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During the system identification step, the test controller calculates the frequency response 
function information between each separate exciter and response location and generates the 
required excitation waveforms to achieve the required responses. 

The use of the partial coherence function is typically adopted to augment the use of the cross-
spectral density, although in some instances may be used in place of the cross-spectral 
densities. The use of partial coherence functions can allow the relative amplitude between the 
exciter pairs to be estimated but does not define the phase relationship between the exciter 
pairs. Consequently, if only partial coherence functions are used, they may require additional 
cross-spectral density phase information to be defined or estimated. The partial coherence 
function is particularly relevant when non-linear responses are anticipated. 

As already indicated, there are two special cases of the general situation, where the excitations 
are partly correlated and there is some degree of inter-relationship between the waveforms 
applied to the separate exciters. The first special case is where the excitations are entirely 
correlated, that is each exciter applies essentially the same waveform. The second special case 
is where the excitations are entirely uncorrelated, that is with each exciter applying entirely 
independent waveforms. This case may be a reasonable approximation to the higher frequency 
aerodynamic excitations experienced by external surfaces of an aircraft. If either of these cases 
applies, they permit a useful simplification of the information that needs to be specified. 

A.5 Quantifying the inter-relationship between exciters for time history 
replication testing 

Time history replication testing has been possible with most single-axis vibration test control 
equipment, for many years. However, this facility was originally limited to replicating only a 
single block of vibration data or a single shock pulse, either singly or repeatedly. Such facilities 
typically limited the vibration or shock waveforms to be defined by no more than 8 192 time 
points. Despite this limitation, the approach was often adopted to replicate events such as 
earthquakes and short duration transient responses. In recent years facilities have become 
commercially available, which extend the time history replication approach to allow the 
continuous application of long duration waveforms. This has allowed time history replication 
testing to be used, as an alternative to random vibration testing, when it is important to 
reproduce specific characteristics of the waveform, such as when undertaking fatigue / 
durability tests. 

Time history replication can be used with waveforms, which are not necessarily stationary or 
Gaussian. The primary requirement for utilising the time history replication method is that the 
frequency range of the waveform, to be reproduced, is less than the frequency range capability 
of the excitation facilities to be used. If the time history replication method is used to replicate 
purely vibration responses, the frequency range of the waveform needs only to be a little less 
than the frequency range capability of the excitation facilities. However, if used to reproduce 
shock waveforms, the frequency range of the waveform needs to be significantly less than the 
frequency range capability of the excitation facilities. 
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There are several different test control strategies currently utilised by commercially available 
test controllers for undertaking extended waveform duration time history replication tests. 
Typically, commercially test controllers adopt a mix of frequency domain and time domain 
methods to achieve effective control and to compensate for the distortions introduced by the 
amplifier, exciter and test rig / specimen. In the simplest form controllers utilise time histories 
and impulse response functions, in place of power spectral densities and frequency response 
functions used for control of conventional random vibration tests. Such an approach has 
historically proven to be relatively slow in terms of undertaking the necessary calculations. A 
faster solution has been found to be possible by using a complex fast Fourier transform to 
convert a time history into a sequence of complex frequency spectra and translate impulse 
response functions into frequency response functions. Using such reversable relationships, test 
control can be undertaken largely in the frequency domain in a manner similar to that used for 
random vibration control. Hence, the procedure for undertaking a time history replication test 
can appear quite like that used for random vibration test. In particular, both random vibration 
and time history replication tests, need a period of equalisation to allow the test controller to 
derive a suitable impulse response function or frequency response function which characterise 
the distortions introduced by the amplifier, exciter, and test rig / specimen. In both cases this is 
utilised as the basis for modifying the excitation waveform to compensate for the distortions. 

The adaption of the time history replication test control strategies for multi-axis / multi-exciter 
testing proved to be of importance for several applications, including earthquake testing and 
automotive durability testing. The control strategies developed for single axis testing have 
become the basis for the development of time history replication control strategies for multi-
axis / multi-exciter testing. Whilst multi-axis/multi-exciter testing requires the individual time 
history waveforms to be specified, there are different ways by which the inter-relationship 
between exciter / axes is specified. In some cases, the same cross-spectral densities, specified 
or derived for random vibration testing, may be used. In other instances, cross-correlation 
functions may be required. 
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Annex B 
(informative) 

 
Additional testing guidance 

B.1 Fixing, monitor, control and reference points 

The selection of suitable fixing, control and reference points, for a particular specimen and 
mounting fixture assembly, is an important aspect for ensuring a valid test. For this test 
procedure the definitions of the fixing, monitor, control and reference points are as follows: 

a) A fixing point is defined as a part of the specimen in contact with the mounting fixture or 
vibration table, at a point where it is normally attached. 

b) A monitor point is a position at which measurements are made, to establish knowledge of 
the specimen dynamic response behaviour. This may be the response of the specimen, test 
fixture or test equipment. 

c) A control point is a position, at which measurements are made, to allow the excitations to 
be controlled to within specific bounds, during the test. 

d) The reference point is the point, at which measurements are made to confirm that the 
requirements of the test are satisfied. The reference point location should be stated in the 
relevant specification. It may be a monitor point, a control point or a 'virtual' point, created 
by manual or automatic processing of responses from several control points. 

Suitable fixing, monitor, control, and reference points should be either specified in the relevant 
specification or that document should contain a procedure for selecting them. The suitability of 
the specified reference and control points may need to be verified by means of precursor 
testing. 

The control and reference points, associated with controlled response testing, when using 
severities based upon measured data, will normally reflect the actual measurement locations. 

Further information regarding the use of fixing, monitor, control and reference points for 
different types of tests can be found in IEC 60068-1, IEC 60068-2-6, IEC 60068-2-27, 
IEC 60068-2-64, IEC 60068-2-80 and IEC 60068-2-85. 

B.2 Control equalisation 

A finite test duration is required to allow the control equipment to achieve the necessary 
equalisation, for closed loop control. The time required for equalisation will be dependent upon 
the controller used, the complexity of the waveform and the behaviour of the specimen under 
test. For multi-axis / multi-exciter testing the duration required for equalisation is almost always 
likely to be greater than that required for a single axis / exciter control system. If a dynamically 
representative test specimen is being used, then an unlimited test time for equalisation can be 
applied. However, if the actual test specimen is being used then, unless specified in the relevant 
specification, the equalisation test time should be as follows: 

a) Initial equalisation is conducted below −12 dB of the specified root mean square (rms) level 
for vibration and the peak amplitude for time history replication. No test time limit is imposed 
for this phase of equalisation. 

b) The vibration levels are increased from −12 dB to −6 dB of the specified rms level for 
vibration and the peak amplitude for time history replication. The total duration at these 
levels should be no more than a quarter of the specified test duration. This equalisation time 
should not be subtracted from the specified test time. 
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c) The vibration levels are increased from −6 dB to 0 dB of the specified rms level for vibration 
and the peak amplitude for time history replication. The time spent at these levels should 
be kept to a minimum. The total duration at these levels should be no more than 10 % of 
the specified test duration. This equalisation time should not be subtracted from the 
specified test time. 

Further information regarding control equalisation for different types of tests can be found in 
IEC 60068-1, IEC 60068-2-6, IEC 60068-2-27, IEC 60068-2-64, IEC 60068-2-80 and 
IEC 60068-2-85. 

B.3 Cross-axis motion, signal distortion and out of test frequency range 
responses 

The verification of cross-axis motion may not be necessary when undertaking some forms of 
multi-axis testing. However, when using multi-exciters to replicate a single-axis test (MESA) 
configuration as well as when undertaking many forms MEMA tests, the relevant specification 
may require cross-axis motions to be verified before the test is applied. This verification can be 
achieved by conducting either a sine or random investigation at a level prescribed by the 
relevant specification hen the relevant specification requires cross-axis motions to be verified, 
the following are recommended tolerances for cross-axis motion: 

a) Random vibration: should not exceed −3 dB of the highest specified spectral acceleration 
in any axis for each frequency up to 500 Hz or 0 dB for higher frequencies, in accordance 
with IEC 60068-2-64. 

b) Sine vibration: should not exceed 50 % of the highest specified acceleration in any axis for 
each frequency up to 500 Hz or 0 dB for higher frequencies, in accordance with 
IEC 60068-2-6. 

c) Time history replication: should not exceed 50 % of the highest specified acceleration in any 
axis at each time step, in accordance with IEC 60068-2-85. 

Notwithstanding the above, at some frequencies, especially with large-size or high mass 
specimens, the cross-axis motion requirements may be difficult to achieve, in such cases the 
cross-axis motion actually achieved over the test frequency range should be agreed with the 
test specifier and the achieved values stated in the test report. 

Signal distortion (for sinusoidal or time history tests tests) or out of test frequency range 
responses (for random tests), should be established, by conducting either a sine or random 
investigation at a level prescribed by the relevant specification. High out of test frequency range 
responses, can be indicative of problems with rattling which could affect the ability to control 
the test and inflict higher or unwanted damage unto the specimen by higher kurtosis at the 
same controlled RMS level. High signal distortion or out of test frequency range responses, are 
sometimes indicative of deficiencies in the specimen mounting / rigging arrangement. These 
deficiencies are also of concern to multi-exciter / multi-axis testing. Indeed, there can be a 
greater potential for such issues to arise when undertaking multi-exciter / multi-axis testing due 
to the generally more complicated test arrangement. 

Whilst the measurement of signal distortion and out of test frequency range responses are the 
traditional ways of establishing that the exciters, specimen, mounting and test fixture 
arrangement, are behaving linearly at all amplitudes, there are also other methods which may 
utilised. The use of amplitude probability density, skewness and kurtosis can also, if correctly 
interpreted, be used as indicators of non-linear motions. 

Further information on cross-axis motion, signal distortion and out of test frequency range 
responses can be found in IEC 60068-2-6 and IEC 60068-2-64. 
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