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European foreword 

The text of document 104/1035/FDIS, future edition 1 of IEC 60068-2-86, prepared by IEC/TC 104 
"Environmental conditions, classification and methods of test" was submitted to the IEC-CENELEC 
parallel vote and approved by CENELEC as EN IEC 60068-2-86:2024. 

The following dates are fixed: 

• latest date by which the document has to be implemented at national 
level by publication of an identical national standard or by endorsement 

(dop) 2024-12-21 

• latest date by which the national standards conflicting with the 
document have to be withdrawn 

(dow) 2027-03-21 

 

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

Any feedback and questions on this document should be directed to the users’ national committee. A 
complete listing of these bodies can be found on the CENELEC website. 

Endorsement notice 

The text of the International Standard IEC 60068-2-86:2024 was approved by CENELEC as a 
European Standard without any modification. 

In the official version, for Bibliography, the following notes have to be added for the standard indicated: 

IEC 60068-2-47 NOTE Approved as EN 60068-2-47 

IEC 60721 (series) NOTE Approved as EN 60721 (series) 

ISO/IEC 17025 NOTE Approved as EN ISO/IEC 17025 
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Annex ZA 
(normative) 

 
Normative references to international publications 
with their corresponding European publications 

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. 

NOTE 1 Where an International Publication has been modified by common modifications, indicated by (mod), the 
relevant EN/HD applies. 

NOTE 2 Up-to-date information on the latest versions of the European Standards listed in this annex is available 
here: www.cencenelec.eu. 

Publication Year Title EN/HD Year 

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

EN 60068-1 - 

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

EN 60068-2-6 - 

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

EN 60068-2-27 - 

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

EN 60068-2-57 - 

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

EN 60068-2-64 - 

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

EN 60068-2-80 - 

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

EN IEC 60068-2-85 - 

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

- - 
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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. 

STN EN IEC 60068‐2‐86: 2024                                              Úrad pre normalizáciu, metrológiu a skúšobníctvo Slovenskej republiky



IEC 60068-2-86:2024 © IEC 2024 – 5 –  

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 

STN EN IEC 60068‐2‐86: 2024 Úrad pre normalizáciu, metrológiu a skúšobníctvo Slovenskej republiky


	ENIEC60068-2-86{2024}e.pdf_en.PDF
	Annex ZA (normative)Normative references to international publicationswith their corresponding European publications

	iec60068-2-86{ed1.0}b.pdf.pdf
	English
	CONTENTS
	FOREWORD
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Background
	4.1 General
	4.2 Multi-axis and/or multi-exciter testing to achieve an improved distribution of dynamic responses
	4.3 Multi-exciter testing for large equipment
	4.4 Multi-axis testing for reliability growth
	4.5 Multi-axis testing to reduce test durations

	5 Test apparatus and control strategy
	6 Test severities and tolerances
	6.1 Test severities
	6.2 Tolerances
	6.3 Excitations outside the specified test frequency range
	6.4 Crossaxis motions

	7 Mounting of specimen and installation of measurement systems
	8 Precursor testing
	9 Vibration response investigation
	10 Pre-conditioning
	11 Initial measurement and functional performance test
	12 Low level excitation for equalisation prior to testing
	13 Testing
	14 Intermediate measurement and functional performance
	15 Recovery
	16 Final measurement and functional performance and vibration response investigation
	17 Test verification
	18 Information to be specified in the relevant specification
	19 Information to be given in the test report
	Annex A (informative)Guidance on multi-axis and multi-exciter test control systems
	A.1 General
	A.2 Multi-exciter control strategies
	A.3 Determined and over determined control strategies
	A.4 Quantifying the inter-relationship between exciters for vibration testing
	A.5 Quantifying the inter-relationship between exciters for time history replication testing

	Annex B (informative)Additional testing guidance
	B.1 Fixing, monitor, control and reference points
	B.2 Control equalisation
	B.3 Cross-axis motion, signal distortion and out of test frequency range responses
	B.4 Precursor testing
	B.5 Vibration response investigation
	B.6 Temperature conditioning and stabilization
	B.7 Performance evaluation
	B.8 Verification of test procedure

	Annex C (informative)Guidance on the application of multi-axis / multi-vibrator tests
	C.1 General
	C.2 Advice on using multi-exciter systems for the testing of large specimens
	C.2.1 General
	C.2.2 Data measurements
	C.2.3 Multi-exciter test fixture 
	C.2.4 Test control
	C.2.5 Testing

	C.3 Advice on using multi-axis systems for multi-degree of freedom testing
	C.3.1 General
	C.3.2 Data measurements
	C.3.3 Multi-exciter test fixture
	C.3.4 Test control
	C.3.5 Testing

	C.4 Advice on using multiple shakers attached directly to the specimen via flexible couplings
	C.4.1 General
	C.4.2 Data measurements
	C.4.3 Multi-exciter test fixture
	C.4.4 Test control
	C.4.5 Interrelationship in testing 


	Annex D (informative)Guidance on the use of measured data for multi-axis/multi-vibrator tests
	D.1 General
	D.2 Use of measured data to derive test severities

	Annex E (informative)Guidance on the selection of test tolerances
	E.1 General
	E.2 Test tolerances associated with measured data
	E.3 Test tolerances applicable to different parameters

	Bibliography
	Figure A.1 – Power Spectral Density (PSD) and Cross-Spectral Density (CSD)for a two exciter system
	Figure A.2 – Power Spectral Density (PSD) and Cross-Spectral Density (CSD)for a six exciter system
	Figure C.1 – Examples of spherical bearings
	Table E.1 – Test tolerances applicable to different parameters

	Français
	SOMMAIRE
	AVANT PROPOS
	1 Domaine d'application
	2 Références normatives
	3 Termes et définitions
	4 Contexte
	4.1 Généralités
	4.2 Recours aux essais à axes multiples et/ou à excitateurs multiples pour améliorer la répartition des réponses dynamiques
	4.3 Recours aux essais à excitateurs multiples pour les matériels volumineux
	4.4 Recours aux essais à axes multiples pour la croissance de la fiabilité
	4.5 Recours aux essais à axes multiples pour réduire la durée des essais

	5 Appareillage d'essai et stratégie de pilotage
	6 Sévérités d'essai et tolérances
	6.1 Sévérités d'essai
	6.2 Tolérances
	6.3 Excitations en dehors de la plage de fréquences d'essai spécifiée
	6.4 Mouvements transversaux

	7 Montage du spécimen et installation des systèmes de mesure
	8 Essais préliminaires
	9 Recherche et étude des fréquences critiques
	10 Préconditionnement
	11 Mesures initiales et essai de performance de fonctionnement
	12 Faible excitation pour l'égalisation avant les essais
	13 Essais
	14 Mesure intermédiaire et essai de performance de fonctionnement
	15 Reprise
	16 Mesure finale, essai de performance de fonctionnement et recherche et étude des fréquences critiques
	17 Vérification de l'essai
	18 Renseignements à spécifier dans la spécification pertinente
	19 Renseignements à fournir dans le rapport d'essai
	Annexe A (informative)Recommandations pour les systèmes de pilotage d'essaià excitateurs multiples/à axes multiples
	A.1 Généralités
	A.2 Stratégies de pilotage à excitateurs multiples
	A.3 Stratégies de pilotage dimensionnée et surdimensionnée
	A.4 Quantification de l'interrelation entre les excitateurs pour les essais de vibrations
	A.5 Quantification de l'interrelation entre les excitateurs pour les essais de reproduction des vibrations par accélérogrammes

	Annexe B (informative)Recommandations supplémentaires pour les essais
	B.1 Points de fixation, de surveillance, de pilotage et de référence
	B.2 Égalisation du pilotage
	B.3 Mouvements transversaux, distorsion des signaux et réponses en dehors de la plage de fréquences d'essai
	B.4 Essais préliminaires
	B.5 Recherche et étude des fréquences critiques
	B.6 Conditionnement en température et stabilisation thermique
	B.7 Évaluation des performances
	B.8 Vérification de la procédure d'essai

	Annexe C (informative)Recommandations pour l'application des essaisà axes multiples/à excitateurs multiples
	C.1 Généralités
	C.2 Conseils concernant l'utilisation de systèmes à excitateurs multiples pourles essais de spécimens volumineux
	C.2.1 Généralités
	C.2.2 Mesures des données
	C.2.3 Bâti de fixation à excitateurs multiples 
	C.2.4 Pilotage d'essai
	C.2.5 Essais

	C.3 Conseils concernant l'utilisation de systèmes à axes multiples pour les essais selon plusieurs degrés de liberté
	C.3.1 Généralités
	C.3.2 Mesures des données
	C.3.3 Bâti de fixation à excitateurs multiples
	C.3.4 Pilotage d'essai
	C.3.5 Essais

	C.4 Conseils concernant l'utilisation de plusieurs excitateurs fixés directement au spécimen par des accouplements souples
	C.4.1 Généralités
	C.4.2 Mesures des données
	C.4.3 Bâti de fixation à excitateurs multiples
	C.4.4 Pilotage d'essai
	C.4.5 Interrelation lors des essais 


	Annexe D (informative)Recommandations pour l'utilisation des données mesuréeslors d'essais à axes multiples/à excitateurs multiples
	D.1 Généralités
	D.2 Utilisation des données mesurées pour déduire les sévérités d'essai

	Annexe E (informative)Recommandations pour le choix des tolérances d'essai
	E.1 Généralités
	E.2 Tolérances d'essai associées aux données mesurées
	E.3 Tolérances d'essai applicables aux différents paramètres

	Bibliographie
	Figure A.1 – Densité spectrale de puissance (PSD) et densité spectrale croisée (CSD) pour un système à deux excitateurs
	Figure A.2 – Densité spectrale de puissance (PSD) et densité spectrale croisée (CSD) pour un système à six excitateurs
	Figure C.1 – Exemples de roulements sphériques
	Tableau E.1 – Tolérances d'essai applicables aux différents paramètres


	Prázdna strana
	Prázdna strana



