BSISO 10813-1:2023

BSI Standards Publication

Vibration generating machines —
Guidance for selection

Part 1: Equipment for environmental testing

°
bSl. Documents

Document Sharing Hub

Full document details: BS 1ISO 10813-1:2023


http://www.avadocuments.com/doc/bs-iso-10813-1-2023
http://www.avadocuments.com/doc/bs-iso-10813-1-2023

BSISO 10813-1:2023 BRITISH STANDARD

National foreword

This British Standard is the UK implementation of ISO 10813-1:2023. It
supersedes BS ISO 10813-1:2004, which is withdrawn.

The UK participation in its preparation was entrusted to Technical
Committee GME/21/2, Vibration and Shock Generating Systems.

A list of organizations represented on this committee can be obtained on
request to its committee manager.

Contractual and legal considerations

This publication has been prepared in good faith, however no
representation, warranty, assurance or undertaking (express or
implied) is or will be made, and no responsibility or liability is or will be
accepted by BSI in relation to the adequacy, accuracy, completeness or
reasonableness of this publication. All and any such responsibility and
liability is expressly disclaimed to the full extent permitted by the law.

This publication is provided as is, and is to be used at the
recipient’s own risk.

The recipient is advised to consider seeking professional guidance with
respect to its use of this publication.

This publication is not intended to constitute a contract. Users are
responsible for its correct application.

© The British Standards Institution 2023
Published by BSI Standards Limited 2023

ISBN 978 0 539 25225 5
ICS 17.160

Compliance with a British Standard cannot confer immunity from
legal obligations.

This British Standard was published under the authority of the
Standards Policy and Strategy Committee on 31 August 2023.

Amendments/corrigenda issued since publication

Date Text affected

Documents

Document Sharing Hub

Full document details: BS ISO 10813-1:2023


https://doi.org/10.3403/30466827
https://doi.org/10.3403/03086264
http://www.avadocuments.com/doc/bs-iso-10813-1-2023
http://www.avadocuments.com/doc/bs-iso-10813-1-2023

Full document details: BS ISO 10813-1:2023

BSISO 10813-1:2023

INTERNATIONAL ISO
STANDARD 10813-1

Second edition
2023-08-11

Vibration generating machines —
Guidance for selection —

Part 1:
Equipment for environmental testing

Générateurs de vibrations — Lignes directrices pour la sélection —

Partie 1: Moyens pour les essais environnementaux

= Reference number
= — ISO 10813-1:2023(E)

ISO Documents

= — Document Sharing Hub


http://www.avadocuments.com/doc/bs-iso-10813-1-2023
http://www.avadocuments.com/doc/bs-iso-10813-1-2023

BSISO 10813-1:2023
ISO 10813-1:2023(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2023, Published in Switzerland
All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Ch. de Blandonnet 8 « CP 401

CH-1214 Vernier, Geneva, Switzerland

Tel. +41 22 749 01 11

Fax +41 22 749 09 47

copyright@iso.org

WWw.iso.org Documents

.. Document Sharing Hub
11 © IS0 2023 - All rights reserved

Full document details: BS ISO 10813-1:2023


http://www.avadocuments.com/doc/bs-iso-10813-1-2023
http://www.avadocuments.com/doc/bs-iso-10813-1-2023

BSISO 10813-1:2023
ISO 10813-1:2023

Contents Page
FOT@WONM ... oottt iv
0010 00 X0 ) (ot o (0) o VOO \ 4
1 S0P ... 1
2 NOIIMALIVE FEECI@IICES ..........ooooooooeoeeeeeeeeeeeeeeeeeeeeeeeeeeseeseesessse sttt 1
3 LS IR Yo 0 LT 00 0 ) 4 1
4 Vibration test requirements........
4.1 Vibration test purposes..
4.2 Test methods........
4.2.1 (TS 0 T=) o=
L2 10110 U6 =1 IRT410) ir=1 o (o ) o HOOoo
4.2.3  Wide-band random vibration
424  Time-hiStOry METROM ...
4.2.5 I Do LT 0T 1ol 6 0014 ¢ Lo o N
5 Types and characteristics of vibration generators
5.1 Main types of vibration generators..........ccoocccee
5.1.1  General..eeeeeeeeeeeeee

5.1.2  Electrodynamic vibration generators
5.1.3  Servo-hydraulic vibration generators

5.1.4  Mechanical vibration generators.........
5.2 Major parameters
5.3 FEATUTES ..o

5.3.1  Electrodynamic vibration generators
5.3.2  Servo-hydraulic vibration generators

5.3.3  Mechanical vibration GENErators ...
5.4 Comparison between electrodynamic, servo-hydraulic and mechanical vibration
RIIETATOT'S ..o 13
6 Recommendations for the selection of vibration generators
6.1 Selection Of LYPE ...
6.2 Selection of the model....
6.2.1  General ...
6.2.2  Frequency range
6.2.3  MaxXimum @CCEIETATION ...t
B.2.4  FOTCE .ok
6.2.5 Mass of the moving element
6.2.6  Size of the moving element.......
6.2.7  Rated travel.........
6.2.8 Maximum veloCity ...
6.3 Selection of components..........cocscinn
0.3. 1 GEIIETAL ..o
6.3.2  Selection of pOWer amPlIfier ...
6.3.3  Selection of hydraulic power supply
6.4  Verification of adequate INfraStrUCtUTE ...
Annex A (informative) EXamples 0f SEI@CHIONS ... 26
BIDIIOGIAPIIY ... 29

Documents
Document Sharin%lHub

© IS0 2023 - All rights reserved

Full document details: BS ISO 10813-1:2023


http://www.avadocuments.com/doc/bs-iso-10813-1-2023
http://www.avadocuments.com/doc/bs-iso-10813-1-2023

BS ISO 10813-1:2023
ISO 10813-1:2023

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO document should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ISO draws attention to the possibility that the implementation of this document may involve the use
of (a) patent(s). ISO 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, ISO 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 www.iso.org/patents. ISO shall not be held responsible for identifying any or all
such patent rights.

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation on the meaning of ISO specific terms and expressions related to conformity
assessment, as well as information about ISO's adherence to the World Trade Organization (WTO)
principles in the Technical Barriers to Trade (TBT) see the following URL: www.iso.org/iso/
foreword.html.

This document was prepared by Technical Committee ISO/TC 108, Mechanical vibration, shock and
condition monitoring, Subcommittee SC 6, Vibration and shock generating systems.

This second edition cancels and replaces the first edition (ISO 10813-1:2004), which has been technically
revised. It also incorporates the Technical Corrigendum ISO 10813-1:2004/Cor.1:2006.

The main changes are as follows:

— tables and figures are updated to reflect advances in typical system capability;

— selection calculations are rearranged to use values which are more likely to be available;

— anon-mathematical treatment of armature size and infrastructure requirements is included.
Alist of parts in the ISO 10813 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

To select a suitable vibration generating system is an urgent problem if it is necessary for a certain test
to purchase new test equipment or to update the equipment already available, or to choose between
equipment proposed by a test laboratory or even a laboratory itself which offers its service to carry
out such a test. A problem like this can be resolved acceptably if a number of factors are considered
simultaneously, as follows:

— the type of the test to be carried out (environmental testing, normal and/or accelerated, dynamic
structural testing, diagnosis, calibration, etc.);

— the requirements to be followed;

— the test conditions (one mode of vibration or combined vibration, single vibration test or combined
test, for example, dynamic plus climatic);

— the objects to be tested.

This document deals only with equipment to be used during environmental testing, and those selection
procedures that are predominantly to meet the requirements of this test. However, the user should
keep in mind that a specific test condition and a specific object to be tested can significantly influence
the selection. Thus, to excite a specimen inside a climatic chamber imposes limitations on the vibration
generator interface, and a specimen of a large size and/or of a complex shape, having numerous
resonances in all directions, demands larger equipment than that specified for the procedures of this
document, assuming that excitation is to be applied to the rigid body of the same mass. Unfortunately,
such aspects cannot easily be formalized and, thus, are not covered by this document.

If the equipment is expected to be used for tests of different types, all possible applications should be
considered when selecting. Other parts of ISO 10813 will address the problem of the case where the
vibration generator is acquired to be applied during both environmental and dynamic structural testing.
It is presumed in this document that the system selected will be able to drive the object under test up to
a specified level. In order to generate an excitation without undesired motion, a suitable control system
should be used. The selection of a control system will be considered in a further International Standard.

It should be emphasized that vibration generating systems are complex machines, so the correct
selection always demands a certain degree of engineering judgement. As a consequence, the purchaser,
when selecting the vibration test equipment, can resort to the help of a third party. In such a case, this
document can help the purchaser to ascertain if the solution proposed by the third party is acceptable
or not. Designers and manufacturers can also use this document to assess the market environment.
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Vibration generating machines — Guidance for selection —

Part 1:
Equipment for environmental testing

1 Scope

This document gives guidance for the selection of vibration generating equipment used for vibration
environmental testing, depending on the test requirements.

This guidance covers such aspects of selection as

— the equipment type,

— the model, and

— some main components, excluding the control system.

NOTE1 Some examples are given in Annex A.

NOTE 2  This document is primarily focused on determining functional specifications for equipment based on

the requirements of a specific environmental test. More practical aspects of the selection (including target test
definition and fixturing considerations) are covered in IEST-RP-DTE009.1[1].

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.

ISO 2041, Mechanical vibration, shock and condition monitoring — Vocabulary
ISO 5344, Electrodynamic vibration generating systems — Performance characteristics
[SO 8626, Servo-hydraulic test equipment for generating vibration — Method of describing characteristics

ISO 15261, Vibration and shock generating systems — Vocabulary

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 2041, ISO 5344, ISO 8626 and
IS0 15261 apply.

[SO and IEC maintain terminological 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
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4 Vibration test requirements

4.1 Vibration test purposes

The purpose of vibration tests is to estimate the capability of an object to maintain its operational
characteristics and to stay intact under vibration loading of defined severity. The tests are subdivided,
in accordance with their tasks, into functional, strength and endurance tests.

Endurance tests are carried out to estimate the capability of an object to withstand vibration of defined
severity and to stay in working order when the excitation is removed. Vibration endurance testing is
oftentimes referred to as strength testing. In these tests, vibration might cause mechanical damage
(fatigue) and may be used to predict the lifetime of the object under vibration.

Functional tests are carried out to estimate the capability of an object to function and maintain the
operational parameters within the acceptable limits under vibration. Usually during those tests,
the object is working for a defined period in its normal condition and is being exposed to vibration
not causing mechanical damage to it. Faults and malfunctions in the operation of the object should
be registered.

4.2 Test methods

4.2.1 General

Laboratory test methods may use both sinusoidal and multifrequency excitation in various forms, such
as sinusoidal at a fixed frequency, swept sinusoidal, random (narrow-band or wide-band), as well asin a
mixed mode. The excitation may be multidirectional and/or multipoint.

Test specifications usually deal with the following waveforms:
— sinusoidal at a fixed frequency;

— swept sinusoidal;

— wide-band random;

— time history;

— sine-beat.

The above waveforms are briefly described in 4.2.2 to 4.2.5 primarily in aspects as standardized by
[EC 60068-2-6l2], IEC 60068-2-57[3] and IEC 60068-2-64[4], however the user should be aware that
other variants of a waveform may be used for specific applications.

Requirements for the test excitation (and, hence, for the test equipment) for test methods are
standardized by IEC 60068-2-6[2], IEC 60068-2-57[3] and IEC 60068-2-64I[4].

4.2.2 Sinusoidal vibration

4.2.2.1 Sinusoidal vibration at fixed frequencies

This excitation consists of a set of discrete-frequency sinusoidal processes of defined amplitude,
applied sequentially to the test object within the frequency range of interest. Frequency and amplitude
are adjusted manually. A control system maintains the displacement or acceleration amplitude. The test
conditions to be set include the frequency range (bands) and individual fixed frequencies, test duration
and displacement, velocity or acceleration amplitude.
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4.2.2.2 Swept sinusoidal vibration

This excitation is a sinusoidal signal of a specified amplitude, commonly defined in displacement terms
at low frequencies and in acceleration terms at high frequencies. The frequency is continuously swept
from the lower to the upper limit of the frequency range of interest and vice versa. Cross-over frequency
usually lies in the range of 10 Hz to 100 Hz. A control system maintains the displacement or acceleration
amplitude. During the frequency sweep, the mechanical resonances and undesirable mechanical
and functional behaviour of the test object can be observed and identified. The test conditions to be
set include the frequency range of interest, displacement and acceleration amplitudes, cross-over
frequency, sweep rate, sweep type (linear or logarithmic) and test duration.

NOTE1 Test amplitude is uniquely specified at each excitation frequency; however, it can vary across the
frequency band.

NOTE 2  Any two of displacement amplitude, acceleration amplitude and cross-over frequency is sufficient to
derive the third value. It is common to provide only the amplitudes.

4.2.3 Wide-band random vibration

The wide-band random excitation, specified by the shape of power spectral density of acceleration to
be close to real operational conditions in the frequency range of interest, is generated at the control
point of the table or the object. The test conditions to be set include the acceleration power spectral
density levels for the frequency bands in which tests are carried out.

4.2.4 Time-history method

This test consists of subjecting the specimen to a time-history specified by a response spectrum with
characteristics simulating the effects of short-duration random-type forces. A time-history may be
obtained from a natural event (natural time-history), or from a random sample, or as a synthesized
signal (artificial time-history). The use of a time-history allows a single test wave to envelop a broad-
band response spectrum, simultaneously exciting all modes of the specimen on account of the combined
effects of the coupled modes.

This test is applied to specimens which in service can be subjected to short-duration random-type
dynamic forces induced, for example, by earthquakes, explosions or transportation.

The test conditions to be set include the frequency range of interest, required response spectrum,
number and duration of time-histories, number of high peaks of the response.

4.2.5 Sine-beat method

In this test the specimen is excited at fixed frequencies (to be experienced in the practical application or
to be changed with a step of not greater than one-half octave) with a pre-set number of sine beats (see
Figure 1). These fixed frequencies may be critical frequencies identified by means of vibration response
investigation.

The test conditions to be set include the frequency range, test level, number of cycles in the sine beat,
number of sine beats. A control system maintains the displacement amplitude below the cross-over
frequency and the acceleration amplitude above the cross-over frequency.

Each channel of the instrumentation needs to be checked by mechanical excitation of the transducer
prior to and after each measurement series to ensure proper functioning.

Documents

] Document Sharinngub
© IS0 2023 - All rights reserved

Full document details: BS ISO 10813-1:2023


http://www.avadocuments.com/doc/bs-iso-10813-1-2023
http://www.avadocuments.com/doc/bs-iso-10813-1-2023

BS ISO 10813-1:2023
ISO 10813-1:2023

Key

X time

Y vibration magnitude

1 carrier wave (test frequency)

2 envelope curve (modulating frequency)

Figure 1 — Typical sequence of sine beats

5 Types and characteristics of vibration generators
5.1 Main types of vibration generators

5.1.1 General

Avibration generator is the final control element of a vibration generating system, providing generation
of the desired vibration and transmission of it to the object being tested. The type and performance of
a vibration generator determine the main system characteristics, such as force generation capabilities,
permissible loads, displacement/velocity/acceleration amplitudes, frequency ranges and accuracy
characteristics (tolerances, distortions, transverse motions, etc.). Depending on their design, vibration
generators are subdivided into electrodynamic, servo-hydraulic, mechanical, electromagnetic,
piezoelectric, magnetostrictive, etc. The most common types of vibration generators being used for
environmental testing are electrodynamic, servo-hydraulic and mechanical.

5.1.2 Electrodynamic vibration generators

This type of vibration generator produces a vibration force by interaction of a static magnetic field and
an alternating current in the moving coil, which is an actuator.

A vibration generating system including an electrodynamic vibration generator is called an
electrodynamic system. It consists of a power amplifier, input signal source and control system,
measuring instrumentation, field power supply and auxiliaries. The system may also include an
auxiliary table.

5.1.3 Servo-hydraulic vibration generators

This type of vibration generator produces a vibration force by application of a liquid pressure being
changed in a predetermined manner. In servo-hydraulic vibration generators, force and motion are
transmitted to the object by a hydraulic actuator (piston pushed by fluid) controlled by servo valves.

A vibration generating system including a servo-hydraulic vibration generator is called a servo-
hydraulic system. It consists of a hydraulic power supply system, signal source, close-loop control
system, and measurement and auxiliary equipment.
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