International
Standard

ISO 20816-21

Mechanical vibration —
Measurement and evaluation of
machine vibration —

Part 21:
Horizontal axis wind turbines

Vibrations mécaniques — Mesurage et évaluation des vibrations
des machines —

Partie 21: Turbines éoliennes a axe horizontal

Reference number
ISO 20816-21:2025(en)

First edition
2025-05

© ISO 2025



ISO 20816-21:2025(en)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2025
All rights reserved.

ISO publications, in their entirety or in fragments, are owned by ISO. They are licensed, not sold, and are subject to the
terms and conditions set forth in the ISO End Customer License Agreement, the License Agreement of the relevant ISO
member body, or those of authorized third-party distributors.

Unless otherwise specified or required for its implementation, no part of this ISO publication may be reproduced,
distributed, modified, or used in any form or by any means, electronic or mechanical, including photocopying, scanning,
recording, or posting on any intranet, internet, or other digital platforms, without the prior written permission of IS0,
the relevant ISO member body or an authorized third-party distributor.

This publication shall not be disclosed to third parties, and its use is strictly limited to the license type and purpose
specified in the applicable license grant. Unauthorized reproduction, distribution, or use beyond the granted license is
prohibited and may result in legal action.

ISO copyright office

CP 401 e Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11

Email; copyright@iso.org

Website: www.iso.org

Published in Switzerland

Licensing and use terms

As stated above, ISO documents, as well as any updates and/or corrections, and any intellectual property or
other rights pertaining thereto, are owned by ISO. ISO documents are licensed, not sold. This document does
not in any way operate to assign or transfer any intellectual property rights from ISO to the user. ISO
documents are protected by copyright law, database law, trademark law, unfair competition law, trade secrecy
law, and any other applicable law. Users acknowledge and agree to respect ISO’s intellectual property rights
in the ISO documents.

The use of ISO documents is subject to the terms and conditions of the applicable licence agreement.

ISO documents are provided under different licensing agreement types (“Licence Type”) allowing a non-
exclusive, non-transferable, limited, revocable right to use/access the ISO documents for one or more of the
purposes described below (“Purpose”), which may be internal or external in scope. The applicable Purpose(s)
must be agreed in the purchase order and/or in the applicable licence agreement.

a) Licence Type:

1) Single registered end-user licence (watermarked in the user’s name) for the specified Purpose. Under
this license, the user cannot share the ISO document with a third party, including on a network.

2) Network licence for the specified Purpose. The network licence can be assigned to either unnamed
concurrent end-users or named concurrent end-users within the same organization.

© IS0 2025 - All rights reserved
ii



mailto:copyright@iso.org
https://www.iso.org/

ISO 20816-21:2025(en)

b) Purpose:

iy

2)

Internal Purpose. Internal use only within the user’s organization, including but not limited to own
implementation (“Internal Purpose”).

The scope of permitted internal use is specified at the time of purchase or through subsequent
agreement with ISO, the ISO member body in the user’s country, any other ISO member body or an
authorized third-party distributor, including any applicable internal use rights (such as for internal
meetings, internal training programmes, preparation of certification services, for integration or
illustration in internal manuals, internal training materials, and internal guidance documents). Each
internal use must be explicitly specified in the purchase order and/or in the applicable licence
agreement, and specific fees and requirements apply to each permitted use.

External Purpose. External use, including but not limited to:

— testing services;

— inspection services;

— certification services;

— auditing services;

— consulting services;

— conformity assessment scheme development and implementation;

— training services;

— education;

— research;

— software development and other digital platform or software-enabled digital services;

— any other services or activities conducted by the user or the user’s organization to third parties,
whether for commercial or non-commercial purposes (“External Purpose”).

The scope of permitted external use is specified at the time of purchase or through subsequent
agreement with ISO, the ISO member body in the user’s country, any other ISO member body or an
authorized third-party distributor, including any applicable external use rights (e.g. in publications,
products, or services marketed and sold by the user/the user’s organization). Each external use must
be explicitly specified in the purchase order and/or in the applicable licence agreement, and specific
fees and requirements apply to each permitted use.

Unless users have been granted use rights according to the above provisions, they are not granted the right to
share or sublicense ISO documents inside or outside their organization for either Purpose. If users wish to
obtain additional use rights for ISO documents or their content, users can contact ISO or the ISO member body
in their country to explore possible options.

If the user or the user’s organization is granted a licence for the External Purpose of providing any of the
following services to third parties:

— testing services;

— inspection services;
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— certification services;
— auditing services;
— consulting services,

and if any of these five (5) services reference, rely upon, incorporate, or otherwise make use of any aspect,
requirement, provision, or any other information of any ISO document, the user or the user’s organization
agrees to verify that the third party receiving such services has obtained from the ISO member body in their
country, any other ISO member body, ISO or an authorized third-party distributor, a valid licence for its own
implementation of such ISO document or other use related to such services. This verification obligation must
be included in the applicable licence agreement obtained by the user or the user’s organization.

ISO documents must not be disclosed to third parties, and users must use them solely for the purpose specified
in the purchase order and/or applicable licensing agreement. Unauthorized disclosure or use of ISO
documents beyond the licensed purpose is prohibited and can result in legal action.

Use restrictions

Except as provided for in the applicable licence agreement and subject to a separate licence by ISO, the ISO
member body in the user’s country, any other ISO member body or an authorized third-party distributor, users
are not granted the right to:

— use ISO documents for any purpose other than the Purpose;
— grant use or access rights to ISO documents beyond the Licence Type;
— disclose ISO documents beyond the intended Purpose and/or Licence Type;

— sell, lend, lease, reproduce, distribute, import/export or otherwise commercially exploit ISO documents.
In the case of documents that are joint publications (such as ISO/IEC documents), this clause applies to
the respective joint copyright ownership;

— assign or otherwise transfer ownership of ISO documents, in whole or in part, to any third party.

Regardless of the Licence Type or Purpose for which users are granted access and use rights for 1SO
documents, users are not permitted to access or use any ISO documents, in whole or in part, for any machine
learning and/or artificial intelligence and/or similar purposes, including but not limited to accessing or using
them

a) as training data for large language or similar models, or
b) for prompting or otherwise enabling artificial intelligence or similar tools to generate responses.

Such use is only permitted if expressly authorized through a specific licence agreement by the ISO member
body in the requester’s country, another ISO member body, or ISO. Requests for such authorization are
considered on a case-by-case basis to ensure compliance with intellectual property rights. Specifically, it is not
possible to claim the benefit of copyright exception of Article 4 of the Directive (EU) 2019/790 of the European
Parliament and of the Council of 17 April 2019 on copyright and related rights in the Digital Single Market, for
the purpose of text and data mining on ISO documents, as ISO hereby opts out of this exception.

If ISO, or the ISO member body in the user’s country, has reasonable doubt that users are not compliant with
these terms, it can request in writing to perform an audit, or have an audit performed by a third-party auditor,
during business hours at the user’s premises or via remote access.
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Foreword

[SO (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).

[SO 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 of the voluntary nature of standards, 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) principlesin the Technical Barriers to Trade (TBT), see www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 108, Mechanical vibration, shock and condition
monitoring, Subcommittee SC 2, Measurement and evaluation of mechanical vibration and shock as applied to
machines, vehicles and structures.

This first edition of ISO 20816-21 cancels and replaces the first edition of ISO 10816-21:2015, which has
been technically revised taking into account the information contained in VDI 3834-2 for direct drive wind
turbines.

The main changes are as follows:
— scope expansion to include Group 2 wind turbine without gearboxes;
— revision of text and content so that the document can be applied to both groups of wind turbines;

— vibrations of different types of wind turbines are clearly identified and figures show measurement
positions (see Annex C);

— revision and standardization of assessment tables for both types of wind turbines (see Annex A);
— clarification of descriptions of technical functionality of wind turbines (see Annex B);

— added a proposal for protocols for acceptance measurements (see Annex D);

— updated and supplemented information on relevant documents (see Bibliography).

The list of all parts in the ISO 20816 series and ISO 10816 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

The ISO 20816 series of documents provides general guidance relating to the measurement and
evaluation of vibration measured on rotating and non-rotating parts of machines. This document provides
recommendations for the measurement and evaluation criteria for wind turbines. Additional guidance is
given to account for the vibration of the wind turbine tower and nacelle caused by the effects of wind, flow
disturbances due to the tower (tower dam effect) and the natural vibration of the rotor blades and structure
itself (tower and foundation). For offshore wind turbines, guidance is given to take account of the vibration
response due to sea swell, which differs from the response of land-based wind turbines in terms of the
temporal vibration behaviour and spectra.

ISO 20816-1 deals with the measurement and evaluation of machine vibration and serves as the basis for
other documents dealing with specific considerations for different machine types, including wind turbines.

In contrast to the other parts of the ISO 20816 series, this document considers vibration not generated by
the machine itself, but excited by wind and, in case of offshore wind turbines, additionally by sea swell. Due
to the flexibility of the blades and tower and the low rotor rotational speeds, it is necessary to include the
low-frequency vibration in the measurement and evaluation criteria.

The construction methods used and the conditions under which wind turbines are built and operated, entail
that presenting general guidelines for the vibration evaluation of their structures is not possible. However,
the measurement procedures and criteria for evaluating the vibration of their structures explained in
ISO 4866 can be used for guidance. Furthermore, offshore wind turbine structural vibration monitoring is
covered in VDI 4551.

The necessity to measure and evaluate the low-frequency vibration of wind turbine components as a
response to periodic and stochastic excitation sources requires additional evaluation of quantities in
addition to those described in this document (see 4.5). This is complicated by the effects of wind and waves
on the wind turbine structure, which can lead to high-amplitude low-frequency vibration.

Due to the influence of the vibration magnitude on the induced stresses of all wind turbine components and
thus on their operational reliability and service life, it is in the interest of all stakeholders involved in the
manufacture, ownership, operation, service, maintenance, and financing of wind turbines to have a widely
accepted document, which provides clear criteria and recommendations regarding the measurement and
evaluation of their mechanical vibration.

The aim of this document is to standardize the vibration measurements to be performed, to facilitate their
evaluation and to allow a comparative assessment to be made of the measured vibration between different
wind turbines and their components. This document does not address the diagnostic evaluation of the
condition of the wind turbine components themselves. The evaluation criteria described in this document
serve to ensure reliable, safe long-term wind turbine operation.

In addition, evaluation zone boundaries are set, which enable conclusions to be drawn regarding the general
state of wind turbine components or the overall system. Evaluation zone boundary values are not intended
to be used as contractual acceptance values.

© IS0 2025 - All rights reserved
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Mechanical vibration — Measurement and evaluation of
machine vibration —

Part 21:
Horizontal axis wind turbines

1 Scope

This document provides information regarding the measurement and evaluation of the mechanical vibration
of wind turbines and their components. The working principles of wind turbines covered by this document
are described in Annex B.

The installation site and type of mechanical drive train of the wind turbine influence the vibration
magnitude, so for the purposes of this document wind turbines have been divided into two groups:

a) Group 1: Horizontal axis wind turbine installations with generators coupled to the rotor via a gearbox; and

b) Group 2: Horizontal axis wind turbine installations with generators coupled to the rotor without a
gearbox (direct drive wind turbines).

The requirements of this document apply to both Group 1 and Group 2 wind turbines with a rated generator
output exceeding 200 kW.

This document recommends zones for evaluating the vibration at continuous load operation. However,
in most cases these evaluation zone boundaries are not suitable for the early detection of faults. Annex A
presents evaluation zone boundaries based on vibration data collected from thousands of wind turbines
with rated generator outputs of 5 MW or less, which can be helpful in facilitating discussion between users
and manufacturers when considering early fault detection.

The evaluation criteria described in this document serve to ensure safe, reliable, long-term operation of the
wind turbine and its components. It is intended to standardize the vibration measurements taken, to assist
in their evaluation and to facilitate a comparative evaluation of the vibration measured in wind turbines and
their components. In addition, recommendations are given for the determination of operational vibration
limit values.

The type and implementation of broad-band vibration monitoring methods to be used for wind turbines are
addressed in this document, along with evaluation criteria for assessing vibration severity. This document
does not address diagnosis or fault detection, although the measurement equipment described can be used
for vibration monitoring.

NOTE1 For information regarding vibration condition monitoring see the ISO 13373 series. For Information
regarding condition monitoring and diagnostics of wind turbines see the ISO 16079 series.

NOTE 2 IEC 61400-13 describes load measurements that can be taken using strain gauges mounted on the wind
turbine support structure and blades. For procedures to assist the detection of rolling bearing and gearbox defects
see 1SO 13373-2. For the measurement and evaluation of structure-borne noise in wind turbines fitted with rolling
bearings see VDI 3832.

NOTE 3  Evaluation of the unbalance of the slowly turning wind turbine rotor requires the use of measurement
techniques and analysis which consider both mass and aerodynamic unbalance. To assess the influence of the rotor
unbalance on vibrations see VDI 3834-1:2015-08, Annex B.
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The requirements described in this document do not apply to the acceptance measurements for wind turbine
gearboxes and generators taken in the manufacturer’s test facility.

NOTE4  Acceptance measurements for wind turbine gearboxes and generators, taken in the manufacturers test
facility, are assessed as described in ISO 20816-9 and/or IEC 60034-14.

This document does not provide evaluation zones for vibration measurements taken on rotating parts (shaft
relative displacement) due to the small number of turbines on which such measurements are/have been taken.

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

[SO 2954, Mechanical vibration of rotating and reciprocating machinery — Requirements for instruments for
measuring vibration severity

[SO 20816-1:2016, Mechanical vibration — Measurement and evaluation of machine vibration — Part 1: General
guidelines

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 2041 and the following apply.

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

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

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

31
assessment acceleration

a
w0

broad-band root-mean-square (r.m.s.) value of acceleration in a given frequency band, measured over a
fixed period

3.2
assessment velocity

1%
w0
broad-band root-mean-square (r.m.s.) value of vibration velocity in a given frequency band, measured over

a fixed period

4 Measurement procedures

4.1 General

The measurement procedures to be followed and the instrumentation which shall be used are specified in
ISO 20816-1, subject to the requirements given in this clause.

Care shall be taken to ensure that the measurement system is not influenced by environmental factors such as
a) temperature variation,
b) magnetic fields, including magnetisation of the wind turbine shaft(s),

c¢) external sound fields,
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