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Abstract

This nationally adopted international standard establishes general conditions and procedures for
the measurement and evaluation of vibration using measurements made on rotating, non-rotating,
and non-reciprocating parts of complete machines. It is applicable to measurements of both
absolute and relative radial shaft vibration with regard to the monitoring of radial clearances, but
excludes axial shaft vibration. The general evaluation criteria, which are presented in terms of both
vibration magnitude and change of vibration, relate to both operational monitoring and acceptance
testing. They have been provided primarily with regard to securing reliable, safe, long-term
operation of the machine while minimizing adverse effects on associated equipment. Guidelines are
also presented for setting operational limits.
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Foreword

[This Foreword is for information only and is not a part of the American National Standard ANSI/ASA S2.80-2019/Part 1/
ISO 20816-1:2016 American National Standard Mechanical vibration - Measurement and evaluation of machine
vibration - Part 1: General guidelines (a nationally adopted international standard). As such, this Foreword may contain
material that has not been subjected to public review or a consensus process. In addition, it does not contain requirements
necessary for conformance to the standard.]

This standard comprises a part of a group of definitions, standards, and specifications for use in
mechanical vibration and shock. It was developed and approved by Accredited Standards
Committee S2 Mechanical Vibration and Shock under its approved operating procedures. Those
procedures have been accredited by the American National Standards Institute (ANSI). The Scope
of Accredited Standards Committee S2 is as follows:

Standards, specification, methods of measurement and test, and terminology in the field of mechanical vibration and
shock, and condition monitoring and diagnostics of machines, including the effects of exposure to mechanical
vibration and shock on humans, including those aspects which pertain to biological safety, tolerance and comfort.

This standard is an identical national adoption of ISO 20816-1:2016 Mechanical vibration -

Measurement and evaluation of machine vibration - Part 1: General guidelines, which was prepared
by ISO/TC 108/SC 2.

The ANSI/ASA equivalents to ISO/IEC standards referenced herein are given below:

e ANSI/ASA S2.80-201x/Part 2/ISO 20816-2:2017 is an identical national adoption of ISO
20816-2:2017
e ANSI/ASA S2.81/1S0O 21940 Parts

At the time this Standard was submitted to Accredited Standards Committee S2, Mechanical
Vibration and Shock for approval, the membership was as follows:

James T. Nelson, Chair
Richard ]. Peppin, Vice-Chair

Nancy A. Blair-DeLeon, Secretary

Acoustical SOCIEtY Of AIMETICA ... ss s s ss s s s s s ss s sssnees James T. Nelson
............................................................................ Richard J. Peppin (Alt.)

Association of American Railroads ... s sssssssans George Page
.................................................................................... Jeffrey Moller (Alt.)

L0 1 14 1= o . DTSR Larry A. Hawkins
.................................................................................... Rasish Khatri (Alt.)

CAterPIIIAT, INC. oottt r e Daniel G. Roley
............................................................................... Charles Crowell (Alt.)
Eckardt Johanning, MD, P.C. ... cesssessessssssssssssssssssssssssssssssssessssssssssssssssssssssasssssssss Eckardt Johanning
Emerson Electric - Copeland COrporation........... . eeeiessssssssessssssssssssssssssssssssssssssens Ali T. Herfat
FLIR SYSTRINIS .......couieiirseesceseesesse s sss s s s ss s s s bR Ronald Lucier
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Logan MulliniX CONSUITIINE. ... rerseesecessesses s sesssssssssssessses s sss s sses s ssss b ssssss s ss s ssssssssees Logan Mullinix
Mechanical Solutions, Inc. William D. Marscher
......................................................................................... Maki Onari (Alt.)
National Institute for Occupational Safety and Health (NIOSH) .........ccooconenmrnecrnneenecesneesnnenns Renguang Dong
............................................................... ...Thomas W. McDowell (Alt.)
National Institute of Standards & TecChNOLOGY ... sesesesesseens Michael Gaitan
Northern Ilin0ois UNIVETSItY ... sssssssssssssssssssssssssssssssssssssssssssees Donald Peterson
PCB Group.....cooeeemeeenmeenseeens .Nicholas Fulciniti
............................................................................... Chad M. Walber (Alt.)
Power Tool Institute, Inc. William D. Spencer
...................................................................................... Mark Hickok (Alt.)
Siemens Power GENEration, INC. ...t s e s s e b s e st anen Max L'vov
UE SYStEMS, INC. ...ttt s Mark Goodman
LV 1 ol ) o o PP Suzanne D. Smith
U.S. Army Public Health COMIMAN ... ssssssssssssssssaess Steven Chervak
.......................................................................................... Jay Clasing (Alt.)
U.S. Naval Surface Warfare Center — Carderock........... . eeesesssssssesssssssssssssssssseens Jason Smoker
................................................................................... Diedre Gilmer (Alt.)
University 0f WasShINGEON ... sessssesssesssssssssess s ssssssssssssssssssssessssssssssssnesns Peter Johnson
VIDETECK, INC....ooeece ettt sese bbb s s R bbb Jeff Leismer
VIbration INSHEULE ... sssres Ronald L. Eshleman
.......................................................................................... Brian Biby (Alt.)
Z-R CONSUITING ..ottt eseesssesssessssees e ss s s s eSS R R Zlatan Racic
........................................................................................ Marin Racic (Alt.)

Individual Experts of Accredited Standards Committee S2, Mechanical Vibration and Shock, were:

Anthony Brammer Richard J. Peppin
George Johnson Donald Wasserman
Robert Koch
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Working Group S2/WG 10, Operational Monitoring and Condition Evaluation, which assisted
Accredited Standards Committee S2, Mechanical Vibration and Shock, in the development of this
standard, had the following membership.

Max L’vov, Chair

David P. Butchy Mark T. McGown Thomas Turek
Art]. Cautilli John Niemkiewicz John J. Weil
EricJ. Lambert Rajagopal Subbiah Marion Williams

Suggestions for improvements to this standard will be welcomed. They should be sent to
Accredited Standards Committee S2, Mechanical Vibration and Shock, in care of the Standards
Secretariat of the Acoustical Society of America, 1305 Walt Whitman Road, Suite 300, Melville, New
York 11747. Telephone: 631-390-0215; FAX: 631-923-2875; E-mail: asastds@acousticalsociety.org.
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Introduction

Machines are now being operated at increasingly high rotational speeds and loads, as well as more
flexible operation at part and full load, and under increasingly severe operating conditions. This has
become possible, to a large extent, by the more efficient use of materials, although this has
sometimes resulted in there being less margin for design and application errors.

At present, it is not uncommon for continuous operation to be expected and required for 2 years or
3 years between maintenance operations. Consequently, more restrictive requirements are being
specified for operating vibration values of rotating machinery, in order to ensure continued safe
and reliable operation.

This document is a basic document which establishes general guidelines for the measurement and
evaluation of mechanical vibration of machinery, as measured on rotating and on non-rotating
(and, where applicable, non-reciprocating) parts of complete machines, such as shafts or bearing
housings. Recommendations for measurements and evaluation criteria pertaining to specific
machine types are provided in additional parts of ISO 20816 as they become available as a
replacement of the relevant parts of ISO 7919 and ISO 10816. ISO/TR 19201 gives an overview over
these and further machinery vibration standards.

For some machines, measurements made on non-rotating parts are sufficient to characterize
adequately their running conditions with respect to trouble-free operation. There are also types of
machine, such as steam turbines, gas turbines and turbo compressors, all of which can have several
modes of vibration in the service speed range, for which measurements on structural members,
such as the bearing housings, might not adequately characterize the running condition of the
machine, although such measurements are useful. Such machines generally contain flexible rotor
shaft systems, and changes in the vibration condition can be detected more decisively and more
sensitively by measurements on the rotating elements. Machines having relatively stiff and/or
heavy casings in comparison to rotor mass are typical of those classes of machines for which shaft
vibration measurements are frequently preferred.

Vibration measurements are used for a number of purposes, ranging from routine operational
monitoring and acceptance tests to advanced experimental testing, as well as diagnostic and
analytical investigations. These various measurement objectives lead to many differences in
methods of interpretation and evaluation. To limit the number of these differences, this document
is designed to provide guidelines primarily for operational monitoring and acceptance tests.

Three primary vibration quantities (displacement, velocity and acceleration) are defined and their
limitations given. Adherence to the guidelines presented should, in most cases, ensure satisfactory
service performance.
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American National Standard

Mechanical vibration — Measurement and evaluation of
machine vibration — Part 1: General guidelines (a
nationally adopted international standard)

1 Scope

This document establishes general conditions and procedures for the measurement and evaluation
of vibration using measurements made on rotating, non-rotating and non-reciprocating parts of
complete machines. It is applicable to measurements of both absolute and relative radial shaft
vibration with regard to the monitoring of radial clearances, but excludes axial shaft vibration. The
general evaluation criteria, which are presented in terms of both vibration magnitude and change of
vibration, relate to both operational monitoring and acceptance testing. They have been provided
primarily with regard to securing reliable, safe, long-term operation of the machine while
minimizing adverse effects on associated equipment. Guidelines are also presented for setting
operational limits.

NOTE1  The evaluation criteria for different classes of machinery will be included in other parts of
ISO 20816 when they become available. In the meantime, guidelines are given in Clause 6.

NOTE 2 The term “shaft vibration” is used throughout ISO 20816 because, in most cases, measurements
are made on machine shafts. However, the ISO 20816 series is also applicable to measurements made on
other rotating elements if such elements are found to be more suitable, provided that the guidelines are
respected.

For the purposes of ISO 20816, operational monitoring is considered to be those vibration
measurements made during the normal operation of a machine. The ISO 20816 series permits the
use of different measurement quantities and methods, provided that they are well-defined and their
limitations are set out, so that the interpretation of the measurements is well-understood.

The evaluation criteria relate only to the vibration produced by the machine itself and not the
vibration transmitted to it from outside.

This document does not include consideration of torsional vibration.

NOTE 3 For torsional vibration, see, for example, ISO 3046-5, ISO 22266-1 or VDI 2039.

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.
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