INTERNATIONAL ISO
STANDARD 21940-21

Second edition
2022-11

Mechanical vibration — Rotor
balancing —

Part 21:
Description and evaluation of
balancing machines

Vibrations mécaniques — Equilibrage des rotors —

Partie 21: Description et évaluation des machines a équilibrer

Reference number
1SO 21940-21:2022(E)

© IS0 2022



ISO 21940-21:2022(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2022

All rights reserved. Unless otherwise specified, or required in the context of its implementation, 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

CP 401  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

ii © 1S0 2022 - All rights reserved


https://www.iso.org

ISO 21940-21:2022(E)

Contents Page
FFOT@WOTM........ccccccovvoeteeseeese e85 58585558585 vi
IIMEIOTUICTION ... vii
1 SCOPIC ... 1
2 NOIMATIVE FEEFEI@IICES ... 1
3 Terms and defiMITIONS ... 1
4 Capacity and performance data of the balancing machine...
4.1 (L1 0 =) ¥ O
4.2 Data for horizontal balancing machines.................
4.2.1 Rotor mass and unbalance Hmitations ...
4.2.2  Production effiCIBNCY ...
4.2.3 Rotor dimensions
4.2.4 Balancing machine drive data ...
B.2.5  TOTQUE ..ot
4.2.6 Type of rotor drive........n.
4.2.7  BraKe..iesssesses s
4.2.8 Motor and controls ...
4.29 Speed regulation............
4.2.10 Couple moment interference ratio, [..
4.2.11  Alr PreSSUre TeQUITEIMEIITS. ..ottt
4.3 Data for vertical balancing Machines ...
4.3.1 Rotor mass and unbalance limitations....
4.3.2 Production efficiency ...
4.3.3 Rotor dimensions........n
4.3.4 Balancing machine drive data....
4.3.5  TOFQUE ..ot
4.3.6  TYPE OF ATIVE L0 TOTOT ..o
4,37 BTAKE ..o e
4.3.8 Motor and controls...
4.39 Speed regulation..........i. Bt 54880 045848 8085345808 80488 8RR RS
4.3.10 Couple moment iNterferenCe ratio. ...
4.3.11  AIl PIreSSUIe TEQUITEIMIEIITS. .oooocooooeeeeeeieres e oo ssssse e ssesse s
5 MACKIINE FEATUTES ...ttt
5.1 Principle of operation .
5.2 MACRINE ATTANZEIMIEIIE ....ooooeeeieeeeeeieeeee et
5.3 Measuring SYSTOIM. ... .
5.3.1  General ...
5.3.2 Unbalance indicators...............
5.3.3 Additional features.........ccon
5.3.4 Operation of the indicating system
5.4  Plane separation SyStem ...
5.4.1 Multi-plane balancing Machines. ... e
5.4.2 Single-plane horizontal or vertical balancing machines ... 10
5.5 Setting and calibration of the measuring system
5501 GEINETAL et
5.5.2  Soft-bearing Machines ...
5.5.3  Hard-bearing Machines ...
6 Production @ffiCIEIICY ...
6.1 General.....n
6.2 Time per balance cycle
6.3 Unbalance reduction Tatio, R{yp. ... rrsicisisiossissosissossiososissosiesosossosossosossosoe oo 13
7 Performance qualifying factors

© 1S0 2022 - All rights reserved iii



ISO 21940-21:2022(E)

8 Installation requirements.....

8.1
8.2
8.3

9.1
9.2
9.3
9.4

General......o.
Supply requirements.
201035 e £=1 5 Lo ) s 0NN

Standardized proving rotors
User defined proving rotors...................
TEST MASSES oo
9.4.1 General.......
94.2 U, testmasses..
9.4.3  RyYR LESTIMASSES ..o

9.4.4  PermisSsible teST IMASS EITOIS ..o 26

Lo I 3T\ = 1 <Y o = oo 27

10 Balance machine VerifiCation T@SES ... eeeeeeeeeeeeeee 27

10.1
10.2
10.3
10.4

10.5

10.6

10.7

10.8

General
Requirements for evaluating balance machine performance ...
TEST SPEEM .
Test for establishing the minimum achievable residual unbalance, U,
T0.4.1 GEIETAL .o
10.4.2 Initial balancing machine setting
10.4.3 Unbalance added..........oicinen
10.4.4 Readings......iisscrscn
10.4.5 COTrrection. ..
10.4.6 Reference change.............
10.4.7 Plane setting for U, test
T0.4.8  TESET TUILS .ottt et
10.49 U, evaluation ... e
Test for unbalance reduction ratio, Ryg ..o
10.5.1 Ryp tests on single-plane balancing machines
10.5.2 Ryp tests on two-plane balancing machines.....
10.5.3  General ...
10.5.4 Test data sheet completion
T0.5.5  PlANe@ SEETIIIE ..o et ettt
10.5.6  RR TESETUIIS oo oo
10.5.7 Plotting Ry test data
10.5.8 EvalUation ... N Y,
Test for couple moment interference on single-plane machines ...,
10.6.1 Starting point
10.6.2 Procedure
10.6.3  EVAIUATION ..ot
COMPENSALOT ST ..o . N——
10.7.1 Initial point
10.7.2 PIOCEAUITE ..ot
10.7.3  EVAIUATION s _/—
Simplified tests

10.8.1 General ...,
10.8.2 Simplified U, ,, test !
10.8.3  SIMPLfI€A Ry TOST oo
Annex A (informative) Information provided by the user to the balancing machine
IMMATIUEACTUT T ... 45
Annex B (informative) Ry it dia@ramis ...ttt 51
Annex C (informative) Shafts of outboard Type C proving rotors............ 54

Annex D (informative) User defined proving rotors for special cases including using a user
PIOAUCTION PATTE ... 56

© IS0 2022 - All rights reserved



ISO 21940-21:2022(E)

Annex E (informative) Modifications to proving rotors prepared in accordance with
IS0 2953 t0 thiS AOCUIMENIL..........occcoooooiiie e 57

Annex F (informative) Optional repeatability test

Annex G (informative) Optional speed range test

BIDLIOGIAPIY ...

© IS0 2022 - All rights reserved v



ISO 21940-21:2022(E)

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 documents 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).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

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) principles in the Technical Barriers to Trade (TBT), see
www.iso.org/iso/foreword.html.

ISO 21940-21 was prepared by Technical Committee 1ISO/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 second edition cancels and replaces the first edition (ISO 21940-21:2012), which has been
technically revised.

The main changes are as follows:

— the introduction of new computer based technology into balance machine indication systems;

— the introduction of additional tests for repeatability and speed range (see Annex F and Annex G);
— the introduction of greater clarification for use with automated and special purpose machines.
Alist of all parts in the ISO 21940 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 purpose of this document is to provide a common framework for the specification, comparison and
evaluation of balancing machines.

It describes a proforma on which the baseline balancing machine characteristics can be presented by
the manufacturer enabling users to compare products from different manufacturers. Additionally,
guidelines are given on the information by which users provide their data and requirements to a
balancing machine manufacturer.

This document describes the tests to be performed during the acceptance testing of a balancing
machine and later, on a periodic basis, to ensure that the balancing machine is capable of handling the
actual balancing tasks. For periodic tests, simplified procedures are specified.

Methods and requirements for preparing proving rotors (which can be of Type A, Type B or Type C, or
a user defined proving rotor e.g. based on a user supplied part) are specified, allowing a wide range of
applications to be covered.

The accuracy of all balance machines is inherently non-linear over their mass and speed range.
In normal practice, a hard bearing balance machine is calibrated over a particular part of its speed
and mass range, but outside that its accuracy cannot be assumed. As a consequence, a rotor specific
calibration should be performed to establish the machine accuracy at a specific speed and for a rotor of
a particular mass. This is normal practice for soft bearing machines or where the manufacturer states
that rotor specific calibration should be carried out.

© 1S0 2022 - All rights reserved vii
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Mechanical vibration — Rotor balancing —

Part 21:
Description and evaluation of balancing machines

1 Scope

This document sets out the requirements for evaluating hard and soft bearing balancing machines that
support and rotate:

a) rotors with rigid behaviour at balancing speed (as described in ISO 21940-11);

b) rotors with shaft elastic behaviour and balanced in accordance with low speed balancing
procedures (as described in SO 21940-12).

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.

[SO 21940-2, Mechanical vibration — Rotor balancing — Part 2: Vocabulary

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 21940-2 apply.
ISO and IEC maintain terminological 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/

4 Capacity and performance data of the balancing machine

4.1 General

The manufacturer shall specify the data listed in 4.2 for horizontal or 4.3 for vertical balancing
machines. Information to be provided by the user to the balancing machine manufacturer is summarized
in Annex A.

4.2 Data for horizontal balancing machines

4.2.1 Rotor mass and unbalance limitations

The maximum rotor mass, m, which can be balanced, shall be stated over the range of balancing speeds
(nqy, ny, ...).

The maximum moment of inertia of a rotor (given by, m r2 where m is the rotor mass and r the radius of
gyration) with respect to the shaft axis, which the machine can accelerate in a stated acceleration time,
shall be given for the range of balancing speeds (n;, n,, ...) together with the corresponding cycle rate
(see Table 1, Note 2).
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