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NATIONAL FOREWORD

This Indian Standard (Part 21) (First Revision) which is identical to ISO 21940-21 : 2022 ‘Mechanical
vibration — Rotor balancing — Part 21: Description and evaluation of balancing machines’ issued by
the International Organization for Standardization (ISO) was adopted by the Bureau of Indian Standards
on recommendation of the Mechanical Vibration and Shock Condition Monitoring Sectional Committee
and approval of the Mechanical Engineering Division Council.

This standard was first published in 2017 as IS/ISO 21940-21 : 2012 ‘Mechanical vibration — Rotor
balancing: Part 21 Description and evaluation of balancing machines’. This revision has been
undertaken to align it with the latest version of ISO 21940-21 : 2022.

The main changes are as follows:

a) The introduction of new computer based technology into balance machine indication systems;

b) The introduction of additional tests for repeatability and speed range (see Annex F and
Annex G); and

¢) The introduction of greater clarification for use with automated and special purpose machines.

Under the general title ‘Mechanical vibration — Rotor balancing’, the standard is in ten parts, other parts
are as following:

Part 1 Introduction

Part 2 Vocabulary

Part 11 Procedures and tolerances for rotors with the rigid behavior

Part 12 Procedures and tolerances for rotors with flexible behavior

Part 13 Criteria and safeguards for the in-situ balancing of medium and large rotors
Part 14 Procedures for assessing balance errors

Part 23 Enclosures and other protective measures for balancing machines

Part 31 Susceptibility and sensitivity of machines to unbalance

Part 32 Shaft and fitment key convection

The text of ISO standard has been approved as suitable for publication as an Indian Standard without
deviations. Certain terminologies and conventions are, however, not identical to those used in Indian
Standard. Attention is particularly drawn to the following:

a) Wherever the words ‘International Standard’ appear, referring to this standard, they should be
read as ‘Indian Standard’; and

b) Comma (,) has been used as a decimal marker, while in Indian Standards, the current practice
is to use a point (.) as the decimal marker.

In this adopted standard, reference appears to certain International Standard for which Indian Standard
also exist. The corresponding Indian Standard, which are to be substituted in their respective places,
are listed below along with their degree of equivalence for the editions indicated:

International Standard Corresponding Indian Standard Degree of
Equivalence
ISO 21940-2 : 2017 Mechanical vibration IS/ISO 21940-2 : 2017 Mechanical Identical

— Rotor balancing — Part 2: Vocabulary Vibration — Rotor balancing: Part 2
Vocabulary (first revision)

(Continued on third cover)
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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.

Vi
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Indian Standard

MECHANICAL VIBRATION — ROTOR BALANCING

PART 21 DESCRIPTION AND EVALUATION OF BALANCING
MACHINES

( First Revision )

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 ISO 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
(nqg, 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).


https://www.iso.org/obp
https://www.electropedia.org/
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4.2.2 Production efficiency

The production efficiency (further requirements are described in Clause 7) is the total time taken to
carry out the individual steps necessary to perform a balance measuring run.

The individual steps to be measured are:

a) time for mechanical adjustment (s);

b) time for setting indicating system (s);

c) time for preparation of rotor (s);

d) acceleration time for a stated rotor (s);

e) time taken for the balance reading to stabilize and for it to be recorded (s);
f) deceleration time for a stated rotor (s);

g) identifying unbalance readings taken (s);

h) any other times to be taken into account for operations to be carried out but not included in 4.2.2 a)
to 4.2.2 g) (s).

Total time per measuring run is given by adding the individual times measured in steps 4.2.2 a) to
4.2.2 h) (s).

Table 1 — Horizontal balancing machine data

Manufacturer: Model:

Balancing speeds or speed ranges ny | np | ny | ng

maximum, my,..

Rotor mass (kg) (see Note 1) .
minimum

Occasional overload force per support (N) (see Note 1)

Maximum negative force per support (N) (see Note 1)

Maximum rotor moment of inertia with respect to the shaft axis (kg m?)

Cycle rate per hour (see Note 2)

measurable
Maximum unbalance (g mm/kg or g mm) (see Note 3) —
permissible
a) Forinboard rotors minimum achiev- maximum mass,
able residual specific unbalance, e, .., Rotormass |m, ..
(g mm/kg) (see Note 4) (kg) (see 02m
Note 1) - max
minimum mass
b) For outboard rotors minimum achiev- maximum mass,
able residual specific unbalance, e, ,,, Rotormass |m, ..
(g mm/kg) (see Note 4) (kg) (see 02m
Note 1) /- max
minimum mass

NOTE 1 The occasional overload force is only stated for the lowest balancing speed. It is the maximum force per support
that can be accommodated by the machine without immediate damage. The negative force is the static upward force
resulting from a rotor having its centre of mass outside the bearing support.

NOTE 2 The cycle rate per hour for a given balancing speed is the number of starts and stops, which the machine can
perform per hour without damage to the machine when balancing a rotor of the maximum moment of inertia.

NOTE 3 In general, for rotors with rigid behaviour with two planes, the stated value is distributed proportionally to each
tolerance plane. For disc-shaped rotors with only one tolerance plane, the full stated value holds for one plane.

NOTE 4 This is the machine’s ability to measure the smallest amount of unbalance for a rotor (see 5.5.3).
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4.2.3 Rotor dimensions

General arrangement drawings of the pedestals and other obstructions (e.g. belt-drive mechanism,
shroud mounting pads, thrust arms and tie bars) shall be supplied to enable the user to determine the
maximum rotor envelope that can be accommodated and the tooling or adaptors required to support
and or drive the rotor.

A combination of large journal diameter and high balancing speed can result in an excessive journal
peripheral speed. The maximum journal peripheral speed shall be stated.

When belt drive is supplied, balancing speeds shall be stated for both the maximum and minimum
diameters over which the belt can drive the rotor.

The manufacturer shall state if the axial position of the drive can be adjusted.

Rotor envelope limitations shall be stated (see Figure 1).

1
__l______ ______________________ I ~ T I ~ T O N O O IO ~ w|l ©
el 25} sl ©
| -
3
| — 2
S | —
- 3
.//
L
Key
1 shaft
2 rotor
3  supports
4  bed
d diameter

Figure 1 — Example of a machine support drawing, illustrating rotor envelope limitations

If the left-hand support is not a mirror image of the right-hand support, separate dimensions for each
shall be shown. All maximum rotor swing diameters shall be dimensioned along with the pedestal
widths as indicated in the right hand pedestal.

If applicable, the profile of the belt-drive equipment shall be shown.
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In addition, these dimensions shall be recorded:
a) maximum diameter over bed (mm);
b) maximum diameter over which the belt can drive (mm);
¢) minimum diameter over which the belt can drive (mm);
d) distance between journal centrelines:
1) maximum (mm);
2) minimum (mm);
3) maximum distance from coupling flange to centreline of farthest bearing (mm);
4) minimum distance from coupling flange to centreline of nearest bearing (mm).
e) journal diameter:
1) maximum (mm);
2) minimum (mm).
f) maximum permissible peripheral journal speed (m s1);
g) correction plane limitations (consistent with the requirements of 5.4);

h) correction plane interference ratios (consistent with the requirements of 5.4 and based on the
proving rotor used).

4.2.4 Balancing machine drive data

Balancing machine drive parameters shall be recorded as shown in Table 2.

Table 2 — Balancing machine drive parameters

Balancing speed Rated torque on motor

r/min Nm

or steplessly variable or steplessly variable

from

to

4.2.5 Torque
The balancing machine torque parameters to be recorded are
a) zero-speed torque (% of rated torque on rotor),

b) adjustable run-up torque (from ...... % to ...... % of rated torque on rotor), and
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c) peaktorque (% of rated torque on rotor).

In most cases, the maximum torque is required for accelerating a rotor. However, in the case of a rotor
with high windage or friction loss, maximum torque can be required at balancing speed. When there is
axial thrust, it is necessary that provisions are made to take this into account.

4.2.6 Type of rotor drive

The type of rotor drive shall be recorded (e.g. end drive by band, belt drive, magnetic field, driven
bearing rollers, air jet).

In addition, these drive motor parameters shall be recorded:
a) rated power (kW);
b) motor speed (r/min);

c) power supply, voltage (V), frequency (Hz) and phase (single or three phase).

4.2.7 Brake

These brake parameters shall be recorded:

a) type of brake;

b) adjustable braking torque (from ...... % to ...... % of rated torque on rotor);

c) ifthe brake can be used as a holding device.

4.2.8 Motor and controls

The standards against which the drive motor and its controls have been manufactured and tested shall
be recorded.

4.2.9 Speed regulation

It shall be recorded whether or not motor speed regulation has been incorporated and if it has, what its
specifications are (range within ...... % of ...... r/min, or constant at ...... r/min).

4.2.10 Couple moment interference ratio, /.,
The couple moment interference ratio (g mm/(g mm?2)) shall be recorded.

NOTE This value is only applicable for single-plane balancing machines. It describes the influence of couple
unbalance in the rotor on the indication of a resultant unbalance.

4.2.11 Air pressure requirements

The air pressure requirements for the balancing machine shall be recorded in Pa and volume flow rate
inm3 sl
inm3 s,

4.3 Data for vertical balancing machines

4.3.1 Rotor mass and unbalance limitations

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

The maximum moment of inertia of a rotor (given by, m r2 where, m, is the rotor mass and, r, is the radius
of gyration) with respect to the shaft axis, which the machine can accelerate in a stated acceleration

5
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time, shall be given for the range of balancing speeds (n;, n,, ...) together with the corresponding cycle
rate (see Table 3).

Table 3 — Vertical balancing machine data

Manufacturer: Model:

Balancing speeds or speed ranges ng | ny | nyg | ny

maximum, m ..

Rotor mass (kg) (see Note 1) —
minimum

Occasional overload force per support (N) (see Note 1)

Maximum rotor moment of inertia with respect to the shaft axis (kg m2) (see
Note 2)

Cycle rate per hour (see Note 2)

measurable

Maximum unbalance (g mm/kg or g mm) (see Note 3)

permissible

NOTE 1 The occasional overload force is only stated for the lowest balancing speed. It is the maximum force per support
that can be accommodated by the machine without immediate damage.

NOTE 2 Cycle rate per hour for a given balancing speed is the number of starts and stops, which the machine can perform
per hour without damage to the machine when balancing a rotor of the maximum moment of inertia.

NOTE 3 In general, for rotors with rigid behaviour with two planes, the stated value is distributed proportionally to each
tolerance plane. For disc-shaped rotors with only one tolerance plane, the full stated value holds for one plane.

NOTE 4 This is the machine’s ability to measure the smallest amount of unbalance for a rotor (see 5.5.3).

4.3.2 Production efficiency

The production efficiency (further requirements are described in Clause 6) is the total time taken to
carry out the individual steps necessary to perform a balance measuring run.

The individual steps to be measured are

a) any mechanical adjustment of the balancing machine needed, including to the drive, tooling or
adaptor,

b) preparation of any other devices and systems needed,
c) setting the indicating system,

d) preparation of the rotor for the measuring run,

e) balance cycle acceleration time,

f) reading time (e.g. the total time between the end of the acceleration run and the start of the
deceleration run),

g) deceleration time,
h) any further operations necessary to relate the readings obtained to the rotor being balanced,
i) loading and unloading times, and

j) time taken for any other relevant operations to be completed (e.g. safety measures).

4.3.3 Rotor dimensions

If the machine has two or more speeds, the rotor dimensions shall be stated for each speed. If the
machine has continuously variable balancing speeds, then the information shall be presented in the
form of a table, formula or graph.
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Drawings of the spindle support surface or mounting plate and of any obstructions (e.g. drill heads and
electrical control cabinets) above the mounting plate shall be supplied to enable the user to determine
the maximum rotor envelope that can be accommodated and the tooling or adaptors required.

In addition, these rotor dimensions shall be recorded:
a) maximum diameter (mm);
b) height:
1) maximum overall height (mm);
2) maximum centre of mass height (mm):
i) at100 % of maximum mass (mm);
ii) at50 % of maximum mass (mm);
iii) at 25 % of maximum mass (mm).
c) envelope limitations (including machine spindle or mounting plate interface (see Figure 2));

d) correction plane limitations (consistent with the requirements of 5.4).
od

i/
_— ~ \& .

i 8
9
Key
1 rotor 5 upper correction plane 9  spigot diameter
2 adaptor 6  centre of mass plane 10 maximum height above spindle
3 protractor 7  lower correction plane d  diameter
4 spindle 8  mounting holes for

adaptor

Figure 2 — Example of vertical machine mounting interface and rotor envelope
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4.3.4 Balancing machine drive data

Balancing machine drive parameters shall be recorded as shown in Table 2.

4.3.5 Torque
See 4.2.5.

4.3.6 Type of drive to rotor
See 4.2.6.

4.3.7 Brake
See 4.2.7.

4.3.8 Motor and controls

See 4.2.8.

4.3.9 Speed regulation
See 4.2.9.

4.3.10 Couple moment interference ratio

See 4.2.10.

4.3.11 Air pressure requirements

See 4.2.11.

5 Machine features

5.1 Principle of operation

A description of the principle of operation of the balancing machine shall be given (e.g. motion
measuring, force measuring).

5.2 Machine arrangement

The manufacturer shall describe the configuration of the balancing machine and its principal design
features (e.g. horizontal or vertical axis of rotation, soft or hard bearing suspension system).

In addition, and as applicable, the manufacturer shall provide details of:
a) components designed to support the rotor, for instance:

1) vee blocks;

2) openrollers;

3) plain half bearings;

4) closed ball, roller or plain bearings;

5) devices to accommodate rotors in their service bearings;
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6) devices to accommodate complete units.
b) bearing lubrication requirements;

c) for horizontal machines only, the mechanical adjustment and functioning of the means provided to
take up axial thrust from the rotor;

d) the type(s) of transducer(s) used to sense unbalance effects;

e) the drive method and the means to control it.
5.3 Measuring system

5.3.1 General

A balancing machine shall have the means to determine the amount of unbalance and its angular
location.

The balancing machine manufacturer shall describe the measuring system used in their machine, for
instance:

a) whether it is computer based (to include type and size of visual display used, data entry method,
software architecture and communication and compatible operating system and PC minimum
requirements);

b) whether itis electronically based;
c) the number of unbalance channels included and the phase or encoder inputs included;

d) the type of unbalance pickup used and the signal given.

5.3.2 Unbalance indicators

The manufacturer shall describe the means by which the amount and angle of the unbalance is provided,
for instance by using

a) adisplay showing vectors in polar coordinates,
b) anumerical digital display with number of decimal places and significant digits,

c) any display showing the position and amount of the balance correction(s) needed (e.g. the position,
depth and shape of the material to be removed or the position and amount of the material to be
added), and

d) a means of displaying any tooling (e.g. a holding device for the rotor under test) compensation
needed.

5.3.3 Additional features

Additional features, which influence the functioning of the balancing machine shall be described.
For information, additional features, which can be included in the machine are, but not limited to
a) whether an arbitrary coordinate system is used (e.g. geometric centring),

b) anindication of the unbalance resolved into components (which can be in more than two correction
planes),

c) any correction devices installed,

d) any device used to show the position and/or amount of the correction to be applied to the rotor,
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e) whether a suitable output for connection to a computer, network, printer or other peripheral is
provided, and

f) any error proofing system(s) installed.

5.3.4 Operation of the indicating system

The manufacturer shall describe the procedure by which readings are obtained, taking into account at
least

a) how many runs are required to obtain the unbalance measurements,
b) how the unbalance measurements are displayed,

c) if there are readings retained at the end of the measuring run and if readings from previous runs
can be recalled,

d) if readings can be made and displayed in real time during the measurement run, averaged over
time,

e) ifreadings can be made and displayed, as an average, after several runs have been completed, and

f) how the addition or subtraction angle of unbalance is selected.
5.4 Plane separation system

5.4.1 Multi-plane balancing machines

The manufacturer shall state whether plane separation is included and if it is, at least these details shall
be provided:

a) how is it operated for single rotors of a type not previously balanced;
b) how is it operated for single rotors, in series, with identical dimensions and masses;

c) the limits of rotor geometry over which plane separation is effective shall be defined with the
effectiveness stated on the basis of the correction plane interference ratio, stating:

1) the ratio of bearing distance to plane distance for which plane separation is effective;
2) whether either or both correction planes can be between or outside the bearings;

3) whether the centre of mass can be between or outside the two selected correction planes or
bearings.

d) whether the indicator system can also be used to directly measure the resultant and couple
unbalances.

5.4.2 Single-plane horizontal or vertical balancing machines

The manufacturer shall state to what extent the machine is able to suppress the effects of the couple
moment (see 10.6).

5.5 Setting and calibration of the measuring system

5.5.1 General

The manufacturer shall describe the means of setting and calibrating their machine and the methods
provided for evaluating them.

10
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The manufacturer shall state whether the machine can be set to display any desired unit, whether SI
units or unbalance units.

The manufacturer shall state the number of runs required for calibrating the balancing machine
a) for single-plane balancing,

b) for two-plane balancing, and

c) for three or more plane balancing.

The manufacturer shall state the maximum permissible change in speed during calibration and
operation.

5.5.2 Soft-bearing machines

The manufacturer shall state how calibration and elimination of cross plane influence is to be
accomplished on the first rotor of a particular mass and configuration, whether total or partial
recalibration is required when changing the balancing speed and if the calibration factors are stored
within the measuring system and can be recalled.

5.5.3 Hard-bearing machines

The manufacturer shall state whether the balancing machine is permanently calibrated and can be
set according to the rotor to be balanced, whether it requires re-calibration by the user for different
balancing speeds, rotor masses and dimensions and whether these calibration factors are stored within
the measuring system and can be recalled.

The minimum achievable residual specific unbalance, e, ., that can be achieved with the balancing
machine shall be specified in terms of specific unbalance (g mm/kg). The value of e, shall be stated
for the full range of rotor masses and balancing speeds of the machine.

In achieving the stated e, ,,, the manufacturer shall consider whether the accuracy of

mar’
a) amountindication,

b) angle indication,

c) plane separation, and

d) drive, bearings are adequate for the intended use of the machine.

It should be noted that the stated e, applies to the balancing machine as delivered. Other variables
that can affect the e ,. and which may need to be taken into account are:

e) out-of-round journals;
f) excessively heavy or loose adaptors;

g) any other tooling employed by the user.

6 Production efficiency

6.1 General

Production efficiency is the ability of the machine to assist the operator in balancing a rotor to a
given residual unbalance in the shortest possible time. It shall be assessed by using a proving rotor or,
alternatively, a test rotor specified by the user.

To find the production efficiency for a specific rotor (e.g. the number of pieces per time or the reciprocal
of the floor-to-floor time), the time taken per measuring run, the number of runs, the time for loading

11
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and unloading and the unbalance correction shall be taken into account. The number of measuring runs
required depends on the average initial unbalance, the specified balance tolerance and the unbalance
reduction ratio, Ryp.

6.2 Time per balance cycle

For the proving rotor or rotors specified by the user (e.g. mass produced parts) the procedure to be
used shall be described in detail and state, where applicable, the average time used for each of the
operations.

When any operation is performed by an operator, this shall be noted and any correction time needed
stated as averaged or specified criteria (e.g. based on the number and size and depth of holes).

At least these points shall be taken into account when establishing production efficiency:

a) any mechanical adjustment of the balancing machine needed, including to the drive, tooling or
adaptor;

b) preparation of any other devices and systems needed;
c) setting the indicating system;

d) preparation of the rotor for the measuring run;

e) balance cycle acceleration time;

f) the reading time (e.g. the total time between the end of the acceleration run and the start of the
deceleration run);

g) deceleration time;

h) any further operations necessary to relate the readings obtained to the rotor being balanced;
i) loadingand unloading times;

j) time taken for any other relevant operations to be completed (e.g. safety measures).

If special tools, not supplied as part of the standard equipment, are necessary to accommodate a rotor,
this shall be specified (e.g. bearing inserts, couplings for drive shafts and shrouds).

For automated machines with many operations that cannot be carried out in series, a timing chart (e.g.
as shown in Table 4) may be used to record individual operation and overall times. Timings that vary
due to non-controllable influences shall be highlighted and defined (e.g. human intervention).
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Table 4 — Possible timings chart

Total time taken
S
Operation
Sequence time Criteria |1 |2 |3 |4|5|6|7(8|9|10| 11|12 |13 |14 | 15| 16 | etc.
S
Operator
loads part
and starts & Human
cycle
Clamp part 1 Machine
Measure
part diam- 4 Machine
eter and
run-out
Accelerate 3 Machine
Measure un- 4 Machine
balance
Decelerate 1 Machine
Index to
correction 1 Machine
angle
Hydraulic 1 Machine
clamp
Mill feed to
depth 3 3 mm
Carry out
milling cor- 6 120°
rection
Unclamp
rotary tgble 1 Machine
from spin-
dle
Accelerate 1 Machine
Measure 4 Machine
Decelerate 1 Machine
Orientate
spindle for 1 Machine
next part
Unclamp 1 Machine
Operator
unloads 4 Human
part

6.3 Unbalance reduction ratio, Ry

The manufacturer shall state the Ry for the machine that shall include R percentage for both inboard
and outboard rotors.

It is assumed in stating the Ry;p that the addition or subtraction of mass is made without error and in
accordance with the operating instructions for the balancing machine.
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InISO 21940-2, Ryy is defined as the ratio of the reduction in unbalance by a single unbalance correction
to the initial unbalance and is given by Formula (1):

=U1 —U2 :1_U_2

Uy Uy

M

Ryr
where:

U; isthe amount of initial unbalance;

U, isthe amount of unbalance remaining after one correction.

7 Performance qualifying factors

The manufacturer shall state the range of factors within which the machine is capable of achieving the
guaranteed performance, for example

a) temperature,

b) humidity,

c) balancing speed variation, and

d) line voltage and frequency fluctuations.
The manufacturer shall also state

e) whether the performance of the machine is significantly changed by the use of ball bearings in the
rotor journals, and

f) whether the unbalance indication of the rotor is significantly affected if the rotor bearing thrust
face is not perpendicular to the rotor axis.

8 Installation requirements

8.1 General

In considering the siting of the balancing machine, the manufacturer shall state the precautions to be
observed to obtain satisfactory performance in the presence of, at least

a) extraneous vibration,
b) electromagnetic radiation, and

c) condensation, cleanliness and any other relevant factors (e.g. those referred to in Clause 7).

8.2 Supply requirements

Balancing machines shall be provided with input connections that are plainly marked with at least, and
where applicable

a) therequired electrical supply voltage and frequency,

b) whether the machine requires 3 or 4 wire electrical supply,

c) the pressure (Pa) and volume flow rate (m3 s1) of the required compressed air supply,
d) the pressure (Pa) and volume flow rate (m3 s1) of the required hydraulic supply, and

e) the pressure (Pa), volume flow rate (m3 s'1) and temperature (°C) of the required water supply.
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8.3 Foundation

The manufacturer shall state the overall dimensions and mass of the balancing machine and the type
and size of foundation required for it under which its specified performance is assured (e.g. whether it
requires installation on concrete blocks or a workbench).

9 Proving rotors and test masses

9.1 General

This clause specifies the technical requirements for a range of proving rotors for use in testing
balancing machines. It specifies rotor masses, materials, dimensions, limits, tapped hole dimensions,
rotor balancing requirements and details of test masses for standardized proving rotors (see 9.2). The
extent and cost of the tests required as well as the rotor size(s) to be used, may be negotiated between
the manufacturer and the user of the machine.

For special purpose machines and for machines dedicated to the testing of a particular part, a specialized
proving rotor (see Annex D) may be used instead of a standardized proving rotor, provided that the
production rotor can be prepared in accordance with the principles of the standardized proving rotor.

9.2 Standardized proving rotors

To evaluate and compare the performance of balancing machines, it is possible to manufacture a
proving rotor of a similar configuration, mass and moment of inertia to simulate the range of rotors to
be balanced.

Proving rotors can also be used for machine calibration.
The manufacturer shall state whether a proving rotor is supplied with the machine.
NOTE The shipment of proving rotors to the user is the subject of individual negotiation.

Proving rotors shall be manufactured of steel and shall be similar to those described in Table 3 and
Figure 4 for vertical machines, Table 6 and Figure 5 for horizontal machines (inboard rotor), or Table 7
and Figure 6 for horizontal machines (outboard rotor).

Proving rotors with only 8 holes per plane may be modified to comply with the requirements of this
document (see Annex D).

For machines covered by the requirements of this document, the manufacturer shall have available
proving rotors that may be used to confirm the performance of each machine prior to shipment from
their plant.

If a horizontal machine is to be used for balancing outboard rotors (or inboard rotors with correction
planes overhanging on one side), additional tests shall be agreed upon (see Clause 10) and require the
use of a Type C or user defined proving rotor.

Clear and permanent angle markings shall be provided on each proving rotor every 10° and enumerated
at intervals of 30° Two such scales with a clockwise and counter-clockwise enumeration may be
provided.

For machines to be used over their mass capacity range, two proving rotors shall be used, one with a
mass in the lower third of the machine mass capacity range and one with a mass in the top third of the
machine mass capacity range.

However, after successfully carrying out a machine performance evaluation (e.g. after installation) and
if agreed, it is acceptable to revaluate machine performance after that (e.g. by carrying out an annual
evaluation) using only one proving rotor having a mass anywhere in the machines mass capacity range.
Often a single proving rotor having a mass in the lower third of the balance machines mass capacity
range is used, once the balance machine performance has been successfully initially evaluated.
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For machines intended to be used only over a particular part of their mass capacity range, a single
proving rotor shall be used with a mass in the middle of the rotor masses to be tested.

Each type of proving rotor has three planes for test mass attachment. Where it is not practical to have a
centre plane, suitable mass sets can be added to undertake the minimum achievable residual unbalance

test, U, test, in two planes.

The same proving rotor and test masses shall be used for tests carried out in one or two planes.

N W —

T

a) Proving rotor without journals — Type A

13 72 12
| - 3 7
H
tHH—e—HEx =S _._}_ I
N B |
| | Il | Il i
b) Inboard proving rotor with journals — c) Outboard proving rotor with journals —
Type B Type C
Key
1,2 correction planes
1,2,3 testplanes
I 1I assumed bearing planes

NOTE Centre of mass position is inboard in Type A and Type B but outboard in Type C (shaft plus Type A
rotor).

Figure 3 — Proving rotors Type A, Type B and Type C

The proving rotor types covered by the requirements of this document are:

a) Type A: Rotors without journals, balanced on a vertical machine (or balanced on a horizontal
machine with integrated spindle), in one or two correction planes (see Figure 3 a)).

Service bearing planes may be anywhere (e.g. one on each side, or both on one side of the main
rotor body). However, for the tests described in this document, it is assumed that one bearing is on
each side of the rotor.

b) Type B:Inboard rotors with journals, balanced on a horizontal machine, mostly with two correction
planes between the bearings (see Figure 3 b)).

Service bearings are positioned on either side of the rotor.

c) Type C: Outboard rotors with journals, balanced on a horizontal machine, with two overhung
correction planes (see Figure 3 c)).

Service bearing positions are similar to those on the proving rotor.

NOTE1 A Type C proving rotor is composed of a shaft and a proving rotor of Type A mounted to it.
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NOTE 2  Calculations for U, ,, for a Type C proving rotor are based on the total mass (shaft and proving
rotor Type A).

9.3 User defined proving rotors

User defined rotors are used to meet the requirements of a specific application or where a Type A, Type B
or Type C rotor is not suitable. The user defined proving rotor shall replicate the mass, geometry and
inertia of the rotor to be balanced and can be manufactured to replicate a typical rotor to be balanced
or be a modified production rotor.

Where the user defined rotor is mounted in a housing, its mass shall be similar to the one it is replicating
along with the overall non-rotating housing being of a similar mass to the one it replicates.

Where there is the possibility of the user defined rotor deteriorating during testing, it shall have
hardened and ground mating surfaces. The surface finish and roundness of any journals shall be of a
quality to enable the machine to pass the tests described in this document.

There shall be a means of attaching test masses to the user defined rotor so as to be able to conduct the
machine evaluation tests described in this document. Test masses are usually attached to the rotor by
means of tapped holes and screws or threaded studs and nuts, but it can also be by other means (e.g. a
method of clipping a test mass to the rotor or a hole to insert a non-locking test mass). The radii where
the test masses are to be added shall be measured with sufficient accuracy to pass the tests described
in this document (typically +0,025 mm).

12 equally spaced positions for attaching the test weights shall be identified unless otherwise agreed
between the machine manufacturer and user. If such an agreement is made, then the evaluation sheets
shall be modified accordingly. The angular positioning tolerance shall be adequate to pass the tests
described in this document (typically +0,1°).

As far as is practical, test masses shall be manufactured in accordance with the requirements of 9.4.
When a rotor is connected to another driveline item (e.g. tooling), these additional driveline masses
shall be included when calculating the test mass.

9.4 Testmasses

9.4.1 General
Test masses are used to create defined unbalances in the proving rotor test.

Since the test positions have threaded holes, test masses may be in the form of bolts and screws. One
solution is to have stud bolts permanently fixed in all test mass mounting positions, protruding from
the surface of the rotor by a fixed height, and to fix the test masses to them. In this case, test masses are
rings and the precise location of their centres of mass (radius) can be easily identified.

The unbalance value of a test mass is always expressed in units of U, . (e.g. multiples of e, ).

If the U, is specified per plane, U

mar 1S calculated using Formula 2.

Upar =2 Uy, perplane (2)

r

Ife,,, is stated, U,

mar'n (3)

is obtained by using Formula 3.

where n are multiples.

The required value for a particular test mass is derived from the required unbalance and the radius of
its centre of mass, when attached to the proving rotor.
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o0
od

36 equal divisions of 10°, enumerated at 30° intervals, clockwise, counter clockwise
12 equally spaced threaded holes G (see Table 5) in each of the three test planes
threaded hole for lifting eye

holes in this face are used to balance the rotor (optional)

four equally spaced through holes T (see Table 5)

N U1 A W N

two equally spaced threaded holes G (see Table 5)

All tolerances and residual unbalance shall be in accordance with the test aims.

Proving rotors meeting the requirements of SAE ARP 4162A[¢] may be used instead of those described in this
document with test masses modified to suit the tests to be performed as described in this document.

NOTE For dimensions, see Table 5.
a Except for Y and Z, dimensions may be varied.

b Interface dimensions (spigot) shall comply with the requirements of SAE ARP 4162AI[¢] proving rotors (where
existing).

Figure 4 — Type A proving rotors for tests on vertical balancing machines
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a) Type B proving rotor
L
—
~D _-%- ( B E %
T -
b) Journal end details for belt drive rotors c) Journal end details for end drive rotors
Key

1 36 equal divisions of 10°, enumerated at 30° intervals, clockwise, counter clockwise
2 12 equally spaced threaded holes N (see Table 6) on each end for trim balancing

3 12 equally spaced threaded holes N (see Table 6) in each of the three test planes
4  number and size of threads

End-drive interface dimensions shall comply with those of the drive shaft used.

All tolerances and residual unbalance shall be in accordance with the test aims.

Proving rotors from SAE ARP 4162Al6] may be used instead, with test masses modified to suit the requirements of
the tests described in this document.

Rotors with only 8 holes per plane may be modified to comply with the requirements of this document (see 9.4.4.2).

NOTE For dimensions, see Table 6.
a2 Dimensions 4, B and C may be varied, provided that: A~ B/2, C = B/2.

b Ifthe shafts are used as ball bearing seats, a shoulder should be provided so that bearings are perpendicular to
the rotor axis and the centres are at the prescribed axial location.

Figure 5 — Type B proving rotors for inboard tests on horizontal machines
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1 12 equally spaced threaded holes N (see Table 7). The axial position is required to be in between the bearings.
2 12 equally spaced threaded holes N (see Table 7)

End-drive interface dimensions for shaft no. 3 to no. 5 (see Table 7) are in accordance with Type B proving rotor no.
4 to no. 6.

All tolerances and residual unbalance shall be in accordance with the test aims.

A proving rotor meeting the requirements of SAE ARP 4162Alel may be used instead of a Type A proving rotor with
test masses modified to suit the requirements of the tests to be performed and to meet the requirements of this
document.

NOTE 1 For dimensions, see Table 7. The distance of the centre of gravity to the right hand bearing is y2.

NOTE 2 Type C proving rotors are made of a shaft (see Figure C.1 and Table C.1) and a Type A proving rotor.

NOTE 3 Recommended dimensions of shafts (for end-drive) fitting Type A proving rotors see E.3.
NOTE 4 Interface dimensions (spigot) comply with Type A proving rotors.

a2 Dimension may be varied, provided the centre of mass stays outboard with the same overhang and the position
of holes N between bearings is maintained.

Figure 6 — Proving rotors Type C for outboard balance plane tests on horizontal machines

9.4.2 U,, test masses

9.4.2.1 General
For the U, test (see 10.4), one test mass producing 10U, is required for Plane 3 (see Table 6).

For Type A or Type B test masses of 5U,,, each for Plane 1 and Plane 2 can be used instead. There is no
recommended alternative for Type C proving rotors.
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9.4.2.2 Type A and B proving rotors

For Type A and Type B proving rotors, U, .. shall be calculated in accordance with the requirements of

mar
Clause 9 using the values given in:

a) Table 5 for vertical machines and for horizontal machines with integrated spindles (Type A); or
b) Table 6 for horizontal machines for inboard rotors (Type B).

EXAMPLE Horizontal machine, Type B proving rotor as in Table 6, no. 5 where m = 50 kg.

Claimed in Table 1: e, ,. = 0,5 g mm/kg.

Calculation in accordance with the requirements of 10.4: if U,,. = 0,5 g mm/kg and m = 50 kg, then U, =
25 g mm.

The U,,,, test mass is to produce 10 U, = 250 g mm.

9.4.2.3 Type C proving rotors

For Type C proving rotors on horizontal machines for outboard tests, perform the same calculation for
U,,.r as described in 9.4.1 but using the values given in Table 7.

NOTE This leads to test masses different from those of the inboard test because:

a) themassofa Type C proving rotor is different from a Type B proving rotor;

b) the value claimed in Table 1 as e, ,,. for inboard rotors may differ from that for outboard rotors;
c¢) themassisattached to a different rotor diameter and thus has a different effective measurement radius.
EXAMPLE Horizontal machine, outboard Type C proving rotor as in Table 7, no. 3 and m = 19,5 kg.
Claimed in Table 1: e .. = 2 g mm/kg.

= 2 g mm/kg and m = 19,5 kg, then U

Calculation in accordance with the requirements of 9.4.2.2: U, mar =

mar
39 g mm.

So the U, test mass is to produce 10 U ,.= 390 g mm.
9.4.3 Ryptest masses

9.4.3.1 General

For the Ry test (see 10.5) two test masses (a stationary and a travelling mass) per test plane are
required.

9.4.3.2 Type A and B proving rotors
For Type A and B proving rotors, the test masses are:

a) one (for a single-plane test) or two (for a two-plane test) stationary masses, Ug,on, €ach producing
20 Uy, to 60 U,

mar’

b) one (for a single-plane test) or two (for a two-plane test) travelling masses, U, each producing

five times the unbalance of the stationary masses.

ravel’

EXAMPLE Using the same proving rotor and claimed value of e, as is shown in the example in 9.4.2.3, and
stationary test masses producing 30 times the U, .leads to:

The Ry stationary test masses are to produce Uj =30 U, =30 x 25 gmm =750 g mm.

tation

5U. =3750 gmm.

The Ry travelling test masses are to produce U, station =

ravel ~
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9.4.3.3 Type C proving rotors

For Type C proving rotors, perform the same calculation as described in 9.4.3.2. However, in order to

use the same Ry evaluation diagram, Ug,iion = 60 Upyar t0 Ugtation = 100 Upyare
NOTE The test masses differ from those for Type A proving rotors.

For Type C proving rotors (outboard) and as an alternative, the Ry test can be performed using
resultant or couple test masses.

Based on the requirements of ISO 21940-11, for resultant test masses use

a) one stationary mass, producing U, =20U,, to60U,,,,,and

es station mar’

b) one travelling mass, producing U,.q travel = 3 Ures station-
For couple test masses, use
c) two stationary masses, each producing U, ¢iation = 4 Ures stations a0d

d) two travelling masses, each producing U, .2vel = 5 U station-
9.4.4 Permissible test mass errors

9.4.4.1 General

The permissible test mass error is directly related to the task to be performed and shall not influence
the test result by more than +10 %.

For the U, ,, test, the permissible mass error is +1 %.

For the Ry test, the permissible mass error percentage is directly related to the claimed Ry and is
given by +0,1-(100 % - Ryg).

EXAMPLE For a test with a claimed Ry of 95 %, the permissible mass error is £0,1-(100 % - 95 %) = 0,5 %.

9.4.4.2 Position
The test mass mounting positions shall be at 30° intervals in each plane.

Proving rotors with only 8 holes per plane may be modified to comply with the requirements of this
document (see Annex E).

The 0° reference in each test plane shall be at the same angular orientation (in the same plane through
the axis of rotation).

The test mass mounting positions shall be located relative to the true position in each of three directions
with these permissible errors:

a) in the axial direction within the same percentage as determined for the mass tolerance in 9.4.4.1
for the Ry test (e.g. £0,5 %), but applied to the correction plane distances;

b) in the radial position within the same percentage as shown in 9.4.4.2 a) (e.g. £0,5 %), but applied to
the radius;

c) inthe angular position within the same percentage as shown in 9.4.4.2 a), but applied to the unit of
angle (1 rad = 57,3°) (e.g. 0,5 % is equivalent to £0,3°).

In order to facilitate tests with proving rotors of Type B and Type C, it is advisable to align the thread
pattern for the end drive to the 0° position of the proving rotor.
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9.4.5 Material

For some proving rotors, test masses can be difficult to design and inconvenient to handle because of
their small size. In these cases, it is preferable to make the test masses from low-density material (e.g.
aluminium or plastic) in order to ensure their physical size makes them easier to handle.

10 Balance machine verification tests

10.1 General

This clause describes the tests that shall be carried out to evaluate the performance of a machine,
depending on the machine type:

a) as pre-delivery tests at the manufacturers facility prior to delivery to the user;
b) after installation at the users facility;

c) where parts of the machine (e.g. those related to the performance of the machine or out of balance
measurement) have been replaced in an already installed machine.

The tests to be performed are shown in Table 8. However, performing

d) therepeatability test, and

e) speed range test.

The test procedures to be used for the repeatability and speed range tests are described in Annex F.

The specific tests to be carried out on an already installed, unchanged machine, are subject to agreement
between the machine manufacturer and user. However, to meet the requirements of this document, and

as a minimum, U, and Ry tests shall be carried out as shown in Table 9.

Table 8 — Balancing machine verification test matrix

Test to be performed
Speed
Machine type Repeatability
Upar | Ryr | Isc | Compensator range
(see E.1)
(see G.1)
End drive horizontal two-plane X X A 0 0
Belt drive horizontal two-plane X X A 0 0
Dual drive horizontal two-plane X X X 0 0
Self or other drive horizontal single-plane| X X X A 0 0
Self or other drive horizontal multi-plane| X X A 0 0
Vertical single-plane X X X A 0 0
Vertical two-plane X X X 0 0
Self or other drive vertical X X A X 0 0
Non-rotating machine X X X X 0
Overhang horizontal machine single-plane| X X X X 0 0
Overhang horizontal machine two-plane| X X X 0 0
Drive shaft machine X X X 0 0
Key
X  This test shall be carried out.
A This test shall be carried out if the machine has that capability and the function is to be used.
O This test shall be carried out with the agreement of all stakeholders.
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Table 8 (continued)
Test to be performed
. Speed
Machine type Repeatability
Upar | Ryr | Isc | Compensator range
(see E.1)
(see G.1)
Axle machine X X X 0 0
Special purpose single-plane X X X A 0 0
Special purpose multi-plane X X A 0 0
Key
X This test shall be carried out.
A This test shall be carried out if the machine has that capability and the function is to be used.
O This test shall be carried out with the agreement of all stakeholders.
Table 9 — Tests that can be omitted after initial test for all machine types
Test to be performed
. Speed
Test Repeatability
Upar | Ryr | 1. | Compensator range
(see Annex F)
(see Annex G)
Run off at manufacturer No | No | A Yes No 0
Run off at user No | No | O 0 No 0
Routine test with mutual agreement No | No | O 0 0 0
Key
A This test shall be carried out if the machine has that capability and the function is to be used.
O This test shall be carried out with the agreement of all stakeholders.

10.2 Requirements for evaluating balance machine performance

To evaluate the claimed performance of the machine, the tests described in 10.4 to 10.5 shall be
performed by the manufacturer at their plant and after installation at the user's site:

a) theU,,, test;
b) the Ry test;

c) the I, test (test for interference from couple moment unbalance with resultant unbalance
indication), required only for single-plane machines;

d) the test of the compensator used for index balancing.

The tests shall be performed during acceptance testing of the balancing machine and on a periodic
basis to ensure that the machine is capable of handling the actual balancing tasks in production. If the
balance machine has both end and belt drives, all tests shall be carried out with each drive, but this can
be reduced to the drive type that is most commonly used or, in agreement between the test conductor
and the user, for machine installations that have not been altered.

Type A and Type B proving rotors are chosen according to the type of balancing machine under test
(see 9.2). Type C proving rotors shall be used only if outboard rotors are to be balanced on a horizontal
machine and upon prior agreement between the manufacturer and user, subsequently a user defined
proving rotor can be used if a Type A, Type B or Type C proving rotor does not represent the rotors
commonly balanced with regard to their mass and geometry.

NOTE
rotors.

Table 5 and Table 6 give an overview of the U,,,,. and Ry tests for Type A, Type B and Type C proving
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The tests described in 10.2 a) to 10.2 d) represent the minimum requirements designed to establish
conformity with the requirements of this clause. However, those tests do not prove conformity with all
requirements over the full range of variables, nor do they define the exact reason when the machine
fails to comply.

When a balancing machine fails a test, the complete test shall be repeated once the machine has been
rectified.

The machine shall then meet the requirements of all necessary tests to be considered acceptable.
However, performing
a) the repeatability test, and

b) the speed range test on a new or an already installed, unchanged machine, is subject to agreement
between the machine manufacturer and user.

The test procedures to be used for the repeatability and speed range tests are described in Annex G and
Annex F.

10.3 Test speed

The test speed to be used when running the proving rotor shall be agreed between manufacturer and
user and shall be either (see Table 1):

a) atypical speed of the balancing machine in accordance with the machine specification, or

b) lay between 10 % to 20 % of the highest permissible test speed of the proving rotor (see Table 5 to
Table 7) if that speed lies within the range of the balancing machine, or

c) atypical speed at which the user intends to balance rotors, or

d) when a user defined rotor is used as a proving rotor, the intended balancing speed for that rotor.

10.4 Test for establishing the minimum achievable residual unbalance, U,

10.4.1 General

The U,,,, is the smallest amount of residual unbalance (g mm) that a balancing machine is capable of

achieving under a given set of conditions.
This test is intended to check the ability of the machine to balance a rotor to the claimed U,
A two-plane test is described in detail and deviations for a single-plane test are mentioned.

An overview of U, .. and Ry tests with the proving rotors described in Table 5 is shown in Table 11.
10.4.2 Initial balancing machine setting

10.4.2.1 Plane setting for balancing

For the particular rotor under consideration, perform the mechanical set up of the balancing machine.
Calibration or setting is done for balancing in plane(s) which are not the test planes (see Table 5 and
Table 6).

The test planes for Type A, Type B and Type C proving rotors are described in Table 10 which should be
read in conjunction with Table 6.
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10.4.2.2 Initial unbalance

Ensure that the unbalance in each plane of the proving rotor is smaller than five times the claimed U, ,,.
(10 times for a single-plane test). If necessary, correct for these unbalances. Use locations which do not
interfere with the tests to be performed (e.g. correction planes on a Type B proving rotor or rotor body
end-faces (see Key 2 in Figure 5)).

Table 10 — Proving rotors and their planes for the tests described in Table 6

Balancing | Centre of Proving rotor
machine | massloca- [see% 2) Type of test
axis tion -
|
Il i Il
T ]
| I | 3 single-plane —
vertical — [ ——— 4 1
- two-plane —
|—'—l
Type A
13 2
| | single-plane —
inboard 0 s I e I gep
— — two-plane —
| | I
horizontal Type B
1 2
3
-|T single-plane —»
outboard —%f—— —
| two-plane -
I |
Type C
Key
1,2,3 testplanes
LI measuring planes for U,
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Table 11 — Overview of U, and R ; tests with proving rotors described in Table 5

balance

unbalance

Uy test Ryp test
(see 10.4) (see 10.5)
Balancing with plane setting: resultant unbalance Test mass in Plane 3
| | -
i 3 Test mass producing i 2 UStaLt,ion =20 Upngy to
10 U, in Plane 3. mar
i mar. ) | Utravel =5 Ustation
. Measuring: resultant un- . Measuring; resultant
i T

Balancing with plane setting: to correction planes near
to Plane 1 and Plane 2

2 Test mass producing
10 Uy, ,, in Plane 3.

Measuring: in Plane [ and

|
|
I—'—l

|

|

|
I—'—l

a

Test masses in each Plane 1 and Plane 2

U

station

=20 U, to

Umar
Utravel =5 Ustation

Measuring: Plane 1

=H——f

Measuring: resultant un-
balance

e

Plane I and Plane 2
Balancing with plane setting: resultant unbalance Test mass in Plane 3
-‘/a Test mass producing -‘/a Ustation = 20 Upyar to
10 U,,,, in Plane 3. Utravzlla:r 5 Uyption

Measuring: resultant
unbalance

Balancing with plane setting: to correction planes near
to Plane 1 and Plane 2

]

a

Test masses in each Plane 1 and Plane 2

balance

a
- Test mass producing UStE;}iOH =20 Uy to
10 U,,,, in Plane 3. mar
A%l:___:%_ mar_ . 4%' %_ Utravel =5 Ustation
[ | ] Measuring: in Plane [ and Measuring: Plane 1
Plane II
and Plane 2
Balancing with plane setting: resultant unbalance Test mass in Plane 1
a
a\. — Test mass producing UStStiﬁn = 60 Upyyr to
10 U,,,, in Plane 3. - mar
+—F— — =3 +——1 B ey ey B ey g | Utravel =5 Ustation
o — Measuring: resultant un- M .
. — easuring: resultant

unbalance

Balancing with plane setting: to correction planes near
to Plane 1 and Plane 2

2 _ Test mass producing
4__4__3:_ — | | 10Uy, inPlane 3.
o — | Measuring: in Plane [ and

Plane II

a a

Test masses in each Plane 1 and Plane 2

U 60U .. to

station — mar

ou

mar

5U

Utravel = station

Measuring: Plane 1
and Plane 2

For numbering of planes see Table 10.

a  Testmass(es).

10.4.3 Unbalance added

Add two unbalance masses (e.g. balancing clay) to the rotor. They shall be equivalent to 5U,,,. to 10U, ..

each. The unbalance masses shall not be

a)
b)

in the same radial plane,

in a correction plane,
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c) inatestplane,
d) atthe same angle, or
e) displaced by 180°.

EXAMPLE For planes on a Type B proving rotor, add the unbalance masses to the rotor body as near to the
test planes as possible.

In the case of a single-plane test, one unbalance mass between 10U, to 20U, is used.

10.4.4 Readings

Readings of the initial unbalances (and after each correction step (see 10.4.5)) shall be recorded in the
format of Table 1.

10.4.5 Correction
Balance the rotor as close to zero unbalance as possible in a maximum of four runs.

Apply corrections in the correction plane(s) after each run (e.g. correction planes on Type B proving
rotor body end-faces (see Key 2 in Figure 5)).

On the fourth run, record the out of balance values in the format of Table 12.

NOTE If residual unbalance is not below 0,5U.

single-plane test), the machine will probably not par;;rthe test.

in each plane (for a two-plane test) or below U

mar (for a

10.4.6 Reference change

In the case of horizontal belt driven machines and after performing the actions specified in 10.4.2 to
10.4.5, change the angle of the one pulse per revolution mark by 60°.

If, after the reference system has been changed, the next reading (run 6) is unsatisfactory (see Note to
10.4.5), the problem shall be remedied before continuing the test.

10.4.7 Plane setting for U

mar

test

Set the instrument to read in measuring plane(s) in accordance with the requirements of Table 5 and
Table 6.

10.4.8 Testruns

Attach in test Plane 3 a test mass producing 10U, (see 9.4.1). Run the rotor, measure and record
unbalance readings (values only) as shown in Table 13.

Attach the test mass in all the available holes in Plane 3 using a sequence that is arbitrary and then,
for each position of the mass, run the rotor, measure and record readings in both planes as shown in
Table 13.

10.4.9 U, evaluation

10.4.9.1 Calculation

Calculate the arithmetic mean value per plane by adding the values of all readings per plane and
dividing the result by twelve. Enter the arithmetic mean value in Table 13 under mean value.

Divide each reading by the mean value of the respective plane and enter the results in Table 13 under
multiples of mean value.
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10.4.9.2 Plot

Plot the calculated values (multiples of mean value) using the format shown in Figure 7.

10.4.9.3 Lines

In Figure 7, the horizontal middle-line represents the arithmetic mean of the readings in each plane.
Two dashed lines (0,88 and 1,12) represent the limit lines +12 % of the arithmetic mean for each plane,
which account for the claimed value of U, ,. + 20 % to take account of the effects of variation in the
position of the masses and test data scatter.

10.4.9.4 Assessment

The machine is considered to have passed the U, test (e.g. the claimed U,,,. has been reached) if all

points plotted on Figure 7 lie within the range given by the two dashed lines (0,88 and 1,12), with one
exception allowed.

10.5 Test for unbalance reduction ratio, R

10.5.1 Ryj tests on single-plane balancing machines

On horizontal and vertical single-plane balancing machines designed to indicate resultant unbalance
only, the unbalance reduction test is intended to check only the combined accuracy of amount-of-
unbalance indication and angle indication.

An overview of U .. and Ry tests with the proving rotors described in Table 5 is shown in Table 11.

10.5.2 Ryj tests on two-plane balancing machines

On horizontal and vertical two-plane balancing machines designed to indicate dynamic unbalance,
the unbalance reduction test is intended to check the combined accuracy of the amount of unbalance
indication, angle indication and plane separation.

NOTE On outboard Type C proving rotors and as an alternative, the R; test can be performed with resultant
or couple unbalance test masses. Deviations from the two-plane test are described in this clause.

10.5.3 General

The test and the method of recording the machine indications are designed to prevent machine
operators from knowing in advance what the readings should be, and thereby prevent them from
influencing the outcome.

The test consists of 11 measuring runs. The test is performed with a stationary test mass and a
travelling test mass (see 9.4.3) in each test plane.

Unbalance readings are recorded using the test sheet format shown in Table 12 and subsequently
plotted and evaluated.

There are different Ry test data sheets for two-plane (Table 14) and single-plane (Table 15) tests.
Prepare the test data sheet prior to making the actual test runs so that test data are entered in the
proper order.

Table 12 — Test data sheet for proving rotor balancing

Test date:

Test location:

Balancing machine operated by:

Readings taken and recorded by:
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Table 12 (continued)

Balancing machine make:

Balancing machine model:

Proving rotor type:

Proving rotor number:

Serial number:

Proving rotor mass (kg):

Upar (g mm):

10 Uy, (g mm):

Effective measurement radius (mm):

Test mass (g):

Test speed (r/min):

Plane 1 reading Plane 2 reading
Unar Angle Upar Angle Correction
Run number g mm ° g mm ° g mm
Run1
initial unbalance
Run 2
Run 3
Run 4
Run 5 not allowed
residual unbalance
Run 6 not allowed
after 60° reference change
Table 13 — Test data sheet for U, test
Test mass angular Amount of Amount of Multiples of | Multiples of
position unbalance unbalance mean value | mean value
a
° Plane 1 Plane 2 Plane 1 Plane 2
0
30
60
90
120
150
180
210
240
270
300
330
Sum
Mean value
NOTE For single-plane machines, use Plane 1 columns to record the readings for the resultant
unbalance.
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1,2

1,15

1,1

1,05

0,95

0,9

0,85

0,8

0° 30°  60° 90° 120° 150° 180° 210° 240°

a

270°

300° 330° 360/0°

1,2

1,15

1,1

1,05

0,95

09

0,85

0,8

0° 30°  60° 90° 120° 150° 180° 210° 240°

a
Key
U

a

Py
Py

unbalance reading
position of test masses
plane 1

plane 2

NOTE Unbalance reading is in multiples of arithmetic mean values.

Figure 7 — Diagram for evaluation of U,

270°

test

300° 330° 360/0°
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10.5.4 Test data sheet completion

10.5.4.1 Two-plane test

Preparation of a test data sheet (see Table 14) entails these steps:

a)
b)

<)

d)

f)

at the top of the data sheet, enter the required information;

arbitrarily choose in Plane 1 one of the 12 possible test mass positions for the stationary test mass
and enter the degree value in the Run 1 row on the Plane 1, stationary column;

in Plane 2 choose a position for the stationary test mass. The position shall be neither the same
position as nor opposite to the stationary test mass in Plane 1. Enter the degree value in the Run 1
row on the Plane 2, stationary column;

arbitrarily choose in Plane 1 one of the remaining 11 positions as the starting position for the
travelling test mass and enter the degree value in the Run 1 row on the Plane 1, travelling column;

arbitrarily choose in Plane 2 a starting position for the travelling test mass. Enter the degree value
in the Run 1 row on the Plane 2, travelling column;

for both travelling test masses, enter their positions for successive runs, letting them travel:
1) inPlane 1 in ascending 30° intervals;
2) inPlane 2 in descending 30° intervals.

Do not use the stationary test mass positions, since two test masses cannot occupy the same
position.

For a resultant or couple test, use Table 14 with these modifications:

3) mark Plane 1 as the left-hand couple to include the positions and readings for couple test
masses in Plane 1 (couple test masses in Plane 2 are always 180° apart);

4) mark Plane 2 as the middle plane (between Plane 1 and Plane 2) to include the positions and
readings for the resultant test masses.

10.5.4.2 Multiple plane test

For testing when there are three or more test planes, it is recommended to modify the two-plane test
sheets (see Table 12 and Table 13) by adding extra planes and using the same principle as for a two-
plane test.

10.5.4.3 Single-plane test

Table 15 is for only one plane. The rules to choose positions for the stationary and travelling test masses
are identical to Plane 1 of the two-plane test (see 10.5.3).

10.5.5 Plane setting

The machine shall be set to read in the test planes (see Table 5 and Table 6).

For a resultant or couple test on a Type C proving rotor, the machine shall be set to read the couple
moment in Plane 1 and Plane 2 and resultant moment in the middle plane (between Plane 1 and Plane 2).

10.5.6 Ryjy testruns

10.5.6.1 Initial point

Unless a U, test has immediately preceded the Ry test, perform the steps specified in 10.4.2 to 10.4.6.
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10.5.6.2 Test planes
Test planes shall be in accordance with the requirements of Table 5.

For a resultant or couple test, Plane 1 and Plane 2 shall be used for the couple test masses and the
middle plane (between Plane 1 and Plane 2) for the resultant test masses.

10.5.6.3 Procedure

Add the stationary and travelling test masses in their starting positions (see Table 14, Run 1 row) to the
test planes of the proving rotor as shown in the data sheet.

Perform a run, measure and record the unbalance amount and angle readings for the planes shown on
the data sheet.

Advance the travelling test masses to the next positions as shown in the data sheet, make a run, measure
and record the unbalance amount and angle readings for the planes shown on the data sheet, until 11
successive runs have been performed.

Divide the unbalance amount readings by the unbalance value of the stationary mass (both in terms of
unbalances) to obtain values in multiples of the stationary unbalance, Ug;,,- Enter these values in the
appropriate columns of the data sheet.

10.5.7 Plotting Ry test data

10.5.7.1 Evaluation diagrams

Each evaluation diagram (Figure 8 for two-plane test and Figure 9 for single-plane test) contains a
diagram with 11 sets of concentric Ry limit circles. From the inside outwards, the concentric circles
designate the limits for Ry values of 95 %, 90 %, 85 % and 80 % respectively.

More detailed instructions for drawing these diagrams are given in Annex B.

10.5.7.2 Two-plane test
The two-plane test (see Figure 8) is carried out by completing these steps:

a) enter the angular position of Plane 1 stationary test mass on the short line above the arrow in the
appropriate Ry evaluation diagram. Mark radial lines at 20° intervals by entering degree markings
in 20° increments (moving clockwise) on all short lines around the periphery of the diagram;

b) since the stationary test mass in Plane 2 has a different angular position, enter a second angular
reference system into the diagram for Plane 2. To avoid interference with the degree markings for
Plane 1, enter the degree markings for Plane 2 in the oval circles provided halfway between the
degree markings for Plane 1;

¢) using the value (multiples of U,,,) and angle values from the data sheet, plot the Plane 1 readings

in the form of test points (dots) on the appropriate R diagram, utilizing the value scale as shown
next to the vertical arrow;

d) plot the Plane 2 readings. In order to avoid confusing Plane 1 test points with Plane 2 test points,
circle all test points for Plane 2.

For a resultant or couple test, Plane 1 is the couple moment and Plane 2 the resultant moment
(see 10.6.2).

10.5.7.3 Single-plane test

Enter only one angular reference system into the diagram (see Table 14).
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Table 14 — Ry test data sheet for a two-plane test

Company:

Test location:

Test date:

Balancing machine make:

Balancing machine model:

Balancing machine operated by:

Readings taken and recorded by:

Proving rotor type:

Proving rotor serial number:

Proving rotor mass (kg):

Claimed e, (g mm/kg):

Claimed U, (g mm):

U,

station (g mm):

Uppar (8 mm):

Effective measurement radius (mm):

Stationary mass mg,jon, (8):

U = 5 Ustation (8 mm):

ravel ~

Travelling mass my.,¢ (8):

Test speed (r/min):

Test mass positions (angles) Unbalance Amount Unbalance Amount
reading reading
Run Plane 1 Plane 2 Plane 1 Reading Plane 2 Reading
Plane 1 Plane 2
Station- | Travel- | Station- | Travel- [Amount| Angle | Divided by | Amount | Angle | Divided by
ary lil’lg ary ling Ustation Ustation
° ° ° ° g mm ° Multiple of | gmm ° Multiple of
Ustation Ustation
1
2 — —
3 — —
4 — —
5 — —
6 — —
7 — —
8 — —
9 — —
10 — —
11 — —
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%  Ryr i n
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85 ! I6
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!
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Hii il
T
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3
- )
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O EH == BEs=s -

Achieved Ryp:

Test points plotted by:

Key

n amount scale in multiples, n, of stationary test mass unbalance, U,
a position of stationary test mass (indicated by the vertical arrow)

% Ryr unbalance reduction ratio, Ryy, as percentage

Insert angular reference system according to position of stationary mass.

plane 1, use ®

a
') plane 2, use ®

Figure 8 — R|; evaluation diagram for two-plane test

Table 15 — R|; test data sheet for a single-plane test

Company:

Test location:
Test date:
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Table 15 (continued)

Balancing machine make:

Balancing machine model:

Balancing machine operated by:

Readings taken and recorded by:

Proving rotor type:

Proving rotor serial number:

Proving rotor mass (kg):

Claimed e, (g mm/kg):

Claimed U,,,, (g mm):

Ustation (g mm):

Uppar (8 mm):

Effective measurement radius (mm):

Stationary mass mg,jop, (8):

Utravel =5 Ustation (g mm):

Travelling mass my,,¢ (8):

Test speed (r/min):

Test mass positions (angles) Unbalance reading Amount
Run Plane 3 Plane 3 Reading plane 3
Stationary Travelling Amount Angle Divided by U ation
° ° g mm ° Multiple of Ug;ation

1

2

3

4

5

6

7

8

9

10

11
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a3
% RUR n
80 1
85
90 i
I
95 ‘
O
T
—_ 4 —
3
-2
3 N S H
T T
Ry achieved:
Test points plotted by:
Key
n amount scale in multiples, n, of stationary test mass unbalance, Ug,ion
a position of stationary test mass (indicated by the vertical arrow)
% Ryr unbalance reduction ratio, Ryy, as percentage
a Insert angular reference system according to position of stationary mass.

resultant plane

Figure 9 — Ry; evaluation diagram for single-plane test

10.5.8 Evaluation

If a test point falls within the innermost circle (or on its line), the reading qualifies for a R of 95 %. If
a test point falls between the 95 % circle and the 90 % circle (or on its line), the reading qualifies for a
Ryg 0f 90 %, and so on.

If a Ry value other than 95 %, 90 %, 85 % or 80 % is specified, an intermediate circle of appropriate
diameter may be inserted (see Annex B).
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All test points on a Ry evaluation diagram shall fall within the Ry limit circles that correspond to the
claimed value for the Rz, with one exception per correction plane allowed. If not, the machine fails the
test.

10.6 Test for couple moment interference on single-plane machines

10.6.1 Starting point

On horizontal and vertical single-plane balancing machines, the ability to suppress indication of couple
unbalance shall be checked.

Balance the rotor as stated in 10.4.5.

10.6.2 Procedure

Add one test mass each (e.g. the travelling mass of the Ry test) in Plane 1 and Plane 2 of the rotor,
exactly 180° apart, and take a reading of the resultant unbalance. Shift the couple unbalance test
masses by 90° three times in succession, each time taking a new reading.

10.6.3 Evaluation

None of the four readings may exceed the value of the attached couple moment unbalance multiplied by
the claimed couple moment interference ratio, I, plus the claimed U, ..

In ISO 21940-2, the couple moment unbalance interference ratio I . is the ratio of the change in static
unbalance indication and the change in couple moment inducing the change in indication.

The I . is calculated by using Formula 4:

I = —= (4)
UC
where:
U, is the change in static unbalance indication induced by a change in couple unbalance;

U. is the change in couple moment unbalance indication induced by a change in couple moment
unbalance.

10.7 Compensator test

10.7.1 Initial point

The compensator (used for the index balancing procedure) shall provide a consistent reading at the end
of the test.

NOTE This test checks the compensator by simulating the indexing of the rotor by only moving the test
masses.

Use the balanced proving rotor (see 10.4.5) or ensure that the unbalance is smaller than 5 U, in each
plane (see 10.4.2.2).

10.7.2 Procedure
Add in Plane 1:
a) astationary test mass at 30° producing U,

station’

b) atravelling test mass at 150° producing U,

ravel-
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Add in Plane 2:
c) astationary test mass at 150° producing Ugations
d) atravelling test mass at 30° producing U,

Run the balancing machine and set the compensator for the first step according to the manufacturer's
manual.

To simulate indexing, move
e) the travelling test mass in Plane 1 from the 150° position to the 330° position (a 180° shift), and
f) the travelling test mass in Plane 2 from the 30° position to 210° position (a 180° shift).

Run the balancing machine and set the compensator for the second step according to the manufacturer's
manual.

Remove

g) in Plane 1 the travelling test mass located at 330°, and

h) in Plane 2 the travelling test mass located at 210°.

NOTE The stationary test masses in Plane 1 at 30° and in Plane 2 at 150° are still in place.

Run the machine and set the compensator to read rotor unbalance.

10.7.3 Evaluation

The compensator passes the test if the reading in each plane does not exceed 0,02 U, tion-

For dedicated or special machines, when there are two independent compensators available, the
compensator test shall be completed for each compensator.

10.8 Simplified tests

10.8.1 General

If a balancing machine has been previously type tested, or a machine in operation is periodically

undergoing tests, a simplified U, test as described in 10.4 shall be carried out.

Both the U

mar and the Ry tests may be simplified by reducing the number of test runs performed.

10.8.2 Simplified U, test

The simplified test shall be performed by carrying out these steps:

Umar

a) follow the procedures described in 10.4.2 to 10.4.7;

b) in 10.4.8, miss every second angular position, thus reducing the number of runs required to 6.
NOTE The remaining angles are evenly spread around the rotor (e.g. 0°, 60°, 120°, 180°, 240°, 300°).

c) follow the procedures described in 10.4.9.1 to 10.4.9.3 but calculate the arithmetic mean value per
plane by dividing the sum of the results taken by 6;

d) the balancing machine shall be considered to have passed the simplified U, test, if all plotted
points are within the range given by the two dashed lines shown in Figure 7 (e.g. 0,88 and 1,12). No
exceptions are allowed.
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10.8.3 Simplified Ry, test
The simplified Ry; test shall be performed by carrying out these steps:

a) follow the procedures described in 10.5.4.1 but miss all positions being 60° or multiples thereof
apart from the stationary test mass in each plane. This reduces the number of runs required to 6;

b) for the travelling test masses, enter the 60° ascending or descending intervals in the log as descried
in 10.5.6;

c¢) make 6 successive runs in accordance with the procedures described in 10.5.6.3;

d) all test points recorded on the test sheet shall fall within the Ry limit circles (or on their perimeter
lines) that correspond to the claimed value for the Ryz. No exceptions are allowed.
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Annex A
(informative)

Information provided by the user to the balancing machine
manufacturer

A.1 General

This annex describes the minimum information that users should provide to the balancing machine
manufacturer in order to enable the manufacturer to meet their requirements.

A.2 Rotor to be balanced

A.2.1 Essential rotor data

The essential rotor data to be provided by the user to the balance machine manufacturer should include,
but is not limited to

a) any applicable limiting factors (e.g. mass, dimensions and tolerances),

b) if the balancing machine is to be used for many classes of rotors. Table A.1 should be completed
for each class. The maximum and minimum size of rotor that the machine is required to balance
should be indicated, and

c) if the machine is to be used for series balancing of a limited number of specific rotors. Detailed
information, including rotor manufacturer's drawings, should be supplied in lieu of Table A.1.
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Table A.1 — Typical data for rotors (with rigid behaviour) to be balanced

Rotor type? .
Parameter Units
1 2 3 4

Mass kg
Quantityb
Production rate required¢ per hour/per dayd
Dimensions (see Figure A.2 and mm
Figure A.3)
Maximum diameter, D mm
Belt-drive diameter, Q&f mm
Maximum length, L mm
Journal diameters, d¢ mm
Distance between journal centres, W* mm
Correction plane location, A mm
Correction plane location, B mm
Correction plane location, C mm
End clearance on driven end, Pf mm
Service speed r/min
Resonance speed® r/min
Moment of inertiah kg m?
Air resistancel N
Motor power and speed kW and r/min
Maximum initial unbalance g mm
Unbalance tolerancek g mm
Number of correction planes!
Drive&m
Correction means®

a  (Class(es) of rotor(s) and use (e.g. 4-cylinder crankshaft, flywheel, ventilator, electric rotor, fan).

b Approximately how many rotors of the same class are to be balanced in succession before changing over to another
class.

¢ Ifapplicable, state the desired production rate in pieces per hour or pieces per day at 100 % efficiency.
d  Delete the unit not used.

€ Generally applicable only to horizontal machines.

f Ifapplicable, state the diameter over which the belt shall drive.

g  For multi-bearing rotors (e.g. crankshafts), state the approximate frequency value of the first flexural resonance speed
of the rotor, simply supported in rigid bearings on the two end journals.

h Moment of inertia is [ R? dm over the entire rotor body, where dm is an increment of mass and r is its distance from the
shaft axis.

I If the rotor offers substantial air resistance during the balancing operation, give the expected power required and the
corresponding speed.

J Maximum initial unbalance (g mm) in each correction plane.
k  Unbalance tolerance (g mm) in each tolerance plane.

I State the number of planes in which correction is to be made. If correction in more than two planes is required, explain
separately.

m  State the means by which the rotor may be rotated (e.g. belt drive, end drive, either belt or end drive, air drive, roller
drive, self-powered drive, band drive).

n State the means of correction intended (e.g. drilling, milling or addition of correction masses).
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2 Other rotor data

Other rotor data to be provided by the user to the balance machine manufacturer should include, but is
not limited to:

a)

b)

‘)

d)

f)
g)

h)

j)

k)
D)

Key
A B

If possible, detailed drawings of typical rotors to be balanced should be made available. This is
particularly important for rotors with unusual geometry (see Figure A.2 and Figure A.3).

If correction planes are located other than between the journals, their locations should be
described.

If the balancing machine is to be used with outboard rotors. If so, state which are Load B and
negative Load A (see Figure A.1).

Presence of a thrust load. If so, give value and direction expected during balancing operation
(applicable to horizontal machines only).

Requirement of the use for the balancing machine manufacturer to supply the necessary fixtures
and attachments (e.g. driving adaptors, pulleys, mounting adaptors and mandrels).

Surface finish, roundness and hardness of the journal.

If the rotors are to be balanced in their own bearings. If so, give details (e.g. type of bearing and
maximum bearing outside diameter).

If a specific balancing speed is desired. If so, explain why.

Expectation of the user for the balancing machine manufacturer to supply the means of balance
correction to be used (e.g. drills, milling cutters).

Any other special rotor properties (e.g. rotating magnetic fields and any aerodynamic effects) that
need to be taken into account.

Any other special test requirements by the user.

Any cycle time requirements by the user.

_|_ ] L ot —|—

loads

Figure A.1 — Loads
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Key
1,2 correction planes
3 driven end

[, I bearing planes

NOTE For dimensions, see Table A.1.

Figure A.2 — Example of a rotor for a horizontal balancing machine

2
/

1
/

Key

1, 2 correction planes

a Mounting dimensions, including number of bolt holes and their diameter, or central bore or taper used to mount
the rotor in assembly should be stated (see Figure 4).

NOTE For dimensions, see Table A.1.

Figure A.3 — Example of a rotor for a vertical balancing machine
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A.3 Other technical information

The technical information to be provided by the user to the balance machine manufacturer should
include, but is not limited to:

a)

f)

g)
h)

If the main electrical supply is three or single phase voltage. Give the supply frequency and
maximum allowed deviation percentage. With a three-phase system grounded, state whether there
is a neutral lead available.

If the electrical equipment should meet any particular standard or specification.
If tropical insulation is required.
If compressed air is available and at what supply pressure and with what maximum variation.

If the floor where the machine is to be located is rigid (e.g. equivalent to a concrete slab laid on
compacted earth) and thickness of concrete floor.

State any possible sources of vibration in the vicinity of the balance machine installation (e.g.
hammers and heavy vehicles) and state their average rate of occurrence.

Units to be marked on any indicating devices used.

In which language should the operating instructions and leaflets accompanying the balancing
machine preferably be written and what other languages are acceptable.

A.4 Administrative information

The administrative information to be supplied by the user to the balance machine manufacturer should
include, but is not limited to

a)

b)
‘)
d)
e)
f)

g)
h)
i)
j)

need of the user for the services of a balancing machine service engineer to install and calibrate the
machine,

need of the user for the services of a balancing machine service engineer to instruct personnel,
intention of the user to send an operator to be trained by the manufacturer,

names and addresses of people in the user's organization in charge of balancing,

who inspects and accepts the machine and where and where are the applicable specifications held,

interest of the user in having a maintenance contract and if so, whom the quotation shall be
addressed to,

shipping address for the machine,

box markings needed,

relevant insurance instructions, and

state, as applicable:

1) shipping arrangements to the requirements of Incoterms 2020[Zl;
2) user requested delivery date;

3) userrequested factory acceptance date;

4) manufacturer requested date for part and project information;

5) manufacturer requested date for sample parts;
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6) any other key milestones.
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Annex B
(informative)

Ry limit diagrams

B.1 Basic data

Underlying data for the Ry limit diagrams is as shown in Figure 8 and Figure 9 and listed in Table B.1
and Table B.2.

Even though the data are calculated for Ui, = 30 U,,,» they may be used within the range of Uy, ;ion =
20U, . to U = 60U, -

station

Table B.1 — Two-plane R;; limit diagram data (see Figure 8)

Origin of R limit circles Radii ry;,,,;:¢ of Ry limit circles
a? yP R¢ 80 % 85 % 90 % 95 %
30 25,1 5,89 1,19 0,900 0,605 0,311
60 51,1 5,57 1,13 0,852 0,573 0,295
90 78,7 5,10 1,04 0,782 0,527 0,272
120 109,1 4,58 0,93 0,704 0,475 0,246
150 143,1 4,16 0,85 0,641 0,433 0,225
180 180 4,00 0,82 0,617 0,417 0,217
a  Angle between the stationary mass and the travelling mass as defined in Figure B.1.
b Angle of the resultant R.
¢ Inmultiples, n, of Ugation-
Table B.2 — Single-plane R ;i limit diagram data (see Figure 9)
Origin of R limit circles Radii ry;,;;¢ of Ry limit circles
a? YP R¢ 80 % 85 % 90 % 95 %
30 251 5,89 1,21 0916 0,622 0,328
60 51,1 5,57 1,15 0,868 0,590 0,312
90 78,7 5,10 1,05 0,798 0,543 0,288
120 109,1 4,58 0,95 0,721 0,492 0,262
150 143,1 4,16 0,87 0,658 0,450 0,242
180 180 4,00 0,83 0,633 0,433 0,233
a2 Angle between the stationary mass and the travelling mass as defined in Figure B.1.
b Angle of the resultant R.
¢ Inmultiples, n, of Uy, ion-
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B.2 Instructions for drawing Rz limit circle diagrams

Here is a suggested method that can be used to draw Ry limit circle diagrams (in addition, see

Figure B.1):

a) use commercially available polar diagram paper or design your own;

b) selecta suitable scale so that all circles are within the diagram part of the paper and determine the
Ry limit circle origin. It is a distance equivalent to 1 (1 Us,.i,n) Vertically above the graph paper
origin;

c) draw 12 equally spaced radial lines (30° apart) from the Ry limit circle origin outwards;

d) determine the centre of each Ry limit circle, omitting the one in the vertical direction (towards the
top of the page). The centres are located on each radial line, a distance equivalent to 5 (5 Ugation)
from the Ry limit circle origin. Draw concentric circles around each Ry limit circle centre, with
radii r (in units of U, ,n) @s shown in the columns of the selected Ryg values in Table B.1 or
Table B.2;

e) insert an arrow from the graph origin in a vertical direction to designate the position of the
stationary test masses;

f) along the arrow, mark off the amount-of-unbalance scale in multiples, n, of U ,;,, and insert the
appropriate values 1 to 6. The diagram is now ready for evaluating the logged Ry test data.

2
3 \\S
Mstation

I
Key
1 centre of Ry limit circles 3 Ry limit circle origin (origin of travelling test mass

Myrayel

2 0°axis 4 graph origin (origin of stationary test mass mg,,)

NOTE For dimensions, see Table B.1.
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B.3 Other Ry limits

If the Ry limit diagrams given in Figure 8 and Figure 9 are insufficient (e.g. a balancing machine with
another Rypy is to be tested), an appropriate Ry limit diagram can be made up with the help of the
instructions given in B.4.

B.4 Calculation of R limit circles

The radii and positions of the Rz limit circles for commonly used Rz may be taken directly from
Table B.1 and Table B.2. The equations given in this clause may serve to substantiate the data in
Table B.1 and Table B.2, but if different R values or angles between test masses are substituted, may
also be used to calculate values for R, ry;,;; and y.

The equation for determining the distance, R, (e.g. the magnitude of the resultant vector of mg ., and
My avel (81ven as amount-of-unbalance indication)), between the graph origin and the centre of a Ryy
limit circle is given by Formula B.1.

_ 2 2
R= \/mstation T Miravel T sttation Myrayel COS X (B-l)

Where:

Mgiation 1S the stationary test mass (1 Ugiaion)s

My..vel 1S the travelling test mass (5 Uggation);
a is the angle between mg,;,, and m,,,,¢ as defined in Figure B.1.
The formula for determining the angle, y, between mg;,,, and the resultant, R, is given by Formula B.2.
2 2 2
cosy= Mgtation T R™ — Miravel (B.2)
2Mgtation R

For dimensions mg,ion Miraver B and rjjp;c in multiples of Uy
Formula B.3 and y by Formula B.4.

tation and Myravel = 5 Mgations Ris given by

R=~26+10cos« (B.3)
R%?-24

cosy= B.4

Y="0x (B4)

For a two-plane test, the radius of the R limit circle, ry;,,;;, is given by Formula B.5.

U
Mimit =R-(1=Ryg )+ ——— (B.5)

station

For a single-plane test, the radius of the Ry limit circle, ry;,,;;, is given by Formula B.6.

U
Mimit =R (1= Ryg )+ —" (B.6)

station

where Ry is given as an absolute value (e.g. 0,925).

53



IS/ISO 21940-21 : 2022

Annex C
(informative)

Shafts of outboard Type C proving rotors

F H G F 3
F/2 a

1 I

|

|
-~ I I R _m _____ \'f___- _N_-_-__L_Q ~Q w
S S S D13 TS| s S

|

|

ya
LI
031
L 2

Key
1 12 equally spaced threaded holes N around the circumference of 2d,
2 4 equally spaced threaded holes O around the circumference of L

End-drive interface dimensions for proving rotors no. 3 to no. 5 shall be in accordance with Type proving rotors, no.
4 to no. 6.

All tolerances and residual unbalance are to be in accordance with the test aims.

NOTE 1 For dimensions, see Table C.1. Dimensions may be varied (e.g. by addition of a belt pulley), provided the
mass, position of centre of mass, y, and the positions of holes N between bearings are maintained.

NOTE 2 Interface dimensions (spigot) comply with Type A proving rotors.
a  Distance of centre of mass to right-hand bearing plane.

Figure C.1 — Type C proving rotor shafts for outboard tests on horizontal machines
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Annex D
(informative)

User defined proving rotors for special cases including using a
user production part

Key
1 support/roller bearings
2 threaded holes (applies for all holes)

Figure D.1 — User defined proving rotor for special cases including using a user production
part

There should be 8 to 12 equally spaced threaded holes in each balancing plane as illustrated in
Figure D.1. The spacing of the holes should be similar and in similar planes and at similar radii to a
typical production part.

The proving rotor geometry should be similar to a typical production part.
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Annex E
(informative)

Modifications to proving rotors prepared in accordance with
ISO 2953 to this document

E.1 Type A proving rotors

The main differences between a Type A proving rotor and one meeting the requirements of 1ISO 2953
are the sizes of the threads and test masses

The easiest method to use, is to adapt a proving rotor to meet the requirements of this document and
use bolts with stepped threads. One end of the stepped thread should have a thread that matches those
for the tapped holes in the proving rotor and the other end to match the thread in the test mass (rings)
with the thread recommended in this document.

E.2 Type B proving rotors

E.2.1 General

The main differences in a Type B from a Type A proving rotor are the
a) thread form used,

b) addition of a middle Plane 3,

c) number of holes,

d) testmasses,

e) shaft diameter, and

f) interfaces to universal joint shafts (see the recommendations in E.2.2 and E.2.3).

E.2.2 Testplanes
It is recommended that all holes in the three planes are machined in one setup.

The new test planes (Plane 1 and Plane 2) are best arranged adjacent to and inside the old planes (old
holes may be closed by set screws). Add a new middle plane (Plane 3).

E.2.3 Interfaces to end drives

The interface may be adapted to be in accordance with this document by using an adaptor which
becomes an integral part of the proving rotor.

NOTE The mass of the universal joint shaft and adapter can jeopardize the U, test.

E.3 Proving rotors Type C

The main differences between rotors of Type C and those of Type A and Type B are the special shaft and
the modifications needed to the proving rotor. The shaft is a new item described in Annex C.
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Where it is impractical to have a rotor with 12 tapped holes or the user does not wish to modify their

existing rotor, then, with mutual agreement, the tests can be adapted for the number of holes positions
(e.g. 8) in their rotor.
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Annex F
(informative)

Optional repeatability test

F.1 Repeatability test

F.1.1 General

The balance machine errors including their repeatability, should be accounted for when balancing a
rotor to a determined tolerance (see ISO 21940-14). The repeatability test should be carried out to
determine the machines repeatability after successful completion of the U, ,, Ryg, I, tests, preferably
using the proving rotor. The balance machine manufacturer should state the machines repeatability.

F.1.2 Procedure

If the repeatability test is to be performed, these steps should be carried out:

a)

b)

ensure the rotor has an unbalance per plane of approximately 5 U, ,, or, if agreed between the

manufacturer and the user, an amount equal to a typical rotor balance tolerance;

take consecutive balance readings when starting and stopping the balancer multiple times without
any intervention. The number of runs to be carried out should be agreed between the machine
manufacturer and the user. For guidance, the number or runs to be carried out can be the number
the machine will perform in an hour up to a maximum of 60 runs (e.g. in a high volume production
environment). In applications where a balance measurement run can take a long time to complete
(e.g. 2 days for a large rotor) only two balance readings are required;

for machines supplied with tooling, additional balance errors to those already apparent can be
introduced which can be taken into account by:

1) extending the repeatability test to include repeating the balance measurements with the
tooling installed and the rotor removed/disconnected from the machine and refitted between
each run to determine the effect of the tooling;

2) between each run, indexing the tooling (usually by 180°) to provide an evaluation of the tooling
compensation needed. Use a table to record the results for all planes and use appropriate units
and accuracy based on the claimed e, (e.g. as shown in Table F.1).

Table F.1 — Example of how to record repeatability data

Plane 1 Plane 2 Plane 3
Amount Angle Amount Angle Amount Angle
g mm ° g mm ° g mm °
29,0 208,4 28,2 81,6 17,0 289,2
28,5 209,1 28,4 81,9 171 288,6
29,4 209,6 28,8 81,6 17,6 286,2
28,9 2104 28,5 82,2 17,5 290,6
29,4 209,6 28,2 81,9 17,1 291,6
29,3 209,0 28,0 81,6 16,9 2899
29,8 209,2 28,4 81,1 171 286,7
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Table F.1 (continued)

Plane 1 Plane 2 Plane 3

Amount Angle Amount Angle Amount Angle

g mm ° g mm ° g mm °
29,0 210,3 289 81,3 17,8 283,5
29,1 210,5 29,1 81,2 18,4 2829
29,1 210,7 29,0 80,6 18,1 281,5
29,6 212,6 29,4 81,5 19,0 283,2
29,4 211,5 28,9 81,4 18,2 284,7
29,3 211,8 28,7 81,4 18,2 284,2
29,8 2129 29,0 81,4 18,5 2839
29,4 2117 28,8 81,3 18,6 284,1
29,1 213,3 29,1 81,1 18,7 281,8

F.1.3 Evaluation

Evaluation of the results should be by calculation determined by the manufacturer and agreed by the
user.

NOTE Well known examples of evaluation tools that can be used are ISO 2859 or using gauge repeatability
and reproducibility (GRR).
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Annex G
(informative)

Optional speed range test

G.1 Speed range test

G.1.1 General

If the speed range test is to be performed, it should be completed after the tests described in F.1.2 to
ensure that the machine is acceptable for all other tests.

The speed range test is used to determine whether the machine produces acceptable results across its
stated speed range and if there is a known error at a particular balance speed, then this should be taken
into account when balancing a rotor to a determined tolerance (e.g. as described in ISO 21940-14).

A suitable proving rotor should be used within the operation speed range of that rotor.

G.1.2 Procedure
If the speed range test is to be performed, these steps should be carried out:

a) ensure the rotor has an unbalance per plane of approximately 5 U, or if agreed between the

manufacturer and the user an amount equal to a typical rotor balance tolerance;

b) use a table to record the results (e.g. as shown in Table G.1) at incremental speeds between the
stated minimum and maximum for all planes. Use appropriate units and accuracy based on the
claimed value of e,

Table G.1 — Example of how to record speed test data

Speed Plane 1 Plane 2
Amount Angle Amount Angle
r/min g mm ° gmm °
300 1116,0 10,0 1164,0 0,0
413 12470 358,4 1240,0 4,0
525 1299,0 359,0 1211,0 1,0
638 1299,0 359,0 1212,0 359,0
750 1275,0 359,0 1253,0 359,0
863 1281,0 0,0 1263,0 358,0
975 1302,0 0,0 1270,0 359,0
1088 1311,0 0,0 1281,0 359,5
1200 1332,0 0,4 1295,0 359,5

G.1.3 Evaluation

Evaluation of the results should be decided by the manufacturer and agreed by the user to ensure any
errors due to speed are considered.
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(Continued from second cover)

For the purpose of deciding whether a particular requirement of this standard is complied with, the final
value, observed or calculated expressing the result of a test or analysis, shall be rounded off in
accordance with IS 2 : 2022 ‘Rules for rounding off numerical values (second revision)’. The number of
significant places retained in the rounded-off value should be the same as that of the specified value in
this standard.
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