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Foreword

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

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

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

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

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

ISO 21940-21 was prepared by Technical Committee ISO/TC 108, Mechanical vibration, shock and
condition monitoring, Subcommittee SC 2, Measurement and evaluation of mechanical vibration and shock
as applied to machines, vehicles and structures.

This second edition cancels and replaces the first edition (ISO 21940-21:2012), which has been
technically revised.

The main changes are as follows:

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

— the introduction of additional tests for repeatability and speed range (see Annex F and Annex G);
— the introduction of greater clarification for use with automated and special purpose machines.
Alist of all parts in the ISO 21940 series can be found on the ISO website.

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

The purpose of this document is to provide a common framework for the specification, comparison and
evaluation of balancing machines.

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

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

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

The accuracy of all balance machines is inherently non-linear over their mass and speed range.
In normal practice, a hard bearing balance machine is calibrated over a particular part of its speed
and mass range, but outside that its accuracy cannot be assumed. As a consequence, a rotor specific
calibration should be performed to establish the machine accuracy at a specific speed and for a rotor of
a particular mass. This is normal practice for soft bearing machines or where the manufacturer states
that rotor specific calibration should be carried out.
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INTERNATIONAL STANDARD ISO 21940-21:2022(E)

Mechanical vibration — Rotor balancing —

Part 21:
Description and evaluation of balancing machines

1 Scope

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

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

b) rotors with shaft elastic behaviour and balanced in accordance with low speed balancing
procedures (as described in 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
(nqy, ny, ...).
The maximum moment of inertia of a rotor (given by, m r2 where m is the rotor mass and r the radius of

gyration) with respect to the shaft axis, which the machine can accelerate in a stated acceleration time,
shall be given for the range of balancing speeds (n;, n,, ...) together with the corresponding cycle rate

(see Table 1, Note 2). Documents
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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 ng | np | n3 | 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
Documents
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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 sl

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, n,, ...) 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 %&ﬁfﬁgﬁw
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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 | ny | 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.
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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
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, t]Baléfu‘mleeﬁfg
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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 4 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%@uments
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