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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.
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Introduction

:2022(E)

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 ofa|balancing

mdchine and later, on a periodic basis, to ensure that the balancing machine is capable gf|ha
actlual balancing tasks. For periodic tests, simplified procedures are specified.

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

The accuracy of all balance machines is inherently non-linear over~th€ir mass and spe
In pormal practice, a hard bearing balance machine is calibrated o¥Zer“a particular part of
andl mass range, but outside that its accuracy cannot be assumed: As a consequence, a rot
calibration should be performed to establish the machine accuracy’at a specific speed and fo
a plarticular mass. This is normal practice for soft bearing machines or where the manufactu
thdt rotor specific calibration should be carried out.

dling the

Type C, or
e range of

ed range.
its speed
br specific
arotor of
rer states
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Mechanical vibration — Rotor balancing —

Part 21:
Description and evaluation of balancing machines

1
Th

support and rotate:

a)
b)

2
Th

comstitutes requirements of this document. For dated references, only the edition cited aj

un

ISC

3
Fo1
ISQ

4.1

Th

Scope

s document sets out the requirements for evaluating hard and soft bearing balancing mac

rotors with rigid behaviour at balancing speed (as described in ISO 2194 0411);
rotors with shaft elastic behaviour and balanced in accordanceny\with low speed
procedures (as described in ISO 21940-12).
Normative references
e following documents are referred to in the text in suohva way that some or all of thg
ated references, the latest edition of the referenceddecument (including any amendment

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

Terms and definitions
the purposes of this document, the-terms and definitions given in ISO 21940-2 apply.
and IEC maintain terminological-databases for use in standardization at the following ad

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: ayailable at https://www.electropedia.org/

Capacity and-performance data of the balancing machine

General

b manufacturer shall specify the data listed in 4.2 for horizontal or 4.3 for vertical

m

chines. Information to be provided by the user to the balancing machine manufacturer is su

hines that

balancing

ir content
pplies. For
5) applies.

Hresses:

balancing
mmarized

in ATIMEexX 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

(nq

, 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

(se

e Table 1, Note 2).

© IS0 2022 - All rights reserved
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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 fprpreparatiomofTotor{s);

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

e) time tlaken for the balance reading to stabilize and for it to be recorded (s);
f) decelgration 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 outdutnot included in 4.2.2 a)
to 4.2|2 g) (s).

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

Table 1 — Horizontal balancing machine data

Manufactprer: Model:

Balancing speeds or speed ranges ng | np | n3 | ng

maximum, my,..

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

Occasiona] 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 funbalance (g mm/kgorg mm) (see Note 3) —
permissible
a) Forinboard rotors minimum achiev- maximum mass,
able residyal specific unbalance, e .., Rotormass |m, ..
(g mm/kg) (see Note-4) (kg) (see 02m
Note 1) - max
minimum mass
b) For outboardrotors minimum achiev- maximum mass,
able residyalspecific 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).

2 © IS0 2022 - All rights reserved
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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

digmeters 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 I ~ % D~ I N A O ~ ©| ©
s |Os ) | &
|-
3
2
> || —
" 3
I
L
Key
1 | shaft
2 | rotor
3 | supports
4 Tbed
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.

©1S0 2022 - All rights reserved 3
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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) m
3) m
4) m
e) journ
1) m
2) m
f) maxiy
g) corre

h) corre
provi

4.2.4 B

Balancing

inimum (mm);

aximum distance from coupling flange to centreline of farthest bearing (mm);
inimum distance from coupling flange to centreline of nearest bearing (mm),
] diameter:

aximum (mm);

inimum (mm).

hum permissible peripheral journal speed (m s1);

‘tion plane limitations (consistent with the requirements«of 5.4);

‘tion plane interference ratios (consistent with thé\requirements of 5.4 and based on
g rotor used).

hlancing machine drive data

machine drive parameters shall be recgrded as shown in Table 2.

Table 2 — Balancing machine drive parameters

Balancing speed Rated torque on motor

¥/ 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

the

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=2b1d44b8ce22060b04c37173475ec08b

ISO 21940-21:2022(E)

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 faddition, 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) | if the brake can be used as a holding device.

4.2.8 Motor and controls

The standards against which the drive moter and its controls have been manufactured and t¢sted shall
belrecorded.

4.2.9 Speed regulation

It dhall be recorded whether,erinot motor speed regulation has been incorporated and if it hajs, what its
specifications are (range within ...... % of ...... r/min, or constant at ...... r/min).

4.2.10 Couple moment interference ratio, /..
Th couple momént interference ratio (g mm/(g mm2)) shall be recorded.

NO[TE This‘value is only applicable for single-plane balancing machines. It describes the influenge of couple
unlbalancednthe 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, 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 stated acceleration

© IS0 2022 - All rights reserved 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 | ny | ny
maximum, m ..
Rotor mass (kg) (see Note 1) —
minimum
OccasionaJoverload force per support (NJ (Se€ 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 funbalance (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 suppprt
that can be pccommodated by the machine without immediate damage.
NOTE 2 Cyfcle 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 valii€ is distributed proportionally to ejch
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 prodyction 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 npechanical adjustment of the balancing machine needed, including to the drive, tooling| or
adaptpr,
b) prepajration of any other devices and systems needed,
c) setting the indicating systém,
d) prepajration of the rotéorfor the measuring run,
e) balanfe cycle accelération time,
f) readipg time>(e/g. the total time between the end of the acceleration run and the start of the
decel¢rationrrun),
g) deceldration 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.

© IS0 2022 - All rights reser
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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 platednterface (see Figure £));

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

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

©1S0 2022 - All rights reserved 7
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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 Mptor 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 Aijr 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. motjon
measuring, force measuring):

5.2 Machine arrangement

The manufacturersshall describe the configuration of the balancing machine and its principal desjgn
features (¢.g-/horizontal or vertical axis of rotation, soft or hard bearing suspension system).

In additiofy, amdasapplicabte;, the manmufacturershatt provide detaitsof:
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;

8 © IS0 2022 - All rights reserved
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b)
‘)

d)
e)
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6) devices to accommodate complete units.

bearing lubrication requirements;

:2022(E)

for horizontal machines only, the mechanical adjustment and functioning of the means provided to

take up axial thrust from the rotor;
the type(s) of transducer(s) used to sense unbalance effects;

the drive method and the means to control it.

5.3

5.3

Al
loc

Th
ins

a)

b)
c)
d)
5.3

Th
for

a)
b)

c)

d)

b Measuring system

.1 General

palancing machine shall have the means to determine the amount of unbalarice and if
ation.

e balancing machine manufacturer shall describe the measuring systéem used in their m
tance:

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

whether it is electronically based;
the number of unbalance channels included andthe phase or encoder inputs included;

the type of unbalance pickup used and the signal given.

.2 Unbalance indicators

e manufacturer shall describe the means by which the amount and angle of the unbalance i
instance by using

a display showing vectorstin polar coordinates,
a numerical digital display with number of decimal places and significant digits,

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

a means of displaying any tooling (e.g. a holding device for the rotor under test) conj
needéd.

s angular

hchine, for

y method,
minimum

provided,

P position,
brial to be

pensation

5.

.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)
b)

‘)
d)

whether an arbitrary coordinate system is used (e.g. geometric centring),

an indication of the unbalance resolved into components (which can be in more than two correction

planes),

any correction devices installed,

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 manvruns are required to obtain the unbalance measurements
4 1 7

b) how the unbalance measurements are displayed,

c) if thefe are readings retained at the end of the measuring run and if readings from previous ryns
can b¢ recalled,

d) if reaflings can be made and displayed in real time during the measurement tuh, averaged oyer
time,

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

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

5.4.1 Mpulti-plane balancing machines

The manufacturer shall state whether plane separation is ificluded and if it is, at least these details shall
be provide¢d:

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

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

1) the ratio of bearing distance to plane distance for which plane separation is effective;

2) :]hether either or bath correction planes can be between or outside the bearings;

3) whether the centre of mass can be between or outside the two selected correction planeq or

bearings.

d) whetljer the-indicator system can also be used to directly measure the resultant and couple
unbalhncesy

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 © IS0 2022 - All rights reserved
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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.

Th £ 4= 1 1l b 4] - H alal 1 - P - | H 1.1l 3 d
L HIAIIUIdCiurcl Siidil StditT LT HIdATIITUIID PTHITISSTUIT UIIdIIgT T SPTTU UUl Iy Callul atlon an

operation.

5.3.2 Soft-bearing machines

The manufacturer shall state how calibration and elimination of cross plane influenc¢ is to be
acqomplished on the first rotor of a particular mass and configuration,Gwhether total for partial
redalibration is required when changing the balancing speed and if the calibration factors fire stored
within the measuring system and can be recalled.

5.3.3 Hard-bearing machines

The manufacturer shall state whether the balancing maching‘is permanently calibrated ajnd can be
sef] 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
thd measuring system and can be recalled.

The minimum achievable residual specific unbalance, e, ., that can be achieved with the|balancing
mdchine shall be specified in terms of specificainbalance (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) | amount indication,

b) | angle indication,

c) | plane separation, and

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

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

e) | out-of-rotind 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
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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 an

; led
stated as gveraged or specified criteria (e.g. based on the number and size and depth of holes).

At least thiese points shall be taken into account when establishing production efficiency:
a) any npechanical adjustment of the balancing machine needed, including to the dxivé, toolingl or
adaptpr;

ation of the rotor for the measuring run;
e) balange cycle acceleration time;

f) the rdading time (e.g. the total time between the end of the acceleration run and the start of the
decel¢ration run);

g) decelgration time;

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

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

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

For automfated machines with imany operations that cannot be carried out in series, a timing chart (¢.g.
as shown fin 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
lodds part 4 Human ('l/q/
anf starts (-153
cyfle °,
Clgmp part 1 Machine r\:
Mdasure I
patdiam- 4 Machine R '\%
et¢r and [,
rup-out p O
Acgelerate 3 Machine Q\U
Mgasure un- 4 Machine o
balance (\Q
Delcelerate 1 Machine N Q\/
Indlex to q \§‘
cofrection 1 Machine Q)\
angle O
Hyldraulic 1 Machine ~$
clgmp ‘\\Q
N
Mill feed to
deLth 3 3 mm N \9
Cafry out \~SJ\
millling cor- 6 120° C)
re¢tion N
Unclamp OV
rotary table 1 hine
fram spin- ( by
dl¢ K%)
Acfelerate A%\ Machine
Mdasure Qy Machine
Decelerate 1 Machine
Orfenta ee‘/
spind %1’ 1 Machine
nektpart
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

Ryr (1)
where:

U; isthe amount of initial unbalance;

U, istieamountof unbaltance TenTaining af teT O1e COITeCtioN.

7 Perftrmance qualifying factors

The manuffacturer shall state the range of factors within which the machine is capablefachieving the
guarantedd performance, for example

a) tempgrature,

b) humidity,

c) balanfing speed variation, and

d) line vpltage and frequency fluctuations.
The manuffacturer shall also state

e) whetler 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 i§ not perpendicular to the rotor axis.

8 Instgllation requirements

8.1 Gerneral

In considdring the siting of theé balancing machine, the manufacturer shall state the precautions to|be
observed fo obtain satisfactery performance in the presence of, at least

a) extrapeous vibration,
b) electrjomagneticyradiation, and

c) condegnsatiaf, 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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https://standardsiso.com/api/?name=2b1d44b8ce22060b04c37173475ec08b

ISO 21940-21:2022(E)

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 umse/in testing
balancing machines. It specifies rotor masses, materials, dimensions, limits, tapped h'ole”dfmensions,
roflor balancing requirements and details of test masses for standardized proving rotors (seg 9.2). The
exfent and cost of the tests required as well as the rotor size(s) to be used, may bé hegotiatefl between
th¢ manufacturer and the user of the machine.

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

9.2 Standardized proving rotors

To|evaluate and compare the performance of balancing<machines, it is possible to man(:l;facture a
proving rotor of a similar configuration, mass and moment of inertia to simulate the range off rotors to
be [palanced.

Progving rotors can also be used for machine calibration.
The manufacturer shall state whether a proving’rotor is supplied with the machine.
NO[TE The shipment of proving rotors tothe user is the subject of individual negotiation.

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

Proving rotors with only 8 holes per plane may be modified to comply with the requiremepts of this
do¢ument (see Annex DJ.

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

If 4 horizental machine is to be used for balancing outboard rotors (or inboard rotors with gorrection
planescoverhanging on one side), additional tests shall be agreed upon (see Clause 10) and rpquire the
us¢ afa 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

mar

The same

test, in two planes.

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

b) InH

Key

1,2 coj
1,2,3 tes
I, 11 asy

NOTE
rotor).

The provi

a) Type
mach

Serviq
rotor

N W|—

T

a) Proving rotor without journals — Type A

13 72 12
30 =
] ] Il
HH—e—HE =S _._}_ I
N B |
| | Il | Il i
oard proving rotor with journals — c) Outboard proving rotor with journals —
Type B Type C

rection planes
t planes
umed bearing planes

Centre of mass position is inboard in"Type A and Type B but outboard in Type C (shaft plus Typ

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

g rotor types covered by the requirements of this document are:

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

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

each 4

®
>

tal

hin
on

ide‘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.

NOTE

16

1 A Type Cproving 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.

Th

machine evaluation tests described in this document. Test masses are usually attached to th

me
me
thd
in

12
bef
sha
de;

As

Wlhen a rotor is connected to another driveline item (e.g. tooling), these additional driveli

shad

9.4

9.4
Ted
Si

50111(;

lere there is the possibility of the user defined rotor deteriorating during testing, it
‘dened and ground mating surfaces. The surface finish and roundness of any journals sh
hlity to enable the machine to pass the tests described in this document.

ere shall be a means of attaching test masses to the user defined rotor soras-to be able to ¢

ans of tapped holes and screws or threaded studs and nuts, but it can/also be by other me
thod of clipping a test mass to the rotor or a hole to insert a non-loeking test mass). The r
test masses are to be added shall be measured with sufficientaecuracy to pass the tests
his document (typically £0,025 mm).

equally spaced positions for attaching the test weights shall be identified unless otherw
ween the machine manufacturer and user. If such an.agreement is made, then the evaluat
111 be modified accordingly. The angular positioning' tolerance shall be adequate to pas;
cribed in this document (typically +0,1°).

far as is practical, test masses shall be mamufactured in accordance with the requireme

11 be included when calculating the test'mass.

. Test masses

.1 General
t masses are used toereate defined unbalances in the proving rotor test.

e the test positions have threaded holes, test masses may be in the form of bolts and sd
tion is to have'stud bolts permanently fixed in all test mass mounting positions, protry
surface of therotor by a fixed height, and to fix the test masses to them. In this case, test 1

the
ri

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

If thell .. is specified per plane, U, .. is calculated using Formula 2.

s and theprecise location of their centres of mass (radius) can be easily identified.

stjeplicating

thall have
all be of a

nduct the
e rotor by
ans (e.g. a
hdii where
described

se agreed
ion sheets
the tests

nts of 9.4.
he masses

rews. One
ding from
hasses are

Upar =2 Uy, perplane (2)
If e ., is stated, U,,,, is obtained by using Formula 3.
Umar = emar'n (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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Key
36 equal divisions.0f 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 inthis face are used to balance the rotor (optional)

four'equally spaced through holes T (see Table 5)

S 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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) Journal end details for belt drive rotors

number and size of thredds

a) Type B proving rotor

oK

oP,

c) Journal end details for end drive

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

12 equally spaced threaded-heles N (see Table 6) in each of the three test planes

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

All

Prq
the

Rofjors with énly 8 holes per plane may be modified to comply with the requirements of this document (

NO

a

FE Fordimensions, see Table 6.
Dimensions 4, B and C may be varied, provided that: A~ B/2, C = B/2.

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

ving rotors from SAE ARP 4162Al¢] may be used instead, with test masses modified to suit the requ
tests described in this document.

rotors

rements of

ee 9.4.4.2).

b

© IS0 2022 - All rights reserved

Figure 5 — Type B proving rotors for inboard tests on horizontal machines

Hthestaftsare usedas batt bearing seats;, ashoutdershoutd-be provided so tiat bearimgsare perpendicular to
the rotor axis and the centres are at the prescribed axial location.
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1 12 eqyally spaced threaded holes N (see Table 7). The axial position is required to be in between the bearirjgs.
2 12 eqyally spaced threaded holes N (see Table 7)
End-drive ihterface dimensions for shaft no. 3 to no. 5 (see-Iable 7) are in accordance with Type B proving rotor
4 to no. 6.

All tolerand

A proving 1
test masse;
document.

NOTE 1 Fo
NOTE 2 Ty
NOTE 3 Re

NOTE 4 Interface dimensioms, {spigot) comply with Type A proving rotors.

a Dimen|
of hold

Figure

es and residual unbalance shall be in aceordance with the test aims.

ptor meeting the requirements of SAE,ARP 4162A[6] may be used instead of a Type A proving rotor y
modified to suit the requirements of the tests to be performed and to meet the requirements of

" dimensions, see Table 7. Fhe-distance of the centre of gravity to the right hand bearing is y2.

pbe C proving rotors areade of a shaft (see Figure C.1 and Table C.1) and a Type A proving rotor.

rommended dimensiobs of shafts (for end-drive) fitting Type A proving rotors see E.3.

s N between'bearings is maintained.

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

Fith
his

sion may be vafied, provided the centre of mass stays outboard with the same overhang and the position

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,,

ar €ach for Plane 1 and Plane 2 can be used instead. There is

recommended alternative for Type C proving rotors.

24
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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
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.

Clt\'m(\f‘ EERM SN N
dpmetTr—oTo

192 893

1 =00 oo /g
T g

R

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

Th¢ 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, penform the same calcplation for
U,Lr as described in 9.4.1 but using the values given in Table 7.

NO[TE This leads to test masses different from those of the inboard test because:

a) | the mass of a Type C proving rotor is different from a Type Bproving rotor;

b) | the value claimed in Table 1 as e, ,,. for inboard rotors maydiffer from that for outboard rotors;
c) | the mass is attached to a different rotor diameter andthus has a different effective measurement radius.
EXAMPLE Horizontal machine, outboard Type Gproving rotor as in Table 7, no. 3 and m = 19,5 kg
Clajmed in Table 1: e .. = 2 g mm/kg.

Calculation in accordance with the requiréments of 9.4.2.2: U,. = 2 g mm/kg and m = 19,5 kg, then U, =
39 g mm.

So the U, test mass is to produced0-U . = 390 g mm.
9.4.3 Ryptest masses

9.4.3.1 General

For the R 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

Fo Typp AandB prnving 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
200, ,to 60U, .

b) one (for a single-plane test) or two (for a two-plane test) travelling masses, U,
five times the unbalance of the stationary masses.

ravel €ach producing

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 Ug,jon = 30 Uy, = 30 x 25 gmm = 750 g mm.
The Ry travelling test masses are to produce U,y =5 U, =3 750 gmm.

ravel ~ station —

© IS0 2022 - All rights reserved 25
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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, U,

NOTE

=60 U,

mar

=100U

mar*

to U,

station station

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 st
b) one ty
For couple
c) twos

d) twoti
9.4.4 P

9.4.4.1

The perm
the testre

For the U |

ationary mass, producing U, station = 20 Uppar to 60 U, and
avelling mass, prOdUCing Ures travel = 5 Ures station*

test masses, use

ationary masses, each producing U, ¢ation = 4 Ures stations a0d
avelling masses, each producing U, .,ve1 = 5 U station-

trmissible test mass errors

General

ssible test mass error is directly related to the task.to-be performed and shall not influe
sult by more than 10 %.

ar test, the permissible mass error is +1 %.

For the Ry test, the permissible mass error percentage is directly related to the claimed Ry and

given by H
EXAMPLE

9.4.4.2
The test nf

Proving r
document

The 0° ref]
the axis of

The test nj
with thesg

0,1-(100 % - RyR)-

For a test with a claimed Ry of 959, the permissible mass error is £0,1-(100 % - 95 %) = £0,5
Position
ass mounting positionsshall be at 30° intervals in each plane.
tors with only 8 holes per plane may be modified to comply with the requirements of 4
(see Annex E).
erence in eachrtest plane shall be at the same angular orientation (in the same plane throy

rotation):

permissible errors:

1Ce

| is

his

gh

ass mounting positions shall be located relative to the true position in each of three directi¢ns

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

thera

dius;

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.

26
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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|4 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 jof balance
measurement) have been replaced in an already installed machine!

The tests to be performed are shown in Table 8. However, performing
d) | the repeatability test, and

e) | speed range test.

The test procedures to be used for the repeatability and speed range tests are described in Ahnex 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 docyment, and

as p 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)
(s¢e G.1)
End drive horizontaltwo-plane X X A 0 0
Belt drive horizontal two-plane X X A 0 0
Dual drive horizental two-plane X X X 0 0
Self or otherdrive horizontal single-plane| X X X A 0 0
Self orother 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.

©1S0 2022 - All rights reserved 27
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Table 8 (continued)
Test to be performed
. Speed
Machine type Repeatability
Upar | Ryr | Isc | Compensator range
(see E1)
(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 tept shall be carried out.
A This tept shall be carried out if the machine has that capability and the function is to be used.
O This teft 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 Répeatability
Upar | Ryr | Isc | Compensator range

(see Annex F)
(see Annex {)

Run off at manufacturer No No A Yes No 0
Run off at fiser No No 0 0 No 0
Routine tept with mutual agreement No | No | O 0 0 0
Key

A This tept shall be carried out if the machine has that capability and the function is to be used.

O This teft shall be carried out with the agreement of all'stakeholders.

10.2 Requirements for evaluating balance machine performance

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

a) theU},, test;

b) the Ry test;

c) the . test (test~for interference from couple moment unbalance with resultant unbalapce
indicdtion), required only for single-plane machines;

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

The tests shattbeperformed during acceptance testing of tie batancing Tmacttine and o 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 Table 5 and Table 6 give an overview of the U,,,,. and Ry tests for Type A, Type B and Type C proving
rotors.

28 © IS0 2022 - All rights reserved
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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 ggreement
between the machine manufacturer and user.

The test procedures to be used for the repeatability and speed range tests are-déscribed in Ajnex G and
Anpex F.

10.3 Test speed

The test speed to be used when running the proving rotor shall be'agreed between manufa¢turer and
usé¢r and shall be either (see Table 1):

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

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:t&’balance rotors, or

d) | when a user defined rotor is used as aproving 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-anmount of residual unbalance (g mm) that a balancing machine is capable of

achiieving under a given,seét of conditions.
Thjs 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|overwiew of U, .. and Ry tests with the proving rotors described in Table 5 is shown in Table 11.

1042 Initial hnlnnring machine cpﬂ'ing

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.

©1S0 2022 - All rights reserved 29
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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—massleea [see% ) Type-oftest
axis tion -
|
Il i Il
T ]
| i | 3 single-plane —
vertical — [ ——— 4 1
' two-plane —
|—'—l
Type A
1 ? 2
B | single-plane -
inboard B o e ‘St o e = gep
] — two-plane —
| | i
horizontall Type B
1 2
3 —
-|T single-plane —»
outboard —%Et—— — &
| two-plane —
| | S
Type C
Key
1,2,3 testfplanes
LI measuring planes for U
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Table 11 — Overview of U .. and R ; tests with proving rotors described in Table 5

Upar 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
1 mar 1 Utravel =5 Ustation
| Measuring: resultant un- | M - 1
. balance . easuring: resultant
unbalance

Ba|lanc1ng with plane setting: to correction planes near Test masses in each Plane 1 and Plane?
to [Plane 1 and Plane 2
I . . -
: 2 Test mass producing ! US“?]“’“ 20 Uimar to
i mar
! 10 Uy, ,, in Plane 3. | > ol " isul
| Measuring: in Plane [ and | Measuring: Plane 1
B Plane I1 '—I—" and Plane 2
Bajlancing with plane setting: resultant unbalance Test mass in Plane\3
a a
-‘/ Test mass producing -‘/ Ustation = 20 Uimar to
10 U,,,, in Plane 3. mar
= :___: mar :___: Utravel =5 Us ation
Measuring: resultant un- M .
m B 1 B easuring: fesultant
balance
unbalance
Balancing with plane setting: to correction planes near Test masses in each Plane 1 and Plane 2
toPlane 1 and Plane 2
a a ]
il Test mass producing Ustation = 20 Pmar to
10 U,,,, in Plane 3. mar
= :___: mar Utravel =5 Us ation
| [ Measuring: in Plane [ and ine: Plane 1
Plane II Measuring: Plane
and Plane 2
Bajlancing with plane setting: resultantunbalance Test mass in Plane 1
a
=601
a\. - Testumass producing g(s)tatﬁ" 60 Pimar to
10-U,,,,, in Plane 3. - mar
= = ek g == i i B e g I ey g . Utravel =5 Us ation
~ — Measuring: resultant un- VAN M .
1 — easuring: fesultant
balance
unbalance
Balancing with plane setting: to correction planes near Test masses in each Plane 1 and Plane 2
to Plane 1 andPlane 2
a A
=601
g a Test mass producing Tatm llj(s)tstﬁn 60 Piar to
10 Uy, in Plane 3. - [ U ey
=~ — 1 —— e} Ytravel T sfation
Al - Measuring: in Plane [ and VAN M .
= = easuring: Plane 1
Plane Il - 5
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) in the same radial plane,

b) ina correction plane,

©1S0 2022 - All rights reserved 31
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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

bf the initial unbalances (and after each correction step (see 10.4.5)) shall be recorded in the

[able 1.

Readings
format of |

10.4.5 Correction

Balance tH

Apply cor
rotor body

On the fou

NOTE
single-plan

10.4.6 Rq

In the cas
10.4.5, chd

If, after t

10.4.5), tﬁE

10.4.7 PI

Set the in
Table 6.

10.4.8 T

Attach in
unbalancs

Attach thg

e rotor as close to zero unbalance as possible in a maximum of four runs.

Fections in the correction plane(s) after each run (e.g. correction(planes on Type B prov
r end-faces (see Key 2 in Figure 5)).

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

[f residual unbalance is not below 0,5U. (fd

mar

e test), the machine will probably not pass the test.

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

pference change

e of horizontal belt driven machines and aftér performing the actions specified in 10.4.2
nge the angle of the one pulse per revolution mark by 60°.

reference system has been changed;the next reading (run 6) is unsatisfactory (see Notg
problem shall be remedied before‘continuing the test.

ane setting for U, test

strument to read in measuring plane(s) in accordance with the requirements of Table 5 3

st runs

test Plane\8 a test mass producing 10U,,,. (see 9.4.1). Run the rotor, measure and rec
readings‘(values only) as shown in Table 13.

ng

to

to

nd

for each p
Table 13.

test mass in all the available holes in Plane 3 using a sequence that is arbitrary and t

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

Thp machine is considered to have passed the U, test (e.g. the claimed U,,,. has béen reaghed) if all
polnts plotted on Figure 7 lie within the range given by the two dashed lines (0,88|and 1,12}, with one
ex¢eption 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 pnbalance
only, the unbalance reduction test is intended to check enly the combined accuracy of gmount-of-
unpalance indication and angle indication.

=

Anloverview of U, .. and Ry tests with the proving retors described in Table 5 is shown in Tgble 11.

10}5.2 Ryj tests on two-plane balancing machines

On| horizontal and vertical two-plane balancing machines designed to indicate dynamic yinbalance,
thg unbalance reduction test is intended t6 check the combined accuracy of the amount of pnbalance
indication, angle indication and plane separation.

NO[TE On outboard Type C proving Totors and as an alternative, the R; test can be performed with resultant
or ¢ouple unbalance test masses..Déviations 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 prevenf machine
operators from knowing in advance what the readings should be, and thereby prevent them from
influencing theoutcome.

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

Unpalance readings are recorded using the test sheet format shown in Table 12 and suljsequently
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):
Unnar (g mm):

10 U, (g[mm):
Effective 1

leasurement radius (mm):

): WV

Test mass

(

Test speed

(r/min):

o

Plane 1 reading

Plane 2 reading

U,

mar

Angle

U,

mar

Angle

N\
'\%orrection

av

D

]

Run number

Run 1
ial unbalance

Run 2
Run 3
Run 4

Run 5
resiglual unbalance

Run 6
 reference change

g mm g mm g mm

init

not allowed

not allowed
after 60

&
7

O
Table 13 — Tesl.a?ata sheet for U, test
RX @)

Multiples of
mean value

Multiples of
mean value

Amount of
unbalance

Amount

ug‘lance
(@)

° . C)vPlane 1
0 2
30 Y
o0,
90
120
AN 150
o) 180
210
240
270
300
330

Sum

Test mass angular
position

a

Plane 2 Plane 1 Plane 2

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

LL

H

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°

270° 300° 330° 360/0°

o
Key

U unbalance reading

a  position of test masses

P, planel

P, plane 2

NOTE Unbalance reading is in multiples of arithmetic mean values.

Figure 7 — Diagram for evaluation of U
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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) atthe

top of the data sheet, enter the required information;

b) 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;

c) in Plane 2 choose a position for the stationary test mass. The position shall be neither the same

positipn as nor opposite to the stationary test mass in Plane 1. Enter the degree value in the Ru
row oh the Plane 2, stationary column;

d) arbitrfarily choose in Plane 1 one of the remaining 11 positions as the starting position for
travelling test mass and enter the degree value in the Run 1 row on the Plane 1, trayelling colum

e) arbitr
in the

f) for both travelling test masses, enter their positions for successive runs,letting them travel:

1) in
2) in

Do ng
positi

For a

3) m
n

4) m
ré

10.5.4.2

For testin
sheets (se
plane test

10.5.4.3

Table 15 is
are identi

Run 1 row on the Plane 2, travelling column;

Plane 1 in ascending 30° intervals;

Plane 2 in descending 30° intervals.

b1.
resultant or couple test, use Table 14 with these modifications:

ark Plane 1 as the left-hand couple ta include the positions and readings for couple t
asses in Plane 1 (couple test masses«in Plane 2 are always 180° apart);

ark Plane 2 as the middle plan€ (between Plane 1 and Plane 2) to include the positions 3
adings for the resultant testqnasses.

Multiple plane test

b when there are three or more test planes, it is recommended to modify the two-plane t
e Table 12 and Table 13) by adding extra planes and using the same principle as for a ty

Single-plane test

forlonly one plane. The rules to choose positions for the stationary and travelling test mas

n 1

the
n;

arily choose in Plane 2 a starting position for the travelling test mass. Enter the degree value

t use the stationary test mass positions, since two test masses cannot occupy the sajme

est

nd

est

falPo 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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.5.6.2 Test planes

Test planes shall be in accordance with the requirements of Table 5.

:2022(E)

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

Pel
the

Ad
an
su(

Div
un

apj

—

10

10
Ea
dig
des

10
Th

b)

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

l record the unbalance amount and angle readings for the planes shown on\the data shesg
cessive runs have been performed.

U

s Enter these va

balances) to obtain values in multiples of the stationary unbalancé;
pbropriate columns of the data sheet.

tation*

5.7 Plotting R test data

5.7.1 Evaluation diagrams

th evaluation diagram (Figure 8 for two-plane<test and Figure 9 for single-plane test)
gram with 11 sets of concentric Ry limit circles. From the inside outwards, the concent
ignate the limits for Ry values of 95 %, 90:%, 85 % and 80 % respectively.

re detailed instructions for drawing thiese diagrams are given in Annex B.

5.7.2 Two-plane test
b two-plane test (see Figure8)'is carried out by completing these steps:

enter the angular position of Plane 1 stationary test mass on the short line above the ar
appropriate Ry evaluation diagram. Mark radial lines at 20° intervals by entering degregq
in 20° increments {moving clockwise) on all short lines around the periphery of the diagi

since the stationary test mass in Plane 2 has a different angular position, enter a secor
referencesystem into the diagram for Plane 2. To avoid interference with the degree mg
Plane {3 enter the degree markings for Plane 2 in the oval circles provided halfway be
degree markings for Plane 1;

shown on

vance the travelling test masses to the next positions as shown in the data sheet, make a rurn, measure

t, until 11

ride the unbalance amount readings by the unbalance value of the stationary mass (both in terms of

ues in the

contains a
ric circles

Fow in the
markings
am;

d angular
rkings for
tween the

uSing the value (multiples of U

o) and angle values from the data sheet, plot the Plane

| readings

d)

in the form of test points (dots) on the appropriate R diagram, utilizing the value scale as shown

next to the vertical arrow;

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

(se

10.

e 10.6.2).

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 rdtor type: A
Proving rdtor serial number: nQV
Proving rdtor mass (kg): ,\'\‘ v
Claimed e} ,. (g mm/kg): (\; v
: O
Claimed U},,, (g mm): Q\b‘
Ustation (g mm) QV,
U,ar (g mip): 0O
Effective measurement radius (mm): (,\‘O
Stationary| mass mgio (8): P o
Utravel = 5 Ustation (g mm): A<5<
Travellingmass m,,¢ (8): \\({
Test speed (r/min): Q »
Test mass positions (angles) Unbalance_~¢’ Amount Unbalance Amoung
reading *. reading
Run Plane 1 Plane 2 Plan Reading Plane 2 Reading
K\ Plane 1 Plane 2
Station- | Travel- | Station- | Travel- Am@nt Angle | Divided by | Amount | Angle | Divided By
ary lil’lg ary lil’lg \C\)b Ustation Ustation
i ° ° ° C}\ gmm ° Multiple of | gmm ° Multiple pf
a . Ustation Ustation
\»
1 ~
2| | —
3|+ O
4 I N
5 T A =
o+ [ 1 -
20 A
A =
9 | 157 -
10 — —
11 — —
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— D — OO e - > —
%  Ruyr aan
80 ‘
85 T
- 90 e -
9 1‘.?
3
- -
2

S - D — D — D — O — b
Achieved Ryg:

Tegt 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)

% Rur unbalance reduction ratio, Ry;p, as percentage

Insert angular reference system according to position of stationary mass.

:
ptame 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): 0
Claimed U}, (g mm): 4
Ustation (g mm): . g ~V
Uppar (8 mip): A
: : : O
Effective measurement radius (mm): (\b‘
Stationarylmass mg,on, (8): n'\v‘)
4
Utravel =5 Jstation (g mm): Q
Travelling[mass My, (8): . \(O
Test speed (r/min): . Q\
Test mass positions (angles) Unbalance reading QY Amount
Run Plane 3 Plane3 Reading plane 3
Stationary Travelling Amount @Te Divided by U ation
o o gmm \(\Q) ° Multiple of Ustation
1 [
{\
z R
N
3 «Q
4 N
5 N
6 R
\M
7 A
8 O~
9 c O
10 N
11 JROM
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a3
% RUR n
80 1
85
)
90 l
95 ‘
O
T
—_ 4 —
3
-2
3 N S H
T T
Ry achieved:
Tegt points plotted by:
Key
n amount)scale in multiples, n, of stationary test mass unbalance, Uy o,
a pasition of stationary test mass (indicated by the vertical arrow)
% Rur unbalance reduction ratio, Ryy, as percentage
a Insert angular reference system according to position of stationary mass.
1 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 R, 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

unbalanc

shall be checked

Balance tH

10.6.2 Py

Add one t
exactly 18
masses by

10.6.3 Ex

None of th
the claimsd

In ISO 219
unbalancs

The I . is g

10.7 Con

10.7.1 In

The comp
of the test

rocedure

st mass each (e.g. the travelling mass of the R test) in Plane 1 and Plahe-2 of the ro

e rotor as stated in 10.4.5.

0° apart, and take a reading of the resultant unbalance. Shift the couple unbalance t
90° three times in succession, each time taking a new reading.

raluation

e four readings may exceed the value of the attached couple‘moment unbalance multiplied
d couple moment interference ratio, I, plus the claimed ¥4,

40-2, the couple moment unbalance interference ratig“/,. is the ratio of the change in stz
indication and the change in couple moment inducing the change in indication.

alculated by using Formula 4:

the change in static unbalance indication induced by a change in couple unbalance;

the change in couple moment unbalance indication induced by a change in couple mom
hbalance.

1pensator test

itial poifit

bnsdtar (used for the index balancing procedure) shall provide a consistent reading at the g

or,
est

by

tic

(4)

ent

nd

NOTE
masses.

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

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 Pla

ne 1:

a) astationary test mass at 30° producing Ug,ions

b) atravelling test mass at 150° producing U,

42

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

Q O

4] de. 1l. 4= 4= H Dl 1L 4] 10 ads- 4= 41 220 s L 14000 l.-[ d
e) LIIT LI aVCTIITg LTS HIdSS TIT T IdIIT L ITUIT LT 10U PJUSILIUIT LU LT O oU PJUSILIUIT [d 10U S1IT t), an

f) | the travelling test mass in Plane 2 from the 30° position to 210° position (a 180° shift).

Rup the balancing machine and set the compensator for the second step according te the manyfacturer's
mgnual.

Remove

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

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

NO[TE The stationary test masses in Plane 1 at 30° and in Plane 2t 150° are still in place.

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

10}7.3 Evaluation

Thp compensator passes the test if the reading inveach plane does not exceed 0,02 U, tion-

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

10.8 Simplified tests

10{8.1 General

If 3 balancing machine~has been previously type tested, or a machine in operation is p¢riodically
unflergoing 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 simplitied test shall be performed by carrying out these steps:

Umar

£211 +la A | A | lad i 1 A o 10 4 7
a IUITIUVV LU11IT lJl UltTtuUuuIrIcs ucsilriocu 111 1v.7w.4 LU 1VU.7T./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 tedt 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 Ry. No exceptions are allowed.
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Annex A
(informative)

Information provided by the user to the balancing machine
manufacturer

A.1 General

Thjs annex describes the minimum information that users should provide to the balancing machine
mdnufacturer 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 nrachine manufacturer shoulld 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“lasses of rotors. Table A.1 should be fompleted

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 rotorg. Detailed
information, including rotor manufacturer's drawings, should be supplied in lieu of Tablg A.1.
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Table A.1 — Typical data for rotors (with rigid behaviour) to be balanced

Parameter Rotor type* 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 digmeters, d¢ mm
Distance between journal centres, W* mm
Correctior] plane location, A mm
Correction] plane location, B mm
Correction] plane location, C mm
End clearance on driven end, Pf mm
Service spped r/min
Resonancq speed® r/min
Moment of inertiah kg m?
Air resistancel N
Motor power and speed kW and r/min
Maximum [initial unbalancel g mm
Unbalanceltolerancek g mm
Number of correction planes!
Drive&m
Correctior] means®

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

b Approdimately how many rotors of'thie’same class are to be balanced in succession before changing over to another
class.

¢ Ifapplifable, state the desiredphoduction rate in pieces per hour or pieces per day at 100 % efficiency.
d  Delete fhe unit not used.

€ Genera]ly applicable only-to horizontal machines.

f - Ifapplifable, stat€ the diameter over which the belt shall drive.

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

h Momenlt ofinertia 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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A.2.2 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) 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).

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

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

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

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

f) | Surface finish, roundness and hardness of the journal.

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

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

i) | Expectation of the user for the balancing machinésmanufacturer to supply the means pf balance
correction to be used (e.g. drills, milling cutters):

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

k) | Any other special test requirements by the user.

1) | Any cycle time requirements by the user.

A B
S e — o —|—
Key
A, B loads
Figure A.1 — Loads
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NOTE For dimensions, see Table A.1.

Figure A.2 — Example of a rotor for a horizontalbalancing machine
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a Mountling dintensions, including number of bolt holes and their diameter, or central bore or taper used to mojunt
the rollor 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 maximumvari

compacted earth) and thickness of concrete floor.

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
machine preferably be written and what other languages.are acceptable.

A.4 Administrative information

Th
ing

a)

b)
‘)
d)
e)
f)

g)
h)

e administrative information to be supplied by the user to the balance machine manufactu
lude, but is not limited to

need of the user for the services of a hatancing machine service engineer to install and ca
machine,

need of the user for the services of a balancing machine service engineer to instruct pers
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 specifica

interest of the) user in having a maintenance contract and if so, whom the quotatio
addressed. to,

shipping-address for the machine,

box.markings needed,

hition.

If the floor where the machine is to be located is rigid (e.g. equivalent to a cpncrete slab laid on

State any possible sources of vibration in the vicinity of the balancé\machine installation (e.g.

balancing

rer should

ibrate the

onnel,

ions held,

h shall be

i)
j)

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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