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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 (fFEC)yomattmatters of efectrotechnicat standardization.

Draft International Standards adopted by the technical committees are circulated to the member, bodieg for voting.
Publication ag an International Standard requires approval by at least 75 % of the member bodjes casting a vote.

International Btandard 1SO 2953 was prepared by Technical Committee ISO/TC 108, (Mechanical vipration and
shock, Subcommittee SC 1, Balancing, including balancing machines.

This third edifion cancels and replaces the second edition (ISO 2953:1985). It contains revised and mgre detailed
recommendations for testing the capability of balancing machines, including outboard proving rotors anf overhung
test planes. It[replaces the previous edition of this document.

Annex A is ar integral part of this International Standard. Annexes B to Fare for information only.
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953:1999(E)

Mechanical vibration — Balancing machines — Description
and evaluation

1 Scope

This Interrfational Standard gives requirements for the evaluation of the performance and_cha
machines fpr balancing rotating components. It stresses the importance attached to the formyin which
machine characteristics should be specified by the manufacturers and also outlines criteria’and tests

balancing

products of the different manufacturers. Guidance as to the manner in which users Should state their
is given in gnnex B.

Details of |
unbalance
contained i

Annex E de

This International Standard does not specify balancing criteria;these are specified in ISO 1940-1.

This Intern
at balancin
more plang
measure th

Technical
associated

2 Normative reference

The follow

Internationgl Standard. ‘At-the time of publication, the edition indicated was valid. All standards

achines. Adoption of the format suggested in 4.1 and 4.2 makes it easier-for the use

roving rotors, test masses and performance tests to be employed‘to ensure compliance
ndicating capability are given. Tests for other machine capacitie€s and performance paran
N this International Standard.

scribes recommended modifications of old ISO proving rotors.

htional Standard is applicable to balancing machines that support and rotate workpieces v
) speed, and that indicate the amounts and-angular locations of required unbalance correc
s. It covers both the machines that measure out-of-balance effects on soft bearings al
is on hard bearings.

equirements for such balancing machines are included, however, special features, s
with automatic correction, are-excluded.

ng standard contains provisions which, through reference in this text, constitute prov

[«

revision, a
possibility

registers of| currently valid International Standards.

ISO 1925:199a Mechanical vibration — Balancing — Vocabhulary

nd parties< 10 agreements based on this International Standard are encouraged to i
f applying-the most recent edition of the standard indicated below. Members of IEC and

racteristics of
the balancing
for evaluating
r to compare
requirements

with specified
heters are not

hich are rigid
ions in one or
nd those that

ch as those

isions of this
ire subject to
vestigate the
ISO maintain

3 Definitions

For the purposes of this International Standard, the definitions given in ISO 1925 and those given in annex A apply.

4 Capac

ity and performance data of the machine

The manufacturer shall specify the data listed in 4.1 for horizontal or 4.2 for vertical machines respectively, as

applicable,

and in a similar format.
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4.1 Data of horizontal machines

4.1.1 Rotor mass and unbalance limitations

©1SO

4.1.1.1 The maximum mass of rotor which can be balanced shall be stated over the range of balancing speeds.

The maximum moment of inertia [(mass x (radius of gyration)2] of a rotor 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).

Table 1 — Data of horizontal machines

Manufacturdr: ...........ooeeeeei i, MOAEL....viiiiiiiiiiiiiiiieieeee e 6
Balancing speeds or speed ranges (see also 4.1.3.1) n n, na ny ng
Rotor mass kg maximum
(see note 1) minimum
Occasional pverload force per support N
(see note 1)
Maximum ne¢gative force per support N
(see note 1)
Maximum rgtor moment of inertia with respect to the shaft axis
(see note 2) Kg:m2
Cycle rate (§ee note 2)
Maximum umbalance g-mm/kg or g-mm measurable
(see note 3) péermissible
a) For inbogrd rotors

Minimum| achievable residual specific unbalance, maximum mass

€mar, 9-Njm/kg

(see notg 4 and clause 6)

0,2 x max. mass
minimum mass
Correspdnding deflection of analog amount-of- maximum mass

unbalange indicator, mm
Number ¢f digital units
(see notqg 4)
0,2 x max. mass
minimum mass
b) For outbgard,rotors

Minimum achievable residual specific unbalance,
€mar, 9-mm/kg

(see note 4 and clause 6)

maximum mass

0,2 x max. mass

minimum mass

Corresponding deflection of analog amount-of-
unbalance indicator, mm

Number of digital units (see note 4)

maximum mass

0,2 x max. mass

minimum mass
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4.1.1.2 Production efficiency (see clause 7) shall be stated, as follows.

4.1.1.2.1 Time per measuring run:

a) Time for mechanical adjUSIMENLE: ..........oiiiiiiiii i s

b) Time for setting iNdiCating SYStEM: .....ccoiiiiiiiiie e s

C) Time for preparation Of FOLOI: ........cooiiiiiiiiiiiie e s

d) Average accCeleration tiMe: .........c.cooiiiiiiiiiie e s

e) Readirig time (including time 0 Stabilize): ... .. e reeee e S

f)  Average deceleration tIMe: ...t s

g) Relating readings t0 FOTOF: ........occuiiiiiiiiii e ee e S

h)  Other NECESSArY tIME: ... s

i) Total time per measuring run [ @) to h) above]: .......cccccvviiiiiiniiiini SN s

4.1.1.2.2 Unbalance reduction ratio for inboard rotors: ..........ccccccceevnveerepmfarsnnnnn %

4.1.1.2.3 Unbalance reduction ratio for outboard rotors: ...........ccccccoaeeeeeennnnnn. %

4.1.2 Rotdr dimensions

4.1.2.1 Adequate envelope drawings of the pedestals and.of other obstructions, such as belt-drivg
shroud mopnting pads, thrust arms and tie bars, shall béZsupplied to enable the user to determine

rotor envel

A combina
speed. The

When belt
which the b

The manuf

ppe that can be accommodated and the tooling and/or adaptors required.

ion of large journal diameter and highvbalancing speed may result in an excessive jour
maximum journal peripheral speed-shall be stated.

drive is supplied, balancing speeds shall be stated for both the maximum and minimum d
elt can drive, or other convenient diameter.

hcturer shall state if thegaxial position of the drive can be adjusted.

b mechanism,
the maximum

hal peripheral

ameters over

4.1.2.2 Raqtor envelope limitations (see figure 1) shall be stated.

4.1.2.3 Raqtor diametet:

a) Maximum diameter OVer DEA: ........ooiiiiii i mm
b) Maximum-diameter over which belt can drive: .........ccccooiiiiiiiiii e mm
¢) Minimum diameter over which belt can drive: .........cccccciiiiiii mm
4.1.2.4 Distance between journal centrelines:

A)  MAXIMUIME ettt e e et e e e s et bt e e s sbb et e e s abb e e e e abneeeeanes mm
D) MINIMUM: ettt e mm
¢) Maximum distance from coupling flange to centreline of farthest bearing: .......... mm
d) Minimum distance from coupling flange to centreline of nearest bearing: ........... mm
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Key

1 Shaft

2 Rotor

3 Support
4  Bed

NOTE 1 If the leftshand support is nat a mirror imngn of the righf-h:mrl support _separate dimensions shall he shownh.

NOTE 2 The profile of the belt-drive equipment shall be shown, if applicable.

Figure 1 — Example of machine support drawing illustrating rotor envelope limitations
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4.1.2.5 Journal diameter:

A)  MAXIMUITE ettt et e e ettt e e s sttt e e s sbb et e e s abb e e e e abneeeeanes mm
D) MINIMUM: ettt e mm
Maximum permissible peripheral journal Speed ..........ccocoieiiiiiiiiiii e m/s

4.1.2.6 Correction plane limitations (consistent with the statements in 5.4) shall be stated.

4.1.2.7 Correction plane interference ratios (consistent with the statements in 5.4 and based on the proving rotor)

shall be stated.

4.1.3 DrivJa

413.1 Balancing speed Rated torque on workpiece
r/min N-m
nL ............................................................
Mh s
M s e
ni ............................................................
M s
2 S 8
M s s
O
or or
steplessly variable stéplessly variable
(0] 10 TR
(o U NPT
4.1.3.2 Tdrque (see note 5):
a) Zero-speed torque: ..l % rated torque on workpiece
b) Run-up torque adjustable from ......... t0 oo, % rated torque on workpiece
C) Peak tPraue. i e % rated torque on workpiece
4.1.3.3 Type of drive to workpiece (See NOte B): ......cceeeevviieeeeiiiiie e
4.1.3.4 Prime mover (type of MOtOr): ......occiiiiiiiiiiiiie e
8)  RAEA POWET: oot kw
D) MOOr SPEEU: ... r/min
c) Power supply, voltage / frequency / phase: ........cccoccceveiiiiiiiiiiiiiee s

4.1.3.5 Brake

Q) TYPe Of Brake: .o

b) Braking torque adjustable from

% of rated torque



https://standardsiso.com/api/?name=a555ff5cbe95951df28ac3fa2cd3eda4

ISO 2953:1999(E) ©1S0
¢) Can brake be used as a holding device? Yes / No
4.1.3.6 Motor and controls in accordance with the following standard(S): ......c.veevriiieiiiiiie e
4.1.3.7 Speed regulation provided:

Accurate or constant within ...... % Of wevverriennnnn. r/min, or ............... r/min
4.1.4 Couple unbalance interference ratio  (g-mm/g-mme) .........ccccoceeveunn. % (see note 7)
4.1.5 Air pregsure requirements : ............. Pa; ............ m3/s
NOTE 1 The| occasional overload force need only be stated for the lowest balancing speed. It is the pmakimym force per
support that cah be accommodated by the machine without immediate damage.
The negative fgrce is the static upward force resulting from a workpiece having its centre of mass outside the bearipg support.
NOTE 2 Cyde rate for a given balancing speed is the number of starts and stops which the machine can perfqrm per hour
without damage to the machine when balancing a rotor of the maximum moment of inertia.
NOTE 3 In general, for rigid rotors with two correction planes, one-half of the stated value pertains to each plgne; for disc-
shaped rotors, the full stated value holds for one plane.
NOTE 4 Limjts for soft-bearing machines are generally stated in gram millimetres per kilogram (specific unbalpnce), since
this value reprgsents a measure of rotor displacement and, therefore, motion,of the balancing machine bearings. For hard-
bearing machines, the limits are generally stated in gram millimetres, since‘these machines are usually factory-galibrated to
indicated unbalance in such units (see clause 6). For two-plane machines, this is the result obtained when the minimum
achievable residual unbalance is distributed between the two planes.
NOTE 5 In npost cases, maximum torque is required for accelerating a workpiece. However, in the case of a wqrkpiece with
high windage and/or friction loss, maximum torque may be.-required at balancing speed. When there is axiall thrust, it is

necessary that

NOTE6 Exa
end drive
end drive
belt drive,
magnetic

driven bed

e I i

air jet, etc

NOTE 7  This
the rotor on the

provisions be made to take this into account.

mples of the type of drive to the workpieceare:
by universal joint driver,

py band,

ield,

ring rollers,

indication of static unbalance.

value is_enly applicable for single-plane balancing machines. It describes the influence of couple yinbalance in

4.2 Data of

vertical machines

4.2.1 Rotor mass and unbalance limitations

4.2.1.1 The maximum mass of rotor which can be balanced shall be stated over the range of balancing speeds.

The maximum moment of inertia [mass x (radius of gyration)?] of a rotor 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 2).
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Table 2 — Data of vertical machines

Manufacturer: .........ccccccvevvvvvvinieininiereinnin, Model ...

Balancing speeds or speed ranges (see also 4.2.3.1) ny n, ns Ny Ns
Rotor mass kg maximum

(see note 1) minimum

Occasional overload force up to (see note 1) N

Maximum rotor moment of inertia with respect to the shaft axis
(see note 2) kg-m?2

Cycle ratg(see Tote 2)

Maximumj unbalance (see note 3) g-mm/kg or g-mm | measurable

permissible

Minimum fachievable residual specific unbalance, e, ,
maximum mass
(see note|4 and clause 6) g-mm/kg

0,2 x max. mass

minimum mass

Corresponding deflection of analog amount-of-
unbalancg indicator mm

Number df digital units (see note 4)

maximum mass

0,2 x maxy mass

migimum mass

4.2.1.2 Prpduction efficiency (see clause 7) shall be Stated, as follows.

4.2.1.2.1 Time per measuring run:

a) Time for mechanical adjUSIMENL: ...t . i iiiiei e s
b) Time fpr setting iNdiCating SYStEMI .. ..o e s
c) Time fpr preparation Of FOtOr ... oo s
d) Average accelerationdiME. .........c.ooiiiiiii i s
e) Reading time (including time to stabilize): .......cccccoiiiiiiiii e, S
f)  Average deceleration tiMe: ... s
g) Relatingreadings t0 rOtOr: ..........ccccoeiieeeeiiiiiiiiiiiieiiiiiiiiiiiieieiiieeeiieeeeiieeeeeaes s
h)  Other NECESSArY tIME: ... s
i) Total time per measuring run [a) to h) @boVe]: .......ccocceiiiiiiiiii e s
4.2.1.3 Unbalance reduction ratio: ............ccueeeeiiiieieiiiiiie e %

4.2.2 Rotor dimensions

4.2.2.1 If the machine is equipped with two or more speeds, this information shall be stated for each speed. If the
machine is equipped with steplessly variable balancing speeds, then the information shall be given in the form of a
table, formula or graph.
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Adequate drawings of the support surface of the spindle or mounting plate, and of obstructions, such as drill heads,
electrical control cabinets, etc. above the mounting plate, shall be supplied to enable the user to determine the
maximum rotor envelope that can be accommodated and the tooling and/or adaptors required.

4.2.2.2 Maximum diamMeEter: .....c..ueeieiiee it e e e e e e e e e e mm

4.2.2.3 Rotor height:

a) Maximum overall height: ..o mm
b) Maximum height of centre of gravity: .......cccocveeiiiiiiii mm
at 100 7% OF MAXIMIUM @SS, .eeeecceeoweesecmeessnesseesnmeesneeessneessseessseeesssnessseeens mm
at 50(% Of MaXiMUM MASS: ....ooiiiiiiiiiiiiiee e mm
at 25(% of MaXiMUM MASS: ....coiiiiiiiiiiiiiee e mm

4.2.2.4 Rotof envelope limitations, including machine spindle or mounting plate interfacé (see figure |2) shall be

¢ g
/// /
- //
| /|

2 — | [ T

®

==
!
|
i
!
|
|
|
|

NN\
\0\

NN

s
NN

8

¢
\

L N
9

Key

1 Rotor 6  Centre of mass plane

2 Adapter 7  Lower correction plane

3 Protractor 8  Mounting holes for adapter

4  Spindle 9 Pilotw

5  Upper correction plane

Figure 2 — Example of vertical machine mounting interface illustrating rotor envelope limitations


https://standardsiso.com/api/?name=a555ff5cbe95951df28ac3fa2cd3eda4

©1SO

1ISO 2953:1999(E)

4.2.2.5 Correction plane limitations (consistent with the statements in 5.4) shall be stated.

4.2.3 Drive

42.3.1 Balancing speed Rated torque on workpiece
r/min N-m

nl ............................................................

My s e

N3 s

ni ............................................................

ns ............................................................

M s e

n7 ............................................................

ME s e
4.2.3.2 Tdrque (see note 5):
a) Zero-speed tOrqUE: .......ooeviieeeeriiieee e % of rated torque on workpiece
b) Run-up torque adjustable from .............. to ... % of rated-torque on workpiece
c) Peaktprque: ...... % of rated torque on workpiece
4.2.3.3 Prjme mover (type of motor):
8)  RAEA POWET: ot T ettt ettt e et e e et e e et e e e s sabeeee e e kw
D) MOOr BPEEU: ... e r/min
c) Power|supply, voltage / frequency(/ phase: ................ [ o [ o,
4.2.3.4 Brpke
a) Type df brake:
b) Brakinp torque adjustable from ......... to ....... % of rated torque
c) Can brake betused as a holding device ?  Yes/No
4.2.3.5 Mgtorand controls in accordance with the following standard(S): .........ccccooveiiiiiiiieinniieeenn,
4.2.3.6 Speed regulation provided:

Accurate or constant within ....... % of .......... r/min, or .............. r/min

4.2.4 Couple unbalance interference ratio

4.2.5 Air pressure requirements

NOTE 1

, g'-mm / g-mn? (see note 6)

be accommodated by the machine without immediate damage.

NOTE 2

without damage to the machine when balancing a rotor of the maximum moment of inertia.

The occasional overload force need only be stated for the lowest balancing speed. It is the maximum force that can

Cycle rate for a given balancing speed is the number of starts and stops which the machine can perform per hour
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NOTE 3 In general, for rigid rotors with two correction planes, one-half of the state value pertains to each plane; for disc-
shaped rotors, the full stated value holds for one plane.

NOTE 4 Limits for soft-bearing machines are generally stated in gram millimetres per kilogram (specific unbalance), since
this value represents a measure of rotor displacement and, therefore, motion of the balancing machine bearings. For hard-
bearing machines, the limits are generally stated in gram millimetres, since these machines are usually factory-calibrated to
indicate unbalance in such unit. (See also clause 6.) For two-plane-machines, this is the result obtained when the minimum
achievable residual unbalance is distributed between the two planes.

NOTE 5 In most cases, maximum torque is required for accelerating a workpiece. However, in the case of workpieces with
high windage and/or friction loss, maximum torque may be required at balancing speed.

NOTE 6 This value is only applicable for single-plane balancing machines. It describes the influence of couple unbalance in
the rotor on the-rehieation-ofstatic-urbalanee:

5 Machine|features
5.1 Principle of operation

An adequate description of the principle of operation of the balancing machine shallCbe given; for example, motion
measuring, fofce measuring, resonance, compensation.

5.2 Arranggment of the machine

5.2.1 The minufacturer shall describe the general configuration of this machine and the principal [features of
design, for example:

O horizontal or vertical axis of rotation;

O soft- or hprd-bearing suspension system;

O resonange-type machine with mechanical compensator.

5.2.2 The manufacturer shall provide details of the following, as applicable.
5.2.2.1 Components designed to support thevrotor, for example:

O vee blocks;

O open rollgrs;

O plain halftbearings;

O closed-ball, roller.@r plain bearings;

O devices tp accommodate rotors in their service bearings;

O devices toaccommodate COmptete umits.
NOTE Details of bearing lubrication requirements shall be given, where applicable.

5.2.2.2 The mechanical adjustment and functioning of the means provided to take up axial thrust from the rotor
(horizontal machines only).

5.2.2.3 Type(s) of transducers used to sense unbalance effects.

5.2.2.4 The drive and its control.

10
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5.3 Indicating system
5.3.1 General

A balancing machine shall have means to determine the amount of unbalance and its angular location; such means
shall be described, for example:

wattmetric indicating system;
voltmetric indicating system with phase-sensitive rectifier (including systems with frequency conversion);

voltmetric system with stroboscope and filter;

voltmettric indicating system with marking of angular position on the rotor itself;

o o o o oOd

compgnsator with mechanical or electrical indication.

5.3.2 Amdunt indicators

The manufacturer shall describe the means of amount indication provided, for example:
wattmetric or voltmetric component meters;

wattmetric or voltmetric amount meters;

wattmetric or voltmetric vector meters;

mechgnical or optical indicators;

o o o o oOd

analod or digital readout.
5.3.3 Angle indicators
The manufacturer shall describe the means of angle indication provided, for example:

wattmetric or voltmetric component meters;

wattmItric or voltmetric vector meters;
direct angle indication in degrees on a scale meter;
oscilloscope, stroboscopic indicators;

mechgnical or opticalindicators;

o o o o o o

analod or digital'readout.

5.3.4 Operation of the indicating system

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

a) How many measuring runs are required to obtain:
O the two readings for single-plane balancing?
O the four readings for two-plane balancing?
b) Is an indicator provided for each reading or is it necessary to switch over for each reading?
c) Are readings retained after the end of the measuring run?
d) Is an individual plus-and-minus switch provided for each plane which permits the indication of a heavy or light

spot?

11
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5.4 Plane separation system

5.4.1 This subclause is not applicable to single-plane machines; see.5.4.2.

©1SO

The manufacturer shall state whether plane separation is provided. If it is provided, at least the following details

shall be given

operated for single rotors of a type not previously balanced?

operated for single rotors in a series, with identical dimensions and mass?

The limits of workpiece geometry over which plane separation is effective shall be defined with the

a) Howisit
b) Howisit
c)
effectiver
O ther
O whe
O whe
d) Whether
5.4.2 On sin

able to suppre
5.5 Setting
5.5.1 Generd
The manufact

The manufag
correction uni

The manufact
O for single]
0 for two-p

The manufac
during calibra]

5.5.2 Soft-bdg

The manufad

ess stated on the basis of the correction plane interference ratio, stating the following:

atio of bearing distance to plane distance for which plane separation is effective;

her either or both correction planes can be between or outside the bearings;

her the centre of mass can be between or outside the two selected corregtion’planes and/o
the indicator system can also be used to measure directly static unbalance and couple unb

ple-plane horizontal or vertical machines, the manufacturer shallstate to what extent the
ess effects of couple unbalance (see 11.8).

and calibration of indication
I
urer shall describe the means of setting and calibration and the means provided for checkir

turer shall state whether setting is possible for indication in any desired unit, wheth
s and/or standard weight or unbalance tinits.

urer shall state the number of runs required for calibrating the machine:
-plane balancing;
ane balancing.

furer shall state the maximum permissible change, in percentage terms, in repeatabilit
ion and operation.

aring machines

turer \shall state how calibration is accomplished on the first rotor of a particular

configuration,

I bearings.
hlance.

machine is

g these.

br practical

y of speed

mass and

forexample, does the rotor have to be balanced by a trial-and-error procedure or is a cq

mpensator

provided, are
the balancing

canbratiom masses Tequired,; etc:, and-whether totat-or partiat re-catibrationis Tequired-wi
speed.

n changing

If a compensator is provided, the limits of initial unbalance, of rotor geometry and speed for which compensation is

effective shall

be stated.

5.5.3 Hard-bearing machines

The manufacturer shall state whether the machine is permanently calibrated and can be set according to the
workpiece or shall be calibrated by the user for different balancing speeds, rotor masses and/or dimensions.

12
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5.6 Other devices

Special devices which influence the efficient functioning of the balancing machine shall be described in detail, for

example:
O indicat

d

ion in components of an arbitrary coordinate system;

correction devices;

devices to correlate the measured angle and/or amount of unbalance with the rotor;

indication of unbalance resolved into components located in limited sectors in more than two correction planes;

O

suitabl

6

The minim
specific un
deflection ¢

This minim|
balancing g

In achievin
adequate f
0 amour
0 angle
0 plane
0

0O drive,
It should
delivered,
user, the m

7 Produg

7.1 Gene

e output for connection to a computer printer or other peripherals.

Minimuim achievable residual unbalance

im residual unbalance that can be achieved with a balancing machine shall be specifie
balance in gram millimetres per kilogram (see definition in annex A). together with the
f the amount-of-unbalance indicator.

um achievable residual specific unbalance shall be stated fof, the full range of workpiecq
peeds of the machine.

j the stated residual unbalance, the manufacturer shall consider whether the accuracy of t
br the purpose:

t indication,
ndication,

beparation,

scale multiplier,

hearings, etc.

e noted that the stated minimum achievable residual unbalance value applies to the
put if out-of-round-journals, excessively heavy or loose adaptors or other tooling are em
inimum achievable-residual unbalance may be affected.

ition efficiency

ral

d in terms of
corresponding

masses and

he following is

machine as
ployed by the

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 to
be specified by the user.

To find the production rate for a specific rotor (number of pieces per time unit or the reciprocal of the floor-to-floor
time), the time per measuring run, the necessary number of runs, the time for loading, unbalance correction and
unloading have to be taken into consideration. The necessary number of measuring runs depends on the average

initial unbal

ance, the tolerance and the unbalance reduction ratio (URR).

13
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For the proving rotor or rotors specified by the user, the manufacturer shall describe the procedure in detail and

state the aver

age time for each of the operations listed under a) to h):

mechanical adjustment of the machine, including the drive, tooling and/or adaptor;
setting of the indicating system;
preparation of the rotor for the measuring run;

average acceleration time;

ng time, i.e. the normal total time between the end of the acceleration run and_the

deceleratjon run;

a)

b)

c)

d)

e) the read
f) average
g) any furth
h) time for g
NOTE 1
NOTE 2 The

runs on the sar

If special tool
specified; for

leceleration time;
br operations necessary to relate the readings obtained to the actual rotorbeing balanced;

Il other required operations, for example, safety measures.

Items a) and b) are of primary interest for single rotor balancing.

time per measuring run is the total time required for steps a) to h) for the first run, but for subseque
ne rotor, only steps d) to h) are required. In the case of mass production rotors, only steps c) to h) a

5, not supplied as part of the standard equipment, are“necessary to accommodate a rotor, t
pxample, bearing inserts, couplings for drive shafts, Shrouds, etc.

7.3 Unbalamce reduction ratio

The manufacfurer shall state the unbalance reduction-ratio (see definition in annex A). It shall be assum

addition or su
the machine.

Where indicat
indicators, etg

8 Performd

btraction of mass is made without error-and that normal skill and care are exercised in the

or systems that rely heavily-on operator judgement are used, for example, stroboscopes,
., realistic values based an experience and related to the rotor to be balanced shall be give

ince qualifying&actors

The manufacturer shall state the range of the following factors within which the machine is capable of ag

guaranteed p

prformange,) for example:

start of the

t measuring
e required.

his shall be

ed that the
peration of

mechanical
n.

hieving the

O temperatpre;

O humidity,

O balancing speed variation,

O line voltage and frequency fluctuations.

The manufacturer shall also state whether the performance of the machine is significantly changed by the use of
ball bearings on the rotor journals.

In addition, the manufacturer shall state whether the unbalance indication of the rotor is significantly affected if the
rotor bearing thrust face is not square to the axis.

14
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9 Installation requirements

9.1 General

In considering the siting of a balancing machine, the manufacturer shall state what precautions shall be observed to
obtain satisfactory performance in the presence of the following environmental factors:

0 extran
0
d
9.2 Elect

Balancing

eous vibration,

electromagnetic radiation,

condensation, fungus and other factors, such as those referred to in clause 8.

ical and pneumatic requirements

machines shall be provided with standard input connections that are plainly marked wit

supply voltage and frequency, air pressure, hydraulic pressure, etc.

9.3 Foun

The manuf

Hation

hcturer shall state the overall dimensions and mass of the machine,zand the type and size

the required

of foundation

required fgr the machine under which its specified performance is assured; for example, corcrete blocks,
workbench| etc.

10 Provipg rotors and test masses

10.1 General

This clause specifies technical requirements for a range‘of proving rotors for use in testing balancing machines. It

specifies rptor masses, materials. dimensions, limits;-tapped hole dimensions, rotor balancing requ

details of

est masses. The extent and costs oOf-tests and the rotor size(s) may be negotiated

manufacturler and the user.

10.2 Pro

10.2.1 Th
intended to

ing rotors

ee types of proving rotorsyare defined, named A, B and C (Figure 3). Typical workpiec
be represented by the proving rotors, are characterized as follows.

irements and
between the

es, which are

O TypeA: Rotors withdubjournals, balanced on a vertical machinel), in one or two correction plafes.
Service,bearing planes may be anywhere; i.e. one on each side, or both on one side of the main
rotof body. For the tests it is assumed that one bearing is on each side of the rotor.

O Type B: <lInboard rotors with journals, balanced on a horizontal machine, mostly with two corfection planes
between the bearings.

Service bearings are positioned on either side of the rotor.
O TypeC: Outboard rotors with journals, balanced on a horizontal machine, with two overhung correction
planes.
Service bearing positions are similar to those on the proving rotor.
NOTE 1 Type C proving rotor is composed of a shaft and a proving rotor type A.
NOTE 2 Calculations for U, for type C proving rotor are based on the total mass (shaft and proving rotor type A).

1) They may be balanced on a horizontal machine with integrated spindle.

15
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|
i
|
S S
Type A

a) Vertical balancing machine

NOTE 1l Mag

Figure]

—{{rm_%_

i |

=

A & 1

Type B

Type-C

b) Horizontal balancing machines

s centre position is inboard in Types A and B but outboard in Type ‘€ (shaft plus type A rotor).

3 — Proving rotors type A, B, C with test planes 1, 2, 3sand assumed bearing planes |, II

Each type of proving rotor has three planes for attachment of test masses.

The same prd
10.2.2 Then

10.2.3 Provi
vertical mach
rotors (see 10

10.2.4 For n
that may be u

10.25 Ifah
overhanging (

NOTE1l Old

2.5).

ving rotor and test masses will be used for tests in one or two planes.

hanufacturer shall state whether or, not a proving rotor is supplied with the machine.
ng rotors shall be manufactured of steel and shall be similar to those shown in figure 4 ang
nes, figure 5 and table 4 for horizontal machines (inboard rotor), and figure 6 and table 5 f
achines covered, by this International Standard, the manufacturer shall have available prg

5ed to confirnTthe performance of each machine prior to shipment from the plant.

prizontalkmachine is to be used for balancing outboard rotors (or inboard rotors with correg
n one.side), additional tests have to be agreed upon (see 11.1). These require a proving rg

brstyle rotors with only eight holes per plane may be modified to this International Standard (see an

©1SO

table 3 for
br outboard

ving rotors
tion planes

tor type C.

hex E).

NOTE 2 The shipment of proving rotors to the user is the subject of individual negotiation.

10.2.6 Clear and permanent angle markings shall be provided on every proving rotor every 10° and enumerated at

intervals of 30°. Two such scales with a clockwise and anticlockwise enumeration may be provided.

For testing stroboscopic machines, the proving rotor shall be equipped with a numbered standard band delivered
with the machine. The middle of the first number shall coincide with one set of tapped holes. Angle readout for the
tests shall be made from the numbered band and recalculated in the 360° circle.

10.2.7 For multi-purpose machines, a standard proving rotor shall be used whose mass falls within the lower third
of the the mass capacity range of the machine.

16
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10.2.8 For machines which are intended to be used near the lower limit of the mass capacity range, a proving rotor

having a m

ass near the lower mass capacity limit is recommended for an additional test.

10.2.9 For special-purpose machines, or by agreement between the manufacturer and the user, a user's own rotor
may be used, provided the balance errors introduced by such rotors are negligible.

10.3 Test masses

10.3.1 Ge

neral

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

Since the ‘Eest positions have threaded holes, the test masses may be In the form of bolts,-s

recommenged solution is to have studbolts permanently fixed into all positions, protruding from ¢he

rotor by a [certain height, and to screw the test masses onto them. In this case, test masses.are

precise locgtion of their centres of mass (radius) can easily be identified.

The unbalgnce value of a test mass is always expressed in units of U,,,,, i.e. multiples)oF'the minimy

residual unpalance.

If the claimpd minimum achievable residual unbalance is specified per plane, Uj,, is calculated as foll
Umar 42 Umar per plane

If ey,4r the [claimed minimum achievable residual specific unbalance is:stated, U, ,, is gained by multi

the total mass m of the proving rotor:

U

mar 3

NOTE b
its centre of

10.3.2 Teq
10.3.2.1 H
O

one te

NOTE R
recommend

10.3.2.2 H
O onver

O on hor

e m

mar

he required value for the mass of a particular test, mass is derived from the required unbalance a
mass, when attached to the proving rotor.

t mass for U, test

mar

or the U,

mar t€st (see 11.6) the following test mass is required for plane 3 (see table 7):

5t mass producing 10 times\U},, ;-

or proving rotors of typelA or B, 2 test masses of 5U,,. each for planes 1 and 2 could be used inste
bd alternative for provingrotors type C.

or proving roters type A and B for tests:

Umar
ical machings and on horizontal machines with integrated spindles (A),

zontal‘'machines for inboard rotors (B).

crews, etc. A
surface of the
rings and the

m achievable

DWS!

plying ey, by

d the radius of

ad. There is no

EXAMPLE:

e +al [ H 4 £ n
TTUTIZUTTIAar macimic, Jruviltty Tutur typc D,

Table 4, No. 5, 50 kg.

Claimed in

€mar =

Calculation

Upnar test mass to produce:

table 1:

0,000 5 mm or 0,5 g-mm/kg.

U,

m

ar =50x0,5=25g-mm.

10 X Uppgr = 250 g-mm.

17
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330° 300°|
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.
| o
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Key

1 36 equal divisions of 10°, enumerated at 30° intervals, clockwise,
anticlockwise

2 12 equally spaced threaded holes G in each of three test planes

& Dimensions may be varied, except Yand Z.

Threaded hole for lifting eye

Holes in this face to balance rotor (optional)
Four through holes O, equally spaced

Two threaded holes G

b Interface dimensions (spigot) comply with SAE ARP 4162 proving rotors (where existing).

NOTE 1 All tolerances and residual unbalance shall be in accordance with the the test aims.

NOTE 2 Proving rotors from SAE ARP 4162 may be used instead with test masses modified to suit the ISO tests.
NOTE 3 For dimensions see table 3.

Figure 4 — Proving rotors Type A for tests on vertical machines

18
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Table 3 — Suggested dimensions, masses and speeds for proving rotors type A for tests on vertical

machines (see figure 4)

Rotor | Rotor | Major Minor | Height Highest
No. | mass [diameter |diameter test
M D d H X ya | za F G 10 Jb | kb | RP O |speed ¢
D 09D | 05D |0,075 D|(0,175 D[0,175 D| 0,06 D
Metric values
kg mm mm mm mm mm mm mm mm mm mm mm mm mm r/min
1 1,1 110 99 55 8 20 20 6,5 M3 50,8 |0,4x45°| 42 | 76,2 6,6 20 000
2 3,5 160 144 80 12 30 30 9,5 M4 50,8 |0,4x45°| 4,2 [ 76,2 6,6 14 000
3 11 230 206 127 19 45 45 13 M5 | 114,3 (0,4 x45°( 4,2 |18335| 10,3 10 000
4 35 345 310 170 25 60 60 20 M6 | 114,3 (0,4 x 45°( 4,2~]-133,35| 10,3 6 000
5 110 510 460 255 38 90 90 30 M8 | 114,3 (0,4 x45°[ 14,2 |133,35| 10,3 4000
Inch/pound values
Ib in in in in in in in in in in in in in r/min
1 2,5 4,3 3,875 2,2 0,375 | 0,75 | 0,75 | 0,250 [ No.5UNF [¢2™ |0,015x 45°0,165| 3 ,266 | 20 000
2 8 6,3 5,650 3,2 0,5 1,125 | 1,125 | 0,375 | No.8UNF} 2 (0,015x45° 0,165 3 ,266 | 14 000
3 25 9 8,125 5 0,75 1,75 1,75 | 0,510 |No.IQUNF 4,5 (0,015 x45°0,165( 5,25 | ,406 | 10 000
4 80 13,5 | 12,125 7 1 2,375 | 2,375 | 0,800\ 1/4UNF | 4,5 |0,015x 45°(0,165| 5,25 | (0,406 6 000
5 250 20 18 10 15 35 35 1186 | 5/16UNC| 4,5 |0,015x45°0,165| 5,25 | d,406 | 4 000

NOTE2 P

NOTE 1 Al tolerances and residual unbalance shall be in accordance with the test aims.

oving rotors from SAE ARP 4162 may be used instead with test masses modified to suit the ISO tests.

c Re

a Dimensigns may be varied, except Y and Z.

b Interface|(spigot) dimensions comply with SAE_ ARP 4162 proving rotors (Rotor Nos. 2 to 5).

fers tq rotors. Test mass design may limit'highest speed.
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E.09 @ IR & 300°3
:oog <3 L) D 330°: /IJ
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SUEE P g T3
EoOOE £ > > 60°E
B/2 B/?2
A® B ce

1 Details of journal ends Y A

© ‘ ‘ © x| o~
1 | Q
a) Retors for belt-drive b) Rotors for end-drive
Key
1 36 equal divisions of 10°, enumerated at 30° intervals,-clockwise, anticlockwise
2 12 equally spaced threaded holes N on each end-far trim balancing
3 12 equally spaced threaded holes N in each test'plane
4 Number ahd size of threads as requested
a

Dimensiong A, B and C may be varied provided they meet the requirements: A= B/2; C= B/2.

o

If the shaftd are used as ball bearing seatings, a shoulder should be provided so that bearings are square to the shaft axis
and the cenftres are at the prescribed axial location.

NOTE 1 End-drive interface dimensions comply with typical drive shafts.

NOTE 2 All tplerances and residual unbalance shall be in accordance with the test aims.

NOTE 3 Proving rotors from SAE ARP 4162 may be used instead with test masses modified to suit the ISO tests.
NOTE 4 Older style rotors with only 8 holes per plane may be modified to this International Standard (see annex E).

NOTE 5 For dimensions see table 4.

Figure 5 — Proving rotors Type B for tests on horizontal machines (for dimensions, see table 4)

20


https://standardsiso.com/api/?name=a555ff5cbe95951df28ac3fa2cd3eda4

1ISO 2953:1999(E)

© ISO

for inboard tests on

Table 4 — Suggested dimensions, masses and speeds for proving rotors type B

horizontal machines (see figure 5)
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2
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|
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T
1
[
N
) [P N | S U ) 41 ) s Y N | T o 1
AS3 A% RSy % I | S
N /N 1
HH
i Ve S
I
|
1 ya |_____ —
L A B
Key
1 12 equallyspaced threaded holes, N
2 12 equally [spaced threaded holes, N

a4 Dimensions
between bearir]

NOTE1l Exa
NOTE2 Pro
NOTE 3 Inte
NOTE4 End
NOTES5 All{

NOTE 6 Pro

may be varied provided the centre of'mass stays outboard with the same overhang and the positign of holes N
gs is maintained.

Imples for detailed dimensions ef shafts (for end-drive), fitting proving rotors type A are given in anngx D.
ing rotor type C is made.up from a shaft (see figure D.1 and table D.1) and a proving rotor type A.
rface dimensionsAspigot) comply with proving rotors type A.

-drive interface.dimensions for Nos. 3 to 5 are in accordance with proving rotors type B, Nos. 4 to 6.
plerances-and residual unbalance shall be in accordance with the test aims.

ing.rotors from SAE ARP 4162 may be used instead of proving rotor type A with test masses mogified to suit

the I1SO tests.

Figure 6 — Proving rotors type C  for outboard tests on horizontal machines (for dimensions see table 5)
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Table 5 — Suggested dimensions, masses and speeds of proving rotors type C for outboard tests on

horizontal machines (see figure 6)
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10.3.2.3 For proving rotors type C on horizontal machines for outboard tests:
O same calculation (principle) as above.
NOTE This will lead to masses different from the inboard test because:
O the mass of rotor type C is different from type B,
0O the value claimed in table 1 as e, for inboard rotors may differ from that for outboard rotors,
O the mass is attached to a different rotor diameter and thus has a different effective radius.
EXAMPLE: Hqtizentatmeachine—otitboare-proving-rotortype-c;
Table 5, No. 3, 19,5 kg.
Claimed undgr Table 1:

€mar = 0,
Calculation:
Upar test
10.3.3 Test 1
10.3.3.1 For
O one (for
Ustation =
O one (for
unbaland
Utravel = 3
EXAMPLE

Using the samd
minimum achig

URR stationary
U,

station —

URR travelling

D02 mm or 2 g-mm/kg

Unnar = 19,5x2 =39 g-mm

mass to produce: 10 x U, =390 g-mm

nasses for URR tests (see 11.7)

proving rotors types A and B:

L single-plane test) or two (for a two-plane test) stationary masses, each producing 20 to 60

2010 60 X Upygr

e of the stationary masses

X Ustation

e proving rotor and claimed value of e, as in 10.3.2.1, and test masses producing 30 times and 1
vable residual unbalatce leads to:

test masses produce:
30 X Upafi=180 x 25 g-mm = 750 g-mm.

testqmasses produce:

X Unar

A single-plane test) or two (for a two<plane test) travelling masses, each producing five times the

50 times the

Utravel = 3

10.3.3.2 For

O

Ustation =

NOTE The

24

il =
~station

proving rotor type C:

same calculation (principle) as above, however, in order to use the same URR evaluation diagram:

60 t0 100 X Uy -

test masses differ from those for proving rotor type A.
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On proving rotors type C (outboard), as an alternative the URR test could be performed with resultant/couple test
masses. According to the principles and rules as stated in ISO 1940-1, the following is suggested.

For resultant:

0O one stationary mass, producing: Uyes station = 20 10 60 X Uy 5

O one travelling mass, producing: Uyes travel = 9 X Uyes station

For couple:

0O two stationary masses, each producing: Us station = 4 X Ures station
O two trgvelling masses, each producing: Us travel = 5 % Ug station

10.3.4 Pefmissible errors of test masses

10.34.1 M

The permis
10 %.

a) For thg

b) For th

percer

+0,1 X4
EXAMPLE
Fora URR't

+0,1x
10.3.4.2 P
The mount
NOTE

q

The zero d
the axis of

The mount
permissiblg

asses

sible error in the test mass is directly related to the task and should net.influence the test

U

mar t€St, the permissible mass error is + 1 %.

by more than

e URR test, the permissible mass error (percentage) is:directly related to the claim¢d URR. The

tage is equal to:

(100 % — URR i)

bst with 95 % URR the permissible mass-error is

claim’
(100 — 95) % =+ 0,5 %
osition

ng position for test masses’shall be at 30° intervals in each plane.

Ider style rotors with ‘enly eight holes per plane may be modified to this International Standard (see

egree referencerin each test plane shall be at the same angular orientation (in the same
rotation).

ng pesitions shall be located relative to the true position in each of three directions with
erfors:

annex E).

plane through

the following

a)
(e.g.

b)

c)

0,5 %) but applied to the correction plane distances;

example £ 0,5 % equals + 0,3°.

in the axial direction: within the same percentage as determined for the mass tolerance in 10.3.4.1 for URR test

in the radial position: within the same percentage as above (e.g. £ 0,5 %), but applied to the radius;

in the angular position: within the same percentage as above, but applied to the unit of angle (1 rad = 57,3°); for

In order to facilitate tests with proving rotors types B and C, it is advisable to line up the thread pattern for the end

drive to the

0° position of the proving rotor.
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10.3.5 Material
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For medium and small proving rotors, some test masses may become difficult to design and inconvenient to handle
because of their small size. In these cases, it is preferable to make the test masses from lightweight material
(aluminum or plastic material).

11 Verification tests

11.1 Requirements for performance and parameter verification

To verify the

O the Uy
0 the URR
O the ISC
single-pld
O thetesto

type C shall b
between the

NOTE  Fig

These tests r
for:

O  minimum|

O combined accuracy of amount-of-unbalance indication, angle indication and plane separation (URR)

O suppress
0 accuracy|

The test proc
define the exa

In addition, €
features, instr

$ types A and B are choosen according to the type of balancing machine (see 10.2). Prq

est (test for minimum achievable residual unbalance);

est (test for unbalance reduction ratio);

est (test for interference from couple unbalance with static unbalance indi¢ation), requir
ne machines;

the compensator, used for index balancing.

e used only if outboard rotors are to be balanced on the, horizontal machine and upon prior
anufacturer and user.

re 7 gives an overview of U, tests and the URR:tést for proving rotors types A, B and C.

ppresent a minimum test procedure designed to establish essential compliance with the re

achievable residual unbalance (Uy4), and for

on of couple unbalance (ISC),
of the compensator.

pdures will net_prove compliance with all requirements over the full range of variables, n
ct reason when the machine fails to comply.

quipmeént' parameters shall be verified. This includes physical inspection of various ¢
umentation, tooling and accessories.

uired:

ed only for

ant or after

ving rotors
agreement

quirements

or will they

imensions,

11.2 Duties

O manuracturer and user

11.2.1 Examiner

For these tests, the user shall provide an examiner trained in the use of balancing machines. The manufacturer
shall instruct the examiner in the use of the machine. The examiner may either operate the machine or satisfy
him/herself that he/she could obtain the same results as the operator. The manufacturer shall ensure that the
written instructions are followed by the examiner.

11.2.2 Readi

ngs

The examiner shall print or read off the unbalance indication from the machine's instrumentation, log the values,

convert them

into units of U,

mar» @nd subsequently plot them. The manufacturer shall be entitled to

accuracy of the examiner's work.

26
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The manufacturer shall be responsible for the condition of the proving rotor, the correctness of the test masses, and
the location of the test masses. The examiner shall be entitled to verify this.

NOTE

11.3 Req

A weighing

uirement for weighing scale

scale shall be available having sufficient accuracy to meet the requirements of 10.3.4.1.

11.4 Test and rechecks

Older style rotors with only eight holes per plane may be modified to this International Standard (see annex E).

When a ma
which the

acceptable
11.5 Test

The approf

omplete test shall be repeated and the machine shall conform in that test in order-toe gy

speed

riate test speed for the proving rotor may be determined in the following-ways and agreed

manufacturer and user:

a) atypic

b) 1/10 u

specifi
c) atypic

d) inthe

of this
11.6 Test
11.6.1 Ge

This test ig
residual un

A two-plang
11.6.2 Stg
11.6.2.1 A

For the pa

pal speed of the machine to be tested, based on specification data‘of the manufacturer;

p to 1/5 of the heighest permissible test speed of the proving rotor (see tables 3 to 5), 3
cation data of the manufacturer;

pl speed the users intends to balance rotors at;

Case where a user's own rotor is prepared as.a‘proving rotor (see 10.2.7), the intended ba
rotor.

for minimum achievable residual unbalance (U5 test)
heral

intended to check the ability of the machine to balance a rotor to the claimed minimy
balance (Ug,)-

b test is described in detail, deviations for a single-plane test are mentioned.
rting-point
lane setting for balancing

ticular’rotor under consideration perform the mechanical adjustment of the machine. Cali

setting is d

L.chine fails to conform in a test, the manufacturer shall be entitled to adjust or modify the llnachine, after

alify as being

ipon between

dapted to the

ancing speed

m achievable

bration and/or

bresfor balancing in plane(s) (which are not the test planes); see tables 6 and 7.

11.6.2.2 Initial unbalance

Make sure that the unbalance in each plane of the proving rotor is smaller than five times the claimed minimum
achievable residual unbalance (10 times for a single-plane test). If necessary, correct for these unbalances. Use
locations which do not interfere with the following test steps.

EXAMPLE

For correction planes on a proving rotor type B: rotor body end-faces.
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Table 6 — Test planes
Machine Centre of Proving rotor Nto. ?f
axis mass (see 10.1) es
location planes
single-plane
[l
VN i T
| | |
——
Vertical — A —_—
—t—
Type A
tyvo-plane
1 3 ) single-plane
inboard %———@—— —%
N
Type B two-plane
Horizontal
1 single-plane
3 —
board ' Il . !
outboar - -—— -1 I?-, }
*. L : 1L
A A LE
Type C two-plane

1,2,3 Testplanes;
&, A Measuring planes for U,

28
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Table 7 — Overview of U,,.. and URR tests

mar
Upar test URR test
(see 11.6) (see 11.7)
Balancing with plane setting: static Test masses in plane 3

U,.,,=5x U,

trav stat

L Test mass producing

Ustat =20to 60 x Umar
10 X U, in plane 3 L

Measuring: static Measuring: static

| |
| |
L —L

Balancing With plane setting: to correction planes near to 1, 2 | Test masses in each plane 1, 2

Use-=-20 to 60 X Unar
U, =5 x U,

rav stat

i Test mass producing
10 X Uy, in plane 3

Measuring: planes &, N Measuring: planes 1, 2

|
|
—

Balancing With plane setting: static Test masses in plane 3
E Test mass producing b Ustat = 20 t0 60 K Upar
| 10 X U, in plane 3 ] - Ugay = 5 % Ugiye

(3]

g_:_____:% Measuring: static %:____:% Measuring: stat

Balancing With plane setting: to correction planes near to 1,2 | Test masses in each plane 1, 2

B Test mass producing Ustat = 20 t0 60 X Upar
10 X Uy, in plane 3 U,.,=5x U,

trav stat

%:_ _______ E% Measuring: planes &, N % % Measuring: planes 1, 2

Balancing With plane setting: static Test masses in plane 1
| Test mass producing Ustat = 20 t0 60 K Upar
| ; —
P 10 X U, in plane 3 _ Ugay = 5 % Ugiye
a 4 Measuring: static "_A' — 1= T Measuring: static
Balancing wittrptarme settingtocomrectionm ptames Trear to 1,2 Testmasses imeach ptanme 1,2
| Test mass producing Ustat = 20 t0 60 X Upgar
| ; —
P 10 X Uy, in plane 3 _ Uyray = 5 X Ugiat
- I —— I—JI1T T n N N — 1.
4 U a Measuring: planes &, 4 5 L= Measuring: planes 1, 2

1,2,3 Testplanes;

MM Measuring planes for Unar
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11.6.3 Unbal

ance added

Add two unbalance masses (such as balancing clay) to the rotor. They shall be equivalent to 5 to 10 x

The unbalanc

e masses shall not be:

in the same radial plane,

by 180°.

a)

b) ina correction plane,
Cc) inatest plane,

d) atthe same angle,
e) displaced

EXAMPLE

For planes on §
NOTE
11.6.4 Read
Readings of t
11.6.5 Corre

Balance the r
Apply correcti

EXAMPLE

For correction planes on a proving rotor type B: rotor body end-faces.

NOTE If ref
machine will pr|

11.6.6 Refer

In the case o
reference sys
0 onend-d
O on belt-d
NOTE1l Ifa

NOTE 2 |If, &

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

L proving rotor type B to add these unbalances: rotor body surface near to the test plapes.

ngs
hese initial unbalances (and after each correction step, see 11,6-5) are recorded in table 8.
Ction

btor as well as possible (following the standard procedare for the machine) in a maximum g
pns in the correction plane(s). Take readings and record them in table 8.

sidual unbalance is not well below 0,565+ in each plane (two-plane test) or below U, ., (single-pl3
bbably not pass the test.

bnce change

horizontal machines, ,after’ performing the actions described in 11.6.2 to 11.6.5, change
em of the machine by'60°:

ive machines, tutn-the drive shaft with respect to the rotor;
ive machings, shift the angle reference.

F0° change is not possible, a 90° change may be made.

the problems s

11.6.7 Plane

U,

nar test

setting for

Set the instrument to read in measuring plane(s) according to tables 6 and 7.

11.6.8 Testr

uns

fteér-the reference system has been changed, the next reading (run 6) is unsatisfactory (see note uT

©1SO

Upnar €ach.

f four runs.

ne test), the

he angular

der 11.6.5),

Attach in test plane 3 a test mass producing 10 x U,,,,, (see 10.3.2). Run rotor, measure and record unbalance
readings (amounts only) in table 9.

Attach this mass in all available holes in plane 3 using a sequence that is arbitrary.

Run rotor, me

30

asure and record readings in both planes for each position of the mass in table 9.
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11.6.9 U, evaluation (see table 9)
11.6.9.1 Calculation

Calculate the arithmetic mean value per plane by adding the values of all readings per plane, and dividing the result
by 12. Record the arithmetic mean value in table 9 under: "Mean value".

Divide each reading by the "Mean value" of the respective plane and record the results in table 9 under "Multiples of
mean value".

11.6.9.2 Plot

Plot the calgurated values (Mmultipies of mean vaiue) i 1gure 7.
11.6.9.3 Ljnes

In figure 7 the horizontal middle-line represents the arithmetic mean of the readings in each-plane. Two dotted lines
(0,88 and 1,12) represent the limit lines: £ 12 % of the arithmetic mean for each plane, which account {for 1 times the
claimed U, ., + 20 % for the effects of variation in the position of the masses and scatter 'of the test data.

11.6.9.4 Assessment

The machine is considered to have passed the U, test, i.e., the claimed.ginimum achievable residpal unbalance
has been r¢ached, if the following condition is met:

All plotted points are within the range given by the two dotted lines (0,88 and 1,12), with one exception|allowed.

11.7 Test for unbalance reduction ratio  (URR test)

11.7.1 URR tests on single-plane balancing machines

On horizontal and vertical single-plane balancing_machines, designed to indicated static unbalahce only, the
unbalance reduction test is intended to check .only the combined accuracy of amount-of-unbalance [ndication and
angle indication.

For test planes and reading planes see-tables 6 and 7.
11.7.2 URR tests on two-plane balancing machines
On horizontal and vertical twe*plane balancing machines, designed to indicated dynamic unbalance, the unbalance
reduction test is intended to~check the combined accuracy of amount-of-unbalance indication, angle |ndication and
plane separation.

For test planes andwreading planes see tables 6 and 7.

NOTE Onoutbhoard proving rotors type C, the URR test could be performed as an alternative with resultant/couple
unbalance festmasses. Deviations from the two-plane test are described.

11.7.3 General

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

The test consists of a set of 11 measuring runs. The test is run with a stationary test mass and a travelling test
mass (see 10.3.3) in each test plane.

Unbalance readings are recorded on the test sheet and subsequently plotted and evaluated.

There are different URR test data sheets for two-plane (table 10) and single-plane (table 11) tests. Prepare the test
data sheet prior to making the actual test runs so that test data are entered in the proper order.
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Table 8 — Data sheet for balancing of the proving rotor

© I1SO

[ = 1= 0 =S PRSP
[ Yo 1o g T 0] 1 (=] PRSP
= el T e T o o T=T = 1 =T I o)A O U PP OUP PP PTPPPO
Readings taken and reCOrded DY: .........eiii ittt e e st e e st e e e anbe e e e e eees
Y Fo Yo g1 ST (=1 (=T I 0 1 F= PR
11/ Yo 1= PRSP
o)V o I g0 0] g 1Y o TSP
NO. oo MASS: i kg
Unar = «oeeee|oreemmmmmmnnini, gmm; 10 Upgr = e g-mm
TesStMass Joocccceeeeeveviieeeineee, g; effective radius: .....coooeveeiiiiieiiiii e s mm
Test speed:|.....ccccvvviiveriinnnnn, r/min
1 2
Plane reading unit Amount Angle Amount Angle Correction
Unnar degrees Unar degrees
Run 1 No. 1
initial unbalance
Run 2 No. 2
Run 3 No. 3
Run 4 No. 4
Run 5 not allowe
residual unbalance
Run 6 not allowe
after 60° refdrence change

Table 9 — Test data sheet for

U,

nar test

Position of
test mass

Amount of
unbalance

Amount of
unbalance

Multiples of
mean value

Multiples of
mean value

degrees

Plane 1

Plane 2

Plane 1

Plane 2

Oo

307

60°

90°

4900

1ITZU

150°

180°

210°

240°

270°

300°

330°

Sum

Mean value

NOTE
unbalance.

For single-plane machines, use plane 1 columns to record the readings for the resultant
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Plane 1

1,2

1,15

[ S S S S S S S S S
S
S 1,05
1]
pad
o 1
[y
)
3 095
S

0, —— T ——©—— T T T T

0,35

0,

0° 30° 60° 90° 120°  150° 180°  210° 240°5270°  300°  330°| 360/0°
Position of test masses
Plane 2
1,1 >
1,15

Unbalance readout

0° 30° 60° 90°  120° 150°  180°  210°  240° 270° 300° 330°[ 360/0°

Position of test masses

NOTE Unbalance readout is in multiples of arithmetic mean values.

Figure 7 — Diagram for evaluation of U, test
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11.7.4 Preparation of test sheets

11.7.4.1 Two-plane test

Preparation of a test data sheet (table 10) entails the following steps.

a)

b)

<)

d)

e)

f)

For a resultant/couple test use table 10 with the following madifications.

0

11.7.4.2 Single-plane test

Table 11 is fIr only one plane.~The rules to chose positions for the stationary and travelling test n
identical to pl

11.7.5 Plane|setting

The machine |s set'to-read in the test planes (see tables 6 and 7).

For a resultar flr‘mlpln test on a proving rotor type C.the machine is-set to read the Pnllp|n unbalance

©1SO

Enter at the top of the data sheet the requested data so that the test conditions are permanently recorded.

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 No. 1" line on the "plane 1, stationary" column of the data sheet.

Choose in plane 2 a posmon for the statlonary test mass. This should nelther be the same posmon nor opposite

to the stationary e

Arbitrarily choose in plane 1 one of the remaining 11 positions as the starting position for the trg
mass and enter the degree value in the "Run No. 1" line on the "plane 1, travelling" column,ef the da
Arbitrarily choose in plane 2 a starting position for the travelling test mass. Enter the degree value
No. 1" ling on the "plane 2, stationary" column of the data sheet.

Enter sugcessive positions for successive runs in the data sheet for both travelling test masses, |
travel

O inplane 1 in ascending 30° intervals,

O inplane 2 in descending 30° intervals.

Skip the ptationary test mass positions, since two test masses cannot occupy the same position.

Mark plane 1 as the left-hand couple plane. This\means positions and readings for couple test mass
1 (coupld test masses in plane 2 are always-180° apart).

Mark plape 2 as the middle plane (betwieen planes 1 and 2). This means positions and readings f
test masges.

ne 1 of the twg-plane test.

stationary"
velling test
a sheet.

n the "Run

ptting them

es in plane

br resultant

nasses are

and 2 and resultant unbalance in the middle plane (between planes 1 and 2).

11.7.6 URR testruns

11.7.6.1 Starting-point

Unless a U,,,,, test has immediately preceded this one, perform steps described in 11.6.2 through 11.6.6.

11.7.6.2 Test planes

Test planes are according to tables 6 and 7.

n planes 1

For a resultant/couple test, planes 1 and 2 are used for the couple test masses, the middle plane (between planes 1
and 2) for the resultant test masses.
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11.7.6.3 Procedure

Add the stationary and travelling test masses in starting position (Run No. 1 line) to the test planes of the proving
rotor as shown in the data sheet.

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

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

Divide amount readings by the unbalance value of the stationary mass (both in terms of unbalances) to obtain
values in nfulfiples of the stafionary unbalance. Enter these In the appropriate columns of the data Shegt.

11.7.7 Plotting URR test data

11.7.71 aluation diagrams

Each evaluation diagram (figure 8 for two-plane tests and figure 9 for single-plane tests)'Contains a diggram with 11

sets of corfcentric URR limit circles. From the inside outwards, the concentric circles’designate the limits for URR

values of 9b %, 90 %, 85 % and 80 %.

Instructiong for drawing these diagrams are given in annex C.

11.7.7.2 o-plane test (figure 8)

a) Enter the angular position of plane 1 stationary test mass onthe short line above the arrow in the appropriate
URR ¢valuation diagram. Mark radial lines in 20° intervals by entering degree markings in 20° increments
(rising |clockwise) on all short lines around the periphery:of the diagram.

b) Since the stationary test mass in the plane 2 has a“different angular position, enter a second angplar reference
systenp into the diagram for plane 2. To avoid«interference with the degree markings for plang 1, enter the
degreg markings for plane 2 in the oval circles-provided halfway between the degree markings for|plane 1.

¢) Using the amount (multiples of Ung) and“angle values from the data sheet, plot the plane 1 r¢adings in the
form of test points (dots) on the appropriate URR diagram, using the amount scale as shown next|to the vertical

arrow.

d) Next pjot the plane 2 readings;\but in order to avoid confusing plane 1 test points with plane 2 tes} points, circle
all test|points for plane 2.

For a resulfant/couple testiplane 1 means couple unbalance, plane 2 means resultant unbalance (see[11.7.4.1).
11.7.7.3 Single-planetest (figure 9)

Enter only pne angular reference system into the diagram.

11.7.8 Evaluation

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

NOTE If a URR value other than 95 %, 90 %, 85 % or 80 % is specified, an intermediate circle of appropriate diameter may
be inserted (see annex C).

All test points on a URR Evaluation Diagram shall fall within the URR limit circles that correspond to the claimed
value for the URR with one exception per correction plane allowed. If not, the machine fails the test, in which case
the rules given in 11.4 apply.
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Table 10 — URR test data sheet for two-plane tests

[Ofe]00] =1 0| VAP PP PPPPPPPPPPP
(o Tor=Vilo] o o) i (S1S] oo PP PO TP PR PPPRPT
Machine tested, Make: ........cccceeiviiiiiniiie e MOGEL .
Y F= ol a1 g T= T o] o =T =1 (=T I o) PP ERR RO
Readings taken and logged by: ........cccoovviiiiiiiiiiiiiiin, Date Of EST: .uviiiiiie it
Proving rotor, [TYPe: ..ot NO.: e MasS: ..oveveeeiiiiiieee s kg
L0 U130l = OO P PSP UPOTIEPOTION s pr ST g-mm/kg
ClaIMEA Upygp F cvvereveresreriereseite st bbb (gt ... g-mm
Ugtation = ++eereferremrmmmrniiiiii X Upgr = ceereveerenrmnennsinnenenenes do o, ... g'mm
effective rRAIUS: ......oooiiiii MM;  StAtioNArY MAaSS: .......copaturrrrrrrereereeeiiniinieeeeesssnisbeereeennns g
Upravel = 5 X Uliation = «+ervereeereeeneiei i D e e @-mm
effective rRAIUS: ......ooooiiiiiii mm;  travelling Mass? ...cccovvveeeveiiiieieeeeeee e eesebe g
- Unbalance
Test mass positions (angles) readout Amount Unbalance readout Amount
Plane 1 Plane 2 Plane 1 Reading pl.1 Plane 2 Reading pl.2
Run divided by divided by
Statiopary | Travelling | Stationary | Travelling [ Amount | Angle Usiation Amount | Angle Usiation
gimm |degrees| Multiple of g-mm degrees | Multiple of
Ustation Ustation
1

2 ” ”

3 ” ”

4 ” "

5 ” ”

6 ” ”

7 ” ”

8 ” ”

9 ” ”

10 ” ”

11 ” ”
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-

URR achiev

% URR
AR
80
85 T
90 o
95 E
w1t S
s
>
T
.2
o
w Amount scale
= in multiples
= of Ustation
= 2
(%]
o
a
1
Insert angular reference systemyaccording i

to position of stationagy “*mass

— Plane 1, usgs+
O Plane 2, usée

LIS oL L ES3 ] (o] 4 =Yoo EPR S URUPPRRRN

Figure 8 — URR evaluation diagram for two-plane tests
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Table 11 — URR test data sheet for single-plane tests
[Ofe]00] =1 0| VAP PP PPPPPPPPPPP
(o Tor=Vilo] o o) i (S1S] oo PP PO TP PR PPPRPT
Machine tested, Make: ........cccceeiviiiiiniiie e MOGEL .
Y F= ol a1 g T= T o] o =T =1 (=T I o) PP ERR RO
Readings taken and logged by: ........cccoovviiiiiiiiiiiiiiin, Date Of EST: .uviiiiiie it
Proving rotor, [TYPe: ..ot NO.: e MasS: ..oveveeeiiiiiieee s kg
L0 U130l = OO P PSP UPOTIEPOTION s pr ST g-mm/kg
ClaIMEA Uppgp F o oveevereeresreieeresieieeie sttt et end e g-mm
Ugtation = #weeeefererrmrmremmmiiii i X Upar = coeveereermessenninssenseenssbe o o g-mm
effective rRAIUS: ......oooiiiii MM;  StAtioNArY MAaSS: .......copaturrrrrrrereereeeiiniinieeeeesssnisbeereeennns g
Upravel =5 X Uliation = «+++rereerereeseresesesinsiesiesiessesissessssssssss st fan oottt e g'mm
effective rRAIUS: ......ooooiiiiiii mm;  travelling Mass? ...cccovvveeeveiiiieieeeeeee e eesebe g
Test mass positions (angles) Unbalance réadout Amount
Plane 3 Rlane 3 Reading plane 3 dividedl by Uy iion
Run Stationary Travelling Amount Angle Multiple of Ug lion
g-mm degrees
1
2 ”
3 ”
4 ”
5 ”
6 ”
7 ”
8 ”
9 e
10 ”
11 ”
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Figure 9 — URR evaluation diagram for single-plane tests
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11.8 Test for couple unbalance interference on single-plane machines

11.8.1 Starting point

©1SO

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

Balance the rotor as stated in 11.6.5.

11.8.2 Proce

dure

Add one test mass each (e.g. the travelling mass of the URR test) in planes 1 and 2 of the rotor, exactly 180° apart,

and take a feading of the Static unpatance.  Shift the toupte unbatance test masses by 90ty

succession, e
11.8.3 Evalu

None of the fq
unbalance int

11.9 Compg

11.9.1 Startipg-point

The compeng

procedure.
NOTE This

Use the balar]
(11.6.3).

11.9.2 Proce

Add in plane 1

O a'station

O a'travelli

Add in plane 2

O a'travelli

O a'station

Run the balar

pch time taking a new reading.
htion

ur readings may exceed the value of the attached couple unbalance multiplied)by the clai
prference ratio, plus the claimed minimum achievable residual unbalance,

ensator test

ator (used for the indexing procedure) shall provide a.consistent readout at the end

test checks the compensator by simulating the indexing:gf\the rotor by only moving test masses.

ced proving rotor (11.6.5) or ensure, that the usbalance is smaller than five times U, in

dure

U,

station &t 30° and

Ary test mass'

Ng test mass' Uy,,,e at 1507

Ng test mass' yqle at 30° and

U,

station at 150°.

Ary test mass'

cing machine and set the compensator for the first step according to the manufacturer's ma

e times in

med couple

of the test

each plane

inual.

Move

0

O

in plane 1 the 'travelling test mass' U, from the 150° position to 330° (180° shift),

procedure.

in plane 2 the 'travelling test mass' U, from the 30° position to 210° (180° shift), to simulate the indexing

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

Remove

O

O

in plane 1 the 'travelling test mass' Uy, located at 330° and

in plane 2 the 'travelling test mass' U, l0cated at 210°.

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

The compensator clears the test if readings in both planes are 0,02 Ug,iop, OF l€SS.

NOTE

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

11.10 Simplified tests

11.10.1 General

If a balancing machine has been type-tested thoroughly before, or a machine in operation periodically is undergoing
tests, a reduced effort will suffice.

Both the U
11.10.2 Si
a) Follow
b) In11.6

NOTE
c) Follow
d) The m

and 1,
No excepti
11.10.3 Si
a) Follow

each g
b) Enter f
c) Make
d) Alltes

claime
No excepti

Lar @and the URR test may be simplified in reducing the number of test runs.
mplified U, test
procedures 11.6.2 to 11.6.7.
.8, skip every second angular position, thus reducing the number of runs_te’6.
The remaining angles are evenly spread around the rotor, e.g. 0°, 60°)120°, 180°, 240°, 300°.
11.6.9.1to 11.6.9.3, but calculate the arithmetic mean value per/plane by dividing the sum

achine has passed the test if all plotted points are within‘the range given by the two dott
12).

bn is allowed.
mplified URR test

11.7.4 to 11.7.8, but skip all positionsbeing 60° or multiples apart from the stationary t¢
lane. This reduces the number of runs:to six.

or the travelling test masses 602 ascending/descending intervals in the log [11.7.4.1 f)].
BiX successive runs (11.7¢6.3).

points on the test sheet shall fall within the URR limit circles (or on their lines) that corr
d value for the URR:

bn is allowed:

by 6.

ed lines (0,88

St masses in

bspond to the
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Annex A
(normative)

Definitions

the convenience of users of this International Standard, some definitions from 1SO 1925 are quoted.

©1SO

NOTE 1 For
NOTE2 Mo
A.l

centre of mas
point assiocig
equal to the

responding fir

A2
rotor
body capable

A3
journal
that part of a

A4
shaft (rotor) a
straight line jg

A5
inboard rotor
two-journal ro|

A.6
outboard roto
two-journal ro|

A7
unbalance ve
vector whose

A.8
amount of un
product of the

ified definitions as ngrnnd upon I \WG 1 for a future edition of 1ISO 1925 are marked *)

5
ted with a body which has the property that an imaginary particle placed at this) point w
mass of a given material system has a first moment with respect to any @lane equal
S5t moment of the system *)

of rotation *)

otor which is supported radially and/or guided by a bearing in which it rotates *

Kis
ining the journal centres *

tor which has its centre of mass between the journals

for which has its centre-of.:mass located other than between the journals

Ctor
magnitude isthe”amount of unbalance and whose direction is the angle of unbalance *

balance
udbalance mass and the distance (radius) of its centre of mass from the shaft axis *)

ith a mass
to the cor-

A9
angle of unba

lance

polar angle at which an unbalance mass is located with reference to the given coordinate system, given a polar
coordination system in a plane perpendicular to the shaft axis and rotating with the rotor *

A.10

unbalance mass
mass whose centre is at a distance from the shaft axis *)

All

residual (final) unbalance
unbalance of any kind that exists in the rotor after balancing
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initial unbalance

unbalance

A.13

resultant unbalance,

vector sum

A.l4

specific unbalance,

of any kind that exists in the rotor before balancing

%

r
of all unbalance vectors distributed along the rotor *)

e

amount of static unbalance U divided by the mass m of the rotor

A.15 J

correction (balancing) plane

plane perpéndicular to the shaft axis of a rotor in which correction for unbalance is made

A.16

measuring [plane

plane perpéndicular to the shaft axis in which the unbalance vector is determined

A.17

test plane

plane perpéndicular to the shaft axis in which test masses may be attached

A.18

test mass

precisely defined mass used in conjunction with a proving rotor toitest a balancing machine

NOTE 1 The use of the term "test weight" is deprecated; the termy"test mass" is accepted in international usage.
NOTE 2 The specification for a test mass should include itSmass and its centre-of-mass location; the aggregate effect of the
errors in thepe values should not have a significant effect ‘@n-the test results.

A.19

single plang (static) balancing machine

gravitational or centrifugal balancing machine'that provides information for accomplishing single-plane |balancing
A.20

dynamic (tywo-plane) balancing machine

centrifugal palancing machine that-furnishes information for performing two-plane balancing

A.21

balancing machine accuracy

limits withir) which a given amount and angle of unbalance can be measured under specified conditiong
A.22

couple unbplance interference ratio

interferencératiot—is-defined-by therelationshipp——————— |
where Ug is the change in static unbalance indication of a balancing machine when a given amount of couple

unbalance U is introduced to the rotor

NOTE This ratio is generally used in the testing of single-plane balancing machines and may be expressed by multiplying it
by the maximum distance between the test planes on a proving rotor.

A.23
plane separation
capability of a balancing machine to minimize the correction plane interference ratio.

NOTE The term is also used for the related process. ¥
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A.24
unbalance reduction ratio (URR)
ratio of the reduction in the unbalance by a single unbalance correction to the initial unbalance

URr=Y1U2_,_U2

U1 U1
where

U, is the amount of initial unbalance;

U2 is thecamaunt of unbalance rnmaining after ane carrection

NOTE 1 Thegunbalance reduction ratio is a measure of the overall efficiency of the unbalance correction.

NOTE 2 Thqratio is usually given as a percentage.

A.25
minimum ach|evable residual unbalance
smallest valug of residual unbalance that a balancing machine is capable of achieving

A.26
claimed minirIum achievable residual unbalance

smallest valug¢ of residual unbalance stated by the manufacturer for the mac¢hine, and measured in acco
the procedurg specified in this International Standard

A.27
proving (test) rotor

rigid rotor of| suitable mass designed for testing balancingimachines and balanced sufficiently to
introduction df exact unbalance by means of additional masses with high reproducibility of the mag
angular positipn
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