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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-govermmental, in liaison with 1SO, also take part in the work. ISO collaborates closely with

Internation
Internation

The main
adopted b
Internation

Attention id
rights. ISO

ISO 21940
monitoring
to machine

This first 6
revision. T

has been fleworded in order to exactly reflect what this partof ISO 21940 is dealing with. Furthermore, so

bl Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
bl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
fask of technical committees is to prepare International Standards. Draft International Standg

y the technical committees are circulated to the member bodies for voting-)Publication as
bl Standard requires approval by at least 75 % of the member bodies casting)a vote.

shall not be held responsible for identifying any or all such patent rights.

21 was prepared by Technical Committee ISO/TC 108, Mechanical vibration, shock and condi
Subcommittee SC 2, Measurement and evaluation of mechanical vibration and shock as app
s, vehicles and structures.

dition of 1ISO 21940-21 cancels and replaces 1SO.2953:1999, of which it constitutes an editg
he main change is that for all definitions, reference-is made to 1ISO 1925. Additionally, the Sc

the

rds
an

drawn to the possibility that some of the elements of this document.may be the subject of patent

ion
ied

rial
bpe
me

rough rounding in the numbers given in the Tables has-been smoothened, and some Figures drawn mpre
exactly.

ISO 21940 consists of the following parts, underihe general titte Mechanical vibration — Rotor balancing:

— Part 1} Introduction)

—  Part 2| Vocabulary?)

Part 1

Part 1

Part 1

1: Procedures and tblérances for rotors with rigid behaviour3)
D: Procedures and tolerances for rotors with flexible behaviour®)

B: Criterig-ahd safeguards for the in-situ balancing of medium and large rotors®)

standards

2)

3)

Revision of ISO 1925:2001, Mechanical vibration — Balancing — Vocabulary

Revision of ISO 19499:2007, Mechanical vibration — Balancing — Guidance on the use and application of balancing

4)

5)

Revision of ISO 1940-1:2003 + Cor.1:2005, Mechanical vibration — Balance quality requirements for rotors in a
constant (rigid) state — Part 1: Specification and verification of balance tolerances

Revision of ISO 11342:1998 + Cor.1:2000, Mechanical vibration — Methods and criteria for the mechanical balancing
of flexible rotors

Revision of ISO 20806:2009, Mechanical vibration — Criteria and safeguards for the in-situ balancing of medium and
large rotors
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— Part 14: Procedures for assessing balance errors®)

— Part 21: Description and evaluation of balancing machine?)

— Part 23: Enclosures and other protective measures for the measuring station of balancing machines®)
— Part 31: Susceptibility and sensitivity of machines to unbalance®)

— Part 32: Shaft and fitment key convention19)

®  Revision of ISO 1940-2:1997, Mechanical vibration — Balance quality requirements of rigid rotors — Part 2: Balance

errors

" Revision of ISO 2953:1999, Mechanical vibration — Balancing machines — Description and evaluation

® Revision of 1SO 7475:2002, Mechanical vibration — Balancing machines — Enclosures and other protective

measures for the measuring station

9 Revision of ISO 10814:1996, Mechanical vibration — Susceptibility and sensitivity of machines to unbalance

19 Revision of ISO 8821:1989, Mechanical vibration — Balancing — Shaft and fitment key convention
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INTERNATIONAL STANDARD

1ISO 21940-21:2012(E)

Mechanical vibration — Rotor balancing —

Part 21:
Description and evaluation of balancing machines

1 | Scope
This part of ISO 21940 specifies requirements for evaluating the performanceCof ‘machines fol
rotating components by the following tests:

a) | test for minimum achievable residual unbalance, Ung, test;

b) | test for unbalance reduction ratio, URR test;

c) | test for couple unbalance interference on single-plane machings;

d) [ compensator test.
Th
ens
sin
are

pse tests are performed during acceptance of a balancing machine and also later, on a period
ure that the balancing machine is capable. of handling the actual balancing tasks. For per
plified procedures are specified. Tests for other machine capacities and performance parameter
not contained in this part of ISO 21940.

Fo

ap
of proving rotors prepared in acccordance with ISO 2953:1985.

these tests, three types of specially”’prepared proving rotors are specified, covering a wid

lications on horizontal and vertical-balancing machines. An annex describes recommended m
2]

Moreover, this part of ISO 21940 also stresses the importance attached to the form in which the
machine characteristics are specified by the manufacturer. Adoption of the format specified enabl
compare products frenidifferent manufacturers. Additionally, in an annex, guidelines are giv
infgrmation by which-tsers provide their data and requirements to a balancing machine manufactur

This part of IS©-21940 is applicable to balancing machines that support and rotate rotors with rigig
at Ibalancing speed and that indicate the amounts and angular locations of a required unbalance ¢
ong or more planes. Therefore, it is applicable to rotors with rigid behaviour as well as to rotors
elaptic"behaviour balanced in accordance with low-speed balancing procedures. It covers both s

balancing

¢ basis, to
odic tests,
5, however,

=)

-

range of
bdifications

balancing
S users to
en on the
Br.

behaviour
brrection in
with shaft-
oft-bearing

balprnicing _machines and hard-bearing balancing machines. Technical requirements for such

balancing

machines are included; however, special features, such as those associated with automatic correction, are

excluded.

This part of ISO 21940 does not specify balancing criteria; such criteria are specified in 1ISO 19
1ISO 11342" (only low-speed balancing procedures apply).

© 1SO 2012 — All rights reserved
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2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 1925, Mechanical vibration — Balancing — Vocabulary!"

3 Terms and definitions

For the pujposes of this document, the terms and definitions given in ISO 1925 apply.

4 Capdcity and performance data of the balancing machine

41 General

The manufacturer shall specify the data listed in 4.2 for horizontal or 4.3 for vertical/balancing machines,| as
applicable,|and in a similar format.

NOTE Information provided by the user to the balancing machine manufacturef,is summarized in Annex A.

4.2 Datg for horizontal balancing machines

4.21 Rofor mass and unbalance limitations

4211 The maximum mass of a rotor, m, which canibe balanced shall be stated over the rangq of
balancing $peeds (14, ny, ...).

The maximjum moment of inertia of a rotor with respect to the shaft axis, m 2, where m is the rotor mass and r
is the radiys of gyration, which the machine can.accelerate in a stated acceleration time shall be given for [the
range of balancing speeds (n4, 1, ...) together with the corresponding cycle rate (see Table 1).

4.21.2 Production efficiency (see-€lause 7) shall be stated, as follows.

4.2.1.2.1 | Time per measuring run:

a) Time for mechanical adjUSIMENT: ..........ooi e e .. S
b) Time for setting iINAdIGatiNG SYSEM ....ooi i e e s ae e snnee e e snnaeee s .. S
c) Time for preparation Of FOTOr: ...... oo e e e e .. S
d)  AVerage.acCeleration tIME: ...........oiiiiiiiiiie e e e s e e e et e e e e e st e e e e e nb e e e e nte e e e e nreeeeeneeas .. S
e) Reading time (including time 10 StabiliZe): .........c..oveiiiieeee e e s
f)  Average deceleration tiMe: ... ... i ane s s
g) Relating readings t0 FOIOr: ......ooiii i e e e e e e e e e e e e e r e e e e e e e aaarnraees s
h)  Other NECESSArY tIME: .. ..ot e e e e bt e e e e a e e e eabe e e e e nbe e e e enteeeeenees s
i) Total time per measuring run [a) to h) in the preceding]: ......ccooiiiiiiie e s
11)

To become ISO 21940-2 when revised.

© 1SO 2012 — All rights reserved
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4.21.2.2 Unbalance reduction ratio, URR, for inboard rotors: ............coouuieiiiiiiiiieiiieee e %

4.21.2.3 Unbalance reduction ratio for outboard rotors: ............eeeiiiiiiiiieee e %

Table 1 — Data for horizontal balancing machines

Manufacturer: ... Model: ...
Balancing speeds or speed ranges (see also 4.2.3.1) nq ny n3 ny
Rptormmass kg maximum Llrre:
(see Note 1) minimum
Okcasional overload force per support N
(see Note 1)
Maximum negative force per support
N
(see Note 1)
Miaximum rotor moment of inertia with respect to the shaft axis ka-m2
(s,ee Note 2) 9
Cjcle rate
(see Note 2)
Maximum unbalance g-mmikg or g-mm measugaife
(spe Note 3) permissible
a) Forinboard rotors maximum mass, mmay
Minimum achievable residual
specific unbalance, emgr g:mm/kg~ | 0,2 mmax
(see Note 4 and Clause 6) minimum mass
Corresponding deflection of analogue maximum mass, mmay
amount-of-unbalance indicator, mm
or 0,2 mpmax
Number of digital units
(see Note 4) minimum mass
b)] For outboard rotors maximum mass, mmay
Minimum achievable residual /
specific unbalance, emke gmm/kg | 0.2 mmax
(see Note 4 and Clause 6) minimum mass
Corresponding deflection of analogue amount-of- maximum mass, mmax
unbalance indicator, mm
or 0,2 mmax
Number-of digital units
(See Note 4) minimum mass
NQTE-A ___ The occasional overload force is only stated for the lowest balancing speed. It is the maximum force per suppoit 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  Cycle rate 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 correction planes, one-half of the stated 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, g-mm/kg), 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 (3-mm), since these machines are usually factory calibrated 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.

© 1SO 2012 — All rights reserved 3
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4.2.2 Rotor dimensions

4.2.21 Adequate envelope drawings of the pedestals and of other obstructions, such as 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.

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

When belt drive is supplied, balancing speeds shall be stated for both the maximum and minimum diameters
over which_the belt can drive or aother convenient diameter

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

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

i -

N e
L
Key
1 shaft
2 rotor
3 support
4  bed

If the left-hand support is not a mirror image of the right-hand support, separate dimensions shall be shown.

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

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

4 © 1SO 2012 — All rights reserved
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4223 Rotor diameter:
a) Maximum diameter OVEN DEA: .......ooiiiiie e e e e e e e e nees mm
b) Maximum diameter over which belt Can driVe: ..........ooiiiiiiiiiie e mm
c) Minimum diameter over which belt can drive: ..o mm
4224 Distance between journal centrelines:
A) MEXHIHI T R R R R R R R e e mm
(o) I YT T 31U o o o RO OUPRRSSURSRURT ex S mm
¢) | Maximum distance from coupling flange to centreline of farthest bearing: ...............e. mm
d) | Minimum distance from coupling flange to centreline of nearest bearing: ........« 0% f mm
4.22.5 Journal diameter:
Q) | MAXIMUIML oot e e e e e e e e e e e s seansreeee e o s Dha s beeeeeaeeesesenaneeeeeeeesnnnrnrneedeeaeeians mm
o) T I, 11T 410 ] o USROS SURRPPRRS R mm
Maximum permissible peripheral journal speed ... s e m/s
4.2.2.6 Correction plane limitations (consistent with the statements in 5.4) shall be stated.
4.22.7 Correction plane interference ratios (consistent with the statements in 5.4 and baged on the
prgving rotor) shall be stated.
4.23 Drive
4.213.1
Balancing speed Rated torque on rotor
r/min N-m

n1 ................................................................................

n2 ................................................................................

I’l3 ................................................................................

n4 ................................................................................

I’l5 ................................................................................

n6 ................................................................................

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

I’l8 ................................................................................

or or
steplessly variable steplessly variable

FrOM e e

B0 e
© 1SO 2012 — Al rights reserved 5
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4.2.3.2 Torque:

a) Zero-speed torque: .........occeeeeeiiiiieeeiiiieee e % of rated torque on rotor

b) Run-up torque adjustable from ......... % to .......... % of rated torque on rotor

C) Peaktorque .......ccccoiiiiiiii e % of rated torque on rotor

NOTE In most cases, 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 provisio

ns he made to take this inta account

4233

EXAMPLES
jet.

4.2.34
a) Rated
b) Motor
c) Power
4.2.3.5

a) Type(
b) Brakin
c) Canth
4.2.3.6

4.2.3.7

Accurate or constant within

424 C

NOTE

LI o LN el LAY (o N o) (o] SR -

End drive by universal joint driver, end drive by band, belt drive, magnetic field, driven bearing rollers

Prime mover (type of Motor): ...

Brake
Ll o] =1 G STt S SRR

g torque adjustable from %<of rated torque

e brake be used as a holding device? Yes7 No
Motor and controls in accordance with the following standard(s): .........ccccoviiiiiiniiini e,

Speed regulation provided:

puple unbalance-interference ratio: ............................. g-mm/(g-mm?2)

unbalance in the rotor en'the indication of resultant unbalance.

425 A

r pressure requirements: ................. Pa,

4.3 Data for vertical balancing machines

431

4.3.11

balancing speeds (14, 1y, ..

Rotor mass and unbalance limitations

This value is ‘only applicable for single-plane balancing machines. It describes the influence of colple

The maximum mass of a rotor, m, which can be balanced shall be stated over the range of

).

The maximum moment of inertia of a rotor with respect to the shaft axis, m 2, where m is the rotor mass and r
is the radius of gyration, which the machine can accelerate in a stated acceleration time shall be given for the
range of balancing speeds (n4, n,, ...) together with the corresponding cycle rate (see Table 2).

© 1SO 2012 — All rights reserved
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Table 2 — Data for vertical balancing machines

Manufacturer: .............ccccooooveiiieieeeeeeee s Model: ...

Balancing speeds or speed ranges (see also 4.3.3.1) n1 no ) ng

Rotor mass maximum, mmax

k
(see Note 1) 9 minimum

Occasional overload force up to
(see Note 1)

Maximum rotor moment of inertia with respect to the shaft axis
(skee Note 2)

Cycle rate
(see Note 2)

kg-m2

Miaximum unbalance measurable

g-mm/kg or g-mm

—~
N

ee Note 3) permissible

. . . maximum mass, m
Mjnimum achievable residual Nar

specific unbalance, emar g-mm/kg 0,2 Mmax
(see Note 4 and Clause 6)

minimupa rmass

Cprresponding deflection of analogue amount-of-unbalance

T maximum mass, mpmax
indicator, mm

! 0,2 Mmax
Npmber of digital units
(see Note 4) minimum mass

NQTE 1  The occasional overload force is only stated“for the lowest balancing speed. It is the maximum force [that can be
ac¢ommodated by the machine without immediate damage.

NQTE 2  Cycle rate for a given balancing speed.is the number of starts and stops which the machine can perform per fhour without
damage to the machine when balancing a rotér of'the maximum moment of inertia.

NQTE 3  In general, for rotors with rigid\behaviour with two correction planes, one-half of the state value pertains to each plane; for
disc-shaped rotors, the full stated valuesholds for one plane.

NQTE 4 Limits for soft-bearing machines are generally stated in gram millimetres per kilogram (specific unbalance, g-njm/kg), since
thig value represents a measure' of rotor displacement and, therefore, motion of the balancing machine bearings. For hard-bearing
mdchines, the limits are generally stated in gram millimetres (3-mm), since these machines are usually factory calibrated to indicated
unpalance in such unjts<(see Clause 6). For two-plane machines, this is the result obtained when the minimum achiev@ble residual
unbalance is distributed between the two planes.

4.31.2 Production efficiency (see Clause 7) shall be stated, as follows.

431121 Time per measuring run:

a) Time for mechanical adjuSIMENT: .........oooiiiiiii e e et e e et aee e snre e e e s snreeaeeans s
b) Time for setting iINdICAtiNG SYSTEM: ....oiiiiiiii e e e e st e e e st e e e e nees s
C) Time for preparation Of FOTOr: ........ooiiiiii i e et e e e s st e e e e st e e e enteeeeesnbeeeeesnreeeeeans s
d) Average acCeleration tiME: .......c.ueii it e et e e st e e e e et e e e st e e e e e bee e e entaeeeeabeeeeearaeaeean S
e) Reading time (including time t0 StabiliZ€): .......c.eoii i s

© 1SO 2012 — All rights reserved 7
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f)  Average decCeleration timME: ...........eiiiiii i e e e e e e e e e e e e e e —ae e e e e anrraneaaaaeaeann s
o ) I A G = 1T aTo I (=T=To [ Te F-3 {o TN o] (o] PSR s
D) Other NECESSANY tIME: ... e e e e e et e e e e e e s s e eebeeeeeaeessastaaeeeeeeesasnnranneaeans s
i) Total time per measuring run [a) to h) in the preceding]: .....ocooo i s
4.3.1.2.2 Unbalance reduction ratio, URR: ..........cceiiiiiiiii e %
4.3.2 Rptordimensions
4.3.21 If the machine is equipped with two or more speeds, the information on rotor dimensions. 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.
Adequate firawings of the support surface of the spindle or mounting plate and of obstrdgtions, such as drill
heads ang 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 eradaptors required.
4.3.2.2 Maximum di@amMEter: .......cooiiiiii e s mm
4.3.2.3 Rotor height:
a) Maximum overall NEIGNT: .........oeiiiiiii e et e e e e e e e et e ee e e e e e e a e e reaaeeeaaan mm
b) Maximjum height of centre of gravity: ........cccooeiiiir i S s mm
at[100 % Of MaXiMUM MASS: ....coiiiiiiiiiiiiieriree e es gt ee ettt ettt ettt e sb ettt e et e sa bt e e b e e san e e s ane e e sreennnee e mm
atp0 % Of MaXiMUM MASS: ...ociiiiiiiiiie e B e mm
at 25 % Of MaXIMUM MASS: ..o m e ettt ettt sr e et e e s e e s st e sre e s aneeesreenneee e mm
4.3.2.4 Rotor envelope limitations, .including machine spindle or mounting plate interface, shall be stated

(see Figurg 2).

43.2.5

433 D

4.3.3.1

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

rive

Balancing speed Rated torque on rotor

r/min N-m

L T PP P PRTTPITTn

Pl e
FIg e
T e
TIG e
L T PP PP PP PP PP LT E PP PP PEPEPEPEPR
TI7 e

}’l8 ................................................................................
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Key

1 rotor 4  spindle 7  lower correction plane

2 | adaptor 5  upper correction plane 8  mounting holes for adgptor
3 | protractor 6 centre.0f\mass plane 9  spigot diameter

Figure 2 — Example of vertical machine’'mounting interface illustrating rotor envelope limjtations

4.33.2 Torque:

a) | Zero-speed torque: ... 5 % of rated torque on rotor
b) | Run-up torque adjustable from ........... % to ............ % of rated torque on rotor
C) | PeaK torqUEL LY. .. i % of rated torque on rotor
NO[TE In.most cases, maximum torque is required for accelerating a rotor. However, in the case of rotgrs with high

winfdage or.friction loss, maximum torque can be required at balancing speed.

4.3.33 Prime mover (type of Motor): ....oouvueeeiiiiiiiieeecceeeeeee e

A) RAEA POWET: ... kW
D)  MOtOr SPEEA: ... e r/min
c) Power supply, voltage/frequency/phase: ................... [, [ o,

4334 Brake
) TYpPE Of Brake: ......oviiiiieei i

b) Braking torque adjustable from .......... % to .......... % of rated torque

© 1SO 2012 — All rights reserved 9
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c) Can the brake be used as a holding device? Yes / No
4.3.3.5 Motor and controls in accordance with the following standard(s): ......ccccoccveeeiiiiciiieeee e,
4.3.3.6 Speed regulation provided:
Accurate or constant within .................. 730 r/min, or .................. r/min
4.3.4 Couple unbalance interference ratio: ............................. g-mm/(g-mm?2)
NOTE
unbalance i
4.3.5 Ajr pressure requirements: ................. Pa, ............ m3/s
5 Machine features
5.1 Pringiple of operation
An adequate description of the principle of operation of the balancing machine-shall be given, e.g. mo{
measuring| force measuring, resonance, compensation.

5.2 Arrangement of the machine

5.21 Th
features of

horizo

soft- o

5.2.2 The manufacturer shall provide details of the following, as applicable.
5.2.21 Components designed to support the rotor, e.g.:

— vee blpcks;

— open follers;

— plain half bearings;

— closeq ball, reller‘or plain bearings;

— devicgsdo, accommodate rotors in their service bearings;

resonance-type machine with mechanical compensator.

e manufacturer shall describe the general configuration. of.the balancing machine and the princ
design, e.g.:

ntal or vertical axis of rotation;

I hard-bearing suspension system;

devices to accommodate complete units.

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

rotor (horizontal machines only).

5.2.2.3

5.2.24

10

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

The drive and its control.

ion

pal

the
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5.3 Indicating system
5.31 General

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

— wattmetric indicating system;

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

— | voltmetric system with stroboscope and filter;

— | voltmetric indicating system with marking of angular position on the rotor itself;
— | compensator with mechanical or electrical indication.

5.32 Amount indicators

The manufacturer shall describe the means of amount indication provided,€.g.:
— | wattmetric or voltmetric component meters;

— | wattmetric or voltmetric amount meters;

— | wattmetric or voltmetric vector meters;

— | mechanical or optical indicators;

—| analogue or digital readout.

5.33 Angle indicators

Th¢ manufacturer shall describe the means of angle indication provided, e.g.:
— | wattmetric or voltmetric component meters;

— | wattmetric or voltmetric vector meters;

— | direct angle indication’in-degrees on a scale meter;

— | oscilloscope, stroboscopic indicators;

— | mechanical‘er-optical indicators;

— | analogue-or digital readout.

5.3l4- . Operation of the indicating system

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

a) How many measuring runs are required to obtain:
— the two readings for single-plane balancing?

— 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?

© 1SO 2012 — Al rights reserved 11
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d) Is an individual plus-and-minus switch provided for each plane which permits the indication of a heavy or
light spot?

5.4 Plane separation system
5.4.1 This subclause is not applicable to single-plane balancing machines, for which see 5.4.2.

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

a) How ig it operated for single rotors of a type not previously balanced?
b) How ig it operated for single rotors in a series, with identical dimensions and mass?

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

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

— whether the centre of mass can be between or outside the fwo-selected correction planes| or
bearings.

d) WhetHer the indicator system can also be used to measure directly resultant unbalance and coyple
unbalgnce.

5.4.2 Fof single-plane horizontal or vertical machines, the-‘manufacturer shall state to what extent fhe
machine is|able to suppress effects of couple unbalance (see'11.8).

5.5 Setting and calibration of indication
5.5.1 General

The manufacturer shall describe the means of setting and calibration and the means provided for checKing
these.

The manufacturer shall state whether setting is possible for indication in any desired unit, whether practcal
correction pnits or unbalance_unifs.

The manufacturer shall state the number of runs required for calibrating the balancing machine:
— for single-plane balancing;

— for twg-plane balancing.

The manufacturer shall state the maximum permissible change, in percentage terms, in repeatability of speed
during calibration and operation.

5.5.2  Soft-bearing machines

The manufacturer shall state how calibration is accomplished on the first rotor of a particular mass and
configuration (e.g. whether the rotor has to be balanced by a trial-and-error procedure or whether a
compensator is provided, whether calibration masses are required), and whether total or partial recalibration is
required when changing the balancing speed.

If a compensator is provided, the limits of initial unbalance, of rotor geometry and speed for which
compensation is effective shall be stated.

12 © 1SO 2012 — Al rights reserved
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5.5.3 Hard-bearing machines
The manufacturer shall state whether the balancing machine is permanently calibrated and can be set

according to the rotor or whether it requires calibration by the user for different balancing speeds, rotor
masses and dimensions.

5.6 Other devices

Special devices which influence the efficient functioning of the balancing machine shall be described in detail,
e.g.:

— | indication in components of an arbitrary coordinate system;

— | indication of unbalance resolved into components located in limited sectors in more.than twq correction
planes;

—| correction devices;
— | devices to correlate the measured angle or amount of unbalance with thevrotor;

— | suitable output for connection to a computer, printer or other peripherals.

6 | Minimum achievable residual unbalance

The minimum residual unbalance that can be achieved with*a balancing machine shall be specified|in terms of
specific unbalance, in gram millimetres per kilogram (g-mm/kg), together with the corfesponding
ampunt-of-unbalance indication.

This minimum achievable residual specific unbalance, engr, shall be stated for the full range of rofor masses
and balancing speeds of the machine.

In pchieving the stated residual unbalance, the manufacturer shall consider whether the accufacy of the
follpwing is adequate for this purpose:

— | amount indication;
— | angle indication;
—| plane separation;
— | scale multiplier;

— | drivexbedrings, etc.
It ghould be noted that the stated minimum achievable residual unbalance value applies to thg balancing

hi deli d_butif t.of di | neh h | dapt th t i
MacrHe—as—GeNVere G H-OUH-0I-FOURGHOUFRaS—BX6eSSVeNeaVyY 010086 adaplors—oFother oollng are

employed by the user, the minimum achievable residual unbalance can be affected.

7 Production efficiency

7.1 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 to be specified by the user.

© 1SO 2012 — Al rights reserved 13
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To find the production rate for a specific rotor (number of pieces per time 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 unbalance, the balance tolerance and the unbalance reduction ratio (URR).

7.2 Time per measuring run

For the proving rotor or rotors specified by the user, the manufacturer shall describe the procedure in detail
and state the average time normally used for each of the operations listed under a) to h):

a) mechd
b) setting
Cc) prepa
d) averag

e) there
decelg

f) averag
g) anyfu
h) time fq
Items a) ar
The tim_e ¢
measuring

steps c) to

If special t
shall be sp|

7.3 Unb

The manu
subtraction

nical adjustment ot the balancing machine, including the drive, tooling or adaptor;
of the indicating system;

ation of the rotor for the measuring run;

e acceleration time;

hding time, i.e. the normal total time between the end of the accelerationyrun and the start of
ration run;

e deceleration time;

rther operations necessary to relate the readings obtained to(the actual rotor being balanced;
r all other required operations, e.g. safety measures.

d b) are of primary interest for single-rotor balancing-

er measuring run is the total time required for steps a) to h) for the first run, but for subsequ
runs on the same rotor, only steps d) to h)are required. In the case of mass production rotors, g

h) are required.

bols, not supplied as part of the standard equipment, are necessary to accommodate a rotor,
ecified, e.g. bearing inserts, couplings for drive shafts, and shrouds.

Alance reduction ratio

acturer shall statesthe unbalance reduction ratio, URR. It shall be assumed that the addition
of mass is made without error and that normal skill and care are exercised in the operation of

balancing

the

ent
nly

his

or
the

cal

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

achieving t
— tempe

—  humid

he guaranteed performance, e.g.:

rature;

ity;

— balancing speed variation;

— line voltage and frequency fluctuations.

14
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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 perpendicular to the rotor axis.

9 Installation requirements

9.1 General

In ¢onsidering the siting of a balancing machine, the manufacturer shall state the precautions o b¢ observed
to ¢btain satisfactory performance in the presence of the following environmental factors:

— | extraneous vibration;
— | electromagnetic radiation;

— | condensation, fungus and other factors, such as those referred to in Clausg|8.

9.2 Electrical and pneumatic requirements

Balancing machines shall be provided with standard input connections that are plainly marked with the
required supply voltage and frequency, air pressure, hydraulic préssure, etc.

9.3 Foundation

Th¢ manufacturer shall state the overall dimensions *and mass of the balancing machine, and the type and
size¢ of foundation required for the machine under-which its specified performance is assured, e.g. concrete
blogks and workbench.

10| Proving rotors and test masses

101 General

This clause specifies technical’ requirements for a range of proving rotors for use in testingl balancing
machines. It specifies rotor masses, materials, dimensions, limits, tapped hole dimensions, rotof balancing
requirements and details,of test masses. The extent and costs of tests, as well as the rotor size(s), may be
negotiated between the-manufacturer and user.

If agreed between-the manufacturer and user, production rotors may be used instead of the standardized
prgving rotors; ‘provided they can be prepared in accordance with the principles of the standardized proving
rotprs and:their balance errors are sufficiently small.

NOITE For balance errors, see ISO 21940-14.

10.2 Proving rotors

10.2.1 Three types of proving rotors are defined, designated A, B and C (see Figure 3). Typical rotors which
are intended to be represented by the proving rotors are characterized as follows.

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

Service bearing planes may be anywhere; i.e. one on each side, or both on one side of the main
rotor body. For the tests, however, it is assumed that one bearing is on each side of the rotor.

© 1SO 2012 — All rights reserved 15
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— Type B: Inboard rotors with journals, balanced on a horizontal machine, mostly with two correction
planes between the bearings.

Service bearings are positioned on either side of the rotor.

— Type C: 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 Atype€proving Totor is composed of a straftanmd-aproving Totor of type A

NOTE 2  [Calculations for Unma for a type C proving rotor are based on the total mass (shaft and proving rotor type A)
Each type pf proving rotor has three planes for attachment of test masses.

The same proving rotor and test masses are used for tests in one or two planes.

— 1.
i

| | 3

| _ 1

| f=—————12
—
a) Proving rotor without journals —Type A
1 3 2 1 2
3 —
e+ ee—fedlll |

[ I [ I 1 __ |}
b) Inboard proving rotor c) Outboard proving rotor

with journals — Type B with journals — Type C

Key
1,2,3 tept planes

I, 1l agsumed bearing planes

NOTE Centre of mass pesition is inboard in types A and B but outboard in type C (shaft plus type A rotor).

Figure 3 — Proving rotors type A, B and C

10.2.2 The manufacturer shall state whether a proving rotor is supplied with the machine.

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

10.2.3 Proving rotors shall be manufactured of steel and shall be similar to those in Table 3 and Figure 4 for
vertical machines, Table 4 and Figure 5 for horizontal machines (inboard rotor), and Table 5 and Figure 6 for
outboard rotors (see 10.2.5).

NOTE Older style rotors with only eight holes per plane may be modified to comply with this part of ISO 21940 (see
Annex D).

10.2.4 For machines covered by this part of ISO 21940, the manufacturer shall have available proving rotors
that may be used to confirm the performance of each machine prior to shipment from the plant.
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10.2.5 If a horizontal machine is to be used for balancing outboard rotors (or inboard rotors with correction
planes overhanging on one side), additional tests have to be agreed upon (see 11.1). These require a proving
rotor type C.

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 counterclockwise 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

re

dout for the tests shall be made from the numbered band and recalculated in the 360° circle

10.
thin

10,
pro

10.
rot

10
10.
Te
Sin
reg

the
the

The
ach

If the claimed minimum achievablée.residual unbalance is specified per plane, U,

If e

NO|
of n

2.7 For multi-purpose machines, a standard proving rotor shall be used whose mass falls-withi
d of the mass capacity range of the machine.
ving rotor having a mass near the lower mass capacity limit is recommended for an-additional te

2.9 For special-purpose machines, or by agreement between the manufacturer and user, the
br may be used, provided the balance errors introduced by such rotors are negligible.

3 Test masses

3.1 General

5t masses are used to create defined unbalances in the preving rotor test planes.

ce the test positions have threaded holes, the test ' masses may be in the form of bolts, scre
ommended solution is to have studbolts permanently fixed into all positions, protruding from the
rotor by a certain height, and to screw the testtmasses on to them. In this case, test masses ar

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

e unbalance value of a test mass is~always expressed in units of
ievable residual unbalance.

Umaw

mar 18 calculated as {

Unar=2 U

mar mar per plane

Lo the claimed minimum achievable residual specific unbalance, is stated, U,,,, is obtained by

4r by the total mass.of the proving rotor, m:

U,

mar — €mar ™

TE The required value for a particular test mass is derived from the required unbalance and the radius
hass,;when attached to the proving rotor.

h the lower

2.8 For machines which are intended to be used near the lower limit of the /mass capacity range, a

5t.

user's own

ws, etc. A
surface of
b rings and

i.e. multiples of th¢ minimum

ollows:

multiplying

of its centre
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Key
1 36°equal divisions of 10°, enumerated at 30° intervals, clockwise, counterclockwise
2 | 12equally spaced threaded holes G in each of the three test planes
3  threaded hole for lifting eye
4 holes in this face to balance rotor (optional)
5  four through holes T, equally spaced
6 two threaded holes G

All tolerances and residual unbalance shall be in accordance with the test aims.
Proving rotors from SAE ARP 4162A" may be used instead with test masses modified to suit the 1ISO tests.
NOTE For dimensions, see Table 3.

Dimensions may be varied, except Y and Z.

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

Figure 4 — Proving rotors type A for tests on vertical machines
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a) Proving rotor type B

7.

¢d

/
36 equal divisions of 10°, enumerated-at 30° intervals, clockwise, counterclockwise
12 equally spaced threaded holes*N on each end for trim balancing

12 equally spaced threaded holes N in each of the three test planes

number and size of threadsas requested

-drive interface dimensions comply with typical drive shafts.
tolerances and<¢esidual unbalance shall be in accordance with the test aims.
ving rotors from SAE ARP 4162A" may be used instead, with test masses modified to suit the 1S

er stylerotors with only eight holes per plane may be modified to comply with this part of ISO }
nex DY

NO|

Details of journal ends for rotors for belt drive ¢) Details of journal ends for rotors for end drive

50 tests.

1940 (see

TE. For dimensions, see Table 4.

a

b

the

Dimensions 4, B and C may be varied, provided they meet the requirements: 4 = B/2, C = B/2.

If the shafts are used as ball bearing seatings, a shoulder should be provided so that bearings are perpendicular to

rotor axis and the centres are at the prescribed axial location.

Figure 5 — Proving rotors type B for inboard tests on horizontal machines

© 1SO 2012 — All rights reserved

21


https://standardsiso.com/api/?name=3d60914a1679e8b610e04601d6647c3a

2012(E)

ISO 21940-21

‘paads 1saybiy Hwi| ueg

‘sBueaq pibu ul Buiuuni siojol Io

'9 0} # 'SON ‘g ©dA} s10jos Buinold Yum 8oUBpPIODDE Ul B1e G 0} € "SON

‘palirejuiew si sbuleaq usamdg N Sajoy Jo uonisod ay) pue ‘A ‘Bunylano awes ayl Yim pJeogino sAels ssew Jo a4juad ay) p

‘paisnipe JoaquinN
ubisep ssew }Sa] "SI0}0J 0} SJojoy
i paje|NojeD ale spaads aoueUOSaY
JO} SUOISUBWIP 99BHS}UI SALP-pU]
ppinold ‘paliea aq Aew suoisuswiq
"1’V @Inbi4 98s ‘uopeoipul 104

q

e

"S}$9} 0S| 8Y} JINS 0} palyIpow sessew 1s8) Yim v odA} sojou Buinoid jo pesjsul pesn oq Aew |y

"SWwie 18] 8} YlIIM 80UBpIodo. Ul 84 ||eys 8

291 ddV IS woyj siojos Buinoid
uelequn |[ENpPISal pue saoUeIs|0} ||

006 00S S L 8 0¢ 02 ONN 9L/ 6 L' L0°¢ Gl 08v ¥s - ocy g S S
00€ | 000 8 $.'v | SS'S A4 G'€l ONAVH, z'9 GGC 82'¢C GG'C 0S1 Ll — Gl 14 14 14
006 | 00S vl G'c | 89°¢ 7l 6 ANN OLONY, ¢'v 8'l 4 G/l LG 9- 14 € € €
008 ¢ 000 ZL 2 | sv'e 96 €9 4NN 80N 8'z Z' 860 Al 9l 8l — 14 4 4 4
000 v 000 G¢ G'L | 89°L ¥'9 €'y 4NN G'ON 4 €80 190 80 9'g 90— S 3 3 3
ulw/ i/ ul ul ul ul ul uy ul ul jal jal al

sanjea punod pue yau|

006 00G S D8L | €0¢ 092 0lg SN 0€c G6 8/ G6 00l ¢ | 0g€C— 061 ] ] ]
oo¢ L 000 8 DZL | opl 02s Sve 9IN 9s1 59 89 <9 019 Sl - 09 14 % 14
006 | 00S L 06 €6 Zse 0€e SN 90l Sy 9¢ 14 (044 T G'6l € € €
008 ¢ 000 ZI 09 )¢9 ove 091 YN ¢l (01 14 0€ 0L 8- z'9 4 c 4
000 v 000 S¢ (0i4 (37 791 oLl €N 0S (14 Ll 0c 1£4 €- z'c b } 3
Uiyl Ui/ uw | ww ww wiw ww ww ww ww N N Y

sanjeA ouRN
g 14 7 % N 'p °p p o g ¥ u
.paads .paads aouejsip | 19)awelp 1001 Uo "ON
359} }saybiH | 9oueUOSAY Buueag | Jolep peoj Buueag ssep "ON v 2dAy ‘ON
Alquassy m”_ﬂ_vnwuu Heus

(9 24nbi4 99s) sauIyoeW [RJUOZIIOY UO S)S3) pJeoqino 10} 9 9dA) si0joa Buinoud 1oj spaads pue sassew ‘SUoISUBWIP PapuaWWoddy — G d|qel

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=3d60914a1679e8b610e04601d6647c3a

ISO 21940-21:2012(E)

2
[ E— 1
|
N
d |
IR
I
3 S N . | ) S i
: 4 1 _______2 a1 2 % } i :
/N AN T e
o ol
=
I
1 }/a I_____ —
L A B
Key

1 12 equally spaced threaded holes N
2 | 12 equally spaced threaded holes N

Eng-drive interface dimensions for Nos. 3 to 5 arein accordance with proving rotors type B, Nos. 4 {0 6.
A

Prdving rotors from SAE ARP 4162A"'may be used instead of proving rotor type A with test mass¢s modified
to guit the ISO tests.

NOJTE 1 For dimensions, see Table's.
NO[TE 2  Proving rotor type C'is'made up from a shaft (see Figure C.1 and Table C.1) and a proving rotor type A.

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

NOITE3  Recommended dimensions of shafts (for end-drive) fitting proving rotors type A are given in Annex|C.
NO[TE 4 Interface dimensions (spigot) comply with proving rotors type A.

* | Dimension may ‘be varied, provided the centre of mass stays outboard with the same overhang and the¢ position of
holg¢s N between-bearings is maintained.

Figure 6 — Proving rotors type C for outboard tests on horizontal machines

10.3(2 Test mass for U, test

mar

10.3.2.1 For the U

Loty mar test (see 11.6), one test mass producing 10 U, is required for plane 3 (see
able 7).

NOTE For proving rotors type A or type B, two test masses of 5 U, each for planes 1 and 2 could be used instead.
There is no recommended alternative for proving rotors type C.

10.3.2.2 For proving rotors type A and type B, U, ,, shall be calculated in accordance with 10.3.1 using the
values given

— in Table 3 for vertical machines and for horizontal machines with integrated spindles (type A);

— in Table 4 for horizontal machines for inboard rotors (type B).
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EXAMPLE

Horizontal machine, proving rotor type B as in Table 4, No. 5: m = 50 kg.

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

Calculation according to 10.3.1: Upar = 0,5 g-mm/kg x 50 kg = 25 g-mm

The Upgr test mass is to produce 10U 5 = 250 g-mm.

10.3.2.3

For proving rotors type C on horizontal machines for outboard tests, perform the same calculation
(principle) for U, as above but use the values given in Table 5.

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

— thema
— theval

— thema

EXAMPLE
Claimed in
Calculation

The Upgr te

s of rotor type C is different from type B;
e claimed in Table 1 as e, for inboard rotors may differ from that for outboard rotors;

5s is attached to a different rotor diameter and thus has a different effective radius.

Horizontal machine, outboard proving rotor type C as in Table 5, No. 3: m = 19,5 kg.
[able 1: emar = 2 g-mm/kg.
hccording to 10.3.1: Upar = 2 g-mm/kg x 19,5 kg = 39 g-mm

5t mass is to produce 10U = 390 g-mm.

10.3.3 Test masses for URR test

10.3.3.1 For the URR test (see 11.7), two test masses (a stationary-and a travelling mass) per test plane
are required.
10.3.3.2 For proving rotors type A and type B, these test masses are:
— one (fpr a single-plane test) or two (for a two-plang'dest) stationary masses, each producing 20U, } to
60U,4,
Ustatim = 20Umar to 60Umar
— one (for a single-plane test) or two (for-a two-plane test) travelling masses, each producing five times the
unbalance of the stationary masses:
Utravel = 5Ustation
EXAMPLE Using the same_proving rotor and claimed value of e, as in 10.3.2.2, and stationary test masses
producing 3p times the minimunTachievable residual unbalance, U,,,,, leads to:
The URR sthtionary test masses are to produce Ustation = 30 Umgar = 30 X 25 g-mm = 750 g-mm.
The URR travelling test masses are to produce Uyrayel = SUstation = 3 750 g-mm.
10.3.3.3 Fer proving rotors type C, perform the same calculation (principle) as above. However, in ordef to
use the sane-URR evaluation diagram Ug,ion, Should be:
Ustation = 60Umar to 100Umar
NOTE The test masses differ from those for proving rotor type A.

On proving rotors type C (outboard), as an alternative the URR test can be performed with resultant or couple
test masses. The following is recommended, based on the principles and rules given in ISO 1940-1 Ay

24
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For resultant, use

=200,

mar

to 60U

one stationary mass, producing mar

Ures station

one travelling mass, producing =5V,

Ures travel es station

For couple, use

two stationary masses, each producing Uy siation = 4Ures station

twao travellina massaes each nroducing LL =8I
BWOo-HaMBHRg-H —8SeH-PHFOEHEHg— Ve CSTaton

st by more

URR. The

21940 (see

s with the

4.1 for the

ius;

10.3.4 Permissible errors of test masses
10.3.4.1 Mass
The permissible error in the test mass is directly related to the task and should nétihfluence the tg
than 10 %.
a) | For the U,,,, test, the permissible mass error is 1 %.
b) | For the URR test, the permissible mass error (percentage) is/directly related to the claimed
percentage is equal to:
+0,1(100 % — URR)
EXAMPLE For a test with a claimed URR of 95 %, the pérmissible mass error is:
+0,1(100 % — 95 %) = 0,5 %
10.3.4.2 Position
The mounting position for test masses.shall be at 30° intervals in each plane.
NO[TE Older style rotors with only, eight holes per plane may be modified to comply with this part of ISO|
Annjex D).
The 0° reference in each-test plane shall be at the same angular orientation (in the same plane through the
axip of rotation).
The mounting positions shall be located relative to the true position in each of three directior]
follpwing permissible errors:
a) | in theaxial direction: within the same percentage as determined for the mass tolerance in 10.3
URRtest (e.g. £0,5 %), but applied to the correction plane distances;
b) Lftheradiat-positionr—withinthe-samepercentage-as-above{e-g—+6:5%)butapptiedto-thera
c) in the angular position: within the same percentage as above, 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 type B and type C, it is advisable to line up the thread pattern for

the

end drive to the 0° position of the proving rotor.

© 1SO 2012 — All rights reserved
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1035 M

aterial

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 low-density

material (e

.g. aluminium or plastics).

11 Verification tests

11.1 Requirements for performance and parameter verification

To verify th
the U,
the UF

the IS
only fq

the teg

These test
after instal

The tests
on a perioq

Proving ro
rotors type
agreement

NOTE

These tes

e claimed performance of a balancing machine in general, two to four separate tests are require
o test (test for minimum achievable residual unbalance);

kR test (test for unbalance reduction ratio);

C test (test for interference from couple unbalance with resultant unbalaneeindication), requi
r single-plane machines;

t of the compensator used for index balancing.

5 are described in 11.6 to 11.9 and shall be conducted by the-manufacturer either at their plan
ation on site; the location is to be agreed between the manufacturer and user.

bhall be performed during acceptance of a balancing machine and should also be performed |3
ic basis to ensure that the machine is capable of handling the actual balancing tasks.

ors type A and type B are chosen according to-the type of balancing machine (see 10.2). Proyv
C shall be used only if outboard rotors are to\be balanced on a horizontal machine and upon p
between the manufacturer and user.

[ables 6 and 7 give an overview of the U 4. and URR tests for proving rotors types A, B, and C.

}s represent a minimum test, procedure designed to establish essential compliance with

requirements for:

minim

combi

accurg

The test pn

m achievable residual-unbalance (U,,,,);

hed accuracy of amount-of-unbalance indication, angle indication and plane separation (URR);

suppréssion of couple-unbalance (ISC);

cy of thesxcoOmpensator.

red

[ or

ater

ing
rior

the

pcedures do not prove compliance with all requirements over the full range of variables, nor do t

ney

define the

oot raacsonwhen-tha machinefails ta comph.
SNt W HeHtRe-HaerHReahSto-6oMmpry-

In addition, equipment parameters shall be verified. This includes physical inspection of various dimensions,
features, instrumentation, tooling and accessories.

11.2 Duties of manufacturer 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.

26
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11.2.2 Readings

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

check the accuracy of the examiner's work.

11.2.3 Condition of proving rotor and test masses

entitled to

The manufacturer is responsible for the condition of the proving rotor, the correctness of the test masses and

the

AV
11

WH
ma

qualify as being acceptable.

11

Th
bet

a)

b)

d)
11

11

Thi
res

At

11

6.1  General

location of the test masses. The examiner shall be entitled to verify this.

3 Requirement for weighing scale

eighing scale shall be available having sufficient accuracy to meet the requirements/of 10.3.4.1.
4 Test and rechecks

en a balancing machine fails to conform in a test, the manufacturer shall:be entitled to adjust or
chine, after which the complete test shall be repeated and the machine.shall conform in that test
5 Test speed

b appropriate test speed for the proving rotor may be determined in the following ways and ag
ween manufacturer and user:

21940 (see

modify the
in order to

reed upon

a typical speed of the balancing machine to be-tested, based on specification data of the manufacturer;

10 % to 20 % of the highest permissible test speed of the proving rotor (see Tables 3 to 5), ada
specification data of the manufacturer;

a typical speed at which the user(intends to balance rotors;

pted to the

when the user's own rotor is.prepared as a proving rotor, the intended balancing speed of this rotor.

6 Test for minimum ‘achievable residual unbalance, U, .,

s test is intended)to check the ability of the machine to balance a rotor to the claimed minimum

dual unbalange, U,

o-plane-test is described in detail, deviations for a single-plane test are mentioned.

6(2+ "Starting-point

11.

6.2.1 Plane setting for balancing

achievable

For the particular rotor under consideration, perform the mechanical adjustment of the balancing machine.
Calibration or setting is done for 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 Correction planes on a proving rotor type B: rotor body end-faces (see Key 2 in Figure 5).

© 1SO 2012 — All rights reserved
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Table 6 — Proving rotors and their planes for the tests of Table 7

Balancing | Centre of Proving rotor
machine mass (see 10.2) Type of test
axis location
1
I —
| |
I [ 3 single-plane &
Vertical — | : 1 -
T = two-plane_ >
Type A
1 3
| 3 single-plane —
inboard
two-plane —
I [
Type'B
Horizonta
2
3 J—
| single-plane —
outboard — f——
4 | two-plane —
I [ —
Type C
1,2, 3 test planes
Ll measuring planes for U,

28
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Table 7 — Overview of U, and URR tests with proving rotors of Table 6

Unar test
(see 11.6)

URR test
(see 11.7)

;

Balancing with plane setting: resultant unbalance

Test mass producing 10U,

in plane 3

Measuring: resultant

Test mass in plane 3

)

Ustation = (20 t0 60)Upnar

Utravel = 5Us

Measuring: resultant

tation

——

unbalance

——

unbalance

Balancing with plane setting: to correction planes near to 1, 2

Test masses in each plane 1, 2

Test mass producing 10 U, ., |

in plane 3

Measuring: in planes |, Il

Ustation = (20
Utravel =50,

Measuring: p

stgtion

{0 60)Upar

anes 1, 2

Balancing with plane setting: resultant unbalance

Test mass producing 10U,

in plane 3

Measuring: resultant

unbalance

Test mass in plané-3

.|

&1 ot

Ustation = (20
Utravel = 5Ustz

Measuring: rd
unbalance

to 60)Upar
tion

sultant

Bajancing with plane setting: to correction planes near to 1, 2

Test mass producing: 10U,

in plane 3

Measuring: inplanes |, Il

Test masses in each plane 1, 2

&

Ustation = (20
Utravel =50,

Measuring: p

stgtion

to 60)Upar

anes 1, 2

Bajancing with plane setting: resultant unbalance

===

Test'mass producing 10U,
in plane 3 1

) , EE HI——+—-+
Measuring: resultant a |~ &
unbalance

Test mass in plane 1

Ustation = (20
Utravel = 5UStc

Measuring: r¢g
unbalance

to 60) Umar
tion

sultant

Balancing with plane setting: to correction planes near to 1, 2

Test masses in each plane 1, 2

I,

measuring planes for U, ..

A
i Test mass producing 10U, _ n Ustation = (20 0 60)Unnar
1?:';_ —1]|— | inplane 3 = el e e ) N Utravel = ©Ustdtion
=
Measuring—in-planest i 2 J 4 2 Measuring—planes 1, 2
1,2,3 test planes
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11.6.3 Unbalance added

Add two unbalance masses (such as 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) in a correction plane;

c) inatestplane;

d) atthe pame=angte:
e) displaged by 180°.
EXAMPLE For planes on a proving rotor type B to add these unbalances: rotor body surface near to the,test planes,
NOTE In the case of a single-plane test, one unbalance mass of 10U, to 20U, is used.

11.6.4 Rpadings

Readings ¢f these initial unbalances (and after each correction step, see 11.6.5).arerecorded in Table 8.
11.6.5 Cprrection

Balance thE rotor as well as possible (following the standard procedurefor'the machine) in a maximum of four
runs. Apply corrections in the correction plane(s). Take readings and:xecord them in Table 8.

EXAMPLE Correction planes on a proving rotor type B: rotor body‘end-faces (see Key 2 in Figure 5).

(]

NOTE If residual unbalance is not well below 0,5U, . in each-plane (two-plane test) or below U, .. (single-plane tgst),

mar
the maching will probably not pass the test.
11.6.6 Rpference change

In the casp of horizontal machines, after pérforming the actions specified in 11.6.2 to 11.6.5, change [the
angular re:[erence system of the machine by 60°:

— on end-drive machines, turn the drive shaft with respect to the rotor;
— on belt-drive machines, shift(the’angle reference.
If a 60° change is not possible) a 90° change may be made.

If, after thel reference system has been changed, the next reading (run 6) is unsatisfactory (see Note to 11.6.5),
the problems should.be remedied before continuing the test.

11.6.7 PJane setting for U, test

ar

Set the instrument 1o read In measuring plane(s) according to Tables 6 and 7.

11.6.8 Testruns

Attach in test plane 3 a test mass producing 10U, (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, measure and record readings in both planes for each position of the mass in Table 9.

30 © IS0 2012 — Al rights reserved
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mar €valuation

11.6.9.1 Calculation

1:2012(E)

Calculate the arithmetic mean value per plane by adding the values of all readings per plane, and dividing the

res

ult 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

Plgt the calculated values (multiples of mean value) in Figure 7.

11.6.9.3 Lines

In Figure 7, the horizontal middle-line represents the arithmetic mean of the readings.in each
daghed lines (0,88 and 1,12) represent the limit lines: £12 % of the arithmetic mean’ for each pl

ac
SC

11

Th
un

A
ex(

11

11

On
un
an

6.9.4 Assessment

7.1

J

ount for 1 times the claimed U,

mar T 20 % for the effects of variation in the ‘position of the m
tter of the test data.

machine is considered to have passed the U, test, i.e. the(claimed minimum achievab
alance has been reached, if the following condition is met.

points plotted on Figure 7 are within the range given by.:the two dashed lines (0,88 and 1,12
eption allowed.

7 Test for unbalance reduction ratio, URR

URR tests on single-plane balancing-:machines

horizontal and vertical single-plane balan¢ing machines designed to indicate resultant unbalang

angle indication.

11J7.2 URR tests on two-plane balancing machines

On| horizontal and vertical Awo*-plane balancing machines designed to indicate dynamic unbg
unbalance reduction test-is‘intended to check the combined accuracy of amount-of-unbalance
angle indication and plane-separation.

NO[TE On outbeard-/proving rotors type C, as an alternative the URR test can be performed with resulta
unbalance test masses. Deviations from the two-plane test are described in the following subclauses.

11J7.3 General

Th¢ test and the method of recording the machine indications are designed to prevent machine ope
kngwing'in advance what the readings should be, and thereby prevent them from influencing the ou

blane. Two
ane, which
asses and

le residual

, with one

e only, the

alance reduction test is intended to chéck only the combined accuracy of amount-of-unbalance indication

lance, the
indication,

nt or couple

rators from
fcome.

The test consists of a set of 11 measuring runs. The test is run with a stationary test mass and a travelling test

ma

ss (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.

© 1SO 2012 — All rights reserved
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Table 8 — Data sheet for balancing the proving rotor

[ 1 (= o] (=] oS EERR ST
[ or= 1 110] oI o) 1 (=1 SRR
Balancing Maching OPErated DY: ... ...ttt e e oottt e e e e e et et e e e e e nb e bt e e e e e e aannnteeeeeeeeeannneneeeas

R To [ TaTe M P=1 (=T o I=T o o [ =Y oto T [=Yo N o) PP PPPPPPPPPPNE

Balancing Maching tested, MAKE: ... ..ot e e e ettt e e e e e e e abeee e e e e s aeb e e e e e e e eeanntneeeeeeeeaannnneees

Test Masy ..o g Effective radius: .........ccooceiiiiiiiis mm

Testspeegl: ..o r/min

Plane 1 reading Plane 2 reading
Amount Angle Amount Angle Correction

U, ° U °

mar mar

Run 1
initial unbalance

Run 2
Run 3
Run 4

Run 5
. not allowed
residual unpalance

Run 6  lowed
after 60° reference change not allowe

Table 9.— Test data sheet for U, test

Position of Amount of Amount of Multiples of Multiples of
test mass unbalance unbalance mean value mean value

° Plane 1 Plane 2 Plane 1 Plane 2

0
30
60
90
120
150
180

210
240
270
300
330

Sum

Mean value

NOTE For single-plane machines, use plane 1 columns to record the readings for the resultant unbalance.
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| P I

1,2

115

11

1,05

0,95

0.9

0,85

0,8

g° 30° 60° 90°  120° 150°  180°  210° 2402 2%0° 300° 330°| 360/0°
a

%
12

115

- =

11

1,05

0,95

0,9

0,85

0,8

ge 30° 60° 90°  120° 150°  180°  210°  240° 230° 300° 330°| 360/0°
a

U unbalance readout

a  position of test masses
Py plane 1

P, plane 2

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 (see Table 10) entails the following steps.

a) Enter at the top of the data sheet the requested data so that the test conditions are permanently

record

ed.

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 No. 1" row on the "Plane 1, stationary" column of the data sheet.

c) Chooqd
oppos
"Plang

d) Arbitrg

e in plane 2 a position for the stationary test mass. This should neither be the same position
te to the stationary test mass in plane 1. Enter the degree value in the "Run No. 1" rqwon
2, stationary" column of the data sheet.

rily choose in plane 1 one of the remaining 11 positions as the starting position\for the travel

nor
the

ing
the

the

test mass and enter the degree value in the "Run No. 1" row on the "Plane 1, travelling” column of
data sheet.

e) Arbitrgrily choose in plane 2 a starting position for the travelling test mass. Enter the degree value in
"Run No. 1" row on the "Plane 2, travelling" column of the data sheet.

f)  Enter puccessive positions for successive runs in the data sheet forboth travelling test masses, letling
them fravel:

n
Skip t
For a resul

— Mark
plane

— Mark
resultd

11.742 S

Table 11 i
identical to)

1175 P

plane 1 in ascending 30° intervals;

plane 2 in descending 30° intervals.

ne stationary test mass positions, since two test‘masses cannot occupy the same position.
tant or couple test, use Table 10 with the fellowing modifications.

blane 1 as the left-hand couple plane: This means positions and readings for couple test masse
1 (couple test masses in plane 2-are always 180° apart).

blane 2 as the middle plane’ (between planes 1 and 2). This means positions and readings
nt test masses.

ngle-plane test

for only one plane. The rules to chose positions for the stationary and travelling test masses
plane 1 of the two-plane test (see 11.7.4.1).

ane setting

The machi

he-shall be set to read in the test planes (see Tables 6 and 7)

5 in

for

are

For a resultant or couple test on a proving rotor type C, the machine shall be set to read the couple unbalance

in planes 1

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

11.7.6 URR test runs

11.7.6.1 Starting-point

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

34
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11.7.6.2 Test planes
Test planes shall be according to Table 6.

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

11.7.6.3 Procedure

Add the stationary and travelling test masses in starting position (Run No. 1 row) 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.

Adyance the travelling test masses to the next positions as shown in the data sheet, makea run, measure and
reqgord the amount and angle readings for the planes in the data sheet, until 11 successive runs jhave been
pefformed.

Divide amount readings by the unbalance value of the stationary mass (both in terms of unbalanceg) to obtain
vallies in multiples of the stationary unbalance, Ustation. Enter these valueslin the appropriate columns of the
dafa sheet.

11)7.7 Plotting URR test data
11J7.7.1 Evaluation diagrams
Eagch evaluation diagram (Figure 8 for two-plane test and ‘Figure 9 for single-plane test) contains|a diagram
with 11 sets of concentric URR limit circles. From the-inside outwards, the concentric circles designate the
lim|ts for URR values of 95 %, 90 %, 85 %, and 80 %.
Insfructions for drawing these diagrams are given'in Annex B.
11J7.7.2 Two-plane test

See¢ Figure 8.

a) | Enter the angular positiontof'plane 1 stationary test mass on the short line above the afrow in the
appropriate URR evaluation/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 plane 2 has a different angular position, enter a secopd angular
reference systerw’ into the diagram for plane 2. To avoid interference with the degree mparkings for
plane 1, entér-the degree markings for plane 2 in the oval circles provided halfway between the degree
markings.for-plane 1.
c) | Using.the amount (multiples of Ungr) and angle values from the data sheet, plot the plane 1 feadings in

the.form of test points (dots) on the appropriate URR diagram, using the amount scale as shqwn next to
the vertical arrow.

d) Next, plot the plane 2 readings, but 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 means couple unbalance, plane 2 means resultant unbalance (see
11.7.4.1).

11.7.7.3 Single-plane test
See Figure 9.

Enter only one angular reference system into the diagram.
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Table 10 — URR test data sheet for two-plane test

1O 0] 0] =1 0| PSSP URRTR
| o Tor=Y (o] o o] (1] AP
Balancing machine tested, make: ..o MOAEL: .

Balancing maching Operated DY ..o

Readings taken and 10gged DY: ... Date of test: ..o
Proving rotpr, type: ..o NO.: Mass: ....ooooeveni 0 kg
Claimed €l T e W g-mmikg
ClaiMed U it T oo g0 e g-nm
Ustation = ++]-+eessereresresereseei i X Upar = weeeeereereresesessesesssessssfo s g-nm
Effectiye radius: ........ccccoviiiiiiiee e mm Stationary massi....o..coeeiiiiiie e . g
Utravel = O Ustation = ++eeerreeressesremeeieniestise sttt SR Bt g-mnm
Effectiye radius: ..o mm Travelling mass: ..o .g
" Unbalance Unbalance
Test mass positions (angles) readout Amount readout Amour]:
Plane 1 Plane 2 Plane.1 Reading Plane 2 Readin
plane 1 plane 2
Run divided by divided by
Statipnary | Travelling | Stationary | Travelling | Amount | Angle Ustation Amount | Angle Ustation
No. i ° ° ° g-mm ° Multiple of g-mm ° Multiple pf
Ustation Ustation
1
2 4 ”
3 4 ”
4 4 7
5 4 ”
6 4 ”
7 4 ”
8 4 ”
9 4 ”
10 4 ”
1 1 ” ”
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% URR 17
A H
80
85 :
- 20 S
95
5
. © 4 —_—
3
3
> -
2
—— 1 -

111

O — OO — O —CCOO — O — (D
L8] (=Tt 11T e USRS SUESRR NUSURRRRR
LIS 0 oTo 11 €5 ][] 1(=Te g oYl U UPURRRRIY UPRPRTP

Key

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

% WRR unbalance reduction ratio as percentage

a

Insert angular reference system according to position of stationary mass:

plane 1, use o

D plane 2, use ©

Figure 8 — URR evaluation diagram for two-plane test
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Table 11 — URR test data sheet for single-plane test

1O 0] 0] =1 0| PSSP URRTR
| o Tor=Y (o] o o] (1] AP
Balancing machine tested, make: ..o MOAEL: ..

Balancing maching Operated DY ..o

Readings taken and 10gged DY: .........uuimiiiiii Date of test: .....ccoociiiiieieee e
Proving rotpr, type: .......ooiiiiiiii e NO.: Mass: ....oooeeveri 0 kg
Claimed €l T oo W g-mmikg
ClaiMed U it T oo g0 e g-nm
Ugtation = Jr+esererersrerereeireeireereeissesceiscessesses s nar = ceeeeneeneenenieseesssesee s

Effectiye radius: .........ccccoviieiiiiiiieee e mm Stationary massi..........occcevieeiee i .g
Utravel = ©

station L T

Effectiye radius: ..o mm Travelling mass: ... .g

Test mass positions (angles) Unbalance readout Amount
Plane 3 Plane 3 Reading plane 3

Run Stationary Travelling Amount Angle divided by Uy

tation

o

pd
°
o

g:mm ° Multiple of Uy

tation

2|3lo|lo|~N|o|la|lsr|w|v]|=
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% URR T
80 i
85
90 T 6
95
TS
[ (1]
3
3
2
B 1

URR @ChIBVEA: ... e et e e e e e e e et e e e e e s nrneeeeaaeeeean
L= 18 o T 1T €53 o] Lo 1= I o 2 PPN
Key

n amount scale in multiples, n, of stationary test mass unbalance, Ugation

o’ position of stationary test mass (indicated by the vertical arrow)

% URR unbalance reduction ratio as percentage

a

Insert angular reference system according to position of stationary mass:
resultant plane

Figure 9 — URR evaluation diagram for single-plane test
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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 URR of 90 %,

and so on.

NOTE
may be inse

rted (see Annex B).

If a URR value other than 95 %, 90 %, 85 % or 80 % is specified, an intermediate circle of appropriate diameter

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,

ple

B0°
ree

in which cdse the rules givenin T1.4 apply.

11.8 Tesdt for couple unbalance interference on single-plane machines

11.8.1 Stgarting point

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

Balance thg rotor as stated in 11.6.5.

11.8.2 Pfocedure

Add one tgst mass each (e.g. the travelling mass of the URR test) in planes 1 and 2 of the rotor, exactly 1
apart, and|take a reading of the resultant unbalance. Shift the coupletunbalance test masses by 90° th
times in succession, each time taking a new reading.

11.8.3 Epaluation

None of the four readings may exceed the value of the.attached couple unbalance multiplied by the clained
couple unhalance interference ratio, plus the claimed minimum achievable residual unbalance.

11.9 Compensator test

1191 S

The comps
test proceg

NOTE

Use the
(see 11.

bd
1192 P

Add in plar

arting-point

nsator (used for the index balancing procedure) shall provide a consistent readout at the end of
ure.

[his test checks the compensator by simulating the indexing of the rotor by only moving the test masses.

lanced proving¢rotor (see 11.6.5) or ensure that the unbalance is smaller than 5U,
2).

ar

rocedure

e:

the

in each plane

— a stationary test mass at 30° producing Ugtation:

— atravelling test mass at 150° producing Uy,,yel-

Add in plane 2:

— a stationary test mass at 150° producing Ugiation;

— atravelling test mass at 30° producing Uy, 4yq-

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

40
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To simulate the indexing, move:
— in plane 1 the travelling test mass from the 150° position to 330° (180° shift);
— in plane 2 the travelling test mass from the 30° position to 210° (180° shift).

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

Remove:

— | in plane 1 the travelling test mass (located at 330°);

— | in plane 2 the travelling test mass (located at 210°).

NO[TE The stationary test masses in plane 1 at 30° and in plane 2 at 150° are still in place.
Rup the machine and set the compensator to read rotor unbalance.

11.9.3 Evaluation

The compensator passes the test if the reading in each plane does not-exceed 0,02Ug;4ti0n-
1110 Simplified tests

11/10.1 General

If 3 balancing machine has been type tested thoroughly before, or a machine in operation pefiodically is
undlergoing tests, a reduced effort is sufficient.

Both the U,

mar and the URR tests may be simplified in reducing the number of test runs.

11/10.2 Simplified U,,,,, test

ar
a) | Follow the procedures in 11.6.2 t011.6.7.

b) | In 11.6.8, skip every second)angular position, thus reducing the number of runs to six.
NO[TE The remaining angles are evenly spread around the rotor, e.g. 0°, 60°, 120°, 180°, 240°, 300°.

c) | Follow 11.6.9.1.%0)11.6.9.3 but calculate the arithmetic mean value per plane by dividing the sum by six.

d) | The balanging machine has passed the test if all plotted points are within the range given py the two
dasheddines in Figure 7 (0,88 and 1,12). No exception is allowed.

11.110.3_Simplified URR test

a) Follow TT.7.4 10 TT1.7.8 but skip all positions being 60° or multiples apart from the stationary test mass in
each plane. This reduces the number of runs to six.

b) Enter for the travelling test masses 60° ascending or descending intervals in the log, see 11.7.4.1 f).
c) Make six successive runs in accordance with 11.7.6.3.

d) All test points on the test sheet shall fall within the URR limit circles (or on their perimeter lines) that
correspond to the claimed value for the unbalance reduction ratio, URR. No exception is allowed.
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Annex A
(informative)

Information provided by the user to the balancing machine manufacturer

A.1 Gen

eral

This anne) comprises minimum information that users should provide to the balancing machine manufactu
in order to enable the manufacturer to meet users' requirements.

A.2 Rotor to be balanced

A.2.1 Es
Give data

If the balarn
The maxini

If the mac
including r

A.2.2 Other rotor data

A.2.21
balanced.

A.2.2.2

A.2.23
load A? (S

ential rotor data
bn limiting factors, such as mass, dimensions and tolerances.

cing machine is to be used for many types of rotors, Table A A~should be completed for each ty
um and minimum sizes of rotors that the machine is required to’balance should be indicated.

hine is to be used for series balancing of a limited number of specific rotors, detailed informat
btor manufacturer's drawings, should be supplied inJiewof Table A.1.

Include detailed drawings. If possible)xthe user should send drawings of typical rotors to
[his is particularly important for rotors with unusual geometry.

If correction planes are located.other than between the journals, describe their locations.

Is the balancing machine to* be used with outboard rotors? If so, what is load B and nega
be Figure A.1.)

=

er

be

ive

Key

A, B loads

42

Figure A.1 — Loads
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