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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standarc
bodies (ISO member bodies). The work of preparing International Standards is normally carried out throu
ISO technical committees. Each member body interested in a subject for which a technical committee |
been established has the right to be represented on that committee. International organizations, governm
and non-governmental, in liaison with 1ISO, also take part in the work. ISO collaborates closely with th
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Draft Inte¢rnational Standards adopted by the technical committees are circulated to tl-te member bodies
voting. Hublication as an International Standard requires approval by at least 759 of the member boc
casting g vote.

Internatignal Standard ISO 11342 was prepared by technical committee |SO/T@ebtd@nical vibration
and shog¢kSubcommittee SC Balancing, including balancing machines

This sedond edition cancels and replaces the first edition (1ISO11342:1994), of which it constitutes
technical revision.

Annexed A to | of this International Standard are for information only.
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Introduction

The aim of balancing any rotor is to achieve satisfactory running when installed on site. In this context
“satisfactory running” means that not more than an acceptable magnitude of vibration is caused by the
unbalance remaining in the rotor. In the case of a flexible rotor, it also means that not more than ar
acceptable magnitude of deflection occurs in the rotor at any speed up to the maximum service speed.

Most rotors are balanced in manufacture prior to machine assembly because afterwards, for example, the

may be onl
IS approve
rotor is usu
in relation
are considé

This Intern
methods of

This Intern
either vibra
rotor. If su
ISO 10816
permissiblg
is not dirg
deflection.
criteria of |

As this Intg
applicable,

There are

levelin situ
damped st
more pract]
levels, whig

l by the purchaser. Thus, while satisfactory running on site is the aim, the-ba
ally initially assessed in a balancing facility. Satisfactory running on site,ishin 1
o vibration from all causes, while in the balancing facility primarily once-per-rg
bred.

ational Standard classifies rotors in accordance with their balanging requireme
assessment of residual unbalance.

ational Standard also shows how criteria for use in thie balancing facility may
tion limits specified for the assembled and installed:machine or unbalance limi
ch limits are not available, this International Stahdard shows how they may
and ISO 7919 if desired in terms of vibration; or from ISO 1940-1 if des

ge at which a roto
ance quality of the
nost cases judgec
evolution effects

nts and establishe

be derived from
s specified for the
be derived from
red in terms of

residual balance. ISO 1940 is concerned with’'the unbalance quality of rotatir
ctly applicable to flexible rotors because flexible rotors may undergo si

50 1940-1 to flexible rotors.

rnational Standard is complementary in many details to ISO 1940, it is recomn
the two should be considered-together.

Situations in which an_otherwise acceptably balanced rotor experiences an un
owing to resonances-in the support structure. A resonant or near resonant cq
ructure can resultin’excessive vibratory response to a small unbalance. In s
cable to alter the natural frequency or damping of the structure rather than to
th may not bé.maintainable over time. (See also ISO 10814.)

g rigid bodies anc
ificant bending

n
However, in subclause 8.3 of this International Standard, methods are preserﬂed for adapting tr

nended that, whert

acceptable vibratic
ndition in a lightly
LiIch cases it may
palance to very lov



https://standardsiso.com/api/?name=8ecd342f39762c2ad909297af803f57e

INTERNATIONAL STANDARD ©1SO

ISO 11342:1998(E)
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the country of origin for transmission to the secretariat of ISO/TC 108/SCL1.
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ISO 1940-2:1997Mechanical vibration — Balancing quality requirements of rigid rotors — Part 2:
Balance errors

ISO 2041:1990Vibration and shock — Vocabulary

ISO 8821:1989Mechanical vibration — Balancing — Shaft and fitment key convention

3 Definitions

For the pufpOSes of this International Standard, the definitions refatng to mechanical palancing given in
ISO 1925 and the definitions relating to vibration given in ISO 2041 apply.

NOTE — Definitions from ISO 1925 relating to flexible rotors are given for information injannex H.

4 Fumndamentals of flexible rotor dynamics and balancing

4.1 General

Flexible rofors normally require multiplane blancing at high speed. Nevertheless, under certain conditions &
flexible rotor can also be balanced at low speed. For high-speed balancing two different jnethods have bee
formulated| for achieving a satisfactory state of balance, namely modal balancing @and the influence
coefficient ppproach. The basic theory behind both of'these methods and their relative merits are describe
widely in the literature and therefore no further detailed description will be given here. In most practical

balancing ppplications, the method adopted will'normally be a combination of both approaches, often
incorporatgd into a computer package.

4.2 Unbalance distribution

The rotor design and method of censtruction can significantly influence the magnitude gnd distribution of
unbalance jalong the rotor axis. Rotors may be machined from a single forging or they may be constructed b
fitting several components together. For example, jet engine rotors are constructed by Joining many shell
disc and blade components.“Generator rotors, however, are usually manufactured from & single forging, bt
will have aglditional compenents fitted. The distribution of unbalance may also be significantly influenced by
the presenge of large tnbalances arising from shrink-fitted discs, couplings, etc.

Since the ynbalaneé distribution along a rotor axis is likely to be random, the distribution along two rotors of
identical desigh'will be different. The distribution of unbalance is of greater significance in a flexible rotor
than in a rigid rotor because it determines the degree to which any flexural mode is ex¢ited. The effect o
unbalance at any point along a rotor depends on the mode shapes of the rotor.

The correction of unbalance in transverse planes along a rotor other than those in which the unbalanc
occurs may induce vibrations at speeds other than that at which the rotor was originally corrected. Thes
vibrations may exceed specified tolerances, particularly at, or near, the flexural critical speeds. Even at th
same speed such correction can induce vibrations if the flexural mode shapes on site differ from thos:
dominating during the balancing process.

In addition, some rotors which become heated during operation are susceptible to thermal bows which ca
lead to changes in the unbalance. If the rotor unbalance changes significantly from run to run it may be
impossible to balance the rotor within tolerance.
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4.3 Flexible rotor mode shapes

If the effect of damping is neglected, the modes of a rotor are the flexural principal modes and, in the spet
case of a rotor supported in bearings which have the same stiffness in all radial directions, are rotating pl
curves. Typical curves for the three lowest principal modes for a simple rotor supported in flexible bearin
near to its ends are illustrated in figure 1.

For a damped rotor/bearing system the flexural modes may be space curves rotating about the shaft :
especially in the case of substantial damping, arising perhaps from fluid-film bearings. Possible damped f
and second modes are illustrated in figure 2. In many cases the damped modes can be treated approxin
as principarmodes-andtenceregarded-asrotating-ptane—curves:

It must be stressed that the form of the mode shapes and the response of the rotor’to inbalances are str
influencgd by the dynamic properties and axial locations of the bearings and théir. suppagrts.

5

a) Typical rotor

—

P3
b) First flexural mode

S~

¢) Second flexural mode

d) Third flexural mode

NOTE — R, P,, and R are nodes. fis an antinode.

Figure 1 — Simplified mode shapes for flexible rotors on flexible supports
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First mode

Second mode

Figure 2 — Examples of possible damped mode shapes

4.4 Respopse of:a flexible rotor to unbalance

The unbalanee-distribution can beexpressed-in-terms-of modal unbalances—Fhe deflection in each mode
caused by the corresponding modal unbalance. When a rotor rotates at a speed near a critical speed, it
usually the mode associated with this critical speed which dominates the deflection of the rotor. The degre
to which large amplitudes of rotor deflection occur in these circumstances is influenced mainly by:

a) the magnitude of the modal unbalances;
b) the proximity of the associated critical speeds to the running speeds; and

c) the amount of damping in the rotor/support system.
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If a particular modal unbalance is reduced by the addition of a number of discrete correction masses, then
corresponding modal component of deflection is similarly reduced. The reduction of the modal unbalanc
in this way forms the basis of the balancing procedures described in this International Standard.

The modal unbalances for a given unbalance distribution are a function of the flexible rotor mode
Moreover, for the simplified rotor shown in figure 1, the effect produced in a particular mode by a give
correction depends on the ordinate of the mode shape curve at the axial location of the correction: maxirr
effect near the antinodes, minimum effect near the nodes. Consider an example in which the curves
figure 1 b) to 1 d) are mode shapes for the rotor in figure 1 a). A correction mass in plzae tRe
maximum effect on the first mode, whilst its effect on the second mode is small.
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5 of balancing are determined by the operational requirements of the machine.
 rotor, it is desirable to decide what balance criteria can be regarded as satisf

g is intended to achieve acceptable magnitudes-of machinery vibration, shaft
b the bearings caused by unbalance.

Al aim in balancing flexible rotors would be to correct the local unbalance
1l length by means of unbalance carrections at the element itself. This woul
e centre of mass of each elemental-length lies on the shaft axis.

e. Such a perfectly balanged rotor would then run satisfactorily at all speeds in
pd.
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).
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service speed range. Only in special cases is it sufficient to balance flexible rot

It should

e, noted that a rotor, balanced satisfactorily for a given service speed range
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) process can be made efficient and economical, bub'still satisfy the needs of the user.
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through critical speeds, the allowable vibration may be greater than that permissible at service speed.

Whatever balancing technique is used, the final goal is to apply unbalance correction distributions

minimize the unbalance effects at all speeds up to the maximum service speed, including start up and ¢
down and possible overspeed. In meeting this objective, it may be necessary to allow for the influence
modes with critical speeds above the service speed range.
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4.6 Provisi

on for correction planes

©1SO

The exact number of axial locations along the rotor that are needed depends to some extent on the particul
balancing procedure which is adopted. For example, centrifugal compressor rotors are sometimes assembl
balanced in the end planes only, after each disc and the shaft have been separately balanced in a low-spe
balancing machine. Generally, however, if the speed of the rotor approaches or exceldextsral

critical speed, then at leastind usuallyrf{ + 2) correction planes are needed along the rotor.

An adequate number of correction planes at suitable axial positions should be included at the design stage.
practice the number of correction planes is often limited by design considerations and in-field balancing by

limitations
4.7 Rotors
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Table 1 — Flexible rotors
Configuration Rotor characteristics Recommended
balancing
procedure
1.1 Discs Elastic shaft without (see table 2)
unbalance, rigid disc(s) (see next pag
for key to
A-G)
Single disc
T B e = - perpendicular to shaft axisA; C
N\ | | /\ 5 5 | | - with axial runout B; C
Two discs
| _ _ - perpendicular.toshaft axisB; C
,F, ,ﬁ E} JIE - with axial suneut
|| | I A A A * at leaSt'one removable] B+ C, E
« integral 5
More than two discs
SR SDH0H smms oo
A - integral 5
1.2 Rigid sections Elastic shafts without
unbalances, rigid sections
Single rigid section
= e I R = - removable B; C; E
AN i yAN AN - integral B
Two rigid sections
T | S o T ——— R - at least one removable | B+ C; E
A A A AL | -inega ;
More (than two) rigid
section
F* I e = 7% E* N — - all (but one) removable | B+ C; E
A .
- integral G
A A
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Table 1 — Flexible rotors(concludegl

Configuration Rotor characteristics | Recommendeg
balancing
j o ] ] ] procedure
1.3 Discs and rigid sections Elastic shaft without

unbalance, rigid discs | (see table 23
and sections

One each
- at least ongart B+C,E
Ffi "% F"i'i'*”i" ) removable
A o ~
= |||ch|a| |\ &)

— More parts
e THHHE & HEH] | oo mmasin e
AL - integral G

1.4 Rolls Mass, elasticity and
unbalance distribution
along the rotor

- under pecial conditiong

F*iiif————%f - in general

1.5 Rolls and discs/rigid sections Flexible roll, rigid discs,
rigid sections

O T

- discs/rgid
sections/removable

- under pecial
conditions Ct+FE+F

- ingeneral
- integral G

Al B =2

1.6 Integral rotor Mass, elasticity and
unbalance distribution
along the rotor

Main parts with
{],—Ii - :| unbalances not detachgblG

>

®

ALl A
1) A= Single-plane balancing E = Balancing in stages during assembly
B = Two-plane balancing F = Balancing in optimum planes
C = Individual component balancing prior to assembly G = Multiple speed balancing

Two additional balancing procedures H and | can be used in special circumstances, see 7.4 and 7.5.
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Table 2 — Balancing procedures

Procedure | Description Subclauss
Low-speed balancing

A Single-plane balancing 6.5.1

B Two-plane balancing 6.5.2

C Individual component balancing prior to assembly 6.5.3

D Balancing subsequent to controlling initial unbalance 6.54

E Balancing in stages during assembly 6.5:5

F Balancing in optimum planes 6.5.6
High-speed balancing
Multiple speed balancing 7.3

H Service speed balancing 7.4

I Fixed speed balancing 7.5

6 Procedures for balancing flexible rotors at low speed

6.1 Gengral

Low-spegd balancing is generally used for rigid rotors and high-speed balancing i$ generally used
flexible rotors. However, with the use of appropriate procedures it is possible in sorpe circumstances
balance flexible rotors at low speéd‘so as to ensure satisfactory running when the rotor|is installed in its fi
environment. Otherwise, flexible,rotors require use of a high-speed balancing procedurs.

Most of the procedures explained in this clause require some information regarding the axial distribution
unbalange.

In some cases where a gross unbalance may occur in a single component, it may be aflvantageous to be
this conponent=Separately before mounting it on the rotor, in addition to carrying| out the balancir
proceduv|e after it is mounted.

NOTE — Certain rotors contain a number of individual parts which are mounted concentrically (for example blade
coupling bolts, pole pieces, etc.). These parts may be arranged according to their individual mass or mass mome
achieve some or all of the required unbalance correction described in any of the procedures. If these parts need 1
assembled after balancing, they should be arranged in balanced sets.

Some rotors are made of individual components (e.g. turbine discs). In these cases it is important
recognize that the assembly process may produce changes in the shaft geometry (e.g. shaft run out)
further changes may occur during high-speed service.
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6.2 Selection of correction planes

If the axial positions of the unbalances are known, the correction planes should be provided as closely a
possible to these positions. When a rotor is composed of two or more separate components that at
distributed axially, there may be more than two transverse planes of unbalance.

6.3 Service speed of the rotor

If the service speed range includes or is close to a flexural critical speed, then low-speed balancing methoc

should only be used with caution.

6.4 Initial ynbalance

The procesgs of balancing a flexible rotor in a low-speed balancing machine is"an appfoximate one. The
magnitude|and distribution of initial unbalance are major factors determining the” degree of success that ca
be expected.

For rotors in which the axial distribution of initial unbalance is known and’ appropriate corfection planes are
available, the permissible initial unbalance is limited only by the @mount of correctiop possible in the

correction planes.

For rotors |in which the actual distribution of the initial unbalance is not known, there |are no generally

applicable [low-speed balancing methods. However, sometimes the magnitude can be controlled by th
prebalancing of individual components. In these caseS-the low-speed initial unbalanceg can be used as
measure of the distribution of unbalance.

6.5 Low-speed balancing procedures

6.5.1 Procgdure A — Single-plane balancing

If the initia| unbalance is principallyscontained in one transverse plane and the correction is made in this
plane, then the rotor will be balanced for all speeds.

6.5.2 Prockdure B — Two-plane balancing

If the initiall unbalance/is-principally concentrated in two transverse planes and the corrections are made i
these plangs, then therotor will be balanced for all speeds.

If the unbajanee/in the rotor is distributed within a substantially rigid section of the rotor gnd the unbalance
correction istalso made within this section, then the rotor will be balanced for all speeds.

6.5.3 Procedure C — Individual component balancing prior to assembly

Each component, including the shaft, should be low-speed balanced before assembly in accordance wi
ISO 1940-1. In addition, the concentricities of the shaft diameters or other locating features that position the

individual components on the shaft should be held to close tolerances relative to the shaft axis.

ISO 1940-2).

10

(Se
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NOTES

1 The concentricities of the balancing mandrel diameters or other location features that position each individl
component on the mandrel should likewise be held within close tolerance relative to the axis of the mandrel. Errors
unbalance and concentricity of the mandrel may be compensated by index balancing (see ISO 1940-2).

2 When balancing the components and the shaft individually, due allowances should be made for any unsymmett
feature such as keys (see I1SO 8821) that form part of the complete rotor but are not used in the individual balancin
the separate components.

3 It is advisable to check by calculation the unbalance produced by balancing errors such as eccentricities
assembly tolerances to evaluate their effects. When calculating the effect of these errors on the mandrel and or
shaft, it is important to note that the effect of the errors can be cumulative on the final assembly. Procedures
dealing ith-stuchrerrorscanbe-foundimSO-1846-2:

6.5.4 Prpcedure D — Balancing subsequent to controlling initial unbalance

When a
(Procedy
low spe€

rotor is composed of separate components that are balanced. individua

d is permissible only if the initial unbalance of the assembly do€s not exceed s

If reliablg
mathem

Experie
central
Experie

the central plane.

For unsymmetrical rotors that do not conform to the configuration defined above, for
symmetry or overhangs, it may be possible 'to use a similar procedure using differef

correctio

Howevel
the rotor

6.5.5 Pr

The sha
correctio
control o
on the sk

» data on shaft and bearing flexibility, etc. are available,@nalysis of responsg
tical models will be useful.

ce has shown that symmetrical rotors that conform:to the requirements above
orrection plane may be balanced at low speed with higher initial unbalang
ce has shown that between 30 % and 60 %<f the initial resultant unbalance

planes based on experience.

, in extreme cases, the initial shaft unbalance may be so large that some othe
will have to be adopted,.for example, Procedure E.

pcedure E — Balancing in stages during assembly

ft should first\be balanced. The rotor should then be balanced as each cqg
being _made only on the latest component added. This method avoids th
concentricities of the locating diameters or other features that position the in
aft,

llly before assern

re C), the state of unbalance may still be unsatisfactory. Subsequent balancing of the assemb

pecified values.
2 t0 unbalance us
put have an additic

es of the assemt
should be correcte

example as regar
't percentages in

r method of balan

mponent is mour

e necessity for cl
lividual componer

If this m
not chan

thod 1S adopted, 1T1S important 1o ensure that the balance of the parts of the 1
ged by the addition of successive components.

tor already treate

In some cases, it may be possible to add two single-plane components at a time and perform two-pl
balancing on the assembly by using one correction plane in each of the two components. In cases wi
several components form a rigid section, for example a sub-assembly or core section which is norme
balanced in two planes only, one such section may be added at a time and corrected by two-plane balanci

11
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6.5.6 Procedure F — Balancing in optimum planes

If, because of the design or method of construction, a series of rotors has unbalances that are distribute
uniformly along their entire length (for example, tubes), it may be possible by selecting suitable axial

positions of two correction planes to achieve satisfactory running over the entire speed range by low-spee
balancing. It is likely that the optimum position of the two correction planes producing the best overall

running conditions can only be determined by experimentation on a number of rotors of similar type.

For a simple rotor system that satisfies conditions a) to e) below, the optimum position for the two correction
planes is 22 % of the bearing span inboard of each bearing:

a) s|ngle-span rotor with end bearings;
b) upiform mass distribution with no significant overhangs;
c¢) upiform bending flexibility of the shaft along its length;
d) cpntinuous service speeds not significantly approaching second’critical speed;
e) upiform or linear distribution of unbalance.
If this corrgction method does not produce satisfactory results; it may still be possible to Qalance the rotor a

low speed py utilizing correction planes in the middle and.at the rotor ends, as shown in gnnex B. To do this
it is necesdary to assess what proportion of the total initial unbalance is to be corrected at the centre plane.

7 Prgcedures for balancing flexible.rotors at high speed
7.1 Genergl

Generally, [high-speed balancing ,is:vequired for flexible rotors. However, with the uge of appropriate
procedureg it is possible, in some cirfcumstances, to balance flexible rotors at low speed (s$ee clause 6).

7.2 Installation for balancing

For balanc|ng purposes;-the rotor should be mounted on suitable bearings. In some casgs it is desirable tt
the bearing supportsin the balancing facility be chosen to provide similar conditions to those at site so tha
the modes| obtained during site operation will be adequately represented during the balancing process ar
hence redycethe necessity for subsequent field balancing.

If a rotor has an overhung mass that would normally be supported when installed on site, a steady bearin
may be used to limit its deflection during the test.

If a rotor has an overhung mass that is not supported in any way when installed on site, it should also be le
unsupported during the test. However, it may be necessary in the early stage of balancing to provide suppc
with a steady bearing to enable a rotor to get safely to service speed or overspeed to allow the rotc
components to move into their final position.

Transducers should be positioned to measure shaft, bearing or support vibration or bearing force a
appropriate. The system shall be capable of measuring the once-per-revolution component of the signal. Tt
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measurement can be expressed either as an amplitude and a phase angle or in terms of orthog

components relative to some fixed angular reference on a rotor.

In some cases two vibration transducers may be instalfed20t at the same transverse plane to permit

resolutio

n of the transverse vibrations, when such resolution is required.

In all cases, there shall be no resonances of the transducer and/or mountings, which significantly influel

vibration

measurement within the speed range of the test.

The output from all transducers should be read on eqmpment that can dlfferentlate between the synchror

compongt

vibration

The driv

introduce

system,

NOTE —
balanced

7.3 Prod

This clau

successi
balancin
speed cl

service S
highest K

The prog

permit a
simplest
example
knowled
compute
vibration
of the ro
be comp

All vibrat

7.3.1 Ini

for a rotor should be such as to impose negligible restraint on the, vibrat
negligible unbalance into the system. Alternatively, if known unbalance is intr
hen it should be compensated for in the vibration evaluation.

To establish that the drive coupling introduces negligible balanee error, the coup
as described in ISO 1940-2.
edure G — Multiple-speed balancing

se sets out the basic principles of high-speedbalancing in a very simple form.

br components of

on of the rotor ar
pduced by the driv

ling should be ind

The rotor is balan
pcted so that there

vely on a modal basis at a series of balancing speeds in turn, which are selé
J speed close to each critical speed within the service speed range. There
pse to the maximum permissible test-speed. In essence, each mode with a ¢
peed range is corrected in turn, foléwed by a final balance of the remaining
alancing speed.

Itomated or otherwise simplified techniques, for example, the influence coeffi
versions, on-line computer-aided balancing will guide the operator through the

perform the vector-subtraction listed in 7.3.2.5, 7.3.2.9 and 7.3.2.10. In
je of the relevant-influence coefficients may be available which can be
r-aided package so that tests with trial mass sets are not required. In appr
data for the unbalanced response can be safely acquired at several balancing
or, rather_than at a single balancing speed, so that the necessary corrections
uted in @ng operation.

on4or force) measurements in this clause relate to once-per-revolution compo

itical speed withir
higher) modes at

m(Fy also be a balal

edures used in practice may be packaged in the form of computer-aided balahcing methods, wi

cient method. In tl
process and will, |

other cases, pr
ncorporated in tt
bpriate circumstan
speeds during on
for several mode:

hents.

tial low-speed balancing

Experience has shown that it may be advantageous to carry out initial balancing at low speed, prior
balancing at higher speeds. This may be particularly advantageous for rotors significantly affected by ol
the first flexural critical speed.

If desired, therefore, balance the rotor at low speed, when it is not affected by modal unbalanct
Alternatively, this stage can be omitted by proceeding directly to 7.3.2.

NOTE — Low-speed balancing may avoid the need for carrying out the final balancing of the remaining (highe
modes as described in 7.3.2.11.
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Throughout this procedure, correction planes should be chosen according to the relevant mode shapes. S
also clause 4.

7.3.2.1The rotor should be run at some convenient low speed or speeds to remove any temporary bend.
shaft measuring transducers are used, the remaining repeatable low-speed run-out values should be measL
and, where necessary, subtracted vectorially from any subsequent shaft measurements at the balanci

speeds.

7.3.2.2Rur
"first flexur;

Record the
confirm tha

7.3.2.3Add
produce a

If low-spee
which are ¢

If low-spee
distinct co
balancing i

7.3.2.4Rur
readings of

7.3.2.5Fror
mass set 3
correction

correction.

NOTES
1 Agraphi

2 In this d

neglected of

4l - - £ (] Lot 1 £ bkl [l s 1 (] | -
U1 TUWI U SUITIE salc specu dppliualliilily uie st neAulal Lrtitdlr specu. Tlllb

| balancing speed"”.

readings of vibration (or force) under steady-state conditions. Before proceedi
t the readings are repeatable. Several runs may be necessary for this‘purpose

a set of trial masses to the rotor, which should be selected and positioned
significant vector change in vibration (or force) at the first flexural balancing spe

d balancing has been omitted, the trial mass set usually‘comprises only one ma

will be termed the
ng, it is essential t
along the rotor tc

ed.

Ss, which for rotol

e ssentially symmetrical about mid-span will be placed near the middle of the rotor span.

d balancing has been performed, then the trial'mass set will usually consist
rection planes. In this case, the massesare proportioned so that the low;
5 not upset.

the rotor to the same speed and.under the same conditions as in 7.3.2.2,
vibration (or force).

n the vectorial changes of the readings between 7.3.2.2 and 7.3.2.4, compute t

it the first flexural balaneing speed. Hence compute the magnitude and ang
lo be applied to cancel-the effects of unbalance at the first flexural balancin

cal illustration‘ef the vectorial subtraction underlying this calculation is shown in annex

escription/it is assumed that the effects on the measurements of unbalances in
are eliminated by appropriate procedures.

The rotor s

of masses at thre
speed (rigid rotor

and record the ne

he effect of the tri
ular position of th
g speed. Add this

G.

other modes can |

(or force). If this

is not the case, reflne the correctlon or repeat the procedure in 7.3.2. 2 to 7.3. 2 5 usmg a new balancing spex
possibly closer to the first flexural critical speed.

7.3.2.6Run the rotor to some safe speed approaching the second flexural critical speed. This will be the
"second flexural balancing speed". Record readings of vibration (or force) under steady-state conditions a

this speed.

7.3.2.7Add a set of trial masses to the rotor, which should be selected and positioned along the rotor tc
produce a significant vector change in vibration (or force) at the second flexural balancing speed, without
significantly affecting the first mode and, if relevant, the low-speed balance.
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7.3.2.8Run the rotor to the same speed as in 7.3.2.6 and record the new readings of vibration (or force).

7.3.2.9From the vectorial changes in the readings between 7.3.2.6 and 7.3.2.8, compute the effect of the 1
mass set at the second flexural balancing speed for this set of trial masses. Use these values to compute
of correction masses which cancel the effects of unbalance at the second flexural balancing speed. At
this set of correction masses.

The rotor should now run through the first and second flexural critical speeds with acceptable vibration (
force). If this is not the case, refine the correction or repeat the procedure in 7.3.2.6 to 7.3.2.9, usinc
different balancing speed possibly closer to the second flexural critical speed. (See also notes in 7.3.2.5.)

7.3.2.10
within th
significar
achieveo
simulatio
of correc

7.3.2.11
within th
maximur
(higher)

NOTES

1 For so
only preli
compone
of the cri
influence

2 It sho
unbalanc
example,
be neces
magnitud

3 As ex
particular
flexural b
critical sp
are neceg

4 Form

E permissible speed range. Each new set of trial masses should be ehose

Continue the above operations for balancing speeds close to each flexural

it effect on the appropriate mode, but do not significantly affect the balance w
at lower speeds. The trial mass distribution can be obtained, fram exper

n. For each case, a set of correction masses should be computed and attachg

tion masses will compensate for the unbalance at the currentbalancing speed.

f, after correction at all flexural balancing speeds, significant vibrations (or
P service speed range, the procedure in 7.3.2.9 should:be repeated at a balan
N permissible test speed. In this case, it may not be/possible to magnify the e
modal unbalance components by running close to-their associated flexural critic

me rotor types, for example turbine rotors with' shrunk on stages or generator rotors,
minary corrections near the flexural critical’Speeds to get the rotor to its service spee
Nts may move into their final position. Fer some rotors, it may be possible to run safg
ical speeds before completing the balancing. In that case, the number of runs reg
coefficients can be reduced.

Ild be noted that the method described above assumes that there is a linear re
b vector and the vibration (Orforce) response vector. In certain cases this may not

sary to redetermine thel effects of the trial mass sets as the vibration (or force) respag

D

c.

blained at the gutset of 7.3, the high-speed balancing procedure is presented in
the flexural critical speeds are assumed to be sufficiently widely spaced so that the
hlancing speed is predominantly in the mode associated with the corresponding criticg
eeds are-close together, then more refined procedures (which are beyond the scop
sary te-uncouple the individual modal components of vibration.

where there is a high initiahunbalance and the rotor is supported by fluid-film bearings.

Critical speed in tu
N so that they ha
ich has already be
ence or a compl
d to the rotor. Eac

forces) still occur
cing speed close |
fect of the remain
al speeds.

it is advisable to m
d or overspeed, wh
ly through some or
uired to determine

lationship between
be so, particularly,
In these cases it n
nse vector is reduc

A very simple form
ibration measured
| speed. If two flexu
e of this simple out

Achines that have axial asymmetry (in the support/bearing system), each mode (see
S, often of similar ch:mn with resonances annn:mnn at different cnnnric Dndumnn

figure 1) will split i

two mod

he unbalance in or

these modes often reduces the unbalance in the other one too avoiding the need to balance each mode separatel
7.4 Procedure H — Service-speed balancing

Some rotors that are flexible and pass through one or more critical speeds on their way up to service sy
may, under special circumstances, be balanced for one speed only (usually service speed). However, r¢
having critical speeds close to service speed or those coupled to other flexible rotors are excluded.
general, these rotors should fulfil one or more of the following conditions:

a) the acceleration and deceleration up to and from service speed is so rapid that the amplitude
vibration at the critical speeds will not build up beyond acceptable limits;
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b) the damping of the system is sufficiently high to keep vibrations at the critical speeds within
acceptable limits;

c) the rotor is supported in such a manner that objectionable vibrations are avoided;

d)a

high level of vibration at the critical speeds is acceptable;

e) a rotor runs at service speed for such long periods that otherwise unacceptable starting/stoppin
conditions can be tolerated.

A rotor tha

equivalent
If the rotor
support sy
facility, the
Some cong
optimum al
minimum T
critical spe
7.5 Proceq
7.5.1 Genq
These rotg
requires hi
flexible or 4
Rotors in th

a) rq

b) r
exa

7.5.2 Proc

It is somet

predominant modes are the same as those that will be experienced:at site.
sideration should be given to the axial correction mass distribution. It may be
Kial positions for the correction planes so that two planesihay be sufficient. T
esidual unbalance in the lower modes and thus minimize the vibrations whe
2ds.

lure | — Fixed speed balancing

bral

lis case may fall into two €ategories:

mple rotors.of single-phase induction motors with a centrifugal starting switch.

edure

falls into category c) above, it is especially important that the stiffness of the b
stem be sufficiently close to site conditions to ensure that, at service spee

rs may have a basic shaft and bady construction that either allows for low-{
gh-speed balancing procedures. In addition, they have one or more compor
ire flexibly mounted so that the unbalance of the whole system may change with speed.

tors whose unbalancechanges continuously with speed, for example, rubber-I

mes possible to balance these rotors with counterbalances of similar charag

ahigh=speed-batgncing machine or
facility at the speed at which it is determlned that the rotor should be in balancs.

alancing machine
d in the balancin

possible to choos
Nis may produce &
N running through

speed balancing c
ents that are eith

pladed fans;

ptors whose uribalance changes up to a certain speed and remains constant above that speed,

teristics. If not, the

following procedures should be used.

Rotors that fall into category a) should be balanced in a balancing machine at the speed at which it i
specified that the rotor should be in balance.

Rotors that fall into category b) should be balanced at a speed above that at which the unbalance ceases

change.

NOTE — It may be possible to minimize or counterbalance the effects of the flexible components by careful design
and by attention to their locations, but it should be appreciated that rotors of this kind are likely to be in balance at one
speed only or within a limited range of speed.
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valuation criteria

8.1 Choice of criteria

It is a usual practice when evaluating the balance quality of a flexible rotor in the factory to consider t
once-per-revolution vibration of the bearing pedestals or shaft in a balancing facility or test-bed th
reasonably approximates to the site conditions for which the rotor is intended (see however 8.2.4). This is
method described in 8.2.

Another practice is to evaluate the balance quality by considering the unbalance remaining. This is t

method

WWWM in 8.3. Xi usi W- |
to F), thjs form of assessment may be made at low speed, without any necessity

balancin

When ern

permit the use of facilities or installations that do not closely imitate site conditions and/

effect of

Evaluatig
unbaland

It is not
concernd
between
influence
stiffness
frequenc

NOTE —

8.2 Vibr

If the fingl state of unbalanee, iS to be evaluated in terms of vibration criteria in the ba

these my

There is
the fully
acceptar
ISO 108
balancin

y facility.
nploying either practice, it is sometimes possible, based on experience, to adju
coupling to another rotor on site.

n criteria are, therefore, established either in terms of vibration limits or
es.

possible to derive the permissible unbalances for flexible rotors directly from
d with the assessment of vibrations in rotating machinery. Usually there is n

d by many factors, such as the vibrating mass of the machine casing anc

of the bearing and of the foundation,.fhe proximity of the service speed to tf

es, and the damping.
See also ISO 10814.

ation limits in the balancing facility

st be chosen to.énsure that the relevant vibration limits are satisfied on site.

a complexselationship between vibrations measured in the balancing facility
assembled machine at site, which is dependent on a number of factors. It
ce ofJmachines on site is usually based on vibration criteria given in, for ex
| 6. dn“most cases this relationship has been derived for specific machine ty,

bdures (Procedure
to use a high-sp

5t acceptance leve
pr allow for the fine

ermissible residu

existing documen
D simple relations|

rotor unbalance and machine vibration under service conditions. The amplitude of vibrations

its foundations,
e various resonal

ancing facility, the

ind those obtainec
should be noted t
ample, I1ISO 7919
pes by experience
used as the basis

) typical rotors in the same facility. Where such experience exists it should bej

defining

the permissible vibration in the balancing facility.

There may, however, be cases where such experience does not exist (e.g. a new balancing facility or roto
substantially different design). Subclause 8.2.5 relates to such cases and explains the permissible level
once-per-revolution vibration which can be derived from the vibration severity specified in the produc
specification. If no product specification describing the acceptable running conditions on site exist
reference should be made as appropriate to ISO 7919 or ISO 10816.
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Numerical values derived according to clause 8 are not intended to serve as acceptance specifications but
guidelines. When used in this manner, gross deficiencies or unrealistic requirements may be avoided.

If due regard is paid to the recommended values, satisfactory running conditions can be expected. Howeve
there may be cases when deviations from these recommendations become necessary.

These recommendations may also serve as the basis for more detailed investigations, for example when,
special cases, a more exact determination of the required balance quality is necessary.

8.2.2 Spe(

There are
features w
engines fo
their main
machinery.
support fle
safe and a

For such ¢
testing bef

apply.
8.2.3 Fact

The vibrati
of the mac

Where maj
total vibrati
from a mul
of vibration
vibration.

8.2.4 Critig

Special att

ial cases and exceptions

pxceptional cases where machinery is designed for special purposes and, of
nich inherently affect the vibration characteristics. Aircraft jet engings and d
industrial purposes are one example. As engines of this type are*designed

structures and bearing supports are considerably more flexible than in

Special steps are taken in the design to accommodate ,undesirable effects
Xibility, and extensive development testing is carried out(to ensure that the v
cceptable for the intended use of the engine.

ases as this, where the vibration characteristics-filave been shown to be acc
pre production units are delivered, it is not intended that the recommendations
prs influencing machine vibration

bn resulting from the unbalance of-the rotor is influenced by many factors suc
hine and the distortion of the retor:

Kimum permissible levels-of vibration are stated in product specifications, the
pnin situ arising from all'sources. The value quoted could therefore include the

can be permittedfrom unbalance alone in order to keep within the permissil

al clearan¢es and complex machine systems

ention~should be paid to the levels of vibration and static displacement occ

minimum ©

necessity, embod
erivatives of such
0 minimize weigh
general industrial
resulting from su
bration levels are

eptable by extens

of clause 8 shoul

h as the mounting

by usually refer to
vibrations arising

tiplicity of sources with“different frequencies, and the manufacturer should compsider what levels

le overall level of

Lrring at points of

learance, for example at process fluid seals, because of the greater likelihood

of damage at the:

points than at others. Tt should be appreciated that the condifions on site may modify the mode shapes ar
thus the vibration levels at the points of measurements. (See 4.3.)

Rotors that are to be assembled in rigidly coupled multi-bearing systems, for example steam turbine set:
need particular consideration in this respect. The magnitude of the unbalance and its distribution are
important factors in such applications. (See annex A.)
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rmissible vibrations in the balancing facility

Permissible vibration in the balancing facility can be expressed in two ways:

a) vibration on the bearing pedestal calculated from the permissible bearing vibration on site; or

b)

shaft vibration calculated from the permissible shaft vibration on site.

In either case the procéssan be expressed as:

Y

where

Ko

Ky

K>

NOTES

1 The cq
convenie

2 The va

XX Ko X K X Ko

is the permissible total bearing or shatft vibration in the transverse horizontal
for measurements taken on site in the service speed range as given in the p
the appropriate standard (e.g. ISO 7919 or ISO 10816);

is the corresponding permissible once-per-revolution bearing pedestal or s
balancing facility;

is the ratio of the permissible once-per-revolution vibration to the permiss
(Ko< 1);

or vertical directio
oduct specificatior

haft vibration in th

ble total vibration

is a conversion factor used if the rotor support and/or coupling systems differ from site

conditions; it is defined as the ratio-of the once-per-revolution measureme
facility (shaft and/or bearing pedestals) to similar measurements taken
machine on site (if not applicabl€; = 1);

is a conversion factor which is used, if in the balancing facility shaft measur
locations other than~those for whighis specified. Its value depends
characteristics of the rotor. If the measurement locations are the sani§, thén

nversion relationship gives units¥awhich are the same as thoseXoin practice it may S
Nt to expressin different units. For example, displacement instead of velocity.

llue oKz will often depend upon the direction of measurement.

- [) AL a e _Ine alanl=2la

nts in the balancir
on the assembil

bments are taken
on the modal

ubsequently be

3 For ca

using a rotor dynamics

model of thesyte.

iHed analytically

The values oK; andK;, may vary widely between one installation and another and will be speed dependen
Some suggested values Ky andK; are shown in annex C. The valuekgfneeds to be established for each

specific application. If a critical speed of a particular configuration of the rotor bearing system coincides wi
the service speed, higher values of the relevant conversion factors have to be used.

?) Users are recommended to compare the above process with their own experience. Comments on the results wi
welcome and should be directed to the national standards body in the country of origin for transmission to t
Secretariat of ISO/TC108/SC1.
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It should be noted that in practice it is not essential that these conversion factors are determined in isolatior
provided that a composite factor is available.

In addition, it should be noted that modal amplification of the vibration will occur at critical speeds.
Balancing practice is therefore usually directed not only towards satisfactory limitation of vibration within
the service speed range, but also towards smooth passage through critical speeds below the maximu
service speed. For critical speeds it is especially difficult to establish quantitative criteria because it is almos
impossible to arrange the same support conditions in the balancing fagititsitagespecially damping).

When the bendlng deflectlon during run up is of concern, because of rotor/stator clearances or stresses, tl
bending ofrarotor-at-—critical-speeds e ow-service-speed-sho e ere erms of displacement
that part of{the rotor at WhICh the dlsplacement is of consequence.

8.3 Residyal unbalance limits

This subclause provides recommendations for rigid rotor unbalance and modal unbalances for a flexible

rotor based on criteria given in ISO 1940-1.

8.3.1 General

The followihg establishes guidelines for the required balance guality of flexible rotors. Th¢ values given are
based on a limited amount of documented practical experience with the various types of| rotor. However, if
due regard|is paid to the recommended values, satisfactory-running conditions can be expected. Nonethele
the suggepted levels and classifications are not yet  completely verified, and devigtions from these
recommenflations may be necessary in certain%ases

For flexiblg rotors balanced at low speed, permissible residual unbalances in specified correction planes atr
used to state the balance quality. For rotorstbalanced at high speed, permissible residual modal unbalanc
are applied.
8.3.2 Limits for low-speed balancing

The residdal unbalance for any“completely assembled rotor should not exceed the [residual unbalanc
recommenged for an equivalent rigid rotor in ISO 1940-1.

In addition} for rotors/which are balanced in accordance with procedure C, D or E (see table 2) eact
component, or whenapplicable, each sub-assembly of components should be balancedl to limits based
experience or thase-recommended in ISO 1940-1, applied to each component.

8.3.3 Limi

for multiple-speed balancing

8.3.3.1 First bending mode

For a rotor that is significantly affected by only the first modal residual unbalance, then whatever its
unbalance distribution, the residual unbalance should not exceed the following limits, expressed as
percentages of the total residual unbalance recommended for an equivalent rigid rotor in 1ISO 1940-1 an
based upon the highest service speed of the rotor:

¥ Reports of any such deviations will be welcome. Comments should be directed to the National Standards body it
the country of origin for transmission to the secretariat of ISO/TC 108/SC 1 and will be taken into account when
preparing subsequent editions of this International Standard.
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a) the equivalent first modal residual unbalance should not exceed 60 %; and

b) if low-speed balancing is carried out initially, the total residual unbalance as a rigid rotor shoul
not exceed 100 %;

c) the residual unbalance at service speed should not exceed 100 % (see 9.2.3 for guidance).

8.3.3.2 First and second bending modes

For a rotor that |s S|gn|f|cantly affected by only the f|rst and second modal unbalances then whatever

unbalange

percenta

based upon the highest service speed of the rotor:

a

b

c

d

In cases
shall not

NOTE —

8.3.3.3 IMore than two bending modes

For roto

recommeéndations are available.

The follo

NOTES

1 A method for the experimental determination of the equivalent modal residual unbalances is

2 Ifthei

3 If,in sit

not exceed 100 %;

ges of the total residual unbalance recommended for an equivalent rigid rot(

the equivalent first modal residual unbalance should not exceed 60%,; and
the equivalent second modal residual unbalance should not exceed 60 %; anc

if low-speed balancing is carried out initially, the total residual unbalance as

when one of the modes is less significant than the other, the corresponding lin
exceed 100 %;

The example in annex F illustrates the-¢alculation of these limits.

's which are significantly\affected by more than the first and second m

ving notes relatede-8.3.

nfluence of overhung masses is significant, then the percentages given may not be ap

imits, expressed

pr in 1SO 1940-1 «¢

a rigid rotor shoul

the residual unbalance at service speed should not exceed 100 % (see 9.2.3 for guidance).

nit can be relaxed,

pdal unbalance, r

described in 9.2.2.

plicable.

Uhe service speed or service speed range is close to either the first or second flexu

figures may require modification.

ral critical speed, tr

4 In the balancing facility, the proposed limits will not necessarily result in vibration magnitudes within normal
limits in the speed range from 80 % to 120 % of any critical speed. If such amplified vibrations occur, it does n
necessarily mean that more refined balancing is needed because, for example, damping in the balancing facilit
often smaller tham situ.

5 When all relevant rotor flexural modes cannot be taken into account in the balancing facility (for example, due
an insufficient number of correction planes), a decision should be reached concerning which modes should
emphasized for balancing.
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Depending on the type and purpose of the rotor being assessed, the final state of unbalance may be evalua
either in terms of vibration at specified measuring planes, or by residual unbalances.

NOTE — In cases of small mass-produced rotors, assessment procedures simpler than those detailed in th

Internationa

| Standard may suffice.

9.1 Evaluation procedures based on vibration limits

9.1.1 Vibrati ng-facility
The installation of the rotor in the test facility should conform to the guidelines given,in)7.2
When the @bove conditions have been satisfied, the rotor should be run up to spéed at a |ow acceleration re
to ensure that vibration peaks are not suppressed. If measurement over the,whole speed frange is not possil
all significgnt peaks of vibration should be measured between 70 % of(the observed fifst flexural critical
speed and[the maximum service speed. Alternatively, this could be achieved by a comparable run down.
The rotor [should be held at maximum service speed long enough to eliminate any transient effects
Synchronops vibration measurements should then be taken.
9.1.2 Vibrations assessed on the test bed
Rotors whose final state of unbalance is evaluated.on the test bed should have instrumentation as stat
in 7.2, but it should be noted that different procedur€s may be necessary in some cases when, for example:
a) the rotor is assembled as a complete machine driven by its own power;
b) oply full-speed readings can be-ebtained, such as for an induction motor;
c) vijbration transducers cannot be placed at the bearings; in this case the poinf{s where vibration:
should be measured should be agreed between the manufacturer and the user;
d) the state of unbalance depends on load, in which case the range of load over which the residuz
unbglance is assessed should be agreed between the manufacturer and the user.
9.1.3 Vibrations assessed at site
9.1.3.1Maghines that have their state of balance assessed after final installation at site are subject to mar
factors tha~mmmm—mmmmmmmmJWncy from sources

other than mechanical unbalance. Some of the factors that can produce such vibrations,
of the precautions that should be taken, are mentioned in annex A.

together with son

9.1.3.2 If any of the stationary parts of the machine or the supporting foundation structure are in resonance
at the service speed, high levels of vibration are sometimes produced even though the rotor residuc
unbalance is well within normally accepted tolerances.

In such circumstances, balancing within exceptionally fine limits may be required to reduce the vibration

level. Such improvements may be only useful if the machine is not highly susceptible to unbalance. If, in
operation, there is a high probability that new unbalances will occur, consideration should be given to the
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practicality of eliminating the structural resonances or increasing the damping in the system or oth
measures, so that satisfactory operation can be obtained.

9.1.3.3 In the final installation at site, there may be factors during commissioning that will conflict with
obtaining the steady-state conditions needed to assess the state of balance. It may then be necess:
combine the result of balancing runs with tests for other purposes. If the preliminary running of the installe
machine shows the result of balancing to be in doubt, special runs should be arranged specifically
confirming the adequacy of the balance.

In many installations (for example where the prime mover is a 'direct to line start' induction motor), it ma
be impossible to control the speed of rotation during run up and steady conditions can only be achievec
full speed.

Agreement should therefore be reached between the manufacturer and user on.the speed range over v
the state|of balance should be checked.

The balgnce check is normally made with the machine unloaded. If the machine is loaded, the load at wt
the state|of balance is to be checked should be agreed between the manufacturer and Uiser.

9.1.3.4V|bration measuring equipment should be installed as specified in 7.2. Where|suitable monitorir

equipment is provided in the installation, this may be used instead: Alternatively, vibratjons may be read
portable ppparatus using, for instance, a hand-held vibration transducer.

9.2 Evaluation based on residual unbalance limits
Three different approaches are outlined below.

9.2.1 Evaluation at low speed
The evalpation at low speed is based on the limits for rigid rotors as stated in ISO 19401.

Rotors ir] this category usually have their balance quality assessed in a low-speed balarjcing machine. In r
cases a subsequent high-speed check will be made on the test bed or on site. In specific cases, by agre
between|the manufacturer and-user, the high speed assessment may be dispensed with and the rotor ac
on the basis of the residual unbalance at low speed. This applies particularly to rotors gold as spares whe
final ass@ssment at site may-be delayed for a considerable time.

The rotof should be cemplete and all attachments such as half couplings, gear wheels, gtc., should be fitte

The balzﬂncing machine should be one that conforms to ISO 2953. See ISO 1940-1 and ISO 1940-2 for
procedure forsassessing residual unbalance and cautionary comments.

Before thefesidual-unbalance-of-therotoris-assessed—-sheuld-be-run-at-seme-suitable speed to remov

temporary bend.

When the above conditions have been satisfied, the rotor should be run at the balancing speed and reac
taken of amount and angle of unbalance remaining in each measuring plane.

For rotors with controlled initial unbalance, the initial unbalance after assembly should also be stated
addition to the measured residual unbalance. For rotors that have been balanced in several stages d
assembly or that have been made up of balanced components (Procedure E), the residual unbalance act
at each stage should be stated.
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9.2.2 Evaluation at multiple speeds based on modal unbalances

©1SO

Multiple speeds will give an insight into the unbalance distribution of the rotor and its expected flexible

behaviour.

To assess the state of unbalance, the residual equivalent modal unbalances are calculated for the respec
modes. The equivalent modal unbalance is defined as the smallest unbalance in an individual plane whic
has the same effect as the modal unbalance (see definition, annex H). This means that, for each respect
mode, the residual unbalance is calculated for the most sensitive plane. This assumes, that balancing plan
are located in suitable positions.

The procec
a) M
b) I
ass

cap

c) R
bea

d A
and
bea

e) H

For
unb

whe

)R

ure is as follows.
ount the rotor in a high-speed balancing machine or other high-speedtest facil

low-speed balancing is performed, the residual unbalance in.the rigid ro
pssed either by using the influence coefficient method, or by using the balanci
hbility to indicate unbalances in two planes.

un the rotor to some safe speed approaching first flexural critical speed an
[ing vibrations or forces.

should be placed axially where it will have the maximum effect on first mode.
ing vibration or forces at the same speed.as in c).

rom the readings obtained in c) andd), compute vectorially the equivalent first
example, this can be done graphically by the construction in annex G, in this ¢
Alance mass forming the trial mass set. The magnitude of the equivalent first m

TUx&
AB

re TU is the trial unbalance.

bmove the trialunbalance.

g) Run the rotor to some safe speed approaching second flexural critical speed, pr

thar

the tmaximum safe service speed. Note readings of bearing vibrations or force

jty.

or state may be
ng machine and it

I note readings o

dd a trial unbalance to the rotor. The unbalance-should be sufficient to show & significant effect

Take readings of

modal unbalance.
hse with the single
odal unbalance is:

pvided this is lowe
S,

h) Add a triat unbatance to the rotor. This should be sufficient to show a significant
be placed axially where it will have maximum effect on second mode. Take readings of bearing
vibrations or forces at the same speed as in g).

effect and should

i) From the readings obtained in g) and h) compute vectorially the equivalent second modal
unbalance. The graphical procedure of €) may be used in this case.

J) Remove the trial unbalance.

k) Continue the operations for successive modes until the equivalent modal unbalances in all

sign
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An example is shown in annex D.

NOTES

1 When determining the equivalent modal unbalances, it may be desirable to use a set of trial unbalances in ordk
pass safely through the low critical speeds. Finally each calculated residual unbalance set is summarized int
residual equivalent modal unbalance.

2 The procedure given assumes that the vibration measured at a speed close to a critical speed is predominan
the corresponding mode and, therefore, usually gives a close approximation to the equivalent residual mo
unbalances.

3 Sometimes it may not be possible to run close to the critical speeds of some of the significant modes. In these ¢
further prpcedures are necessary to separate the individual modal components.

4 If the fotor remains in the balancing facility after a balancing procedure, in accordance with 7.3, the informatic
obtained furing balancing may be used directly, without the need for further test runs.

9.2.3 Evaluation at service speed in two specified test planes
If the seryice speed is used, special care is needed to choose the test-planes properly.
The axia) position of the correction planes and the balancing speed should be stated.

If the rotpr is assessed in a balancing facility having its own. instrumentation this should be used through
the test.

If the rotor is assessed in an overspeed or similar facility, the instrumentation and genegral installation of 1
rotor intd the facility should be as stated in 7.2.
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Annex A
(informative)

Cautionary notes concerning rotors on site

Introduction

©1SO

Unbalance is not the only cause of vibration, not even once-per-revolution vibration. Before undertaking

balancing
unbalance
mentioned

This is pat
generator |

A2

pr related operations, due consideration should be given to identifying the
that are influencing the magnitude of vibration of the machine. Such-.fac
below.

ticularly true in installations where two or more rotors are coupled togethel
Inits.

Bearing misalignment

Small pargllel or angular misalignment of the rotor bearings canyproduce effects which
If these effects are present, the misalignment may reed to be corrected prior to further assessm
of the vibrgtion of the machine (see also the last paragraph.of-A.3).

unbalance

A.3 Rad
There is n
radial and
produce vi
not respon

Where apj
satisfactory
balancing.

ial and axial runout of coupling faces

D practical way of ensuring that large ¥otors can be coupled together without
axial runout of the coupling faces between the mating halves of the coupling.
pration effects which cannot be. satisfactorily corrected by balancing. Therefore
Hing to balancing operations, the radial and axial runout of the coupling faces s

bropriate, errors should-be corrected to lie within tolerances which have
in practice for the size and type of machine under consideration, before

A4 Be

Various fo

ring instability

s of instability (for example fluid whirl/whip) may take place in the types of hy

lubricated bearings*which are normally used in multispan flexible rotor systems.

factors other thar
ors include those

, such as turbine

are not caused b

a small amount o
fhese runouts ma
, If the machine is
nould be checked.

peen found to be
attempting further

drodynamically

The symptpms of these phenomena are well known, and it is necessary to ascertain wheg

ther such symptor

are present before attempting to improve the quality of running by balancing.

Discussions of such effects and possible remedial measures are outside the scope of this Internation

Standard.
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Annex B
(informative)

Optimum planes balancing — Low-speed three-plane balancing

B.1 This annex is concerned with the low-speed balancing of rotors which have one central and two e

correctio
a
b
c
d
e
Such rot

can be n
plane. T

n planes, if all of the following conditions are met:

single-span rotor with no significant overhang;

uniform or linear distribution of unbalance;

uniform bending flexibility of rotor along its length;
symmetrical position of end correction planes about midspan;

continuous service speeds below and not significantly approaching second cri

nis annex provides a method whereby the balance correction in three planes

ical speed.

prs can be satisfactorily balanced on a low-speed balancing machine provided that an assess
nade of the proportion of the total unbalance of.the rotor which should be cofrected at the cen

may be calculate f

the initig] unbalance measured in two planes. The\vector sum of the forces and the vector sum of

moment;
compens

B.2 It cd
modal cd

whereH

It should

ate those caused by the initial unbalag¢es)d j,, about the same point.

AN be shown that the initial unbalance will be completely corrected up to, an
mponent when the following vector relationships are satisfied:

I
C
o]
|
H
~
N
€I
—_—
e
X
+
c,
)
N—

S the central correction divided by the initial static unbalance.

beynoted tha, , yg. J,. §j,andj,are vectors.

b created by the three unbalance correctjphs,and j,about a given point on the rotor should

d including, its firs

Values ofH are presented graphically in figure B.1 as a functiazil pivherez is the distance from the left-
hand bearing to correction plane 1 aiglthe bearing span (shaft length).

It should be noted that is zero wherw/l = 0,22, which indicates that in this case the centre plane is no
longer needed and the procedure has become a two-plane balancing procedure, usually called “quarter-j
balancing”. For values @l greater than 0,22, the correction in the centre plane is on the opposite side of th

shaft.
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Figure B.1 — Graphical presentation for determination ofH
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The machinery classification according to ISO 10816-1 is as follows.

| — Individual parts of engines and machines, integrally connected to the complete machine in its norn

Annex C
(informative)

Conversion factors

ISO 11342:1998(E)

operating condition.

Il — Medium-size machines without special foundations and rigidly mounted engines
300 kW)|on special foundations.

lIl— Large prime movers and other large machines with rotating masses mounted
foundatigns that are relatively stiff in the direction of vibration measurement.

IV — Lange prime movers and other large machines with rotating“masses mounted on
relatively| soft in the direction of vibration measurement.

Table C.1 — Suggested conversion. factor rangésee 8.2.5)

or machines (up

on rigi

foundations that

d and hea

Maclhinery Typical machines Ko K1
clasdjfication
Bearing Shaft Shaft
support absolute rdlative
absolute
Superchargers 1,0
Small electric motors up to 15. KW 1,0
Paper-making machings 0,7t01,0
Medium-sized electrie’'machine 15 kW to 75 kW 0,7t01,0
Il Electrical machinées up to 300 kW on special foundation 0,7t01,0
Compressors 0,7t01,0
Small turbines 1,0 0,6t01,6 16to5, 1,0to 3,0
Large electric motors 0,7t01,0
1] Pumps 0,7t01,0
2-pole generators 0,8t01,0
Furbines-and-multipele-generators 8;9-t6-1-6
Gas turbines (but see 8.2.2) 1,0
\% 2-pole generators 0,8t01,0
Turbines and multipole generators 0,9t01,0

Ko is the ratio of the permissible once-per-revolution vibration to the permissible total vibkatiofh)(

K1 is the ratio of the once-per-revolution measurements in the balancing facility (shaft and/or bearing pedestals) to simélaremsaaken on
the assembled machine on site. (If not applic#ale; 1).

NOTE 1 In relation to the entries fidi, "absolute" refers to measurement of vibration with reference to an inertial reference frame and "rg
refers to measurement relative to an appropriate structure, such as a bearing housing. A full discussion of these nenmS@ ga9-1.

NOTE 2 Users are recommended to compare the above values with their own experience. Comments on the results or suchvdabingarig

lative"

on

welcome and should be directed to the national standards body in the country of origin for transmission to the seGexa@toBISC 1.
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Annex D
(informative)

Example — Calculation of equivalent modal residual unbalance

NOTE — A recommended procedure is outlined in 9.2.2.

D.1 Residual unbalance calculation

©1SO

The princig
with four

measurem
The servicg
Rotor mas;
Permissiblg
Total resid

2,37

Permissiblg

[«

NOTE —
60 % of the

Permissiblé

Total perm
rotor (low-9
(1 925 gmn

glmm

les of residual unbalance calculation are given in the example below. The rot¢
palancing planes (see figure D.1). The balancing calculations are based
ents at the two bearings (transducer 1 and transducer 2).

p speed of the rotor is 10 125 r/min.

5 is 1625 kg.

2 total unbalance for an equivalent rigid rotor according4o G2.5 [@@i7kg) from IS

lal unbalance for an equivalent rigid rotor.

- 1625 kg = 3850 § mm

p equivalent first modal unbalance (100, %)..... 3@t g

bince the service speed is above the'second critical speed, a factor of 100 % has
first modal unbalance; see note in 8:8:3.2.

p equivalent second modal unbalance (60 %)..... 28 g

ssible residual unbalance for the rigid
peed balancing)
N per plane Bpl-and Bp3)

B Bp2 Bp3

£

r is a turbine rotor
on the vibration

O 1940-1.

been taken instead

Bp&4

Transducer 1

30

Transducer 2

Figure D.1 — Turbine rotor
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Figure D.2 — Run-up curve — Before balancing
D.2 Inflyence coefficients

The balancing speeds for this rotor are:

11000 r/min (low speed)

300 r/min (just below rotor resonance 1)

9000 r/min (just below rotor resonance 2)

The influpnce coefficients given in table D.1 have been calculated from runs with trial masses.

Table D.1
Mepsurement Balancing plane Speed
point
Bpl Bp2 Bp3 Bp4

Transducer 2 *0,00216/35| 0,0227/14 | *0,0334/1F 0,0425/9 r/min
Trjnsducer 1 0,249/82 0,343/94 | 0,055/222 *0,360/265 | 3400

Trjnsducerl *0,059473 | 0,0330/2 | *0,00912/338 | 0,00490/233 | 1000

Transducer.2 0,087/167 | 0,157/87 | 0,102/34 *0,224/6° r/min
Transducer 1 1,99/246 *2 29/28% | 1,56/293 2,07/178 9000

1 NG / A / / H
Transcducer2 1;92/353 *1-991134 T 11611091 06:595/28% Tt

The influence coefficients are given in the unit (mm/s)itkg) and at an angle relative to a reference
system on the rotor.

The influence coefficients used for residual unbalance calculation are marked with an asterisk. Bp1l and B

which are nearest to the bearings, are selected for the low speed. For other speeds, the most sensitive
for each transducer is selected.
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