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Foreword

SO (the Interrational Organization for Standardization) is a worldwide
‘federaticn cf nationai standards bodies {ISO member bodies). The work
of preparing international Standards is normally carned out througn ISO
technical committ2es. Each member body interested in a subject for
whicn a technical committee has been established has the right to be
recresentad on that committee. International organizations, governmental
and non-governmental, in liaison with ISQ, also take part in the work. I1SO
coliacorates closely with the International Electrotachnical Commission
{IEC) on all matters of slectrotechnical standardization.

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

international Standard 1SO 11342 was prepared by Technical Committee
ISO/TC 108, Mechanical vibration and shock, Subcommittee SC 1, Bal-
ancing, including balancing machines.

This first edition of ISO 11342 cancels and replaces I1SO 5406:1980 and
ISO 5343:1983.

Annexes A, B, C, D, E, F, G, H and J of this International Standard are for
information only.
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Introduction

The aim of balancing any rotor is satisfactory running when installed on
site. In this context “satisfactory running” means that no more than an
acceptable level of vibration is caused by the unbalance remaining in the
rotor. In the case of a flexibie rotor, it also means that no more than an
acceptable magnitude of defiection occurs in the rotor at any speed up 10
maximum service speed,

Most rotors are balanced by their manufacturers prior to machine as-
sembly because afterwards, for example, there may be only imited ac-
cess to the rotor. Furthermore, balancing of the rotor is often the stage
at which a rotor is approved by :he purchaser. Thus, while satisfactory
running on site is the aim, the balance quality of the rotor is usually initially
assessed in 2 balancing facility. Satisfactory running on site 1S in most
cases judged in relation to vibration from ail causes, while in the balancing
faciity pnmarily once-per-revolution effects are considered.

Section 2 of this International Standard classifies rotors into groups in ac-
cordance with their balancing requirements and establishes in Section 3
methods of assessment of residual unbalance.

This International Standard also shows in Section 3 how criteria for use in
the balancing facility may be derived from either vibration limits specified
for tne assembled and installed machine or unbalance limits specified for
the rotor. If such limits are not available, this International Standard shows
how they may be derived from ISO 10816-1 and pants i to 4 of ISO 7919,
if desired in terms of vibration, or from 1SO 1840-1 if desired in terms of
permissible residual unbalance.

ISO 1940-1 is concerned with the palance quality of rotating rigid bodies
and is thus not directly applicable to flexible rotors because they may un-
cergo significant bending deflection. However, in subclauses 2.3 and 3.4
of this International Standard, methods are presented for adapting the
critenia of ISO 1940-1 to flexible rotors.

As this International Standard is compiementary in many detaiis to parts
! and 2 of ISO 1940, it is recommended that. where applicable, they
should oe considered together.
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Mechanical vibration — Methods and criteria for the
mechanical balancing of flexible rotors

Section 1:

1.1 Scope

This international Standard classifies rotors into
groups N accorgance with thew Dalanaing raquire-
ments, descripes BDalancing procedures, specifies
methods of assessment of the final state of unbal-
ance, and gives guidance on balance quality criteria.

All rotors are classified into those which can be bal-
ancec by rigid rotor, modified rigid rotor, or high-speed
(flexible rotor) balancing techniques.

Two methads are specified for evaluating the balance
quality of a flexible rotor in a balancing facility before
machine assembiy: the first assesses the vibraticn
level, and the s=cond assesses the rotor residual un-
balance. If the rctor balance tolerances suggested
herein are achieved during correction in a balancing
facility, the specified vibration limits of the assembled
machine in service (see 1SO 10816-1 and parts 1 tc 4
of ISC 7919) will most probably be achieved. Accord-
ingly. the criteria specified are those to be met when
the rotor is tesied in the balancing facility, but they
are derived from those specified for the cocmpiete
machine, when installed, or from values known 10
ensure satisfactory running of the rotor when it is in-
stallec.

As in the case of parts 1 and 2 of {50 1940, this
International Standard is not intended to serve as an
acceptance specification for any rotor group, but
rather 10 give indications of now to avoid gross
deficiences andfor unnecessarily restrictive require-
ments. This International Standard may also serve as

General

a basis for more involved investigations, for example
when a2 more exact determinaticn of the reguired
balance quality is necessary. if due regard is pad to
the specified methods of manufacture and limits of
unbalance, satisfactory running conditions can most
prabably be excepted.

There are situations in which an otherwise acceptably
halanced rotor experiences an unacceptable vibraticn
level in situ, owing to resonances. A resomant of
near-resonant condition in a hightly damped structure
can resutt in excessive vibratory response to a smakl
unbaiance. In such cases, it may be necessary to alter
the natural frequency or damping of the structure
rather than to balance to very low levels, which may
not be maintainable over time.

The subject of structural resonances and modifica-
ticns theraof is outside the scope of this International
Standard.

The methods and criteria given are the resuit of ex-
perience with general industrial machinery. They may
not be directly applicable to speciaiized equipment of
to special circumstances. Therefore, there may be
cases where deviaticns from this Internaticnal Stan-
dard may be necessary".

1.2 Normative references

The following standards contain prowisions which,
through reference in this text, constitute provisions
of this Internaticnal Standargd. At the time of pubii-
cation, the editions indicated were valid. All standards

1} Intermation on such exceplions is welcomed and should be communicated 10 the mational standards body in the country

of ongin for transmission to the secretariat of 1SC/TC 108.
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are subject to revision, and parties to agreements
based on this International Standard are encouraged
to investigate the pessibility of applying the most re-
cent aditions of the standards indicated below.
Membpers of IEC and ISO maintain registers of cur-
rently vaiid International Standards.

iISO 1925:1990. Mechanical vibration — Balancing —
Yocaoulary.

ISO 1940-7:1986, Mechanical vibration — Balance
quality requireaments of ngid rotors — Part 1. Deter-
mination of permissible residual unbalanca.

ISO 1940-2. =% Mechanical wvibration — Balance
quaiity raquirerments of rigid rotors — Part 2: Balance
ernrors.

ISO 2041:1980, Vibration and shock — Vocabulary.

{SO 2953:1985, Balancing machines — Description
and evaluarion.

ISO 7819-1.1386, Mechanical wibration of non-
reciprecating machines — Measurements on rotating
shaf:s and svaluation — Part 1. General guidelines.

iSO 7913-2—2, Mechanical wvibration of non-
reciprecating machines — Measurements on rotating

2) To be published.
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shafts and evaluation — Part 2. Large land-based
steam turbine-generator sets.

ISO 79189-3:—2, Maechamicai wvibration of non-
reciprocating machines — Measurements on rotating
shafts and evaluation — Part 3. Guicelnes for cou-
pled industrial machines.

ISO 7918-4:—2,  Mechanical wvibration of non-
reciprocating machines — Measurements on rotating
Shafts and evaluation — Part &: Guideines for gas

turbires.

ISO 8821:1989, Mechanical vicration — 3alancing —
Shaft and fitment xey convenucn

ISO 10816-1:—=, Mechanical vioration — Evaluation
of machine wvibration by measurements on non-
rotating parts — Part 1° General guideiines.

1.3 Definitions

For the purposes of this International Standard, the
cefinitions relating to mechanical balancing given in
iSO 1925 and many of the definitions relating to vi-
bration given in [SO 2047 apply.

Cefinitions given in ISQ 13825 relating to flextble rators
are given for information in annex H.
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Section 2:

2.1 Fundamentals of flexible rotor
dynamics and balancing

2.1.1 Unbalance distribution

The rotor design and method of construction ¢an sig-
mificantly influence the magnitude and distribution of
unbalance along & rotor. Aglors may be machined
from 2z single forging or they may be constructed by
fitting several components tcgether. ror example, et
engine roters are constructad by joining many sheil,
disc and biade comoonents. Generator rotors, how-
ever, are usually manufactured from a single forging,
but will have accitional components fitted. The distri-
bution of untalance may aiso be significantly infiu-
enced Dy the presance of large local unbalances
anising from shrnk-fittad discs, coupliings, etc.

Since the unbalance distribution along a rotor is likely
to be randem, the distribution along two rotors of
identical design wiil be diffarent. The distrioution of
unbalance is of greater significance in a flexible rotor
than in a rigid rotor because it determines the degrese
to which any flexural mode of vibration is excited,
Moreover, the effect of unbalance at any point along
a rotor depends on the bending deflection of the rotor
at that point,

The correction of unbalance in transverse planes
along a rotor, other than those in which the unbalance
occurs, may induce wvibrations at speeds other than
that at which the rotor was ¢riginally corrected. These
viprations may exceed speacified tolerancas, particu-
larly at or near the flexural critical speeds.

Im addtion, some rotors which become heated during
operation are susceptibie to tharmal distorticns which
can lead to changes in the unbalance. If the rotor un-
balance changes significantly frem run to run, it may
be impossible to balance the rotor within tolerance.

ISO 11342:1994(E)

Balancing methods

2.1.2 Fiexible rotor mode shapes

If the effect of damping is negiected, the modes of a
rotor are the flexurai principal modes ard, in the spe-
cial case of a rotor supponied in isotropic bearings, are
rotaung olane curves. Typical curves for the three
lrwest pancipal modes for 3 simple rotor supboned
in flexible bearings near tc its end are illustrated In
figure 1.

For a damped rotor/beanng systam. the flexural
modes may be space curves rotating about the shaft
axis, especiaily in the case of substantial damping,
arising perhaos from fluid-film bearngs. A possible
substantially damped second mode s iilustrated in
figure 2. In many cases, the damped mcdes can be
treated approximately as principal modes and hence
regarded as rotating plane curves.

It must be siressed that the form of the mode shapes
and the response of the rotor 10 unbalances are
strongly influenced by the dynamic properties and
axlal iocations of the bearings and their suppcnts.

2.1.3 Response of a flexible rotor to
unbalance

The unbalance distribution can be expressed in terms
of modal unbalances. The deflection in each mode is
caused by the corresponding medal unbaiance. When
8 rotor rotates at a speed near a critical speed, 1t is
usually the mode associated with this cntical speed
which dominates the deflection of the rotor. The de-
gree to which ‘arge amplitudes of rotor deflection oc-
cur in these circumstances is determined by:

a) the magnitude of the modai unbalancss;

bl the groximity of the associated critical speeds to
the running seeeds; and

¢}l the amount of camping in the rotar/support Sys-
tem,

-9
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al Typical rotor
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a) Third tlexural mode

NOTE — P, to P4 are correction planes.

Figure 1 — Typical mode shapes for flexible rotors on flexible supports

If a particular modal unbalance is reduced by the ad-
dition of a number of discrete correction masses, then
the corresponding modal component of deflection is
similarly reduced. The reduction of the modal unbal-
ances in this way forms the basis of the balancing
procedures described in this International Standard.

The mcdat unbatances for a given unbalance distri-
bution are a funcuon of the flexibie rotor modes
Moreover the effect produced in a particular mode by
a given correction depends on the ordinate of the
mode shape curve at the axiai location of the cor-
rection. Consider an example 1n which the curves of
figure 1b} to 1d) are mode shapes for the rotor in
figure 1 a). A correction mass attached to the rotor in

figure 1a) in the plane P, will produce no change in
respense in the second mode. Similarly, a correction
mass attached in either plane Py or Py will not affect
the response in the third mode. Conversely, a cor-
rection mass in plane Py will produce the maximum
effect on the first mede

2.1.4 Aims of flexible rotor balancing

The aims of balancing are determined by the opera-
tonal requirements of the machine. Before balancing
any particular rotor, it is desirable to decide what bal-
ance criteria can be regarded as satisfactery. In this
way the balancing process can be made efficient and
economic, but still satisfy the needs of the user.
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NOTE — OX, QY and OZ are fixed axes. OX’ and OY’ are axes rotating about OZ at speed w.

Figure 2 — Possible damped second-mode shape

Balance criteria are specified 1o achieve the following:

a) acceontable values of machinery vibration and shaft
deflecuon;

b) acceptable values of unbalance forces applied to
the bearings.

The ideal aim in talancing flexible rotors would be to
correct the local unbzlance occurring at each eiemen-
tal length by means of untalance corrections at the
slement itself. This would result in a rotor in which
the centre of mass of each elemental length lies on
the shaft axis.

A rotor balanced in this ideal way would have ne static
and couple unbalance and no modal components of
unbalance. Such a perfectly balanced rator would then
run satisfacterily at all speeds in so far as unbaiance
1S concarnad,

In practice, the necessary reduction in the unbalance
forces is usually achieved by adding or removing
masses in a limited number of correction planes.
There will invariably be some distributed residual un-
balance after balancing.

Vibrations or ascillatory forces due to the residuat un-
batance must be reduced to acceptablie magnitudes
over a range of speeds, including cne or more critical
speeds. Only in special cases is it sufficient to balance
flexible rotors for a single speed. It should be noted
that a rotor, balanced satisfactorily for a given service
speed range, may still experience excessive vibration
i it has to run through a critical speed to reach its
service spead. Balancing a rotor according to its mode
shapes is net an end in itself. Whatever balancing
technigue is used, the final goal is to apply unbalance
correction distributions to minimize the unbalance ef-
fects up to the service speed, and possible over-
speed.

2.1.5 Provision for correction planes

Roters are often talanced mode by meode. in this
process. cofrection masses are located along the
rotar, so that at each stage in the batancing procedure
the new carrection masses do not significantly disturb
modes already balanced.

The exact number of axial locations along the rotor
that are needed for this process depends to some
extent on the particular balancing procedure which 5
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adopted. For exampie, centrifugal compressor rotors
are sometimes assembly-balanced in the end planes
only, after each disc and the shaft have been separ-
ately balanced in a low-speed balancing machine.
Generally, however, If the speed of the rotor ap-
proaches or exceeds 1is nth critcal speed, then at
least n and commonly {n + 2) correction pianes are
needed along the rotor.

An adeguate number of correction planes at suitable
axial positions should be included at the design stage.
in gracuce, the number of correction planes is often
limited by design considerations and in figld balancing
by limitations on accessibility.

2.1.6 Rotors coupled together

When two rotors are coupled together, the complete
unit will nave 3 series of cntical speeds and moce
shapes. In general, these speeds are neither equal to
nor simply related to the crtical speeds of the indi-
vidual, uncoupied rotors. Moregver, the daflection
snace of 2ach part of the coupled unit need not be
simpiy reiated 10 any mode shape of the correspond-
ing uncoupled rotor. In theory, therefore, the unbal-
ance distrioution along two or more coupled rotors
shouid be evaiuated in terms of modal unbalances
with respect to the coupled system and not to the
mcdes of the uncoupled rotors.

For practical purposes, it is often necessary that each
rotor be balanced separately as an uncoupled shaft.
In many cases, this procedure will ensure satisfactory
operation of the coupled rotors. The degree to which
this tachnique 1s practicable depends, for example, on
the mode shapes and the critical speeds of the un-
coupled and coupled rotors, and the distrioution of
unbalance.

If further balancing on site 15 required, reference
should be made 10 annex A.

2.2 Classification

For the purposes of this International Standard, rotors
are divided into five main classes as shown in 2.2.1
to 2.2.5 and in table 1. tach class requires different
balancing techniques. A procedure to determine if a
rotor is rigid or flexible is given in annex E,

< IS0

2.2.1 Class 1: Rigid rotors

A rotor is considered to te nigid when 115 unbaiance
can be correctad in any two (aroitrarily selected)
planes. After the correction, its resicual unbalance
does not change significantly (relative to the shaft
axis) at any speed up to the maximum service sceed
and when running under conditions which approxi-
mate closely to those of the final supporiing system.
Rotors of this type can be corrected by rigid-rotor
balancing methods (see 1SO 1940-1).

2.2.2 Class 2: Quasi-rigid rotors

A rotor that cannot be considered rigid but that can
be talanced using modified rigid-roter talancing tech-
nigues 1s considered 10 be a quasi-rigid rotor.

Class 2 rotors are subdivided (see table 1) into:

a) rotors in which the axial distribution of unbalance
is known (classes 2a, 2b. 22 and 2d; also class 2e
in which the axial distribution s partly known);

b} rotors in which the axial distribution ¢f unbalance
1S not known (classes 2f, 2g and 2h).

The subdivision of class 2 rotors shows the many
reasons why rotors can often be balanced satisfac-
torily at low speed as rigid rotors even though they
are flexible. Some rotors will fit into more than one
category of the subdivision.

2.2.3 Class 3: Flexible rotors

A rotor that cannot be balanced using modified rigid-
rotor balancing tachnigues but instead requires the
use of high-speed balancing metheods 1s considered to
be a flexible rotor.

Class 3 is subdivided {see table 1) because the bal-
ancing techrigues, criteria and bearing requirements
may differ substantially for different rotors.

224 Class 4

A rotor that could fall into class 1. 2 or 3 but has in
addition one ¢r more components that are them-
selves flexible or flexibly attached is considered to be
a class 4 rotor.

A subdivision of class 4 rotors is indicated in 2.4.2.

-
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Table 1 — Classification of rotors
Class of Description Example
rotor
7
¢ . A rotor whose unbalance can be corrected in any two {(arbi- % \
ass trarily selected) planes so that after that correction, its unbal- -B8x5 ; Sy
Rigid L
ance does not change significantly at any speed up 1o ﬂ \\\
rotors maximum service speed (see 2.2.1).
Gear wheel
Class 2:
Cuasi- A rotor that cannot be considered rigid but that can pe halanced
rigid using modified nigig-rotor balancing techniquas see (2.2.2).
rotors

Rotors in which the axial distribution of unbalance is known

A rotor with a single transverse plane of unbalance, for exam-
Classe 2a | ple a single mass on z iight fiexible shaft whose unbalance can
be neglected.

BX— XA

Grninding wheel

A rotor with two transverse planes of unbalance, for exampie
Class 2b two masses on a light shaft whose unbalance can be neg-
lected.

=]

Grinding wheel with pulley

Class 2¢ A rotor with more than two transverse planes of unbalance.

ﬂﬂnﬂnn-

_&“ . F B E_

guugooe==

Axial compressaor rotor

Class 2d A rotor with uniformly or linearly varying unbalance.

SIS

.g.__ ,,,,, — E

Printing press roller

A rotor consisting of a ngid mass of significant axial length
Cless 2e | supported by flexibie shafts whose unbalance can be neg-
fected.

| ]

I ——

{ )

Computer memary drum
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{ £ e
. Class o Description Example
rotor
Rotors in which the axial distribution of unbalance is not known
p— iy o r —
A symmetrical rotor {with two end correction planes) whose
Class 2f maximum speed does not significantly approach second critical K== — — D
' speed, whose service speed range does not contain first criti- L
cal speed, and which has a controlied initial unbalance: — -
Multistage centrifugal pumg/comoressor
‘ A symmetrical rotor {with two and correction planes and a !
Ciass 2 ! central correction plane} whose maximum speed does not sig- ‘N_ I ) E"
= g | aificantly approach secand crical spead and which has 3 LULULUJ _)UU
controlted imtial unbalance. U
| Hig-speea centnfugal pump/compresser
Class 2h As unsymmetricai roter which has a controlled iminal unbalance
- treated in a similar manner to a class 2f rotor,
I.?. steam turbine rotor
Class 3: A rotor that cannot be balanced using modified rigid-rotor bal-
. Slexible ancing techniques but instead requires the use of high-speed
roters balancing methods {see 2.2.3).
Class 33 A rotor that, for any unbalance distribution, is significantly af- T T T
fected by only the first mode unbalarce. — -
Four-pole generator rotor
Ciass 3b A retor that, for any unbalance distribution, is significantly af- i —“':M—
’ fected by only the first and second maode unpalance.
Small two-pole generator rotor
_~ A roter significantly affected by more than the first and second BEEEH — T ‘mﬂﬁ'
Ciass 3c =
mode unbalance.
Large two-poie generator rotor
A rotor that could fall into class 1. 2 or 3 but has in addition one =10 —HEXE-
Class 4 or more components that are themseives flexibie or tlexibty |
attached (see 2.2.4).
Rotor with centrifugal switch
A rotor that could fall into class 3 but for some reason, for ex- M: -
Class 5 ample economy, is balanced for one speed of operation oniy —
{see 2.2.5).
ngh-speed maoter

At

14
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225 Class 5

A rotor that could fall into class 3 obut in some cir-
cumstances iIs calanced for one speed of operation
only is considered 10 be a ciass 5 rotor. For rotors 1o
be treated as class 5, the conditions stated in 2.4.3
shall be met.

2.3 Balancing of class 2 rotors

2.3.1 General

Class 2 rotors are flexible rotors, however, they can
be satisiactorly balanced at low speed by modified
rigid-rotor balancing techniques. As such. they repre-
sent the borderline case bpetween rigid rotors for
which low-speed balancing 1s sufficient and flexible
rotors that demand tne high-speed balancing proce-
dure given in 2.4.

A iow-speed Ddalancing machine generally measures
only the cynamic unbalance of 3 rigid rotor. However,
it 1$ possible in some circumstiances with the use of
appropriate procedures to balance a flexible rotor at
low speed sc as 1o ensure sausfactory running when
the rotor is installed in its final envirenment.

The amount ¢f modal unbalance remaining in a rotor
after low-speec balancing will depend on the mode
shapes of the rotor and the axial positions of the un-
balances relative to the correction planes used.

2.3.2 Selection of correction planes

if the axial positions of the unbalances are known, the
correction planes should be provided as closely as
possible to these positicns. If the axial oositions of the
unbalances are not known, then see 2.1.5 for general
guidance.

2.3.3 Rotors made up of individual
components

When a rotor is composed of separate components
that are distnbuted axially and mounted concentrically
on a shaft, the adoption of one of the following pro-
cedures will considerably increase the probability that
low-speed balancing is sufficient,

NOTE 1 Certain rotors in all classes contain a number of
individual components which are mounted concentrically
{for example, blades, cougling boits, pole pieces, etc.).
These components may be arranged according to their in-
dividual mass or mass moment to achieve some or all of the
reguired unbalance correction described in any of the
methods. If these components must be fitted or replaced
after baiancing, they should be arranged in balanced sets.

e
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2.3.3.1 Assembly of individually balanced
components

Each component, including the snaft, snould be indi-
vidually balanced as a rigid rotor in accerdance with
ISO 1940-1 before assembly. In addition, the fits and
concentricities of the shaft diameters or other iocating
features that position the individual components on
the shaft should be held to close tolerances.

The fits and concentricities of the balancing mancrel
diameters or other location features that pesition each
individual compenent on the mandrel shouid likewise
be held within close tolerances relative 1o ithe shaft
axis of the mandrel. Errors in unbalance and
concentricity of the mandrel may be compensated by
index balancing {see ISO 1940-1).

When balancing the components and the shaft indi-
vidually, due allowances should be made for any un-
symmetncai feature such as keys {see {SO 8821 that
form part of the complete rotor but are not used In the
individual balancing of the separate components.

it is adwisable o check by calculation the unbalance
produced by errors, such as eccentricities and as-
sembly tolerances on the mandretl and on the shaft,
10 evaluate their effects.

When calculating the effect of these errors, it is im-
portant to note that the effect of the errors can be
cumulative on the final assembly. Procedures for
dealing with such errors can be found in {SQ 1940-2.

2.3.3.2 Sequential-assembly balancing

The shaft should first be balanced. The rotor should
then be balanced as each component is rmounted,
correction being made only on the iatest component
added. This method avoids the necessity for close
control of cencentricities of the locating diameters or
other features that position the individual components
on the shaft.

If this method 1s adopted, it is important 10 ensure
that the balance of the parts of the rotor already
treated i1s not changed by the addition of successive
components.

In some cases, it may be possible to add two single-
piane components at a time and perform dynamic
unbaiance correction in those two components. In
cases where several compenents form a short suff
unit or sub-assembly or core section that is normaily
balanced in two planes only, one such unit or sub-
assembly may be added at a time and corracted by
two-plane (dynamic) balancing.
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In some cases where a gross unbalance may occur in
a single component, 1t may be advantageous to bal-
ance this component separately before mounting it
on the rotor, In addition to carrying cut the balancing
procedure after it is mounted.

2.3.4 Service speed of the rotor

if the service speed range includes, or is close 10, a
flexural critical speed, then class 2 iow-speed balanc-
ing methods should only be used with caution.

2.3.5 Initial unbalance

The process of balancing a flexible rotor in a low-
speed balancing machine is @8 compromise. The mag-
nituce and distribution of initial uncalance is 3 major
factor getarmining the degree of residual modal un-
baiance that can be expected.

ror rotars in which the axial distnioution of initial un-
dalance is known ancd approprnate correcton planes
are availlatle {classes 2a to 2el, the permissiole initial
unbalance is imited only by the amount of correction
possible in the correction planes. Methods of low-
speed talancing of such rotors are given in 2.3.68.1 to
2365,

For rotors in which the actual distribution of the initial
unbalance is not known, there are no generally appii-
cable low-speed halancing methods. However, for
rotors of classes 2f te 2h, although the exact distri-
bution of initial unbalance cannct be known, the
magnituge can be controlled by the prebalancing of
individual ccmponents. In these cases, the low-spead
imitial unbalance can be used as a measure of the
distribution of unbalance The maximum initial unoal-
ancs that can be tolerated wiil depend on the allow-
abie bearng lcad and the detail characteristics of the
rotor. Balancing procedures for such rotors are given
in 2.36.8 and 2.3.6.7.

2.3.6 Balancing procedures for class 2 rotors

2.3.6.1 Class 2a: Rotors with a single transverse
plane of unbalance

If the imtal unbalance is known to he wholly con-
tained in one transverse plane and the correction is
made in this piane, then the rotor will be balanced for
all speeds.

In these crrcumstances, the unbalance can be cor-
rected by low-speed balancing as effectvely as at
service speed.
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2.3.6.2 Class 2b: Rotors with two transverse
planes of unbalance

if the inmitial unbalance is known to te wholly con-
tained n two transverse planes ang the corrections
are made in these planes, tner the rotors will e bal-
anced for all speecs.

In these circumsiances, the unbaiance can be
measured and corracted by low-speed balancing as
fiectively as at service speed.

2.3.6.3 Class 2c: Rotors with more than two
transverse planes of unbalance

When a rotor 1s composed of two or more separate
components that are distributed axiaily, it is likely that
there will ce mora than twg ransverse planes of un-
balance. A satisfactory state of balance may be
achieved by low-speed balancing, provided that the
methods of manufacture and the precautions sug-
gested in 2.3.3 are followed.

it is important io recognize that the assembly process
may produce changes in the shaft geomertry (e.q.
shaft runout). and further changes may occur during
high-speed service.

2.3.6.4 Class 2d: Rotors with uniformly
distributed or linearly varying unbalance

if, because of design or method of construction, a
rotor has unbalances that are distributed uniformly
along its entire length (e.g. a tube}, it may be possible
by selecting suitable axial positions of two correction
planes to achieve satisfactory running over the entire
speed range by low-speed balancing. It 1s likely that
the gpumum position of the two correction planes
procucing 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 satusfies the following
conditions:

al single-span rotor with no significant overhang,
b} uniform or linear distribution of unbalance,
¢} uniform bending flexibility of rator along its length,

d) symmetncal position of end correction planes
about midspan, and

e) conunuous service speeds below and not signifi-
cantly approaching second critical speed,
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the optimum position for the two correction planes is
22 % of the bearing span intoard of each bearing. If
correction in these planes does not produce satisfac-
tary results, it may sull be possible to balance the
rotor at low speed Dy utilizing correction planes in the
middle and at the rotor ends as shown in annex 8.
To do this, 1 is necessary to assess what proportion
of the total initiai unbalance is to be corrected at the
centre plane.

2.3.6.5 Class 2e: Rotors with a rigid core

If the unpalance in the rotor is known to be contained
whoily within 2 substantally ngig section of the rotor
and the unbalance correction is alse made within this
section, tnen the urbalance will be zero in all modes.
Such a roter that has flexibility derived sotely from its
flex:ble shaft can be dalanced at iow spead.

2.3.6.6 Class 2f: Symmetrical rotors with
controlled initial unbalance (two end correction
pianas)

When a rotor i1s composed of separate components
that are individually balanced befcre assembly, as
outlined in 2.3.3.1. a satusfactory staie of balance may
be achieved in a low-speed balancing machine pro-
vided the initial ungalance of the assembled rotor
does not excaed specified tolerances.

For such rotors, the axial distribution and magnitude
of unbalance of the complete assembly will not be
known. Since the maximum speed of this class of
rotor does not significantly aporoach the secend cnti-
cal speed, the most unfavourable case that will occur
with a given distribution of unbalance is when the in-
dividual centriputions of the assembled components
to the resultant unbalance have the same angular
positien. The maximum initial unbalance that may e
corrected in two planes wiill have to be determined
by experience.

If realisuc data on shaft and bearing flexibility, atc. are
available, analysis of response to unbalance using
mathematical mcdels will be useful initially.

2.3.6.7 Class 2g and 2h rotors with controlled
initial unbalance

Experience has shown that symmetrical rotors (class
2g) that conform tc the requirements given in
2.3.66, but have an additional central correction
plane, may be balanced at low speed as a rigid rotor,
with a higher permissible intial unbalance for the
complete rotor than the value arrved at in 2.3.6.8.
Experience has shown that betwsen 30 % arnd 60 %

e B
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of the initial static unbalance should be corrected in
the central piane.

For unsymrmetrical roters (class Zh) that do not con-
form to the cenfiguraton defined in 2.3.6.6. (for ex-
ample, as regards symmetry or ¢verhangs), it may be
possible to use a similar procedure and hence to ar-
rive at the maximum permissible initial unbalance that
may be carrectled satistaciorily at any given correction
plane.

However, in extreme cases, the permissible imitial
unbalance arrived at in this way may be tco smali 10
make this method of balancing pracucable and in
these cases some other method of batancing the retor
will have 10 be adopted, for example, sequential-
assemtly balancing {2.3.3.2).

2.4 Balancing of class 3, 4 and 5 rotors

2.4.1 Balancing procedures for class 3 rotors

2.4.1.1 General

Traditionally. two different methods have been for-
mulated for achieving a satisfactory state of balance,
namely meodal batancing and the influence coefficient
approach. The basic thecry behind both of these
methods and their relative merits are described widely
in the literature and therefore no further detaded de-
scription will be given here. In most practical balanc-
ing applications, the method adopted will normally be
a combination of both approaches. The degree to
which the methed 15 weighted to one or the other
will be degendent on the particular circumstances.
One such balancing method is described in 2.4.1.5.
However, it should be recognized that for particuiar
cases some variation of the procedure may be used.

2.4.1.2 Rotor supports

For balancing purposes the rotor should be mounted
on suitable bearings. |n some cases it 15 desirable that
the bearing suppons in the balancing facility are
chosen to provide similar conditions to those at site,
s0 that the modes obtained during site operation willl
be adequately represented during the balancing proc-
ess and hence reduce the necessity for subsequent
field balancing.

If the rotor to be balanced has an averhang of signifi-
cant mass, or flexibility, that would normaily be sup-
ported when installed on site, it may be necessary 10
provide an additional bearing (steady bearing) to limit
its deflection durning the balancing operation.

11
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2.4.1.3 Measuring system

Transducers should be positioned to measure shaft,
beanng or support wvibration or bearing force as
ppropriate. The system should be cacabie of measur-
ing the amplitude of the once-per-revoiution compo-
nent of the signal, together with the phase angle
relative to some fixed angular reference on the rotor.
Alternatively, it is pessible to use a measuring system
which resolves the once-per-revoiution measure-
ments into orthogonal components.

it 15 recommended that the transducers and therr
supoorts be selected such that they do nct undergo
rasonant vibraticn at any iest speed, to avoid 2rrors
in interoretation of the unbalance response.

2.4.1.4 Low-speed (rigid-rotor) balancing

Sxoerience nas shown that it may oe advantageous
t0 carry out rigid-rotor balancing at low speed, prior to
palancing at nigher speeds. This may be particularly
advantageous for rotors significantly affected by only
tne first flexural critical speed.

If desired, therefore, balance the rotor at low speed
when it is not affected by modal unbalances. Alterna-
tively, this stage can be omitted by proceeding di-
rectly 1¢ 2.4.1.3.

NOTE 2 Low-speed balancing may avoid the need for
carrying out the procedure given in 24,1510 .

2.4.1.5 High-speed {flexible-rotor) balancing

All vibration {or force) measurements in this subclause
relate to the once-per-revolution vectors.

The procedure for high-speed (flexibie-rotor) balancing
is givenin 2.4.15.1t024.1.5.10.

2.4.15.1 Run the rotor to some safe speed ap-
proaching the first flexural critical speed. This will be
termed the first flexural balancing speed.

NQOTE 3 For some rotor types {e.g. turbine rotors with
shrunk on stages, or generator roters) it is advisable to
make only prelimmnary corrections near the flexural critical
speeds 10 get the rotor 10 its service speed, or overspeed,
where components may move into their final position.

Record the readings of wvibration (or force) under
steady-state conditions. Before proceeding, it is es-
sental to confirm that the readings are repeatable.
Several runs may be necessary for this purpose.

12
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2.415.2 Add a set of trial masses to the rotor,
which should be selected to produce a significant
vector change in vicration (or force) at tne first flexural
balancing speed.

If low-speed (ngid-roter) balancng has been omitted,
the trial mass set usually comorises only one mass,
which for rotors which are essentally symmetric
about midspan will be placecd towards the middie of
the rotor

If low-3speed balancing has been performed, then the
tniai mass set will usually consist of masses located
at three distinct correction pianes. In this case, the
masses are proporticned so that the low-speed
{ngid-rotor) balancing is not uoset.

2.4.1.5.3 Run the rotor to the same speed and under
the same conditions as 1in 2.4.1.5.7, and record the
new readings cf vibration {or forcel.

2.41.5.4 From the vectonial changes of the readings
between 2.4.1.3.1 and 2.4.15.3, comoute the rel-
evant influence coefficients at the first flexural bal-
ancing soeed. Hence, compute the magnitude and
angular position of the cerrection to be applied to
cancel the effects of unbalance at the first flexurai
balancing speed. Add this correction.

NOTE 4 A graphical iliustrauon of the vectorial sub-
tracuon underlying this calculation 1s shown in annex G.

The rotor should now run at any speed up to and
through the first fiexural critical speed without any
significant amplification of vibration (or force). If this
Is not the case, refine the correction or repeat the
procedure given in 2.4.1.5.1 to 2.4.1.5.4 using a new
baiancing speed, possibly closer to the first flexural
critical speed.

24155 Run the rotor to some safe speed ap-
proacring the second flexurat critical soeed. This will
be the second flexural balancing speed. Record
readings of wibration (or force) under steady-state
conditions at this speed.

24156 Add a set of trial masses to the rotor.
These should be located along the roter, so that a
significant vector change in vibration f{or force) is
produced at the second flexural balancing speed,
without significantly affecting the first mode and, if
relevant, the low-speed balance.

2.415.7 Run the rotor to the same speed as in
2.4.1.55 and record the new readings of vibration (or
force).
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2.4.1.5.8 From the vectorial changes in the readings
petween 2.4.1.5.5 and 2.4.1.5.7, compute the influ-
ence coefficients at the second flexural balancing
speed for this set of tral masses. Use these values
to carmpute 3 set of correction masses which cance!
the effects of unbalances at the second flexural bal-
ancing speed. Attach thus set of correction masses.

Tre rotor should now run at any speed Jp 1o and
thrcugh the second flexural cnticat speed without any
significant amplification of vibration {or forcel. If this
15 nct the case, refine the correction ¢r repeat the
orocedure given in 2.4155 10 2.4.1.5.8 using 3 bak
ancing sceesd, possibly closer to the sacond flexurai
crivical speead.

2.4.1.5.9 Continue the above operations for balanc-
ing speeds, close to sach flexural critical speed in turn
wmmn e permissible speed range. Each new set

P P R T | ame om that oy bags 2
idl MAasses :HIUUIu uc k.aluacll =18 Ll\ut ulGY nave 4

U LT
sigmficant =ffact on the appreonate moce, tut do not
significantly aifect the balance which has already been
achieved at lower speeds. The trial mass distribution
can be cbtained from experience or 2 COMOUter sim-
ulation. For each case, a set of correction masses
should be computed from the relevant influence co-
afficient and attached 10 the rotwr. Lach set of cor
rection masses will compensate for the unbalance at
the current Dalancing speed.

2.41.5.10 I after correcuon at zll flexural balancing
speeds, significant wibratons [or forces) sull occur
within the service speed range, the procsdure given
2.41573 should be repeated at a baiancing speed
close to the maximum permissible test speed. In this
case, it may not be possible to magnify the effect of
the remaining {hugher) modal ungalance components
by running close 1o ther associated flexural critcal
speeds.

NOTES

3 For some roters it may de Sossible to run safely through
scme ¢r all of the criucal speeds before ¢completing the
balancing. in that case, the number of runs required to de-
termine the influence ceefficients can be reduced.

8 It should be noted that the method described above as-
sumes that there 1s a lingar relationshig between the un-
baiance vector and the vibration (or force) response vector,
in certain cases this may not be so, partcularly, for exam-
ple, where there is a3 nigh initial unbalance and the rotar 15
supported oy fluid film bearings, In these cases 1 may be
necessary o redetermine the influence coefficients as the
vibraugn (gr forcet respanse vector is reduced in magnitude,

7 In practice. the above procecure or varatons can be
automated as a computer-aided balancing method.
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2.4.2 Balancing procedures for ¢lass 4 rotors

Rotors 1n this class may have a hasic shaft and boay
construction tnat would fall inte class 1, 2 or 3. In ad-
dition, they have ore or more componants that are
gither flexible or are flexibly mounted so that the un-
talance of the whole systern may change with speed.

Sotors in this class may fall into two categones:

al rotors whase unbalance changes contnuously
with speed, for example, rubter-biaded fans;

D) rotors whose unbalance changes up 1o a certain
spead and remains constant acove that soeed, for
examele, rotors of single-ohase wnguction motors
with a centrifugal starting switch.

[t 15 sometnmes possible to balance thase rators weih
counterbalances of similar charactensucs. If not, the
mllowmn procedures should ne used

2.4.2.1 Rcrters that fail into category a) should be
balanced in a balancing machine at the speed at which
it is specified that the roter shauid be in balance.

2.42.2 Rotwors that fall into category b snouid be
balanced at 2 speed above that at which the unbal-
ance ceases to change.

NOTE 8 It may be possible to minimize or counterbalance
the effects of the flexible companents by careful design and
by attenuon to their lgcations, but it should be appreciated
that rotors m this class are likely 10 be in balance at one
speed only or within a limited range of speed.

2.4.3 Balancing procedures for class 5 rotors

Some rotors that are flexible and pass through one
or more crincal speeds on therr way 10 service speed
may, under special circumstances, be balanced for
one speed only [usually service speed). However,
rotors having cntical speeds close to service speed
or those coupled to other flexible rotors should be
excluded from this class. In general, rotors that fall
into this class fulfil one or more of the following con-
ditions:

a}l the acceieration and deceleration up to and from
service speed Is so rapid that the amplitude of vi-
bration at the cntical speeds will not build up be-
vond acceptable timits;

bl the damping of the system s sufficiently high to
keep vibrations at the critical speeds within ac-
ceptable limits;

13
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c) the rotor 1s supported in such a manner that
objectionabie vibrations are avoided:

d) a high level of vibraticn at the critical speeds is
acceptaole,;

e} the rotor runs at service speed for such long pe-
rods that oiherwise unacceptable siarting/siop-
£ing conditions can be toierated.

A rctor that fuifds any of in2 ceonditons above snould
Se opalanced in 3 nigh-sceed dalancing machine or
ecuvaient facility at the speed 2t whicn i is deter-
mined that the rotor sheuld 2e in baianca.

14
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~or these rotors, 1t 1s especidlly important that tne
stiffness of the balancing macnine suppor: systam te
sufficiently close 10 site concGiions o ensure that at
the calancing sceed the pracominant modes are the
same 2s those tna: will be sxperiencad on site.

Some consiceratien snould 22 given to the axial zor-
rectien mass gisinbution. it may be possible 1m0
chocse optimum axial gositens for the Zorrection
planes so that two planes may be sufficient. This may
proguce a muinimum re2sicdual uneoalance in the iower
medes and thus minimize th2 vitrations when running

through critical sceegs
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Section 3: Criteria

3.1 Evaluation of final state of unbalance

Decending on the ciass and purpose of the rotor be-
Ing assessad, tne final state of unpalance may be
avaluatod either in terms of wvibration at specified

asuring points, or oy rasidual unbalance in speci-
e':.‘ correcton olanes.

NCTZ @  in tne case of small mass-produced rotors, sim-
pier 3ssassmen: precsecures than those detaded in this
Intarnationa: Stargard may suffice

3.1.1 Rotors whose final state of unbalance
is evaluated by means of vibration
measurement in a high-speed balancing or
overspeed facility

3.1.1.1 Installation

in cases wherz the mode shapes of the rotor depend
significantly on the dynamic properties of the sup-
ports, the rotor should have supports whose dynamic
prcoerties as nearly 2s possible represent those of
site conditions, thus permitting, where appropriate, a
range of moades (o pe examined In the balancing fa-
Cilizy.

When special-ouroose balancing machine pedesials
that have variabie suffness are usad, they should be
locked in the aporopriate state of adjustment for the
gvatuation,

If tha rotor nas an ovarhung mass that would normally
be su por‘ed wnen installed on site, a steady tearing
may te used 10 limit its defiection during the test.

it tne rotor nas an overnung mass that 1S not sup-
port=d :n any way wnen installed on site, it should
also te lef: unsupporad during the test.

In some cases. two vibration transducers shouid be
installed on each opearting pedestal 90° apart at the
same transverse plane 0 permit resclution of the
vertical and horizantal transverse vibrations, when
such resoclution 1s required.

As an aiternative, or additionally, shaft-riding probes
or non-contacting proximity transducers may be used
10 measure shaft vibrations. Generally, these shall be
instatled 30” apart in the same transverse plane to
permit resolution of the vertical and horizontal trans-
verse vibrations «f such resolution I1s required.

In ail cases, there snhould be no resonances of the
transducer and/or mounting within the speed range
of the test.

However, it may te necessary in the early stage of
dalancing 10 provide support with a steaay bearing to
enable the rotor to get safely to service speed or
oversoead to allow the rotor \.ompor‘ents 10 move
inta their final position (see rots 3 :n 2.4.1 5.1}

The outcut from all transducers should oe reac an
2quicment that 1s able to differentate cetween the
synchronous component due 1o unbaiance, the slow-
speed runcut where relevant, and other components
of the vibration.

The drive for the rotor should be such as 10 impose
negligible restraint on the vibration o the rotor and
Intrecuce negligible unbalancs into the system.

NQTS 10 To 2staolish that the drive coupling introduces
neghgidle balance errer, the coupling should be indexed
Dailancec as described in 1ISO 1540-2.

8efore the residual unbalance of the rotor is as-
sessed, it should be run at some convenient iow
sceed or speeds to remove any temporary bend it
may nave taken. Once this has been achieved, the
remaining repeatable low-speed runout values should
be measured and, where necessary, subtracted
vectorially from any subsequent shaft measurements
at the speed of interest.

3.1.1.2 Procedure
‘Nhen tne apove condiions have been satisfied. the
rotor shoula be run up to speed at a low acceleration
rate 1 ensure that vibration peaks are suppressed.
Al significant peaks of wvibraton should then be
measurec between 70 % of the observed first flexural
criical speed and the maximum service speed if
measurement over the whale speed range 1s not
possitle.

The rotor should be held at maximum service speed
iong enough to eliminate any transient effects. Syn-
cnronous vipraticn measurements shouid then be
taken.

At the conciusion of the test at maximum service
speed. the rotor should be run to a specified over-
speed. f demanded by the specification (see note 11}

After the rotor has been held for 3 specified time at
full overspeed, if overspeed is demanded by the

15
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spechcation, it shouid ce dece:erated 10 Maximum
sarvice speed and the synchrongus vicralions agamn
measurad. If permanenr: changes of residual unoak
ancs, causec by overspeeding, are expeciad 1C OCCul
sne final talancing ana evaluaticn of vigration shoulc
be carned oul after overspeeding.

Ne rotor srmould then te deceierated and measurs-
ents of svnchroncus vibration shoutd ge tgken &t
decramearts of speed of not more tan 5 % of the

!

range. Dunrg ire test, the rate of decaleraticn snouid
be siow 2ncUGh 10 ersurs that the pezks of vibraton
at tne sriucal spescs are ~ot significantly suporessed.
NOTE S The ovarspeed 1o De aitained wul depend ugon

=
fshere Ao specificat.on  exisis, agreement shoud Ge
raached celween the manufacturer and user.

3.1.2 Rotors whose final state of unbalance
is assessed by means of vibration
measurement on the test bed

Rotors whose final state of urbalance is evaluatad on
sne teg: ned snouid have an instrumentation and 1ast
procedure as stated in 3.7.7, but it should be appre-
c.ated that different precedures may be necassary in
some cases, for example:

al the rotor is assembled as a complete macnine
Arivan By 1S own power;

ot rotors for which only full-speed readings can be
chtained, such as an induction motor;

o} wvibration ranmsgucers canroi be placed at the
searings; in these cases. the points where vi-
arations should be measured should be agread
benwaen the manufacturer and usear;

4] the state of unbalance depends on load. in which
case the range of 10ad over which the rasigual
unbaiance is assessed should oe agreec hetween
*he manutacturar and user.

3.1.3 Rotors whose final state of unbalance
is assessed by means of vibration
measurement at site

3.1.3.1 Machines that have ther state of balance
assessed after final installaticn at site are subject to
many {actors that can produce vibration. Some of this
vibranon may oe at shaft rotational frequency from

16
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sources other tnan rmechanmical uncaiance. Some of
‘he factors tnat can groduce such viorations, logether
with some of he pregactions that shouid be taken,

N

are mantcnad ir annex A

3.1.3.2 If any of the staucnary paris of the machine
cr the supporung foundation structure are in reson-
arce at :he sarvce speed, high -evets of vibration are
sometimes procduced even though the rotor residual
unbalance s well within rormally accepted ioler-
ances.

in such circumstances, Dalancing within excestonally
fine limits may e reguired 0 rzduca the wvioration
lavel. Such imcrovements may o€ only usatul if tne
macnine 15 not nighiy susceptcle o wnbaiance. !, in
poeration, there 15 a hign orotaciliy that new uncalk
ances will occur, consideratior shauld 22 given 1o the
practicalty of gliminatng the structural resonancas or
increasing the damping in the system cr other meas-
uras, so that sat'sfactory cperaucn can oe obtained.

3.1.3.3 in tha {inal instailaticn a3t site, there may be
logistical factors during commussioning that wili con-
flict with obtaining the steacdy-state conditions needed
to assess the state of balance It may then be
necessary o combine the result of balanaing runs
with tests for other purposes. If the preliminary run-
ning of the installed machine shows the raesult of bal-
arcing 10 be in doubt, special runs should be arranged
specifically for confirming the adequacy cf the bal-
ance.

In many insiallations (for example, where the prime
mever 1§ 2 “direct to fine start” induction motor) it
may Impessible to control the soeed of rotation during
run-up, ard steacdy conaitons can only be achreved
at iull speec. Agreement snould therefare be reached
petween the manufocturer and user on the speed
range Jver which the siate of balance quality should
e checked.

The balance check 1s normally made with the machine
unicaded. if the machine is loaded. the foad at which
the state of balance is 1o be checked should be
agreed between the manufacturer and user.

3.1.3.4 “iprauvon rmeasunng egquiprment should be
installed as specified in 3.1.1.1. Where suitadle moni-
toring equipment s provided in the installation, this
may be used instead. Alternatively, vibratons may be
read on portable apparatus using a hand-held vibration
transducer
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3.1.4 Rotors whose final state of unbalance
is evaluated in a low-speed balancing
machine as residual unbalance in specified
carrection planes

Ciass 2 rotors usualiy have their balance guality as-
sessec n a iow-speed balancing machine. In most
cases, a subseqguent high-speed check will be made
on the test bed or on site. In sgecific cases, by
agreement between the manurfacturer and user, the
hign-speec assessment may be dispensed with and
the roter accepted on the basis of the residual unbal-
ance at low speed. This apglies particularly to class 2
rotors sold as soares, where a final assessment at site
may be delayad for a2 consicerable ume.

Tne rotor should be complete and all attachments
such as haif-coupiings, gear wheals, etc. should be
fitteg.

The balancing machine shouid be one that confcrms
to |1SO 2953. See SO 1940-1 for the procedure for
assessing rasidual unbaiance and for cautionary com-
msnts.

Before the residual unbalance of the rotor is as-
sessed. it should be run at socme suitable speed 1o
remove any temporary bend.

When the above conditions have been sausfied, the
rotor should be run at the balancing speed and
readings taken of amount and angle of unbalance re-
maining in 2ach measuring plane.

Fer class 2f and 2g rotors, the initial unbalance after
assemply snould also be stated, n addition to the
measured residual unbalance. For rotors that have
been telanced n several stages dunng assembly or
that have been mace up of baianced components (see
2.3.3), the residual unbalance achieved at each stage
shoulc be stated.

3.1.5 Rotors whose final state of unbalance
is evaluated at high speed based on residual
unbalance in specified correction planes

The axial position of the correction planes and the
valancing speed should e stated for each mode.

If tre rctor 's assessed in a balancing machine having
s own nstrumentaticn, this should be used
throughout the test.

'f the rotor 1s assessed in an overspeed or simidar fa-
cility, the instrumentation and generai installation of
tha rotor into the faciity should be as stated in 3.1.1
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When the above cenditions have been met, the rotor
should be run to speeds where it is passible to evai-
uate the magnitude and angular position of the rasi-
dual unpalance distributions. (See 3.4}

If requested by the customer, the rotor may be
checked by a similar method to tnat referred 0 in
2.41.5. Tne check should te carried out for each nal-
ancing speed.

3.2 Choice of criteria

It 1s 3 usual practice wnen assassing the oalancs
guality of a flexiple rotor in the faciory to consider the
once-per-revolution vibration of the bearing peaes:als
or snaft in a balancing facility or t2st bed that reason-
ably aporoximates 1o the site conaiions for which the
rotor is intended (see, however, 3.3.4). This is the
method described in 3.3.

Angther practice 1s to assess the dalance quality by
considering the unbalance ramaining in soecified cor-
racuion planes. This is the method described in 3.4,
ror class 2 rotors, this form of assessment may be
made at low speed, without any necessity [0 use a
high-speed balancing facility.

When employing either practice, it i1s sometimes
possible, based on experience, to adjust acceptance
levels 10 permit the use of facilites or installations
that do not clesely imitate site conditions and/or to
allow for the final effect of coupling to another rotor
n site.

The choice between the use of the method described
in 3.3 and the use of that described in 3.4 shall be at
e discretion of (ne manufacturer of the rotor.

3.3 Recommendations for vibration
criteria in the balancing facility

if the final state of unbalance i1s 10 be assessed in
terms of vidration criterta in the balancing facility, then
these snall be chosen to ensure that the relevant vi-
brauan limits are sausfied on site.

There s a complex relationship between vibrations
measured in the balancing facility and those obtained
in the fully assembled machine at site, which is de-
pendent on 3 number of factors. It should be noted
that acceptance of machines on site 1s usually based
on vibration criteria given, for examole, in parts 1 to
4 of 1ISO 7819 or in ISQ 10816-1. In most cases, this
relationship has been derived for specific machine
types by experience of balancing typical rotors in the
same facility “Where such axperience exists, 1t should

17
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be used as the basis for gefining the permissicie vi-
bration i the baiancing facility.

Thera may however, be cases where such exper-
erce goes not exist (8.g. a new balancing faciity or
rotors of sudstantally different design). The remainder
¢t 3.3 relates 1o such cases and explamns the per-
missible levels on once-par-revelution vibrauon which
can te cdenved irom the vibration seventy specified in
e oroduce specification. If no groduct specificatcn
descrizing tne accepiable rurning conaitions on site
exists, refarence shouid be made as appropriate 10

ISC 10875-7 orparts 110 4 of 150 7812,

3.3.1 General

c12S of  uUnreatistic recuiremeants may  be

2 s paid to the recommended values,
satisfagiory runming concittons can be expeciad.
However, tnere may De cases when deviation from
thesa reccmmendations Decome necessary.

[t9]
©
=t

v (2

These recommendations may alsc serve 3s the basis
for more zetaled investigatuons, for example whan, in
special cases, 2 morg exact determination of the rs-
quirad baiance gquailty 1S necessany.

3.3.2 Special cases and exceptions

49}

£ axcaoticnal cases where machinery :5 de-
gned for sgecial purposes and of necessity em-
hodies features which inherentiy affect the vibration
haracternsiics. Aircraft jet engines and derivatives of
such engines for incustrial purposes are one axample.
As engines of this type are designed to mnimizs
WEIGNT, ther mMarn struciures and Dearing supoorts are
considersoly more flexible than in general industrial
machinery. Special sieos are taken in the design to
accommodate undesirable effects resuiting from such
support {lexibiity, and 2xtensive development tasting
1s carmed cul 1o ensure that the vibration levels are
safe and acceptable for the intended use of the en-
gine

Eor such cases as this. where the vibration charac-
ranstics have been shown to be acceptable by ex-
tensive asung before production units are deliverag,
115 not intended that the recommaeandaticns of 3.3
srouid apshy

18
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3.3.3 Factors influencing machine vibration

The vibraticn resuitng from the uncaiance of the rotar
is influanced by many factors, such as the meunung
of tre machine and tne aistcruon of the rotor

Ware maximum germissiDie jevels of vibration ars
stated in product specificatons, they usually refer o
total vicraton . sty arsing from all sources. The
value guoted could thersizre incluae the vibratcns
arising frem 2 multghcity of sources with diffarant
irsquencies, ang the manufacturar shouwd consizer
wnat levels of vicration car ce permitted from unoai-
ancz gicne 'n corder (o k220 within the parmiss:nls

overzll level of vibraton

3.3.4 Critical clearances and complex
machine systems

U g
minimum  clearance ple, at gzroc
seais) bacause of the greatsr hkeiincod of ¢
tresa points than at others. 't sncuid he ap
that the conditions on sit2 may medify the mocds
shapes and thus the vibration levels at the points of
measurements (See 2.1.3)

Rctiors that are to be assembled in rigicly coupled
muiticearing sysiems (‘or example, steam turbine
sets) need parucular consideration in this respect. The
magnitude of the unoalance and its disiribution are
imocrtant  faciers 0 such apelications.  (See
annax Al

3.3.5 Permissible vibrations in the balancing
facitity

PermissiDie wviZration in the calancing facility can be
expressed N two ways:

3} wvibratiorn ¢n the bearing cedestal calculated from
the permussitle bearing vibration on site; or

shaft wipration calculated from the permisiole
shaft vibratian on site.

o

In either case. the appropnate value can be deter-
mined using the following 2xpression;

Y = KKK X
where
X IS the permussible total bearing or shaft vi-

braton in the transverse horzontal or var-
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tical direction for measurements iaken on
site in the service speed range as given in
the product specification or the appropriate
standard {e.g. ISQO 10816-1 or parts 1 10 4
of ISO 7919);

Y 15 the corresponding permissible cncs-
per-revolution bearing pedestal or shaft vi-
braton in the balancing facility;

Ky is the rauo of the permissible once-per-
revolution vibratien o the permussidie toral
vibratien (K < 1);

K, is 3 conversign factor used if the rotor
support and/or coupling systems giffer
from sitz2 concitions: it is defined as the
ratio of the cnce-per-revolution measure-
ments in the talancing facility (shaft and/er
Cearing pecesials) 0 similar measure-
ments taken on the assembled machine
on site {if not applicaole, X, = 1);

K, is 3 conversion factor used if, in the bal-
ancing facility shaft, measurements are
1aken at locations other than those for
which X is specified; its value depends on
the mocal characteristics of the rotor: if
the measurement locations are the same,
then K, = 1

NCTeS

12 The conversion ralaticnship gives units for ¥ which ara
the same as those for X. In practice, it may subsequently
be convenient 10 exprass Y in different units, For example,
displacement instead of velocity

13 The vaiue of K, will often depend upon the direction
of measurement.

T4 For cases in which the measurement cannot be made
at the same locations, K, may be determined analytically
using a rotor dynamics modet of the systam. In general, the
values for K, and K, vary significantly as functions of rotor
speed.

The values of K, and K, may vary wideiy between one
Installation ana another and will be speed-dependent.
Some suggesied values for K, and K, are shown in
annex C. The value of K, needs to be established for
each specific aoplication. if 3 critical speed of a par-
ticular configuration of the rotor-bearing system co-
incides with the service speed, higher values of the
relevant conversion factors have to be used.

It should be noted that, in practice, it 1s not essental
that these conversion factors are determined in iso-
'ation, orovided that 3 comoosite factor 's available,

ISO 11342:1994(E)

NOTE 15 Two exampies of the use of these conversion

factors are given In annex £ -

In adcition, 1t should be noted that modal amoplification
of the vibration will occur at.critical speeds. Baiancing
practice is therefore usually directad not onty towards
sausfactory limitation of vibration within the service
speed range, out also towards smcoth passage
through cnitical speeds belew the maximum service
speed. For critical speeds, It is 2specially difficult o
2stablish quantitative criteria because of the nesd to
allow for many important facters such as garmping.

When the tending deflection during run-up s af can-
cern, cdue 10 rotor/stator clearancas or stressss, the
oending of a rotor at criical spescs balow servica
cpood cheould be conaiderad in t=i 13 uf FTak-i0-0235K
displacement of that part of the rotor at wrich e
cisolacement is of conseguence.,

3.4 Recommendations for establishing
criteria for permissible residual unbalance
in specified correction planes

3.4.1 General

The material in this subclause is an adaptation of cri-
teria presented in parts 1 and 2 of ISO 1940, as it 1s
not possitie 1o derive the permissible unbalances for
flexitle rotors directly from existng documents con-
cerned with the assessment of viorations in rotatng
machinery. Usually, there 1s no simple ralatonship
between rotor unbalance and machine vibration under
service conditions. The amplituge of vibrations 1S 1n-
fluenced by many factors such as the vIDrating mass
of the machine casing and its foundations. the
suffness of the bearing and of the foundation. the
proximuty of the service speed to the various reson-
ance frequencies, and the damping.

NOTEZ 16 Further details are given in 1SO 10814

Subclauses 3.4.2 and 3.4.3 establish guidelines for
the required balance quality of flexible rotors. The
values given are based on a limited amount of docu-
mented practical experence with the varigus classes
of rotors. However, if due regard s paid 1o the rec-
ommended values, sausfactory running conditions
can be expected. Nonetheless, the suggested lavals
and classifications are not yet completaly verifiad, and
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cdeviaricns from these recommencaticns may be
necessary :n certain cases?

for 3 carucuiar ‘lexible rotor, the unbaiance Crteria
usec in tnis clause are cerived from the critena in
carts 1 arnc 2 of ISO 194C for an eguivalent ngid rotor
of the same general tyce.

Numerical values derivec accorcing tc this subclause
are ~ct nterged 10 serve as accegrtance specificatons
cur 2s guicennes. ‘AVhen used in s manner, gress
geficiencies or wunrealisuc recuirsments may be

avoized.

3.4.2 Criteria for the permissible residual
unbalance of class 2 rotors

Tne rasicual uroalance for any completely assembled
class 2 roier snouic not 2xceed the resicual unbalance
reccmmerced for an eguivalent  rnigid rotor in
ISC 19201,

A acaincn, ‘or rotars of suoclassas 2f 25 ang 2h,
gach scmoorent or, when acphcatie, 2ach sub-
assamcly of components shoutd be dalanced © limits
Dassc on experience or ihose recemmended In
ISO 1840-7, apoiied 10 sach component,

3.4.3 Critecria for the permissible residual
unbalance of class 3 rotors

3.43.1 C(Class 3a

Saor rotors trat are significantly affected oy only the
¢irst mocal residual unbalance, whnatever their untal-
ance distribution, the residual unoalance should not
exceed the following limits, e2xpressed as percent-
ages of the totai rasidual unbalance recommended for
an ecuivalent rnigid rotor in parts 1 and 2 of ISO 1940
anc nased uocn the mighest service speed of the
rOtors:

al :me squwvalent first modal residual unpalance
shouid not exceed 80 %; and

o) i iow-speed balancing 1s carned out mmitially, the
total resicual unbalance as a rigid roter shouid net
axceed 100 %

3.4.3.2 Class 3b

For rotors that are significantly affectad by only the
first and second modal unbalances, whatever their

< SO

Lncalance Qistnbution. tha r2siCudi untalancte sncuic
t excesC -:'na following itmits. exorassec 3s oer-
centages of ths totar residual uncalance  rec-
C""'r‘“eﬂdﬂd ‘er an equivalent fAigic rotCr 0 2arts 1 ang
2 of SO 1340 and based ucon he mignest service
speec cf the rctor
al e equivaisnt first mcceal residual untaiance
snould not exceed 100 %, snc

bj the squivalent second mcdal residuai cncalarcs
snculd not exce=g 80 %, and

o oowe-spesd baiancing s Zarred out :ni-'-a"y the
*ctal F2SICUal UNgaiancs 3s 3 g 2107 SNouUIC NOT
axceed 1CC %

NOTENT Sxample 3 in annex = liusiraias ine caicuisiion
of these imits.

3.4.3.3 Class 3¢

Sor rotors which are significantly 3tfected bty mora
than tne first anc second mogat uncaiances. no rec-
cmmeangations ars avaliable

NOTZS

i3 A metnod for the expermentai datermination of the
equivalent modai residual unbalances s described in
annex D

19 if the influence of overnung masses i1s significant, then
the percentages given should te raviewed

20 It in situ, the sarvice speed ar service speed range Is
close to either the first or secend fiexural cntical speed,
these figures may raguire modification

21 ‘n the balancing facility, tne proposed imits will not
necessaraly resuit novioraton magritudes within normai
imits in the spead range from 30 % 10 120 % of any critcai
spged. if sucn amplifiea vibratons occur, 1t does not
necessarnly mean tnat more refinec baiancing 15 needed
becausa, for example. damping in the talancing facility is
often smaller than i situ.

22 ‘Nhen all relevant rotor ‘lexural modes cannot be taken
inig0 aczount in the palancing facility 2 3. aue 10 an nsuffi-
cient number of correction clanes), 3 decision has (o be
reachea concerning whicn modes should be emphasized for
paiancing.

3y Reports of any such dewviations are welcome. Comments shouid be directed to the national standards Tody in the country
2 angn for rransmission o tha sacretanat of ISO/TC 108, and will be taken into account when prepanng sudsequent 2ditions

at tus internatonal Standard

20



© (SO

15O 11342:1994(E)

Annex A
(Informative)

Cautionary notes concerning multispan rotors on site

A.1 Introduction

Unbalance is not the only cause of vibration, not even
once-per-revolution vibration. Before undertaking bal-
ancing or related sperations, due consideration should
be given 1o 'dentify the factors other than unbalance
that are influencing the lavels of vibration of the ma-
chine. Such factors include those given in A2 10 Ad.

This is particularly true in installations where two or
more rotors are coupted together, such as a large
steam turbine generator.

A.2 Bearing misalignment

Smaii parallel or angular misalignment of the rotor
tearings can produce effects which cannot be re-
moved by balancing. If these effects are oresant, the
misalignment should be corrected prior to further as-
sessment of the vibration of the machine (see aiso
the second paragraph of A.3).

A.2 Radial and axial runout of coupling
faces

There 1s no practical means of ensuring that large
rotors can be coupled tcgether without & small

amount of radial and axial runout of the coupling faces
between the matung halves of the coupling. Thase
FUNOUls can aiso produce vibration effacts which can-
Aot e satistactorily corrected by balancing. Therefore,
i the machine is not responding tc balanc:ng oper-
ations, the radial and axial runout of the coupling faces
snrould be checked.

Where approoriate, errors should be corrected 10 lie
within the tolerances which have been found 1o be
sausfactory in practice for the size and type of ma-
cnine under consideration, before attempting further
balancing.

A.4 Bearing instability

Various forms of instability (.. fluid fiim whirl) may
take clace in the types of hydrodynamically lubricated
bearings which are normally used in muluspan flexible
rotor systems,

The symptoms of these phenomena are well KNown,
and U is necessary to ascertain whether such symp-
toms are present pefore attempting to improve the
quality of running by balancing.

Discussions of such 2ffects and possinle remedial
measures are outside the scope of this International
Stancard, bteyond neting that the frequency s
normaity less than once per revolution.
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Annex B
{informative)

Low-speed three-plane balancing of class 2d rotors

B.1 This annex is concerned with the low-speed
baiancing of roters which have one central and twe
end correclion pianes, and in which the nitial untal-
ance 5 uniformly distnbuted or increases ‘inearly
along ne shait,

Such rotors can pe satisfactorily palanced on a icw-
speea patarcing machine provided that an assess-
ment can te maae of the grocortuon of the total
undaiance of the rotor whnich sheuid be corrected at
the central piare.

Tris annex orowides a8 method whersby the balance
correction in inr2e planes may de calculated from tre
nital uroalance measured in two planes. The vector
sum of the ‘orces and moments created by the three
untalance corrections U, U; and U, about a given
aint on the rotor_must equal those caused by the
initial unbaiances, U and Uy, about the same point.

This 2nrex cescribes a methed for three-plane bal-
ancing of rotors which meet ail of the following con-
ditcns:

a) single-span rotor with no significant overhang;
t) uniform cr iinear distribution of unbalance:

2 uniform tending flexibility or the rotor aleng its
length;

d) symmetnical position of end correction planes
acou: midspan;

conunuous sarvice speeds below and not signifi-
zantly approaching the second critical speed.

[47]

B.2 i: can ce shown that the initiai unbalance will
ce completely corrected up to, and including, s first
modal component when the vector ralationships

51 = 5 - O.SH(GH + {jh]

. E=.=H(5":_-E'g)

22

Uy=Us—05H(Ls + L))

are satisfiea, wnere H 1s the ratg of the centrai cor-
raction 10 the inital static unbalance

it shoula pe noted that ET'.; La, Uy, Uy anc U5 are vec-
©rs.

Values of H are presented graphically in figure B.1 as
a funcucn of zil, where : s the distance from the
iefr-nand bearing of the correction zlane 1 and 1S the
pearing soan {shaft length).

it should te noted that H is zero when -/l =022,
whicn ingicates that in this case trne centre plane 1s
no tonger needed and the prccecdure has become a
swo-plane  balancing procedure, usually called
“guarter-coint balancing”. For values of zfl greater
than 0.22. the corraction in the centre plane is on the
opposite side of the shaft.

M

Z
{

Figure B.1 — Graphical presentation for
determination of /4
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Annex C
(informative)

Conversion factors®

Machinery is classified as follows (see iable C.1).

I individuai parts of engines and macnines, intagratly
connactad 10 the completz maching in its normal op-
aratng condition.

Il Medium-sized machines without special founda-
nons and ngidly mounted engines or macnines (up 1o
300 W) on special foundations.

: Large prime movers and other large machines with
rotating masses mountad on ngic and heavy founaa-
tons that are relatively stiff in the direston of vitrato
messurement,

IV: Large pnme movers and other arge macghines
with retating masses mounied on foundations *hat ars
refatively soft in the direction of vigraticn reasura-
ment.

Table C.1 — Suggested conversion factor ranges (see 3 3 3
! %,
chsstication Typical machines ST G BT
i absolute absoiute ‘efative
, Superchargers 1.0
Small electric motors up to 15 kW 1.0
Paper-making machmnes 0710
Medium-sized eleciric machines, 15 kW 1o 071010
75 kW
Il E—:O\iirc;;actilagacnmes up 10 300 W on special 671010 !
Compressors 0.71c 1.0
Small turomes 10
| 05w 1.3 1.6 10 3.0 1.0t 30
Large electric motors 7w 1.0
" Pumps ? 2710 |
\ 2-Pale genacatars \ S3w1o
I Turbines and muttipcle generators i 29010 ;
' | |
Gas turbmes (but see 3.3.2) | 1.0
v 2-Pole generators 031010
Turbines and multipole generators ’ 091w 1.0

4} Users are recommended to compare the above values wih ther own aexperience. Comments on "ha resutts or such
compansons are weicome and should be directed 1o the national standards body in the country of argm for ransmission 13 the

secretanat of 1ISC/TC 108.
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Annex D
(informative)

Experimental determination of equivalent modal residual unbalances

The feilowing procedure may ce used o determine
e effect of urbaiance in spec:fic modes in oréer 0
assess the equivaient mocal resicual untalance re-
ma:ning n the retor.

D.1 Mount the rotor whose untalance is 10 De
measured in @ high-sceed hard-cearing 2alancing ma-
chine cr other high-sgeed test facility.

D.2 Run the rotor to some safe speed aporoaching
the first flexural critical soeed and ncte readings of
bearing vibrations or forces.

D.3 Add a tnal unpalance to the rotor. The untal-
ance snould be sufficient 10 show a significant effect
and should be placed axially where it will have the
maximum effect on the first mode. This will generally
be towards the middle of the rotor. Take readings cf
nearing vioration or forces at the same speed as 'n
22

D.4 From the readings obtained in D.2 and D3
compute vecteonally the equivalent first modal uncal-
ance. This can be done graphically by the construction
given in annex G, in this case with the single unzal-
ance mass forming the trial mass set. The magnitude
of the aguivalent first modal unbalance is

AQ
AB

trnial unbalance x

D.S

Remove the trial unbalance.

24

D.6 Run the rotor 1o some safe sgeec acoroaching
the second flexural critical sceea. crowced this is
lower than tne maximum safe oceraung speea. Notwe
reacings of beanng viorations or focrces

D.7 Adc a :rial unbalance to the ~ztor. This should

ce claced axaily where it wiil nave the maximum ef-
fect on the second mcde. Take r2adings of bearng
vibrations or forces at the same sc2ed as in D.6.

D.8 Frcm the readings cbtained in D.6 and D.7.
compute vectonally the equivalent secenc modal un-
paiance. Tne graohical procecure of D.4 may be used
in this case.

D.9 Remove the trial unbalance.

D.10  Continue the above operations for successive
mocdes untii the squivalent mocal unbalances in all
significant modes nave been determined,

NOTES

23 The procsdure given in this anrex assumes that the
wvibraton measured at 3 speecd close to a cntical speed is
precaminantly in the corresponding mode Sometimes it
may not De £ossizie to run close to the critical speeds of
some of ine significant modes and thus readily «dentfy the
corresponaing modal components. In these cases, further
proceguras are necessary to separate :he inawvidual modal
COMPONEnts.

24 “When cetermining the eguivalent modal unbalances. it
may 2e gesirable to use a set of trai unpalances i orcer ©
pass safeiy through the low critical speeds.
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Annex E
(informative}

Procedure to determine if a rotor is rigid or flexible

Tris annex agescribes crocedures that may be em-
ployed t¢ determing whether a rotor 1s rigid or flexible,
' 1215 found that a rotor falls into the rigid category,
then it can be baiancad using s low-speed balancing
orocedure. In ganeral, flexible rotors need to be bal-
anced at high speads using precedures such as these
given in 2.4, Excepuons include zlass 2 rotors, which
by cefinition although flexibie are on the borderline,
anc low-speead balancing may be adeguate Jsing the
spectal procedures given in 2.3,

The nhysical ancaarance of a rotor is insufficient o
determing whether a rotor falls into the rigid or flex:-
ble catagories for balancing purposes. For exampie, a
rotor with a rigid appearance may, if it operates at
high speeds, approach or pass through a critical speed
involving significant bending of the rotor and therefore
requires hign-speed baiancing. Conversely, a rotor
that looks flexible is a ngid rotor for balancing pur-
poses if 115 highest service speed is well below the
first flexural critical speed.

E.1 Determination of whether a rotor is
rigid or flexible

Ore or more of the following may be used to ascer-
130 whether a rotor s rigid or flexible, and thereby
determine the balancing method t¢ be adopted.

E.1.1 Consult :he rotor manufacturer or the use: for
a definiion of the rotor class and a recommended
balanging procecurs.

E.1.2 i the first flaxural critical speed exceeds the
maximum service speed by at feast 30 %, then the
rotor can ofien be considered ngid for palancing pur-
poses,

E.1.3 Alternatveiy, the iollowing test seguence
may be performed. Balance the rotor at low speed mn
two correction planes in accordance with the pro-
cedures specified in IS 13401

Meount the rotor in g facility that 1s capable of rotating
the rotar 1o at least service speed and that has

_suffness and damping of the bearings and their sup-

aorts similar g the sarvice instalanan. Accelerate the

rotor gradually 1o service speed, taking care that vi-
bration at ait tmes stays within safe limits. Recorg
vibration readings as a functicn of spead dunrg he
acceleraticn and subseguent decelerauon.

'f no significant change in wvibration occurs as a func-
ton of speed, then the rotor is eitner rigid, or is “lexi-
ble with low ‘evels of medal unbalance. To dertarmine
which of these pessibilites aogly, perform the flex-
oihty test defined in 2.2,

{f a sigruficant change in vibration cccurs during ac-
celeration or deceleration, one ar more of the follow-
Ing possibiities exist:

al the rotor s flexible;
c) the rotor is rigid but flexibly supported:

cl the rotor has components that shift location sig-
nificantly as a function of speed or temperature.

T2 help discniminate betwean these possibilites, ac-
celerate the rotor again to service speed and then
check if the readings during deceleration to zero
speed repeat these of the prior deceleration run. ff
they do, the rotor has settled. Next perform the flexi-
bility test given in £.2 to determine if the rotor 1s rigid
or flexible.

NOTE 25  Settlement may have occurred by taking the
rotor to its service sgeed or beyond by permanently “seat-
ing” components due to centrnfugal force. =or example,
generator and motor rotors frequently require a settlement
run to anabte the copper windings and support sysiems to
move racially outward to ther final position.

If the readings do not repeat, the rotor's unbalance 1s
vanable and the rotor cannct generaily be balanced
within tolerance until this problem is corrected.

E.2 Rotor flexibility test

Add a mass to the centre of the roter, or to an avail-
able position where it may be expected 10 cause high
rotor vibration, Accelerate the rotor to service speead,
taking care that vibration at all times stays within safe
hmits. If the vibration magnitudes become axcessive
during the accelaratan, aduce the magnuude of the

25



ISO 11342:1994(E)

ass angd repeat tne process. Measure the vibration
ictor at the same speed and location as in =.1.3.
.etermine the effect of the mass on the vibration
level by vectornaily subtracting the vicration vector re-
corded in £.1.3 from the new reading. Dencte the re-

sult by 4.

Stop the rotor and remove the mass. Install two
masses at the same angular position as the centrai
mass that was removed. These masses shouid be
claced 2t the rotor enc planes near tne rotor icurnals.
The masses should be chosen 10 provide the same
guasi-static unocalance in the plane of the single test
mass without introducing any acditional cousle up-
Calance. Accelerate the rotor 10 service spead again,
izke gnotner reagding and gdetarming the effec: of the
A0 mMasses cn the rotor By subiraclng the vector
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from 2,13 from tne reading Dencie this vector by

E.3 Evaluation of flexibility test data

Compute the magnituce of the vecior (A - B8 If this
magnitude when diviced by the magnitude of vector
A s less than 0.2, the roter can usuaily De considerad
ngid fcr baiancing purgeses. Conversely, if this ran
is 0.2 or greater, then tne roter SNOUIC Te raated 2s
a quasi-rigid or a fiexible rotor.

If suificient rotor system mocelling 9313 ars availabie,
1t 1S D0ssibie 10 generate analyticaliy the 3Jais needed
for calcutating the ratic in £.3, thereby avoicing ne
need ¢ perform the fiexicility 1@st. Particular care
must De taken with this appreach 1o maoce! 2ccurataly
the suffness and damping characignstcs of the
rotcr/sueport sysiem.
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Examples of the use of conversion factors

Example 1 irefars 12 3.3}

Rotor

Steam iurbine rator (Machinery 2lassificaton i)

Service speed

3 GO0 rev/imin

Permissitle vicration severity (rms) on site, X

2.5 mm/s [value ior Dearing pedastal vioration fram
the preduct sgecificaton!]

Location in factory

3elancing faciity witn less-stiff supperts than on sita.

Measurement iocations

On peanng pecestals

Convarsion factars, values from table C.1 according to
the experience of the manufaciurer

K,=08
LK =13
K, = 1,0 (not zopiicable)

Permussible once-per-revolution vibration (rms) on the
bearning pedestal in the baiancing faciiity

At the service speed, this will be equivalent to a
ance-per-revolution displacement (peak-to-peak) of:

Y =Ky K, KyX
=10x1,3x09x%x25=293 mm/s

242
293 <80

7% Fogg <O = 28um

1) If the product specification 15 not stated in terms
availaile, then see, for example, {SO 10816-1.

cf “vibraticn seventy” or no product specificaticn s

27
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Example 2 (refers tc 3.3)

Rotor 860 MW generatcr ~2zr

Service speed 3000 rav/min

Permissiple snaft reiative vibration {peak-to-peak dis-
clacement) on site, X

80 um close 0 the :gurrals ilimit 2° Zane A from
SO 79313-2)

_ocation in faciory

Balancing facility with l@ss-suif suppert than on sit2

Meaasurement locations

! Close ¢ the journais and at r

a

sousing

Conversicn faClors accoraing 19 the experience of the
anufaciurer

Kg = O.g
K.=13
Ky = 1.0 for measurameanis S 032 10 the journals

Ky = 4,0 for measuramerts 31 N2 ITUCURG (COTa

re
bv consicaranon of -otor modal Zraracisnsues)

Permissibie once-per-ravolution snaft relative vibration
(peax-to-ceak displacement) in the talancing facility:

al  close ic the :curnals:

D) 2T ihe coupiing:

=1.0x1.3%03.30=34.:m
—20« 133380 =372um

Example 3 (rafers 10 3.4.3.2)

cter Turbo comprassor iG 2,3 from 150 1940-7)
!

Rotor ciass 3b

Service speed 15 000 rav/min

Rotor mass 1000 kg

Assume low-speed Dalancing in two plares closa o

oearings:
. . ‘ Can ZMMo R
wtal residuat unialance for an equivaient ngid rotor | 1,80 - < 0CC <z =1 30C g-mm
In accordance with 15O 194041 5
garmissiole equivalent first modaf unbalance i 80C g-m
(100 %)
ocermissiole equivalent second modal unbalance 960 g-mm
80 %)

totai residual unbalance for the rigid rotor

|

1

1 800 g-mm (B0 3 m per plare!

28
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Method of computation of unbalance correction

This annex gives 2 suggested method of computaticn
of unbalance correction by cuservation of the affact
of a trial mass ser.

Let vecior OB reprasant the resultant vibration, at the
same speed and plotted to the same referance, when
a triar mass set 1s added o the rotor.

Tnen the "affect” of tha tnal mass set s representad
In ampiitude ang angle by the vector AB.

Thaersfore .n order 10 nullify the orginal vibrauon, the
tnal mass set shculd be moved througn the angle

BAQ and each mass in the set adjusted in size \n the
ratio AQ/AB.

T W

Figure G.1 — Vectorial effect of a trial mass set

29
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Definitions from ISO 1925:1990 relating to flexible rotors

H.1 (rotor) flexural critical speed: Speec of 3 rotor
at which thera is maximum flexure af the rotar and
wnere that flexure is significantly greater than the
mgcten of the journals.

H.2 rigid-rotor-mode critical speed: Speed of 3
roter at which there is maximum motion of the jour-
nais and where that moton is significantly greater
inan the flexure of the rotor.

H.3 (rotor) flexural principal mode: For undamped
roter/bearing systems, that mode shape which the
rotor takes up at one of the irotor! flexural critical
speeds.

H.4 multiplane balancing: As applied t¢ the %al-
ancing of flexible rotors, any balancing procedure that
requires unbalance correction in more than two cor-
rection planes.

H.5  modal balancing: Procedure for balancing flex-
ibie roters in which unbalance corrections are made
to reduce the amplitude of wvibration in the separate
significant principai flexural modes 10 within specified
limits.

H.6 nth modal unbalance: That unbalance which
affects only the ath principal mode of the deflection
configuraticn of & rotor/bearing system.

NCTZ 26  The nth modal unbalance 1s not a single unbal-
ance but an unbalance distrbution u(z) in the ath principal
moae. It can be mathematucally representeg with respect
to its effect an the ath grincipal mode by a single unbalance
vector {/, cbtained from the formula

L

U, = ulzip,iz)d:
‘0
‘where
$,(z) 13 the mode function;

L is the rotor length;

Is the unbalance distribution

30

H.7 equivalent ath modal unbalance: The min-
mum single unbalance U, equwalent ta the atn
modal unbalance in 1ts effect on the nth principai
mode of the deflection configuratcn,

NOTES

27 There exists the relation U, = U,,0,(z,). where 0,7,; 1s
the moge function value = = -, the axial coorcinate of the
transverse plane where U, is appiied.

28 A set of masses distnbuted in an approoniate number
of correction planes and so propornoned that the mocde un-
der consideration will De affected, may be called the aguiv-
aient nth mocal unbaiance set.

2%  An eguivalent ath modal unpalance will affect some
modes other than the ath mode.

H.8 modal balance tolerance: With respect 10
mode, that amount of equivaient modal unbalance
that is soecified as the maximum below which the
state of untalance in that mode 1s considered 10 he
acceptaole.

H.9 multiple-frequency vibration: Vibration at a
frequency corresponding to an integral muitiple of the
rotaticnal speed.

NOTE 30 This vibration may be caused by anisotropv of
the rotor, non-linear <naracteristics of the rotor/bearing sys-
lem, or other causes.

H.10 thermally induced unbalance: That change in
concitton exhibited by a rotor if its state of unbalance
is significantly altered by its changes in temperature.

NOTE 31 The change in congition may be permanent or
temporary
H.11 low-speed balancing (refating to fiexible

rotors): Procedure of balancing at a speed where the
rotor 10 oe balanced can be considered to be rigid.

H.12 high-speed balancing (relating to flexible
rotors): Procedure of baiancing at a speed where the
rotor to be balanced cannot be considered to be rigid.
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