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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, gover

non-
Inter

Inter
The

adogq
Inter

hational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, H

ted by the technical committees are circulated to the member bodies for/woting. Publig
hational Standard requires approval by at least 75 % of the member bodies, casting a vote.

Attenption is drawn to the possibility that some of the elements of this documtent may be the subj

right

ISO
Subq

This
revis

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

1940-1 was prepared by Technical Committee ISO/TG08, Mechanical vibration
ommittee SC 1, Balancing, including balancing machines:

second edition cancels and replaces the first edition (ISO 1940-1:1986), which has bee

using the correction planes as tolerance planes.

ISO
requ

1940 consists of the following parts, under the general title Mechanical vibration — Ba
rements for rotors in a constant (rigid) staté:

Part 1. Specification and verification of balance tolerances

Part 2: Balance errors

nmental and
ely with the

art 2.

main task of technical committees is to prepare International Standards. Draft-Internationgal Standards

ation as an

ect of patent

and shock,

h technically

ed. The most important change is the introduction<of ‘reference planes for balance tolerancgs instead of

ance quality
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Introduction

A general introduction to balancing standards will be given in ISO 19499 (under preparation). For rotors in a
constant (rigid) state, only the resultant unbalance and the resultant moment unbalance (resultant couple
unbalance) are of interest, both together often expressed as dynamic unbalance.

The balanci Aa v —eRab dueed O —Hewever—it-weuld be
uneconomichl to reduce the unbalances to these limits. On the contrary, it is necessary to specify the.balance
quality requirement for any balancing task.

Of similar importance is the verification of residual unbalances. For this verification, different balance drrors
have to be taken into account. An improved procedure to handle errors of the balancing machine is descfibed
in connectiop with ISO 1940-2.

vi © ISO 2003 — Al rights reserved
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Mechanical vibration — Balance quality requirements for rotors
in a constant (rigid) state —

Part 1:

Sp

ecification and verification of balance tolerances

This
a)
b)
c)

Recq
statg

worldlwide experience.

This
rotat

Deta
ISO

This
flexil
2

The

refer]
docu

Scope

part of ISO 1940 gives specifications for rotors in a constant (rigid) state. t\specifies

balance tolerances,

he necessary number of correction planes, and

methods for verifying the residual unbalance.

mmendations are also given concerning the balance'quality requirements for rotors in a co
, according to their machinery type and maximum service speed. These recommendations g
part of ISO 1940 is also intended to facititate the relationship between the manufacturer

ng machines, by stating acceptance criteria for the verification of residual unbalances.

iled consideration of errors associated with balancing and verification of residual unbalance
1940-2.

part of ISO 1940 does not cover rotors in a flexible state. The balance quality requirements f
le state are covered by-|SO 11342.

Normative references
following{ referenced documents are indispensable for the application of this documen

ences,“only the edition cited applies. For undated references, the latest edition of the
merit (including any amendments) applies.

nstant (rigid)
re based on

and user of

are given in

br rotors in a

. For dated
referenced

ISO

1925:20U°T, Mechanical vibration — balancing — vocabulary

ISO 1940-2, Mechanical vibration — Balance quality requirements of rigid rotors — Part 2: Balance errors
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3 Terms and definitions

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

users, some

of these definitions are cited below.

NOTE Some of these definitions are at present under review.

31
balancing

procedure by which the mass distribution of a rotor is checked and, if necessary, adjusted to ensure that the
residual unbalance or the vibration of the journals and/or forces on the bearings at a frequency corresponding

to service s(

[ISO 1925:2

3.2
unbalance

eed are within specitied lIimits

D01, definition 4.1]

condition which exists in a rotor when vibration force or motion is imparted to its bearings as a result of

centrifugal fq
[1ISO 1925:2

3.3

rces

D01, definition 3.1]

initial unbalance

unbalance 0|
[1ISO 1925:2

3.4
residual un

f any kind that exists in the rotor before balancing

D01, definition 3.11]

balance

final unbalgnce

unbalance o
[ISO 1925:2
3.5

resultant urn
vector sum (
NOTE 1 S
[1ISO 1925:2

NOTE2 T

f any kind that remains after balancing

D01, definition 3.10]

balance

f all unbalance vectors-distributed along the rotor
e notes to definition 3.6

D01, definition 3+12]

Nis can be.expressed as

. K
Ur= )]

Uk

k=

where

1

Ur is the resultant unbalance vector (g-mm);

ak are

3.6

the individual unbalance vectors, numbered 1 to XK.

resultant moment unbalance
vector sum of the moments of all the unbalance vectors distributed along the rotor about the plane of the
resultant unbalance

© ISO 2003 — Al rights reserved
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NOTE 1 The resultant unbalance together with the resultant moment unbalance describe completely the unbalance of
a rotor in a constant (rigid) state.

NOTE 2  The resultant unbalance vector is not related to a particular radial plane, but the amount and angular direction
of the resultant moment unbalance depend on the axial location chosen for the resultant unbalance.

NOTE 3  The resultant unbalance vector is the vector sum of the complementary unbalance vectors of the dynamic
unbalance.

NOTE 4  The resultant moment unbalance is often expressed as a pair of unbalance vectors of equal magnitude, but
opposite directions, in any two different radial planes.

NOTEA This can he m(lnmeend as

i3 (o, ~E4)D

wherg
Pr is the resultant moment unbalance (g-mma2);

U+ are the individual unbalance vectors, numbered 1 to K;

Zu, is the axial position vector from a datum mark to the plane of the resultaht unbalance U ;

z+ is the axial position vector from the same datum mark to the plahe/of Uk.
NOTE 6 Adapted from ISO 1925:2001, definition 3.13.

3.7
couple unbalance
pair [of unbalance vectors of equal amount but Opposite angles, in two radial planes, forming a moment
unbglance with the plane distance

3.8
dynamic unbalance
condition in which the central principal axis has any position relative to the shaft axis

NOTE 1 In special cases it may be’parallel to or may intersect the shaft axis.
NOTE 2  The quantitative-measure of dynamic unbalance can be given by two complementary unbalance [vectors in two
specified planes (perpendicular to the shaft axis) which completely represent the total unbalance of the rotor in a constant
(rigid) state.

NOTE 3  Adapted-from ISO 1925:2001, definition 3.9.

3.9
amount‘ofiunbalance
prod[]lct of the unbalance mass and the distance (radius) of its centre of mass from the shaft axis

NOTE Units of amount of unbalance are gram millimetres (g-mm).
[1ISO 1925:2001, definition 3.3]

3.10

angle of unbalance

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

[ISO 1925:2001, definition 3.4]

© 1SO 2003 — Al rights reserved 3


https://standardsiso.com/api/?name=f5808e1fa32de6a6a14a5518faec1964

ISO 1940-1:2003(E)

3.1

unbalance vector
vector whose magnitude is the amount of unbalance and whose direction is the angle of unbalance

[ISO 1925:2001, definition 3.5]

3.12

state of a rotor
state determined by the unbalance behaviour with speed, the types of unbalance to be corrected, and the
ability of the rotor to maintain or to change the position of its mass elements and their centres of mass relative
to each other within the speed range

NOTE 1 U
(ISO 1925) e
with speed.

NOTE 2
Mass elemen

NOTE3 T

NOTE4 T
The acceptab

NOTES5 T
overspeed as

NOTE6 W
need to be co

3.13

constant (ri
state of aro
and/or the re
rotor relative

Mass elements are useful means to describe the mass distribution of a rotor and possible changes with s

gid) rotor state

hbalances in most cases to not change considerably with speed. Contrary to the definitions used upg
en modal unbalances are not speed dependent. Only a special cases do unbalances change censide

s can be finite elements, or parts or components.
ne rotor state is also influenced by its design, construction and assembly.

ne response of the rotor to unbalance can change with the speed range and its bearing support condi
lity of the response is determined by the relevant balance tolerances.

a margin for service loads (e.g. temperature, pressure, flow).

ith regard to balancing, only changes in the position of rotaPmass elements not symmetric to the shaf
hsidered.

or where the unbalances are not changirig-considerably with speed, only the resultant unbal
sultant moment unbalance are out of specified limits, and the position of all mass elements ¢
to each other remains sufficiently constant within the speed range

now
rably

beed.

tions.

ne speed range covers all speeds from standstill to the maximuni sefvice speed, but can also inclugle an

t axis

ance
f the

ed to
ency

NOTE The unbalance of a rotor in its constant state can be corrected in any two (arbitrarily selected) planes.

4 Pertinpnt aspects of balancing

4.1 General

Balancing is| a procedure by which the mass distribution of a rotor is checked and, if necessary, adjust
ensure that rI‘he residual unbalance or the vibration of the journals and/or forces at the bearings at a frequ
correspondimg ta@ service speed are within specified limits.

Rotor unbalamce—Tambecaused—by desigm, materiah, mmanufacturing—and—assembty—Every Totor =

individual unbalance distribution along its length, even in a series production.

4.2 Representation of the unbalance

an

One and the same unbalance of a rotor in a constant (rigid) state can be represented by vectorial quantities in
various ways, as shown in Figures 1a) to 1f).

Figures 1a) to 1c) show different representations in terms of resultant unbalance and resultant couple
unbalance, whereas Figures 1d) to 1f) are in terms of a dynamic unbalance in two planes.

NOTE 1

the associated resultant couple unbalance is dependent on the location of the resultant unbalance vector.

The resultant unbalance vector may be located in any radial plane (without changing amount and angle); but

© ISO 2003 — Al rights reserved
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NOTE 2 The centre of unbalance is that location on the shaft axis for the resultant unbalance, where the resultant
moment unbalance is a minimum.

If single-plane balancing is sufficient (see 4.5.2), or when considerations are made in terms of resultant/couple

unbalance (see 4.5.4), the representation in Figures 1a) to 1c) is preferable. In the case of typical two-plane
considerations, the representation in Figures 1d) to 1f) will be advantageous.

Dimensions in millimetres

A A

[Tp]

ks
a) |A resultant unbalance vector together with an b)’ Special case of a), namely unbalance \ector located
associated couple unbalance in the end planes at mass centre CM (static unbalance), together with

an associated couple unbalance in the €nd planes

VA

1.6°

c) Special case of a), namely resultant unbalance d) An unbalance vector in each of the end planes
vector located at the centre of unbalance CU. The
associated couple unbalance is a minimum and lays
in a plane orthogonal to the resultant unbalance
vector

© 1SO 2003 — Al rights reserved 5
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e) Two 90°| unbalance components in each of the end f)  An unbalance vector in each of two other planes
planes
a8 Unbalange is 5 g-mm. f Unbalance is 3 g-mm.
b Unbalange is 1,41 g-mm. 9  Unbalance is 1 g-mm.
¢ Unbalange is 3,16 g-mm. h" Unbalance is 2 g-mm.,
d  Unbalange is 2,24 g-mm. i Unbalance is 2,69 gmm.
€ Unbalange is 1,12 g-mm.
CM is the centre of mass.
CU is the cenfre of unbalance.
Figure 1 — Different representations of the same unbalance of a rotor in a constant (rigid) state
4.3 Unbajance effects

Resultant ur
forces on th
considered

noted that i

balance and resultant moment unbalance (resultant couple unbalance) have different effec
b bearings and on the vibration of(the machine. In practice, therefore, both unbalances are
beparately. Even if the unbalance, is stated as a dynamic unbalance in two planes, it shou
n most cases there will be a-difference in effects if the unbalances dominantly form eith

resultant unbpalance or a resultant couple_unbalance.

4.4 Refer

It is desirak
magnitude g
position may

There are al
these plane
and forces ftr

ence planes for balance tolerances

le to use special reference planes to state balance tolerances. For these planes, only
f each residual unbalance must stay below the respective tolerance value, whatever the an
be.

Is on
bften
d be
er a

ways two ideal planes for balance tolerances for a rotor in a constant (rigid) state. In most g
5 @re ‘near to the bearing planes. Moreover, the aim of balancing is usually to reduce vibr

ISO 1940 takes the bearing planes A and B as reference planes for balance tolerances (tolerance blanes).

4.5 Correction planes

4.51

General

Rotors out of balance tolerance need correction. These unbalance corrections often cannot be performed in
the planes where the balance tolerances were set, but need to be performed where material can be added,

removed or r

elocated.

© ISO 2003 — Al rights reserved
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The number of necessary correction planes depends on the magnitude and distribution of the initial unbalance
as well as on the design of the rotor, for instance the shape of the correction planes and their location relative
to the tolerance planes.

4.5.2 Rotors which need one correction plane only

For some rotors, only the resultant unbalance is out of tolerance, the resultant moment unbalance is in
tolerance. This typically happens with disc-shaped rotors, provided that

— the bearing distance is sufficiently large,

— i Ic ulibb IUtdtUb Vvit;l bullﬂb;cl Itiy oll Id“ d)\;di Ul IUut, dl |u'
— the correction plane for the resultant unbalance is properly chosen.

Whether these conditions are fulfilled may be investigated in each individual case." After |single-plane
balapcing has been carried out on a sufficient number of rotors, the largest residual moment Uinbalance is
detefmined and divided by the bearing distance, yielding a couple unbalance (pair'of unbalanceg). If, even in
the worst case, the unbalances found this way are acceptable, it can be._expected that a [single-plane
balapcing is sufficient.

For gingle-plane balancing, the rotor needs not rotate but, for sensitivity-and accuracy reasons, irl most cases
rotatlonal balancing machines are used. The resultant unbalance canlbe determined and corrected to limits.

4.5.3 Rotors which need two correction planes

If a fotor in a constant (rigid) state does not comply with the conditions as stated in 4.5.2, the moment
unbgdlance needs to be reduced as well. In most casesjfesultant unbalance and resultant momeit unbalance
are assembled into a dynamic unbalance: two unbalance vectors in two planes [see Figurg 1d)], called
complementary unbalance vectors.

For fwo-plane balancing, it is necessary for the-rotor to rotate, since otherwise the moment unbalance would
remgin undetected.

4.5.4 Rotors with more than two correction planes

Althqugh all rotors in their constant (rigid) state theoretically can be balanced in two planes, sometimes more
than|two correction planes are.used, for instance

— |n the case of sepatate corrections of resultant unbalance and couple unbalance, if the correction of the
resultant unbalance’is not performed in one (or both) of the couple planes, and

— |f the correction is spread along the rotor.

NOTE In-special cases, spreading the correction along the rotor may be necessary due to restiictions in the
correction planes (e.g. correction of crankshafts by drilling into the counterweights), or advisable in order tolkeep function
and gomponent strength.

4.6 Permissible residual unbalance

In the simple case of an inboard rotor with small axial length, for which the couple unbalance may be ignored,
its unbalance state can then be described as a single vectorial quantity, the unbalance U.

To obtain a satisfactory running of the rotor, the magnitude of this unbalance (the residual unbalance U,)
should not be higher than a permissible value Uper i.e.
Ures < Uper (1)

More generally, the same applies to any type of rotor.

© 1SO 2003 — Al rights reserved 7
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NOTE

The Sl unit for Upe

:2003(E)

. is kilogram metres (kg-m), but for balancing purposes a more practical u

gram millimetres (g-mm).

U,
alfg

5 Similarity considerations

5.1 Gene
Some consi
mass and sH

5.2 Perm

In general, 1
mass m:

Uper

~ )
If the value
residual spe
eper = Y
NOTE1 T
per kilogram

NOTE2 T

ral

nit is

; is defined as the total tolerance in the mass centre plane. For all two-plane tasks, this tolerance shall be
cated to the tolerance planes (see Clause 7).

derations on similarity may help in the understanding and calculation of the influences ©f
rvice speed on the permissible residual unbalance.

issible residual unbalance and rotor mass

U,

or rotors of the same type, the permissible residual unbalance per

is proportional to the

of the permissible residual unbalance is related to the rotordmass, the result is the permig

Cific unbalance €per AS given by the following equation:

per/m

ne Sl unit for Uy, /m is kilogram metres per kilogram (kg-m/kg), but a more practical unit is gram millin]
g-mm/kg), whicﬁ corresponds to micrometres in Note»2:

he S| unit for €per is kilogram metres perKilogram (kg-m/kg) or metres (m). A more practical u

rotor

rotor

()

sible

(3)

etres

nit is

micrometres (um) because many permissible residual specific unbalances are between 0,1 pm and 10 ym. The term €per

is useful espe

NOTE 3 In
distance of th
artificial quan
€per CaNNot b

NOTE4 T
balancing ma

NOTE S5  Sn
etc.) is adequ
self-drive. In
bearings and

5.3 Perm

cially if one has to relate geometric tolerancés (runout, play) to balance tolerances.

the case of a rotor with only a resultant unbalance (e.g. a disc, perpendicular to the shaft axis), €per
e mass centre from the shaft axis."In the case of a general rotor with both types of unbalance, e
ity containing the effects of the resulting unbalance as well as of the resultant moment unbalance.

b seen on a general rotor.

er
he

here are limits for achiévable residual specific unbalance €per depending on the set-up conditions i
chine, for instance: entring, bearings and drive.

nall values of €er Can only be achieved in practice if the accuracy of shaft journals (roundness, straight
ate. In some '\Cases it may be necessary to balance the rotor in its own service bearings, using belt-,
bther casesvbalancing needs to be carried out with the rotor completely assembled in its own housing
Self-drive; under service condition and temperature.

s the
is an
efore

n the

ness,
ir- or
with

isSible residual specific unbalance and service speed

For rotors of the same type, experience shows that, in general, the permissible residual specific unbalance
value €per varies inversely with the service speed »n of the rotor:

€per ~ 1/n

(4)

Differently expressed, this relationship is given by the following equation, where 2 is the angular velocity of
the rotor at maximum service speed:

€per

0=

constant

()

© ISO 2003 — Al rights reserved
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This relationship follows also from the fact that for geometrically similar rotors running at equal peripheral
velocities, the stresses in the rotors and the bearing specific loads (due to centrifugal forces) are the same.
The balance quality grades (see 6.2, Table 1 and Figure 2) are based on this relationship.

NOTE For rotors with a service speed significantly lower than the maximum speed for which the rotor was designed
(e.g. some types of a.c. motors designed for 3 000 r/min, used in a 1 000 r/min stator), this similarity rule can be too
restrictive. In such cases a higher value of €per May be admitted (proportional to 3 000/1 000).

6 Specification of balance tolerances

6.1 —General

The palance tolerances may be determined by five different methods as described in 6.2 to-6:5. The methods
are hased on

— palance quality grades, derived from long-term practical experience with a large number of different rotors
see 6.2),

— pxperimental evaluation of permissible unbalance limits (see 6.3),
— |imited bearing forces due to unbalance (see 6.4.1),

— |imited vibrations due to unbalance (see 6.4.2), and

— pstablished experience with balance tolerances (see 6.5).

The phoice of method should be agreed between the manufacturer and user of the rotor.
6.2 | Balance quality grades G

6.2.1 Classification

On the basis of worldwide experience and_similarity considerations (see Clause 5), balance quality grades G
haveg been established which permit a(classification of the balance quality requirements for typical machinery
types (see Table 1).

Balapce quality grades G are ‘designated according to the magnitude of the product ey (2 gxpressed in
millimetres per second (mm/s)-If the magnitude is equal to 6,3 mm/s, the balance quality grade i$ designated
G 6,3.

Balapce quality grades-are separated from each other by a factor of 2,5. A finer grading may be hecessary in
some cases, espegially when high-precision balancing is required, but it should not be less than alfactor of 1,6.

The palues of Pher (identical to Uper/m) are plotted against the maximum service speed in Figure 2

NOTE Figure 2 contains some additional information on generally used areas (speed and quality gradg G), based on
comrpon-experience.

6.2.2 Special designs

The balance quality grades are based on typical machine design, where the rotor mass is a certain fraction of
the complete machine. In special cases modifications are needed.

EXAMPLE Electric motors of shaft heights smaller than 80 mm are grouped to G 6,3 and the permissible unbalance
will be derived from this class (see 6.2.3). This permissible unbalance value is applicable, as long as the rotor mass is a
typical percentage of the machine mass, for instance 30 %. In the case of light-weight rotors (such as an iron-less
armatures), the rotor mass may be only 10 % of the total mass. As a result, three times the permissible unbalance may be
allowed.

On the contrary, if the rotor mass is extremely high (in the case of an external-rotor motor), it may be up to 90 %. The
permissible unbalance may need to be reduced by a factor of 3.

© 1SO 2003 — Al rights reserved 9
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6.2.3 Permissible residual unbalance

G by

(6)

cond

The permissible residual unbalance Uper €aN be derived on the basis of a selected balance quality grade
the following equation:
eper - £2)-m

Uper="1000 M
where

Uper is the numerical value of the permissible residual unbalance, expressed in gram millimetres

(g-mm);
(eper-.Q) is the numerical value of the selected balance quality grade, expressed in millimetres-per se

m

Q

As an altern

Uper =4

NOTE F
specific unba
example is gi

Uper is defin

allocated to

6.3 Expe

Experimentg
applications
introducing

criterion (e.d

In two-plane
with the sam

(mm/s);
is the numerical value of the rotor mass, expressed in kilograms (kg);

is the numerical value of the angular velocity of the service speed, expressed in radiang
second (rad/s), with 2~ n/10 and the service speed # in revolutions perminute (r/min).

btive, Figure 2 may be used to derive e, ., then:

per’

per - M

br the permissible residual unbalance Uper, the balance quality grade (eper-Q), and permissible re
ance eper, the Sl units are used here with prefixes, so.special care is needed to apply this equatio
en in Annex A.

he tolerance planes (see Clause 7).

rimental evaluation

| evaluation of the balance\quality requirements is often carried out for mass produ

Tests are commonly performed in situ. The permissible residual unbalance is determing
arious test unbalances successively in each correction plane, based on the most represent
. vibration, force, noise Caused by unbalance).

balancing, if né.tolerance planes (as specified in 4.4) are used, the different effects of unbala
e phase angle and of those 180° apart shall be taken into account.

per

(7)

sidual
n. An

2d as the total tolerance in the mass centre plane. For all two-plane tasks, this tolerance shall be

iction
d by
ative

nces

10
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Table 1 — Guidance for balance quality grades for rotors in a constant (rigid) state

Balance quality Magnitude

Machinery types: General examples grade eper 2
G mm/s
Crankshaft drives for large slow marine diesel engines (piston speed below G 4000 4 000
9 m/s), inherently unbalanced
Crankshaft drives for large slow marine diesel engines (piston speed below G 1600 1600
9 m/s), inherently balanced
Crankshaft drives. inherently unbalanced, elastically mounted G 630 630
Crarlkshaft drives, inherently unbalanced, rigidly mounted G 250 250
Complete reciprocating engines for cars, trucks and locomotives G 100 100
Card: wheels, wheel rims, wheel sets, drive shafts G 40 40

Crarlkshaft drives, inherently balanced, elastically mounted

Agrigultural machinery G 16 16
Crarlkshaft drives, inherently balanced, rigidly mounted
Crughing machines

Driv¢ shafts (cardan shafts, propeller shafts)

ft gas turbines G6,3 6,3

Compressors G25 2,5
Computer drives

Electric motors and generators (0f at' least 80 mm shaft height), of maximum rated
speeds above 950 r/min

Gas|turbines and steam turbines

Machine-tool drives

Text|le machines

Audip and video drives G1 1
Grinfling maching drives
Gyrgscopes G04 0,4

Spindlesand drives of high-precision systems

NOTI

y completely a empled rotor dlre d
grade may be used instead. For components, see Clause 9.

NOTE 2 All items are rotating if not otherwise mentioned (reciprocating) or self-evident (e.g. crankshaft drives).
NOTE 3 For limitations due to set-up conditions (balancing machine, tooling), see Notes 4 and 5in 5.2.

NOTE 4 For some additional information on the chosen balance quality grade, see Figure 2. It contains generally used areas
(service speed and balance quality grade G), based on common experience.

NOTE 5 Crankshaft drives may include crankshaft, flywheel, clutch, vibration damper, rotating portion of connecting rod. Inherently
unbalanced crankshaft drives theoretically cannot be balanced; inherently balanced crankshaft drives theoretically can be balanced.

NOTE 6 For some machines, specific International Standards stating balance tolerances may exist (see Bibliography).
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Permissible residual specific unbalance, ey, g-mm/kg
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Service speed n, r/min

NOTE The white area is the generally used area, based on common experience.

Figure 2 — Permissible residual specific unbalance based on balance quality grade G
and service speed « (see 6.2)
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6.4

6.4.1

ISO 1940-1:2003(E)

Methods based on special aims

Limited bearing forces

The main objective may be to limit the bearing forces caused by unbalances. The limits are stated first in
terms of bearing forces, but then need transformation into unbalances. In the case of a sufficiently steady (not
moving) bearing housing, this transformation simply uses the equation for the centrifugal force (see Annex B).

In all other cases, the dynamic behaviour of the structure under service condition shall be considered. There
are no simple rules available for these cases.

6.4.2

The
hang

6.5

If a g
mak

7 Allocation of permissible residual unbalance to‘tolerance planes

7.1 | Single plane

In the case of single-plane correction, Uper is used entirely for this plane (see 4.5.2). In all other
shalllbe allocated to the two tolerance planes.

7.2 | Two planes

7.2.1 General

The permissible residual unbalance U, is allocated in proportion to the distances from the mass

oppdsite tolerance plane (see-Figures 3 and 4). If the tolerance planes are the bearing planes

Limited vibrations

main objective in this case is to limit vibrations in certain planes. This may be of interest for

Methods based on established experience

p full use of this. Annex D gives some guidance.

-held machines. Balance quality requirements can be derived from these limits (see Annex C)).

instance for

ompany has gained sufficient established experience to assess the balance quality of its profucts, it may

cases, Upgr

centre to the
\ and B, the

folloyving equations apply:
Uper' LB
Upera = — s (8)
L
Uper LA
UperB<= P 8 9)
L
whele
Uper A is the permissible residual unbalance in bearing plane A;
Uperp Is the permissible residual unbalance in bearing plane B;
Uper is the (total) permissible residual unbalance (in the mass centre plane);
La is the distance from mass centre plane to bearing plane A;
Lg is the distance from mass centre plane to bearing plane B;
L is the bearing span.
© 1SO 2003 — Al rights reserved 13
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7.2.2 Limitations for inboard rotors

For general outlines, see Figure 3. If the mass centre is near to one bearing, the calculated tolerance for this
bearing becomes very large, near to the value of Upers and the value for the remote bearing will become very
small, near to zero. To avoid extreme tolerance conditions, it is stipulated that

— the larger value should not be larger than 0,7 Up

— the sma

o @nd

ller value should not be smaller than 0,3 Uy,

Key
1 tolerance
CM is the cen

7.2.3 Limi

For general

avoid extrenpe tolerance conditions, it is stipulated that

— thelarg

— the smad

planes (= bearing planes)

tre of mass.
Figure 3 — Inboard rotor with mass centre in an asymmetric position
ations for outboard rotors

putlines, see Figure 4. The values are calculated according to Equations (8) and (9). However, to

er value should not be larger than 1,3 Uy, and

llervalue should not be smaller than 0,3 Uy,

The upper u

nbalance Iimit I1s different from that of the inboard rotor. This assumes that bearing b and the

supporting structure are designed to take the static load exerted by the overhung mass. Thus it will also
support a proportionately higher load caused by unbalances. If this is not the case, the limitations for inboard
rotors should be applied.

14
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La

Key
1 tplerance planes (= bearing planes)
CM ig the centre of mass.

Figure 4 — Outboard rotor with mass centre in an overhung position

8 Allocation of balance tolerances to correction planes

8.1 | General

It is ptrongly recommended to use special reference planés to state balance tolerances, but many of today's
balapcing processes still apply balance tolerances at thé.correction planes.

Sincg correction planes are selected in accordancewith the correction process, they usually are|not ideal for
balapce tolerances (see 4.4). If tolerances have to be allocated to the correction planes, the fpllowing two
topids are important.

a) PBoth the magnitude of the residual unbalances and their relative angular position have an finfluence on
he state of unbalance. Nevertheless, even in these cases tolerances are usually defined only in terms of
amount, not of angular relationship.

b) Any allocation rule is therefore a compromise. It has to consider the worst case of angulail relationship
between the residual Gnbalances in both correction planes. For all other conditions, the safe residuals
Will create lower efféets on the rotor.

Thug, using balancg tolerances in correction planes, many rotors are balanced to smaller unbalance values
than|necessary.

The palance-tolerances may be determined by the methods described in Clause 6.

— |In~the case of experimental determination (see 6.3), the permissible residual unbalance|is generally

bained for each correction rr_\lant:\' no further allocation is rnquirnr’l

— Whenever tolerance planes are used, for instance basing on balance quality grades (see 6.2), on special
aims (see 6.4), or on established experience (see 6.5), a subsequent allocation to the correction planes
may be needed.

8.2 Single plane

For rotors which need one correction plane only, the permissible residual unbalance Uper in this plane is equal
to the sum of the tolerance amounts in the tolerance planes.

NOTE When applying balance quality grades (see 6.2) to determine U,

per allocating to two tolerance planes (see
Clause 7) is omitted.
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8.3 Two planes

If the correction planes | and Il are near to the tolerance planes A and B, the tolerances may be transferred
with a factor of 1; i.e. use the tolerance value of the adjacent tolerance plane. For more details and other
conditions, see Annex E.

9 Assembled rotors

9.1 Gene

ral

Assembled
unbalances
because of

NOTE If
balancing ma

9.2 Balarn

The best way to take care of all unbalances in the rotor and all related assembly errors in one step

balance the

If a rotor is
housing), it
reassembly.

NOTE T

9.3 Balarn
If individual

a) Usually
allowing

each co

b)
provide

Prior a
connect

c)

If the balang

If this causes problems (e.gCwith a light fan or pulley on a heavy armature) any distribution rule is all

rotors may be balanced as integral rotors or on the component level. For each assembly
pf the components superimpose and assembly errors create additional unbalances, forinsta
unout and play (see ISO 1940-2 for details).

assembly errors are not decisive, the choice of balancing process may be governed by-the availabi
Chines.

ced as a unit

rotor as a fully assembled unit.

balanced as an assembly but needs to be disassembled.afterwards (e.g. for mounting int
s recommended to mark each component angularly to<easure identical angular positions d

ne above-mentioned problems with runout and play can'still exist.

ced on component level

components are balanced separately,the following comments are important.

all components are balanced to the same specific residual unbalance (see Clause 5). How
for additional assembly errors (see 1ISO 1940-2) means that the specific residual unbalan
mponent shall be smallerthan the specific residual unbalance for the assembly.

| that the total unbajance of the assembly is kept within tolerance.

jreement between the manufacturer and user should be reached as to the attachme
ng elements such as keys (see 1ISO 8821).

assembly s
balancing o

e talerance for an assembly cannot be achieved by balancing each component separately
allhbe balanced finally as a unit. In such cases, it is recommended to reconsider wh

, the
nce,

ity of

is to

b the
uring

bver,
ce of

bwed,

nt of

, the
bther

10 Verification of residual unbalance

10.1 Gene

ral

It is advisable to verify the residual unbalance in the tolerance planes (see 4.4) and not in the correction

planes.

Any measurement contains errors. In order to verify the residual unbalance of a rotor, the balancing errors
cannot be neglected (see ISO 1940-2 for assessment and consideration).

16
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10.2 Acceptance criteria

10.2.1 Starting point

Systematic errors in the readings have been corrected, and AU is the remaining combined error (see
ISO 1940-2). For bearing planes A and B, let

Uper o be the magnitude of the permissible residual unbalance in plane A;
UperB be the magnitude of the permissible residual unbalance in plane B;

A be-the-meagnitude-of-the-measuredresiduat-unbatance-irplane-A-ofasinglereading;
U, mp be the magnitude of the measured residual unbalance in plane B of a single reading;

AU,  be the magnitude of the combined error in plane A;

AUg  be the magnitude of the combined error in plane B.

10.2]2 Manufacturer

During the balancing process, the rotor balance should be considered acceptable if the followinlg conditions
are Qoth satisfied:

Urm AS UperA_ AUA and

UrmB < UperB_AUB

10.2|3 User

If a $eparate balance check is performed, the rotor balance should be considered acceptable if the following
conditions are both satisfied:

Urm AS UperA + AUA and

UrmB < UperB+AUB

If AU, or AUp is found to be lessthan 5 % of Uper p OF Upg, g, respectively, it may be disregarded.

The magnitude of the cembined error AU, or AUg will usually be different on different balancing machines.
Therefore different valuesfor the manufacturer and the user may apply.

Repgating measufemients more often, using more than one piece of equipment, and having more than one
perspn performing-the measurements may statistically reduce the errors.

10.3 Verification on a balancing machine

Syst bmatic errors shall he checked/treated first in accordance with 1ISQ 1940-2

When the verification is carried out on a balancing machine, the residual unbalance may be measured directly.
The machine characteristics, the unbalance reduction ratio (URR) and the minimum achievable residual
unbalance (U, ,) shall meet the task (see ISO 2953).

The procedure outlined in 10.4 may also be used on a balancing machine, but this may be restricted to the
service speeds of the rotor, since at low speeds the vibration signal may be too small.

10.4 Verification outside a balancing machine

The residual unbalance may be determined outside a balancing machine, for example in situ by means of a
device capable of measuring amplitude and phase of the once-per-revolution vibration.
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Check the vibrational behaviour and scale it by the following measuring sequence without and with test

unbalances:

— measure the rotor “as it is”;

— apply a test unbalance in one plane, then measure again;

— remove the test unbalance in the previous plane, apply a test unbalance in the other plane, then measure

again;

— evaluate the readings using the influence coefficient method or equivalent.

The process
essential the

is similar to an in-situ balancing process, but without doing the final unbalance corrections
t all changes in readings are only caused by the test unbalances. Therefore measurements

be taken under identical conditions, for example at the same speed and with stationary vibrations.

If the measu
different test

ring accuracy, especially the linearity, is in doubt, it is recommended to repeat,thie procedure
unbalances, in angle and/or amount.

It is
shall

with

18
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Annex A
(informative)

Example of the specification of permissible residual unbalance based on
balance quality grade G and allocation to the tolerance planes

A1
Cons
rotor]
serv

dista

Sele|
stea

Calg

Rotor data
ider a turbine rotor with the following data (see Figure A.1):
mass: m = 3600 kg
ce speed: n =3 000 r/min
nces: Ly =1500 mm
Lg = 900 mm

L =2400 mm

ted: Balance quality grade was selected accordingzto Table 1, for machinery type “gas
turbines™: G 2,5

ulated: Angular velocity of service speed, from

Q=—""=""""""": 0=314,2radls

Key

1 tolerance planes (= bearing planes)

CM is the centre of mass.

Figure A.1 — Rotor dimensions
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A.2 Specification of Uy based on Equation (6)

From Equation (6)

Uper=1

where

Uper

€per -Q)-m

000 ( 2.5 x 3600

=28,6x10% g-mm
314,2

= 1000

is the numerical value of the permissible residual unbalance, expressed in gram millimetres

(eper'-(z)

m

Q

NOTE F
prefixes, so s

A.3 Spec
For the give

Multiplied by

A.4 Alloc

According tq
planes as fo
UperAT

UperB

A.5 Chec

(g-mm),

is the numerical value of the selected balance quality grade, expressed in millimetres_per-se
(mm/s);

is the numerical value of the rotor mass, expressed in kilograms (kg);

radians per second (rad/s).

br the permissible unbalance U, and the balance quality grade (e .- 2)~the Sl units are used hers

: ; . per
becial care is needed to apply this equation.

fication of U based on Figure 2

1 service speed and balance quality grade (see Figure'A.2): e, ~ 8 g mm/kg.

p
the rotor mass, the permissible residual unbalance is Uper ~8 x 3600=28,8x 103 g

ation to tolerance planes (bearing planes)

7.2, the permissible residual.unbalance (as calculated in A.2) can be allocated to the be
lows:

Uper'Le _ 28,6x10%%900 _

10,7x103 g-mm

7 2400
. 3

| Uper LA _ 288x10°x1500 _ 47 g 4103 4 oy
L 2400

k on limitations (see 7.2.2 for inboard rotor)

cond

is the numerical value of the angular velocity of the maximum service speed, expressg¢d in

with

mm.

aring

The larger value should not be larger than 0,7 Uy, i.e

The smaller

A.6 Resu

Uper A

Uper B

Both limits a

20

is larger than U,

is smaller than U,

U,

- Yper max

< 20,0 x 10° g-mm.

U,

ber > 8,6 x 103 g-mm.

i.e. U

value should not be smaller than 0,3 b

er min

It

per min-

per max-

re kept, Uper o @nd Uy, g as calculated apply.
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]
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Service speed n, r/min

NOTE White area is the generally used area, based on common experience.

Figure A.2 — Example of specification of €per using Figure 2
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Annex B
(informative)

Specification of balance tolerances based on bearing force limits

B.1 General

Another mai
stated, they
bearing hou

U,

per A 71

U,

per B

where

U,

per A

U,

per B

Fp
Fg
0

NOTE T
used with dim

B.2 Exan

B.2.1 Assumption

For the rotor
with

h objective of balancing can be to limit the bearing forces (see 6.4.1). If these bearing ferce

5ing, can this transformation simply use the equation for the centrifugal force:

need transformation into unbalances. Only in the case of a sufficiently steady (notymo

FplQ2

Fgl0?2

s the permissible residual unbalance in bearing A;
s the permissible residual unbalance in bearing B;
s the permissible bearing force caused by unbalances/in bearing A;
s the permissible bearing force caused by unbalances in bearing B;

s the angular velocity of the maximum seryice speed.

his equation is based on Sl units, as stated in 1ISO 1000. Usually the permissible residual unbalance
ensions with prefixes (see 4.6), so speCial care is needed to apply this equation.

ple

described in Annex A, the maximum permissible bearing forces caused by unbalances are s

5 are
ving)

S are

tated

— permisgible foree"at bearing A:  Fp =1 200 N;
— permisgibleforce at bearing B:  Fg =2 000 N.
B.2.2 Calculation
The permissible residual unbalances in bearing planes are
UperA—F—g—LOOZ =12,2x107% kg-m= 12,2x10° g-mm
0° 3142
UperB:F—g—LO% =20,3x107 kg-m= 20,3x10° g-mm
0Q° 3142
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