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Foreword

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

The procqdures used to develop this document and those intended for its further maintenance-are
described|in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed-for the
different f{ypes of ISO documents should be noted. This document was drafted in accordance|with the
editorial rjules of the ISO/IEC Directives, Part 2, www.iso.org/directives.

Attention [is drawn to the possibility that some of the elements of this document may be' the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patentrights. Details of any
patent rights identified during the development of the document will be in the Introduction and/or{on
the ISO list of patent declarations received, www.iso.org/patents.

Any trade|name used in this document is information given for the convehience of users and does hot
constitutd an endorsement.

The comnjittee responsible for this document is ISO/TC 108, Mechanical vibration, shock and conditjon
monitoring, Subcommittee SC 2, Measurement and evaluation of mechanical vibration and shock as applied
to machings, vehicles and structures.

This first|edition of ISO 21940-31 cancels and replaces-ISO 10814:1996, of which it constitutep a
technical fevision. The main change is modification tosthe modal amplification factors to make this
part of ISQ 21940 more consistent with relevant pants of ISO 7919, e.g. machines predicted to operpte
in ISO 7919-2[2] zone A would be classified as verylow (range A) and machines predicted to operat¢ in
ISO 7919-2[2] zone B would be classified as lows(range B).

ISO 2194 0| consists of the following parts, under the general title Mechanical vibration — Rotor balancipg:
— Part 1} Introduction?)

— Part 2 Vocabulary?)

— Part 1]1: Procedures and telerances for rotors with rigid behaviour3)

—  Part 12: Procedures-aud tolerances for rotors with flexible behaviour®)

— Part 13: Criteria~and safeguards for the in-situ balancing of medium and large rotors>)

— Part 14: Progedures for assessing balance errors®)

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

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

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

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

5) Revision of ISO 20806:2009, Mechanical vibration — Criteria and safeguards for the in-situ balancing of medium
and large rotors

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

iv © ISO 2013 - All rights reserved
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— Part 21: Description and evaluation of balancing machines”)
— Part 23: Enclosures and other protective measures for the measuring station of balancing machines®)
— Part 31: Susceptibility and sensitivity of machines to unbalance®

— Part 32: Shaft and fitment key convention©)

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

8) Revision of ISO 7475:2002, Mechanical vibration — Balancing machines — Enclosures and other protective
measures for the measuring station

9) Revision of ISO 10814:1996, Mechanical vibration — Susceptibility and sensitivity of machines to unbalance
10) Revision of ISO 8821:1989, Mechanical vibration — Balancing — Shaft and fitment key convention
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Introduction

Rotor balancing during manufacture (e.g. as described in ISO 1940-1[1] and ISO 11342[4]) is normally
sufficient to attain acceptable in-service vibration magnitudes if other sources of vibration are absent.
However, additional balancing during commissioning may become necessary and after commissioning,
some machines may require occasional or even frequent rebalancing in situ.

If vibration magnitudes are unsatisfactory during commissioning, the reason may be inadequate
balancing or assembly errors. Another important cause may be that an assembled machine is especially
sensitive tarelatively small residual unbalances which are well within normal balance tolerances

If vibratio
balancing

masses, high sensitivity to unbalance is indicated. This can arise, for example, if a resonance rotatio

speedisc

A sensitiv|

rebalancing in situ. This may be caused, for example, by changes in wear, temperature, mass, stiffng

and damp

If the unbglance and other conditions of the machine are essentially constant; occasional trim balanc

may be su

damping ¢r other parameters to obtain acceptable vibration magnitudes. Therefore, there is a need
consider germissible sensitivity values of the machine.

The reped

change dyring operation. Some thermal machines, especially those with sleeve bearings, have mo

vibration

temperatyre, partial steam admission or oil temperature). For electrical machines, other paramet
such as thg excitation current may influence the vibration behaviour. In general, the machine vibrat

character
its suppor
vary with

This part

however, it should be recognized thatunbalance is not the only cause of once-per-revolution vibratid

Vi

h magnitudes are unsatisfactory, the first step often is an attempt to reduce the vibration|
in situ. If high vibration magnitudes can be reduced by installing relatively small correct

ose to the normal operating speed and the damping in the system is low.

e machine which is also highly susceptible to its unbalance changing, may require frequ

ng during operation.

fficient. Otherwise it may be necessary to modify the machine te‘change the resonance spe

Characteristics which vary with particular operational parameters (e.g. steam pressure g

stics are influenced by the design features of the machine, including coupling of the rotor g

time (e.g. wear and tear).

of ISO 21940 is only concerned with once-per-revolution vibration caused by unbalan

by
on
nal

Ent
Ss,

ng
ed,
to

tability of the unbalance sensitivity of a machine istinfluenced by several factors and npay

dal
nd
er'S
on
nd

t conditions including the foundation.lIt should be noted that the rotor support conditions npay

ce;
n.
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Mechanical vibration — Rotor balancing —

Part 31:
Susceptibility and sensitivity of machines to unbalance
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Scope

s part of ISO 21940 specifies methods for determining machine vibration sensitivity'tounb
pvides evaluation guidelines as a function of the proximity of relevant resonanceyotationa

operating speed. This part of ISO 21940 is only concerned with once-per-revolution vibrat
unbalance. It also makes recommendations on how to apply the numerical sensitivity valu
‘ticular cases.

hcludes a classification system that can be applied to machines whicH is related to their sus
h change in unbalance. Machines are classified into three types ofsusceptibility and five
sitivity. The sensitivity values are intended for use on simple xmachine systems, prefel
rs having only one resonance speed over their entire operating speed range. The sensitiy
also be used for machines that have more resonance speeds in their operating speed r3
onance speeds are widely separated (e.g. by more than.20 %).

b sensitivity values given are notintended to serve as aeceptance specifications for any mach
rather to give indications regarding how to avoid@ross deficiencies as well as specifying ex
inattainable requirements. They can also serve as a basis for more involved investigations
special cases a more exact determination -of’the required sensitivity is necessary). If dug
d to the values given, satisfactory running-conditions can be expected in most cases.

b consideration of the sensitivity valiies alone does not guarantee that a given magnitude o
bperating is not exceeded. Many,other sources of vibration can occur which lie outside th
5 part of [ISO 21940.

Normative references
ispensable for ifs,'application. For dated references, only the edition cited applies. Fo
1925, Meehanical vibration — Balancing — Vocabulary)

Terms and definitions

erences, the latest edition of the referenced document (including any amendments) applieg.

hlance and
speeds to
on caused
bS in some

ceptibility
ranges of
ably with
ity values
inge if the

ine group,
aggerated
(e.g. when

regard is

f vibration
e scope of

b following documeénts, in whole or in part, are normatively referenced in this document and are

Ir undated

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

NO

4

TE Some of the terms used are explained in Annex A.

Machine susceptibility classification

4.1 General

Machine susceptibility classification is based on the likelihood of a machine experiencing significant
unbalance during operation. Machines with low susceptibility are allowed higher sensitivity values

11) To become ISO 21940-2 when revised.
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(require less damping), and machines with high susceptibility are restricted to lower sensitivity values
(require more damping).

4.2 Typ

e I: Low susceptibility

Machines of this type have alowlikelihood of experiencing significant unbalance changes during operation.
Typically they have a large rotor mass in comparison to their support housing and operate in a clean
environment, have negligible wear and exhibit minimal rotor distortion caused by temperature change.

EXAMPLES

Paper machine rolls, printing rolls, and high-speed vacuum pumps.

4.3 Typ

Machines
operation
or experie

EXAMPLES

4.4 Typ

Machines
operation
or corrosi

EXAMPLESY

4.5 Mag

The rema

(type II). H
applied to

pf this type have a moderate likelihood of experiencing significant unbalance changes dur

e II: Moderate susceptibility

Typically they are machines which operate in environments with large temperature chan
nce moderate wear.

Pumpsincleanmedia, electricarmatures, gasand steam turbines, generators;and turbo compress

e III: High susceptibility

of this type have a high likelihood of experiencing significant unbalance changes dur
Typically they are machines which run in deposit producing'(e.g. pumps operating in slud
e environments.

Centrifuges, fans, screw conveyors, and hammer mills:

chine susceptibility correction factors

nder of this part of ISO 21940 focuses eh*moderate susceptibility classification machi
or evaluation of low susceptibility or high susceptibility machines, a correction factor can
adjust the sensitivity range. Table 1 shiows correction factors that are applied to the sensitiy

ng
bes

DI'S.

ng

ge)

nes
be

ity

values (sep Clause 5) based on machine susceptibility type (see 4.2 to 4.4).

Table 1 — Correction factors

Machine )| Machine susceptibility Correction
type classification factor
[ Low susceptibility 4
3
II Moderately susceptibility 1 (Base)
11 High susceptibility 2
3

5 Modal sensitivity

5.1 General

Modal sensitivity is given in terms of the modal amplification factor, M,, which is a constant value
defining the quality range for each resonance rotational speed of a machine. For machines to achieve low
unbalance sensitivity, there needs to be adequate separation between their operating and resonance
speeds or sufficient damping.

Modal sensitivity at any or each resonance speed is also important to avoid excessive vibration when
passing through them to reach the operating speed or speed range.

© ISO 2013 - All rights reserved
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5.2 Modal sensitivity ranges

Allowable modal amplification factors, which vary with machine rotational speed, make up the modal
sensitivity ranges used to classify machines with respect to their expected operating conditions. Table

2d

efines the ranges of modal sensitivity.

Table 2 — Modal sensitivity range

5.3

While range A (see Table 2) theoretically appears to be the most desirable, considerations g

fea

Fo1
Cy(

Fo1
ser

Co
vih

5.4

5.4
Va

pel
ISC
ser|

5.4
Th

ith a series of formuldeto define the modal sensitivity ranges. These values have been def

Range _desig- Description Expected operating conditions
nation
A Very low sensitivity Very smooth
B Low sensitivity Smooth
C Moderate sensitivity Acceptable
D High sensitivity Sensitive to unbalance
E Very high sensitivity Too sensitive to unhalance

b Characteristics of modal sensitivity ranges

sibility may often make it necessary to operate with higher modal sensitivities.

high-performance machines (e.g. those that have a shért period between planned m3
les), it may be permissible to allow for higher values ofmodal sensitivity.

machines for which balancing in situ is not practical or not economical, smaller values
sitivity may have to be selected.

hsideration of the sensitivity does not always@give sufficientassurance that, atall parts of th
ration limits are not exceeded (see Clauses 7 and 8).

. Values of modal sensitivity:

.1 General

ues of modal sensitivity in terms of modal amplification factors, M;, are constants tha
missible eccentricity as defined in ISO 1940-1[1] and allowable vibration amplitude est4

7919-2[2] and-JSO 7919-4.13] Together these documents can be used to develop valueg
sitivity for epéeration at operational speed.

.2 Perimissible eccentricity

e permissible residual unbalance of a rotor, Uper, is

f cost and

intenance

of modal

b machine,

f are used
ived from
blished in
of modal

Uper = eperm

where

eper Is the permissible residual eccentricity;

m is the rotor mass.

© IS0 2013 - All rights reserved
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ISO 1940-1[1] establishes balance quality grades, G, that permit a classification of balance quality based
on the rotor type. The established grades are based on the machine operating speed (:

G = eperf2 (2)

The balance quality grade, G, is constant for a given machine type (e.g. eper{2 = 2,5 mm/s = G 2,5).

NOTE The operating speed (2 is the numerical value of the angular velocity of the rotational speed n in r/min
(revolutions per minute), expressed in rad/s (radians per second), with 2 = 2ntn/60 = n/10.

Reorganizing—Fermuta—{2—relds—an—expression—rforpermissible—eceentricitybased—on—the—machine
operating[speed and balance quality grade:
G
€per = — 3
per = (3)
Permissible eccentricity as a function of rotational speed is shown in Figure 1 for varieus balance quality
grades. Fqr machines with balance quality grade G 2,5 and a rotational speed of,in="3 000 r/min, the
permissib]e eccentricity is 8,0 um and for 3 600 r/min machines, the permissible eccentricity is 6,6 |m.
eper/{g-mm/kg)
1 000
\
100 —
o —— o —
[ — \\‘
10 ——
—— — G = 6,3
I —
— —G=25
\
— ———
—1G=04
0,1
1000 2 000 5000 10 000
n/(r/min)
Key
eper permissible-eccentricity
n r¢tational-speed
NOTE Unlits g-mm/kg are equivalent to pm.

Figure 1 — Permissible eccentricity according to ISO 1940-1[1]

5.4.3 Allowable vibration magnitude

ISO 7919-2[2] and ISO 7919-4[3] define evaluation zones for steady-state shaft vibration. These zones are:
— zone A: the vibration of newly commissioned machines;

— zone B: acceptable for unrestricted long-term operation;

— zone C: unsatisfactory for long-term continuous operation, machine to be operated for limited
period until suitable opportunity arises for remedial action;

4 © IS0 2013 - All rights reserved
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zone D: vibration sufficient to cause damage to machine.

:2013(E)

These peak-to-peak vibration zone boundaries are inversely proportional to the square root of the
maximum normal operating speed n, in revolutions per minute, as shown in Formulae (4) to (6):

(4)

Zone boundary A/B
S 4800 m
(-p) = ™
Zone boundary B/C
S 9000 m
(-0) = ®
Zone boundary C/D
S 13200
(=p) =/
Figure 2 shows how Formulae (4) to (6) vary with rotational speed-and Table 3 shows vibra

for

Ke}
S(

k=]

common type Il machine operating speeds.
Sp-pfHm
500
450
400 \\
350
\ D
300 \
250 \\ C
A
50
| | | | | | | |

(5)

(6)

Fion limits

0
1006 2000 3000 4000 5000 6000 7000 8000 9000 1000

1
Lp) péak-to-peak vibration magnitude

machine operating speed

nl(r/mi

NO

E  AtoD are the zones given in 5.4.5.

Figure 2 — Zone boundary curves according to ISO 7919-2[2] and ISO 7919-4[3]
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Table 3 — Zone boundary values for common machine operating speeds

Rostla;zigélal S(p-p) at zone boundary A/B | S(p-p) atzone boundary B/C | S(p-p) atzone boundary C/D
r/min um um pum
1500 1239 232,4 340,8
1800 1131 212,1 3111
3000 87,6 164,3 241,0
3600 80,0 150,0 2200
NOTE Afo D are the zones given in 5.4.3.

54.4 St

Using Formulae (3) to (6) and those for modal sensitivity (see Annex A), a speed-dependent express
nmplification factors can be established for each of the evaluation zones based on the mach
balance quiality grade. Formula (7) shows the general form of the derived modal amplification factoif:

for modal

NOTE 1
modal ecce

bady-state derivation

J

1 (p—p) 150 7919
2 €150 1940-1

The modal amplification factor defining the modal sensitivity (fatio of the modal displacement to
ntricity) is a non-dimensional quantity. The peak-to-peak vibration zone boundary values given in

on
ine

(7)

the
the

relevant parts of [ISO 7919 are divided by 2 so that both numerator and denominator in Formula (7) are amplitudes.

More speg

2,41/n

bundary B/C:

L,Sn\/z

ifically, for zone boundary A/B:

30G

30G

he boundary C/D:

,6mv/n

NOTE 2

As can be
revolution

30G

A to D are the-zones given in 5.4.3.

seen from Formulae (8) to (10) where the maximum normal operating speed n is given
s per‘minute, the modal amplification factor can be derived as a speed-dependent te}

(8)

(9)

10)

in
m.

Formulae

(8)to (10) are shown graphically in Figure 3.
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M= 5S,/(2€00)
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25

20

15
/
/

10

Key
My| modal amplification factor
n | machine operating speed

NO[FE A to D are the zones given in 5.4.3.

0
1000 2000 3000 4000 5000 6000 7000 89000 9000

Figure 3 — Speed-dependent modal amplification factors

10000
n/(f/min)

Calculated modal amplification factors for common machine operating speeds are shown in Table 4.

Table 4 — Modal amplification.factor M, for common machine operating speeds

Rotational M, at zone boundary
Srl/’;‘l’: A/B B/C c/D
1500 39 7,3 10,7
1800 4,3 8,0 11,7
3 000 55 10,3 15,1
3600 6,0 11,3 16,6
NOTE” Ato D are the zones given in 5.4.3.

To [simplifyxmodal sensitivity evaluation, it is desirable to eliminate operating speed varigtion from

co
approach is to use My cons
C/Drahd D/E{see 5-2forra
nominal operating speed.

5.5 Operating speed

isideffation. Since many type II machines operate at 3 000 r/min or 3 600 r/min, a co

hservative
A/B, B/C,
nt of their

Using Formula (A.2), curves that define modal sensitivity ranges are easily developed for rotational
speeds in the nominal operating region. Figure 4 shows such curves for type Il machines. Two examples
of how to use Figure 4 can be found in Annex C.

© IS0 2013 - All rights reserved
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O,
35
30 S e
=[=ls |8
25
E
N |\
\ o
\
15
\ e /]
. \ N/ ]
\ o |/
5 \\ //
A
00,8 0,9 1 1,1 1,2

o /2

lification factor at resonance speed
nance speed to operating spééed-ratio
o E are the modal sensitivityranges given in 5.2.

Figure4 — Type Il modal sensitivity near operating speed

values need to be multiplied by correction factors for the machine susceptibility typel as
n 4.2 andshown in Table 5.

Table 5 — Modal amplification factors M, for different machine types

Key

Qn amp
wp/Q resg
NOTE A
The rangg
specified i
8

Range boundary Min
Typel Type Il Type 111
A/B 6,7 5,0 3,3
B/C 13,3 10,0 6,7
C/D 20,0 15,0 10,0
D/E 26,7 20,0 13,3
NOTE Ato E are the modal sensitivity ranges given in 5.2.

© ISO 2013 - All rights reserved


https://standardsiso.com/api/?name=1d25574eb6e968a8de6215ec972be3ab

ISO 21940-31:2013(E)

5.6 Transient speed

Higher amplification factors are permissible in the transient operating speed range, or while passing
through resonance rotational speeds.

The transient speed regions of operation have criteria based on the resonance speed to operating speed
ratio. For speed ratios below the operating range, the modal sensitivity curves can be characterized at
straight slopinglines from Q, equal to 4M,, at a speed ratio of zero with a slope of -2M,,. These sloped lines
continue until intersecting the operating range shown in Figure 4. For speed ratios above the operating
range, the sensitivity curves are straight lines with a Q,, value of 2M,, and a slope of zero. Figure 5 shows

th maodal cancitivitu ranagac far a tunao [T maching
HEES a—+ +H-acHRe-

.................. v ranges-for
O,
85
80
N
75 \\
20 M =20
N
65 \\
60
\‘ \ E
55 ~— N
M =15 N
I
50 =~ -
N
45 - 5 N
40 (S ~
T M, =10 ~
35 ¥ ‘\\
30 ™ ¢
\“
25 ™~
\“
20 ~—— M, =5 B
\\\ I
1 ——— \ 1
10 —
A /
5 NN
0
o 01 02 03 04 05 06 07 08 09 1 11 12
o J02

Key
Qn amplification factor at resonance speed
wp/Q resonance speed to operating speed ratio

NOTE A to E are the modal sensitivity ranges given in 5.2.

Figure 5 — Type Il modal sensitivity for range of operation
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6 Experimental determination of modal sensitivity near resonance speed under
operational conditions

6.1 General

Once-per-revolution vibration is normally measured in amplitude and phase so that the Nyquist diagram
procedure given in 6.2 can be used. If only amplitude measurements are available, the Bode diagram
procedure given in 6.3 should be used.

6-2 Ny uiot diagl alll pi ULCdul <

Atresonaice rotational speeds, the sensitivity to unbalance is dependent on the damping that ispres

in the sys
tests be p
normal op

In many ¢
the corres
of-freedon
found fror

Such a sir

em. As the damping itself can depend on many parameters, it is recommended that sensitiv
erformed with the machine under operating conditions as close to normal as possible (e.g
erating temperatures).

ases, the response of the system close to a given resonance speed occurs-predominantly
ponding mode only, so that its behaviour can be modelled by an equivalent single deg
h system. Under these circumstances, the damping and the flexural\resonance speed can|
h measurements during slow run-up or coast-down, where the rate.of change of speed is sm|

gle degree-of-freedom system describes the vibration in_the nth mode, and the follow

relationshiip for the maximum modal sensitivity Q, is applicable:

an_

d

where
Wn

Q45

(O 'Q4-5
2 2
Dn _Q45

s the nth resonance rotational speed;

hre the speeds where the phase hasshifted by +45° from that at the resonance speed.

The maxi

um modal sensitivity Q, equals the value of M, when the rotor rotational speed 2 equals

nth resongnce speed wp, i.e. 2 = wy,

An examp

Under cert
there are

can be ma
procedure

With the ¢
per-revoly

e of the procedure ig’shown in Annex B.

ain circumstancés;the magnitude and phase pattern on the Nyquist plot may be irregular beca
several modes,in/proximity to each other. In such cases, an evaluation of the modal sensitiy
de if a trial-miass set is added to the rotor that preferentially excites the mode of interest. ]
is then applied to the difference vectors, which describe the response to the trial mass set.

tion vibration data can be used for the procedure, but data from transducers installed at

ent
ity
at

in
Fee
be
all.

ng

11)

the

1se
ity
'he

xception of transducers located close to the nodes of the flexural principal modes, any onjce-

he

location o

[Telatively high amplitudes give more accurate resuits.

6.3 Bode diagram procedure

If only a plot of the once-per-revolution displacement amplitude versus rotational speed is available, it
may still be possible to find the vibration amplification factor Q, by the procedure shown in Figure 6.

10
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Figure 6 — Bode diagram procedure for estimating modal sensitivity
n is the rotor speed corresponding to-the maximum vibration amplitude Swn and (27 and

tor Qp, is:

Wy

“Ta-a,

s approach hasa@acetracy limitations, if the damping is low or the shape of the resonang

explained in 6.2¢may be applicable.

Th
po

nts,can-also be a problem.

()7 are the

ational speeds where the displdcement is 0,707 of the maximum amplitude, then the amplification

(12)

e curve is

nificantly infldenced by adjacent modes or other factors. In such cases, the use of a trial npass set as

b speed ofresponse of the measuring apparatus response rate and an insufficient number of sampling

7

Numerical values for the local sensitivity

In many cases (e.g. on rotors with an overhung portion, rotors with limited clearance on certain rotor
parts or on rotors which in service run close to resonance speeds) the local sensitivity (influence
coefficient) may be of interest at a variety of rotational speeds in the operational speed range including
the resonance speeds.

The magnitude of the local sensitivity that is measured on a machine is, among other things, a function
of the location of the measurement plane and the axial location of the test unbalance. It therefore differs
from the modal sensitivity which has a single value at a given rotor speed.

© IS0 2013 - All rights reserved
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Itis generally only necessary to measure local sensitivity at measuring points where at rotational speeds
of interest the vibration amplitudes need to be limited. Here, the measured sensitivity M, at a location
and speed of interest is evaluated as follows (see Annex A, Note 2):

S
M, —_Per (13)
€per

where

Sper is the permissible amplitude;

eper [s the permissible residual eccentricity during operation.

NOTE Permissible amplitude can be obtained from the relevant parts of ISO 7919, and permissible residual
eccentricity can be obtained from I1SO 11342.[4] Note that the relevant parts of ISO 7919 spegify-peak-to-ppak
values rather than amplitudes (0-peak values).

Alternativiely, values mutually agreed upon for this purpose between the machineimanufacturer and the
user may be substituted.

Depending on the operational parameters of a machine (e.g. rotationalk speed, resonance speed| to
operating|speed ratio), it might be advisable to limit the maximum pérmissible local sensitivity|by
applying g factor (<1,0) to Formula (13).

It is comnjon practice to accept higher vibration limits during run-up and run-down than at operatjng
speed. It is therefore possible to accept higher local sensitivity~at other than operating speeds, if the
vibration floes not exceed the agreed limits.

8 Expedrimental determination of the locaksensitivity

8.1 Gerneral

For measyring local sensitivity values, it is.tecommended that where possible rotor planes be used to
produce the maximum vibration response for the modes and rotational speeds of interest, and wherg it
is easily ppssible to add test masses:

8.2 Proicedure

a) Prepdre the machine-foP normal operation.

b) Runthe machinetdthe desired data collection speed Q. This rotational speed is often chosen as that
speed in the operating speed range that is closest to a resonance speed. Wait until vibration gnd
other|relevaiit parameters are steady and measure the once-per-revolution vibration in the agr¢ed
plane$ k/During measurement, the rotational speed, load and other parameters that could influence
the stpte’of vibration should be held as constant as possible.

c) Attach a single trial mass to the rotor in the agreed plane r, producing the unbalance U;. The trial
mass should be big enough to produce a clearly measurable change in the state of vibration from that
measured in b), but not so large that dangerous vibrations are developed at any rotational speed that
the machine runs through or operates at. Sometimes it may be necessary to attach a trial mass set.

d) Measure the vibration under the same conditions as in b).

e) Calculate for each measuring plane the vectorial difference between the measured values and those
found in b) and d). This is the value Sk. The magnitude of this value, Sk, divided by the magnitude of
the trial mass unbalance, U, is the local sensitivity to unbalance (see Annex A). This value, Sk 1, is the
value for the chosen data collection speed.

The linearity of the system and repeatability of the measured values shall be taken into account.

12 © IS0 2013 - All rights reserved
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If the relevant experimental data are not available, a numerical analysis for machines that pass through
or approach resonance speeds during run-up or service can be used.

Such analyses may include the following in a mathematical model:

a)
b)

stiffness, mass and damping characteristics of the rotor and support system;

bearing and seal stiffness and damping as a function of the rotor rotational speed.

Th

An
qu
Re
in

In
exi
en

ESe models should:
identify natural frequencies and corresponding mode shapes;
calculate modal damping;

calculate local sensitivities at specified rotor axial locations and for specified’'unbalance

hlity grade, operational speed and rotor mass using Formulae (1) and((2); see Annex D for a
bponse to this calculated unbalance should be compared to acceptable vibration amplitud
Formulae (4) to (6). Additionally, the amplification factor Q, can lie plotted against the sped
dal sensitivity classification using Figure 5.

calculation, unbalance should be placed in appropriaté locations for modes of int
imple, unbalance should be placed near mid-span fexthe first mode and in anti-phasg
Is for the second mode.

planes.

Jjount of unbalance applied to the mathematical model can be calculatéd. from the machipe balance

L example.
ps defined
d ratio for

brest. For
b near the

© IS0 2013 - All rights reserved
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Annex A
(informative)

Explanations of terms

A.1 Gemerat

The sensitivity to unbalance is usually numerically expressed in two ways, see A.2 and A.3.

A.2 Loqal sensitivity

The local §ensitivity Sk can be expressed as follows:

Sk,r =
where

Sk

Ur

NOTE

A.3 Mo

S k

U “

r

s the magnitude of change in once-per-revolution vibration in plane k;

s the magnitude of change in trial mass unbalance, attached to plane r, in the rotor (or the|
Change in the trial unbalance set).

fal sensitivity

The modal sensitivity in terms of the modal amplification factor M, for excitation of the machine
unbalancq for mode n is given by:

1)

The local sensitivity is frequently referred to asthe “influence coefficient”. It is a dimensional quantjity.

by

2
Qo
M, = ( / ”) (A.2)
Q 2" Q ’
1-| == | LG4 ==
\I wn wn
where
0 s the rotational speed;
wn 1s the nth undamped resonance speed;
(n  isthe damping ratio of the nth mode.
NOTE1 Formula (A.2) is derived from the Jeffcott rotor model:
G me.(222 w3
J(K—sz) +(ca)? '
14 © IS0 2013 - All rights reserved
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