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Foreword

ISO (the International Organization for Standardization) is a worldwide fed-

eration of rfational standards bodies (ISO member bodies). The work of
preparing Imternational Standards is normally carried out through ISO
technical cgmmittees. Each member body interested in a subject for
which a technical committee has been established has the right to be rep-
resented on|that committee. International organizations, governmental and
non-governrental, in liaison with ISO, also take part in the work. ISO col-
laborates clpsely with the International Electrotechnical Commission (IEC)
on all mattefs of electrotechnical standardization.

Draft Interngtional Standards adopted by the technical committees are cir-
culated 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 ISO 10814 was prepared by Technical Corhmittee
ISO/TC 108, Mechanical vibration and shock, Subcommittee SC 17;,Balanc-
ing, including balancing machines.

Annexes A fo C of this International Standard are for inforndation only.
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Rotor balancing during manufacture (as described in 1SQ
ISO 11342, for example) is normally sufficient to attaifiad
bration levels in service if other sources of vibration are abser
exceptions, however, where additional balancing during co
becomes necessary. Furthermore, after commissioding, son
may require occasional or even frequent field rebalancing.

If the vibration levels are unsatisfactory dufing commissioning
may be inadequate balancing or assembly-@rrors. Another imp
may be that an assembled machine is especially sensitive
small residual unbalances which arg well within normal balancg

If vibration magnitudes are ugsatisfactory, the first step oft
tempt to reduce the vibration by field balancing. If high vibratig
duced by relatively small éorrection masses, high sensitivity 4
is indicated. This can arise, for example, if a resonant speed is
normal service speediand the damping in the system is low.

A sensitive machine which is also highly susceptible to it
changing, may require frequent rebalancing in situ. This mayj
for example,-by changes in wear, temperature, mass, s
damping during operation.

If the.unbalance and other conditions of the machine are ess
stant, occasional trim balancing may be sufficient. Otherwis
necessary to modify the machine to change the resonant spe
or other parameters. Therefore, there is a need to consider
sensitivity values of the machine.
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entially con-
b it may be
ed, damping
permissible

The repeatability of the sensitivity of a machine is influence

by several

factors and may change during operation. Some thermal mpchines, es-
pecially those with sleeve bearings, have modal vibration cHaracteristics
which vary with certain operational parameters such as stegm pressure
and temperature, partial steam admission or oil temperature. for electrical
machines, other parameters such as the excitation current may influence
the vibration behaviour. In general, the machine vibration characteristics
are influenced by the design features of the machine, including coupling of

the rotor and the support conditions including the foundation. It should be
noted that the latter may vary with time, for example owing to wear and
tear.

This International Standard is only concerned with once-per-revolution vi-

bration caused by unbalance; however it should be recognized that unbal-
ance is not the only cause of once-per-revolution vibration.

iii
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Mechanical vibration — Susceptibility and sensitivity of
machines to unbalance

1 Scop

1.1 This

W

nternational Standard defines methods for

determining machine vibration sensitivity to unbalance

and provid
proximity
speed.

It includes
groups ass
in unbaland

This Intern
tions on hqg
in some p4q

1.2 Mach
clause 4, 4

bs evaluation guidelines as a function of the
f relevant resonant speeds to the service

a classification of certain machines in
ociated with the susceptibility to a change
e.

ational Standard also makes recommenda-
w to apply the numerical sensitivity valugs
rticular cases.

ines are classified into three (types in
nd sensitivity values assigned to different

groups of fnachines are shown in clause5: The sensi-

tivity valueg
tems, pref
speed ove
also be ug
speeds in

s should be used on simple) machine sys-
prably with rotors having‘only one resonant
the entire service speed range. They may
ed for machines that’have more resonant
the service speed range if the resonant

speeds ar¢ widely separated (e.g. more than 20 %

spaced).

The propo
serve as 3
group but.

bed sensitivity values are not intended to
cceptance specifications for any machine
rather to give indications of how to avoid

2 Normative references

The following standards contain provi
through referenceyin this text, constitute
this Internatignal Standard. At the time o
the editions. Jndicated were valid. All s
subject to*revision, and parties to agree

bions  which,
provisions of
f publication,
tandards are
ments based

on this\International Standard are encoliraged to in-

vestigate the possibility of applying the
editions of the standards indicated belo
of'IEC and ISO maintain registers of curr
ternational Standards.

ISO 1925:1990, Mechanical vibration —
Vocabulary.

ISO 2041:1990, Vibration and shock — V4

3 Definitions

For the purposes of this International 3
definitions given in 1SO 1925 and ISO 2
following definitions apply.

3.1 susceptibility to unbalance: An
the likelihood of a machine having a signit
of unbalance over a certain period of oper

most recent
v. Members
ently valid In-

Balancing —

cabulary.

tandard, the
041 and the

indication of
icant change
Htion.

gross deficteretesas—welas UAaygcfatcd oftrattatn
able requirements. They may also serve as a basis for
more involved investigations, for example, when in
special cases a more exact determination of the re-
quired sensitivity is necessary. If due regard is paid to
the proposed values, satisfactory running conditions
can be expected in most cases.

The consideration of these values alone does not
guarantee that a given magnitude of vibration in serv-
ice is not exceeded. Many other sources of vibration
can occur which are not the subject of this Interna-
tional Standard.

3.2 sensitivity to unbalance: A measure of the vi-
bration respconse of a machine to a change in unbal-
ance.

NOTE 1 It is usually numerically expressed in the two
ways shown in 3.2.1 and 3.2.2 below.

3.2.1 local sensitivity: Ratio of the magnitude of the
change of the displacement or velocity vector in a
specified measuring plane to the magnitude of a
change in the unbalance in a specified plane in the ro-
tor at a specified speed.
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terms, the local sensitivity can be ex-
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ation. Typically, they have large rotor masses in com-
parison to the support housing and operate in a clean
environment, have negligible wear and exhibit minimal

’Agk‘ rotor distortion caused by temperature changes.
Sk,, = g . (1)
Az, EXAMPLES:
h Paper machine rolls, printing rolls and high-speed vac-
where uum pumps.
'AS*kl is the change in once-per-revolution vibra-
tion in plane k; 4.2 Type ll: Moderate susceptibility
|AU, is the change in trial unbalance attachedto Machines of this type have a moderate likelihood of
plane r in the rotor (or change in trial unbal- experiencing significant ynbalance‘ change$ during op-
ahce set) eration, such as rotors in an enviropment with large
' temperature changes and/or moderate“wedr.
NOTE 2 The] local sensitivity is frequently referred to as

the "influencg coefficient”. It is a dimensional quantity.

3.2.2 mod
the modal

modal eccern
mass). ltis 4

| sensitivity, M,: Ratio of the change of
isplacement vector to a change of the
tricity (modal unbalance divided by modal
non-dimensional quantity.

In practical Heterminations of modal sensitivity, care

should be t

ken to extract the relevant modal com-

ponents.

Modal sensifivity for excitation of the machine by un-
balance for mode n can be shown to be:

[sz
w
1 .2

2 2
Q 0
“‘(w—J *445(w_n]

£ is the rotational speed;

where

w, is the nth undamped fesonant speed:;

§, is the damping fatio of the nth mode.

Under condifions where the rotational speed equals a
resonant spged,, M, becomes approximately 1/(2£,).
For light damping; this is the maximum amplification
at resonanc s
the level of damping in the system.

NOTE 3 Modal sensitivity is sometimes referred to as the
vibration magnification factor for mode .

4 Machine susceptibility classification

4.1 Type I: Low susceptibility

Machines of this type have a low likelihood of experi-
encing significant unbalance changes during oper-

EXAMPLES:

Pumps in clean media,-electric armaturefs, gas and
steam turbines, small-turbo generators for industrial
applications and turbd.eéompressors.

4.3 TypedilHigh susceptibility

Machinesrof this type have a high likelihooi of experi-
encing, significant unbalance changes dliring oper-
atign, such as blowers running in deposi{ producing
environments, pumps operating in sludge, [rotors with
high wear or running in corrosive environménts.

EXAMPLES:

Centrifuges, fans, screw conveyors anfi hammer
mills.

5 Modal sensitivity values

5.1 Modal sensitivity ranges A to E

In figures 1 to 3, modal sensitivity is clgssified for
service speeds below and above a resonarjt speed of
the machine system. The range limits arel chosen in
such a way that, close to a resonant speed, the mag-
nification factor is con im figures 1
to 3 are derived from equation (2). The range limits
depend on the type of machine in the susceptibility
classification (the damping ratio being lower, in the
same sensitivity range, for type Ill than for type | ma-
chines).

Generally, for the sensitivity ranges below, the corre-
sponding running conditions given in table 1 can be
expected.

Examples of how to use figures 1 to 3 are given in an-
nex B.
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Table 1

Modal sensitivity range

Expected running
conditions

A: Very low sensitivity

Very smooth resonant
speed; difficult to detect

B: Low sensitivity

Smooth, low and stable
vibrations

C: Moderate sensitivity

Acceptable, moderate and
slightly unsteady vibrations

D: High sensitivity

Sensitive to unbalance;

ISO 10814:1996(E)

5.2 Characteristics of modal sensitivity

5.2.1 While range A will theoretically appear to be
the most desirable, considerations of cost and feasi-
bility may often make it necessary to operate with
higher modal sensitivities.

5.2.2 For high-performance machines (e.g. those that
have a short period between planned maintenance
cycles), it may be permissible to allow higher values of
modal sensitivity.

5.2.3 For machines for which field balancing is not
practical or not economical, smaller values of modal

rocudar fialA bhalan st Y ooy
reguiar-fietd-batarergrray e
be required sensitivity may have to be selected.
E: Very high sensitivity | Too sensitive to unbalance; 5.2.4 Consideration of the sensitivify does not
to be avoided always give sufficient assuransé.that, 3t all parts of
the machine, vibration limits™are not ekceeded (see
clauses 7 and 8).
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Figure 1 — Modal sensitivity ranges A to E for type | machines
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Figure 2.-——Modal sensitivity ranges A to E for type Il machines
5.3 Accelerating rotors Such a reduction in the modal sensitivity fnay be cal-
culated before referring to figures 1 to 3 (4s these fig-
Higher valugs of the modal sensitivity are permissible ures are only applicable for slowly accelerdting rotors),
for machings_Awhich, in service, always accelerate taking the following points into account:
rapidly throfyighVall resonant speeds because steady-

state response has insufficient time to develop. Ma-
chines which are only started and stopped in-
frequently may also be acceptable with higher values
of modal sensitivity.

Figure 4 illustrates, for a single degree of freedom
system, the reduction in the modal sensitivity as a
function of the rotational acceleration. However, for
most practical acceleration rates, this effect is small
and can be neglected.

a) passing through a resonant speed is assumed to
happen with constant rotational acceleration:

b) the modal sensitivity shall be tested (where
possible) under steady-state conditions as close
to the resonant speed as possible;

c) the maximum amplitudes during rapid accelera-

tion or deceleration will occur at rotor speeds dif-
ferent from the resonant speeds because of the
delay in response.
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Figure 3 — Modal sensitivity.ranges A to E for type lll machines

Acceleration
Deceleration

3= A/w.? = constant

A = angular acceleration (1/s52)

Equivalent modallsensitivity for use in figures 1to 3

‘ Example, see annex C

Measured sensitivity at constant rotor speed

0,05 0.1 0,15 0,2
Measured damping ratio, n th mode
| i I !
L) 10 S 3.3 2.5

Figure 4 — Reduction of modal sensitivity as a function of the damping ratio and the rotational acceleration
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6 Experimental determination of the
modal sensitivity near a resonant speed
under operational conditions

Once-per-revolution vibration is normally measured in
amplitude and phase so that the Nyquist diagram pro-
cedure given in 6.1 can be used. If only amplitude
measurements are available, the procedure given in

© SO

where

Q, is the maximum modal sensitivity and
equals the value of M, when the rotor
speed equals the resonant speed (Q = w,);

Q45 (or £2135) is the speed where the phase has
shifted +45° from that at the resonant
speed.

6.2 should b

e used.

6.1 Nyquist diagram procedure

At resonant speeds the sensitivity to unbalance is

An example of the procedure is shown in a

Under certain circumstances, the mag

nnex A.

nitude and

phase pattern on the Nyquist plot may be irregular be-

highly depe
the system

hdent on the damping that 1s present In
As the damping itself may depend on

many parameters, it is recommended that sensitivity

tests be pe
to normal
normal oper|

In many cag
given reson
responding
modelled b
system. In {
flexural resg
ments durin
rate of chan

Such a sing

formed with the machine under as close
perating conditions as possible (e.g. at
Bting temperatures).

es the response of the system close to a
hint speed occurs predominantly in the cor-
mode only, so that its behaviour can be

an equivalent single degree of freedom
hese circumstances, the damping and the
nant speed can be found from measure-
g slow run-up or coast-down, where the
ge of speed is small.

le degree of freedom system describes

the vibration in the nth mode, and the following re-
lationship is|applicable:
), X £
0, ~—f—2 (3]
W = €245

0.707%

0,6 —

cause there are several modes In proxin
other. In such cases, an evaluation of(the
sitivity can be made if a trial weight,sebis 4
rotor which preferentially excites the mode
The procedure is then applied 10" the diff
tors which describe the rasponse to the
set.

With the exception.6f)sensars located o
nodes of the flexural*principal modes, an
revolution vibratior) data can be used for

ity to each
modal sen-
dded to the
of interest.
brence vec-
trial mass

ose to the
y once-per-
the proce-

dure, but data~ffom sensors installed at the¢ location of

relatively highvamplitudes will give more
sults.

6:2."Bode diagram procedure
If only a plot of the once-per-revolution d
amplitude versus speed is available, it

possible to find the vibration magnificatio
by the procedure illustrated in figure 5.

hccurate re-

splacement
hay still be
n factor Q,

0.4

0.2 —

Amplitude as a mutfiple of maximgm value S,

.01 Wy 92

Speed

Figure 5 — Bode diagram procedure for estimating the modal sensitivity
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If w, is the rotor speed corresponding to the maxi-
mum vibration amplitude §, » and Q7 and Q, the

speeds where the displacement is 0,707 of the maxi-
mum amplitude, then the ampilification factor is:

Wp

oo,

- (4)

This approach also has accuracy limitations, if the
damping is low or the shape of the resonance curve is
significantly influenced by adjacent modes or other
factors. In such cases, the use of a trial weight set as

1ISO 10814:1996(E)

It is common practice to accept higher vibration during
run-up and run-down than at service speed. It is there-
fore possible to accept higher local sensitivity at other
than service speeds if the vibrations do not exceed
agreed limits.

8 Experimental determination of the
local sensitivity

For measuring local sensitivity values, it is rec-
ommended that where possible rotor planes be used

explained in6-+mmay teappticabte: WhICh produce maximum vibration respdnse for the
' modes and speeds of interest, and wWhefg it is easily
The speed|of response of the measuring apparatus possible to add test weights.
and an insyfficient number of sampling points can also
be a problem. 8.1 Prepare the machine fornormal operhtion.
7 Numerical values for the local 8.2 Run thg maching to the desired daa collectiqn
e speed L. This speed s-often chosen as that speed in
sensitivity the service speed range that is closest tp a resonant
speed. Wait untivibrations and other rfelevant par-
In many dases (e.g. on rotors with an overhung ameters are {steady and measure thp once-per-
portion, rotprs with limited clearance on certain rotor revolution yvbration in the agreed planeg (k). During
parts, or on rotors which in service run close to res- measurement, the speed, load and other| parameters
onant spegds) the local sensitivity (influence coef- of the machine which could influence thd state of vi-
ficient) may| be of interest at a variety of speeds in the brationsshould be held as constant as posdible.
operational| speed range including the resonant
speeds. . . . ~ ,
8.3 Attach a single trial weight, AU,, tq| the rotor in
The magnjtude of the local sensitivity that is the agreed plane (r). This should be bid enough to
measured dn a machine is, amongst other things, a produce a clearly measurable change in the state of
function of the location of the measurement plane and vibration from that found in 8.2. This shodld not be so
the axial logation of the test unbalance. It therefere large that dangerous vibrations are develpped at any
differs from the modal sensitivity which hasca single speed that the machine will run through of operate at.
value at a g|ven rotor speed. Sometimes it may be necessary to aftach a trial
weight set.
It is generdlly only necessary to measure local sensi-
tivity at mepsuring points where at §peeds of interest 8.4 Measure the vibrations under the|same con-
the amplitydes must be limited.(Then the measured " ditions as in 8.2.
sensitivity 4t a location and speed of interest should
bevevaluated from the ratio; 8.5 Calculate for each measuring plane, the vectorial
Permissiblédamplitude difference between the measured value$ and those
Permigsible unbalance during operation found in 8.2 and 8.4. This is the valug ASk. The
amount of this value divided by the amount of the trial
NOTE 4 Pefmissible amplitude and permissible unbalance . oo . .
can be obtaifigd-from ISOp10816-1 an% ISO 11342, respect- weight, AU, is the local sensitivity to unfjalance:
ively.
| . 254
Alternatively, values mutually agreed upon for this Sy =1—
purpose between the machine manufacturer and the ' ‘AUr

user may be substituted.

Depending on the operational parameters of a ma-
chine (speed, speed/resonant speed, etc.), it might be
advisable to limit the maximum permissible local sen-
sitivity by applying a factor (< 1,0) to the above for-
mula.

This value, S, is the value for the chosen data col-
lection speed.

The linearity of the system and repeatability of the
measured values shall be taken into account.
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9 Damped unbalance sensitivity analysis

If the relevant experimental data are not available, it
may be useful to make a numerical analysis for ma-
chines which pass through or approach resonant
speeds during run-up or service.

Such analyses may include the following in the
mathematical model:

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

b) bearing@nd-sealstiffressand
tion of the rotor speed;

© I1SO

c) identification of the natural frequencies and cor-
responding mode shapes;

d) calculation of the modal damping;

e) calculation of the local sensitivities at specified
rotor axial locations and for specified unbalance
planes.

In the calculation, unbalance should be placed in ap-
propriate locations for modes of interest. For example,
unbalance should be placed near mid-span for the first
mode and in anti-phase near the ends for the second
mode. In addition, values should be calculated for the
ocal Senstivities for companson Wit vajues which
can be measured on site.
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