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FOREWORD

ISQ {the Inzernational Organization for Siandardization) is a waeldwide fedaration
of mational standards institutes {ISO Member Bodies). The work of daveloping
tnternationat Standards is carried- out through IS0 Technical Committees. Every
Member Bady interested in a subject for which 2 Technical Committee has besn sat
up has the right to be represznied on that Committee. International arganizations,
governmental and nan-governmentsl, in liaison with (50, also 1ake part in the work,

Draft [aternational Standards adopted by the Technical Committess are cicculated

2 the Member Bodies for approval bafoce their acceptanca as Intarnational .
Standards by the 15O Council. -
International Standard ISO 2372 was drawn up by Technical Committee

ISO/TC 108, Machenical vibration and shock, and circulatad 1o the Member Bodgies

in June 1971, :

It has been approved by the Member Bodies of the following countries :

Austria irafand * Sweden

Belgium Japan - Switzerland
Egypt, Arab Rep, of  Netherlands . United Kingdom
France - i New Zealand US A,
Germany South Africz, Rep. of US.5.R.

No Member Body expressed disapproval ¢f the document.

© internasional Organization for Standardizsticn, 1974 »

Printed in Switrerland
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10 to 200 rev/s — Basis for

‘Mechanical vibration of machinas with oparating speeds from
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0 INTRODUCTIOM

r - " -
_The problems of noise and wvibration control haive been,

brought to the farafront of mechanical and clectromach-
anichl enginesring technology with the fncreasing power
and continually increasing speed of present-day rotating
machinery. As 2 gonsequence, more restrictive demands
have basn placed on the operating qualicy of The machines.

This Intsrnationsl Standard iz concarned. only with the
severity of the eechanicat vibration of individual machines
and not with the sound energy radiated from individual
vibrating parts. The only vibrations considersd are those
occureing on the surfares of the machines, on the bearings,
or at the mountiing paints in the frequency range fram 10
to 1 000 Hz. The evaluatian takes aceount af tha affsct of
the fallowing general consideratians 3

— the charactzrigtics of the machine;

— the strasses due to vibration in the machina lfor
example bzarings, coupled machine parts, baseplates,
flnar); ' .

— the necéssity of maintaining the woublafree
aperation of a machine which might ke jeapardized by
malfunction or degradarion of componanis, for instance,
excessive rotor deflections which wecur whea it passes
thraugh 2 resonance or the loosening of Irictional jaints
as a resuit of shaking forces, and 5o on;

— the characteristics of the measuring instruments;
— the physical and mental strain on man,;

— the effects of the machine wibration on its
environment such as adjacently mounted instruments,
machines, eic

bt is clear that vibrations mcasurable ac a surface may

" provide only zn indication of the state of the vibratgry

siresses ©or motions within & machine. They do not
necessarily give evidence of the agtual vibratory stresses or
motions of critical parts; neither do they ensure that
excessive local vibratory stresseés may not occur in the
machine itseH [for axample due to intarnal resonancel. In

particular, the torsional vibrziion of rotating parts may not
always be accurately indicatxd by vibrations measurable on
2 surface,

Although in some cesss the above-mentioned facters may
be treated theoretically, evaiuation specifications arising
therefrom  are wially  vnnecessarily complicated and
unsuitable for practicat application, iy is advantzgeous and
may be decisive for the useluiness of a test that a singia
walue bs used to define the yibratory state’of tha rpachine
undar test.’ For industrial applications, therefors, it is
preferable to choase & unit of measure that can be used as a
figure of marit 2nd can be displayed on a simpla scale, The
measured units and the shosen scaie shouid ensure a
crecible svaluatinn approprizte ta the majority of cases that
occur in practice, i.e. the indicated evaluation should not
contradict experience already obiained. '

In this International Stndard, the term  “vibraiicn
severity” ', dafined as a comprehensive and simpla
characteristic unit for describing tha vibratcry state of a
machine, is used as the basis of classification and, on the
basit af thearetical considerations and practical experience,
the rool-mean-square value of vibration velocity 2! has bezn
chasen as the unit of measurement for indicating vibration
sEVErinY.

In critical cases and undar special condiliéns, evaluation oi
the Gehaviouwr of @ machine based om vibralisn szvirity
should not be used in Keu of mare precissly measured
significant parmeters. for example, stresses measurad ar
bearings and joints. In genzral, the use of vibration severity
as a criterion provides a relatively reliable evaluation
reguiring only simple preseribad measurements,

1 SCOPE AND FIELD OF APPLICAT!ON

This Intgrnational Standard dzfines the basis for specilying
the rules 1o be employed in evaluvating the mechanicat
vibratian of machines in 1he operating ranye 10 to 200 rev/s
in such a way that compirisen is possibie with simila
mezsurements ohitamead fram other like machines.

TH "Wibration itverity™ is 2 genevic term which designatet a valu® fuch as a maximuen, averige, of ather signibicant arithmencal valup

" descriptive of a vikeation, The vibration soverily af a maching is defined 25 the maximum rOOT-mean-s3uare value Of the vitralion Moy

moasured at 3igruficant poing ol 3 machine, Juch a3 4 brafing, & maunling Joint, e,

2 Unless otrervase staiagd, the rutasured «iLation valusy ars trbce noemsat to the machime wrface,
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The purgase of the rufes j ]

“normal” machines with respect to refiability, safety and
human percaption. it it aot intended 10 apply o the
evzluation of vibration of machines with respect 1o noise
contral, or in general, 18 uwnusual or special purpose
machines which arz nat normally produced in significant
quantities, ar 1o machines requiring the study ar analysis of
vibration characteristics, These latter cages will generally
require specific diagnostic treatment, and include a broader
frequency range and more specialized instrumentation than
considered necessary far the purpase of these generaf
recommendations,

" The validity of tha rules is restricted to vibrations measured

at machine surfaces, such as bearing caps, and within the
-frequency rangs 10 to 1 000 Hz and e speed rangz 10 1o
200 rev/s. Where the aim is 1o evaluate specific machines,
range classification levels may be specified in accordanca
with tha rulas established in this International Standard,

]
This International Standard includes an explanatian of
terms, guidance on measuring conditions and a tabls of
preferred  vibration  severity ranges. Examples of a

recommended method of ¢lassification are given inannex A

and the rules for converting ms-velocity values ta
pezk-displacement amplitudes sre given in annex B, -

2 REFERENCE -
150 2954, Mechanical vibration of rotating and recipro-
cating machinery ~ Raquirements for instruments for

measuring vibration severity, 1)

3 EXPLANATION OF TERMS

As stated in the Introduction, vibration velocity has baen
selected as the significant parameter for characterizing the
severity of machinae vibration. Far harmonic vigrations with
an instantaneous velocity of ¥, =V, oot urt [where ¥, refers
10 peak value} and vibrations which consist of 3 Aumber of
superposed harmonic vibeations of gitferent fraquencies, by
definition, the ront-mean-square valus of the aicillating
velogity is used to measure vibration severity. It may be
measured and displayed directly by sisctrical instruments
with quadratic eharacteristic,

From measured vibration velocity versus time recards, the
rms value of the oscillating velocity may be calculated 25

follows :
1 T
F r v2 (¢} dt .
LY

Q

(n

Acceleration, velocity and/or dispizcement magnitudes {2,
¥jo & Tespscrively j=1, 2.0 a) are datermined a3
funcrions of the angular velocity [, Wy, e tag)
from analyses of recorded spectra, The displacemant
amplitudes of the vibratigns Spr 320 0 5, OF the osciilating
velocity amplitudes ¥i« ¥auoo v, or the acceleration

—
1} AR gresant at the srage of draft,
2l Sew ISO 2954,
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piitodes dye dg.00 8, ar2 kagwn. The associatad

rms-veincities tharacterizing the motion are given by

IR )

'+‘?"ﬁ

ln the case where the vibration consisis of only two
significant frequency components giving beats of rry vaius

max: Yimy M2y be determined approximately
from the relationship T

T 1.7 = 3
vrmsfx/; (Vﬂ..'.‘ +"min)

Thers is 2t least ane and, perhaps, several key locations an a
machine whare, in 3 funertional sense, it is impoctant to
kniow whether significant vibration is prasent, Locations af
potential importance include the maghine foatings {that is,
a point of attechmen: to ;3 foundation) or the bearings.
Thae horizontal andfor vertical components of vibration at
these Jocations may give a direce measure of an undesirable
dynamic condition in the machine, for example a large
unbalance, The vibration severity of the machine is the
raximum rms vibration level measurad ar cafculated, using
the apprepriate equation {1} 1o (3), at the selected
locations and under 3 specified tet of operatioral and
eaviranmental conditions.

4 GENERAL GUIDE FOR TAKING THE MEASURE-
MENTS FROM WHICH ViBRATION SEVERITY IS D3.
TAINED

in this general guide, only the most iopartamt conditions
are considered. In specific cases, it may be advisable 1p
include ather special conditions,

4.% Measuri g equipment 2

The vibration of the machine: to be tested shall be
indicstad and recorded by means of machanical and
etectrical instruments which comply, where possible, with
existing international standanrds, Applicable standards which
give rulss or quidelines for making the vibration
fmeasrements and reducing the recorded dats shall be
taken into accaunt. '

... 13},
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Before making the vibration measurements, care shall be

taken 1o ensure that the measuring instruments operate’

accurately over the frequency and wvelocity rangz in
Guestion, and under the prevailing environmantal
conditicns such as temperature, magnetic fields, surface
finish, etc. The response and accuracy of the instruments
over the entire rangz of measurements shall be known.

it is advisable to use instrument types whose praperties
have been verified by a recognized calibration authority.
The measurements sysiem shall be calibrated before use.
Care shall also be taken to ensure that the vibration pick-up
is properly mounted and that its presence does not
significantly aifect the vibration characteristics of the
machine.

4.2 ’ Support for machine under test

Tha machine support may significantly affact the vibration
levels measured on the machine. The support to be used in
the evaluation of particular machines shall be specified in
the relevant document, along with their range ciassification
tevels. Three possible support conditions are given in 4.2.1
t0 4.2.3.

4.2.1 Soft-mounting of machine

Comparable vibration leveis of machines under test are

mast readily achieved when the machines are soft-mounted.
A machine shall be supported by a resilient system so that
the lowest natural frequency of the machine on its test
mounting is f2ss than one-fourth of the frequency of the
fowest excitation frequency. ‘In machines with rotating
mass components, the natural frequeney shall be less than
one-fourth of the Iowest excitation fréquency of the unit.
In addition, the effective mass of the resilient system shall
not exceed one-tenth of the mass of the machine to be
tested (see figure 1), -

4.2.2 Mounting of machine on soft-mounied baseplace

The vibration tevels of a machine designed o be attached to
a rigid baseplats may only be achieved when the machine is
tested on such a3 baseplate. Two categories of baseplates
may be used. -

1) Baseplates which are lighter than the machine and
which are intended only to stiffen the machine. In this
case, the mass of the test baseplaie shall be less than
one-fourth that of the machine.

2) Baseplaies which are heavier than the machine, tuch
as a rigid floor, and which are intended to fix the feat of
the machine in space. [n this case, Lthe mass of the test
baseplate shail be at least twice that of the machine,

In either case, ma major structural resanances of the test
bed shall occur in the operating range of the machine under
test, The baseplate with the machine rigidly attached shatl
be soft-mounted so that all the rigid-body natural

" frequencies of the baseplate-machine combination are less

than one-fourth of the lowest important cxcitstion
frequency of the machine,

180 2372-1972 (5)

4.2.3 Mounting of machinz an structural foundation

When the machine to be t2sied is of such a type and size
that it cannot readily be soft-mounted, it is generally
rmounted on a2 given struciural foundation. bt must be
noted, hovsever, that in such cases, a valid cemearison of
the vibration severity levels for machines of the same type
can only be made if the foundations concerned, including
soifs, have similar dynamic caaracteristics.

tf this condition is not mert, tha vibraticn severity level shall
be dafined for each particu!zr casa,

NOTE — Very farg: machinss cin only be tested in S7Tu the cenera!
principies of these recommenzations still apply to suih machines
dut must be supplemented by razuirements to suit each case.

4.3 Points of measuremeant

Paints of meazsurement shou'd preferably be chosen wizra
the vibration energy is transmitted 1o the resilient
mountings or to other paris af the system. For machines
which include rotating messas, the bearings and maunting

" points of the machine ara przierred points of measuremant.

In individual cases it may be advisable to choaose othar
points of measurement, for example at the marked paints
in figure 2. Measurements may be made in the directions of
the three mutually perpendicular axes.

4.4 Operational conditions during testing

Operating conditions such 23 iernperature, load, speed, etc.,
shall be specified prior 10 the test and actual conditions
recorded.. For variable-spead machines, the measurements
shal! be made 2t ménv spzeds in order to' locate the
resonance frequencies: which occur anmd evaluate their
effects on the measured vibraticn characteristics,

5 SCALE FOR THE EVALUATION OF VISBRATION
INTENSITY

r

5.1 Based on experience, vibrations with the same rms
velocity anywhere .in the fraquency band 190 to 1 000 Hz
are generally considered to be of equal severity. Succeding
ranges of the evaluation classification should have a ratio
of 1: 1.6, giving a step of 4 4B between severity levels, A
difference of 4 dB yields a velocity increase {or decrease)
which represents a signif:cant change in the vibratary
response in moast machines.

This permits the conztruction of 3 general scale similar to
that of table 1 which is independent of and noat restricted
10 a particular group af mazhines. From this it will be s2en
that the terrn “vibration severity” may be used in such a
way that it does not depend on individual judgement
factors; it is, in effect, an independent parameter which
may be wused (o construct any  required  evaluation
classification,

Possible diffarencaes concerning the evaiuation by users anl
rmanufacturers can usually ke avoided il prior agicameni is
reached on the required accusazy of measuremant,

ENEUR,
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5.2 Criteria far the evaluation of specitic types of

machines

The wibration severity value associzted with 3 particular
fange classitication depends on the size and mass af the

. vibrating body, the characteristics of the mounting system,

-

the cutput and the use of the maching. I 15 therefora
nNECEssary 1o [ake accaunt of the various purposas and
gircumnstances concerned when specifying dilferent rangss
fram tabie 1 for diffacent types of machines. For example,
the severity range corresponding to "dangerous” or
“atceptable” might be expected 1o differ according ta
whether gyroscopes or boiler fans were concarned,

EO-10-A
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FIGURE 1 — Schematic srerngement of a mayching woft
WISPENTion tent mount
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‘. FIGURE 2 = Possible meamuring points on & small machine [Maaturing divections | F g
on bearings, supports and Henges) .
" TABLE } — Vibration severity ranges {10 fo 1000 Hz)
Valezity range {rns)
' ) _ [eMfactive value &l the vibrarary veladity)
- RAange clasification /s i
over ' uo to over up tg
. on 0,071 =8 R Qo023 0.004 4
- 0,38 0,112 0.18 0.004 4 007 1
028 18 Q.28 T Q.07 1 Dc1 o
0.5 0,28 0,45 0.0t 0 2017 7
— Q71 0,45 Q,7t [+ RV) I 0.0258 &
112 . Q.71 1,12 g.Q220 0044 1
18 12 1.2 0.ca 1 C.070 9
bA: 18 28 c.orog 0.110 2
4.5 28 45 : ang? 0171 2
- 1.1 4.5 kA 0112 0.213 5
B 11,2 7.1 11.2 0.273 5 04209
18 11,2 13 0340 9 0.708 7
8 18 28 0.708 7 1,102 4
45 8 45 1.102 4 1.7 B
. _ 7 as 7 17116 77953

RO A

e —————
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TABLE 2 = Vibration severity ranges angd examples of their application 1o small machines [2ass 1),
medium size machings (Class (1), large machines (Class 111) and turbo machiaes (Class 1V}

Aangis of vibeation severity

Exampins of guality judgemang
far sansrata clazsas of machings

13 A

g

Aangz rmietocity v {"_1 'T‘mm Class | Class 1} Clas (1} Class 1V
al 1ine rangs limity
a8
a.23
0,45
0.45 A
0.7i
0,73 A
.12
- 1,12 ;] Fs
1.8
1.8 B A
28
28 c - 8
4.5 .
4.3 - B
m
71 D = C
1.2
11.2 o c
13 mr T ':
i . D - :
23 .
. 28 3]
4as
®
7t

S A— T ———
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ANNEX A

EXAMPLES

{For guidance purposes anly)

in order ta show haw the refommendad msthed of glassifi-
cation may be applied, examples of specific class_es of
machines are given below. i1 should be smphasized, how-

A suggested order af quality judgment: A up to and
including D, with double-step severity ranges is given in
table 2." A motar or 3 machine may be qualified accorging

TE0-10- 4

———————sver that they-are simply examples ard s regognized that

R

‘ Class tH -

other classifications are possible and may be substituted in
acrardance with the circumstances concernsd. As and when
circumstances  permit, recommendations for aceaprable
levats ot vibration severity for particular types of machines
will be prepa‘_red- At prasent, experience suggests that the
following classes ‘are appropriate for most applicatians.

fpdividual parts of engines and machines, inte-
grally connected with the complets machine in
its mormal opersting condition. {Production
electrical mators of up to 1S kW are typical
- examples of machines in this category.}

Class | :

Class 1] :
motare with 15 to 75 kW output) without
special foundations, rigidly mountad angines or
machines {up to 300%W) on special foun-
dations. )

Large prime movers and other large machioes
with rotating masses mounted on rigid and
heavy foundations which are refatively stiff jn
the direction of vibration measurament,

Large prime movers and ather large machines
with ratatihg masses mountied on foundations
which are relatively soft in the direction of
vibration measurement {for example turbo-
gemerator sets, especially those with lighi-
weight substructures}. T

Clags [V :

Machines and mechanical drive systems with
unbzlanceabie inertia efforts (due to recipro-
cating parts), mounted on foundations which
are relatively stiff in the directian of vibration
measurament,

Claszs V :

Class VI: Machines and mechanical drive systems with
unbalanceable irertia effacts (due 1o recipro-
cating parts]. mounted on foundations which
are relatively soft in the direction of vibration
measurements; machines with rotating siaek-
coupled masses such as beater shafts in grinding
mills; machines, like centrifugal machines, with
varying unbalances capable of aperating as seif
¢ontained units without cannecting com-
ponents! vibrating screens, dynamic fatigue-
T=sting machines and vibration exciters used in
. processing planes.

The examples in the first four classes have been selectad
because there iy 3 substantial body of experience an which
14 base their evaluation,

"Mediuro-tized machinas, [iypica!_lv-_g!lctriczl,

10 e values in tabie 2, when the maximum measursd
values at important operating points lparticularly the
bearingsl ccgur in the sppropriate range of rable 2.

Following Rathbone, it has been commsn prictics to
diseriminate betwesn vibration levels measured in the
horizontal 2nd vertical directions an machines of Class ill.
In mast caszs, the Fathbona rolersnce for horizantal
vibration is double that for vertical vibrations, Since
machines with relatively saft facndaticns are trezted in a
separate category. the less exacting judgement for
harizontal vibrations catled for in Classes Il and IV doas
not seern 1o be justified today. For axizl vibrations, on {he
other hand, a less =xacting requirement may be permissibie.

The machines in Classas V and Vi, esheciallv reciprocating N

angines, vary widsly in their constructian and the relative
influence of inertia forces; therefore, they vary consider
ably in their vibration characteristics, For this reason it is
difficult to classify them in the same manner as the
machines in the first four classes. In Clase ¥ the relatively
Righ natura! frequencies axsociated with their stiff mount-
ing systems are easily exicted by the multiple frequencies
generatad in the machine,

&
For these machines, rms vibration velocities of 20 to
30 mm/s and higher may occur without causing trouble, In
addition, if couples are acting, large displacements may ba
caused at points which are ot some distance from the centra
of gravity,

The resiliently mounted machines in Class VI permit a
greater tolerance in this respect, There is an isolation effect
and the forees tramsmitted by the mounting into the
surroundings are small. Under these eircumstances vibration
levels measured on the machine side af the mounting
system are greatar than (hote measured when the maghine
is fastened to a farge relatively rigid support. Rms velocities
of 50 mm/s or higher may be measured an motors with
high rotational spesd. Attached parts may have stili graater
vibration valogities because they are brequently subject to
resanance effects. While passing through resonance, rmms
velgcities of the order of 500 mm/s may ocowr for shart
intervals.

In this case, factors gther than those associated with

efectrical motors are decisive in making an evaluation of the
machine's performance. In general, the vibrational mation
should nat cause such damage as loosening of parts or the
breaking of efectrical, hydraulic or pneumatic tonnections.

-

a————————
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ANNEX B

CALCULATION OF PEAK-DISPLACEMENT AMPLITUDE FROM THE
rms-VELOCITY ASSOCIATED WITH A GIVEN FREQUENCY

The rms-value of velocity in the 10 to 1 000 Hz range is a
commonly used parameter-in many standards; however, in
some cases, it is important ta know instead the
displacerment amplitudes of dominam'compone'nts observed
in measured vibration spectrs. These have been used in
certain older criteria and, for this purpose, it is necessary
that rms-velocity values he converted 1o peak-displacement
amplitudes.

The operation of converting vibration velocity to vibration
displacemenf valyes can be accomplished only for
single-frequency harmonic components, If the vibration
velocity of such s component is known, the
peak-displacement {single} ampiitude may be computed
from the relationship. -

2 vr ve ve '

S —— 2= —f2=0,225=2
. e 24 P
where £, is the peak-displacement amptitude and vs is the
rms-value of the vibration velocity at the frequency £, and
{tor = 2nf} is the angular frequency. .

Example

A given vibration measurement has the severity
{rms-velacity value} of 4 mmfs, that is, the maximum
rms-vibration-velocity over the range fram 10 to 1 000 Hz
does not exceed 4 mm/s. A spectrum anaiysis has disclosed
that the dominant frequency component ocours at 25 He
with a rms-vibration-veiocity ampiitude af 2,8 mm/s. Thus,
the peak amplitude {computad using the relaticnship cited
above) is
28

5r=0,225 —2—5—) =0027 mmor 27 um .__{5)
A graphical sotution of the equatign above is given in
figure 3. -

NOTE — It is important to note that veiocity measurements are the

“basic parsmeter lor MeRsUring severity: in genera!, it iz not

ppropriste 1o deduce severity values from dominant displacement
amplitudes. The lattar messuraments may be used to determine
severity only when the signal consists of a discreet combination ol

single-frequency vibrationt and the renswefocity values may be -

cetermined {by means of equation (5} above} for the entire 10 to
1 000 He range. '

TCO 10 A
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FIGUARE 3 — Peal dusplacement amplituds ac a function al Irequency for

Frequarnsy tHz}
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