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FOREWORD

ISO (the International Organization for Standardization) is a worldwide federation
of national stanfards institutes (ISO Member Bodies). The work of developing
International St3dndards is carried out through 1SO Technical Committees. Every
Member Body interested in a subject for which a Technical Committee has been set
up has the right fto be represented on that Committee. International organizations,
governmental andl non-governmental, in liaison with ISO, also take part in the work.

to the Member| Bodies for approval before their acceptance as International

Draft Internatior[al Standards adopted by the Technical Committees are circulated
Standards by the|1SO Council.

International Stfandard 1SO 2372 was drawn up by Technical Committee
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INTERNATIONAL STANDARD

1SO 2372-1974 (E)

Mechanical vibration of machines with operating speeds from
10 to 200 rev/s — Basis for specifying evaluation standards

0 INTRODUCTION

The problgms of noise and vibration control have been
brought to] the forefront of mechanical and electromech-
anical engineering technology with the increasing power
and continjually increasing speed of present-day rotating
machinery.| As a consequence, more restrictive demands
have been placed on the operating quality of the machines.

This Intergational Standard is concerned only with the
severity of [the mechanical vibration of individual machines
and not wjth the sound energy radiated from individual

vibrating parts. The only vibrations considered are those
occurring E\ the surfaces of the machines, on the bearings,
or at the npounting points in the frequency range from 10

to 1 000 Hz. The evaluation takes account of the effect of
the followifg general considerations :

— the dharacteristics of the machine;

— the ptresses due to vibration in the machine (for
exampleg bearings, coupled machine parts, .baseplates,
floor);

— the | necessity of maintaining )the trouble-free
operatign of a machine which might be jeopardized by
malfunction or degradation oflcomponents, for instance,
excessivg rotor deflectionsCwhich occur when it passes
through|a resonance or_the)loosening of frictional joints
as a resylt of shaking forces, and so on;

— the g¢haracteristics of the measuring instruments;

— the physical’and mental strain on man;

— the |effects of the machine vibration on its

particular, the torsional vibration ‘of rotating
always be accurately indicated by‘\vibrations
a surface.

Although in some case§-the above-mentiong
be treated theoretically, evaluation specifi
therefrom are us@ally unnecessarily co

unsuitable for practical application. It is ady|
may be decisive’/ for the usefulness of a tes
value be used to define the vibratory state g
under c¢test: For industrial applications, th
preferable to choose a unit of measure that ¢
figure of merit and can be displayed on a sin
measured units and the chosen scale shg
credible evaluation appropriate to the majorit
occur in practice, i.e. the indicated evaluati
contradict experience already obtained.

In this International Standard, the ter
severity”?), defined as a comprehensive|
characteristic unit for describing the vibrat
machine, is used as the basis of classificatig
basis of theoretical considerations and practi
the root-mean-square value of vibration velog
chosen as the unit of measurement for indic
severity.

In critical cases and under special conditions
the behaviour of a machine based on viby
should not be used in lieu of more preci
significant parameters, for example, stresse
bearings and joints. In general, the use of vib

parts may not
measurable on

d factors may
ations arising
plicated and
ntageous and
that a single
f the machine
erefore, it is
n be used as a
hple scale. The
uld ensure a
v of cases that
pn should not

m ‘“‘vibration

and simple
bry state of a
n and, on the
tal experience,
ity2) has been
bting vibration

evaluation of
ation severity
bely measured
5 measured at
ration severity

as a criterion provides a relatively reliaTIe evaluation
requiring only simple prescribed measurements.

environment such as adjacently mounted instruments,
machines, etc.

It is clear that vibrations measurable at a surface may
provide only an indication of the state of the vibratory
stresses or motions within a machine. They do not
necessarily give evidence of the actual vibratory stresses or
motions of critical parts; neither do they ensure that
excessive local vibratory stresses may not occur in the
machine itself (for example due to internal resonance). In

1 SCOPE AND FIELD OF APPLICATION

This International Standard defines the basis for specifying

the rules to be employed in evaluating the mechanical
vibration of machines in the operating range 10 to 200 rev/s
in such a way that comparison is possible with similar
measurements obtained from other like machines.

1) “Vibration severity’’ is a generic term which designates a value such as a maximum, average, or other significant arithmetical value
descriptive of a vibration. The vibration severity of a machine is defined as the maximum root-mean-square value of the vibration velocity
measured at significant points of a machine, such as a bearing, a mounting point, etc.

2) Unless otherwise stated, the measured vibration values are taken normal to the machine surface.
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The purpose of the rules is to evaluate the vibration of
“normal’’ machines with respect to reliability, safety and
human perception. It is not intended to apply to the
evaluation of vibration of machines with respect to noise
control, or in general, to unusual or special purpose
machines which are not normally produced in significant
guantities, or to machines requiring the study or analysis of
vibration characteristics. These latter cases will generally
require specific diagnostic treatment, and include a broader
frequency range and more specialized instrumentation than
considered necessary for the purpose of these general

amplitudes a,, a,,...,a, are known.

The associated

rms-velocities characterizing the motion are given by

N 2 o 2 2 2
Vems = _1— 2 + bl +...+ 2n
2 w4 (3] Wp

recommendations.

The validity of t
at machine surfg
frequency range

he rules is restricted to vibrations measured
ces, such as bearing caps, and within the
10 to 1 000 Hz and the speed range 10 to

200 rev/s. Wherd the aim is to evaluate specific machines,

range classificati

pn levels may be specified in accordance

with the rules esfablished in this International Standard.

This internation
terms, guidance
preferred vibra
recommended m|
and the rules

al Standard includes an explanation of
on measuring conditions and a table of
lion severity ranges. Examples of a
pthod of classification are given in annex A
for converting rms-velocity values to

peak-displacement amplitudes are given in annex B.

2 REFERENCE

I1SO 2954, Mechanical vibration of rotating and recipro-

cating machiner]
measuring vibrati

3 EXPLANATI

y — Requirements for instruments for
on severity.1)

DN OF TERMS

As stated in the

Introduction, vibration velocity has been

selected as the sfgnificant parameter for characterizing the
severity of machjne vibration. For harmonic vibrations with
an instantaneous velocity of v, =V, cos-w,t' (where ¥, refers

to peak value) a
superposed harm
definition, the

velocity is used

d vibrations which-¢onsist of a number of
onic vibrations of-different frequencies, by
root-mean-square walue of the oscillating
to measure ibration severity. It may be

measured and dASplayed directly by electrical instruments

with quadratic ¢

From measured

aracteristic.

vibration velocity versus time records, the

rms value of thd
follows :

4

Acceleration, vel
Vi, S;
functions
from analyses

amplitudes of th

velocity amplitudes v,, v,,... v,

rms
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0

ocity and/or displacement magnitudes (al-,

respectively; j=1, 2,...,n) are determined as
of the angular velocity (wq, wo,..

. Wp)
of recorded spectra. The displacement
e vibrations s, , s,, . . ., s, or the oscillating
or the acceleration

1) At present at the stage of draft.

2) See 1SO 2954.
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In the case where the Wvibration consists of oply two
significant frequency components giving beats of rfms value
Vein and Ymaxs Yy Jmay be determined approkimately
from the relationship

Al
rms 2

There is at least one and, perhaps, several key locat{ons on a
machine where, in a functional sense, it is impgrtant to
know whether significant vibration is present. Locptions of
potential importance include the machine footingq (that is,
a point of attachment to a foundation) or the pearings.
The horizontal and/or vertical components of vibfation at
these locations may give a direct measure of an unflesirable
dynamic condition in the machine, for exampld a large
unbalance. The vibration severity of the machine is the
maximum rms vibration level measured or calculatgd, using
the appropriate equation (1) to (3), at the |selected
locations and under a specified set of operatignal and
environmental conditions.

(Vmax2 + Vmin2> ... (3)

4 GENERAL GUIDE FOR TAKING THE MEBASURE-
MENTS FROM WHICH VIBRATION SEVERITY IS OB-
TAINED

ant—eonditions
it may be advisable to

are considered. In specific cases,
include other special conditions.

4.1 Measuring equipment2)

The vibration of the machines to be tested shali be
indicated and recorded by means of mechanical and
electrical instruments which comply, where possible, with
existing international standards. Applicable standards which
give rules or guidelines for wmaking the vibration
measurements and reducing the recorded data shall be
taken into account.
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Before making the vibration measurements, care shall be
taken to ensure that the measuring instruments operate
accurately over the frequency and velocity range in
question, and under the prevailing environmental
conditions such as temperature, magnetic fields, surface
finish, etc. The response and accuracy of the instruments
over the entire range of measurements shall be known.

It is advisable to use instrument types whose properties
have been verified by a recognized calibration authority.
The measurements system shall be calibrated before use.

ISO 2372-1974 (E)

4.2.3 Mounting of machine on structural foundation

When the machine to be tested is of such a type and size
that it cannot readily be soft-mounted, it is generally
mounted on a given structural foundation. It must be
noted, however, that in such cases, a valid comparison of
the vibration severity levels for machines of the same type
can only be made if the foundations concerned, including
soils, have similar dynamic characteristics.

if this condition is not met, the vibration severity level shall

Care shall pIso be taken to ensure that the vibration pick-up
is properly mounted and that its presence does not
significantlly affect the vibration characteristics of the
machine.

4.2 Support for machine under test

The machipe support may significantly affect the vibration
levels meajured on the machine. The support to be used in
the evaluation of particular machines shall be specified in
the relevarft document, along with their range classification
levels. Three possible support conditions are given in 4.2.1
to 4.2.3.

4.2.1 Soff-mounting of machine

Comparable vibration levels of machines under test are
most readily achieved when the machines are soft-mounted.
A maching shall be supported by a resilient system so that
the lowes{ natural frequency of the machine on its ‘test
mounting [is less than one-fourth of the frequency ‘of-the
lowest exgitation frequency. In machines with\rotating
mass comIonents, the natural frequency shall be-less than

one-fourth] of the lowest excitation frequengy of the unit.
In addition, the effective mass of the resilient system shall
not exceedl one-tenth of the mass of the machine to be
tested (see|figure 1).

4.2.2 Mounting of machine. om soft-mounted baseplate

The vibration levels of a machine designed to be attached to
a rigid baseplate may-enly be achieved when the machine is
tested on |such a_baseplate. Two categories of baseplates
may be usgd.

1) Baseplates which are lighter than the machine and

be-defined-for-sach-pattictlarcase.
Lid

NOTE — Very large machines can only be tested /]
principtes of these recommendations still ‘apply |
but must be supplemented by requirements to suit

4.3 Points of measurement

Points of measurement should preferably be
the vibration energy-_is transmitted to
mountings or to other parts of the system
which include rotating masses, the bearings
points of theqmnachine are preferred points o
In individual cases it may be advisable tg
points of\measurement, for example at the

situ; the general
D such machines
ach case.

chosen where
the resilient
For machines
and mounting
measurement.
choose other
marked points

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 as temperature, idad, speed, etc.,

shall be specified prior to the test and ac
recorded. For variable-speed machines, the
shall be made at many speeds in order
resonance frequencies which occur and
effects on the measured vibration characteris

5 SCALE FOR THE EVALUATION OHR
INTENSITY

5.1 Based on experience, vibrations with
velocity anywhere in the frequency band

are generally considered to be of equal seve
ranges of the evaluation classification shou
of 1 : 1,6, giving a step of 4 dB between sdg

ual conditions
measurements
to locate the
evaluate their
ics.

VIBRATION

the same rms
0 to 1000 Hz
Fity. Succeding
d have a ratio
verity levels. A

which are intended only to stiffen thé machine. In this
case, the mass of the test baseplate shall be less than
one-fourth that of the machine.

2} Baseplates which are heavier than the machine, such
as a rigid floor, and which are intended to fix the feet of
the machine in space. In this case, the mass of the test
baseplate shall be at least twice that of the machine.

In either case, no major structural resonances of the test
bed shall occur in the operating range of the machine under
test. The baseplate with the machine rigidly attached shall
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 excitation
frequency of the machine.

difference of 4 dB~yields a velocity increa
which represents a significant change in
response in most machines.

e (or decrease)
the vibratory

This permits the construction of a general scale similar to
that of table 1 which is independent of and not restricted
to a particular group of machines. From this it will be seen
that the term “‘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 used to construct any required evaluation
classification.

Possible differences concerning the evaluation by users and
manufacturers can usually be avoided if prior agreement is
reached on the required accuracy of measurement.
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5.2 Criteria for the evaluation of specific types of
machines

The vibration severity value associated with a particular
range classification depends on the size and mass of the
vibrating body, the characteristics of the mounting system,

the output and the use of the machine. It is therefore
necessary to take account of the various purposes and
circumstances concerned when specifying different ranges
from table 1 for different types of machines. For example,
the severity range corresponding to ‘“‘dangerous’’ or
“acceptable’” might be expected to differ according to
whether gyroscopes or boiler fans were concerned.

FIGURE 1 — Schematic arrangement of a machine soft
suspension test mount
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FIGURE 2 — Possible measuring points on a small machine (Measuring directions
on bearings, supports and flanges)

TABLE\1 — Vibration severity ranges (10 to 1 000 Hz)

b

Velocity range (rms)
(effective value of the vibratory velocity)
Range classification mm/s in/s
over up to over up to
0,1 0,071 0,112 0.002 8 0.004 4
0,18 0,112 0,18 0.004 4 0.007 1
0,28 0,18 0,28 0.007 1 0.0110
0,45 0,28 0,45 0.0110 0.0177
0,71 0,45 0,71 0.0177 0.028 0
T.T2Z O, 77 T, T2 00280 0.0441
1,8 1,12 1,8 0.044 1 0.070 9
2,8 1,8 2,8 0.070 9 0.1102
4,5 28 4,5 0.1102 0.177 2
71 4,5 7.1 0.177 2 0.279 5
11,2 7.1 11,2 0.2795 0.440 9
18 11,2 18 0.4409 0.708 7
28 18 28 0.708 7 1.1024
45 28 45 1.1024 1.7716
71 45 71 1.77186 2795 3
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ANNEX A

EXAMPLES

(For guidance purposes only)

In order to show how the recommended method of classifi-
cation may be applied, examples of specific classes of
machines are given below. It should be emphasized, how-
ever, that they are simply examples and it is recognized that

A suggested order of quality judgment: A up to and
inciuding D, with double-step severity ranges is given in
table 2. A motor or a machine may be qualified according
to the values in table 2, when the maximum measured

other classifications are possible and may be substituted Iin
accordance with the circumstances concerned. As and when
circumstances permit, recommendations for acceptable
levels of vibration severity for particular types of machines
will be prepared.| At present, experience suggests that the
following classes are appropriate for most applications.

Class | : Individual parts of engines and machines, inte-
grally| connected with the complete machine in
its nprmal operating condition. (Production
electrical motors of up to 15 kW are typical
examples of machines in this category.)

Class il :  Mediym-sized machines, (typically electrical
motofs with 15 to 75 kW output) without
specigdl foundations, rigidly mounted engines or
machjnes (up to 300 kW) on speciai foun-

datiofs.

Class Il : Large] prime movers and other large machines
with |rotating masses mounted on rigid and
heavyl foundations which are relatively stiff in
the direction of vibration measurement.

Class IV : Largel prime movers and other large machires
with frotating masses mounted on foundations
which are relatively soft in the direction of
vibration measurement (for exXample turbo-
generptor sets, especially those with light-
weightt substructures).

Class V: Machjnes and mechanical’ drive systems with
anceable inertia_efforts (due to recipro-
parts), mounted on foundations which

Class VI : Machjnes. and mechanical drive systems with
unbalanceable—inertia—effe due—to reCipro-
cating parts}, mounted on foundations which
are relatively soft in the direction of vibration
measurements; machines with rotating slack-
coupled masses such as beater shafts in grinding
mills; machines, like centrifugal machines, with
varying unbalances capable of operating as self-
contained units without connecting com-
ponents; vibrating screens, dynamic fatigue-
testing machines and vibration exciters used in
processing plants.

The examples in the first four classes have been selected
because there is a substantial body of experience on which
to base their evaluation.

values at important operating points (particulgrly the
bearings) occur in the appropriate range of table 2

Following Rathbone, it has been common pragtice to
discriminate between vibration levels\ measured|in the
horizontal and vertical directions on machines of Glass I{1.
In most cases, the Rathbone/tolérance for hdrizontal
vibration is double that far~vertical vibrationy. Since
machines with relatively soft“foundations are treated in a
separate category, the (Jess exacting judgemgnt for
horizontal vibrations-called for in Classes IIl and }V does
not seem to be justified today. For axial vibrationg, on the
other hand, a less exacting requirement may be permissible.

The machings in Classes V and VI, especially recipfocating
engines,*vary widely in their construction and the|relative
influence of inertia forces; therefore, they vary donsider-
ably<in their vibration characteristics. For this reapon it is
difficult to classify them in the same manner| as the
machines in the first four classes. In Class V the re¢latively
high natural frequencies associated with their stiff mount-
ing systems are easily exicted by the multiple frequencies
generated in the machine.

For these machines, rms vibration velocities of 20 to
30 mm/s and higher may occur without causing trduble. In
addition, if couples are acting, large displacements|may be
caused at points which are at some distance from the centre
of gravity.

The resiliently mounted machines in Class VI germit a
greater tolerance in this respect. There is an isolatign effect
and the forces transmitted by the mounting ipto the
surroundings are small. Under these circumstances Jibration
levels measured on the machine side of the mounting

a 3 a EasSuUTey wWITe e-machine
is fastened to a large relatively rigid support. Rms velocities
of 50 mm/s or higher may be measured on motors with
high rotational speed. Attached parts may have still greater
vibration velocities because they are frequently subject to
resonance effects. While passing through resonance, rms
velocities of the order of 500 mm/s may occur for short
intervals.

AL L:. Earegte 0sSe

In this case, factors other than those associated with
electrical motors are decisive in making an evaluation of the
machine’s performance. In general, the vibrational motion
should not cause such damage as loosening of parts or the
breaking of electrical, hydraulic or pneumatic connections.


https://standardsiso.com/api/?name=364095b240fe0b32ffa9fd48e323efe9

ISO 2372-1974 (E)

TABLE 2 — Vibration severity ranges and examples of their application to small machines (Class I},

medium size machines (Class 1), large machines (Class 111} and turbo machines (Class V)

Ranges of vibration severity Examples of quality judgerr?ent
for separate classes of machines
Range rms-velocity v ("_1 n.1m/s) Class | Class 1} Class 111 Class |V
at the range limits
0,28
0,28
045
0,45 A
0,71
0,71 A
1,12
1,12 B A
1,8
1,8 B A
2,8
2,8 o] B
4,5
4,5 C B
7.1
7,1 —— D C
11,2
11,2 D C
18
18 D
28
28 D
45
45
71
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