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Foreword

This revision of this British Standard, which is one of a
series of standards concerned with mechanical vibration

in rotating machinery, has been prepared under the
authority of the Mechanical Engineering Industry Standards
Committee and implements, without deviation, the
corresponding International Standard 1SO 2372 ‘Mechanical
vibration of machines with operating speeds from 10 to
200 rev/s — Basis for specifying evaluation standards’
including Amendment No. 1 published in 1983.
International Standard ISO 2372 is to all intents and
purposes identical with the 1971 edition of this British
Standard, except that the text of 4.2.2 is altered.

For the purposes of this British Standard, the text of
International Standard 1SO 2372 given in this publication
should be modified as follows.

Terminology. The words ‘British Standard’ should
replace the words ‘International Standard’ wherever they
appear.

The decimal point should replace the decimal comma
wherever it appears.

Cross-references. The references to another International
Standard should be replaced by references to a British
Standard as follows.

Reference to International
Standard

ISO 2954 Mechanical
vibration of rotating and
reciprocating machinery —
Requirements for
instruments for measuring
vibration severity *

Appropriate British Standard

BS 4675 Mechanical vibration
in rotating machinery
Part 2 : 1978 Requirements for

severity
(ldentical)

*1SO 2954, which was at the stage of a draft when ISO 2372 was published, has itself now been published.
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It may be of assistance to mention that the authority
referred to in Annex A was Mr T C Rathbone who was

at the relevant time the chief engineer of the turbine

and machinery division of a plant insurance company
based in Philadelphia, Pa. He was the author of a number of
books and articles. For example, in the November 1939
issue of Power Plant Engineering, published in Chicago,

he offered a chart (amplitude plotted against frequency)
to serve as a guide in estimating the comparative severity
of vibration in machinery, while warning that many
factors prevented the assigning of hard and fast limits to
cover all classes of apparatus. His values were based on

the opinions of several practical engineers and inspectors
as to the smoothness or roughness of a number of

turbines while on test, their opinions being correlated

with simultaneous vibration records made with a vibro-
meter. However, that article did not specifically propose
any general numerical ratio between the permissible
vibrations in the horizontal and vertical axes, only
quoting, as the rule rather than the exception, the example
that a given vertical amplitude might create a much greater
disturbance to the unit than double that amount in the
lateral direction.
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British Standard Specification

BS 4675 : Part 1 : 1976

Mechanical vibration in rotating machinery

Part 1. Basis for specifying evaluation standards for rotating machines with operating speeds from

10 to 200 revolutions per second.

0 INTRODUCTION

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

This International Standard is concerned only with the
severity of the mechanical vibration of individual machines
and not with the sound energy radiated from individual
vibrating parts. The only vibrations considered are those
occurring on the surfaces of the machines, on the bearings,
or at the mounting points in the frequency range from 10
to 1 000 Hz. The evaluation takes account of the effect of
the following general considerations :

— the characteristics of the machine;

— the stresses due to vibration in the machine (for
example bearings, coupled machine parts, baseplates,
floor);

— the necessity of maintaining the trouble-free
operation of a machine which might be jeopardized by
malfunction or degradation of components, for instance,
excessive rotor deflections which occur when it passes
through a resonance or the loosening of frictional joints
as a result of shaking forces, and so on;

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

— the effects of the machine vibration on its
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

particular, the torsional vibration of rotating parts may not
always be accurately indicated by vibrations measurable on
a surface.

Although in some cases the above-mentioned factors may
be treated theoretically, evaluation specifications arising
therefrom are usually unnecessarily complicated and
unsuitable for practical application. It is advantageous and
may be decisive for the usefulness of a test that a single
value be used to define the vibratory state of the machine
under test. For industrial applications, therefore, it is
preferable to choose a unit of measure that can be used as a
figure of merit and can be displayed on a simple scale. The
measured units and the chosen scale should ensure a
credible evaluation appropriate to the majority of cases that
occur in practice, i.e. the indicated evaluation should not
contradict experience already obtained.

In this International Standard, the term “vibration
severity”?), defined as a comprehensive and simple
characteristic unit for describing the vibratory state of a
machine, is used as the basis of classification and, on the
basis of theoretical considerations and practical experience,
the root-mean-square value of vibration velocity?) has been
chosen as the unit of measurement for indicating vibration
severity.

In critical cases and under special conditions, evaluation of
the behaviour of a machine based on vibration severity
should not be used in lieu of more precisely measured
significant parameters, for example, stresses measured at
bearings and joints. In general, the use of vibration severity
as a criterion provides a relatively reliable evaluation
requiring only simple prescribed measurements.

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
quantities, 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
recommendations.

The validity of the rules is restricted to vibrations measured
at machine surfaces, such as bearing caps, and within the
frequency range 10 to 1 000 Hz and the speed range 10 to
200 rev/s. Where the aim is to evaluate specific machines,
range classification levels may be specified in accordance
with the rules established in this |nternational Standard.

This International Standard inciudes an explanation of
terms, guidance on measuring conditions and a table of
preferred vibration severity ranges. Examples of a
recommended method of classification are given in annex A
and the rules for converting rms-velocity values to
peak-displacement amplitudes are given in annex B.

2 REFERENCE

ISO 2954, Mechanical vibration of rotating and recipro-
cating machinery — Requirements for instruments for
measuring vibration severity.1)

3 EXPLANATION OF TERMS

As stated in the Introduction, vibration velocity has been
selected as the significant parameter for characterizing the
severity of machine vibration. For harmonic vibrations with
an instantaneous velocity of v, = ¥, cos w;t (where 7, refers
to peak value) and vibrations which consist of a number of
superposed harmonic vibrations of different frequencies, by
definition, the root-mean-square value of the oscillating
velocity is used to measure vibration severity. It may be
measured and displayed directly by electrical instruments
with quadratic characteristic.

From measured vibration velocity versus time records, the
rms value of the oscillating velocity may be calculated as
follows :

1 T
Vims = —T- v2 (t) dt )

o

Acceleration, velocity and/or displacement magnitudes (ai,
Vi Sj respectively; j=1, 2,...,n) are determined as
functions of the angular velocity (wj, ws,..., wp)
from analyses of recorded spectra. The displacement
amplitudes of the vibrations s, s,, . . ., 5,, or the oscillating

velocity amplitudes v,, v,,...,v, or the acceleration

1) At present at the stage of draft.
2) See ISO 2954.

amplitudes a,, a,,...,a, are known. The associated
rms-velocities characterizing the motion are given by

2 2 2 2 2
2 w1 w Wp
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In the case where the vibration consists of only two
significant frequency components giving beats of rms value
Ymin aNd Viays Vims may be determined approximately
from the relationship

1
Vrmsz\/z (Vmax2 + |’minz) ... (3)

There is at least one and, perhaps, several key locations on a
machine where, in a functional sense, it is important to
know whether significant vibration is present. Locations of
potential importance include the machine footings (that is,
a point of attachment to a foundation) or the bearings.
The horizontal and/or vertical components of vibration at
these locations may give a direct measure of an undesirable
dynamic condition in the machine, for example a large
unbalance. The vibration severity of the machine is the
maximum rms vibration level measured or calculated, using
the appropriate equation (1) to (3), at the selected
locations and under a specified set of operational and
environmental conditions.

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

In this general guide, only the most important conditions
are considered. In specific cases, it may be advisable to
include other special conditions.

4.1 Measuring equipment?2)

The vibration of the machines to be tested shall 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 making the vibration
measurements and reducing the recorded data shall be
taken into account.
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