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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
des
diffi
edif

Atte
pat
any
on 4

Any
con

For
as y
Tec

The
mof

procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria hee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this document may be th¢
ent rights. ISO shall not be held responsible for identifying any or all suchpatent rightg
patent rights identified during the development of the document will.bée“in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents}):

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation on the meaning of [SO specific terms and expressions related to conformity 3
vell as information about ISO’s adherence to the World,Trade Organization (WTO) princ
hnical Barriers to Trade (TBT) see the following URL; www.iso.org/iso/foreword.html.

committee responsible for this document is ISO/TC 108, Mechanical vibration, shock an
itoring, Subcommittee SC 2, Measurement and evaluation of mechanical vibration and shoc

to machines, vehicles and structures.
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10816-1:1995/Amd 1:2009 whichthave been merged and editorially revised.
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Introduction

Machines are now being operated at increasingly high rotational speeds and loads, as well as more
flexible operation at part and full load, and under increasingly severe operating conditions. This has
become possible, to a large extent, by the more efficient use of materials, although this has sometimes

resulted in

there being less margin for design and application errors.

At present, it is not uncommon for continuous operation to be expected and required for 2 years or
3 years between maintenance operations. Consequently, more restrictive requirements are being
specified for operating vibration values of rotating machinery, in order to ensure continued safe and

reliable op
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of mechanical vibration of machinery, as measured on rotating and on non-retating (
icable, non-reciprocating) parts of complete machines, such as shafts or bearing housi
dations for measurements and evaluation criteria pertaining to specific machine types
h additional parts of ISO 20816 as they become available as a replacethent of the reley
D 7919 and ISO 10816. ISO/TR 19201 gives an overview over these.and further machir
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lachines, measurements made on non-rotating parts are sufficientto characterize adequ

ines, gas turbines and turbo compressors, all of which canjhave several modes of vibrati
speed range, for which measurements on structural members, such as the bearing housi
idequately characterize the running condition of the.;machine, although such measureme
Such machines generally contain flexible rotor shaft systems, and changes in the vibra
fan be detected more decisively and more sensitively by measurements on the rota
flachines having relatively stiff and/or heavy casings in comparison to rotor mass are ty
sses of machines for which shaft vibration\meéasurements are frequently preferred.

and acceptance tests to advanced experimental testing, as well as diagnostic and analy
bns. These various measuremént’ objectives lead to many differences in method;
ion and evaluation. To limit,the number of these differences, this document is designe

hary vibration quantities (displacement, velocity and acceleration) are defined and t
given. Adherence, to_the guidelines presented should, in most cases, ensure satisfact
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Scope

5 document establishes general conditions and procedures for the measurement and ey

hines. It is applicable to measurements of both absolute and relative radial shaft vibi
hrd to the monitoring of radial clearances, but excludes axial shaft vibration. The general
eria, which are presented in terms of both vibration magnitude and change of vibratio
h operational monitoring and acceptance testing. They have been provided primarily W
ecuring reliable, safe, long-term operation of the machine while minimizing adverse
ciated equipment. Guidelines are also presented for settingé@perational limits.

E1 The evaluation criteria for different classes of machinety will be included in other parts d
n they become available. In the meantime, guidelines are, given in Clause 6.

E2 The term “shaft vibration” is used throughoutISO 20816 because, in most cases, me
Imade on machine shafts. However, the ISO 20816 series is also applicable to measurements m4
ting elements if such elements are found to be more suitable, provided that the guidelines are re

the purposes of ISO 20816, operational monitoringis considered to be those vibration mea3
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isurement quantities and methods, provided that they are well-defined and their limitatj
so that the interpretation of theé measurements is well-understood.

5 document does notfinclude consideration of torsional vibration.

E3  Fortorsionabvibration, see, for example, ISO 3046-5, SO 22266-1 or VDI 2039.

Normative references

following documents are referred to in the text in such a way that some or all of th
Ktitutes requirements of this document. For dated references, only the edition cited 3

ons are set

evaluation criteria relate only to the vibration produced by the machine itself and not thie vibration
trapsmitted to it from outsijde.

pir content
pplies. For

un

ated Teferences, the fatest edition of the Teferenced docuIment {inciuditg any amenaern

s) applies.

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

ISO 5348, Mechanical vibration and shock — Mechanical mounting of accelerometers

ISO 10817-1, Rotating shaft vibration measuring systems — Part 1: Relative and absolute sensing of radial
vibration

3 Terms and definitions

No terms and definitions are listed in this document.
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— IEC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at http://www.iso.org/obp

4 Measurements

4.1 General

4.1.1 Overview

This clause describes the measurements, procedures and operating conditions recommended
assessing machine vibration. The guidelines given permit the evaluation of vibration_in“accordd
with the géneral criteria and principles given in Clause 6.

4.1.2 Vibration measurements

It is comm@n practice to measure vibration on non-rotating parts or to measur@relative shaft vibrat
or both. The measurement type for the protection system is normally based.on the experience from
machine

4.1.3 Frequency range

The measyrement of vibration shall be broad band, so that the frequency spectrum of the machin
adequately] covered.

The frequéncy range depends on the type of machiie being considered (e.g. the frequency rd
necessary [to assess the integrity of rolling element-bearings should include frequencies higher
those on mfachines with fluid-film bearings only).

Guidelines| for instrumentation frequency“ranges for specific machine classes are given in
appropriate parts of ISO 20816.

NOTE1 In the past, broad-band measurements in the range 10 Hz to 1 000 Hz were the intended metri
full-load acqgeptance testing. This might;not meet the requirements of a condition monitoring scheme and m
need to be odified for the purposes, of vibration monitoring and diagnostics.

NOTE 2  Vibration conditiop-monitoring and diagnostics of machines are described in ISO 13373.

On certain equipmentye.g. gearboxes and rolling element bearings, it can be appropriate to us
different flequency ramnge for acceptance purposes.

4.2 Types of measurements
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4.2.1 Vibration measurements on non-rotating parts

Vibration measurements on non-rotating parts are generally carried out with a seismic transducer

which senses the absolute velocity or acceleration of structure parts on which it is mounted (e.g.
bearing housing).

4.2.2 Relative shaft vibration measurements

the

Relative shaft vibration measurements are generally carried out with a non-contacting transducer
which senses the vibratory displacement between the shaft and a structural member on which it is

mounted (e.g. the bearing housing).
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4.2.3 Absolute shaft vibration measurements
Absolute shaft vibration measurements are carried out by one of the following methods:

a) by a shaft-riding probe on which a seismic transducer (velocity type or accelerometer) is mounted
so that it measures absolute shaft vibration directly;

b) by a non-contacting transducer which measures relative shaft vibration in combination with a
seismic transducer (velocity type or accelerometer) which measures the support vibration. Both
transducers shall be mounted close together so that they undergo the same absolute motion in the
direction of measurement. Their conditioned outputs are summed to provide a measurement of the
absolute shart motion.

NOTE In order to avoid incorrect results, it is important to ensure that the same datum ‘time geference be
usedl for the outputs from both the seismic and non-contacting transducers.

4.3| Measurement parameters

4.3]1 Measurement quantities

For|the purposes of this document, the following measurement quantities can be used:
a) |vibration displacement, measured in micrometres;

b) [vibration velocity, measured in millimetres per second;

c) |vibration acceleration, measured in metres per square second.

The use, application and limitations of these quantities are discussed in Clause 6.

Generally, there is no simple relationship betweén broad-band acceleration, velocity and displacement;
nor|is there between peak (0-p), peak-tospeak (p-p), root-mean-square (r.m.s.) and average values of
vibration. The reasons for this are briefly/discussed in A.1, which also defines some precise rejationships
betveen the above quantities when the:tharmonic content of the vibration waveform is known.

In drder to avoid confusion and to ensure correct interpretation, it is important at all times|to identify
cledrly the measurement quantity and its unit, e.g. peak-to-peak displacement in um (1 um{= 10-6 m),
r.m/s. velocity in mm/s.

NOTE Vibration is ajveetor quantity and therefore, when comparing two different values, it can He necessary
to cpnsider the phase angle between them (see Annex D).

Generally, it can’be/stated that the preferred measurement quantity for the measurement gf vibration
of non-rotating’parts is r.m.s. velocity while the preferred measurement quantity for the mdasurement
of shaft vibration is peak-to-peak displacement.

Singe this' document applies to both relative and absolute shaft vibration measurements, digplacement
is further defined as follows:

— relative displacement which is the vibratory displacement of the shaft with reference to support
structure, such as a bearing housing or machine casing;

— absolute displacement which is the vibratory displacement of the shaft with reference to an inertial
reference system.

It should be clearly indicated whether displacement values are relative or absolute.

Relative and absolute displacements are further defined by several different displacement quantities,
each of which is now in widespread use. These include the following:

© IS0 2016 - All rights reserved 3
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Smax

S(p-p)

S(p-p)max

maximum vibratory displacement in the plane of measurement, measured from time-
integrated mean position, see Formula (A.10);

peak-to-peak vibratory displacement in the direction of measurement defined as
S(p-p) = Max [Sa(p-p), SB(p-p)l;

maximum peak-to-peak vibratory displacement in the plane of measurement.

Any of these displacement quantities may be used for the measurement of shaft vibration. However,
the quantities shall be clearly identified so as to ensure correct interpretation of the measurements in

terms of t

4.3.2 Vi

The resulf
Clause 5 is

It is comr
machinery|
energy. Ho
values may
criteria ba

For shaft v

4.3.3 Vi
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directions,
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For most 1}
machine. K
should the

ration magnitude

of measurements made with an instrument which complies with the requirement
called the vibration magnitude at a specific measuring position and directiont

hon practice, based on experience, when evaluating broad-band vibration of rota
to consider the r.m.s. value of vibration velocity, since this can be related to the vibra
lvever, other quantities such as displacement or acceleration and péakvalues instead of r.
' be preferred. In this case, alternative criteria, which are not riecessarily simply relate
bed on r.m.s. values, are required.

bration measurement, it is common practice to considerpeak-to-peak values.

ation severity

Ir
easurements are made at various measuring:positions and in one, two or three measu

leading to a set of different vibration. magnitude values. The maximum broad-b
value measured under agreed machine support and operating conditions is defined as
everity.

machine types, one value of vibration severity characterizes the vibratory state of
[owever, for some machines, this)approach can be inadequate and the vibration seve
1 be assessed independently for'measurement positions at a number of locations.

4.4 Measuring positions

4.4.1 Po

Measurem
other strud
elements
measurem

q

To determi

kitions for measurements on non-rotating parts

bnts on non<retating parts should be taken on the bearings, bearing support housin
tural paptsiwhich significantly respond to the dynamic forces transmitted from the rota
t the bearing locations and characterize the overall vibration of the machine. Typ
ent Jocations are shown in Figure 1 to Figure 5.

3.

[ing
[ion
m.s.
1 to

ing
and
the

that
rity

b Or
[ing
ical

bnts

in three mutually perpendicular directions. The full complement of measurements represented in
Figure 1 to Figure 5 is generally only required for acceptance testing.

The requirement for operational monitoring is usually met by performing one or both measurements in
the radial direction (i.e. normally in the horizontal transverse and/or vertical directions). These can be
supplemented by a measurement of the vibration in the axial direction, but are to be evaluated only on
thrust bearings. The latter can be of significance at thrust bearing locations where direct axial dynamic
forces are transmitted.

Detailed recommendations for specific machine types are provided in the additional parts of ISO 20816.
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Figure 3 — Measuring points for small electrical machines
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Figufe 4 — Measuring points for reciprocating engines close to the bearinglocations

[E———

Figure 5 — Measuring points for vertical machine sets
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4.4.2 Positions for measurements on rotating shafts

4.4.2.1 General

For the measurements on rotating shafts, it is desirable to locate transducers at positions such that
the lateral movement of the shaft at points of importance can be assessed. It is recommended that, for
both relative and absolute measurements, two transducers be located at, or adjacent to, each machine
bearing, see Figure 6. They should be radially mounted in the same transverse plane perpendicular
to the shaft axis or as close as practicable, with their axes within +5° of a radial line. It is preferable to
mount both transducers 90° + 5° apart on the same bearing half and the positions chosen should be the

b 1 1 - lal I Lav A
Sanpeateacirocarmg. See rigure 7.

A single transducer may be used at each measurement plane in place of the more~typical pair of
orthogonal transducers if it is known to provide adequate information about the shaftlvibration.

It i recommended that special measurements be made in order to determine,the total noh-vibration
runput, which is caused by shaft surface metallurgical non-homogeneities, Ipcal residual magnetism
and| shaft mechanical runout. It should be noted that, for anisotropic rotors‘such as, for exgmple, two-
pol¢ generators, the effect of gravity can cause a false runout signal.

I

3
\é\ 2

,
N N[ DNN\Y

a7 %
5 6

Key

1 [to signal processing

2 |signal conditioning unijts

3 |non-contacting transducers

4 |shaft

5 |bearing housings

6 |bearings

Figure 6 — Measuring points for measurements on rotating shafts
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\ 1
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Q/ —3

Key

1  tosigngl processing

2 signal donditioning units

3 shaft

4  non-contacting transducers

Figure 7 — Mounting of non-contacting probes for the measurement of shaft relative vibration

4.4.2.2 Bositions for relative shaft vibration measurements

Relative vibration transducers of the non-contacting’type are normally mounted in tapped hples
in the bearing housing or by rigid brackets adjacent'to the bearing housing or bearing shell. Where
the transdpcers are mounted in the bearing, they'should be located so as not to interfere with|the
lubrication pressure wedge. However, specialcarrangements for mounting transducers in other axial
locations rhay be made, but different vibration criteria for assessment will then have to be used.|For
bracket-mq@unted transducers, the bracket shall be free from natural frequencies which adversely afffect
the capability of the transducer to measure the relative shaft vibration.

The surfac of the shaft at the location of the transducer, taking into account the total axial float of{the
shaft undef all thermal conditiens, shall be smooth and free from any geometric discontinuities (quch
as keyways, lubrication passages and threads), metallurgical non-homogeneities and local resiqual
magnetisn] which can cause-false signals. In some circumstances, an electroplated or metallized shaft
surface maly be acceptable,but it should be noted that the calibration can be different. It is recommen(ded
that the tdtal combined electrical and mechanical runout, as measured by the transducer, does|not
exceed 25 |% of therallowable vibration displacement, specified in accordance with 6.3.2.2, or 6 jum,
whichever fis gréater. For measurements made on machines already in service, where provision was|not
originally made for shaft vibration measurements, it can be necessary to use other runout criteria.

4.4.2.3 Positions for absolute shaft vibration measurements using combined seismic and
non-contacting relative vibration transducers

If a combination of seismic and non-contacting relative vibration transducers is used, the absolute shaft
vibration is obtained by

a) integrating the signal from the seismic transducer to convert the acceleration or velocity output to
displacement, and

b) summing the displacement outputs from both transducers.
NOTE1 In order to avoid incorrect results, it is important to ensure that the same datum time reference is

used for the outputs from both the seismic and non-contacting transducers.

8 © IS0 2016 - All rights reserved
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The mounting and other requirements for the non-contacting transducer are as specified in 4.4.2.2.
In addition, the seismic transducer shall be rigidly mounted to the machine structure (e.g. the bearing
housing) close to the non-contacting transducer so that both transducers undergo the same absolute
vibration of the support structure in the direction of measurement. The sensitive axes of the non-
contacting and seismic transducers shall be parallel, so that their summed, conditioned signals resultin
an accurate measure of the absolute shaft vibration. See Figure 8.

NOTE 2 Information on mounting accelerometers for seismic measurements is given in ISO 5348.

NOTE 3 In the past, absolute shaft vibration measurements have also been performed using a shaft-riding
mechanism with a seismic transducer.

2

1 =13

L —— W LN _ — |

Key)

1 [to signal processing

2 [signal conditioning units

3 |shaft

4 |non-contacting transducers
5 |seismic transducers

Figure 8 — Mounting of non-contacting and seismic probes for the measurement df shaft
absolute vibration

4.5| Machine support structure for acceptance testing

4.5.1 General

The acceptance criteria should be agreed between the customer and manufacturer.

4.5.2 In-situ tests

When acceptance is carried out in situ, the support structure shall be that supplied for the machine.
In this case, it is important to ensure that all the major components of the machine and structure are
installed when the test is carried out.

Valid comparisons of vibration for machines of the same type but on different foundations or sub-
foundations can only be made if the foundations concerned have similar dynamic characteristics.

© IS0 2016 - All rights reserved 9
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4.5.3 In a test facility

There are many classes of machines for which, because of economic or other reasons, acceptance is
carried out on a test bed which can have different support structure characteristics from those at the
site. The support structure can significantly affect the measured vibration and every attempt should be
made to ensure that the natural frequencies of the complete test arrangement do not coincide with the
rotational frequencies of the machine or with any of its significant harmonics.

The test arrangement normally meets these requirements if the vibration magnitude measured in the
horizontal and vertical directions at the machine feet, or at the base frame near the bearing support or
stator feet, does not exceed 50 % of the vibration magnitude measured in the same measuring direction

at that bedqring. Additionally, the test arrangement shall not cause a substantial change in anyof
major resopance frequencies.

If a signifigant support resonance is present during acceptance test and it cannot be eliminated,

vibration

ceptance may have to be carried out on the fully installed machine in situ.

For some ¢lasses of machines (e.g. small electrical machinery), acceptance tests(can be carried

when mac
the rigid-b
lowest sigr

ines are supported by a resilient system (see, for example, IEC 60034:14). In this case
bdy mode frequencies of the machine on its support system shall be less than one-half off
ificant excitation frequency of the machine. Appropriate support conditions can be achig

by mounting the machine on a resilient support baseplate or by free suspension on a soft spring.

4.6 Mac

Shaft vibrg
conditions
taken unde

4.7 Eval

If the meajq
measurem

hine operating conditions

tion measurements shall be made after achieving‘contractually agreed normal opera
(speed, load, temperature, pressure, etc.). Additional vibration measurements that may
r other conditions are not applicable for evaluation in accordance with Clause 6.

juation of vibration from other sources

ured vibration magnitude exceeds the recommended limit, it can then be necessary to t
bnts of environmental vibration withthe machine shut down to ensure that this is not mal

a significanpt contribution to the observed vibration. Where possible, steps should be taken to reduce

magnitude

5 Instry

The instru
is to be usq
measuring

of environmental vibration ifit is greater than one-third of the recommended limits.

imentation

Imentation used Shall be designed to operate satisfactorily in the environment for whig
d, for examplé, with respect to temperature and humidity. Specification for instrumentg
vibration severity is given in ISO 2954 and instruments for measuring shaft vibration

specified ip ISO 10817*1.
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transducers.

ity

Modern instrumentation can provide multiple methods to deliver a measurement value. The acceptance
criteria here are based on r.m.s. velocity in mm/s for measurements on non-rotating parts and peak-
to-peak displacement in micrometres for measurements on rotating parts. The acceptance criteria
may be scaled suitably to match the units in common use at the site, using the same assumptions as
programmed into the distributed control systems.

It is desirable that the measurement system has provision for on-line calibration of the readout
instrumentation and, in addition, has suitable isolated outputs to permit further analysis as required.
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Evaluation criteria

General

1 Overview

This clause specifies general criteria and principles for the evaluation of machine vibration. The
evaluation criteria relate to both operational monitoring and acceptance testing, and they apply only to
the vibration produced by the machine itself and not the vibration transmitted from outside.
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6.1

6.1

a)
b)

6.1

b)

ador
errgneously applied to other types.

specification of evaluation criteria for machine vibration is dependent upon a wide range of

ors and the criteria adopted vary significantly for different types of machine and, in-s
Hifferent rotors in the same coupled line. It is important, therefore, to ensure thatwalid
ted for a particular machine and that the criteria which relate to a certain type.of' mach

MPLE Evaluation criteria for a high-speed compressor operating in a petfochemical plant
ifferent from those for large turbo-generators.

5 clause establishes a basis for specifying evaluation criteria fersfheasurements on n
Ls, as well as on rotating shafts. No attempt has been made-to specify vibration va
redures of both kinds of measurements are applicable, the one which is more restr
erally apply. Specific criteria for different classes and typés)of machinery are given in t
Ls of ISO 20816.

criteria presented in this clause are applicable only to the vibration due to excitatio
iting elements. The criteria are not applicable to-the evaluation of the electromagneti
ted at twice the line frequency (i.e. twice the electrical system frequency) and transmittg
prator stator core to the bearings.

2 Types of measurement on rotating shafts

2.1 There are two principal factors by which shaft vibration is judged:
absolute vibration of the shaft;

vibration of the shaft relative to the structural elements.

2.2 If the evaluation criterion is the change in shaft vibration, then

when the vibration of the structure, on which the shaft-relative transducer is mounted, i
less than~20"% of the relative shaft vibration), either the relative shaft vibration or abs
vibrationvmay be used as a measure of shaft vibration, and

when the vibration of the structure, on which the shaft-relative transducer is mounted

ome cases,
‘riteria are
ine are not

hre likely to

n-rotating
ues. If the
ctive shall
he relevant

h from the
c vibration
d from the

5 small (i.e.
olute shaft

is 20 % or

mare of the relative shaft vibration the absolute shaft vibration shall he measured and

if found to

6.1.

be larger than the relative shaft vibration, it shall be used as the measure of shaft vibration.

2.3

be used as the measure of shaft vibration.

6.1.

a)

b)

2.4 Ifthe evaluation criterion is stator/rotor clearance, then

If the evaluation criterion is the dynamic load on the bearing, the relative shaft vibration shall

when the vibration of the structure, on which the shaft-relative transducer is mounted, is small
(i.e. less than 20 % of the relative shaft vibration), the relative shaft vibration shall be used as a

measure of clearance absorption, and

when the vibration of the structure, on which the shaft-relative transducer is mounted,

is 20 % or

more of the relative shaft vibration, the relative shaft vibration measurement may still be used as a
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measure of clearance absorption unless the vibration of the structure, on which the shaft-relative
transducer is mounted, is not representative of the total stator vibration. In this latter case, special
measurements are required.

6.1.2.5 The shaft vibration associated with a particular evaluation range depends on the size and mass
of the vibrating body, the characteristics of the mounting system and the output and use of the machine.
It is therefore necessary to take into account the various purposes and circumstances concerned when
specifying different ranges of shaft vibration for a specific class of machinery. Where appropriate,
reference should be made to the product specification.

6.2 Factprs affecting evaluation criteria

There are [a wide range of different factors which need to be taken into account when (spécifying
evaluation|criteria for vibration measurements. Amongst these are the following:

a) the pufpose for which the measurement is made (e.g. the requirement for ensuring that runjling
clearances are maintained is, in general, different from that if the avoidance of excessive dynagmic
load on the bearing is the main concern);

b) thetype of measurement made (vibration of non-rotating parts, relative or-absolute shaft vibratipn);
c) the qupntities measured (see Annex A);

d) the positions where the measurements are made;

e) the roflational speed of the shaft;

f) the bearing type, clearance and diameter;

g) the funpction, output and size of the machine;

h) the stiffness of the bearings, pedestals and foundations;
i) therofor mass and stiffness.

Clearly, this wide range of factors makes itimpossible to define unique evaluation criteria which can be
applied to pll machines. Different criteria, which have been derived from operational experience,|are
necessary for different machines, but-at best, they can only be regarded as guidelines and there will be
occasions ywhere machines will operate safely and satisfactorily outside any general recommendatjons
or are unable to operate despite Vibration values are well within guideline values.

6.3 Types of evaluatien criteria

6.3.1 Gejneral

Two evaluption criteria are used to assess vibration severity on various classes of machines. PDne
criterion considers-the magnifnr‘]n of ahserved broad-hand vihrafinn; the second considers r‘hangns in

magnitude, irrespective of whether they are increases or decreases.

6.3.2 Criterion I: Vibration magnitude at rated speed under steady operation conditions

6.3.2.1 Non-rotating parts

For non-rotating parts, this criterion is concerned with defining limits for absolute vibration magnitude
consistent with acceptable dynamic loads on the bearings and acceptable vibration transmission into
the support structure and foundation. The maximum vibration magnitude observed at each bearing
or pedestal is assessed against four evaluation zones established from international experience. This
maximum magnitude of vibration measured is defined as the vibration severity (see 4.3.3).
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The vibration of a particular machine depends on its size, the characteristics of the vibrating body and
mounting system and the purpose for which it is designed. It is therefore necessary to take account of
the various purposes and circumstances concerned when specifying ranges of vibration measurement
for different machine types. For nearly all machines, regardless of the type of bearings used, in general,
measurements of the broad-band r.m.s. vibration velocity on structural parts, such as bearing housings,
adequately characterize the running conditions of the rotating shaft elements with respect to their
trouble-free operation.

In most cases, it has been found that vibration velocity is sufficient to characterize the severity of
vibration over a wide range of machine operating speeds. However, it is recognized that the use of a

sing

le value of velocity, regardless of frequency, can lead to unacceptably large vibration displacements.

Thi
con
or V
acc
Thi

fxa

5 is particularly so for machines with low operating speeds when the once-per-revolutie
ponent is dominant. Similarly, constant-velocity criteria for machines with high operat
vith vibration at high frequencies generated by machine component parts, can ledad to un
blerations. Consequently, evaluation criteria based on velocity take the general form ¢
5 indicates the upper and lower frequency limits, f; and fj, and shows that below a defined
nd above a defined frequency fy, the allowable vibration velocity is a fungtion of frequen

h vibration
ng speeds,
acceptable
f Figure 9.
frequency
y (see also

C.2). However, for vibration frequencies between fx and fy, a constant-velocity-criterion applies.

NOTE The r.m.s. velocity values for non-rotating parts listed in Table C.1 £efér to this constant-velpcity region.

The precise nature of the evaluation criteria and the values of f}, f{{,fx and fy for specific maghine types

are|given in the additional parts of ISO 20816.

For|many machines, the broad-band vibration consists primarily of a single frequency ¢omponent,

oftgn shaft rotational frequency. In this case, the allowable vibration is obtained from Figure 9 as the

vibration velocity corresponding to that frequency.

For|less-common machines, where there can be significant vibratory energy beyond the brepkpoints fx

and|fy of Figure 9, a number of different approa¢hes are possible. Examples are as follows.

a) |In addition to the usual broad-band *velocity, broad-band displacement may be measpired when
there is significant energy below f:-Similarly, broad-band acceleration may be measpred when
there is significant energy aboye fy. The allowable vibration displacement and acceleration should
be consistent with the velocity corresponding to the sloped portions of Figure 9.

b) [The velocity, displacement'or acceleration at each significant component throughout thq frequency
spectrum may be detetmined using a frequency analyser. The equivalent broad-band velocity can
be obtained using Formula (A.2) after applying appropriate weighting factors, consjstent with
Figure 9, for those Components whose frequencies are below fx or above fy. This value ghould then
be evaluated relative to the constant velocity between fx and fy. It should be noted that} except for
the case whenvthe broad-band vibration consists primarily of a single frequency component, a
direct comparison of the frequency spectrum components with the curves of Figure 9 would yield
misleading results.

c) |Aeemposite broad-band measurement encompassing the entire spectrum may be carrield out using

arinstrument incorporating weighting networks consistent with the shape of Figure 9|

This value

should then be evaluated relative to the constant velocity between fx and fy.

The evaluation criteria for specific machine types are given in the additional parts of ISO 20816. C.2
provides additional guidance. For certain machine types, it can be necessary to define further criteria
beyond those described by Figure 9 (see, for example, 6.5.3).

© ISO 2016 - All rights reserved
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6.3.2.2 Rotating shafts

For

consistent |with acceptable dynamic loads on the bearings, adequate margins on the radial cleard
envelope ¢f the m@chine and acceptable vibration transmission into the support structure
foundation|. The Maximum shaft vibration magnitude observed at each bearing is assessed against
evaluation|zones'established from international experience.

Figure 10 showsa ptotof attowabte vibratiomn, i termsof peak-to-peak shaftvibration, agaimnst

20816-1:2016(E)

Y
4
3
2
1
fl fx fy fu X
frequerjcy

r.m.s. vibration velocity
zone A
zone B
zone C
zone D

Figure 9 — Generalform of vibration velocity evaluation criteria

rotating shafts, this\criterion is concerned with defining limits for shaft vibration magnit

ude
nce
and
our

the

operating speed range. It is generally accepted that limiting vibration values decrease as the operating
speed of the machine increases, but the actual values and their rate of change with speed varies for
different types of machines.

14
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X
Key
X |shaft rotational speed
Y |peak-to-peak shaft vibration
1 |relevant speed range
2 |zone A
3 |zoneB
4 |zoneC
5 |[zoneD
NOTE The.actual values for vibration at the zone boundaries and the relevant speed range vary for different

typés of machines. It is important to select the relevant criteria and to avoid incorrect extrapolation.

- —=6 tized te-of evatationcritertaforshafvibrati

6.3.2.3 Evaluation zones

The following evaluation zones are defined to permit a qualitative assessment of the vibration on a
given machine under steady-state conditions at normal operating speed and to provide guidelines on
possible actions. Different categorization and number of zones may apply for specific machine types.
These are provided in additional parts of ISO 20816.

Zone A: The vibration of newly commissioned machines normally falls within this zone.

NOTE The effort required to achieve vibration within zone A can be disproportionate and unnecessary.
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Zone B: Machines with vibration within this zone are normally considered acceptable for unrestricted
long-term operation.

Zone C: Machines with vibration within this zone are normally considered unsatisfactory for long-term
continuous operation. Generally, the machine may be operated for a limited period in this condition
until a suitable opportunity arises for remedial action.

Zone D: Vibration values within this zone are normally considered to be of sufficient severity to cause
damage to the machine.

6.3.2.4 valuation zone limits

Numericalvalues assigned to the zone boundaries, which are provided in additional parts of ISQ'20816,
provide guidelines for ensuring that gross deficiencies or unrealistic requirements are avoided. In
certain cades, there can be specific features associated with a particular machine which would reqtpire
different zpne boundary values (higher or lower) to be used. In such cases, it is normally necessarjy to
explain thg reasons for this and, in particular, to confirm that the machine will not®e ‘endangered by
operating yith higher vibration values.

NOTE For the vibration evaluation for non-rotating parts of those machines” for which no spefific
Internationfl Standard exists, see Annex C.

6.3.2.5 Acceptance criteria

The accepfance criteria should be subject to agreement between the machine manufacturer pand
customer, pnd prior negotiation is encouraged. The evaluation zones provide a basis for defiing
acceptancq criteria but the numerical values assigned to-the zone boundaries are not themse]ves
intended t¢ serve as acceptance specifications.

Contractudl acceptance tests shall be carried out\under clearly defined duration and operaging
parameterf, e.g. load, temperature, pressure.

After majojr component replacement, maintenance or service activities, acceptance criteria shall fake
into account the scope of activity and the vibration behaviour prior to servicing.

6.3.3 Criterion II: Change in vibration magnitude

This criterfon provides an assessment of a change in vibration magnitude from a previously establighed
reference yalue. A significantrinerease or decrease in vibration magnitude can occur, which requjres
some actiop even though zene.C of Criterion I has not been reached. Such changes can be instantangous
or progreqgsive with tinfe Jand can indicate that damage has occurred or can be a warning of an
impending| failure or.seme other irregularity. Criterion II is specified on the basis of the changp in
vibration magnitudeoccurring under steady-state operating conditions.

When Criterion'\W-is applied, the vibration measurements being compared shall be taken at the same
transducei| location and orientation and under approximately the same machine operating conditipns.
Significant'elrangesfromthe-normal-vibrationrmagnitudes—showdd-beinvestigatedse-thata-dangerous

situation can be avoided.

Criteria for assessing changes of vibration for monitoring purposes are given in the additional parts of
ISO 20816. However, it should be noted that some changes might not be detected unless the discrete
frequency components are monitored (see 6.5.1).

6.4 Operational limits

6.4.1 General

For long-term operation, it is common practice for some machine types to establish operational
vibration limits. These limits take the form of ALARMS and TRIPS.
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ALARMS: To provide a warning that a defined value of vibration has been reached or a significant
change has occurred, at which remedial action can be necessary. In general, if an ALARM situation
occurs, operation may continue for a period whilst investigations are carried out to identify the reason
for the change in vibration and define any remedial action.

TRIPS: To specify the magnitude of vibration beyond which further operation of the machine can cause
damage. If the TRIP value is exceeded, immediate action should be taken to reduce the vibration or the
machine should be shut down.

Different operational limits, reflecting differences in dynamicload, bearing/seal clearances and support

stiffness may be specified for different measurement positions and directions.
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monitoring-purposes. However, in some cases, the use of vector information for vibration 3

on ¢

bre appropriate, guidelines for specifying ALARM and TRIP criteria for specific machin
n in other parts of ISO 20816.

2  Setting of ALARMS

ALARM values can vary considerably, up or down, for different machinges. The values
mally be set relative to a baseline value determined from experience-for'the measuremse
irection for that particular machine.

bre there is no established baseline (e.g. with a new machine),the initial ALARM setting
bd either on experience with other similar machines or reldtive to agreed acceptance vz
riod of time, the steady-state baseline value will be established and the ALARM setting

he steady-state baseline changes (e.g. after a maghine overhaul), the ALARM setting]
sed accordingly. Different operational ALARM settings can then exist for different bear
hine, reflecting differences in dynamic load and bearing support stiffnesses.

3 Setting of TRIPS

TRIP values generally relate to thelmechanical integrity of the machine and are depeng
Cific design features which have been introduced to enable the machine to withstanc
amic forces. The values used are, therefore, generally the same for all machines of sim
would not normally be reldted to the steady-state baseline value used for setting ALARN

Additional factors

1 Vibrationfrequencies and vectors

evaluationeonsidered in this document is limited to broad-band vibration without r
uency components or phase. This is, in most cases, adequate for acceptance testing and

ertain machines types can be desirable.
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Vector change information is particularly useful in detecting and defining changes in the dynamic state
of a machine. In some cases, these changes would go undetected when using broad-band vibration
measurements. This is demonstrated in Annex D.

The specification of criteria for vector changes is beyond the scope of this document.

6.5.

2 Vibration sensitivity of the machine

The vibration measured on a particular machine can be sensitive to changes in the steady-state
operational condition. In most cases, this is not significant. In other cases, the vibration sensitivity can
be such that although the vibration magnitude for a particular machine is satisfactory when measured
under certain steady-state conditions, it can become unsatisfactory if these conditions change.
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It is recommended that, in cases where some aspect of the vibration sensitivity of a machine is in
question, agreement be reached between the customer and supplier about the necessity and extent of
any testing or theoretical assessment.

6.5.3 Techniques for rolling element bearings

Alternative approaches other than broad-band vibration measurements are continuing to be evolved
for assessing the conditions of rolling element bearings. These are discussed further in Annex B. The
definition of evaluation criteria for such additional methods is beyond the scope of this document.
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Annex A
(informative)

Explanation of measurement quantities

It hjis been recognized for many years that using the measurement of r.m.s. velocity tochardcterize the
vibratory response of a wide range of machine classes has been very successful and ¢ontinues to be so.
For|simple alternating waveforms which are made up of a discrete number of harmonic conjponents of
kngwn amplitude and phase, and do not contain significant random vibration orshock comppnents, it is
poskible, by means of Fourier analysis, to relate various fundamental quantitieS)(displacement, velocity,
accgleration, peak, peak-to-peak, r.m.s., average, etc.) using rigorously)determined mdthematical
reldtionships. A number of relationships are summarized in this annex.

From measured vibration velocity versus time records, the r.m.sXvalue of the velocity, v{ms, can be

caldqulated by Formula (A.1):

v, = ljvz (¢)de (A1)
whére

v(t) isthe time-dependent vibration velocity;

T is the sampling time which isJlenger than the period of any of the major frequencyl compo-
nents of which v(t) is compgsed.

AccEleration, velocity and/or displacement magnitudes (aj, vj, sj, respectively; j = 1, 2, ...| n) can be
determined for different frequencies ( f1, f2, ..., fn) from spectral analyses.

If the peak-to-peak displacement values of the vibration, s1, s2, ..., Sy, in micrometres, of the r.m.s.
velqcity values, v1, V2, &y, in millimetres per second, or the r.m.s. acceleration values, ay, 12, ..., ap, in
mefres per square second, and the frequencies, f1, f2, ..., fn, in hertz, are known, the assocjated r.m.s.
velqcity, vrms, chatacterizing the motion is given by Formula (A.2):

Vims = 10—3 ﬂ\/% |:(Slf1 )2 + (SZfZ )2 toet (Snfn )2}

2 2 2
:\/v1 FVy + vy (A.2)

3 2 2 2
_10° “_1} R a_zJ H
2T f1 fz fn

In the case where the vibration consists of only two significant frequency components giving
beats of r.m.s. value, vipin and vpax, the associated r.m.s. vibration velocity, viys, can be determined
approximately from Formula (A.3):

1/ 7 2
Vims = \/E (Vmax + Vmin) (A.3)

The operation of interchanging vibration acceleration, velocity or displacement values can be
accomplished only for single-frequency harmonic components using, for example, Figure A.1. If the
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vibration velocity of a single frequency component is known, the peak-to-peak displacement, s;, in
micrometres, can be evaluated from Formula (A.4):

103v2v,  450v,
S; = ~ (A4)
©fi fi

where

v; isthe r.m.s. value of the vibration velocity, in millimetres per second, of the component with
frequency, f;, in hertz.
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Figure A.1 — Relationship between acceleration, velocity and displacement for single-

frequency harmonic components
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A.2 Vibration of rotating shafts

A2

.1 Time-integrated mean vibration

The mean values of the shaft displacement in any two specified orthogonal directions, x,y, relative to

a reference position, as shown in Figure A.2, are defined by integrals with respect to time, as shown in
Formula (A.5) and Formula (A.6):

(A.5)

12
X = [x(t) de
2t t)
t
2
— 1
y= j y (t) de
tp =4
21
whére
x(t) and y(t) are the time-dependent alternating values of displacenient relative to the
position;
ty-t1 is the duration of integration which is large rélative to the period of the Iq
quency vibration component.
In the case of absolute vibration measurements, the reference position is fixed in space. |

vibi
tot

vallles can be due to a number of factors, such as\bearing/foundation movements, changes

cha
mal

It s
the

Figlire A.3). However, when the shaft vibration is a single frequency and sinusoidal, then

the
of 1
min

ation measurements, these mean values give an indication of the mean position of the sh
he non-rotating parts at the axial location wheretlie measurements are made. Changes i

Facteristics, which normally occur slowly relative to the period of the vibration compon|
te up the alternating mean values.

hould be noted that, in general, the.time-integrated mean position in any direction d
position defined by taking half the-sum of the maximum and minimum displacement

shaft centre is an ellipse. In such circumstances, the time-integrated mean position in an
heasurement is the same ag the position identified by taking half the sum of the ma
imum displacement values.

(A.6)
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1 Kinetic orbit of shaft

2 fixed reference axes x and y

x(t),y(t) time-dependent alternating values of displacement relative to'the reference position

X,y time-integrated mean values of shaft displacement
0 tilme-integrated mean position of orbit
K ifjstantaneous position of shaft centre

Figure A.2 — Kinetic orbit of shaft
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y
X

Key
1 transducer A waveform
2 transducer A
3 transducer B waveform
4 transducer B
X,y fixed referenc€ axes
0 time-integrated mean position of orbit
X,y time-integrated mean values of shaft displacement
K instahtaneous position of shaft centre
P position of shaft for maximum displacement from time-integrated mean position
S1 instantaneous value of shaft displacement
Smax TITAXITITUIT vatte of SiraftdisplacenTent fronT tire=imtegratet et position o
Sa1, SB1 instantaneous values of shaft displacement in directions of transducers A and B, respectively
S(p-p)max Mmaximum value of peak-to-peak displacement
g‘;g:g’ peak-to-peak values of shaft displacement in directions of transducers A and B
NOTE In this example sketch, Sa(p-p) = S(p-p) since Sa(p-p) > SB(p-p)-

Figure A.3 — Definition of shaft displacement quantities
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A.2.2 Peak-to-peak displacement of shaft vibration

A.2.2.1 General

The primary quantities of interest in shaft vibration measurements are the alternating values which
describe the shape of the orbit. Consider the kinetic shaft orbit shown in Figure A.3 and assume that
there are two transducers, A and B, mounted 90° apart, which are used to measure the shaft vibration.
At some instant, the shaft centre will be coincident with the point K on the orbit and the corresponding
instantaneous value of shaft displacement from the mean position will be S1. However, in the direction
of the transducers, A and B, the instantaneous values of shaft displacement from the mean position will
be Sa1 and [SpT; Tespectively- The Telatiomship between these quamntities s givenr by Formma{A-73:

2 2 2
s2 =%, +Sk, (A7)

The values|of S1, Sa1 and Sg1 vary with time as the shaft centre moves around the orbit; thecorresponding
waveformq measured by each transducer are shown in Figure A.3.

NOTE IIf the orbit is elliptical, then these waveforms are pure sine waves of the same frequency.

The peak-tp-peak value of the displacement in the direction of transducer, A,"Sa(p-p), is defined as|the
difference petween the maximum and minimum displacements of transd@cer A and similarly for Sg for
transducer] B. Clearly, Sa(p-p) and Sg(p-p) values will not be equal and;-in general, they will be different
from similar measurements made in other radial directions. Hefice; the value of the peak-to-peak
displacemgnt is dependent on the direction of the measurement.

Since thesd measurement quantities are independent of the absolute value of the mean position, it isinot
necessary fo use systems which can measure both the mean-and alternating values.

Peak-to-pepk displacement is the quantity which has been used most frequently for monitofing
vibration j‘frotating machines.

Whereas neasurement of the peak-to-peak displacement in any two given orthogonal directionsl|is a
simple mafter, the amount and angular pogition of the maximum peak-to-peak displacement showp in
Figure A.3|is difficult to measure directly."However, in practice, it has been found acceptable to[use
alternativg measurement quantities which enable a suitable approximation for the maximum peal-to-
peak displacement value to be obtained. For more precise determinations, it is necessary to exanjine
the shaft ofbit in more detail, for example, with an oscilloscope. The three most common methodg for
obtaining 4atisfactory approximations are described in A.2.2.2 to A.2.2.4.

A.2.2.2 Method A: Resultant value of peak-to-peak shaft displacement values measured in two
orthogonal directions

The value ¢f S(p-pymax can be approximated from Formula (A.8):

2 2
= S +S A.8
p—p ) hax 4\/ Ap—p——Bip—p] ($-8)

>

The use of Formula (A.8) as an approximation when the vibration is predominantly at rotational
frequency generally over-estimates the value of S(p-p)ymax with a maximum error of approximately 40 %.

The maximum error occurs for a circular orbit and progressively reduces as the orbit becomes flatter,
with a zero error for the degenerate case of a straight line orbit.
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A.2.2.3 Method B: Taking the maximum value of peak-to-peak shaft displacement values
measured in two orthogonal directions

The

whi

value of S(p-p)max can be approximated from Formula (A.9):

S(p-p)max = SA(p-p) OF SB(p-p)

chever is greater.

(A9)

The use of Formula (A.9) as an approximation when the vibration is predominantly at rotational frequency

gen

nr:\”y under-estimates the value of Q{ with a maximum error of apprnvimafp]y 300
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It should be noted.thiat implicit in the definition of Sy ax is the requirement to know the time
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maximum error occurs for a flat orbit and progressively reduces as the orbit becomes:cij
ro error when the orbit is circular.

2.4 Method C: Measurement of Sp,ax

instantaneous value of the shaft displacement can be defined by $1, as'shown in Figure
brived from the transducer measurements, Sa1 and Sp1, using Formula (A.7). There isa p
t, defined by P in Figure A.3, where the displacement from the méan position 0 is a ma
e of §1 corresponding to this position is denoted by Smax whichis defined as the maxim
lacement according to Formula (A.10):

S =51 (0)],_ = ngl () + 52, (t)}

point on the orbit where Spyax occurs does not'necessarily coincide with the points
SB1 are at their maximum values. Clearly, for a particular orbit, there is one value @
is independent of the position of the measuring transducers provided that the mean
s not change.

max

value of S(p-p)max can be approximated from Formula (A.11):

S[p—p)max = 2 Smax

mula (A.11) is correct when the two orthogonal measurements from which Syax is der
tle-frequency sinusoidalMorm. In most other cases, this formula over-estimates S(p-p)ma
ends on the natureefthe harmonic vibration components present.

in value of th@shaft displacement. The measurement of Sy, is, therefore, limited to those
ems which’can measure both the mean and alternating values. Furthermore, the ev|

redurerequiring specialized instrumentation.

cular, with

|A.3, which
oint on the
imum. The
m value of

(A.10)

where Sa1
f Smax and
position 0

(A.11)

ived are of
L since this

integrated
measuring
hluation of

i from_the’ signals produced by two vibration transducers is a relatively complex conjputational
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Annex B
(informative)

Techniques for detection of problems in rolling element bearings

B.1 General

The use of a simple broad-band measuring technique on the raw acceleration data fromca rolling
element begaring housing, as described in this document, often provides sufficient information to give
guidance on the running conditions of that particular bearing. It is realized that this simple techniqye is
not succes$ful in all circumstances. In particular, errors in assessment can arise if there‘are signifi¢ant
resonance pffects in the bearing or its housing within the measurement frequency rasige, or if signifigant
vibration sfgnals are transmitted to the bearing from other sources such as gear-meshing vibratio

Mainly as jp result of the above deficiencies, alternative measuring equipnient and various analjsis
techniqued have evolved which, in some instances, can be more suitable‘for identifying problemfs in
rolling element bearings. None of these available instruments or techhiques has, however, Heen
successfully proven in all situations. For instance, not all types of beasing defects can be identified by
any one tedhnique and, whereas a particular technique can be perfectly satisfactory in identifying mpjor
bearing prpblems on one machine, it can be totally unsuitable for other installations. In all cases,|the
general vilration characteristics and patterns are mainly dependent on the specific type of bearing|the
structure incorporating it, the instrumentation and even the'signal processing. All of these phenomena
need to be well understood; otherwise, no objective bearing evaluation method can apply.

NOTE Information on measurement of structure-borne sound of rolling element bearings in machineg for
evaluation ¢f rolling element condition is given in VDI'8832, whereas measuring methods for rolling elethent
vibration arje described in ISO 15242.

Selection of suitable techniques for specifigtapplications requires specialist knowledge of both|the
technique find the machinery to which it is.to be applied.

B.2 to B.5 priefly mention some of-the available measuring equipment and analysis techniques which
have been shown to have had some-success in selected applications. However, insufficient information
is availabldg on suitable evaluatiern/ criteria values.

B.2 Raw data analysis (overall vibration measurements)

Various cldims have_been made in support of simple alternatives to the measurement of broad-bjand
r.m.s. acceleratien-of the raw vibration signal for revealing defects in rolling element bearings.

These alteffriatives are as follows:

a) measurement of peak acceleration values;
b) measurement of the peak-to-r.m.s. ratio (crest factor) of the acceleration;

c) computation of the product of r.m.s. and peak acceleration measurements.

B.3 Frequency analysis
The individual frequency components of a complex vibration signal can be identified with a variety

of filtering arrangements or by spectrum analysis. If sufficient data are available about the particular
bearing, its characteristic frequencies for a variety of defects can be calculated and compared with
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frequency components of the vibration signal. This, therefore, can give not only recognition that a

bearing is giving concern, but can also identify the nature of the defect.

To give greater definition of the bearing-related frequencies in cases where high background vibration
exists, processing techniques such as coherent averaging, adaptive noise cancellation or spectral
subtraction techniques can be beneficially applied. A further technique is the spectral analysis of
envelope waveforms which are generated by rectifying and smoothing of high-pass filtered vibration
signals (or bandpass filtered in the high-frequency range). Thus, low-frequency background vibration is
suppressed and the sensitivity for repetitive small pulses is significantly increased.

A useful variant to the spectral analysis approach is to consider sidebands (sum and difference

frequencies) of the fundamental bearing characteristic frequencies rather than the furdamentals
themselves. Although mainly used for detecting gear-meshing defects, cepstrum analysis’[defined as
“th¢ power spectrum of the logarithm of the power spectrum”) can be applied toddentifly sideband

effects.

B.

Shock-pulse techniques

A nyimber of commercial instruments are available which rely on the fact that defects in rolling element

bea
Bec]
inst
to f

An

B.5

The
ini
wead

applicable in some instances.

ings generate short pulses, usually called shock pulses.

ause of the sharpness of the shock pulses, they contain coinponents at very high frequency. The
ruments detect these high-frequency components and precess them using proprietary ftechniques
brm a value which can be related to the bearing condition:

hlternative technique is the spectral analysis of the raw shock-pulse envelope.

Alternative techniques

re are several techniques available which allow problems in rolling element bearings to e revealed
bolation of any vibration measurement. These include acoustic noise analysis, thermography and
r debris analysis (ferrography),~but none can be claimed to be successful in all cases or even
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