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Foreword

ISO (the Internaticnai Organization for Standardization) is 2 worlawide
feceraton of national standards bodies (ISO member bodies). The work
of creparing international Standards is normally carried out through 1SO
technicai committees. Each member body interested in a subject for
which & technical committee has been estaplished has the nght to be
represented on that committee. International crganizations, governmental
and non-governmental, in liaison with (SO, also take part in the work. !SO
coifaborates closely with the irternational Electrotechnical Commission
(IEC) on all matters of electrotechnical standardization.

Draft Internationat Standards adopted by the technical committees are
circulated to the member bodies for voting. Pubiication as an International
Standard requires approval by at least 75 % of the member badies gasting
a vote.

International Standard !SO 7919-1 was prepared by Technical Committee
ISO/TC 108, Mechanical wibration and shock, Subcommitiee SC 2.
Measurement and evaluation of mechanical vibration and shock as applied
to machines, vehicles and structures.

This second adition of ISO 7919-1 cancels and replaces the first edition
(1ISC 7919-1:1986), which has been technically revised.

ISO 7919 consists of the following parts, under the general title Mechan-
ical vibration of non-reciprocating machines — Measurements on rotatng
shafts and evaluation critena.

— Part 1. General guidefines

— Part 2: Large land-based steam turbine generator sets
— Part 3: Coupled industrial machines

— Part 4. Gas turbine sets

— Part 5 Machine sets in hydraulic power generating and pumping
plants

Annex A forms an integral part of this part of ISO 7919, Annexes B.C. D
and E are for information only.
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Introduction

Machinee are now being operatod at i wigasingly nign soeeds and loads,
and under increasingly severs operating conditions. This has become
possible, 10 3 large extent, by the more efficient use af matenals, althougn
this has sometimes resulted in there being less margin for design and
apphcation errors,

At present, it is not uncommon for continuous operation to be expectad
and required for 2 or 3 years berween maintenance operations. Consa-
quently, more restrictive requirements are being specified for operating
vibration values of rotating machinery, in order to ensure contnued safe
and reliable operatign.

ISO 10816-1 establishes a basis for the evaluation af mechanical vibration
of machines by measuring the vibration response on non-rotating, struc-
tural members only. There are many types of machine, however, for which
measurements on structural members, such as the bearing housings, may
not adequately characterize the running condition of the machine, althougn
such measurements are useful. Such machines generally contain flexible
roter shaft systems, and changes in the vibration condition may be de-
tected more decisively and more sensitively by measurements on the ro-
1aung elements. Machines having relatively stiff and/or heavy casings n
companson to rotor mass are typical of those classes of machines for
which shaft vibration measurements are frequently to be preferred.

For machines such as steam turbines, gas turbines and turbo-
compressers, all of which may have several modes of vibration n the
service speed range, measurements on non-rotating parts may not be
totally adequate. In such cases, it may be necessary to monitor the ma-
chine using measurements on the rotating and non-rotating parts, or on
the rotating parts alone.

The guidelines presented in this part of ISO 7919 are complemented by
those given in ISO 10816-1. If the procedures of both standards are ap-
plied, the one which is more restrictive generaily applies.

Shaft vibration measurements are used for a number of purposes, ranging
from routine operational monitorng and acceptance tests tc advanced
experimental testing, as well as diagnostic and analytical investigations.
These various measurement objectives lead to many differences in
methods of interpretation and evaluation. To limit the number of these
differences, this part of ISO 7919 is designed to provide guidelines pri-
marily for operational monitoring and acceptance tests.

During the preparation of this part of ISC 7919, it was recognized that
there was a need to establish quantitative criteria for the evaluation of
machinary shaft vibration. Howeaver, there is a significant lack of data on
this subject at present and, consequently, this part of 1SO 7919 has been
structured to allow such data 1o be incorporated as (t becomes availabie

lid
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Seecific criteria for different classes and types of machinery will be given
in the relevant parts of IS0 7919 as thaey are developed.
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Mechanical vibration of non-reciprocating
machines — Measurements on rotating shafts and

evaluation criteria —

Part 1:
General guidelines

1 Scope

This part of ISO 7919 sets out general guidelines for
measuring and evaluating machinery vibration by
means of measurements made directly on rotating
shafts for the purpcse of determining shaft vibration
with regard to

al changes in vibrational behaviour:
b) excesswve kinetic load;
¢} the monitering of radial clearances.

It 1s applicadle to measurements of both absclute and
relative radial shaft vibration, but excludes torsional
and axial shaft vibratien. The procedures are appli-
cabie for both operational monitoring of machines and
to acceptance testing on a test stand and after instai-
lation. Guidelines are aiso presented for setting oper-
atonal imits.,

NCTES

1 Evaluation criteria for different classes of machinery will
De included in other parts of ISQ 7918 when they become
avallable. In the meantime, guidelines are given in
annex A,

2 The term “shaft wibration” is used througheut 1ISO 7919
because, in most cases, measurements will ba made on
machine shafts; however, 1SO 7919 is also applicable to
measurements made on other rotating elements if such al-

ements are found to be more suitable. provided that the
guidelines are respected.

For the purposes of ISC 7919, operational monitoring
is considered to be those vibration measurements
made during the normat cperation of a machine.
ISO 7919 permits the use of several different
measurement gquantities and methods, provided that
they are weil defined and their limitations are set out,
SO that the interpretation of the measurements will
be well understood.

This part of ISC 7919 does not apely to recigrocating
machinery.

2 Normative reference

The following standard contains provisions which,
through reference in this text, constitute provisions
of this part of 15O 7919, At the time of publication, the
edition indicated was valid. All standards are subject
to revision, and parties 10 agreements based on this
part of ISQ 7919 are encouraged to investigate the
possibility of applying the most recent edition of the
standard indicated below. Members af (EC and (SO
maintain registers of currently valid International
Standards.

ISO 10816-1:1995, Machanical vibration — Evaluation
of machine wibration by measurements on non-
rotating parts — Part 1 General guidelines.
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3 Measurements
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3.1.2 Frequency range

3.1 Measuremant quantities

3.1.1 Dispiacement

The preferred measurement quantity for the
measurement of shaft vibration is displacement.
The wunit of measurement is the micrometer
(1 um =10"" m}.

NQOTE 3 Displacement is a vactor quantity and, tharafare,
when comparing twg displacements, it may be necessary
to consider the phase angle berween them (see also
annex D},

Since this part of I1SQ 7918 applas to both relative

and absolute shaft vibration measurements, displace- .

ment s further defined as follows:

a) relative displacement, which is the vibratory dis-
placement between tha shaft and appropriate
Structure, such as a bearing housing or machine
casing, or

b} =bsolute displacement, which is tha vibratary dis-
placement of the shaft with reference to an
inertial refarence system.

NOTE 4 It should be clearly indicated whether displace-
ment values are relative or absolute.

Absolute and relative displacements are further da-
fined by several different displacement quantities,
each of which is now in widespread use. These in-
chude;

hY vibratory displacement peak-to-peak in the

direction of measuremant;

(P p)

Smax  MAximum vibratory displacement in the
plane of measurement.

Either of these displacement quantities may be used
for the measurement of shaft vibration. However, the
quanuties shail be clearly identifisd so as tg ensure
cerrect interpretation of the measurerents in terms
of the critena of clause 5. The relationships between
@ach of these quantities are shown in figures 8.1 and
8.2

NOTE 5 At present, the greater of the two vaiues for
peak-to-peak dispfacement, as measured In two arthogonal
directions, 15 used for evaluation criteria. in future, as rak
evant experence is accumuiated, the quantity Stompimane G8-
fined in figure B.2, may oe preferred.

The measurement of reiative and absolute shaft vi-
bration shall be broad band so that the fraquency
spectrum of the machine 15 adequately coverag.

3.2 Types of measurement

3.2.1 Relative vibration measurements

Relative vibration measurements are generally carried

out with a non-contacting transducer which senses
the vibratory displacement betwean the shaft and a
Structural member (e.g. the bearing housing) of the
machine,

3.2.2 Absolute vibration measuraments

Absolute vibration measurements are carried out by
ane of the following methads:

a8 by a shaft-riding prabe, on which a seismic trans-
ducer Ivelocity type or accelerometer} s meounted
SO that 1t measures absolute shaft vibration di-
rectly; or

b) by a non-contacting transducer which measures
relative shaft vibration in cambination with a $is-
mi¢ transducer (velocity type or acceleromater}
which measures the supgor vibration, Both
transducers shall be mounted close tagether so
that they undergo the same absolute mation in
the direction of measurement. Their conditionag
outputs are vectorially summed to provide a
meaasurement of the absalute shaft mation.

3.3 Maeasurement procedures

3.3.1 General

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 absclute measurements, two
transducers should be located at, or adjacent to, each
rachirg beanng. They should be radially mounted in
the same transverse plane perpendicuiar ta the shaft
axis or as close as practicable, with themr axes within
+ 5° of a radial line. I{ ig preferatyie to mount both
transducers 90° + 3° apart on the same bearing Ralf
and the positions chesan should be the same at aach
bearing.

A single transducer may be used at each measure-
ment plane in place of the more typical pair of
orthogonal transducers if it is known tg provide ade-
guate information about the shaft vibratian.
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It is recommended that special measurements be
made in order to determine the total non-vibration
runout, which is caused by shaft surface metallurgical
non-homogeneities, local residual magnetism and
shaft mechanical runout. It should be noted that, for
asymmetric rgtors, the effect of gravity can cause a
faise runout signal.

Recommendaations tor instrumentation are given in
annex C,

3.3.2 Procedures for relative vibration
measurements

Relative vibration transducers of the non-contacting
type are normally mounted in tapped holes in the
bearing nousing, or by rigid brackets adjacent to the
bearing housing. Where the transducers are mounted
In the bearing, they shouid be located so as not to
nterfere with the lubrication pressure wedge. How-
ever. special arrangements for mounting transducers
In other axial locations may be made, but different vi-
bration criteria for assessment will then have 0 be
used. For bracket-mounted transducers, the bracket
shall be free from natural frequencies which adversely
affect the capabiiity of the transducer t6 measure the
relative shaft vibration.

The surface of the shaft at the !ocation of the pick-up,
taking into account the total axial float of the shaft
under ail thermal conditions, shali be smooth and free
from any geometric discontinuities (such as keyways,
lubrication passages and threads), metallurgical non-
homogeneities and iocal residual magnetism which
may cause false signals. In some circumstances, an
electroplated or metallized shaft surface may be ac-
ceptable, but it should be noted that the calibration
may be different. It 1§ racammended that the total
comeined electrical and mechanical runout, as
measured by the transducer. should not exceed
25 % of the allowable vibration displacement, speci-
fied in accerdance with annex A, or 6 um, whichever
is the greater. For measurements made on machines
aiready in service, where grovision was not originally
made for shaft vibration measurements, it may be
necessary to use other runout criteria.

3.3.3 Procedures for absolute vibration
measurements using combined seismic and
non-contacting relative vibration transducers

If a combination of seismic and nen-contacting relative
vibration transducers is used, the absoluta vibration is
obtained by vectorially summing the outputs from
both transducers. The mounting and other require-
ments for the non-contacting transducer are as
specified in 3.3.2. In addition, the seismic transducer
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shall be rigidly mounted 1o the machine structure fe.g.
the bearing housing) cicse 0 the non-contactng
transducer so that both transcucers undergo the
same absolute vibration of the sugport structure in the
direction of measurement, The sensitive axes of the
non-contacting and serismic transducers shall be par-
allel, so that their vectorially summed, conditioned
signals result in an accurate measure of the absolute
shaft vibration.

3.3.4 Procedures for absolute vibration
measurements using a shaft-riding mechanism
with a seismic transducer

The seismic transducer {velocity type or acceler-
cmeter) shall be mounted racially on the snaft-nging
mechanism. The mechanism snall not chatter or bind
in a manner modifying the indicated shaft vibration.
The mechanism shall be mounted as descrniced for
transducers in 3.3.1.

The shaft surface against which the shaft-niding tp
ndes, taking into account the total axal float of the
shaft under all thermai conditicns, shall e smooth
and free from shaft discontinuities, such as Keyways
and threads. It s recommended that the mechanical
runout of the shaft should not exceed 25 % of the al-
lowable vibration displacement, specified in acgora-
ance with annex A, or 6 um, whichever is the greater.

There may be surface speed andfor other limitations
to shaft-riding procedures, such as the formation of
hydrodynamic oif films beneath the probe, which may
give false readings and, consequently, manufacturers
should be consulted about poss:bie limitations.

34 Machine operating conditions

Shaft vibration measurements should te made under
agreed conditions over the Operating range of the
machine, These measurements should be made after
achieving agreed thermal ang operating cenditions. In
additon, measurements may also be taken under
conditions of, for example, slow roll, warming-up
speed, critical speed, stc. However, the results of
these measurements may not be suitable for evalu-
ation in accordance with clause 5.

3.5 Machine foundation and structures

The type of machine foundation and structures (for
example piping) may significantly affect the measured
vibration. In general, a valid comparison of vibration
values of machines of the same type can only be
made if the foundations and structures have similar
dynamic characteristics.
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3.6 Environmental vibration and evaiuation
of measurement system

Prior 1¢ measuring the vibration of an operating ma-
chine, a check with the same measuring system and
stations should be taken with the machine in an in-
operative state. When the results of such measure-
ments exceed one-third of the values specified for the
operating speed, steps should be taken to elirminate
environmental vioration effacts.

4 [nstrumentation

The instrumentation used for the purpose of compli-
ance with this part of 1SO 7919 shall be so designed
as 10 take into account temperature, humidity, the
presence of any corrosive atmosphere, shaft surface
speed, shaft material and surface finish, operating
medium (e.g. water, oil, air or steam) in contact with
the transducer, vibration and shock (three major axes),
airborne noise, magnetic fieids, metallic masses in
proximity to the tp of the transducer, and power-line
voltage fluctuations and transients.

It is desirable that the measurement system should
have provision for on-line calibration of the readout
instrumentation and, in addition, have suitable isolated
cutputs to permit further anaiysis as required.

5 Evaluation criteria

5.1 There are two principal factors by which shaft
vibration Is judged:

a) absolute vibration of the shaft;

bl wvibration of the shaft relative to the structural al-
ements.

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

al when the vibration of the structure, on which the
shaft-relative transducer is mounted, is small (j.e.
less than 20 % of the relative shaft vibration}, ei-
ther the relative shaft vibration or absolute shaft
vibration may be used as a measure of shaft vi-
bration;

b} when the vibration of the structure, on which the
shaft-relative transducer is mounted, is 20 % or
more of the relative shaft vibration, the absolute
shaft vibration shall be measured and, if found to
be larger than the relative shaft vibration, it shall
be used as the measura of shaft vibration.

© IS0

5.3 If the evaluation criterion is the kinetc load on
the bearing, the relative shaft vibration shall be used
as the measure of shaft vibratian.

5.4 If the evaluation criterion 1s statorjrotor clear-
ances, then i

a} when the vibrauon of the structure, on which the
shaft-relative transducer is mounted. is small {i.e.
less than 20 % of the relative shaft vibration), the
reiative shaft vibration shall be used as a measura
of clearance absorption: ‘

bl when the vibration of the structure, on which tha
shaft-reiative transducer is mounted, is 20 % or
more of the relative shaft vibration, the relative
shaft vibration measurement may stil! be used as
a measure of clearance absorption unless the vi-
bration of the structure, on which the shaft-
relative  transducer s mounted, is not
representative of the total stator vibration. in this
latter case, spectal measurements will be re-
quired.

5.5 The shaft vibration associated with a particuiar
classification 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 speci-
fying different ranges of shaft vibration for a specific
ciass of machinery. Where appropriate, reference
should be made o the product specification.

5.6 General principles for evaluation of shaft vi-
oration on different machines are given in annex A.
The evaluation criteria relate to both cperational mon-
itoring and acceptance testing, and appty only to the
vibration produced by the machine itself and not to
vibration transmitted from outside. For certain ciasses
of machinery, the guidelines presented in this part of
ISO 7919 are complemented by those given in
ISO 10816-1 for measurements taken on nan-rotating
parts. !f the procedures of both International Stan-
dards are applied, the one which is more restrictive
shall generaily apoly.

Specific criteria for different classes and types of ma-
chinery wili be given in the relevant parts of ISQ 7919
as they are deveioped.

5.7 The evaluation considered in this basic docu-
ment is limited to broad-band vibration without refer-
ence to frequency components or phase. This will in
most cases be adequate for acceptance testing and
eperational monitoring purposes. However, in some
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cases the use of vector information for vibration as-
5855Ment an cartdin machine types may be desirable,
Vector change information is particularly useful in de-
tecting and defining changes in the dynamic state of
a machine, which in some cases could go undstacted
when using broad-band vibration measurements. This
Is demonstrated in annex D.

The specification of criteria tor vectar changes is be-
yond the present scope of this part of IS0 7918,

5.8 The vibration measured on a particular rmaching
rmay be sensitive to changes in the steady-state op-
eratianal condition. In moest cases this is not signif-

W
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icant. In other cases the vibration sensitivity may be
such that, aithough the vibration magnitude far a par-
ticular machine is satisfactory when measured under
cerain steady-state conditions, it can hecome unsat-
isfactory if these conditions change.

It is recommended that in cases whare some aspect
of the vibratian sensitivity of a machine is in question,
agreament should be reached between the customer

_ and supplier sbout the necessity and extent of any

testing or thaoratical assassment,
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Annex A
(normative)

General principles for adopting evaluation criteria for different types of
machine

1

¢ theTotational frequency of the shart

The specification of evaluation criteria for shaft wi-
bration is dependent upen a wide range of factors and
the criteria adopted will vary significantly for different
types of machine and, in same cases, for different
rotors in the same coupled line. It is impertant,
therefare, to ensure that valid criteria are adoptad for
@ particular machine and that criteriz which relate o
certain rypes of machine are not erroneqQusiy applied
0 other types. {For example, evaluation criteria for a
high-speed comprassar operating in a petrocharmical
plant are iikely 1o be different from those for large
turba-generators.)

At present, there are a limited number of publishad
standards on shaft vibration. Many of these are for
specialized machinery and da rot have widespread
applications in other fields.

This annex establishes a basis for specifying evaiu-
atian criteria in terms of peak-to-peak vibration values
{see annex B). No attermnpt has been made to specify
vibration values; these will be given for different
classes and types of machinery in the reievant parts
of 1SO 7918 as they are devaloped,

A.1 Factors affecting evaluation criteria

Thera are a wide range of differant factors which
need 1o be taken into account when specifying eval-
uation criteria for shaft vibration measurements.
Amangst these ara the foilowing:

al the purposa for which the measurerment 1s made
{for example, the requirements for ensuring that
running clearances are maintained will, in general,
be different from those if the avoidance of ex-
cessive kinetic load on the bearing is the main
cancerny;

bl the type of measurement made — absolute. or
. relative vibration:

¢t the quantities measured {see annex B):

d) the positign where tha measurement is made:

ft  the bearing type, clearance and diameter:

g} the function, output and size of the machine un-
der consideration;

R the relative flaxibility of the bearings, pedeasiais
and foundations:

i) the rotor mass and flexibiiity.

Clearly, this range of factors makes it impossibie 1o
define unique evaluation criteria which can be applied
to all machines. Different criteria, which have been
derived from operational experience, are necessary
for different machines, but at best they can oniy be
regarded as guidelines and there will be occasions
where machines will operate safely and satisfactorily
outside any general recommendations.

A.2 Evaluation criteria

Two evaluation criteria are used to assess shaft vi-
bration, Ong criterion considers the magnitude of the
observed broad-band shaft vibration: the second can-
siders changes in magnitude, irrespactive of whether
they are ingreases or decreases.

A2 Criterion I: Vibration magnitude at
ratad speed under steady operating
conditions

This criterion is concerned with defining limits for
shaft vibration magnitude consistent with acceptable
dynamic loads on the bearing, adequate margins on
the radial clearance envelope of the machine, and ac-
ceptabie vibration transmission into the suppon
structure and foundation. The maximum shaft vi-
Dratien magnitude observed at each bearing is as-
s@ssed against four evaluation zones established fram
international exparience,

Figure A1 shows a plat of ailowable vibration, in
terms of peak-to-peak shaft vibration, against the op-
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erating speed range. It 1s generally accepted that lim-
ting vibration values will decrease as the operating
speed of the machine increases, but the actual vaiues
and their rate of change with spead wil! vary for dif-
farent types of machine.

A21.1 Evaluation zones

The following typical evaluation zones are defined tg
permit a qualitative assessment of the shait vibration
On a given machine and provide guidelines on possible
actions.

Zone A: The vibration of newly commissianed rma-
chings would narmally fall wathin thig zans.

Zone B: Machines with vibration within this zone are
normally considered acceptable for unrestricted long-
tarm opearation,

Zone C: Machines with vibration within this zone are
narmally considered unsatisfactary for long-term con-
tinuous operation. Generally, the machine rmay be
operated for a limitad paeriod in this condition until a
suitable opportunity arises for remadial action.,

Zone D: Vibration values within this zone arg normally
considered ta be of sufficient severity 10 causa dam-
age to the machine.

Numerical values assigned to the zone boundaries are
not intended o serve as acceptance specificatians.
which shall be subfect to agreement between the
machineg rmanufacturer and the customer. Haweavar,
these values pravide guidelines for ensuring that
gross deficiencies or unrealistic requiremeants are
avoided. In certain cases, there may be specific fea-
tures associsted with a particular machine which
would require diffe~ant zone baundary values fhigher
or lowert t0 be used. In such £ases, it is normally
necessary o explain the reasons far this ang, in par-
ticular, to confirm that the machine will net be en-
dangered by operating with higher vibration values.

A.2.2 Criterion II: Change in vibration
magnitude

This cnterion proviges an assessment of a change in
vigration magnitude from a previously established
refarence value. A significant increasa ar decrease in
broad-band vibration magnitude may occur which re-
Quiras some action even though zane C of Criterion |
has not been reached. Such changes can be instan-
taneous or progressive with tima and may indicate
that damage has occurred or be a warmning of an im-
pending failure or some other irreguiarity. Critarion !f

150 7919-1;1996(E)

s specified on the basis of the change in broag-band
vibration magnitude occurring under steady-state op-
erating conditions,

When Criterron |l is applied, the vibration measure-
ments being compared shall be taken at the sama
transducer location and orientation, and undar ap-
praximately the same machine operating conditions.
Significant changes from the normal vibration magni-

-tudes should be mvestigated so thar a dangeraus

situation may be avoided.

Critaria for assessing changes in broad-band vibration
for manitoring purposes are given in other parts of
'SQ 7913, However, it should be noted that some
changes may not be detected unless the discrats
frequency components are monitored (see 5.7).

A.2.3 Operatignal limits

For lang-term operation, it is common practice for
some maching types 1o establish operational vibration
limits. These fimits take the form of ALARMS and
TRIPS.

ALARMS: To provide a warning that a definad vaiue
af vibration has been reached or a significant change
has occurred, at which remedial action Mmay be
necessary, In general, if an ALARM situation oecurs,

thange in vibration and define any remedial action.

TRIPS: To specify the magnitude of vibration beyond
which further operation of the machine may cause
damage. If the TRIP valueg is exceeded immediate
action shouid be taken to reduce the vibration ar the
machine shouid be shut down.

Diffgrent operationai limits, reflecring diffarences in
dynarmic iading and support stiffness, may be speci-
fied for different measurement positions and di-
rections.

Where appropriate, guidelines far specifying ALARM
and TRIP criteria for specific machine types are given
in other parts of 1ISO 7919,

A23.1 Setting of ALARMS

The ALARM values may vary considerably, up or
down, far different machines. The values chosen will
normatly be set relative to a baseline value deter-
minad from axperience for the measurament posikion
or direction for that particular machine.

It 1Is recommendsd that the ALARM valye shouid be
set mgher than the basaline By an amaunt equal o a
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proportion of the upper limit of zone 8. If the baseline
is low, the ALARM may be beiow zone C.

Where there 15 no established baseline, for exampie
with a new machine, the initial ALARM setting shouid
be based either on experience with ather similar ma-
chines or relative to agreed acceptance values. After
a period of time, the steady-stata baseiine value will
be established and the ALARM setting shouid be ad-
justed accordingly.

If the steady-state baseline changes (for exampie after
a machine overhaul), the ALARM setting should be
revised accordingly. Different operationai ALARM
settings may then exist for different bearings on the
machine, reflecting differences in dynamic leading
and bearing support stiffnesses.

Peak-to-peak vibration value (see annex B) - -

Zane 0

Zone A

Reievant speedranga

© IS0

A.2.3.2 Setting of TRIPS

The TRIP values wil! generally relate to the mechanical
integrity of the machine and te dependent on any
specific design features which have teen introduced
to enatle the machine to withstand abnormal dynamic
forces. The vaiues used will, therefore, generally be
the sarme for all machines of simdar design and would
not normally be related to the steady-state baseline
vaiue used for setting ALARMS.

There may, however, be differences for machines of
different design and it is not possible to give guide-
lines for absolute TRIP values. in general, the TRIP
vaiue will be within zone C or D.

|
t
\
|
!
|
i
\
J
I

Rotational frequency of shaft ——=—

NOTE — The actual vaiues for vibration at the zone boundaries and the relevant speed range will vary for different types of
machine. It 1S ymportant 10 select the reievant ¢riteria and to avoid incorract extrapoiation,

Figure A.1 — Generalized example of evaluation criteria
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Annex B
(informative)}

Derivation of measurement quantities

B.1 Mechanies of shaft vibration

The vibration of 3 rotating shaft is characterized at any
axial iocation by a kinetic orbit, which describes Row
the positicn of the shaft cantre varies with time. Fig-
urg B.1 shows a typical orbit. The shape of the orbit
depends upon the dynamic characteristics of the
shaft, the bearings and the bearing supparts or foun-
dations. the axial location on the rotor and the form
of vibration excitation. For example, if the excitation
takes the form of a single-frequency sinusoidal force,
the orbit is an ellipse, which can in certain circum-
stances be a circle or straight ling, and the time taken
for the shaft centre to complete one circuit of the al-
finse 15 equal to the pericd of the excitation force. One
of the most important excitation forces is rotor un-
@ excitation frequency is agual 1o
the rntatlonal frequency of the shaft, Howaever, there
are other forms of excitation, such as rotor cross-
section asymmetry, far which the frequency is equai
to multiples of the rotationat frequency of the shaft.
Where the vibration anises as a resuit of, for example,
destablizing self-excited forces, the orbit will not
normally be of a simple shape, gut will change farm
over a pencd of ume and it will not nacessarily be
harmanically related. in general, the vibration of the
shaft may arise from a number of diffarent sources
and, therefore, a camplex orbit will be produced,
which is the vectarial sum of the effects of the indi-
vidual excitation forces,

B.2 Measurement of shaft vibration

At any axial location, the arbit of the shaft can be ob-
tained by taking measurements with two vibration
transducers mounted in different radial planes, separ-
ated by 90° (this is the preferred separation, but small
daviations from this do not cayse significant errors).
if the angle between the transducer locations is sub-
stantally different from 90°, a vector resolution into
the orthogonal directions will be required. If the
transducers measure akisciute vibration, then the orbit
- will be the absolute orbit of the shaft independent of

the wvibratory motien of the nan-rotating parts. f the
transducers measure relative vibration, then the
measured orbit will be relatve to that part of the
structure upon which the transducers are mounted,

B.3 Maeasurement quantitias

B.3.1 Time-integrated mean position

The mean values of the shaft displacement (£.7), in
any two specified orthogonal directions, relative to a
refarance position, as shown in figure 8.1, are gefined
by imegrals with respect to time, as shown in the
following equations:

1
fh — 4

J'r’y(:}d: ...(B.2)

h

where x(r) and y(¢} are the time-dependent alternating
values of displacement relative to the reference pos-
ition, and (1 — 1) is large relative 10 the period of the
lowest frequency vibration cornponent, In the case of
absolute vibration measurements, the reference pos-
ition is fixed in space. For relative vibration measure-
ments, these values qive an indication of the mean
position of the shaft reiative to the non-rotating pans
at the axial location where the measuremaents are
made. Changes in the values may be due to a number
of factars, such as beanng/foundation movemants,
changes in ail film characteristics, etc., which normally
accur slowly relative to the period of the vibration
comgonents which make up the alternating values.

It shouid be noted that, in genersl, the time-integrated
mean position in any direction differs from the pos-
ition defined by taking half the summation of the
maximum and minimum displacament values (see
figure B.2). Howevar, when the shaft vibration is a
single frequency and sinusoidal, then the locus of the
shaft centre will be an elfipse. In such circumstances,
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the time-integrated mean position in any directrien of
‘Neasurement will be the same as tha position identi-
.ied by taking half the summation of the maximum
and minimum dispiacement values.

B.3.2 Peak-to-peak displacement of the
vibration

The primary gquantities of interest in shaft measure-
Ments are the alternating values which describe the
shace of the orbit. Consider the kinetic shaft orbit
shown in figure 8.2 and assume that there are two

transducers A and 8 mounted 90° apart, which are
Ured L0 measure (e shaft vibration. At some instant,

the shaft centre wiil be coincident witn the point K an
the orbit and the corresponding instantanecus value
of shaft displacerment from the mean positicn will be
§;. However, in the piane of the transducars A and

the instantaneous values of shaft displacement
1'om the mean pesition will te 5, and Sg;. respec-
tively, whera

5T =s3 + s, (8.3
The values of §,, S, and Sgr will vary with time as the
shaft centre moves around the orbit; the correspond-
ing waveforms measured by each transducer are

.‘awn in figure 8.2.

~CTEE  If the orbit is elliptical, then these waveforms
wauld be pure sine waves of the same frequency.

The peak-to-peak value of the displacement in the
plane of transducer A (Sapg)) 1S defined as the differ-
ence between the maximum and minimum dispiace-
ments of transducer A and similarly for Sq for
transducer B. Clearly S, and Sgiop values will not
be equal and, in general, they will be different from
€ 'ar measurements made in other radial diractions,
Hence, the value of the peak-to-peak displacement is
dependent on the direction of the measurement,

Since these measurement quantities are independent
of the absolute value of the mean pesition, it is not
necessary 1o use systems which can measure baoth
the mean and alternating values.

Peak-to-peak displacement is the unit which has been
used most frequently for maenitaring vibration of ro-
1ating machines.

Whereas measurement of the peak-to-peak displace-
ment in any two given orthogonal directions IS & SIm-
plegmatter, the value and angular position of the
Tum  peak-to-peak dispiacement shown n
1._.reB 2 is difficuit to measure directty. However, in
practice, it has been found acceptable to use alterna-
tive measurement quantities which 2nable a suitable

10
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aperoximation for the maximum peak-to-oeak dig-
ptacement value to be obtained. =or more precise
determinations, 1t g necessary to exarmine the shaft
orbit in more detal as for example with zn
oscilloscope.- The three most common methods far
obtaiming satisfactory approximations are described in
83211t B323

B.3.2.1 Method A; Resultant value of the
peak-to-peak displacement vaiues measured in
two arthogonal directions

The value of S, . can be aperoximated from tha
TOIIOng quation:

2 2
S{p-c)max =y SA#_D—O) - SE.ro-Dl

The use of eguation (8.4) as an approximation when
the vibration s predeminantly at rotatignai frequency
will generaily over-estimate the value of S poimax WItHh
a maximum error of approximately 40 %.

(B4

The maximum srror oeceurs for a crrcular ortit and
progressively reduces as the orbit becomes flatter,
with 3 zers error for the degenerate case of a straight
line orbit.

B.3.2.2 Method B: Taking the maximum value of
the peak-to-peak dispfacement values measured
in two orthogonal directions

The vaiue of Sipgimax CaN be approximated from the
following equation:

Sfp-o'lma: = SA(p—m or 53(9.0) ... (B9

whichever is the greater.

The use of aquation {B.5) as an approximation when
the wvibration is predominantly at rotational frequency
will generally under-estimate the value of 850 imax:
with @ maximum error of approximately 30 %,

The maximum error accurs for a flat orgit and pro-
gressively reduces as the orbit becomes circular, with
a8 zero srror when the orbit i cireular,

B.3.23 Method C: Measurement of 5.
The instantaneous valye of the shaft displacement
can be defined gy §,, as shown in figure 8.2, which is
derived from the transducer measurements 5,, and
Sg: USIng equation {B.3}. There is a point on the orbit,
defined by point P in figure B.2, where the displace-
ment frecm the mean postion 1S a8 maximum, The
value of §, corresponding to this position is denoted
BY Smaxe Which is defined as the maximum value of
displacemant
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Smax = [$; (r)]max =
[\/ [54(0)% + [Sa ()T J

... (B.8)

max

The point on the orbit where Smax OCCurs does not
necessarity coincide with the point where Sa and §g
are at thewr maximum values. Clearly, for 3 particular
orbit, there is one value of Smax 3nd this is indepen-
dent of the position of the measuring transducers
provided that the mean position 0 does not change.

The value of Sipoimax C2N be approximated from the
following equation:

... {B.7

Sfu-p)max =2 Smax

T—Kineric orbit of shatt

\ x 1t

e
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Equation {B.7) will be correct when the two
orthogonal measurements from which Smax '8 derived
are of single-frequency sinusoidal form. In most gther
cases, this equation will over-estimate Sippimax SINCE
this depends on the nature of the harmonic vibration
components present,

It should be noted that implicit in the definition of
Smax IS the reguirement to know the time-integrated
mean value of the shaft disptacement. The measure-
ment of 5., is. therefore, limited to those measuring
Systems which can measure both the mean and ai-
ternating values. Furthermare, the evaluation of §a.
from the signals produced by two vibration trans-
ducers, is a relatively complex computational proce-
dure requirnng specialized instrumentation.

Reference axes
Z

0 Mean position of arhit

K Instantaneous position of shaft centre
X

7 } Mean values of shaft displacement

1)
{}}- Time-dependent alternating values of shaft displacement

Figure B.1 — Kinetic orbit of shaft
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Fixed reference axes

Time-integrated mean position of arbit

Time-integrated mean values of shaft displacement

Instantanecus position of shaft centre

Pesitian of shaft far maximum displacement from time-integrated mean position
Instantaneous value of shaft displacement

Maximum vaiue of shaft displacement from tims-integrated mean position 0

Instantaneous values of shaft displacement in directions of transducers A and B, respectively
Maximurn value of peak-to-peak displacement

Peak-tc-peak values of shaft disptacement in directions of transgducers A and B8, respectively

Figura B.2 — Kinetic arbit of shaft — Definition of displacement
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Annex C
{informative)

Recommendations for instrumentation to be used for measuring relative
and absolute shaft vibration

Introduction

Three types of measurement system are in common
use for the measurement of transverse shaft vi-
bration, each using either one or two measuring di-
racticns. One type uses non-contacting transducers
which measure the relative motion between the shaft
and & bearing. another uses shaft-riding seismic
transducers which measure the absolute motion of
the shaft; and the third provides measurement of the
absolute motion of the shaft by combining the outputs
of non-contacting transducers and structurally
mounted {(e.g. on the bearing housing) seismic trans-
ducers.

NOTE 7  In the examples given in clauses C.1-t10 C.3. two
transducers are described mounted 90 apart in the same
transverse plane perpendicular 10 the shaft axis. However,
IN certain cases, measurement in one direction will suffice.

{See 3.3

C.1 Relative-motion measurement
system (non-contacting transducers)

Figure C.1 presents a schematic diagram of a typical
nstrument system used to measure the relative mo-
tion between the shaft and a structural member {for
exampie, the bearing housing). This system consists
of a non-contacting transducer, a local signal condi-
tioner and 3 readout instrument.

During instial installation of the transducer, it is desir-
able to cenduct an in situ calibration of the transducer
output versus the gap. it should be noted that ma-
chine operating conditions can alter the average gap
position. Therefore, care should be taken to ensure
operation within the linear range of the transducer.

When mounting non-contacting transducers, care
should also be taken to ensure that they sense oniy
the shaft vibration and that the accuracy is not af-
fected by any conductive material or magretic fields
N proximity to the transducer,

It is recommended that the measurement system
should be capabie of indicating both the time-

dependent alternating displacement value over the
frequency range of interest and the mean position of
the shaft relative to the support structure. The latter
provides a means of setung the transducer at the
correct gap posiion and assessing the amount of
runout obtained at low speed when stable bearing oil
fiims have been established but centrifugal effects are
negiigible. (For example, on a machine of rated speed
3 000 r/min, the runout couid be assessed at a speed
of the order of 200 r/min.)

It is recognized that other measuring systems, such
as shaft-nding relative motion propes, are used.

NOTE 8 Caution should be exercised when interpreting
slow-roll runout measurements, as they can be affected by.
for example, tempcrary bows, erratic movements of the
journal within the bearing clearance, axial movements, etc.

C.2 Absoiute-motion measurement
system (shaft-riding with seismic
transducers)

Figure C.2 presents a schematic diagram of a typicat
instrument system used to measure the absolute
mation of the shaft. This system consists of a seismic
transducer (velocity type or accelerometer) mounted
on a shaft-nder, a shaft-rider support system which
parmits the shaft-rider to follow accurately the motion
of the shaft, and a readout instrument.

NOTES No measurament of the shaft mean position
relative to the structure 15 possible with this system.

The shaft-riding mechanism should accurately trans-
mit the shaft vibration to the seismic transducer, and
should be free from chatter or natural frequencies
which could adversely affect, or distort, the measure-
ments of shaft vibration within the frequency range
of interest,

The output of the seismic transducers should be
suitably conditioned to provide a signal which gives
an accurate measure of the time-dependent alternat-
ing displacement value for the shaft.

13
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.C.3 Absolute-motion measurement
system {combined non-contacting and
seismic transducers)

Figure C.3 presents a schematic diagram of a typical
mstrument system used to measure absciute shaft
mation, and which can alsc be used 1o maasure the
absoiute motion of the bearing housing and the refa-
tive motion of the shaft. This system consists of a
non-centacting type of relative-dispiacement trans-
ducer, 3 seismic transducer (i.e. valocity type or ac-
celeromerter), a signal conditicner and a readout
instrument.

The two transducers shouid be mecurted cn a com-

mon ngid structure close together with their sensitive

axes parallel 1o ensure that toth undergo the same
1salute structural motion.

The non-contacting transducer portion of the system
should be similar to that described in clause C.1, and
should provide an output proportionai to the relative
shaft vibration displacement, as wall as gap distance.
This outout 15 the resultant of two motions: the mo-
tien of the shaft, and the motion of the structure on
which the non-contacting transgucer is mounted.

.we output of the seismic transducer, which is pro-
porticnal to the motion of the structure to which it and

Local signat

© IS0

the non-contacting transducer are mounted, should
be processed as s necessary 12 provide a displace-
ment signal. The ampiituge and ahase of this signal,
together with that of the ngn-contacting relative-
moton transducer, should be adjustad and vectanatly
combined ¢ provide an accurate measure of the ab-
solute motion of the shaft. !t should be noted that in-
dividual measuring systems can modify the phase ang
amplitude of the basic sigral. Therefore, corractions
shouid be made for these inherent charactaristics be-
fore vectorial addition, The seismic transducer aisg
provides an output oroportional to the absolute vi-
bration of the non-rotating memeer (for example, that
of the bearing housing),

The rmeasurement system should be capable of ingi-
catng the mean position of the shaft relative to the
suppert structure and the ume-dependent alternating
dispiacement value of absolute shaf: vibration, which
15 the vecterial sum of the absolute maotion of the
structure and the reiative mation of the shaft

C.4 Overall instrument system
performance and environmental
considerations

System performance and environmental consider-

ations will form the subjects of future Internationat
Standards.

Remare readouf

conditioner
instrument
s—t— Optional outpur
—_— for atarms/trips,
| recorging ang/or
! . 3NALY SIS INSIPUMENT S
—_——— e —
f/‘
i Shatt
s
!
/‘;
ﬂ':
i Nan-gontacting
rransducer
Figure C.1 — Schematic diagram of a relative-motion measurerment system using non-contacting

transducers (see clause C.1)
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Seismic
. rransaucer
Signal conditioner Remote readaut

H ingre ument

/

Cptignal aurpur
T tor alarms/trips,

. racording and/or
Hachine structure - N T anatysis instruments

Shaflt rider

Figure C.2 — Schematic diagram of an absolute-motion messurement system using a shaft-rider
mechanism with seismic transducers (see clause C.2)

Local signat
tonditioner

#nalysig instruments

Locat signal Remote readout |
conditioner instryment
\ Optional outpuyt
* T tor alarms/trips, i
Hacnina srrucrure | N : A e "REQMAING andSOr
e

b Smismic transducer L —

Figure C.3 — Schematic diagram of an absolute-motion measuremant system using a combination of
non-contacting and seismic transducers (sea clause C.3)
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Annex D
{(informative)

Vector analysis of change in vibration

Introduction

Evaluation criteriz are presented in annex A in terms
of the normal steady running value of shaft vibraticn
and gny changes that may occur in the magnitude of
these steady values. However, some changes may
only be identified by vector analysis of the individual
frequency components,

D.1 General

The gveral steady vibration signat measured on a ro-
1ating shaft is complex in nature and is made up of 3
number of differant frequency components. Sach of
ihese components is defined By its frequency, ampii-
tude and phase relative to some known datum. Con-

sntional vibration-monitoring equipment measures

‘e magnitude of the overall complex signal and does
not differentiate between the individual frequency
components. However, modern diagnostic equipment

phase of one of the freguency components of a
complex vibratien signal,

Yectar A: describes the initial steady-state vibration
condition; i.2. in this cordition the vibration magnitude
's 30 um with a phase angle of 40°. Vecror A, de-
scribes the steady-state vikration conditian after some
change has occurred ta the machine; i.e. the vibration
magnitude is now 25 um with a phase angle of 180°.
Hence, althcugh the vibration magmitude has de-
creased by 5 um, the trye change of vibraton is rep-
resented by the vector Ay ~ A,, which has a magnitude
of 52 um, over 10 times that indicated by comparing
the vibration magnitude alone.

This example illustrates the limitations of basing a
critarian for change of wvibration on vibration magni-
tude alone,

D.3 Monitoring vector changes

is capable of analysing the complex signal so that the
ampiitude and phase of sach frequency component
can be identified. This informatian is of great vaiue to
the vibration enginzer, since it facilitates the diagnasis
of likely reasons for abnormal vibration behaviour.

Changes in individual frequency cornponents, which
W be significant, are mare readily seen as vactor
wanges than as changes in broad-band vibration,

D.2 Importance of vector change

Figure D.1 15 a polar diagram which is used to dispiay
simuitanaously in vector form the amplitude and

16

The example given above clearly illustrates the im-
ponance of identifying the vectar ehange in a vibration
signal, However, it is necessary to agpreciate that, in
general, the overall vipration signal is cormposed of a
number of individual frequency camponents, each of
which may register a vector change. Furthermare, an
unacceptable change in one particular frequency
cormponent may be within acceptable limits for a dif-
ferent component, Corsequently, it is not passible at
s tme tg define criteria for vector changes in indi
vidual frequency compeonents that are compatible
with the context of this part of 1SO 7919, which is
aimed primartly at normal operational monitoring of
overall vibration by non-vibration specialists.,
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