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Machines are now being operated at increasingly high speed

and under increasingly severe operating conditions: This

possible, to a large extent, by the more efficientiuse of materi
this has sometimes resulted in there beingyless margin for

application errors.

At present, it is not uncommon for continuous operation to
and required for 2 or 3 years between maintenance operat

quently, more restrictive requirefments are being specified f
vibration values of rotating maghinery, in order to ensure co

and reliable operation.

ISO 10816-1 establishes a basis for the evaluation of mechan
of machines by measuring the vibration response on non-ro
tural members only. Fhere are many types of machine, howeV

measurements en structural members, such as the bearing h
not adequately\characterize the running condition of the mach
such measydrements are useful. Such machines generally co
rotor shaft ‘systems, and changes in the vibration condition

tected.tmore decisively and more sensitively by measuremen

tatifig 'elements. Machines having relatively stiff and/or hea

comparison to rotor mass are typical of those classes of i

which shaft vibration measurements are frequently to be pre

For machines such as steam turbines, gas turbines
compressors, all of which may have several modes of vib
service speed range, measurements on non-rotating parts
totally adequate. In such cases, it may be necessary to mo
chine using measurements on the rotating and non-rotating
the rotating parts alone.

The guidelines presented in this part of ISO 7919 are comp|
those given in ISO 10816-1. If the procedures of both stang

plied, the one which is more restrictive generally applies.
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Shaft vibration measurements are used for a number of purposes, ranging
from routine operational monitoring and acceptance tests to 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 ISO 7919, it was recognized that
there was a need to establish quantitative criteria for the evaluation of
machinery shaft vibration. However, there is a significant lack of data on
this subject at present and, consequently, this part of ISO 7919 has been
structured to allow such data to be incorporated as it becomes available.
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Specific criteria for different classes and types of machinery will be given
in the relevant parts of 1ISO 7919 as they are developed.
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NOTES

1 Evaluation criteria for different classes of machinery will
be included in other parts of ISO 7919 when they become
available. In the meantime, guidelines are given in
annex A.

2 The term “shaft vibration” is used throughout ISO 7919
because, in most cases, measurements will be made on
machine shafts; however, ISO 7919 is also applicable to
measurements made on other rotating elements if such el-

of this part of ISO 7919. At the time of publication, the
edition indicated was valid. All standards are subject
to revision, and parties to agreements based on this
part of ISO 7919 are encouraged to investigate the
possibility of applying the most recent edition of the
standard indicated below. Members of IEC and ISO
maintain registers of currently valid International
Standards.

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

3.1 Measurement quantities

3.1.1 Displacement

The preferred measurement quantity for the

© 1SO

3.1.2 Frequency range
The measurement of relative and absolute shaft vi-

bration shall be broad band so that the frequency
spectrum of the machine is adequately covered.

3.2 Types of measurement

3.2.1 Relative vibration measurements

measurementrof—staft—vibrationr—s d;ap:auclllcut.
The unit of measurement is the micrometer
(1 um =10"% ).

NOTE 3  Disglacement is a vector quantity and, therefore,
when comparing two displacements, it may be necessary
to consider the phase angle between them (see also
annex D).

Since this paft of 1SO 7919 applies to both relative
and absolute ghaft vibration measurements, displace-
ment is furthgr defined as follows:

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

b) absolute gisplacement, which is the vibratory dis-
placement of the shaft with reference to an
inertial reference system.

NOTE 4 It should be clearly indicated whether di§place-
ment values arg¢ relative or absolute.

Absolute and| relative displacements are_further de-
fined by several different displacement quantities,
each of whicph is now in widespread use. These in-
clude:

S (o) viljratory displacement peak-to-peak in the
direction of measurement;

Smax  Maximumvibratory displacement in the
plgne’of measurement.

Relative vibration measurements are generally carried
out with a non-contacting transducer which|senses
the vibratory displacement between theyshaft and a
structural member (e.g. the bearing housing) of the
machine.

3.2.2 Absolute vibration measurements

Absolute vibration measutéments are carried out by
one of the following fmethods:

a) by a shaft-riding probe, on which a seismjc trans-
ducer (velotity type or accelerometer) is rhounted
so thath\it measures absolute shaft vibration di-
rectly,or

b) by a non-contacting transducer which measures
relative shaft vibration in combination with a seis-
mic transducer (velocity type or accelefometer)
which measures the support vibratiop. Both
transducers shall be mounted close toggther so
that they undergo the same absolute motion in
the direction of measurement. Their conditioned
outputs are vectorially summed to prpvide a
measurement of the absolute shaft motign.

3.3 Measurement procedures

3.3.1 General

It is desirable to locate transducers at positigns such
that the lateral movement of the shaft at goints of
importance can be assessed. It is recommended that,
for both relative and absolute measurements, two

Either 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 the criteria of clause 5. The relationships between
each of these quantities are shown in figures B.1 and
B.2.

NOTE 5 At present, the greater of the two values for
peak-to-peak displacement, as measured in two orthogonal
directions, is used for evaluation criteria. In future, as rel-
evant experience is accumulated, the quantity S de-

p-p)maxr
fined in figure B.2, may be preferred.

transducers should be focated at, or adjacent to, each
machine bearing. 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 same at each
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 to provide ade-
quate information about the shaft vibration.
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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 rotors, the effect of gravity can cause a
false runout signal.

Recommendations for instrumentation are given in
annex C.

ISO 7919-1:1996(E)

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 par-
allel, so that their vectorially summed, conditioned
signals result in an accurate measure of the absolute
shaft vibration.

3.3.2 Procedures for relative vibration
measurgments

Relative |vibration transducers of the non-contacting
type are| normally mounted in tapped holes in the
bearing fousing, or by rigid brackets adjacent to the
bearing Housing. Where the transducers are mounted
in the bgaring, they should be located so as not to
interfere|with the lubrication pressure wedge. How-
ever, spgcial arrangements for mounting transducers
in other axial locations may be made, but different vi-
bration driteria for assessment will then have to be
used. Fof bracket-mounted transducers, the bracket
shall be free from natural frequencies which adversely
affect the¢ capability of the transducer to measure the
relative shaft vibration.

The surfgce of the shaft at the location of the pick-up,
taking info account the total axial float of the shaft
under all thermal conditions, shall be smooth and free
from any|geometric discontinuities (such as keyways,
lubricatiop passages and threads), metalldrgical non-
homogerleities and local residual magnétism which
may cauge false signals. In some cirgimstances, an
electroplated or metallized shaft surface may be ac-
ceptable,| but it should be noted that the calibration
may be fifferent. It is recofmended that the total
combinedl electrical and”4mechanical runout, as
measurefl by the tradsducer, should not exceed
25 % of [the allowahle<vibration displacement, speci-
fied in adcordance{with annex A, or 6 pum, whichever
is the grgater. Fer'measurements made on machines
already in sefvice, where provision was not originally
made fof ‘shaft vibration measurements, it may be

229 . ion
measurements using a shaft-riding mEchanism

with a seismic transducer

The seismic transducer (velocity typd or acceler-
ometer) shall be mounted radially on the shaft-riding
mechanism. The mechanism shall not chatter or bind
in a manner modifying the indicated shaft vibration.
The mechanism shall"be mounted as ¢escribed for
transducers in 3¢3."1.

The shaft_sutface against which the shaft-riding tip
rides, taKing' into account the total axia| float of the
shaft under all thermal conditions, shal be smooth
andfrée from shaft discontinuities, such as keyways
and threads. It is recommended that the mechanical
rinout of the shaft should not exceed 2% % of the al-
lowable vibration displacement, specifidd in accord-
ance with annex A, or 6 pm, whichever i$ the greater.

There may be surface speed andjor other limitations
to shaft-riding procedures, such as the [formation of
hydrodynamic oil films beneath the probg, which may
give false readings and, consequently, manufacturers
should be consulted about possible limitations.

3.4 Machine operating conditiong

Shaft vibration measurements should bel made under
agreed conditions over the operating fange of the
machine. These measurements should be made after
achieving agreed thermal and operating ¢onditions. In
addition, measurements may also be |taken under
conditions of, for example, slow roll,| warming-up

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 non-contacting relative
vibration transducers is used, the absolute 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

Speed, critical speed, etc. 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 evaluation
of measurement system

Prior to 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 eliminate

environmenta

| vibration effects.

© |SO

5.3 |f the evaluation criterion is the kinetic load on
the bearing, the relative shaft vibration shall be used
as the measure of shaft vibration.

5.4 |If the evaluation criterion is stator/rotor clear-
ances, then

a) 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

WW%SU@
. of clearance absorption;
4 Instrumentation P

The instrumenptation used for the purpose of compli-
ance with thig part of 1ISO 7919 shall be so designed

as to take in

0 account temperature, humidity, the

presence of any corrosive atmosphere, shaft surface

speed, shaft
medium (e.g.
the transduce

material and surface finish, operating
water, oil, air or steam) in contact with
, vibration and shock (three major axes),

airborne nois¢, magnetic fields, metallic masses in

proximity to t
voltage fluctu

he tip of the transducer, and power-line
htions and transients.

It is desirable| that the measurement system should

have provisio

h for on-line calibration of the readout

instrumentatign and, in addition, have suitable isolated

outputs to pe

5 Evaluat

5.1 There a

mit further analysis as required.

on criteria

re two principal factors by which shaft

vibration is jugiged:

a) absolute

ibration of the shaft;

b) vibration ¢f the shaft relative) to the structural el-

ements.

5.2 Ifthee
vibration, ther

a) when the

aluatiop-criterion is the change in shaft

b) when the vibration of the structure,“>on which the
shaft-relative transducer is mounted, is 20 % or
more of the relative shaft wibration, the [relative
shaft vibration measurement may still be used as
a measure of clearangenabsorption unlesg the vi-
bration of the structure, on which thg shaft-
relative  transducer is  mounted, s not
representativer of-the total stator vibration| In this
latter case/ special measurements will| be re-
quired.

5.5 The shaft vibration associated with a prticular
classification range depends on the size and mass of
the'ibrating body, the characteristics of the mounting
System, and the output and use of the machjne. It is
therefore necessary to take into account the various
purposes and circumstances concerned wheh speci-
fying different ranges of shaft vibration for a|specific
class of machinery. Where appropriate, rgference
should be made to the product specification.

5.6 General principles for evaluation of ghaft vi-
bration on different machines are given in ahnex A.
The evaluation criteria relate to both operatiorpal mon-
itoring and acceptance testing, and apply only to the
vibration produced by the machine itself an@l not to
vibration transmitted from outside. For certain| classes
of machinery, the guidelines presented in thig part of
ISO 7919 are complemented by those diven in
ISO 10816-1 for measurements taken on nontrotating
parts | Stan-

If the prnr\ndurpc of both Internatio

H e £l " & [P R
vibTativuit Ul e stuucudre, Ot wiiicin uic

shaft-relative transducer is mounted, is small (i.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 measure of shaft vibration.

dards are applied, the one which is more restrictive
shall generally apply.

Specific criteria for different classes and types of ma-
chinery will be given in the relevant parts of ISO 7919
as they are developed.

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
operational monitoring purposes. However, in some
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cases the use of vector information for vibration as-
sessment on certain 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 undetected
when using broad-band vibration measurements. This
is demonstrated in annex D.

The specification of criteria for vector changes is be-
yond the present scope of this part of ISO 7919.

1ISO 7919-1:1996(E)

icant. In other cases the vibration sensitivity may be
such that, although the vibration magnitude for a par-
ticular machine is satisfactory when measured under
certain steady-state conditions, it can become unsat-
isfactory if these conditions change.

It is recommended that in cases where some aspect
of the vibration sensitivity of a machine is in question,
agreement should be reached between the customer
and supplier about the necessity and extent of any
testing or theoretical assessment.

5.8 The vibration measured on a particular machine
may be [sensitive to changes in the steady-state op-
erationall condition. In most cases this is not signif-
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Annex A
(normative)

© |SO

General principles for adopting evaluation criteria for different types of
machine

Introduction

The specificatfon of evaluation criteria for shaft vi-
bration is depehdent upon a wide range of factors and
the criteria adqpted will vary significantly for different
types of machine and, in some cases, for different

rotors in the

same coupled line. It is important,

therefore, to ehsure that valid criteria are adopted for
a particular machine and that criteria which relate to
certain types ¢f machine are not erroneously applied

to other types
high-speed co
plant are likel

(For example, evaluation criteria for a
npressor operating in a petrochemical
to be different from those for large

turbo-generatofs.)

At present, there are a limited number of published

standards on

haft vibration. Many of these are for

specialized mgchinery and do not have widespread

applications in

other fields.

This annex egtablishes a basis for specifying evall-

ation criteria in

(see annex B)

terms of peak-to-peak vibration values
No attempt has been made to $pecify

vibration valugs; these will be given forudifferent
classes and types of machinery in therelevant parts

of ISO 7919 a

5 they are developed.

A.1 Factors affecting evaluation criteria

There are a
need to be ta

uation criterig

Amongst thes

vide rangeteb different factors which
en into.aceount when specifying eval-

for.shaft vibration measurements.
b are, the following:

e) the rotational frequency of the shaft;

f) the bearing type, clearance and diameter;

g) the function, output and size.oP the machjine un-

der consideration;

h) the relative flexibility-0f the bearings, pedestals

and foundations;

i) the rotor mass<and flexibility.

Clearly, thissrange of factors makes it impos
define unigue evaluation criteria which can be

sible to
applied

to all machines. Different criteria, which have been

derived ‘from operational experience, are ne
foridifferent machines, but at best they can

Cessary
bnly be

régarded as guidelines and there will be ocfasions
where machines will operate safely and satisfactorily

outside any general recommendations.

A.2 Evaluation criteria

Two evaluation criteria are used to assess ghaft vi-

bration. One criterion considers the magnitudg

observed broad-band shaft vibration; the seco

of the
nd con-

siders changes in magnitude, irrespective of whether

they are increases or decreases.

A.2.1 Criterion I: Vibration magnitude
rated speed under steady operating
conditions

at

a) the purpose for which the measurement is 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

concern);

b) the type of measurement made — absolute or
relative vibration;

c) the quantities measured (see annex B);

d) the position where the measurement is made;

th Aafirins bin
fintrg—rnits for
shaft vibration magnitude consistent with acceptable

Thic ~ridtarian 16 ~Ar~~rsAA (a4
TS CritCTToT—To— COCCT i G—vvit—acT

dynamic loads on the bearing, adequate mar
the radial clearance envelope of the machine,
ceptable vibration transmission into the

structure and foundation. The maximum s

gins on
and ac-
support
haft vi-

bration magnitude observed at each bearing is as-
sessed against four evaluation zones established from

international experience.

Figure A.1 shows a plot of allowable vibra
terms of peak-to-peak shaft vibration, against

tion, In
the op-
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erating speed range. It is generally accepted that lim-
iting vibration values will decrease as the operating
speed of the machine increases, but the actual values
and their rate of change with speed will vary for dif-
ferent types of machine.

A.2.1.1 Evaluation zones
The following typical evaluation zones are defined to

permit a qualitative assessment of the shaft vibration
on a given machine and provide guidelines on possible

ISO 7919-1:1996(E)

is specified on the basis of the change in broad-band
vibration magnitude occurring under steady-state op-
erating conditions.

When Criterion Il is applied, the vibration measure-
ments being compared shall be taken at the same
transducer location and orientation, and under ap-
proximately the same machine operating conditions.
Significant changes from the normal vibration magni-
tudes should be investigated so that a dangerous
situation may be avoided.

actions.

Zone A} The vibration of newly commissioned ma-
chines would normally fall within this zone.

Zone B Machines with vibration within this zone are
normally considered acceptable for unrestricted long-
term opegration.

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

Zone Dy Vibration values within this zone are normally
considefed to be of sufficient severity to cause dam-
age to the machine.

A.2.1.2 | Evaluation zone limits

Numeridal values assigned to the zone boundarjes are
not intehded to serve as acceptance spgcifications,
which dhall be subject to agreement between the
maching manufacturer and the customer. However,
these Malues provide guidelines-‘for ensuring that
gross deficiencies or unrealistic” requirements are
avoided| In certain cases, there’ may be specific fea-
tures apsociated with a_particular machine which
would require different.zone boundary values (higher
or lowef) to be used. In such cases, it is normally
necessdry to explain the reasons for this and, in par-
ticular, fo confirm”that the machine will not be en-
dangered by, operating with higher vibration values.

Criteria for assessing changes in broddsband vibration
for monitoring purposes are givennin ¢ther parts of
ISO 7919. However, it should .be "not¢d that some
changes may not be detected unless| the discrete
frequency components are.monitored (dee 5.7).

A.2.3 Operational\limits

For long-term Gperation, it is common practice for
some machine‘types to establish operational vibration
limits. These limits take the form of ALARMS and
TRIPS.

ALARMS: To provide a warning that a|defined value
efvibration has been reached or a signfficant change
has occurred, at which remedial action may be
necessary. In general, if an ALARM sitpiation occurs,
operation can continue for a period yvhilst investi-
gations are carried out to identify the feason for the
change in vibration and define any remadial action.

TRIPS: To specify the magnitude of vildration beyond
which further operation of the machirle may cause
damage. If the TRIP value is exceedgqd, immediate
action should be taken to reduce the vlbration or the
machine should be shut down.

Different operational limits, reflecting fifferences in
dynamic loading and support stiffness, pnay be speci-
fied for different measurement positions and di-
rections.

Where appropriate, guidelines for specjfying ALARM
and TRIP criteria for specific machine types are given

QO 9040

A.2.2 Criterion II: Change in vibration
magnitude

This criterion provides an assessment of a change in
vibration magnitude from .a previously established
reference value. A significant increase or decrease in
broad-band vibration magnitude may occur which re-
guires some action even though zone C of Criterion |
has not been reached. Such changes can be instan-
taneous or progressive with time and may indicate
that damage has occurred or be a warning of an im-
pending failure or some other irreguiarity. Criterion Il

. e " £
nrouich parts Uritou 791J.

A.2.3.1 Setting of ALARMS

The ALARM values may vary considerably, up or
down, for different machines. The values chosen will
normally be set relative to a baseline value deter-
mined from experience for the measurement position
or direction for that particular machine.

It is recommended that the ALARM value should be
set higher than the baseline by an amount equal to a
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proportion of the upper limit of zone B. If the baseline
is low, the ALARM may be below zone C.

Where there is no established baseline, for example
with a new machine, the initial ALARM setting should
be based either on experience with other similar ma-
chines or relative to agreed acceptance values. After
a period of time, the steady-state baseline value will
be established and the ALARM setting should be ad-
justed accordingly.

© ISO

A.2.3.2 Setting of TRIPS

The TRIP values will generally relate to the mechanical
integrity of the machine and be dependent on any
specific design features which have been introduced
to enable the machine to withstand abnormal dynamic
forces. The values used will, therefore, generally be
the same for all machines of similar design and would
not normally be related to the steady-state baseline
value used for setting ALARMS.

If the steady-staTe baseline changes tforexampteafter There may, however, be diiierences 1or macnjnes of

a machine ovérhaul), the ALARM setting should be
revised accorglingly. Different operational ALARM
settings may then exist for different bearings on the
machine, refldcting differences in dynamic loading
and bearing support stiffnesses.

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

Zone D

Zone A

Relevant speed range

different design and it is not possible to @ive| guide-
lines for absolute TRIP values. In gengrd), the TRIP
value will be within zone C or D.

Rotational frequency of shaft ———=

NOTE — The actual values for vibration at the zone boundaries and the relevant speed range will vary for different types of
machine. It is important to select the relevant criteria and to avoid incorrect extrapolation.

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

Derivation of measurement quantities

B.1 Mechanics of shaft vibration

The vibrjttion of a rotating shaft is characterized at any
axial location by a kinetic orbit, which describes how
the positlon of the shaft centre varies with time. Fig-
ure B.1 shows a typical orbit. The shape of the orbit
depends| upon the dynamic characteristics of the
shaft, th¢ bearings and the bearing supports or foun-
dations, the axial location on the rotor and the form
of vibratipn excitation. For example, if the excitation
takes thg form of a single-frequency sinusoidal force,
the orbit| is an ellipse, which can in certain circum-
stances e a circle or straight line, and the time taken
for the spaft centre to complete one circuit of the el-
lipse is efjual to the period of the excitation force. One
of the mjost important excitation forces is rotor yn-
balance, [in which the excitation frequency is egualto
the rotatlonal frequency of the shaft. Howevet, there
are othef forms of excitation, such as roter cross-
section gsymmetry, for which the frequency is equal
to multigles of the rotational frequengy of the shaft.
Where the vibration arises as a resultof, for example,
destabilizing self-excited forces, -the orbit will not
normally|be of a simple shape, but will change form
over a period of time and~it will not necessarily be
harmonidally related. ln\general, the vibration of the
shaft mdy arise from.a number of different sources
and, thdrefore, & complex orbit will be produced,
which is|the veetorial sum of the effects of the indi-
vidual eXcitation forces.

B.2 Measurement of shaft vibration

At any axial location, the orbit 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
deviations from this do not cause significant errors).
If the angle between the transducer locations is sub-
stantially different from 90°, a vector resolution into
the orthogonal directions will be required. If the
transducers measure absolute vibration, then the orbit
will be the absolute orbit of the shaft independent of

the vibratory motion of the nop-rotating
transducers measure relativer vibratio

parts. If the
N, then the

measured orbit will be relative to thafl part of the
structure upon which the transducers ar¢ mounted.

B.3 Measurement quantities

B.3.1 Time-integrated mean position

The mean values of the shaft displacement (x,y), in

any“wo specified orthogonal directions,
reférence position, as shown in figure B.
by integrals with respect to time, as {
following equations:

_ 1 f
X="7 j‘l‘x(t)dt

-1 ("

where x(t) and y(r) are the time-depende
values of displacement relative to the re
ition, and (r, — ;) is large relative to the
lowest frequency vibration component. |

relative to a
, are defined
hown in the

...(B.Y)

...(B.2)

nt alternating
eference pos-
period of the
n the case of

absolute vibration measurements, the rTference pos-

ition is fixed in space. For relative vibra
ments, these values give an indication
position of the shaft relative to the non-

ion measure-
of the mean
rotating parts

at the axial location where the measyrements are
- f to a number
of factors, such as bearing/foundation movements,
changes in oil film characteristics, etc., which normally
occur slowly relative to the period of the vibration
components which make up the alternating values.

It should be noted that, in general, the time-integrated
mean position in any direction differs from the pos-
ition defined by taking half the summation of the
maximum and minimum displacement values (see
figure B.2). However, when the shaft vibration is a
single frequency and sinusoidal, then the locus of the
shaft centre will be an ellipse. In such circumstances,
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the time-integrated mean position in any direction of
measurement will be the same as the position identi-
fied by taking half the summation of the maximum
and minimum displacement values.

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

The primary quantities of interest in shaft measure-
ments are the alternating values which describe the
shape of the orbit. Consider the kinetic shaft orbit

© ISO

approximation for the maximum peak-to-peak dis-
placement value to be obtained. For more precise
determinations, it is necessary to examine the shaft
orbit in more detail, as for example with an
oscilloscope. The three most common methods for
obtaining satisfactory approximations are described in
B.3.2.1 t0 B.3.2.3.

B.3.2.1 Method A: Resultant value of the
peak-to-peak displacement values measured in
two orthogonal directions

shown in figyre-B-2—and-asstrme—that—there—are—two
transducers A and B mounted 90° apart, which are
used to measpre the shaft vibration. At some instant,
the shaft centfe will be coincident with the point K on
the orbit and |the corresponding instantaneous value
of shaft displgcement from the mean position will be
S;. However, |in the plane of the transducers A and
B. the instantaneous values of shaft displacement
from the megn position will be S,; and Sg,, respec-
tively, where

§? =52, 4 52, ... (B.3)

The values of [5;, Sy, and Sg; will vary with time as the
shaft centre moves around the orbit; the correspond-

ing waveform
shown in figu

NOTE 6 If th
would be pure

The peak-to-p
plane of trans
ence betweer]
ments of trg
transducer B.
be equal and,
similar measu
Hence, the va
dependent on

Since these m|
of the absolut
necessary to
the mean and

s measured by each transducer are
eB.2.

e orbit is elliptical, then these waveforms

ine waves of the same frequency.

pak value of the displacement in  the
Hucer A (S (o)) is defined as the differ-

the maximum and minimum (displace-
nsducer A and similarly for*'Sg for
Clearly Sy () and Sg(p-p) Values will not
in general, they will be_ different from
ements made in otherradial directions.
ue of the peak-taspeak displacement is
the direction of the measurement.

easurementyquantities are independent
e value_ofvthe mean position, it is not
ise systems which can measure both
alterhating values.

The value of S(p-pymax Can be approximatedffom the
following equation:
2 2

Sepimax =\ Sapp) + e (op) 1. (B4

The use of equation (B.4) as'\ar approximation when
the vibration is predominaftly at rotational frequency
will generally over-estinfate the value of S (p-p)frax With
a maximum error of dpproximately 40 %.

The maximum cetfor occurs for a circular ofbit and
progressively<reduces as the orbit becomes| flatter,
with a zeroerror for the degenerate case of alstraight
line orbit.

B.3,2:2 Method B: Taking the maximum vtlue of
the peak-to-peak displacement values measured
in two orthogonal directions

The value of S(p-p)max Can be approximated flom the
following equation:
S | . (B.5)

pp)max = Sa(p-p) OF S8 (p-p)

whichever is the greater.

The use of equation (B.5) as an approximatioh when
the vibration is predominantly at rotational frdquency
will generally under-estimate the value of §

(p-p)max-
with @ maximum error of approximately 30 %.

The maximum error occurs for a flat orbit ahd pro-
gressively reduces as the orbit becomes circular, with
a zero error when the orbit is circular.

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

Whereas measurement of the peak-to-peak displace-
ment in any two given orthogonal directions is a sim-
ple matter, the value and angular position of the
maximum peak-to-peak displacement shown in
figure B.2 is difficult to measure directly. However, in
practice, 1t has been found acceptable to use alterna-
tive measurement quantities which enable a suitable

10

B.3.23 Method C: Measurement of S,
The instantaneous value of the shaft displacement
can be defined by S;, as shown in figure B.2, which is
derived from the transducer measurements S,, and
Sg1 using equation (B.3). There is a point on the orbit,
defined by point P in figure B.2, where the displace-
ment from the mean position is a maximum. The
value of §; corresponding to this position is denoted
DY Smax- Which is defined as the maximum value ot
displacement
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Smax = [S4 (t)]max =

[\/ [Sa (01" + [Se()

...(B.6)

max

The point on the orbit where S, occurs does not
necessarily coincide with the point where S, and S
are at their maximum values. Clearly, for a particular
orbit, there is one value of S, and this is indepen-
dent of the position of the measuring transducers

ISO 7919-1:1996(E)

Equation (B.7) will be correct when the two
orthogonal measurements from which S, is derived
are of single-frequency sinusoidal form. In most other
cases, this equation will over-estimate S, p)max Since
this depends on the nature of the harmonic vibration
components present.

It should be noted that implicit in the definition of
Smax 1S the requirement to know the time-integrated
mean value of the shaft displacement. The measure-
ment of S ., is, therefore, limited to those measuring

provided that the mean paosition 0 does not change :
systems which can measure both the-mean and al-
The valug of S ). can be approximated from the ternating values. Furthermore, the evalugtion of S,
following|equation: from the signals produced by two’ vibfation trans-
S 9 B.7 ducers, is a relatively complexcomputational proce-
(p-p)ax — < Ymax - (B.7) dure requiring specialized instrumentation.
y Kinetic orbit of shaft
x(t) K
i
t
]
I
]
]
i
]
)
1
X o]
1% y(t
Reference axes
X
0 Meanrpesition of orbit
K Instantaneous position of shaft centre
X
5 } Mean values of shaft displacement

x(t
;} Time-dependent alternating values of shaft displacement

Figure B.1 — Kinetic orbit of shaft

1
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Transducer B

— Transducer A waveform
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Transducer A

——

P4

Transducer B _/

waveform

Fixed reference axes
Time-integrated mean/position of orbit

Time-integrated mean values of shaft displacement

Instantaneous-position of shaft centre

Position‘of shaft for maximum displacement from time-integrated mean position

Instabtaneous value of shaft displacement

Maximum value of shaft displacement from time-integrated mean position 0

Instantaneous values of shaft displacement in directions of transducers A and B, resp

Maximum value of peak-to-peak displacement

ectively

Peak-to-peak values of shaft displacement in directions of transducers A and B, respectively

Figure B.2 — Kinetic orbit 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 tyges of measurement system are in common
use for |the measurement of transverse shaft vi-
bration, ¢ach using either one or two measuring di-
rections.|One type uses non-contacting transducers
which measure the relative motion between the shaft
and a Hearing; another uses shaft-riding seismic
transducgrs which measure the absolute motion of
the shaftf and the third provides measurement of the
absolute jmotion of the shaft by combining the outputs
of nonjcontacting transducers and structurally
mounted| (e.g. on the bearing housing) seismic trans-
ducers.

NOTE 7 | In the examples given in clauses C.1 to C.3, two
transducefs are described mounted 90° apart in the same
transversg plane perpendicular to the shaft axis. However,
in certain [cases, measurement in one direction will suffice.
(See 3.3.)

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

Figure C.[l presents a schematic diggram of a typical
instrument system used to measure the relative mo-
tion between the shaft and @ structural member (for
example| the bearing housing). This system consists
of a non-contacting transducer, a local signal condi-
tioner and a readoutiinstrument.

During initial installation of the transducer, it is desir-
able to cpnddct an in situ calibration of the transducer
output vefsus the gap. It should be noted that ma-

dependent alternating displacement (value over the
frequency range of interest and theymedgn position of
the shaft relative to the support.structufe. The latter
provides a means of setting the transfucer at the
correct gap position and assessing th¢ amount of
runout obtained at low speed when stable bearing oil
films have been established but centrifudal effects are
negligible. (For examplé, on a machine of rated speed
3 000 r/min, thetrunout could be assessed at a speed
of the order of 200 r/min.)

It is recognized that other measuring systems, such
as shaft-riding relative motion probes, arg used.

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

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

Figure C.2 presents a schematic diagram of a typical
instrument system used to measure [the absolute
motion of the shaft. This system consist$ of a seismic
transducer (velocity type or accelerometer) mounted
on a shaft-rider, a shaft-rider support system which
permits the shaft-rider to follow accurately the motion
of the shaft, and a readout instrument.

NOTE 9 No measurement of the shaft mean position
relative to the structure is possible with this [system.

chine operating condifions 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 only
the shaft vibration and that the accuracy is not af-
fected by any conductive material or magnetic fields
in proximity to the transducer.

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

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
instrument system used to measure absolute shaft
motion, and which can also be used to measure the
absolute motion of the bearing housing and the rela-
tive motion of the shaft. This system consists of a
non-contacting type of relative-displacement trans-

© 1SO

the non-contacting transducer are mounted, should
be processed as is necessary to provide a displace-
ment signal. The amplitude and phase of this signal,
together with that of the non-contacting relative-
motion transducer, should be adjusted and vectorially
combined to provide an accurate measure of the ab-
solute motion of the shaft. It should be noted that in-
dividual measuring systems can modify the phase and
amplitude of the basic signal. Therefore, corrections
should be made for these inherent characteristics be-
fore vectorial addition. The seismic transducer also

ducer, a seismic—transdtcer—tie- vciuu;ty type—or——a¢
celerometer),| a signal conditioner and a readout
instrument.

The two trangducers should be mounted on a com-
mon rigid strycture close together with their sensitive
axes parallel fo ensure that both undergo the same
absolute strugtural motion.

The non-contacting transducer portion of the system
should be sinpilar to that described in clause C.1, and
should provide an output proportional to the relative
shaft vibration displacement, as well as gap distance.
This output id the resultant of two motions: the mo-
tion of the shaft, and the motion of the structure on
which the nomp-contacting transducer is mounted.

The output of the seismic transducer, which is pro-
portional to the motion of the structure to which it and

Local signal
conditioner

provides an output proportional to the absolute vi-
bration of the non-rotating member (for gkample, that
of the bearing housing).

The measurement system should)be capabld of indi-
cating the mean position of the ‘shaft relativg to the
support structure and the time-dependent alternating
displacement value of absolute shaft vibratiof, which
is the vectorial sum, ofthe absolute motionp of the
structure and the relative motion of the shaft

C.4 Overallhinstrument system
performance and environmental
considerations

System performance and environmental donsider-
ations will form the subjects of future Intefnational
Standards.

Remote readout
instrument

& ) shatt

o—1—— Optional output

for alarms/trips,
recording and/or
o—b— 3nalysis instrumgnts

N——

Non-contacting
transducer

Figure C.1 — Schematic diagram of a relative-motion measurement system using non-contacting
transducers (see clause C.1)
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Shaft ri

Figure C.2 — Schematic diagram of an absolute-motion measurement’system using a sh
mechanism with seismic transducers (see clause C.2)

Seismic
transducer

Signal conditioner
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Remote readout

Machine structure

instrument
Optional output
1 for alarms/trips,
recording and/or
[

analysis instruments

.
P I “
Shaft

Local signal

Local signal
conditioner

aft-rider

Machine.structure

conditjoner
Remote readout
instrument
\ Optional ofitput
T tor alarm /trips,
T T P .__recording}nd/or
| | L analysis ifstruments
N L

Shaft

—Nobn-contacting transducer

Seismic transducer

Figure C.3 — Schematic diagram of an absolute-motion measurement system using a combination of
non-contacting and seismic transducers (see clause C.3)
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