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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
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uction
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The principal purpose of vibration condition monitoring of machinery is to provide information on the operating
condition of the machine for protection and predictive maintenance. An integral part of this process is the evaluation
of the vibratory condition of the machine over operating time. The purpose of this part of ISO 13373 is to promote
the use of well-accepted guidelines for acquiring and evaluating vibration measurements for condition monitoring.
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r rather than any particular behaviour by itself.

in vibration behaviour may typically be caused by
ges in balance,

ges in alignment,

of or damage to journals or anti-friction bearings,
or coupling defects,

Ks in the critical components,

ational transients,

flow disturbances in hydraulic machinery,

ient excitations in electric machinery;

ng, and

hanical looseness.

condition monitoring-can provide information for the following purposes:
Crease equipment protection;

prove safety for personnel;

preve'maintenance procedures;

5t to vibration testing used strictly for diagnostic or acceptance purposes, condition monitoring/{nvolves the
n of data which can be compared over a span of time, and emphasizes the changes |in vibration

— to detect problems early;

— to avoid catastrophic failures;

— to extend equipment life;

— to enhance operations.

Vibration measurements for condition monitoring may take many forms from the very simple to the very complex,
and can include continuous or periodic measurements. However, they all share the common goal of accurately and
reliably assessing the condition of machinery. The instrumentation and procedures recommended in this part of
ISO 13373 will assist in achieving that goal.

© 1SO 2002 — All rights reserved
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The measurement methods described in this part of ISO 13373 reflect current common methods of measurements
utilizing seismic and non-contacting vibration transducers. However, it is recognized that other methods of
assessing the vibration condition of machines are in development. Although not included at this time, this part of
ISO 13373 does not preclude the use of such measurement techniques.

ISO/TC 108 is at present also in the process of developing new International Standards on the subject of
Machinery Diagnostics. These International Standards are intended to provide guidance on the overall monitoring
of the “health” of machines, including factors such as vibration, tribology, oil purity and thermography.

Vi © IS0 2002 — Al rights reserved
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INTERNATIONAL STANDARD ISO 13373-1:2002(E)

Condition monitoring and diagnostics of machines — Vibration
condition monitoring —

Part 1:

General procedures

1 Scqpe
This part|of ISO 13373 provides general guidelines for the measurement and data.collection functions of machinery
vibration [for condition monitoring. It is intended to promote consistency of measurement procedures and practices,
which uspally concentrate on rotating machines.

Because| of the diversity of approaches to condition monitoring, recommendations specific to a partiqular kind of
monitoring programme will be addressed in additional parts of ISO 133%3)

This part|of ISO 13373 is a basic document which presents recommendations of a general nature, encompassing
— meaurement methods,

— meapsurement parameters,

— trangducer selection,

— trangducer location,

— trangducer attachment,

— data|collection,

— machine operating conditions,

— vibration monitoring systems,

— signgl conditioning systems,

— interfaces Wittt data-processing systems,

— cont|nteus monitoring, and

— periodic monitoring.

The vibratory conditions of a machine can be monitored by vibration measurements on the bearing or housing
structure and/or by vibration measurements of the rotating elements of the machine. In addition, measurements
can be continuous or non-continuous. This part of ISO 13373 provides guidance on the types of measurements
recommended in both the continuous and the non-continuous modes.

It is emphasized that this part of ISO 13373 addresses only the procedures for vibration condition monitoring of
machines. In many cases, the complete condition monitoring and diagnostics of a machine can also include other
parameters, such as thermography, oil analysis, ferrography, process variations, temperatures and pressures.
These non-vibratory parameters will be included in other International Standards.

© 1SO 2002 - All rights reserved 1
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This part of ISO 13373 covers rotating machines. However, many of the procedures included can be applied to

other types

2 Norm

of machines, for example reciprocating machines.

ative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of
this part of ISO 13373. For dated references, subsequent amendments to, or revisions of, any of these publications
do not apply. However, parties to agreements based on this part of ISO 13373 are encouraged to investigate the
possibility of applying the most recent editions of the normative documents indicated below. For undated

maintain

references, thelatest edition of the normative document referred-to applies—Members of 1SQ and IEC
registers of|currently valid International Standards.

ISO 1925, Mechanical vibration — Balancing — Vocabulary

ISO 2041, Vibration and shock — Vocabulary

ISO 7919-1} Mechanical vibration of non-reciprocating machines — Measurements)>on rotating sh

evaluation (

ISO 10816-
Part 1: Gen|

3 Terms and definitions

For the purposes of this part of ISO 13373, the terms and definitions given in ISO 1925 and ISO 2041 appl

4 Vibra

4.1

Vibration n
operation. [}
parameters
recognize g
parts signifi
cost-effecti

Several typ

condition and other factors, any one of the systems, or combinations thereof, may be selected.

4.2 Type

Gene¢ral

riteria — Part 1: General guidelines

1, Mechanical vibration — Evaluation of machine vibration by measurements on non-rotating
eral guidelines

lion condition monitoring

onitoring is conducted to assist in” the evaluation of the “health” of the machine during
epending on the machine typeiand the critical components to be monitored, one or more mea

and a suitable monitoring system, have to be selected. The objective of such a progran
n “unhealthy” condition in_sufficient time to take remedial action before certain defects in the
Cantly decrease equipment operation or projected machine life, or fail completely, thereby esta
e maintenance plaq:

es of conditiommonitoring systems are described below; depending on the machine, the n

s of vibration condition monitoring systems

4.21

General

afts and

parts —

<

sustained
surement
me is to
machine
blishing a

hachine’s

Condition monitoring systems take many forms. They utilize permanently installed, semi-permanent or portable
measuring equipment.

A decision to select the appropriate measuring system depends upon a number of factors, such as

cost of
cost of

cost of

criticality of the machine operation,

machine down-time,
catastrophic failure,

the machine,
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4.31

Data ma
intervals.

General

ISO 13373

of progress of the failure mode,

accessibility for repair/maintenance (e.g. in nuclear plants or other remote locations),

accessibility of the appropriate measurement positions,

ity of the measurement/diagnostic system,

operational modes of the machine (e.g. speed, power),

of the monitoring system,

-1:2002(E)

y, and

onmental impacts.

ermanently installed systems

b

b

of system is one in which the transducers, signal conditioners, data-processing and d
nt are permanently installed. Data may be collected either continuously. or)periodically. The a
htly installed systems is usually limited to costly and critical machigiery or to machines w
g tasks. Figure 1 shows a typical permanently installed on-line system.

emi-permanent systems

-permanent system is a cross between the permanent.and portable systems. In this type of
brs are generally permanently installed, whereascthe electronic data-acquisition comp
ntly connected.

prtable monitoring systems

e monitoring system performs similar functions as the “continuous” on-line system, but it is leg
hally less expensive. With this arrangement, the data are recorded periodically either auto
., with a portable data collector. This type of system is shown in Figure 2.

nmonly, portable monitoring-Systems are used to record manually measurements at preselect

achine at periodic intervals.(weekly, monthly, etc.). The data are usually entered and stored
data collector. A preliminary cursory analysis can be done immediately; however, for mg

ta collection

ata-storage
pplication of
th complex

system the
onents are

s elaborate
matically or

ed locations
locally on a
re in-depth
re.

vents or by

r bé.collected on a continuous or periodic basis; and the data analysis may be driven by €

4.3.2 Continuous data collection

A continuous data-collection system is one in which vibration transducers are installed permanently at key locations
on the machine (as shown in Figure 1), and in which the vibration measurements are usually recorded and stored
continuously, during operation of the machine. It can include automatic vibration monitoring systems with multiplex
connections provided that the multiplexing rate is sufficiently rapid so that no significant data or trends are lost. The
data may be processed to provide either broadband or spectral information which can be compared to previously
acquired data. By setting “alert limits” on the stored data it is possible to inform the operator that the vibratory
pattern of the machine has changed (the magnitude has either increased or decreased), and therefore diagnostic

procedur

es are recommended.
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[ w—

Key

1 Driver 6 Radial

2  Shaft dipplacement probes (typical) 7  Axial

3  Phase reference 8  Printer

4  Transdycers on stationary bearing structure (typical) 9  Computer with data storage

5  Driven grocess machinery 10 Signal conditioner

NOTE This figure shows one typical arrangement. Alternative systems are permissible (e.g. microprocegsor-based

systems ofteh have integral signal conditioning which may be carried out after’the A/D conversion).

kigure 1 — Typical permanently installed on-line vibration condition monitoring system

Key

1 Driver 7  Printer

2  Data points (typical) 8  Computer with data storage
3  Phase reference 9  Computer link

4 Driven process machinery 10 Portable data logger

5 Radial 11 Transducer

6  Axial

Figure 2 — Typical portable monitoring system
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A continuous data-collection system can be installed at the machine site for direct use by the machine operating
crew, or it can be installed at remote sites with data transmitted to a central data analysis centre. The obvious
advantage of a “continuous” system is the availability of on-line machine condition in real time.

In an automatic system, permanent vibration transducers are installed on the machine in much the same manner
as with the continuous monitoring system. The system is programmed to record and store data automatically. The
last data are compared with the previously stored data in order to determine whether an ALARM condition exists.

A decision to select a continuous data-collection system should be taken after consideration of the factors listed in

4.21.

433 P

Periodic

may incl
cyclically
action bu
channels
“scannin

For machines for which permanent on-line systems cannot be justified, portable‘systems are usually us

are in mq

4.4 Cd

After sel
appropria
such a ty
to provid

Clear de

data collgcted. As a minimum, such descriptions!should include shaft speed (r/min) and machine load (

pressure

In general, during data acquisition it is ‘strongly emphasized that the operating conditions should appr

normal o
the data.
differenc

Since the procedure of condition monitoring includes the process of “trending”, which examines the ra

vibration
successi

pumps, the vibration' values can vary significantly between “normal” and “off-normal” operating loa

change i
change ¢

eriodic data collection

data collection can be done with either permanent on-line or portable systems. On-line perio
iIde automatic vibration monitoring systems with multiplexer connections. In this case all ¢
scanned one after the other with respect to off-limit conditions. The measuring,system is per
t there are gaps in monitoring the individual measuring points, which are dependent on thg

j” or “intermittent” systems.

st cases suitable for periodic monitoring.

ndition monitoring programme

bction of the equipment to be monitored, and determining the type of measurement sys
te, it is recommended that a condition monitoringprogramme flowchart be developed. Figl
pical flowchart. However, since each plant and each“system is unique, the data flow should be
b the maximum benefits.

scriptions of operating conditions, such as_speed, load or temperature, should accompany a
etc.) and any other operating parameter that can affect the measured vibration.
berating conditions of the machine as closely as possible, to ensure consistency and valid com

When this is not possibl€, the characteristics of the machine must be well known in order to e
Es in the data.

values change ywith operating time, it is especially important that the operating condit
e measurements remain the same, in order for such trending to be valid. For example, in

h vibration“response due to a change in operating conditions could easily be incorrectly inten
ue to'an impending problem.

Hic systems
hannels are
manently in

number of

monitored and the measuring period per channel. These systems are -sometimes referred to as

ed and they

tem that is
re 3 shows
customized

ny vibration
bower, flow,

bximate the
parability of
valuate any

te at which
ons during
the case of
is. Thus, a
preted as a

In additi

current condition of the machine.

T, the—tmeTate—of data—acquisitiomr eed ot tobe—constant—Aspoimted—outm7-3;itdepends on the

Data under other conditions may also need to be collected depending on the complexity of the machine and the
purpose of the measurement. For example, where problems with unbalance, rubbing, shaft cracks or oil whirl are
suspected, testing during transient operating conditions such as start-up and shut-down is recommended.
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i
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If necessary,
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|
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change alert?
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Yes

Need new

Yes

™D

i

Shut down

Notify appropriate personnel.
Review data (and trends).
Perform diagnostic evaluation.
Repair as necessary

1

baseV

Figure 3 — Vibration condition monitoring flowchart
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5 Measurements

5.1 General

-1:2002(E)

This clause provides information on the types of measurements and the measurement quantities recommended for
vibration condition monitoring. Annex B lists the typically required information to be recorded for each machine and

measure

ment.

5.2 Types of measurements

5.2.1 deneral considerations

In genergal, there are three types of measurements that may be employed for machine ‘vibratio
monitorir|g, as follows:

a) vibra
mac

b) relati
c) abso

Vibration

fion measurements made on the non-rotating structure of the machine, suchias the bearin
hine casing or machine base;

ve motion between the rotor and the stationary bearings or housing;
ute vibratory motion of the rotating elements.

measurements on structures would normally use r.m.s. veloctity often combined with rm.s. d

or acceldration (see ISO 10816-1). If the vibration is predominantly:sinusoidal, vibratory displacement (7
or peak-tp-peak) may also be used.

For high

speed machines/gears and machines with anti-friction bearings, peak acceleration is oftg

monitorinjg in combination with r.m.s. velocity. In addition,-increasing use is being made of other more s
techniqués which enable greater use to be made of theinformation contained within the vibration signal

Absolute
quantitie

Sp-p

Each of

and relative displacement of the rotating components are further defined by several different d
5, each of which is now in widespread use and is defined in ISO 7919-1. These include

Smax, the maximum value of shaft displacement from the time-integrated zero mean position, and

the vibratory peak-to-peak displacement in the direction of measurement.

hese displacement‘quantities may be used for measurement of shaft vibration. However, th

shall be ¢learly identified se"as to ensure correct interpretation of the measurements.

It should

be noted that the 1ISO 7919 and ISO 10816 series address broadband measurements only

condition| monitoring)may include additional vibration measurements and analyses such as

— spegtralianalysis,

— filter

— time

n condition

J housings,

splacement
ero-to-peak

n used for
bphisticated

splacement

e quantities

. However,

ng,

wave forms and orbits,

— vector analysis with magnitude and phase, and

— analysis of the high-frequency vibration envelope.

© 1SO 2002 — All rights reserved


https://standardsiso.com/api/?name=d332589e9888b362a707f7ceac3da899

ISO 13373-1:2002(E)

5.2.2 Transducer locations

The locations of transducers for the purposes of condition monitoring depend on the particular machine and the
specific parameters to be measured. Before specifying “location”, it is first necessary to identify which parameters
should be monitored, i.e.

the absolute vibration of the machine housing,

the vibratory motion of the rotor relative to the housing,

ition of the shaft relative to the housing during machine operation, and

— the pos
— the abs
In general,
particular t
other positi
a) atthe
span o
b) attheq

Whatever the plane chosen for the vibration measurement, transducérs *should be located at thoss

positions wi

5.2.3 Transducer locations for typical machines

Annex A in
of machines

5.2.4 Tramsducer orientation and identification

The locatio
successive
points. Ann

5.2.5 Medsurements on non-rotating structures

The 1SO 1(

identifies r.m.s. vibration vélocity (in millimetres per second) as the preferred evaluation parameter. Meas

may be ma

Typical locg
as shown irj

olute motion of the shaft.

the transducers should be located at or near the bearings. However, if experience\is availg
pe of machine and if such transducer locations are practical, it could be useful to‘locate trans
ns than the bearings, as follows:

ositions which are most likely to provide maximum values of vibration (such as intermediate 5
large gas turbine units);

ositions where a small clearance exists between the static and rotating parts and rubbing may

hich are most likely to provide early indications of wear or failure.

5. These locations and directions provide for shaft measurements near the bearings.

s of the transducers should be cleatly marked and identified to ensure repeatability of locati
measurements. It is important to‘establish a consistent naming convention for assets and mea
bx D provides an example of a-typical convention for transducer orientation and identification.

816 series provides specific procedures and instrumentation for different classes of machi

e either dirgctly by a velocity transducer or by an accelerometer with an integrating circuit.

tions for'these types of measurements for horizontal machines are on each bearing housing or
Figure-4. For vertical machines, see Figure 5.

ble for a
ducers at

haft mid-

joccur.

angular

ludes a table showing recommended locations fek obtaining meaningful vibration data for varigpus types

bn during
surement

hery and
Lrements

pedestal
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Figure|4=— Schematic diagram of typical transducer locations for vibration measurements on horizontal

machine
T
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Figure b Schematic diagram of typical transducer locations for vibration measurement on vertical
machines
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5.2.6 Measurements on rotating shafts

5.2.6.1 General

As defined in 1SO 7919-1, the preferred measurement quantity for the measurement of shaft vibration is
displacement. The following subclauses describe various transducers and arrangements for shaft measurements.
Also shown on the figures are references to local signal conditioning and data processing. A discussion of signal
conditioning is given in 5.2.8.

NOTE Details of further signal processing and analysis and displaying of the data will be given in ISO 13373-2 which is at
present underpreparation-

5.2.6.2 | Relative motion of shaft to housing

The ISO [7919 series provides specific procedures and instrumentation for the measurement of broadband vibratory
displacements of rotating shafts for different classes of machinery.

The relafive displacement is best measured by using two non-contacting transducers -arranged to megsure radial
relative motion between the rotating shaft or element and the stationary element\in the same transerse plane.
Figure 6 provides a typical installation of such a non-contacting transducer system

At each [pearing, the transducers are normally mounted orthogonally in the bearing or as close to the bearing
housing &s possible. There could be occasions, such as on flexible shaftmachinery, where it would be advisable to
mount the transducers at locations other than at the bearings.

In any eyent, the transducer locations shall be arranged such that.tfiey provide adequate sensitivity to the machine
dynamic [forces. Although the transducers may be placed atsany angular position, it is common to |ocate them
vertically|and horizontally or at £ 45° from the vertical andshorizontal, depending on ready access to [the rotating
shaft. A gingle transducer may be used if it is known to provide adequate information about the maching, however,
some anglysis techniques will then no longer be possibley’such as orbit analysis and Sy ax-

450

IT + )z

L
Key
1 Local signal conditioners
2  To signal processing
3  Optional transducer orientations
4 Shaft
5 Non-contacting transducers

Figure 6 — Schematic diagram of relative motion measurement system using non-contacting transducers

© 1SO 2002 - All rights reserved 11
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5.2.6.3 Absolute motion of shaft

Some types of machines, such as those having soft rotor support structures and/or flexible rotors, or machines
operating near a rotor natural frequency, could require the measurement of absolute motion of the shaft.

Figures 7 and 8 provide examples of measurement systems for determining the absolute motion of the shaft. The
preferred method is a combination of non-contacting and seismic transducers, as shown in Figure 7. Although the
shaft riding transducer shown in Figure 8 may be used in some cases, it should be noted that this method has a
limited frequency range and that the method will not provide the shaft radial position.

1
\ 2
Key
1 Local signal conditioners 4  Shaft
2 Remote| readout instrumentation 5  Non-contacting transducers
3  Optional output for instruments for recording 6  Seismic transducers
alarm/trjps and/or data analysis 7  Machine structure

Figure 7 — Schematic diagram of absolute/relative motion measurement system using a combingtion of
non-contacting and seismic transducers

1
6 2
5 -
Ph-F
/)
'/
4 3
Key
1 Local signal conditioners 4  Shaft riders
2 To signal processing 5  Seismic transducers
3  Shaft 6  Machine structure

Figure 8 — Schematic diagram of absolute motion measurement system using shaft-rider mechanism with
seismic transducers
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5.2.7 Torsional vibration

Routine monitoring of torsional vibration on rotating machines is currently uncommon. It may become more
frequently used in the future, in particular for monitoring variable-frequency a.c. driven machines. It has typically
been used at a limited number of power plants in the electrical power generation industry, to gain improved
understanding of the severity of interactions of the torsional dynamics of large steam turbine generator sets and the
electrical oscillations in the transmission network. This involves monitoring turbine generator shaft torsional
response due to transient disturbances in the network (e.g. faults, short circuits), and continuously acting steady-
state stimuli from the network (e.g. unbalanced transmission lines). The monitoring equipment to do this is very
specialized and can be very expensive, and it requires linkage to a computer for data processing to convert
ical i i i iti ' i i s of fatigue

diture at the most critical positions within the machine (see also clause C.3).

When to
variation

Free
elec

Free
stati

sional vibration measurements are required, they are usually made by measuring the] oscill
5 of the machine at selected transducer locations. Commonly used transducer systems.are as f

-end mounted torsiograph which measures vibratory angular velocity. The vibratery velocity sig
ronically integrated to provide a torsional displacement amplitude.

-end or mid-shaft toothed wheels in combination with an electromagneétic transducer mou
bnary structure. The transducer provides a signal of the instantaneous oscillatory speed o

btory speed
pllows.

jnal may be

ted on the
f the target

“toothed” wheel. This signal is usually conditioned to provide a torsional'‘displacement signal.

Mid-shaft or free-end mounted disks with radial code markings in combination with optical transduicers which

meapure the instantaneous speed and phase variations of\the target lines. This signal is electronically
conditioned to provide torsional displacement signals.
— Strajn gauges mounted on the shaft to measure directly the alternating component of torsional strain.
— Laser systems.
Regardlgss of the type of measurement used,. mathematical simulation is required to convert mpasurement
informatipn taken at a selected location to.response estimates at other locations of interest. In general, the
conversiopn of mechanical measurements te_stress and fatigue responses is very complex, requiring spphisticated
analytical procedures.
NOTE The hardware and software”systems that have been used and the analysis of torsional vibrafion are well
documented in the technical literature and will not be discussed in this part of ISO 13373.
5.2.8 Sjgnal-conditioning)systems
Signals gerived from, Vibration transducers typically require some degree of conditioning to provige a useful
measurement. Signal-conditioning functions may include conversion of the transducer output signal to a
measuraple quantity such as current or voltage, and processing of the signal into a suitable form for the
measurement required.
Common-exa e. offset and
integration.

Depending on the complexity of the measurement system, the necessary signal-conditioning circuitry may be

an integral part of the transducer,

an integral part of the measurement instrument,

separate, self-contained instrumentation in the signal path between the transducer and the measurement
instrument, or

a combination of the above.
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In simple systems, where signal-conditioning functions are built into the transducer or the measurement instrument
(or both), the user may have little or no choice as to signal-conditioner settings. However, in more complex
equipment with broader variability and more options in signal conditioning, care shall be taken to maintain accurate
records of all settings so that subsequent measurements duplicate the original settings. Comparison of
measurements taken at signal-conditioner settings which are not identical can lead to very serious errors in
condition assessment, because ensuing changes in measured quantities may be incorrectly attributed to changes
in machinery condition.

When external signal conditioning is applied between the transducer and the measurement instrument, it is
essential to be aware of signal levels and instrument dynamic ranges in order to avoid introducing distortion into the

measurement.

Additionallyj

remaining imstrumentation to obtain valid results.

NOTE I

5.3 Measurement quantities

5.3.1 Gen
Vibration m
cases (disc
stationary p
displaceme
rolling elen
selection of

Shafts with
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motion afte
recorded si
machine.

5.3.2 Mag

The magnit
for evaluati
In the abs
ISO 10816

Test equipr
vibration va
than the lari

the frequency response characteristics of the signal conditioner(s) shall be properly match

hformation on signal processing and analysis will be given in ISO 13373-2, which is at present under prep

eral

ay be quantified in the form of linear or angular displacement, velocity or acceleration. Except
issed in other clauses of this part of ISO 13373), the recommended quantity for condition mon
arts of machinery is vibration velocity. For monitoring the relative position and motion of rotat
nt is recommended. Acceleration is the recommended measurement quantity for condition mor
ent bearings and gears, for example, as they may exhibit faults at high frequency. In an
the measurement quantity should be based largely on’the anticipated frequency of excitation.

fluid-film bearing supports may experience a d.c..Qr static shift of the shaft position when the m
peration from rest. Although this displacementsis not directly a vibration component, as th
the initial positioning, it is a value provided by the vibration displacement transducers, and it g
hce it provides the base position from whieh to measure the shaft dynamic vibration behaviqg

nitude range

LiIde range to be measured'shall be selected on the basis of previous experience or the criteri
pbn of the particular machine being monitored, covering the lowest to the highest anticipated a
bnce of previous experience, refer to the applicable International Standard (e.g. the ISO
series) for the maghitude range recommended for velocity measurements.

nent should be.designed to ensure that its self-noise is at least 10 dB below, or one-third of, t
lue to be_measured, while ensuring that the system can accommodate signals at least 10 ¢
pjest expected signals.

5.3.3 FreTuency range

ed to the

aration.

n special
toring on
ng parts,
itoring of
y case a

achine is
Bre is no
hould be
ur of the

B applied
mplitude.
7919 or

he lowest
B higher

For reliable condition monitoring, measuring equipment shall be capable of covering a wide frequency range in
order to encompass not only shaft rotational frequencies and harmonics, but also frequencies due to other
components, such as bearings, gears, seals, blades or vanes. The frequency range measured should be tailored to
the specific machine(s) being monitored, if possible, but it should normally not be greater than the maximum
transducer linear range.

The maximum transducer linear range is the range of frequencies and amplitudes for which the calibration
sensitivity of the transducer is a constant, within the specified measurement accuracy. Refer to 5.4 for further
definition of measurement accuracy.

The linear frequency range of the system should generally cover frequencies from 0,2 times the lowest rotational
frequency to 3,5 times the highest excitation frequency of interest (generally not exceeding 10 kHz). Typically, the

14 © 1SO 2002 — Al rights reserved


https://standardsiso.com/api/?name=d332589e9888b362a707f7ceac3da899

ISO 13373-1:2002(E)

highest excitation frequency is the rotational frequency multiplied by the number of blades, gear teeth or vanes,
etc., or it may be one of the rolling element bearing frequencies. For pumps, cavitation-excited vibration can also
occur and be outside these ranges.

For mechanical suitability, 10 kHz is adequate. However, for diagnosing very high-frequency signals, as in the case
of gears or rolling element bearings, the 10 kHz limit may be increased, even beyond the transducer
manufacturer’s recommended linear operating range, as shown in Figure 9. In these instances, although the
individual high-frequency signals may not be completely accurate in amplitude, the signals can provide valuable
information.

NOTE More information regarding very-high-frequency analysis will be given in ISO 13373-2, which is at present under
preparati

t.
5.3.4 Phase

The phas

Phase is a
signal to a
er, capable
e phase lag
um or zero

e angle between two vibration sources is an important consideration when evaluating signals
measure|of the angular or time difference of one sinusoidal vibration signal to another, r ‘of a vibratiorn
fixed refdrence. For the purposes of condition monitoring, phase lag is commonly used.”A fixed transdu
of generating a signal when a reference point on the shaft passes, is used as the-phase reference. Th
correspopds, for example, to the delay time between a reference point on the.shaft and the maxim
crossing jof the vibration signal. The phase reference may also be used for synchronous time averaging.

The phys
the shaft
shaft tha

reference.

The mos
phase m
machine
coupling

When m
condition
the differ|

5.4 Measurement accuracy and repeatability

An accef

Type 1 1

amplitudé¢ and frequency-range of the measurement.

Type 2 1
amplitud

ical location of the phase reference point, often called a trigger-locCation, is arbitrary. However,
if accessible, is recommended as the reference point. Lacking a keyway, any other discont
[ exists only once per revolution and can create a distingt signal, may be used as a permg

t common use of phase measurement is in the determination and correction of unbalances.
pasurements may be used to include fault detection through the measurement of relative moti
components, thermal vectoring, verification:of’ misalignment, rotor cracks, the determinatig
effects and the identification of machine resonance.

basuring phase between two locations, it is important to use similar transducers and associ

ng equipment in order to avoid instrumentation phase errors. Otherwise, compensations shall
bnces.

table measurement@ander this procedure falls into two categories as shown in Figure 9.

heasurements @ill"have an allowable tolerance of £5 % of the calibration sensitivity for t

neasurements will have an allowable tolerance of £ 10 % of the calibration sensitivity for t
e and frequency range of the measurement.

A keyway in
nuity of the
nent phase

In addition,
on between
n of cross-

hted signal-
be made for

he required

he required

rariat

atarthan 10 0/

Measureen
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frequency

ranges are not in accordance with this procedure, unless special precautions are taken to return them to within the
required tolerances. Measurements made in accordance with this procedure should be stated as such using the
appropriate Type 1 or Type 2 designation.

Of equal importance, or in some cases more important, is the repeatability of the data. Therefore, the data should
be taken with the same instrumentation, means of attachment, sensitivities and calibrations. Otherwise, unless
accurately known compensations can be made, comparisons and trending of the machine condition signals can be
misleading.

It should also be noted that the response curve of Figure 9 is of a general shape. Each transducer type described
below has distinct characteristics, and the actual response curve should be obtained for each transducer selected.
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6.1 Transducer types
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There are

inear range

Figure 9 — Systemfrequency response

ducers

vo basic types of transducers for vibration condition monitoring, as follows:

devices that are-normally mounted on the machine structure and whose output is a measu

displacement transducers that measure the vibratory displacement and the mean position
and non:=rotating elements of the machine.

However, theirtise for condition monitoring is less comman

some 'machinery measurements that require other types of transducers, such as strain

6.2 Transducer selection

6.2.1 General considerations

Frequency, Hz

re of the

between

gauges.

The selection of appropriate transducers depends on the particular application. In general, the transducers for

condition m

onitoring are

— the accelerometer, whose output can be processed to yield any of the three parameters (acceleration, velocity
and displacement),

16
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— the velocity transducer, whose output can be integrated to yield displacement, and

— the non-contacting probe, whose output is directly proportional to the relative displacement between the
rotating and non-rotating elements of the machine.

Figure 10 includes selection guidelines for the three types of transducers and their dynamic ranges versus
frequency. The ranges shown include the majority of applications for condition monitoring. Under special
circumstances, individual transducer ranges may be extended, primarily for diagnostic purposes.

NOTE The values given below are typical examples. Specific transducers can have different, especially broader ranges.
v A
E [108
= |47 [14100 m/s? ~
3 froe e~ 1
A ./
2 |t Bt ~— o 2
£ /'<
> 102 — "(\ - B
2 1y AT e nl 353 m/s? ™
<\ 0,004 m/sz>/ | -
J1o7 /{ . — e
I pm 37\\9_< 0:01mm/s| |
| 103 // ’ \‘ _ '
| ) // T~ —
| 105 // —
e 0,18 um
0,01 0.1 1 10 100 1000 10000 10000
Frequercy, Hz
1 Piez¢-electric accelerometer
2  Eddy-current proximity probe
3 Elecfro-mechanical velocity transducer
a Todlc.
Figure[10 — Dynamic range versus frequency range for the application of transducers typically used for
machine condition monitoring

6.2.2 Arcelerometers

6.2.2.1 General

An accelerometer is a seismic device that generates an output signal proportional to the mechanical vibratory
acceleration of the body being measured. In general, accelerometers are mounted on the stationary (non-rotating)
structure of the machine. Accelerometers are available with various mounted resonant frequencies, typically from
1 kHz upwards. In general it is recommended that the linear range of the mounted accelerometer covers the
frequencies of interest. It is common to integrate the output of an accelerometer to provide a velocity signal.
However, caution shall be exercised when double-integrating to provide displacement, especially at low
frequencies.
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6.2.2.2

Typical range of application

The following are typical frequency, mass, amplitude and temperature ranges for accelerometers:

for tran

typical

frequency range 0,1 Hz to 30 kHz;

sducers used typically for condition monitoring, the mass ranges from 10 g to 200 g;

emnerature ranae with internal charae amnplifier is un to 125 °C-
g ) ) g g T

special purpose accelerometers can measure a factor of 100 lower in amplitude than indicated in Figure 10;

typical

6.2.2.3 R
Accelerome
broad frequ
high ambie
sensitivities

temperature range with external charge amplifier is up to 250 °C.

eculiarities of usage

ters are available in a variety of sizes. They are characterized by a wide dynamie range (1 to 1
ency range. They are used preferably in applications with small objects having little mounting
nt temperatures, or in strong magnetic fields. Disadvantages of extefnal charge amplifierg
to insulation faults, large temperature fluctuations and movements of the’connecting cables.

6.2.3 Velgcity transducers

6.2.3.1 (
The velocity
velocity of {
structure of
velocity trar

The spring-
4 Hz to 20
derivative g
output is dg
well above

If it is nece

application.
conditioning

6.23.2 T

The followir

seneral

transducer is a device that generates a voltage signal directly proportional to the mechanical
he body being measured. In general, velocity transducers are mounted on the stationary (non
the machine. When displacement is the desired "parameter, it is common to integrate the oy
sducer to provide a displacement output.

mass characteristic of a velocity transducer will generally have a built-in resonant frequency
Hz. At well below its natural frequency; the transducer output is proportional to jerk, which i
f acceleration, rather than velocity. jin the frequency range near its natural frequency, the tr

06) and a
area, at
are the

vibratory
-rotating)
tput of a

of about
5 the first
ansducer

pendent upon internal damping. ‘In most cases, true velocity and phase proportionality are defined only

he natural frequency of the transducer.
ssary to use a velocity, transducer below its natural frequency, it shall be suitably calibratg

Modern electrodynamic velocity transducers with natural frequencies above 10 Hz hav
electronics correeting the sensitivity in the frequency range below the natural frequency down

ypical range©f application

g are typical frequency, temperature and mass ranges for velocity transducers:

d for the
e built-in
to 1 Hz.

— frequerllcy range 1 Hz to 2 000 Hz;

typical

6.2.3.3

typical temperature range is from —50 °C up to 200 °C;

mass is 50 g to 200 g.

Peculiarities of usage

Velocity transducers are especially suited for the measurement of low-frequency vibration. The majority of velocity
transducers used for monitoring have resonant frequencies above 10 Hz.

The advantage of velocity transducers is the relatively high output voltage at a low source resistance. The
transducers are therefore relatively insensitive to insulation faults and electric fields. However, due to the presence

18
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of internal moving parts, they can be sensitive to mechanical damage or wear if their rated operating range is
exceeded. They are also very sensitive to high vibration in planes perpendicular to the measuring axis, and can
give erroneous readings due to striction of the moving parts.

Electrodynamic transducers with a single coil are very sensitive to ambient magnetic fields and need good anti-
magnetic shielding. Even with the shielding, when measurements are made on open electrical machines, serious
interference can still be observed. Most electrodynamic transducers have at present two coils and are much less
sensitive to ambient magnetic fields, allowing reduced anti-magnetic shielding and a lower mass.

6.2.4 Shaft displacement transducers

6.2.4.1 General

In rotating machinery, especially large critical turbomachinery, and machines where the supporting strdcture mass
is high compared to the rotor mass, it may be necessary to measure the relative displacement betwegn the rotor
and statgr structure. The proximity transducer is a non-contacting device which can directly-measure the vibratory
displacerment and position of the rotating shaft relative to the stationary bearing or machine housing. The proximity
transducer provides an a.c. component for vibratory motion and a d.c. component for/position.

When th¢ proximity transducer is used in combination with a seismic housing transducer whose signal is integrated
to provide displacement, an absolute displacement measurement of the‘rotating shaft can be ¢btained by
vectorially adding the two displacement signals. If the phase shift of the~output signals from the geismic and

proximity] transducers are different, this shall be compensated for in the signal-conditioning equipment for the
transducer combination.

6.2.4.2 | Eddy-current principle
The most commonly used proximity transducers apply theleddy-current principle. A coil, carrying a high-frequency
a.c. current, generates a high-frequency magnetic field df electroconductive materials are introduced into this field
(e.g. a machine shaft), eddy-currents are generated in this material, draining power from the high-frequency
magnetid field. An oscillator circuit coupled to the'coil generates a voltage which is proportional to the distance

between [the transducer and shaft. The oscillator may be internally housed within the transducer or|may be an
external part.

6.2.4.3 | Typical range of application
The following are typical frequency,-measurement and temperature ranges for displacement transducers:
— freqliency range d.c. to10kHz;

— meapuring range /mm to 10 mm;

— typidal température range is from —50 °C up to 200 °C;

— typidaltemperature range, with internal oscillator, is from —50 °C up to 125 °C.

6.2.4.4  Peculiarities of usage

Generally, all parameters are influenced by ambient temperature variations. However, by using electronic
compensation for thermal expansion, for example, this influence is normally kept within acceptable limits.

In addition, when using proximity transducers, the following precautions should be taken.
a) The area around the probe tip shall be clear of conducting material.

b) The measured area should be free of deposits of conducting material and there should be no discontinuities.
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When using different shaft materials, the proximity transducer shall be recalibrated.

Non-homogeneous shaft material, shaft plating and residual magnetism produce a signal which is

superimposed on the vibration signal (electrical runout). Surface irregularities of the shaft (out-of-roundness,
grooves, etc.) shall be noted since they will also influence the measurement results (mechanical runout).

micro-peening, rolling, induction hardening or abrasive techniques, are utilized.

sducer attachment

Electrical runout is minimized when shaft surface property equalization techniques, such as shot-peening,

c)
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e)
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The broadest range of fidelity is obtained with fixed transducer attachments. However, in sor
robes are sufficient.

lete description of transducer attachment methods of accelerometers and their effect on perf
5348. General guidelines are included below.

bd method for attaching fixed transducers is a rigid mechanical fastening which is commonly
nd tapped holes in the transducer and the machine, and joining the two by a threaded s
bs the ability to transfer high-frequency signals with little or ng.signal loss. The machine surfaq

ed to improve the transmissibility and accuracy of the response signal, especially at high frequ

impractical or impossible to effect a stud-mounted. mechanical connection, cements are used
Cer to the machine surface. The cement used shall be of the type that has high stiffness charg
. Resilient adhesives should not be used as they,reduce the fidelity of the transmission of the s

bt the flatness of the mounting surfaceslis critical in this technique. Both cement and magnetic
bject to limits of frequency, temperature and amplitude, and therefore should be used with ¢
pnitoring.

tances it may be necessary to mount the transducer(s) on a bracket which is, in turn, attach
these cases, it is extremely important that all mechanical attachments be tightly secured. In
nge of the mounted transducer and bracket should cover the frequencies of interest.

hanently m@unted transducers are impractical, hand-held probes are available. Hand-held pr
mited and_are not normally recommended for use above 1 kHz. Both accuracy and repeats
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In order to demonstrate the effect on transducer performance of the various transducer attachment methods
described above, the mounted resonant frequency of an accelerometer, with an internal 30 kHz resonant

frequency, i

s typically reduced as shown in Table 1.

Velocity transducers are subject to the same reduction in performance. However, at present no International
Standards exist that quantify the amount of degradation.
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Table 1 — Effect of mounting on transducer performance

Mounting method Effect on transducer performance (e.g. for a 30 kHz resonant transducer)
Rigid stud mount No reduction in the resonant frequency of the accelerometer due to its mounting
Isolated stud mount If a non-conducting rigid material, such as a mica washer, is introduced to prevent ground

loops or other influences, the mounted resonance is slightly reduced to about 28 kHz

Stiff cement mount The resonance is reduced to about 28 kHz
Soft epoxy mount The resonance is reduced to about 8 kHz
Permanentmagnet mount The resonance is reduced to about 7 kHz
Hand-hgld The resonance is reduced to about 2 kHz, but this method is not recommended for

measurements above 1 kHz

7 Datp presentation formats

7.1 Ggneral
Clause 5| provides information on the measurement quantities and types of ‘measurements recommended for
vibration [condition monitoring. The data for vibration condition monitoring of /Mmachines are analysed angd presented

in many basic formats, which are initially established when taking baseling data. These formats include) but are not
limited to

— trengling the broadband values,

— fregliency spectrum analysis,

— trending discrete-frequency spectral data,

— trendling limited-frequency-band or narrow-band-frequency spectral data,
— casdade (waterfall) analysis,

— Bodg plots, Nyquist or polar plotsvector analysis, and

— shaff orbit analysis.

Other anplysis and diagnosticmethods, such as multivariate diagnostics and neural networks, are nof covered in
this part pf ISO 13373.

NOTE More detailed information regarding the procedures for establishing the above data analysis techniqiies and data
presentatipn and reperting formats will be given in ISO 13373-2, which is at present under preparation.

7.2 Bdseline measurements

7.2.1 General

Baseline vibration data are those data or sets of data as measured or observed when the equipment operation is
known to be acceptable and stable. All subsequent measurements will be compared to these baseline values to
detect vibration changes. Baseline data shall accurately define the initial stable vibration condition of the machine,
preferably operating in its normal operating mode and flow rate. For machines with several operational states, it
can be necessary to establish baselines for each of these states.

For new and overhauled equipment, there can be a wear-in period. As a result, it is common to see a change in

vibration during the first few days or weeks of operation. Therefore, time shall be allotted for wear-in before
acquiring baseline data.
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For equipment which has been operating for a significant period and monitored for the first time, a baseline can still
be established as a trending reference point.

Vibration and operating data should be acquired at a sufficient number of intervals to establish that the machine
has reached stable conditions. At this time, full baseline data should be taken and compared to applicable
standards, as available, to determine the operability of the machine. The baseline signature should also be
examined for evidence of undesirable conditions, such as shaft instabilities.

These data are the basis upon which future machine problems will be detected and diagnosed. These data shall be
stored so that they are easily retrievable and secure.

Baseline vibration data can consist of all the potential vibration parameters that are commonly used te,define the
vibration cgndition of the machine. The more comprehensive the initial definition of baseline, the ‘greater the
likelihood of properly detecting, analysing and tracking the deterioration of the machine. The datased td define a
vibration baseline for a condition monitoring programme may include all or some of the following:
— broadbgnd magnitude (displacement, velocity and/or acceleration);

— time signal and waveform;

— rotational frequency;

— amplityde at once-per-revolution;

— vibratign vectors (amplitude and phase);

— frequenmcy spectrum analysis of the vibration signals at steadystate;

— run-up/coast-down frequency response data (e.g. Bode plots, waterfall plots, polar plots);
— shaft ofbit analysis;

— shaft centreline position.

The compldteness of the baseline signature definition depends on the following:

— the importance of the machine;

— the preyious history of the machine;

— the anglysis equipment-available;

— the cagabilities of the personnel,

— other factors:

The locatiops-at which data are obtained need not and should not be limited to those locations that are to be
continuously monitored. It is recommended that the baseline be a comprehensive vibration analysis, normally

encompassing more measurement points, directions, broader frequency range and finer resolution than are
required in a routine programme. After either continuous or periodic monitoring of a relatively few points have
established that a change has taken place, a repeat of the procedures used for baseline analysis can be prepared
to help define the cause of the vibration change.

7.2.2 Broadband vibration

Unless prior knowledge dictates otherwise, the baseline broadband vibration should be acquired covering a
sufficient dynamic range and frequency response to include all forcing excitations of interest within the machine. In
general, this requires r.m.s. velocity 0,1 mm/s to 100 mm/s with frequency ranges of 0,2 times the lowest rotational
frequency to 3,5 times the highest frequency of interest. For most machines, this frequency range will normally be
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limited to 10 kHz on the upper end because of limitations of the measurement system. The lower frequency end is
normally covered by a 10 Hz limit, with exceptions to be considered for low-speed machines.

Procedures for measuring broadband vibration of the rotor and the stationary structures can be found in the
ISO 7919 and ISO 10816 series, respectively.

Baseline discrete-frequency vibration characteristics should be acquired using the dynamic range and frequency
responses given above for broadband measurements, to confirm the potential causes of vibration excitations
included in annex C. However, additional components may be evident. It is important to evaluate these anomalies

which can lead to early detection of a problem.

Unexpected frequency components can also reveal some design configurations which are not included|in annex C.
These bgseline data should be stored for ready reference for future machine evaluation and diagnostics

7.3 Vibration trending

7.31 eneral

When selting up a trending programme, it is important to establish the time intervals of the measurements. On new
or recenfly overhauled equipment operating under steady-state conditions, practical time intervals are|dictated by
the criticglity of the machine, its reliability history and the data-storage capagity of the recording instrumentation.

With co
there is g4 preplanned “dumping” of old data that are considered to be of little value. For periodic system
vibration|[starts to increase, it is advisable that the time intervals be{reduced and surveillance increg

inuous on-line systems, for example, if the vibration magnitudes do not change over a specified time,

s, when the
sed. These

guidelinegs are presented below.

When trgnding run-up or coast-down vibration, the measurements are taken at specified speed steps| compatible
with the {ype of machine. For large, relatively slowly accelerating machines, increments of speed as loy as 5 r/min
are somgtimes used. However, this sample rate may,not be practical for machines that have high rates of
accelerafion or deceleration. In these cases, continuous*measurements during run-up or coast-down arg¢ advisable.
7.3.2 Broadband trending

7.3.21 | General

There are three factors which shall_be considered when establishing evaluation criteria for shaft gr stationary
structure|vibration magnitudes, namely

a) vibrgtion magnitude,

b) any pignificant change in vibration, and

c) the rate of change of the vibration.

When cdmmissioning a new machine, the evaluations should be made on the basis of the vibratior] magnitude
relative to_<<saome prpdpfprminpd and agrppd-npnn pprmiceihlp values However once a machind has been

commissioned and normal operating magnitudes have been determined, any evaluation should be made not only
on the basis of the magnitudes, but also on the basis of any significant change that takes place.

Two series of International Standards are available to provide criteria for determining when maintenance should be
scheduled for rotating machinery. The first, 1ISO 7919, covers the measurement and evaluation of broadband
vibration of non-reciprocating machines as measured on rotating shafts; the second, 1SO 10816, covers the
measurement and evaluation of broadband vibration as measured on non-rotating parts. Both series present
evaluation criteria in terms of four zones and for changes in vibration.

In most cases, it has been found that vibration velocity is sufficient to characterize the severity of vibration over a
wide range of machine operating speeds. However, it is recognized that the use of a single value for velocity,
disregarding frequency, can lead to unacceptably large vibration displacements. This is particularly so for machines
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with low operating speeds when the once-per-revolution vibration component is dominant. Similarly, constant
velocity criteria for machines with high operating speeds, or with vibration at high frequencies generated by
machine component parts can lead to unacceptable accelerations. Consequently, acceptance criteria based on
velocity will take the general form of Figure 11. This indicates the upper and lower frequency limits f, and £ and
shows that below a defined frequency f; and above a defined frequency f; the allowable vibration velocity is a
function of the vibration frequency. However, for vibration frequencies between f; and fy, a constant velocity
criterion applies. The evaluation criteria and the values of f;, f, fx and f, for specific machine types are given in the
relevant parts of ISO 10816.

n

2 1 2 3

£ Lone v

2

‘©

]

©

>

c

i)

®

S Zone C

>

9

€

e

Zone B
Zone A
fi fx fy fu
Frequency, Hi
1 Constant displacement
2  Constant velocity
3  Constanpt acceleration
Figure 11 — Vibration zones

The vibratipn ofisnewly commissioned machines would normally fall within zone A. Machines with |vibration
magnitudes within'zone B are normally considered acceptable for unrestricted long-term operation.

Machines with vibration magnitudes within zone C are normally considered unsatisfactory for long-term continuous
operation. Generally, the machine may be operated for a limited period in zone C until a suitable opportunity arises
for remedial action. Vibration magnitudes within zone D are normally considered to be of sufficient severity to cause
damage to the machine.

The ALARM values can vary considerably, up or down, for specific machines. The values chosen will normally be
set relative to baseline magnitudes determined from experience for the measurement positions and directions for
that particular machine or class of machines.

It is recommended that the ALARM value should be set higher than the baseline by an amount equal to 25 % of the
upper limit of zone B. If the baseline is low, the ALARM may be below zone C.
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In most cases where there is no established baseline, for example a new machine, the initial ALARM value should
be based either on experience with other similar machines or relative to agreed acceptance values. After a period
of time, the steady-state baseline values should be established and the ALARM settings adjusted accordingly.

In either case it is recommended that the ALARM value should not normally exceed 1,25 times the upper limit of

zone B.

If the steady-state baseline changes (for example after a machine overhaul), the ALARM setting may need to be
revised accordingly.

The TRIP values will generally relate to the mechanical integrity of the machine and will be dependent on specific

design fe
values u
related td

atures which have been introduced to enable the machine to withstand abnormal dynamic
sed will therefore generally be the same for all machines of similar design and would.hot
the steady-state baseline value used for setting ALARMS.

There may, however, be differences for machines of different design, and it is not possibletg give clea

for absol
the TRIP|

ite TRIP magnitudes. In general, the TRIP magnitude will be within zone C or B, but is recomr]
value should not exceed 1,25 times the upper limit of zone C.

The zon¢ boundaries recommended in the ISO 7919 and ISO 10816 series are_based on statistical a

worldwid

The actiq
which thg

b industry survey.

vibration magnitude is changing.

These same criteria should be used to specify the maximum ¢period for obtaining data, or review

obtained

by continuous monitoring of equipment. The interval for monitoring or data review will vary de

the magnitude of vibration observed and/or the rate at which the vibration magnitude is changing. Th

are desc

7.3.2.2
In this ca

a) If the
b)
upp§g
projq

ibed below and depicted in Figures 12 and 13.

Case 1: Equipment vibration magnitude is in the “normal range”
se the following action guidelines applyto the vibration trend curve in zone B of Figure 12.

re is no significant change in the magnitude from the previous data, then no action is required.

If the¢ vibration is increasing, the-rate of increase is linear, and the magnitude is projected not to

r limit of the normal range before the next scheduled monitoring, no action is required. Hov
cted magnitude indicates that it will exceed that upper limit before the next monitoring, sch

frequient monitoring as-the upper limit is reached.

If th
pres
cong

7.3.2.3

b rate of increase is non-linear, or the rate of change increases 25 % from a previous read

ider implementing a diagnostics programme.

Case 2: Current vibration magnitude is in the ALARM zone

forces. The
hormally be

r guidelines
nended that

nalysis of a

n required or recommended when equipment is operating in each of these zones depends on the rate at

bf the data,
pending on
ese actions

exceed the
ever, if the
edule more

ng within a

et time frame, confirm the rate by continuous monitoring, or schedule more frequent monitoring and

In this ca
a)

b)

se the following action guidelines apply to the vibration trend curve in zone C of Figure 13.

If there is no change in the magnitude, maintain the same monitoring intervals.

If the magnitude is increasing at a linear rate and is projected to exceed the action magnitude prior to

scheduled maintenance, or before the next scheduled surveillance, or the rate of increase is non-linear,
confirm the rate of increase by continuous or more frequent monitoring and reschedule maintenance. Increase
the monitoring frequency to ensure that three data points are collected prior to rescheduled maintenance. A
diagnostics programme is recommended to define the problem and maintenance required. Should a decrease
in vibration magnitude be observed, biweekly monitoring rate should continue and diagnostics are

reco

mmended.
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Vibration fime History®

- Case 13 R
(ase 1b | Caselc
Action required a Peak-to-peak displacement (um) or r.m.s. velocity (mm/s).
2 Alert b For defined vibration limits, see ISO 7919 or ISO 10816.
3  Normal ¢ Projected occurrence of action required.

d Follow-up required within 48 h.

Figure 12 — Broadband vibration as measured on rotating shaft or machine structure — Vibration
magnitude in the “normal range”
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Case 23

1 Action required
2 Alert
3 Nornral

(Case 2b Case 2c

¢ Projected occurrence of action required.

Peak-to-peak displacement (um) or r.m.s. velocity (mm/s).
b For defined vibration limits, see 1ISO 7919 or ISO 10816.
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Figure 13 — Broadband vibration as measured on rotating shaft or machine structure — Vibration

magnitude in the ALARM zone

7.3.3 Vibration during run-up/coast-down

Run-up/coast-down vibration as defined here is the vibration information obtained during the start-up and shut-
down operations of a machine train. This type of data can provide insight into the mechanical condition of the
machinery that cannot be obtained during steady-state operation. Unbalance response, the presence of structural
and component resonance, including critical speeds, damping, electromagnetic anomalies, rubs and shaft cracks
are all examples of conditions that are best detected and analysed from run-up/coast-down data. The spectra of
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run-up/coast-down data contain a third dimension, either time or rotating speed. Thus, run-up/coast-down displays
are more complex than equivalent steady-state spectra and, if plotted versus speed, require a once-per-revolution
reference. The vibration data are usually displayed in presentation formats such as Bode plots, Nyquist/polar plots,
Campbell diagrams and cascade (waterfall) diagrams.

Run-up/coast-down vibration is an important part of the baseline vibration data. The more comprehensive the initial
testing, the greater the likelihood of properly detecting, diagnosing and tracking the deterioration of the machine.

7.3.4 Transient-vibration trending

dimensionad

Even if the
conditions

measurems
as far as pg

7.4 Disc

7.41 Gen
Broadband
is especiall
such cases
and/or phas

detect the presence of changes in the machine. Comprehensive analysis of the compl
data will detect anomalies which may not be disclosed in steady-state operation.

speed of a machine remains constant, transient operations can occur with variations.ih envir
(temperature, pressure, etc.), load, process parameters, etc. Therefore, ityis)essential

nt of transient vibration associated with these changes be trended under the same operating G
ssible.

rete-frequency vibration

eral

vibration does not always provide sufficient information to.identify the specific cause of an ALA
true for complex equipment where several excitation frequencies appear in the frequency spe

5e). In most cases individual frequencies can be miatched with corresponding moving mach

When thes

vibration components change, irregularities or hachine damage can often be detected eve

earliest stage. Mechanically or thermally induced rotor unbalance, self-excited vibration, rubs, alignment
bearing or gear damage and rotor cracks are just a few of the types of problems that can be detected by
frequency gnalysis.

In normal

ractices, a reference spectrum of-the machine is recorded during commissioning or after

which becomes the baseline signature. This.reference spectrum permits comparison with later frequency
in order to fletect any change. Care should.be taken to ensure that the same bandwidth and window fur]
used when comparing results from FFT analysis.

A sample

frequencies,

abnormal,

requency spectrum_plot is given in Figure 14. It clearly shows vibration amplitudes af
It is important to_ €valuate the source of significant frequency peaks as their magnitude
nd when immediately investigated can lead to early detection of a problem. Unexpected f

components$ can also reveal.some design configuration which is not included in annex C.

NOTE

ore detailed' procedures for converting a broadband time trace to a frequency spectrum will bg

ISO 13373-2, which is-at present under preparation.

> tfrended
bx three-

bnmental
that the
onditions

RM. This
ctrum. In

it is advisable to split the broadband vibration signab,into discrete frequency components (amplitude

ne parts.
h at their
changes,
discrete-

overhaul,
analyses
ction are

specific
5 can be
requency

given in

7.4.2 Trending of discrete-frequency vibration

Trending of the discrete frequencies within a machinery vibration spectrum provides more comprehensive data for
establishing vibration limits. Figure 15 shows a typical example of the trending of the fundamental frequency and its
harmonics as a function of time.
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NOTE “sub” means subsynchronous components.

7.5 Analysis of high-frequency vibration ehvelope
In some cg

frequency V

of this part pf ISO 13373.

8 Data analysis and communication
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under preparg@ation.
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Figure 15 — Discrete-frequency vibration trends

ses, changes in the machine vibratory state are more readily characterized by analysis of fthe high-
ibration envelope. There are atnumber of different techniques available but these are outside the scope

ISO 13373 dives general guidelines to be followed for the acquisition of data for vibration [condition
of machinés;"in order to obtain meaningful data while also considering practical and ¢conomic

urther‘analysis and presentation formats of the vibration data will be given in ISO 13373-2, which is gt present
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Annex A
(informative)

Guidelines for types and locations of measurements

Table A.1 consists of a listing of the various types of machines where vibration detectors are typically used to
monitor the condition of a machine. Also included are the types of vibration transducers that are normally applied,

together withrguidanceomtherdirections—and-tocations—trmany appticationsa reduced mumber of measurement

locations|may be used.

Identifications of the machines, transducers and locations are by no means limited to the,infermatipn given in
Table A.1; these are basic guidelines. However, for machine types not listed in Table A.1,jt.may be necessary to
vary the fransducer types and locations, as appropriate, for adequate vibration condition monitoring.
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Annex B
(informative)

Typical information to be recorded

B.1 Machine details

For each|machine being monitored, the following information should be recorded:

— uniqgbe machine identifier (e.g. equipment code);

— machine type (e.g. motor, generator, turbine, compressor, pump, fan);

— power source (e.g. electric, steam, gas, reciprocating internal combustion (RIC), 'diesel, hydraulic);
— rated speed (e.g. r/min or Hz);

— rateI power (e.g. kW);

— conffguration (e.g. direct, belt or shaft driven);

— machine support (e.g. rigid or resiliently mounted);
— shaff coupling (e.g. rigid or flexible).

The folloping additional information may also be recorded:

— function (e.g. driver or driven).

B.2 Mgasurements

For eachmeasuring system, the following information should be recorded:
— dateland time (including time’'zone) of measurement;

— instriment type;

— trangducer type(€.g. eddy current, velocity, accelerometer);

— trangducermethod of attachment (e.g. probe, magnet, stud, adhesive);

— meabUfément location?), orientation’) (e.g. description or code);

— measurement value (e.g. numeric quantity);

— measurement unit?) (e.g. um or mm/s or m/s2);

— measurement units qualifier (e.g. peak, peak-to-peak, r.m.s.);
— measurement type (e.g. overall, amplitude over time, spectrum);

— FFT or other processing (e.g. filter, number of lines, number of averages).

1) Annex D gives examples of coding conventions for these items of information.
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The following additional information may also be recorded:

— speed during measurement (e.g. r/min or Hz);

— power during measurement (e.g. kW);

— other significant operating parameters (e.g. temperature, pressure);

— calibration requirement, type and date of last or next required calibration.

B.3 Othelr information

Extra inforn
historical m

nintenance data.

nation on the machine and the measurements may be recorded in addition to the above, for|example

38

© 1SO 2002 — All rights reserved


https://standardsiso.com/api/?name=d332589e9888b362a707f7ceac3da899

C.1 Int

ISO 13373-

Annex C
(informative)

Potential causes of vibration excitations

roduction

1:2002(E)

There ar
the mach

One com
the statig
becomesg
which is

b a wide variety of causes of machinery vibration. The causes usually result from deterioration
ine parts, abnormal operation, improper assembly, and maintenance or design deficiencies.

mon cause of vibration is unbalance in the machine rotor. This will produce vibration/of the rotdg
nary elements of the machine. The vibration will be most pronounced when the_rotor rotatione
coincident with one of the machine natural frequencies. The vibration will bé ‘at’rotor rotationa

and wear of

r as well as
| frequency
| frequency

designated as 1x. The vibration can be reduced through balancing of the rotor to minimize the stimulus,

which re

uires the addition or removal of mass from the rotor from specific locations. The phase of the

change dubstantially as the rotor speed traverses each machine natural frequency. At a fixed speed, t
at any measurement point will usually be constant.

Another gommon cause of vibration in rotating machinery is shaft or bearing misalignment. There are f
misalignment: internal and external. Internal misalignment occurs. when the centrelines of compong
concentrfc. An example of internal misalignment is a non-ugiform air gap in an electric motg
misalignment is more common and occurs when the shaft ceptrelines of two or more machines coup
are eccentric or angularly offset. Misalignment causes additional forces in a rotating machine whi

themsel

s as vibration. Misalignment often produces (or.changes) a one-time (1x), two-times (2x) or

(3x) vibration component in the radial direction and, dépending on the severity of the misalignment,

multiples

C.2 La

Table C.
and give
vibration

At the ou
vibration
compone
whip, blg
baseline
limits, da

(multiples of running speed frequency are désignated as 2x, 3x, 4x, etc.).

teral vibration

includes these and other common causes of lateral machinery vibration related to rotationa
5 information on the expeeted vibration frequency characteristics and other comments to helg
problem. However, it has'te be recognized that there are other frequencies to be considered.

tset of a machinery condition monitoring programme, it is recommended that all of the potentig
be considered;\with associated operational and design specifics, to generate a table
nts to be expeeted. Typically, this table should include rotational frequencies and harmonics,
de/vane passing, gear mesh, rolling element rates, etc. This table will be utilized in conc
discrete~frequency spectra (see 7.4), as well as the establishment of monitoring procedur
fa sampling time, diagnostics, etc.

ibration will
he vibration

wo types of
nts are not
r. External
ed together
ch manifest
three-times
even higher

| frequency
evaluate a

| sources of
of vibration
Dil whirl and
ert with the
es, ALARM

It is imp

priant to recognize that analysis of the vibration frequency spectrum provides vital informa

ion to help

evaluate vibration problems. Other determining factors include the amount of vibration phase shift due to speed
changes or other causes, vibration amplitude stability and repeatability, direction of the principal vibration
component relative to the machine rotor axis, and attention to locations of the machine where the vibration is most
pronounced.
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Table C.1 — Most common causes of machinery lateral vibration and resulting vibration characteristics

misalignment

c Characteristic vibration Remarks
ause h . o . .
frequencies (Phase measurements can give additional information for many causes.)
Unbalance 1x (i.e. once per Changes in balance will give changes in the 1x vector. Vibration will be
revolution) highest when running speed coincides with a rotor system critical speed.

Significant vibration phase change will occur when passing through critical
speeds. At a fixed speed vibration magnitudes are constant.

Bearing 1x or higher harmonics Parallel or angular bearing misalignment is generally caused by foundation

movements. Bearing misalignment is not a direct cause of vibration
excitation but changes the dynamic characteristics of the support system.

Shaft
misalignmgnt

TX, ZX or higher
harmonics

Angular/parallel misalignment due o coupling geometric iInaccuracjes. It
introduces vibration excitation due to shaft bending. In some cases, the
axial vibration component may be of similar magnitude to thé radia
components.

Journal bearing
operating
condition/
geometry

Subsynchronous or 1x,
2x%, 3x

Changes in the bearing operating conditions or geometry tan causg
changes in the steady-state vibration at 1x and higher-harmonics, ¢r cause
subsynchronous instability (oil or steam whirl). In 'the latter case th¢
vibration is usually unsteady and can increase\with time, often rapigdly.

Rolling element

Wideband acceleration at

Detection requires transducers with high-frequency response. Vibration

(e.g. axial winding
slots in
generator/motor
rotors)

bearing wepr high frequency tends to be localized to the region of theldefective bearing. Vibratign
readings are usually unsteady and inérease with time. Other techniques
may be necessary to characterize thetype of fault.

Stiffness 2x Vibration peaks when a 2x stimulus is coincident with a rotor criticdl speed.

dissymmetry At a fixed rotor speed vibration magnitudes are constant. Compengating

grooves are used on large:machines to minimize this stimulus.

Bent rotor
(see also thermal
dissymmetiy)

1x, 2x or higher
harmonics

Change of 1x issmost common. If the rotor is bent near the coupling, a high
2x axial vibration is frequently observed. At a fixed speed the rotor|vibration
values are constant.

Cracked rofor

1%, 2x or higher
harmonics

A growth'in the 2x vector is an indication that the growth of a transyerse
crackis getting critical. Changes in the 1x or higher harmonic vectgrs can
also occur.

Componen
looseness in rotor

1x and harmonics of
running speed frequency:

Vibration values may be erratic and inconsistent between successiye start-
stop cycles. Sometimes subharmonic frequencies are also observegd

Eccentric of non-
circular joufnals

1x and for non-circular
journals at harmonics of
running speed(frequency

Vibration values can be abnormal or excessive at low rotor speeds|as well
as at rotor critical speeds. At a fixed rotor speed the vibration valugs are
constant.

Thermal
dissymmetgy

1x

Can be caused by non-uniform rotor ventilation or shorted electricgl
windings or non-uniform tightness of parts. Causes rotor to bow with the
same vibration characteristics as for unbalance.

Gear defects

High.frequencies corre-
sponding to harmonics of
géar mesh/rotational
frequency and associated
sidebands

Detection requires transducers with high-frequency responses. Foil defect in
one tooth: 1x and multiples. For worn teeth: Gear mesh frequencies with
sidebands and multiples.

Resonanc Atexcitation cqucuuica Vibration |||a9||iﬂ\.qtiuu occursateachmachineresorant apccu' ard Iarge
such as when rotor speed | phase angle changes are evident in the 1x response as the rotor passes
equals a natural through critical speeds. Rotor unbalance is also the most common stimulus
frequency of the which can produce resonant responses of the machine in its non-rotating
rotor/support system systems. On electric machines, the other major stimulus is at 2x which

results from electromagnetic forces that the rotor induces on the stator.

Rubs Most commonly 1x, but Slight rubs that are initiated at low speed may clear themselves. However,
also multiples of 1x, rubs that are initiated at high speed may result in an abrupt change in
subsynchronous vibration that rises rapidly to a magnitude that requires machine shut-down.
frequencies and natural Sometimes rubs occur due to machines being loaded too rapidly or as a
frequencies result of sudden changes in the thermal condition within the machine. In

other cases rubs may result from clearances being set too small between
rotating and stationary parts, or a result of parts shifting during service.
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