INTERNATIONAL

ISO

STANDARD 17359

Second edition

2011-04-15

Condition monitoring and diagnos
machines — General guidelines

Surveillance et diagnostic d'état des machines — Lignes di
générales

tics of

rectrices

= Reference number
= — ISO 17359:2011(E)

© SO 2011


https://standardsiso.com/api/?name=2bf07704f081171e6399b432213cfe04

ISO 17359:2011(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2011

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 ¢ CH-1211 Geneva 20

Tel. +4122749 01 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © IS0 2011 — All rights reserved


https://standardsiso.com/api/?name=2bf07704f081171e6399b432213cfe04

ISO 17359:2011(E)

Contents Page
o =YY o o SRS iv
10114 o [T 4 o o 0O v
1 £ oo o - SR 1
2 NOIMAtiVE FefEIrENCES....ccuuiiiiieiiiiee i resss s rrss s s rsns s srsssssssensssssnansssssennssssennssssnsnbios feensssrennnsnnnens 1
3 Terms and definitioNS ......ccciiiieiiiii i sss s rrsssss s renss s rsnssssrenssssrennssnsdTh Saakennns | errennssnrnnnnnnns 1
4 Overview of condition monitoring procedure ..........ccccciriimniiniicn@aToh e [ 1
5 Cost benefit analysis.........ooooiiiiii i e T e e 3
6 Equipment audit ...........ooo s e e e 3
6.1 Identification of equipment..............ii L e e 3
6.2 Identification of equipment funNction ..............urir e S e e 4
7 Reliability and criticality audit...........ccccmiiiiiiiiiiee e e 4
71 Reliability block diagram............coocciiiiiiiiiicrrr stk fe 4
7.2 Equipment CritiCality .......ccccocimmiiiiiccccciiir e i Sansnmer e s e s s s ssnmne e s ee s s smnnn e e e e esnnna e e e e e nennnnnnnnne 4
7.3 Failure modes, effects and criticality @analySis.....c..ii i e 4
7.4 Alternative maintenance tasks.........ccccciiiiiiiicm e e e e resemnnne e s e e r e e 5
8 Monitoring Mmethod ... e s —————— 5
8.1 Measurement teChNIQUE ........ooiiiiiiii i s e s 5
8.2 Accuracy of monitored parameters....... e —— 5
8.3 Feasibility of Monitoring.......ccccucie @i e ———_—— 5
8.4 Operating conditions during Monitoring .........cccccccernnnimmin e —— 6
8.5 Monitoring interval ...l s ————_— 6
8.6 Data acquUISItioN rate ............. £ i | e s 6
8.7 Record of monitored parameters.........cccccvicccciceiiiiiinncccsseerrr s ssere e ssnn e e s e s ssssne femnne e e eessssnnnne 6
8.8 Measurement I0CatiONS. St e i iirrrrrrrr s e rr s e sn s e nn e rana s s rennssrenn s s ennasseefunsnrrnnnsnrrennnn 6
8.9 Initial alert/alarm Criteria...... ... s s s sn s | s n s snnnnnnnnnnn 7
g I = 3= =YY [ 4 L= e - - SRR 7
9 Data acquisition-and analysSis .........ccccccrrrriiiicisssmrrrrrissssssssssere s ssssssssssssesnessssssssssnsesssssssss | sssnessssssssnnnns 8
9.1 Measurementiand trending ... e s e 8
9.2 Quality of IEASUIrEMENLS.........ciiiriiiiiicccirr s ssnr e e s s sssmnr e s e s ss s s ssmme s e e e sssssssssmmsnnnees |sessnnnennensanns 8
9.3 Measurement comparison to alert/alarm criteria..........ccccccmriiiiicciicccnncccccceerreeee e 8
9.4 D IF=To [ Lo X=Y E3 Ta e I oT oY o Lo = =P T 8
9.5 Improving diagnosis and/or prognosis confidence...........cccccciiiiiiiiimnnninnicccisneene e 9
10 Determine maintenance acCtion ..........ccciiiieeiiiiiecii s s rss s rssa s s ranassssennssss fansssrennnnsnnrens 9
I B (=37 [ e 10
12 LI L 11 10
Annex A (informative) Examples of condition monitoring parameters.......c.cccccooccccierinninncccccecerene e, 1
Annex B (informative) Matching fault(s) to measured parameter(s) or technique(s) ........cccceecmrrrrrriiinnnes 12
Annex C (informative) Typical information to be recorded when monitoring machine types shown

[T 2N 41 TG~ N 19
Annex D (informative) Overview of condition monitoring standards...........cccccciiivimiiniinncineaes 22
=] o oo =1 ] 0 77O 24

© ISO 2011 — Al rights reserved iii


https://standardsiso.com/api/?name=2bf07704f081171e6399b432213cfe04

ISO 17359:2011(E)

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-governm

ental in liaison with ISO_ also take part in the work
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Introduction

This International Standard provides guidelines for condition monitoring and diagnostics of machines using
parameters such as vibration, temperature, flow rates, contamination, power, and speed typically associated
with performance, condition, and quality criteria. The evaluation of machine function and condition may be
based on performance, condition or product quality.

It is the parent document of a group of standards which cover the field of condition monitoring and diagnostics.

It sets out general procedures to be considered when setting up a condition monitoring programme for all
maclhjines, and includes references to other International Standards and other documents required or useful in
this grocess.

An oyerview of the current status of condition monitoring International Standards,is shown in Anngx D.

This [International Standard presents an overview of a generic procedure*recommended to bg used when
implgmenting a condition monitoring programme, and provides further,détail on the key steps to Qe followed. It
introquces the concept of directing condition monitoring activities~towards root cause failurg modes and
describes the generic approach to setting alarm criteria, carrying{out’diagnosis and prognosis, ahd improving
the cpnfidence in diagnosis and prognosis, which are developed:further in other International Standards.

Parti¢ular techniques of condition monitoring are only inttoduced briefly and are covered in more detail in
other]International Standards referenced in the Bibliography.

© 1SO 2011 — All rights reserved Vv


https://standardsiso.com/api/?name=2bf07704f081171e6399b432213cfe04



https://standardsiso.com/api/?name=2bf07704f081171e6399b432213cfe04

INTERNATIONAL STANDARD

ISO 17359:2011(E)

Condition monitoring and diagnostics of machines — General
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Terms and definitions

Bcope
nternational Standard sets out guidelines for the general procedures to be consideréd wher

tion monitoring programme for machines and includes references to associated-standard
rocess. This International Standard applies to all machines.

following referenced documents are indispensable for the application of this documen
ment (including any amendments) applies.

P041, Mechanical vibration, shock and condition monitoring — Vocabulary

3372, Condition monitoring and diagnostics of machines — Vocabulary

3379-1, Condition monitoring and diagnostics of machines — Data interpretation ang
iques — Part 1: General guidelines?)

3381-1, Condition monitoring and diagnostics of machines — Prognostics — Part 1: Geners

ne purposes of this document, the terms and definitions given in ISO 2041, ISO 13372 and

bment
ine or group of machines including all machine or process control components

setting up a
5 required in

t. For dated
e referenced

diagnostics

I guidelines

the following

4

Dvarview of condition monitorina nrocedure
HANerHeW-or-cohRagitHonR-nonitoHn oceaufe

9P

A generic procedure which may be used when implementing a condition monitoring programme is described
in Clauses 5 to 11 and shown in diagrammatic form in Figure 1. Details on the key steps to be followed are
provided. Condition monitoring activities should be directed towards identifying and avoiding root cause failure
modes.

Particular techniques of condition monitoring are only introduced briefly. They are covered in more detail in

other

International Standards referenced in Annex D and the Bibliography.

1) To be published. (Revision of ISO 13379:2003)
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» and criticality (FMEA/FMECA) Root cause failure analysis
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or preventive considenalternatives:
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| Identify parameter(s) to be measured |<_ Fault and failure characteristics
Specific International Standards
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Selegt monitoring , personnel ,
Select measurement technique(s) Condition monitoring expertise
method Equipment suppliers
i Available instrumentation
- Select transducers
| Select measurement location(s) | Select CM system
No ¢
| Set or review alert/alarm criteria |<— Configure CM system

Set up measurement sequence
i Take initial measurements
Set or review initial alert criteria
Schedule measurements

| Take measurements and trend readings |

¢ No Data acquisition
| Compare with alert/alarm criteria | Take baselines

Are measurements reasonable?
- Poor readings

Dat acquisition Outside —Tre}nsducer faullt
R of measurement alert/alarm - Adjacent machines
an anaIySIS criteria? - Machine not running
Compare to alert/alarm criteria
_ _ - Carry out diagnosis
Perform diagnosis and prognosis Carry out prognosis
Review symptoms, rules, etc.
Improve ) )
. . . To improve confidence
Confidence dlagnOSIS and - More measurements
in diagnosis? prognosis - Other techniques
confidence level - Correlate measurements
High
Determine required maintenance action | Determine maintenance action
; ; Carry out maintenance action h Carry out maintenance action
Determlne maintenance y Feedback results and history
action ¢ Record sgares U§ed
Confirm diagnosis after
—| Feed back results to history record maintenance action completed

Review alert/alarm criteria
Review Review and measure effectiveness Key performance indicators
Review available techniques

Figure 1 — Condition monitoring procedure flowchart
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5 Cost benefit analysis

An initial feasibility and cost benefit analysis helps in establishing accurate key performance indicators and
benchmarks to measure the effectiveness of any condition monitoring programme. Items to consider include:

— life-cycle cost;
— cost of lost production;

— consequential damage;

— warranty and insurance.

6 [Equipment audit

6.1 |Identification of equipment

A gepheric machine schematic of the typical components and processes\to/be considered in the condition
moniforing management process is shown in Figure 2.

Building / Plp_ewo_rkl Lubrication Control systems Performance /
structure ancillaries Oils, greases Mechanical, electrical, settings|/ ranges
Resonances, Inﬁ;ggiﬁ:ﬁ v(\;?;er, hydraulic fluids, pneumatic, hydraulic, Speed, pr%sure, load,
materials, condensers Cgolin’g powders, water DCS (Distributed temperatyre, noise,
cdmposition, etc. ’ ’ lubrification, etc. control system), etc. vibratipn, etc.
valves, resonance, etc.
Inputs Outputs
Electrical power, Worlk, power,
external grid, Machine driver(s) Coupling| | Driven component(s) thrugt, motion,
supply frequency, Turbine, fan, eléctric motor, Couplin Rotor, generator, turbine, |7 pressyre, product,
hydraulic, steam, reciprogating engine, i g(s)g fan, pump, compressor, : etc.
aJr, wind, hydro, compréssot, flywheel, ypor motor, flywheel, gearbox, }--+
etc. transformer, etc. gearbox etc.
(if applic.) .
Mountings (if applicable) Mountings (if applicable) Envifonment
p I Weather, wind,
ersonne rain, tgmperature,
Operators, Structure / foundation (if applicable) altitudg, pressure,
mintainers, SiQ\ Material, stifiness, flexibility, resonance, fatigue, thermal expansion, etc. humjidity, etc.
training, etfc.

Protection Data CM techniques Location and| | Adjacent
systems mgmxsaég: mgtéfgrzgint (existing and future) | |accessibility machines
Overspeed, system), data, baselines, Visual inspection, vibration, Safety, access, Vibration,

current, voltage, history, acceptance records, tribology, thermography, noise, heat, etc. beats, noise,
earth, etc. post installation trials, etc. acoustic, performance, etc. thermal, etc.

Figure 2 — System factors influencing condition monitoring

List and clearly identify all equipment and associated power supplies, control systems and existing
surveillance systems.

© 1SO 2011 — All rights reserved 3
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6.2

Identification of equipment function

Identify the following information:

— what is the system, machine or equipment required to do?

— what are the machine or system operating conditions or range of operating conditions?

7 Reliability and criticality audit

71
It can be use
series or par
targeting of t

Detailed info

Reliability block diagram

ful to produce a simple high-level reliability block diagram, including whether the equipment
bllel reliability effect. The use of reliability and availability factors is recommended to improy
ne condition monitoring processes.

rmation on producing reliability block diagrams is contained in references in the\Bibliography

7.2 Equipment criticality

A criticality a
included (or
such as:
cost of n
failure rg
redunda
conseqy
replacen
cost of n
life-cycle
cost of t
— safety a

One or more

The results o

ssessment of all machines is recommended in order to create a’prioritized list of machines
not) in the condition monitoring programme. This may be a simple rating system based on f3
hachine down-time or lost production costs;

tes and mean time to repair;

ncy;

ential or secondary damage;

nent cost of the machine;

naintenance or spares;

costs;

e monitoring systen,

nd environmentalimpact.

f this process may be used when selecting methods of monitoring (see Clause 8).

of the apove factors may be weighted and included in a formula to produce the prioritized list.

nas a
e the

to be
ctors

7.3 Failur

e modes, effectsand criticatity anmatysis

It is recommended that a failure modes and effects analysis (FMEA) or failure mode effect and criticality
analysis (FMECA) be performed in order to identify expected faults, symptoms and potential parameters to be
measured which indicate the presence or occurrence of faults.

The FMEA and FMECA audits produce information on the range of parameters to be measured for particular
failure modes. Parameters to be considered are generally those which indicate a fault condition, by either an
increase or a decrease in the particular or characteristic measured value or by some other change to a
characteristic value such as pump or compressor performance curves, reciprocating internal combustion

engine press

ure-volume performance curves and other efficiency curves.
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Examples of measured parameters which it may be useful to consider for a range of typical machine types are
given in Annex A.

Annex B contains an example of a form (Table B.1) which can be completed for each machine type, linking
each fault to one or more symptoms or measured parameters showing the occurrence of the fault. Completed

examples for the machine types shown in Annex A are included in Tables B.2 to B.10.

References to more detailed methods of carrying out FMEA and FMECA are given in the Bibliography.

7.4

If the,

Alternative maintenance tasks

appli
or m

8

8.1

failure mode-does not have a measurable cympfnm alternative - maintenance cfrafngioc ma
H

bd. These include burn-in (initial testing), run to failure, corrective maintenance, preventive
dification (design out).

Monitoring method

Measurement technique

For the particular measurable parameter considered to be applicable following the previous seleq

one

meas
volta
a fau

faultg.

or more measurement techniques may be appropriate. -Measured parameters car

y have to be
maintenance

tion process,
be simple

urements of overall values or values averaged over timenFor certain parameters, such as current,

je, and vibration, simple measurements of overall values may not be sufficient to show the ¢

ccurrence of

t. Techniques such as spectral and phase measurement may be required to reveal changgs caused by

Exa
Exa
parar

The
show

Cond
or po
local

8.2

In m
diagn
as
meas
eg. 1

ples of monitored parameters useful to considerfor a number of machine types are giver

in Annex A.

ples of standards which may be useful in thé identification of particular measurement methods and

neters for different machine types are included in the Bibliography.

ange and application area of International Standards relating to condition monitoring and g
n in Annex D.

ition monitoring systems can<take many forms. They may utilize permanently installed, sen

rtable measuring instrumentation, or may involve methods such as sampling fluids or other
or remote analysis.

Accuracy of monitored parameters

pst cases, theaccuracy required of the parameters to be used for machine condition m

iagnostics is

i-permanent,
materials for

bnitoring and

osis is not-necessarily as absolute as the accuracy which may be required for other measurements such

erformance testing. Methods using trending of values can be effective where ref
urement is more important than absolute accuracy of measurement. Correction of measure
orstandard atmospheric conditions of pressure and temperature, may not necessarily be

eatability of
l parameters,
required for

e ‘condition mnnlfnrmn \Where this is rnnlllrorl advice is nl\/nn inthe anhrnnrlai‘n accep

routir

ance testing

standard. A selection of Internahonal Standards relatlng to performance and acceptance testlng is included in

the B

8.3

ibliography.

Feasibility of monitoring

Consideration should be given to the feasibility of acquiring the measurement, including ease of access,
complexity of the required data acquisition system, level of required data processing, safety requirements,
cost, and whether surveillance or control systems exist that are already measuring parameters of interest.
Examples of faults and the parameters to be measured to detect them are given by machine type in Annex B.
Although presented by machine type, it is recommended that the complete machine system be included in the
decision and monitoring process.

© 1SO 2011 — All rights reserved
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8.4 Operating conditions during monitoring

If possible, monitoring should be carried out when the machine has reached a predetermined set of operating
conditions (e.g. normal operating temperature) or, for transients, a predetermined start and finish condition
and operating profile (e.g. coast down). These are also conditions which may be used for a specific machine
configuration to establish baselines. Subsequent measurements are compared to the baseline values to
detect changes. The trending of measurements is useful in highlighting the development of faults.

Measurements of different parameters should be taken wherever possible at the same time or under the same
operating conditions. For variable duty or variable speed machines, it may be possible to achieve similar
measurement conditions by varying speed, load or some other control parameter.

It is also impertant to be able to determine if a change in one or more parameters is due to the occurrencg of a

fault or is dug¢ to a change in duty or operating conditions.

8.5 Monitpring interval

riodic
and,

h should be given to the interval between measurements and whether_continuous or pe
equired. The monitoring interval primarily depends on the type of fault, jts\rate of progressior]

Consideratio
sampling is r

thus, the rats
failure is knd
necessary to

However, th
cycles), cost

b of change of the relevant parameters. The elapsed time between the fault detection and 4§
wn as the lead time to failure (LTTF) and particularly influences the type of monitoring sy
detect the particular fault syndrome.

s

=

monitoring interval is also influenced by factors such .as*‘the operating conditions (e.g.
and criticality. It is useful to include these factors in the'hitial cost benefit analysis or crit

ctual
stem

duty
cality

analysis.

8.6 Data acquisition rate

ate conditions, the data acquisition rate should be fast enough to capture a complete set of data

ions change. During transients, high-speed data acquisition may be necessary.

For steady-s
before condif

8.7 Recornd of monitored parameters

Records of njonitored parameters should-include, as a minimum, the following information:

a) essential data describing the machine;

b) essential data describing operating conditions;
c) the meapurement paosition;

d) the meapured quantity units and processing;
e) date and time information.

Other information useful for comparison includes details of the measuring systems used and the accuracy of
each measuring system. It is recommended that details of machine configuration and any component changes
also be included. Annex C gives typical information which should be recorded when monitoring and Table C.1
shows an example of a typical form for recording asset and measurement data.

8.8 Measurement locations

Measurement locations should be chosen to give the best possibility of fault detection. Measurement points
should be identified uniquely. The use of a permanent label or identification mark is recommended.

© 1S0O 2011 — All rights reserved
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Factors to take into consideration are:

— safety;

— sensor selection;

— signal conditioning;

— high sensitivity to change in fault condition;

— reduced sensitivity to other influences;

— repeatability of measurements;
— attenuation or loss of signal;
— accessibility;

— ¢nvironment;

— gosts.

For Vibration condition monitoring, information on measurement {ocations is contained in 1ISO 13373-1 (listed
in Taple D.1).

For fribology-based condition monitoring, information .0 measurement locations will be fontained in
ISO 14830-12).

8.9 | Initial alert/alarm criteria

The ipitial alert/alarm criteria should be set t9-give the earliest possible indication of the occurrerce of a fault.
The g@larms may be single values or multipte levels, both increasing and/or decreasing. Step changes which
occur within previously set alert boundaries, while not exceeding the alert boundaries, may still require
investigation. Alert/alarm criteria can_also result from the processing of several measurements|or be set as
envelopes on dynamic signals.

Alertfalarm criteria should be~optimized over time as an iterative process.

For vibration conditionzmonitoring, information on alert/alarm criteria is contained in ISO 1337B-1 (listed in
Tablg D.1), ISO 10846)(all parts) and ISO 7919 (all parts).

For tfibology-baséd condition monitoring, information on alert/alarm criteria will be contained in ISP 14830-12).

8.10| Baseline data

Baseline data are data or sefs of data as measured or observed when the equipment operation is known to be
acceptable and stable. Subsequent measurements can be compared to these baseline values to detect
changes. Baseline data should accurately define the initial stable condition of the machine, preferably
operating in its normal operating state. For machines with several operational states, it may be necessary to
establish baselines for each of these states.

NOTE It is possible for baselines also to include more parameters and measurement points than those used for
routine condition monitoring.

2) At the time of publication, at preliminary work item stage.
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For new and overhauled equipment, there may be a wear-in period. As a result, it is common to see a change
in measured values during the first few days or weeks of operation. Therefore, time should be allotted for
wear-in before acquiring baseline data or, for overhauled equipment, before re-establishing baselines.

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.

9 Data acquisition and analysis

9.1 Meas

rement and trending

The general

procedure for data acquisition is to take measurements and compare them to historjical tr

baseline dafa or representative data for the same or similar machines. Management of the-con

monitoring d
scheduled ag
a predeterm
regular perig
monitoring t
acquisition, d

9.2 Qualit

The quality (

hta collection procedure is often done on-line by arranging for the measurements fo)be take
quisition sequence. Data collection can also be managed off-line by taking measurements
ned route or tour of the plant. Measurements are then scheduled to be carried out at an
dicity which is much more frequent than the expected failure mode. For many con
bchniques, computer-based systems are available which assist in the“management of
ata-collection routes, recording and trending of measurements.

y of measurements

pf any measurement needs to be established. There aretnany causes of poor measureni

These may ipclude:

poor mo
transdud
cable fa

incorrec

If poor qualit
to rectify the

9.3 Meast

If the measu
than to reco
compared to

unting of transducer;
er fault;
I

1t;

measurement range resulting in.a*saturated signal;

sampling rate insufficient to detect the)actual rate of change of the measured parameter.

y measurements are detected or suspected, it may be necessary to repeat the measureme
measurement systenifault.

irement comparison to alert/alarm criteria

red values-are acceptable compared to the alert/alarm criteria, no action may be required
rd the»values and to continue to monitor them. If the measured values are not acceq

when no an

ends,
dition
Nina
hlong
initial
dition

data

ents.

hts or

other
table
sions

the "alert/alarm criteria, then the diagnosis process should be initiated. There can be occa

} of a

requirement for a machine health assessment decision, e.g. when carrying out a condition survey of
equipment before a major shut-down. This may also be the case where other symptoms are noted which may
have been outside the monitoring programme, but are detected by an alert operator such as noise, smell or
visual symptoms.

9.4 Diagn

osis and prognosis

The diagnosis process is generally triggered by anomaly detection. This detection is carried out by making a
comparison between the present descriptors of a machine or by comparison with similar machines or chosen
from experience, from the specifications of the manufacturer, from commissioning tests, or computed from
statistical data.

© 1S0O 2011 — All rights reserved
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The possibility of carrying out diagnosis depends on the machine type, configuration, and operating conditions.
A fault may be indicated by a change in one or more of the measured or derived parameters from the baseline
values. For the machine types shown in Annex A, examples of faults and their associated symptoms or
measured parameters are given for each machine type in Annex B. As and when circumstances permit,
further examples of machine type and faults shown by performance parameter monitoring may be included in
this International Standard. Until such time, fault parameter identification may be found using experience or
results of operation, and the interpretation agreed between manufacturer and customer.

Different approaches may be used for diagnosing a machine. Two such approaches are:

— the faults/symptoms approach;

— tLe causal approach.

Fault|/diagnosis procedures shall be in accordance with ISO 13379-1.
The pondition monitoring process may show the expected progression of existing and futufe faults and
indicate the estimated time to failure (ETTF). This is known as prognosis. Fault prognosis procedures should

be in|laccordance with ISO 13381-1.

If copfidence in the diagnosis and/or prognosis is low, then further ~erification may be required. If the
confiflence is high, it may be possible to initiate maintenance or corrective action immediately.

9.5 |Improving diagnosis and/or prognosis confidence

In order to increase confidence in the diagnosis/prognosis, jt may be necessary to carry out one gr more of the
following actions:

a) rnetake the measurement(s) to confirm the measurement(s) and alarm conditions;
b) ¢ompare the measurement(s) to past historical trends;

c) rneduce the interval between the suceessive intended measurements;

d) take additional measurements at.the same and/or at extra locations;

e) Use a more sophisticated diagnostic process or measurement technique;

f)  use alternative techniques for correlation;

g) modify operating.eonditions or machine configuration to assist in diagnosis;

h) neview symptoms and rules;

i) ¢all4in other expertise in the particular machine/mode of failure.

10 Determine maintenance action

The simplest action which may be taken in certain circumstances, e.g. for machines with low criticality, is to
decide to carry out no immediate action and to continue to monitor at normal intervals.

Generally, depending on the level of confidence in the diagnosis/prognosis of fault occurrence, a maintenance

decision and action should be carried out, e.g. the initiation of inspection or corrective work. If the alert/alarm
criteria indicate a severe fault condition, it may be necessary to initiate an immediate shut-down.

© 1SO 2011 — All rights reserved 9
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Typical decisions include:

no action, continue routine monitoring;

reduce the interval to the next required measurement;

change (reduce or increase) the machine load, speed or throughput;
shut down the machine;

inspect the machine or bring forward routine planned maintenance;

carry ou

When maint
changes to t
during the r¢
diagnosis an

When maints
diagnosis or

Repetitive fa
be identified,
the failures.
techniques, 4

11 Review

Condition m(
to be too ca
problems, et
include a re\
currently bei
necessary re

Alert/alarm c
modification,
maintenance)
may need to
may also be
fault conditio

To ensure ef

corrective maintenance.

bnance actions have been completed, it is recommended that any maintenanceyactivitieg
ne machine be recorded, including details of spares used, skills used, and other,faults disco
pair/restoration. These should be fed back to form a historical record, which”can assist in 1
d prognosis, and which is also useful when the condition monitoring process is reviewed.

nance actions have been carried out, it is useful to inspect components4o confirm that the
prognosis was correct.

lures can reduce system reliability and increase operating cost) If the root cause of failure
the maintenance action can be reviewed and optimized in order to avoid or reduce the imp
The appropriate maintenance action may include more sophisticated condition moni
dditional maintenance tasks, discussion with the manufacturer, and modification (design out

nitoring is an ongoing process and techhigues that may not have been available, or consi
stly at the time, or too complicated, -or-unfeasible in some other way (lack of access,
C.) may, on review, become feasiblexit is recommended that the condition monitoring proct
iew process to allow such re-evaluations to be made. Similarly, the effectiveness of techn
ng undertaken in the programme should be assessed and any techniques considered no |
moved.

q

g

Fiteria may also need fevision due to changes in the machine such as progressive wear, ag
operation or duty-cycle changes. Measured values and baselines may also change becaJ
work, including_éomponent change, adjustment or duty change. In certain cases, the bas
be re-established following such changes. It should be noted that changes in measured v
due to normal or controlled changes in the operating conditions, and not necessarily indig
. Rule-based diagnostics may have to be modified to take these into account.

fective/and sustainable data management, the following items require particular attention:

and
ered
uture

initial

5 can
Act of
oring

).

lered
afety
bdure
ques
bnger

eing,
se of
eline
alues
ate a

adviso

12

reports stoutd-beissued-withimamappropriate timescate;

all data should be backed up in a secure and regular manner;
databases should be reviewed, updated and refined at regular specified intervals;

alarm settings should be reviewed and adjusted at regular specified intervals.

Training

Information on the requirements for qualification and assessment of personnel to carry out condition
monitoring and diagnostics of machines are given in ISO 18436 (all parts), listed in Annex D.

10
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Annex A
(informative)

Examples of condition monitoring parameters

Table A.1 — Examples of condition monitoring parameters by machine type

Machine-type
. Recipnocating
PParameter Electric| Steam |Aero gas | Mdustrial Com- | Electric internal
motor | turbine | turbine tu?l?isl;e Pump pressor | generator |'com u_stion Fan
engine
Temperature . . . . . o . o .
Pressgure . o . . . o .
Pressure (head) .
Pressure ratio . . .
Pressure (vacuum) . .
Air flow . . o o o
Fuel flow . . o
Fluid|flow . . .
Currgnt . .
Voltage . .
Resigtance . .
Electfical phase . .
Inpuff power . . . . .
Output power . ° . . . o
Nois¢ . o o . . . . o .
Vibrgtion ) . . . ° . ° o .
Acoustic emission . . . . . . . o .
Ultragonics . . . . . o . o .
Oil pressure . . . . . . . o .
Oil copnsumption . . . . . . . o .
QOil (tribology) . . . . . . . . .
Thermography ° . . . ° . ° . .
Torque ° . . . ° .
Speed . o o . . . . o o
Length .
Angular position . . . .
Efficiency (derived) o o . . o o

e Indicates condition monitoring measurement parameter is applicable.

© 1S0 2011 — All rights reserved 11
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Annex B
(informative)

Matching fault(s) to measured parameter(s) or technique(s)

Table B.1 — Example of form for matching fault(s) to measurement parameter(s) or technique(s)

Machine type:

Symptom or parameter change

Examples [of
faults

10

1"

12

e Indicates dymiptom may occur or parameter may change if fault occurs.

Tables B.2 to B10 show examples of Table B.1 completed for the machine types shown in Annex A, listing
some of the most common faults expected to occur, and matching them to the parameters or techniques that
can be measured and monitored in order to show the occurrence of the faults.

12 © 1SO 2011 — Al rights reserved
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Table B.2 — Example of electric motor faults matched to measurement parameters and techniques

Machine type:
Electric motor

Symptom or parameter change

(] ()
4 E
=
= o ®»
Examples of @ o 5 s @
faul 2 2 c ® ° x 2 o
auits = o T o o o = o e 5 o
s o - w = o =] Q - & c
g q R7 S o 2 ° ® o o = ) £
£ = » = 2 g ] 5 £ © 8 it o
5 &) ) © [3) ) Q = o o X = o
(&) > 14 o o = n > = O < (@) (&)
Rotof windings . . . . . . o .
Statdr windings . . . . .
Ecceptric rotor . . .
Brush(es) fault . . . . .
Bear|ng damage 3 . . . . .

Insulation
deterioration

Loss|of input power
phasg

Unbdlance

Misalignment

e Ipdicates symptom may occur or parameter may change if faultioccurs.

Table B.3 — Example of steam turbine faults matched to measurement parameters and techniques

Machine type:
Steam turbines

Symptom or parameter change

© 1SO 2011 — All rights reserved

£
Q —
g g ® =
3 x 2 o 5 g o
Examples of faults © £ 2 E ” o
= g SE 5 S 3 T | £
£ 5 - 335 o = o - 2 ©
E | 22| ¢ | 23| 3 5 & 7 g | 8
[ S o o O o _ —
Q [e] Q. = o [} = =
b JE o a S * S - o o o
Damgged rotérblade U . . ° . .
Damaged tabyrinth . . o . . . o
Eccentric rotor . . °
Bearing damage . . o o . . . .
Bearing wear . . . . . . .
Hogging or sagging rotor . . ° .
Unequal expansion . . . .
Unbalance o
Misalignment o
e Indicates symptom may occur or parameter may change if fault occurs.
13
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Table B.4 — Example of aero gas turbine faults matched to measurement parameters and techniques

Machine type:
. Symptom or parameter change
Aero gas turbine ymp P 9
[ [
0 E 3 5
2 . ] © ) ® .0
(5] [e) e b= — o~
o 5 = o ® ] o =
=] Q Q -
[ » — [ =] £
<% a ] £ 2 £ = S
Examples of faults 2 S 9 I 5 @ o g S
13
S | gE 2 s | &£ | 5| § B
7] ¢n - 2 s 5 5 2 @0 o
) 0 = -0 8
g g5 2 g S 5 = ® ) S <
o o0 o o S o o o Fl - [} e
£ £ g - ° o » g s c b = -
[<} o £ = S Q @© 4 <) ™ 2 = =
(&] oo < w n (O] o o w > o (@)
Air inlet blockpge . . o o
Compressor fpuled o o o o o o o o o . .
Compressor damaged o ) o o o o o o o .
Compressor stall . . .
Fuel filter blogkage o . . o
Seal leakage . o . .
Combustion dhamber . . .
holed
Burner blockgd . . .
Power turbing dirty . . . ° . . .
Power turbing damage o . . . . ° °
Bearing wearfdamage . . °
Gear defects ) o
Unbalance .
Misalignment .
. Indicates symptom may occur or-parameter may change if fault occurs.

14
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Table B.5 — Example of industrial gas turbine faults matched to measurement
parameters and techniques

ISO 17359:2011(E)

Machine type: Industrial
. Symptom or parameter change
gas turbine
e c
§ (] g > =
(3] -
o 5 = o c g
] s - S o £
< @ ] = c by £
£ ® o 5 £ c 8 S
= Q a—
Examples of faults b o o g— 5 o S 5 B
o o 2 S H o £ L £
174 174 M4 =1 O b4 r7) (2]} =}
2| 8 g 5| 5| 2] 8] arJ|E| ¢
— — 3 = (2] — -~ — Ne] =
S S <] S T 3 = S a = @ o
3 £ = I o pe £ g £ s S o
o o X S Qo % 2 S o = = =
(&} o < [ n i > (@] (&) = (o] (o]
Air inlet blockage . . . .
Compressor fouled . . . . . . .
Compressor damaged o o . . . . o o o
Fuel filter blockage . . . .
Combustion chamber . . .
holed
Burner blocked . . . .
Powegr turbine damaged 3 . . . . .
Bear|ng wear . . .
Unbglance .
Misalignment °
e Ipdicates symptom may occur or parameter/may‘change if fault occurs.
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Table B.6 — Example of pump faults matched to measurement parameters and techniques

Machine type:
yp Symptom or parameter change
Pumps
[
- £
Q -~
2 g 5 g c °
Examples of faults 2 = 2 2 » o
© [ o < © o = ©
o £ 5 5 E =} 5 T s x
- = 2 = n S © - o - 'y ©
2 2g s @ 3 & £ £ 2 T 2
3 3_%’ <) g 8 o 2 o o = =
= o < 2] > =] O O (o]
Damaged impeller o . . . . . . ¢
Damaged sedls . . . . .
Eccentric impgller . . . . . °
Bearing damage . . . . . . . .
Bearing wear o . . . .
Mounting faulf ‘¢
Unbalance .
Misalignment . .
e Indicates gymptom may occur or parameter may change if fault occurs.

Table B.7 — Example of compressor faults matched to measurement parameters and techniques

Machinpe type:
yp Symptom or parameter change
Compflessors
) b o
o) O - = c
[
g £ ° c 2 Z ) >
Examples of faults s o 2 EE 15 o 3 s S
= £ S - ? > el S 3 - © ©
T o 9 g w3 @ [ 2 |7 S ]
51 58| 3 | 3| 8| & | 5|88 = |
i a € o o> n S (= o= o o
Damaged impeller . . ° . . . . .
Damaged segls . . . . .
Eccentric impgller . . . . . .
Bearing damage - - - o - o - .
Bearing wear . . . . .
Cooling system fault . . o o
Valve fault . . . .
Mounting fault .
Compressor stall . . .
Unbalance .
Misalignment . .
e Indicates symptom may occur or parameter may change if fault occurs.
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Table B.8 — Example of reciprocating internal combustion (RIC)
engine faults matched to measurement parameters and techniques

Machine type:
: Symptom or parameter
RIC engine ymp P change
g
Sl e 2| e
=1 - o — c =
g 2 o §. @ = 2 E
s
Examples of faults o 3 5 £ b o o T
€ s ® o 5 g £ 5
(] [7,] > - e -4 3 i) (=
[ b -— 1) f=
) (] 3 4 [ 7] 7] o - Z S o
e o 5] S = E] E] = S o ) £
£ c = —_ — © © © o O o 3
o = = [ [ < < S ] N - Q
c > = S S % % 2 S 2 = <)
I} (&) < . . w w > o o o o
Air inlet blockage . . .
Fuel jnjector fault . . . . . . . .
Ignitipn fault . . . . 3 . .
Bear|ng wear . .
Fuel filter blockage . . .
Seal |eakage o . o
Pistoh ring fault . . . .
Cooling system fault . . . . .
Secondary balance gear .
fault
Geardefects . .
Flywheel damage . .
Mounting fault .
Unbdlance .
Misalignment .
e Ipdicates symptom may o€eur or parameter may change if fault occurs.
17
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Table B.9 — Example of electric generator faults matched to measurement parameters and techniques

Machine type:
. Symptom or parameter change
Electric generator ymp P 9
Q
o )
© 5 o
< c n
Examples of faults g 2 & n 5 s m ©
e 2 oc| ¢ ® o >< £ >
E o S - () Y= 9 9 E T 2 o o
o - = = = c
o T 7] 8 o 2 ([e@ © o @ s o =
sl 2wl ez | Elge|l 51| &1 F|2]%
O > o o o F [2e| 5 [ o < o o
Rotor windings . . . . .
Stator windings o . . ° .
Eccentric rotgr . . .
Brush(es) faut o o . . o o
Bearing damgge . . . . .
Insulation detrioration . . . . .
Loss of output power phase . . o
Unbalance .
Misalignment .
e Indicates §ymptom may occur or parameter may change if fault occurs.
Table B.10 — Example of fan faults matched to measurement parameters and techniques
MacHin :
ac S e type Symptom or parameter change
ans
- £
Q
B 3 o
5 8 E
Examples of faults % - 2 €
P % ) ) 3 3 " %
a £ o c ® o @ &
54 = 5 (] S T o <
© £ = a ° = g - ) @
@ ) g 2 2 g s | & | |2
= g 5 o 2 S § 8 = =
< - o o (7] > = o (o] o
Damaged impeller . . ° . . . . .
Damaged oil eals . . . . .
Damaged bellows .
Eccentric impeller . o . o . .
Bearing damage . . . . . . . .
Bearing wear . . . . .
Mounting fault .
Rotor fouled o
Unbalance .
Misalignment . .
e Indicates symptom may occur or parameter may change if fault occurs.

18 © 1S0 2011 — All rights reserved


https://standardsiso.com/api/?name=2bf07704f081171e6399b432213cfe04

ISO 17359:2011(E)

Annex C
(informative)

Typical information to be recorded when monitoring machine types
shown in Annex A

C.1 Machine details

Typiqally, for each machine being monitored, the following information should be recorded-

TEM EXAMPLE
Unique machine identifier: equipment code or tag number
Machine type: motor/generator/turbine/compressor/pump/fan

It majy also be useful to record the following information.

Rated speed: r/min or Hz

$peed range: fixed speed or variable‘speed

Rated power: kW

Configuration: direct, belt orshaft driven

Machine support: rigid or resiliently mounted

$haft coupling: rigidor flexible

Powered: electric/steam/gas/reciprocating/diesel/hydraulic
Function: driver or driven

Component: bearing/seal/gearing/impeller

fFluid types: lubricant/coolant/hydraulic

C.2 |Measurements

For each measuring or sampling system, the following information should be recorded.

ITEM EXAMPLE

Date, time (including time zone)
of measurement/sample

Instrument type

Location, orientation: description or code
Transducer type: eddy current/velocity/accelerometer/particle counter, etc.
Value: numerical quantity or data range

© 1S0 2011 — All rights reserved 19
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Units:

Units qualifier:

mm/s, m/s2, ml

peak, peak-peak, r.m.s., parts per million, etc.

It may also be useful to record the following information.

Transducer attachment method: probe/magnet/stud/adhesive, etc.

Sampling: number of samples/sampling rate/windowing
Processing: fast/digital Fourier transform/windowing/averaging, etc.
Measurg¢ment type: volume/overall/amplitude/spectrum/sample, etc.

The following
ITEM
Speed d
Power d
Samplin
Other si

Calibrati
C.3 Othen
Extra inform

historical md
types listed i

uring measurement:

Uring measurement:

j method:

pnificant operating parameters:

on requirement:

information

additional information may also be recorded.

EXAMPLE

r/min or Hz

kw

on-line/off-line
temperature, pressure

type and date of last or next required calibration

btion on the machine and the measurements may be recorded in addition to the above| e.g.
intenance data. An example of a form tovrecord asset and measurement data for the maghine
h Annex A is shown in Table C.1.

20
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Table C.1 — Form for recording typical machine details

General

Record No.:

Date:

Installation site:

Measured by:

Details of machine/train

Unique machine ID No.:

Type_matar/generator/turbine/comp /pump/fan?)

Type/Serial No.:

Powered: electric/steam/gas/RIC/diesel/hydraulic?)

Conflguration: direct/belt/shaft!) drive/driven?) Function: driver/driven?) Coupling: rigid/flexible!)
Ratefl speed: r/min Rated power: kW
Actual speed: r/min Power during measurement: kW
Mounting: rigid/resilient?)  directly/on baseplate?) Running hours:

Manyfacturer: Bearing type(s):

Detajls of each measuring system

Instrument type: Make:

Transducer type: Make: Attachment: Units: -
Trangducer type: Make: Attachment: Units: L
For reciprocating machine:

Number of cylinders: 2/3/4/5/6/8/12/161) Working cycle: two/four/single/double?) strokefeffect?)

Diagfram

Sketch machine below.

Meagurement records, readings, diagrams,cetc."should be attached, giving locations and points of measurefnent, as well
as the conditions at the time of measurement, if applicable.

1)  Pelete/supplement as appropriate(

© 1SO 2011 — All rights reserved
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