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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenance
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed forj
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

This document provides guidelines for the procedures to be considered when carrying out vibration
diagnostics of gas turbines and steam turbines on fluid-film bearings. It is intended to be used by
vibration practitioners, engineers and technicians and it provides them with useful diagnostic tools.
These tools include the use of diagnostic flowcharts, process tables, fault tables and symptom tables.
The material contained in this document presents the most basic, logical, and intelligent steps that
should be taken when diagnosing problems associated with these particular types of machines.

The ISO 20816 series of standards contains acceptable vibration magnitudes and zones for various
typps and sizes of machines, ranging from new and well-running machines to machines that are in
danfger of failing.

ISO

typ
on-|

13373-1 presents the basic procedures for vibration narrow-band signal analysis. It imcludes the
bs of transducers used, their ranges and their recommended locations on various types of machines,
ine and periodic vibration monitoring systems, and potential machinery pxoblems.

ISO
fred
maq
sigr

13373-2 includes descriptions of the signal conditioning equipment ‘that is required; time and
uency domain techniques; and the waveforms and signatures that represent the mo$t common
hinery operating phenomena or machinery faults that are encounhfered when performinjg vibration
ature analysis.

[SO[13373-3 provides some procedures to determine the causes of vibration problems conpmon to all
typps of rotating machines. It includes: systematic appreaches to characterize vibration effects; the
diagnostic tools available; which tools are needed for particular applications; and recomipendations
on how the tools are to be applied to different machine types and components. However, thiis does not

preflude the use of other diagnostic techniques.

It should be noted that ISO 17359 indicates that@iagnostics can be

started as a succeeding activity after débection of an anomaly during monitoring, or

executed synchronous with monitdring from the beginning.

Thi
det
diag
are

Thd
int

5 document considers only the former in which diagnostics is performed after an anoma
bcted. Moreover, this docuiment focusses mainly on the use of flowcharts and proces
nostic tools, as well as fault tables and symptom tables, since it is felt that these are th
most appropriate for-use’by practitioners, engineers and technicians in the field.

flowchart and diagnostic process table methodology presents a structured procedure f
he field to diagnose a fault and find its cause. This step-by-step procedure should be al

y has been
5 tables as
b tools that

DI @ person
le to guide

the bbable root

cau

practitionerdn-the vibration diagnostics of the machine anomaly, in order to reach the pr
ce of this.anomaly.

Thd stations in
bn features

machinery

faulttables present a list of the most common faults in machinery, as well as their manifs
themdchine and vibration data. The symptom tables contain the main distinguishing vibrati
of thesmain faults. When used with the flowcharts, the tables assist with the identification of]
faults.

When approaching a machinery problem that manifests itself as a high or erratic vibration signal, the
diagnosis of the problem should be done in a well thought out, systematic manner. This document and
ISO 13373-3 achieve that purpose by providing to the analyst guidance on the selection of the proper
measuring tools, the analysis tools and their use, and the step-by-step recommended procedures for the
diagnosis of problems associated with various types of gas and steam turbines with fluid-film bearings.

VDI 3839-4 provides typical vibration patterns in steam and gas turbines, and can be a useful reference.
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Condition monitoring and diagnostics of machines —

Vi

bration condition monitoring —

Part 4:
Diagnostic techniques for gas and steam turbines with
flyid-fitrm bearings

1 [Scope

This document sets out guidelines for the specific procedures to be considered when cdrrying out
vibfation diagnostics of various types of gas and steam turbines with fluidsfilm bearings.

Thif document is intended to be used by condition monitoring practitioners, engineers and §echnicians
and provides a practical step-by-step vibration-based approach to fault diagnosis. In addition, it gives
examples for a range of machine and component types and their,associated fault symptoms.

Theg approach given in this document is based on establisShed good practice, put txgether by
experienced users, although it is acknowledged that otherapproaches can exist. Recommendled actions
for p particular diagnosis depend on individual circumstances, the degree of confidence In the fault
diagnosis (e.g. has the same diagnosis been made cortectly before for this machine), the experience of
the[practitioner, the fault type and severity as well’as on safety and commercial considerations. It is
neither possible nor the aim of this document to rfecommend actions for all circumstances.

2 |Normative references

The following documents are refegred to in the text in such a way that some or all of thgir content
conktitutes requirements of this document. For dated references, only the edition cited gpplies. For
undated references, the latest edition of the referenced document (including any amendments) applies.
[SO|2041, Mechanical vibration, shock and condition monitoring — Vocabulary

1S0|13372, Condition monitoring and diagnostics of machines — Vocabulary

1SO| 13373-1, Condition monitoring and diagnostics of machines — Vibration condition mopitoring —
Part 1: General-procedures

[SO| 13373-2,“Condition monitoring and diagnostics of machines — Vibration condition mopitoring —
Part 2: Processing, analysis and presentation of vibration data

[SOW3373-3:2015 Condition mnnif‘nring and ﬂingnncf‘irc nfmnr‘hinpc — Vibration condition mgd nitoring —

Part 3: Guidelines for vibration diagnosis

ISO

3

21940-2, Mechanical vibration — Rotor balancing — Part 2: Vocabulary

Terms and definitions

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

ISO

21940-2 apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

©IS

[SO Online browsing platform: available at https://www.iso.org/obp
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[EC Electropedia: available at https://www.electropedia.org/

4 Measurements

4.1 Vibration measurements

Vibration measurements may be obtained using two main categories of transducers:

a) non-contacting, e.g. inductive, capacitive and eddy current probes used on rotating shafts;

b) seismi

as bea

C transducers, e.g. accelerometers or velocity transducers used on non-rotating parts, g
"ing housings.

International Standards have been written to help in assessing the vibration severity for both of t}

types of m
Guidance fj

[t is impor
analysis sy

basurements, for instance the ISO 7919 series, the ISO 10816 series and the [SQ.20816 sel

tant to recognize that the appropriate transducer, signal conditiohing, measurement
stem should be used for the diagnosis of faults considering specific situations in gas

steam turbines with fluid-film bearings. Before any measurements are taken, it is good practic

consider wj

Descriptio
and I[SO 13

4.2 Mac

Operationg
arrangeme
important
can be ass

hether the grounding and electrical fields of the machine will have any effect on them.

s of transducers, measurement systems and analysis_techniques are given in ISO 1337
B73-2, which shall be considered for appropriate selection.

hine operational parameter measurement

nt) and temperature], that can have an_influence on machine vibration characteristics
in order to arrive at an appropriate fault diagnosis. For a given machine, these parame
ciated with a range of steady-state @nd transient operating conditions.

Initial analysis

hult analysis shall be petformed using the guidelines given in ISO 13373-3:2015, Annex A
fy any safety concerns)such as the

ce and severity 6fany high vibration,
story of the miachine,
of the machine operating parameters,

uefiee of not taking any necessary corrective action to reduce machine vibration, and

br the selection of the appropriate International Standard to use is givendnJSO/TR 19201.

uch

ese
ies.

and
and
b to

3-1

| parameters [e.g. rotational speed, load, nfounting configuration (rigid or flexible support

are
fers

and

5

An initial f:
shall ident
a) presen
b) pasthi
c) effects
d) conseq
e)

shutting the turbine down to prevent damage.

In addition, other factors such as the

f) measu

g)
h)

rement transducer mounting configuration,

effect of any nearby rotating machines, and

effect of the building and the machine foundation [e.g. platform foundation (onshore and offshore)

environment] on the machine under consideration should be taken into account during the initial
analysis of machine performance.

Also see 1SO 13373-3:2015, Annexes B to D for a description of some common machine faults (e.g.
installation and bearing defects).

© IS0 2021 - All rights reserved
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6 Specific analysis of gas and steam turbines with fluid-film bearings

The systematic procedure used in the ISO 13373 series includes usage of fault tables, symptom tables
and a step-by-step methodology of vibration diagnosis of faults. For this document, the fault table
for the diagnosis of gas and steam turbines with fluid-film bearings to be used is given by Table A.1,
the symptom table is given in Table A.2, while the methodology of vibration diagnosis is presented
in Annex B. Examples of the use of the fault table, symptom table and methodology of vibration
diagnosis of gas and steam turbines with fluid-film bearings are given in Annex C. Note that these
annexes do not cover turbine vibration from hydrodynamic bearing problems which are addressed in
[SO 13373-3:2015, Annex C.

Thig approach is considered to be good practice put together by experienced users, although it is
ackpowledged that other approaches can exist.

It should be noted that in some cases the vibration diagnosis can point to several fgot cauges and it is
recpmmended that an expert is consulted in order to establish the most probablé’fault.

7 |Considerations when recommending actions

A nfimber of factors influence any remedial or corrective actions to be taken, such as
a) [their safety,

b) |commercial considerations,

c) |incorrect machine design, and

d) |machine assembly issues.

Cleqrly, the appropriate action(s) for a particula® diagnosis depend(s) on individual circumgtances and
itis|beyond the scope of this document to make specific recommendations. Nevertheless, it i important
to cpnsider possible actions resulting from'the diagnosis and the implications of those actiogps.

Redommended actions depend on the'degree of confidence in the fault diagnosis (e.g. hap the same
diagnosis been made correctly before for this machine?), the fault type and severity as well ds on safety
and commercial considerations. It is neither possible nor the aim of this document to recommend
actions for all circumstances!

©1S0 2021 - All rights reserved 3
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Annex A
(normative)

Systematic approach for vibration analysis of gas and steam
turbines with fluid-film bearings

A systemafic approach to vibration analysis of gas and steam turbines with fluid-film bearings is,gjven
by the fault table in Table A.1, and the symptom table given in Table A.2. The information includef in
Table A.1 i§ not intended to be exhaustive, but includes the most prevalent faults associated wiith st¢am
and gas tufbines with fluid film bearings.

4 © IS0 2021 - All rights reserved
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Annex B
(informative)

Methodology for diagnosing vibration problems of gas and steam
turbines with fluid-film bearings

annex the main faults for gas and steam turbines with fluid-film bearings that were discufsed in the
fault Table A.1, are elaborated in a diagnostic flowchart. However, before proceeding-it-shoyld be clear
that this flowchart is not intended to cover all the faults in gas and steam turbines, but rath¢r the main
faults discussed in Annex A.

Thfltdlagnostlcs process of gas and steam turbines with fluid-film bearings is quite invgl{ed. In this

The analysis and diagnosis of gas and steam turbines is quite an elaborateprocess and in any cases
can|require that the user creates a rotordynamic model to investigate the faults and to try|predicting
theffault. This can require special expertise by the user. However, the flowchart described here does not
elaljorate on the more involved rotordynamic analysis. Some of the.case studies in Annex C jnvolve the
use|of rotordynamic models.

Theg diagnostics flowchart is actually quite simple, see Figure B.1. The initial analysis d¢scribed in
1S0|13373-3:2015, Annex A shall be first followed. Then.the main fault symptom shall be|evaluated.
Usulally there are three main options

— |if the vibration is mainly 1x, then use the flowchart in Figure B.2,

— |if the vibration is mainly subsynchronous, then use the flowchart in Figure B.3, and finally
— |if the vibration is 1x plus harmonics thén use the flowchart in Figure B.4.

The flowchart in Figure B.2 for 1x.vibration diagnostics asks questions on the nature|of this 1x
vibfation. In particular, if the 1x(vibration is axial, then the user should consider relptive axial
exppnsion as causing the problem. If, however, the 1x vibration is radial, but is load dependent, then the
usef should consider steam induced vibration in steam turbines as the likely source of the problem. If
the[1x vibration is consistentywith the mode shape (assuming it is available, otherwise a rofordynamic
modlel needs to be develeped), then the user should consider unbalance as the cause of vibrjtion. If the
1x yibration exhibits_phaSe change across the coupling, then the user should consider mifalignment
as d possible cause 6fyribration. On the other hand, if the 1x vibration is temperature dependent in gas
turbines, then thé\user should consider inadequate rotor cooling as the source of high vibrgtion in gas
turlbpines or thermal bow in steam turbines.

otE eand pressure
change w1th the hlgh vibration. If so then the user should con51der bearlng elevatlon issue, or else the
user should investigate slow roll, as a high slow roll vector can indicate a bent shaft. Otherwise the user
should consider trapped fluid.

If, however, the vibration is subsynchronous, then the user should use Figure B.3, where the first
question is whether the subsynchronous vibration is violent. The next question would be to investigate
whether the vibration coincides with the first bending natural frequency. In this case consider steam
whirl], if not then consider rotating stall in a gas turbine. If however the vibration is at a frequency less
than 1/2x, then the user should consider oil whirl as described in ISO 13373-3:2015, Annex C for faults
in fluid-film bearings. Oil whip occurs when the oil whirl frequency coincides with a bending mode.
Note that the oil whirl/oil whip can be caused by labyrinth seals if the fluid-film bearing is not providing
adequate damping. On the other hand, if the subsynchronous vibration is at a frequency higher than

©1S0 2021 - All rights reserved 13
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1/2x but less than 1x, then consider trapped fluid in the rotor. Otherwise, consider rubbing which
take many forms but generally 1/4x, 1/3x and 1/2x.

Finally, if the vibration is 1x plus harmonics then the user should use the flowchart in Figure B.4.

can

The

first question, if the vibration is only 1x and 2x, then the user should first check if phase was erratic. This
would indicate a cracked shaft. Usually the phenomenon would start with only 1x erratic and develops
into 1x and 2x erratic as the crack develops. If, however, steady 1x and 2x vibration occurs then the user
should consider misalignment. If decreasing harmonics are present (sometimes with half harmonics)
then the user should consider looseness as the source of the problem. Note that this looseness can be at

the bearing or on the pedestal/skid. Sometimes this symptom is caused by excessive bearing cleara

nce.

On the otP:Fr hand, if the 1x and/or any of its harmonics coincides with a natural frequency, then
user shoul

consider resonance. A bump test is used to confirm a structural resonance and a reSong

the
nce

speed test|is used to confirm the presence of a resonance speed. A Campbell diagram would-then be

useful.

If none of the above exists, then the user should consider hard rubbing, which can manifest itself
frequency pf 1x and its harmonics, particularly during transient conditions.

Examples illustrating the above methodology are given in Annex C.

Start

Initial analysis
1SO 13373-3:2015;

Annex A
1x plus Fault lSlub
harmonics symptom synchronous
vibration

. ()

at a

O

Key

a  Go to Figure B.2.
b Go to Figure B.3.
¢ Go to Figure B.4.

Figure B.1 — Diagnostic flowchart of gas and steam turbines with fluid-film bearings
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Is 1x axial?

Is 1xload Yes

Consider relative
casing expansion

Consider steam-induced

dependent?

No

Is 1x Yes

vibration in steam turpine

consistent with mode
shape?

Is 1x with Yes

Censider unbalancg

phase change across
coupling?

Is 1x
temperature

Yes

Consider coupling
misalignment

dependent?

Does

1x increase at Yes

Consider inadequate rptor
cooling in gas turbinef or
thermal bow in steam tufbines

particular speed during run
up and coast
down?

Does

1x have periodic Yes

Consider critical
speed issues

amplitude-and phase
change?

Consider light rubbing
or Morton effect

Is bearin, .
g Yes Is slow roll Yes Consider bent shaf|
temperature and pressure : hich ; .
vioratten-nign e toexcessive rarmut
normal?
No

Consider bearing
elevation problem

Consider trapped fluid

Figure B.2 — Diagnostic flowchart of gas and steam turbines with fluid-film bearings for 1x
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Does

signal exhibit violent
sub synchronous

vibration?

Does
vibration coincide with
1st bending natural
frequency?

Consider steam whirl

—

Is vibration
Less than 1/2x?

jm

Is vibration

l¢ss than 1/2x that

coincide with bearing

mode?

jm

Is vibration
than 1x but higher
than 1/2x?

WNO

Yes

Concidari Sa'ﬁ'ﬁ'g-ﬁ'ta"

in compressor

Consider oil whirl

Yes

See IS0 13373-3:2015; Annex C

Consider oil whip

Yes

See ISO 13373-3:2015, Annex C

Consider rubs
ally 1/4x, 1/3x,1/2x

Figure

B.3 — Diagnostic.flowchart of gas and steam turbines with fluid-film bearings for

Consider trapped fluid

subsynchronous vibration
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Is vibration1x
and 2x only?

Is phase

. Consider cracked shaft
erratic?

Consider misalignment

Does

vibration exhibit Yes

<[ decreasing harmonics with Considerdoosendss

possible
1/2x?

No

Does Yes

< nx coincide with natural CO_HSldel‘ order
frequency? excited resonanfe

No

Consider hard rubbing

Figure B.4 — Diagnostic flowchart.of gas and steam turbines with fluid-film bearings for 1x
Vibration plus harmonics

© IS0 2021 - All rights reserved 17


https://standardsiso.com/api/?name=28a7e473880c67275043eeb1094a536a

1SO 13373-4:2021(E)

Annex C

(informative)

Examples of vibration problems in steam turbines with fluid-film

C.1 Exal

A16 MWs
generator 1

Figure C.2.

bearings

1 2

/

mple of spectral analysis and balancing

3 4 56 1 4 8
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T I
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Both the drive end and non-drive end bearings were elliptical bearings 6h'spherical seats.

9

eam turbine in a fertilizer plant operating at 6 000 r/min and driving a 3 000 r/min‘two-pole
hrough a single-stage speed-reducing gearbox was experiencing high vibration at the dfive
end bearinjg and sensitivity of the non-drive end bearing vibration to hot start-ups, see Figure C.1

and

? 11 10
Key
1 turbingnon-drive end 7  gear box high-speed shaft non-drive end
2 turbine generator
3 turbingdrive end 9  generator non-drive end
4 coupling 10 generator drive end
5 gear box high-speed shaftdrive end 11 gear box low-speed shaft non-drive end
6 gear 12 gear box low-speed shaft drive end
Figure C.1 — Steam turbine configuration
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