International
Standard

ISO 13373-10

Condition monitoring and

diagno

tics of machines —

Vibration condition monitoring —

Part 10}
Diagnastic techniques for electrical
generators with fluid-film bearings

Surveillance

vibrations —+

Partie 10: Té
électriques

et diagnostic d'état des machines — Suryeillance des

chniques de diagnostic pour les génerateurs
e puissance a paliers a film fluide

First-edition
2024-06

Reference n

umber

ISO 13373-10:2024(en)

© ISO 2024



https://standardsiso.com/api/?name=901a3e0eacdac3be3394d4e040232583

ISO 13373-10:2024(en)

© 1S0 2024

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting on
the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address below
or ISO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org
Published in Switzerland

© IS0 2024 - All rights reserved
ii


https://www.iso.org
https://standardsiso.com/api/?name=901a3e0eacdac3be3394d4e040232583

ISO 13373-10:2024(en)

Contents Page
FOT@WOIM........coc e iv
IIIEIOMUICEION ... v
1 SCOPI@ ...ttt 1
2 NOTIATIVE FEEFEI@IICES ..........oc e 1
3 Terms and definitions...
4 IMEASUT@IMICIIES ..o

41 Vibration MeasuremMents oo, 2

4)2 Machine operational parameter MeasSUreMENt. ... Dy e 2
5 TRHEIAL @NALYSES ..ottt e 2
6 Specific analysis of electrical generators with fluid-film bearings ..., SO 5 foes 2
7 Considerations when recommending aCtions ... A o e 3
Annex A (normative) Systematic approach to the vibration analysis of electrical generators

with fluid-film bearings — Fault tables ... S|, 4
Annex Bf(informative) Methodology for diagnosing vibration problemséin-€electrical generators

With fluid-film Dearings ... S e | 8
Annex ( (informative) Examples of faults occurring in electrical generators with fluid-film

BRATIIES ..o Shgfles s e 12
BIDLIOGIRPIY ... A e e 20

© IS0 2024 - All rights reserved
iii


https://standardsiso.com/api/?name=901a3e0eacdac3be3394d4e040232583

ISO 13373-10:2024(en)

Foreword

[SO (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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
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Introduction

This document provides guidelines for the procedures to be considered when carrying out vibration
diagnostics of electrical generators with fluid-film bearings. It is intended to be used by vibration
practitioners, engineers and technicians and it provides them with useful diagnostic tools which include the
use of flowcharts and fault tables.

[SO 20816-2 sets out the criteria for monitoring the vibration of gas turbines, steam turbines and generators
in excess of 40 MW and establishes provisions for evaluating the severity of the in-situ, broad-band vibration.

ISO 13373-1 presents the basic procedures for analysing narrow-band vibration signals. It includes the
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Cond

ition monitoring and diagnostics of machines —

Vibration condition monitoring —

Part 10:
Diagnostic techniques for electrical generators with fluid-film
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2 Nor]
The follo

the lates
ISO 2041
ISO 1337

ISO 1337
General [

ISO 1337
Processin

ISO 1337
Part 3: G

[SO 2194

ngs

pe

ument gives guidelines and requirements for the procedures to be follewed when car}
diagnostics of 2- and 4-pole electrical generators of cylindrical pole designwith fluid-film

iment does not apply to salient pole generators.
ment establishes a practical step-by-step vibration-based apprdach to fault diagnosis.

irements of this document should be considered together with those in ISO 13373-4.

mative references

- edition of the referenced document (including any amendments) applies.
Mechanical vibration, shock and conditien monitoring — Vocabulary
2, Condition monitoring and diagmnostics of machines — Vocabulary

3-1, Condition monitoring and.diagnostics of machines — Vibration condition monitoring -
rocedures

3-2, Condition monitoring and diagnostics of machines — Vibration condition monitoring -
g, analysis and preSentation of vibration data

3-3:2015, Condition monitoring and diagnostics of machines — Vibration condition moni
Lidelines forvibration diagnosis

0-2, Mechdnical vibration — Rotor balancing — Part 2: Vocabulary

ying out
bearings.

wing documents are referred to in the text in suchra way that some or all of their content constitutes
requirenjents of this document. For dated references,.only the edition cited applies. For undated re

ferences,

— Part 1:

— Part 2:

Foring —

3 Ter

ms’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 I

EC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

© IS0 2024 - All rights reserved
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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) seismic (e.g. accelerometers or velocity transducers used on non-rotating parts, such as the bearing
housing).

International Standards have been written to help in assessing the vibration severity for both types of
measureffients (e.g. IS0 20816 (ail parts) and 1SO 10816 (att parts)J-

It is impqrtant to recognize that the appropriate transducer, signal conditioning, measurementand analysis
system ghall be used for the diagnosis of faults related to electrical generators with fluid-film pearings.
Before any measurements are taken, it is good practice to consider whether the grounding (earthing) and
electrica] fields of the machine will have any effect on them.

Descriptjons of the transducers, measurement systems and analysis techniques’are given in 1SO| 13373-1
and ISO 13373-2, which shall be used as appropriate.

Other diggnostic technologies are available for taking measurements on generators that can be cdnsidered
in specific cases (e.g. model based voltage and current systems, strain gauges and optical sensors).

Many eleftrical generators are equipped with stator end-winding and)core vibration monitoring sysgems. For
guidelings regarding generators with end-winding vibration measurement systems see IEC/TS 6{0034-32.
Evaluati¢n of the measurement results is very design specific anid outside of the scope of this docuinent.

It is recommended to adhere to the manufacturer’s and service provider’s guidelines regarding endtwinding
and core|vibration evaluation for specific machine designs and/or similarly designed units.

4.2 Ma3achine operational parameter measurement

Data from operational parameters (e.g. rotational speed, load, mounting configuration [with|solid or
flexible qupport arrangement] and temperature) that can have an influence on the machine vibration and
charactefistics are important to acquire in order to arrive at an appropriate fault diagnosis. Fof a given
machine) operational parameters can 'be associated with a range of steady state and transient gperating
conditions.

5 Initjal analysis
The analysis shall be performed using the guidelines given in ISO 13373-3:2015, Annex A.

This anaﬁysis shallyidentify and include any safety concerns, such as the presence of high vibrdtion and
its vibrafion séverity, past vibration history, effect of operating parameters on machine vibrdtion, the
consequgnces of not taking corrective action and the need for machine shutdown.

The analystsshattatsoinctude items suchas the rachime moumnting configuration, machime position relative
to other rotating machines, building structure in which the machine is installed and the environment in
which the machine operates (see [SO 13373-3:2015, Annex B to Annex D for a description of common faults
resulting from machine installation and bearing defects).

6 Specific analysis of electrical generators with fluid-film bearings

The specific analysis shall be performed using Annex A, which presents the most prevalent generator defects
that cause excessive vibration. Annex A also includes the identification of generator vibration resulting from
hydrodynamic bearing problems. However, the root cause of and remedial actions that can be taken to
resolve such problems are addressed separately in ISO 13373-3:2015, Annex C.

© IS0 2024 - All rights reserved
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The fault table to be used for the diagnosis of electrical generators 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 electrical generators are
given in Annex C.

Due to their method of rotor construction, 2-pole and, to a lesser extent, 4-pole electrical generators produce
a 2x excitation force and a corresponding 2x vibration. This is an inherent characteristic of generator rotor
design and some level of 2x vibration is normal and expected. Also, 2x line frequency (100 Hz or 120 Hz)
excitation from the rotating electromagnetic field in the stator is present during operation and can excite
structural resonances (e.g. in the machine pedestal and/or frame).

For a 2-pole generator synchronized to the grid, 2x line frequency corresponds to 2x frequency of rotation

and is th

One of the most common causes of high vibration in a generator is a transient rotor bend due’td
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ed testing, which is described, for example in Reference [1], pp. 875 to 902. The same refer
details for performing thermal sensitivity testing and analysis (Reference [1};/pp. 907 to
testing (Reference [1], pp- 913 to 914) which is also useful for detecting issues with cooling

siderations when recommending actions
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safety;

mercial considerations;

'rect machine design;
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[l the scope of this document to make*specific recommendations. Nevertheless, it is imp
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Annex A
(normative)

Systematic approach to the vibration analysis of electrical generators
with fluid-film bearings — Fault tables

A systematic approach to the vibration analysis of electrical generators is shown by the fault table in
Table A.fandthesymptomtabltein—Ttabte AZThe-informattoninchtded— bte—A+snotintendled to be
exhaustiye but includes the most prevalent faults associated with these types of electrical generatdrs.

For exanjple, some of the faults that occur with this type of generator are shown in Annex C.

© IS0 2024 - All rights reserved
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Annex B
(informative)

Methodology for diagnosing vibration problems in electrical

generators with fluid-film bearings

In this annex, only the most common faults found in electrical generators with fluid-film bearings are

: sl 1 i L] loadkaiaTalal A4 1 A0
included fprrthe aragiostrerriowenarts rrapreS 7 ata 7z

The analysis and diagnosis of faults found in electrical generators is an elaborate process and,in mdny cases,
requires|the creation of a rotordynamic model to investigate the faults found and to prediect th¢ir cause.
The creafion of a rotordynamic model requires special expertise, but the flowcharts shown in Figyre B.1 to
Figure BJ3 do not elaborate on the steps needed in carrying out the more involved rotordynamic aralysis.

Firstly, the analysis described in ISO 13373-3:2015, Annex A should be carried out-dnd once the main fault
has been|established, it should be evaluated (see Figure B.1).

There arg two options for establishing the cause of the vibration,

a) if the¢ vibration is mainly 1x and an operating parameter dependency is observed, then the floyvchart in
Figufe B.2 should be used, and

b) ifa)1s notthe case, then Figure B.3 provides guidance for establishing generator steady state operation.

© IS0 2024 - All rights reserved
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( Start ’

Initial analysis in accordance
with ISO 13373-3:2015, Annex A

Higher than

expected 2x Sub-
or 2x line Fault symptom synchronous
frequency

Consider frame or
pedestal resonance,
r looseness in stator

Less than 1/2x

to foundation
mounting Consider oil
whirl /whip.
See ISO
13373-3:2015,
Annex C
1 .
See Figure | Yes Is it load or other
B.2 operating paranieter
dependent? Consider rubs
L= usually 1/4x,

1/3x%,1/2x

2
See Figure
B.3

Figure B.1 — Diagnostic flowchart
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1
See Figure
B.1

Does 1x vibration

Yes

Consider transient bend

change with change In
active and/or reactive load
and/or excitation
current?

Does 1x vibration
change with change in
hydrogen seal oil and/or
bearing lube oil supply
temperatures?

Does 1% vibration
change(with change in
steam condenser
pressure?

Yes

(DhUl tcd tul 115, D}lp }Cl)’ ClI
malfunctions, blocked
ventilation or obstructions
to coil expansion)

Coxsider hydrogen seal
rubs

Consider change in
bearing’s rotordynamic
characteristics (change in
loading because of
elevation change) on
location of critical speeds
and their proximity to
operating speed

ral o | 4l
COITSTaCT OtITet
causes

Figure B.2 — Diagnostic flowchart for electrical generators with steady state 1x vibration
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2
See Figure
B.1

Yes Yes

Is vibration Is slow roll
phase S runout higher than/

n Al La 'l
steaay?

Consider shaft
misalignment

el
CcApCclicu:

Is seismic No
vibration higher than
expected for observed

shaft vibration?

Consider
unbalande

Has vibration phase
changed suddenly
with amplitude?

Yes

Consider loss of mass
(unbalance) or slippage of
couplings or shrunk-on parts
after a torsional event Yes

No

Consider frame or pedestal
resonance or looseness in stator to

s vibration amplitude ; .
foundation mounting

trending up?

No

Consider rubs

Considér
cracked\shaft

Figure B.3 — Diagnostic flowchart for electrical generators with steady state 1x vibratjon
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Annex C
(informative)

Examples of faults occurring in electrical generators with fluid-film

C.1 STK-MHgﬂfﬂeﬂ(—
A 300 MYV gas turbine generator set (see Figure C.1) has experienced a gradual increase in overall y

primaril
due to 1

change i operating parameters.

Followin
main cay
clearly d

The unit

realignejl twice during the first two years of service.

A decisi

bearings

7 on the generator turbine end at bearing 3. Vibration analysis indicated that the increase
vibration component and the phase remained steady. The vibration was alse*not affe

b the flowcharts shown in Figures B.1 and B.3, misalignment and unbalance can be consig
ses for the increased vibration and the slow roll runout readings were very low and did n
stinguish between the two.

had a history of foundation settling leading to a change in alignaient and vibration increas

n was made to check/correct the shaft alignment and to‘re-balance the generator if necess

ibration,
is mostly
ted by a

lered the
bt help to

b — it was

ary.

' B — - | S
1 2 3 IA
Key
1 Dbearing1
2 bearing 2
3  bearing 3
4  Dbearing 4
Figure C.1 — Gas turbine generator configuration
During ajplannedoutage, the machine alignment was checked and found to be out of tolerance. The allignment
was correctediand all generator vibration was then lower than before the outage.
Table C.1| shews the vibration readings on bearing 3 taken before and after the re-alignment.

Table C.1 — Bearing 3 vibration before and after re-alignment at a generator output of 300 MW

Broadband vibration measurement Before outage After outage
Bearing pedestal ab:r(;llsllte vertical velocity, 4,3 mm/s 1,4 mm/s
Bearing pedestal absgrlrl:;e horizontal velocity, 3.9 mm/s 2,2 mm/s
Shaft relative, peak-to-peak 57 pm 40 um

© IS0 2024 - All rights reserved
12


https://standardsiso.com/api/?name=901a3e0eacdac3be3394d4e040232583

ISO 13373-10:2024(en)

C.2 Hydrogen seal rub

A 760 MW steam turbine generator (see Figure C.2) experienced unusual vibration at the steam turbine heat
soak speed (~2 050 r/min) during startup after a major outage.

During this hold time, bearings 9 and 10 were showing cyclic variations in the 1x vibration amplitude and
phase angle. These conditions were most evident on bearing 10 (see Figure C.3).

30

)0

)0

:)O

12 13 14 15 11
! [ !
! || I
! [l !
| I |
1 23 L5 6 7 8 9 10
Key
1 Dbearing1 10 bearing 10
2 bearing 2 11 bearing 11
3 bearlng 3 12 high pressure turbine
4  bearjng 4 13 intermediate pressureturbine
5 bearing 5 14 low pressure turbine 1
6  bearlng 6 15 low pressuresturbine 2
7  bearing 7 16 generator
8  Dbearing 8 17 colletter
9  Dbearing9
Figure C.2 — Steam turbiné-generator configuration
Y1 Y2
> 36
2 \'\ > Y / - /
~- 27
1 / v / V/ / __ 18
// /// /// e L
0 + / ,, A\ -9
/ : 3 B
0 ~ /
03:36 04:48 06:00 07:12
X

a) Shaft relative vibration in direction of y-axis
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Y2

Key
time
Y1
Y2

mag
phas
over
1xv
phas

The polajr plots shown in Figure C.4 and Figure C.5show the generator bearing vibration phase

bearings

Note how

60°

90°

03:36 04:48 06:00 07:12

X

b) Shaft relative vibration in direction of x-axis

inh

hitude of shaft relative vibration in pin
e in °

hl] vibration level

bration level

e

Figure C.3 — Bearing 10 shaft relative vibration trend

9 and 10.

 bearing 10 is the more severely affe¢ted, shifting almost 360° against shaft rotation.

90°

360°
270°
180°

90°

shift for

a) Shaftrelative vibration in direction of y-axis

180° 180°
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Key
magnitude of shaft relative vibration in pin
1 1xvibration level
2 Direction of shaft rotation.
b Direction of change of shaft relative vibration.

NOTE This measurement was made between 06:03 and 07:20 at 2 050 r/min.

Figure C.4 — Bearing 9 polar plots

60° 300°

90° 270°

120 40°

180°

a) Shaft relative vibration in direction of y-axis b) Shaft relative vibration in direction df x-axis

Key

R mdgnitude of shaft relative vibration inpin

1 1x|vibration level

a Difjection of shaft rotation.

b Di:lection of change of shaft relative vibration.

NOTE This measurementwas made between 06:03 h and 07:20 h at 2 050 r/min.
Figure C.5 — Bearing 10 polar plots

In reading the flowcharts (see Figure B.1 to Figure B.3) and the fault table (see Table A.1), rubbing can be
considerpd thelcause of the observed behaviour.

The shaftorbits measured at the generator and exciter bearings indicated a rub at the exciter end of the
generator [see Figure C.6 a)]. Note the oscillating distortion of the generator end orbits measured at various
times during the soak speed period [see Figure C.6 b) and Figure C.6 c)].

For hydrogen cooled generators, the hydrogen seals are the most likely source of rubbing because of the
tight clearances.

Adjusting the hydrogen seal oil pressure and temperature settings cleared the rub condition.

© IS0 2024 - All rights reserved
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a) At 02:49 h

b) At 03:16 h
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