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Foreword

iSO izhe international Organizaticn for Standardization) is a worldwige
faceration of national standards todies (ISO member bodies). The wark
of creparing international Standards is normally carried out through SO
techricai committees. Each member oody interested in a subject for
whnich a3 {echnical committee has been established has the rght o be
regresented on that commuttee. International arganizations, governmental
and non-governmental, in liaison with (SO, aiso take part in the work. 1SO
ccilacorates closely with the International Electrotechnical Commission
(1EC) on all matters of electrotechnical standardization.

Oraft Intarnaticnal Standards adopted by the technical committees are
circulated to the member bodies for voting. Publication as an international
Standard requires approval by at least 75 % of the member bodies castung
a vote,

International Standard 1ISO 7919-2 was prepared by Technical Committee

. ISO/TC 108, Mechanical vibration and shcck, Subcommittee SC 2,
Measurement and evaluation of mechanical vibration and shock as applied
to machines, vehicles and structures.

ISO 7919 consists of the following parts, under the general title Mechan-
ical vibration of non-reciprocating machines — Measurements on rotating
shafis and evaluation critena:

— Part 1. General guidelines

— Part 2 Large land-based steam turbine generator sets
— Part 3: Coupled industrial machines

— Part 4 Gas turbine sets

— Part 5. Machine sets in hydraulic power generating and pumping
olants

Annex A forms an integral part of this part of ISQ 7919
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Introduction

This oart of ISO 7919 deals with the special fsaturss rsguired for
measuring transverse shaft vibration cn the couplec rotor system of steam
turcine generator sets for power stations. Evaluation criteria. basec on
previcus experience, are presented which may be usec as guigelines for
assessing the vibratory conditiens of such machines.

A general description of the principles which are generaily acglicable ‘er
the measurement and evaluation of shaft vibraticn cf non-raciprocating
macnines is given in 1SO 79191,
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Mechanical vibration of non-reciprocating
machines — Measurements on rotating shafts and

evaluation criteria —

Part 2:
Large

1 Scope

This part of ISO 7919 gives guidelines for applying
evaluation criteria for shaft vibration under nermal op-
erating conditions, measured at or close to the
bearings of steam turbine generater sets. These
guidelines are presented in terms of both steady run-
ning vioration and any magnitude changes which may
occur In tnese steady values. The numerical values
specified are not intended to serve as the oniy basis
for vibration evaluation since, in general, the vibratory
condition of 3 machine is assessed by consideration
of both the shaft vibration and the associated struc-
tural vibration {see the introduction to ISO 7918-1).

This part of ISO 7919 applies to large land-based
steam turbine generator sets fcr power stations,
having rated speeds in the range 1500 r/min to
3800 rimin, and power outputs greater than
50 MW,

2 Normative references

The following standards centain provisions which,
througnh reference in this text, constitute provisicns
of this part of ISQ 7919. At the time of publication, the
ediuons indicated were valid. Ail standards are subject
to revision, and parties to agreements based on this
part of 1ISO 7919 are encouraged to investigate the
passibility of applying the most recent editions of the
standards indicated below. Members of IEC and ISO
mamtain registers of currently valid international
Standards.

and-based steam turbine generator sets

ISO 7919-1:1988, Mechamical wbraticn of ncnr-
reciprocating machines — Measurements on rotating
shafts and evaluation criteria — Part 1. General
guideflines.

ISOC 10816-1:1995, Mechanical vibration — cvaluation
of machine wibration by measurements on non-
rotating parts — Part 1. General guidelines.

ISO 10816-2:1996, Mechanical vibration — Evaluation
of machine vibration by measurements on non-
rotating parnts — Part 2. Large land-based steam tur-
bine generator sets in excess of 5C MW.

3 Measurement procedures

The measurement procedures to be foilowed and the
instrumentation used shall be as descrbed in
ISO 7918-1.

Zarly experience on large steam turbine generator
sets was restricted to the measurement of absolute
snaft vibration using shaft-riding transducers. More
recently, as non-contacting transducers were devel-
oped, relauve shaft vibration measurements have be-
come more common but, if required, the absolute
shaft vibration can be obtained by vectorially combin-
INg the outputs of a non-contacting transducer and a
seismic transducer on a common mounting which
measures the structural vibration. Both approaches
are at present in commaon use and measurements of
relative shaft or absolute shaft vibration are therefore
equally acceotable for the purposes of this part of
ISO 7919
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Ear montoring pUrposes, tne measunng svsiem shall
be capaple of covenng overall vibraugn up ¢ a fre-
quency of not less than 160 =z, which 1s the practical
it for most shaft-riding transducers. However, it
snould pe noted that for diagnostic purpeses 1t May
ne desiraple 1o cover a wider fraguency range.

Prigr 10 running large steam uroing generstor s2is uc
+o speed. slow-roll measurements of snaft wisplace-
ment may be carried out. The results cbiained are
campared with expected values and may be used as
a has's for jucging wnetner the siate of the rotor line
is satisfactory; for axample wrather a tamoporary tend
is orasent i che rotor or whether thers is a Jegree
of bearing-suoport misalignment. Such measure-
mants cannot normally be regarced as giving 2 valia
indication of snaft runout under normal cperating
conditons since they can be afteciad by, for axample,
tammporary bows. 2rratic movements of the journal
within the bearrg clearance, axial movements, 2ic. in
paricular. U 1S recommendead that vector subtraction
of siow-roil measuremenis frem rated speed vipration
measuraments shouic not be carned out without
consiceration of the above factors. since the rasults
may provide a rmisleading interpratation of the ma-
chine vibration {sae 150 7819-1)

NOTE 1 1 giow-roil measurements ara taken, it 13 IMpor-
tant to ansure that the low-frequency charactanstics of the
measunng system are agequate.

»
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4 Evaluation criteria

Critena for vipranon magnitude, changss f viBraton
magnitude and scerational Hrmuts are gresantad ir o an-
nex A

The vibration magnituce s the righar vawe of the
peak-ro-peak Jisgiacement measured .~ w0 salaciad
arhogonal measurament directiors. Tre vaues pra-
sented are the result of experignce with Macnirety
of this type and, if due regard i$ paic 0 Nem, ac-
ceptacle cperation may b2 expected. f oory ane
measuring diracticn is usec, care shouid te aken 0
ansure that it orovices adeguate rformation isee
ISO 79198-7).

Tme criteria are oresented for tne specified si2agy-
state cperating conditions at the ratec speec anc cad
anges. They aooly for normal siow changes in 2iec-
rical ioading of the generator DUt CO NOt 3pDly when
different conditions exist or dunng transignt Inarges,
‘ar gxample during start-up and snut-gown and wnen
7assing through resorance ranges. in ‘nese cases al-
ternative critena are necassary.

r
i

s
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It should be noted that an overall ;udgement of e
vibratory state of a maching 1s often mads on the da-
315 of Doth shait vibration as defined apove anc of
measurements made o©n non-rotating pans  (5ee
1SO 10816-1 and I1ISC 10816-2).
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Annex A
(normative)

Evaluation criteria for shaft vibration of large steam turbine generator sets
under specified operating conditions

A1 General

Two evaluation criteria are used to assess the shaft
vipration of large steam turbine generator sets,
measurad at or close to the bearings. One criterion
considers the magnitude of the observed broad-tand
shaft wvibraticn; the second considers changes in
magnitude, irraspective of whether they are increases
or decreases.

A.2 Criterion |: Vibration maanitude at
rated speed under steady operating
conditions

This criterion is concerned with defining limits for
shaft vibration magnitude consistent with acceptable
dynamic loads on the bearing, adequate margins on
the radial clearance envelope of the machine, and ac-
ceptable vibration transmission into the support
structure and foundation. The maximum shaft vi-
bration magnitude observed at each bearing is as-
sessed against four evaluation zones established from
international experience.

A.2.1 Evaluation zones

The following typical evaluation zones are defined to
permit a qualitative assessment of the shaft vibration
on a given machine and provide guidelings on possible
actions.

Zone A: The vibration of newly commissioned ma-
chines would nermally fail within this zene.

Zone B: Machines with vibration within this zone are
normally considered acceptabie for unrestricted long-
term operation.

Zone C: Machines with vibration within this zone are
normally considered unsatisfactory for long-term con-
unuous operation. Generaily, the machine may be
operated for a limited pericd in this condition until a
suitable opportunity arises for remedial action,

Zane O Vibraton values within this zone ars normaliy
considered to be of sufficient severity to cause dam-
age to the machine.

A.2.2 Evaluation zone limits

Recommended values for the zone bouncaries are
given In iabie A1 for relative shaft vioration and
table A.2 for absolute shaft vibration. These values ara
Dased on present accumulated axperiencs of shaft

vibration measurements in this fieid. They are not in-
tznded ¢ serve as acceptance specificaticns, which

shall be subject to agreement petween the machine
manufacturer and customer. However, these values
provide guidehnes for ensuring that gross deficiencies
or unrealistic requirements are avoided.

In certain cases, there may be specific features asso-
ciated with a particular machine which would require
different zone boundary vaiues (higher or lower) to be
used. For example, with 3 tlting pad bearing it may
be necessary to specify aiternative vibration values,
whiist in the case of an eilipucal bearing, different vi-
pration cnteria may apply for the directions of maxi-
mum and mimimum bearning clearances. In particular,
it should be recognized that the allowable wibration
may be related to the journal diameter since. gener-
ally, running ciearances will be greater for larger di-
ameter bearings. Consequently different values may
apply for measurements taken at differant bearings
on the same rotor line. In such cases, 1t 1s normally
necessary {0 explain the reasons for this and, in par-
ticular, to confirm that the machine will aot ne en-
dangered by operating with nhigher vibration values.

Higher values of vibration can be permitted at other
measuring positions and under transient conditions,
such as swrt-up and run-down {including passage
through critical speed ranges). Furthemore, for other
comparatively lightly loaded bearings {for axample
exciter rotor steady bearings), other criteria based on
the detalled machine design may be necessary
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Table A.1 — Recommended values for maximum
relative displacement of the shaft for large steam
turbine generator sets at the zone boundaries

Paak-ta-peak values in micrametras

Shaft rotational frequency, r:min
Zone 1500 | 1800 | 3000 | 3300

boundary

Maximum reiative displacemaent of shaft

A/B e |0 g0 | 7

B/C 200 II 185 155 ( 150
| | :

c/D , 320 | 290 [ 280 | 240

Table A.2 — Recommended values for maximum
absolute displacement of the shaft for iarge steam
turbine generator sets at the zone boundaries

Peak-1o-peak values in jgallotfolual-Te "1

Shaft ratational frequency, Ir,“rrwn 7

Zone 1300 1aco 3000 | 3500
boundary i
! Maximum absoiute displacement of shaft
A/B 120 ' 110 100 l 90
B/C 240 ‘ 220 200 ' 180
c/D 385 | 380 320 | 290
H |

A.3 Criterion Il Change in vibration
magnitude

This ¢riterion provides an assessment of a ¢hange in
vitration magnitude from 3 Dreviously established
eference or baseline value. A significant increase or
decragase i shaft wvibration magnitude may ocour
whnich requires some action evan though zone C of
Criterion | has not peen reacheq Such changes can
be instantanecus or progressive with time. ang may
inclicate that damage has occurred or be 3 warning of
an .mpending failura or some Other irregularity Cri-
terion Il s specified on the basis of the change in
shaft vibration magnitude Gccurnng under steady-
state operating conditions.

The reference value for this cnterion is the tvpical,
reproducible normal vibration, known from previous
measuremeants for the specific operating conditions.
If this reference value changes by a significant

.‘r:ount, and cenainly f it exceeds 25 9% of the upper

iung value for zone B, regardless of whether thig
ncreases or decreases the magnitude of vibration,

steps should te taken to ascertan the reasons for the
change. A decision on what action :o ke, if any,
should then be mage after consideraticn of the maxi-
mum vaiue of vigration and whether the machine has
stabitzed at 3 new condition.

When Criterion !l is applied, the vibration measure-
Mments being comepared shail be taken at the same
transducer location and orientation, and under ap-
proximately the same machine cperating concitions.

It is necessary 1o appreciate that a critenon nasad on
change of vibration nas limited application, since sig-
nificant changes of vanying magnituce and rates can
and do occur in individual frequency components, hut
the importance of these is not necessarily reflected in
the broad-band shaft vibration signal (see 1SO 78191y
For example, the progcagation of a crack in a rotar Mmay
introduce a progressive change in wvibration compo-
nents at multiples of rotational freguency, but therr
magnitude may te small relative to the amplitude of
the oncz-per-revolution rotaticnal frequency compo-
nent. Consequently, 1t may be difficult to identify the
effects of the crack Crapagation by l0oking at the
change in the Broad-sandg vibration only. Therefore,
although monitoring the change in droad-nand wvi-
oration will give some ingication of potental prob-
lems, it may be necessary in cerain applications to
use measuring and anaiysis equipment which s
capable of determining the trends of the vector
changes that occur in indivigual frequency compo-
nents of the vibration signai. This equipment may be
mare sophisticated than that used for normal super-
visory monttaring and its use and application requires
specialist knowledge. Hence, the specification of de-
tail criteria for measurements of this type 1s beyong
the scepe of this part of iSO 7919

A.4 Operational limits

For long-term cperation, it is commaon practice to 25-
taclish operationai vibration limits. These lirmits taka
the form of ALARMS and TRIPS.

ALARMS: To provide a warning that a defined value
of vibration has heen reached or a significant change
has occurred, at which remedial action may be
necessary. in general, if an ALARM situation occurs,
operaten c<an continue for a period whilst investi-
gations are carried out to idenufy the reascn for the
change in vibration ang define any remedial action,

TRIPS: To specify the magnitude of vibration heyond
which further gperation of the machina may cause
damage. 'f the TRIP value 1s exceeded, immediate
action should be taken to reduce the vibration or the
machine shouid be shyt down.
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Different operanona! limits, reflecung differences in
dynamic ioading and support stiffness, may oe speci-
fied for different measurement positions and gi-
rections.

A.4.1 Setting of ALARMS

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

It 1s recommenced that the ALARM vaiue should be
set nigner than the baseline by an amount equal 0
25 % of the upcer limit of zone B. If the vaseline s
low, the ALARM may oe beiow zone C.

Where there is no 2stablished baseline, for example
with 3 new machine, the initial ALARM setting should
De basecd aither on sxperience with other similar ma-
chines or relative to agreed acceptance values. After
3 cerioc of ume, the steady-state baseline value will

1ISO 7919-2:1996(E)

De established and the ALARM setung should 2e aa-
justed accordingly.

If the steady-state baseline changes (for example after
a machine overhaul), the ALARM setting should be
revised accordingly. Different operational ALARM
settings may then exist for different Dearings on the
machine, reflecting differences in dynamic loading
and bearing supoort stiffnesses

A.4.2 Setting of TRIPS

The TRIP values will generally reiate to the mechanical
Integrity of the machine and 5e depcendent on any
soecific design features which nave peen introduced
t0 2nable the machine to withstand abnormal dynamic
ferces. The values used will, thersfore. generally be
the same for all machines of similar aesign and would
not normally be relateg to the steady-state baseline
vaiue used for setting ALARMS

Thers may, however, be Ziffarances for machines of
cifferant design and it is not pessible 1o give more
precise guideiines for absolute TRIP values. in gen-
eral, the TRIP vaiue wiil be within zone C ar D




