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Foreword

iSO [the Intarmational Orgamizauon for Standardization) s & worldwide
faderation of national standards sodies (ISO member bodies). The work
of preparing Interratonal Standards s normaily carned out through iSO
tecnnical committees. Each member body intarested in 3 subject for
which a techrmical committee has been estadblisned has the aght o be
reprasented on that commitiee. Internaticnal orgamniZations, governmental
ang non-governmental, In liaison with IS0, also take part in the work. 15O
coliaborates closeiy with the I[nternatgnal Electrotechnical Commission
HEC) on all matters of alectrotechnical standardization.

Draft Internationat Stancards acopted by the technical committees are
circulated to the member bodies for voung, Publication as an International
Standard requires approval by at least 75 % of the member bodies casting
3 vote.

Intermatonal Siandard iSO 7919-4 was asrepared by Technical Committee
ISQ/TC 108, Mechanical vibration and shock, Subcommitiee SC 2,
Measurement and evaluation of mechanical vibration and shock as applied
to machines, vehicles and structures.

ISO 7819 consists of the following parts, under the general title Mechan-
ical vibration of non-reciprocating machines — Measurements on rotating
shafts and evaluation criteria:

— Part 1. General guidelines

— Fart 2. Large land-based steam turbing generator sets
— Parr 3: Coupled industrial machines

— Parr 4: Gas turbine sets

— Part 5: Machine sets in hydraufic power generating and pumping
plants

Anrex A forms an integral part of this part of ISC 7913
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Introduction

This part of ISO 7919 deals with the speciai features required for
measuring transverse shaft vibration on the coupied rotor systems of gas
turbine sets. Evaluation criteria, based on previous axperience, are pre-
sented which may be used as guidelings for assessing the vibratory con-
ditions of such machines.

A general description of the principles which are generally apolicaole for
the measurement and evaluation of shaft vibraton of non-rzciprocating
machines i1s given in SO 7919-1.
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Mechanical vibration of non-reciprocating
machines — Measurements on rotating shafts and

evaluation criteria —

Part 4:
Gas turbine sets

1 Scope

This part of 1SO 7912 gives guidelines for applying
evaluation criteria for shaft vibration under normai op-
erating conditions, measured at or close to the
bearings of gas turbine sets. These guidelines are
presented in terms of both steady running vibration
and any magnitude changes which may occur in these
steady values. The numerical values specified are not
intended to serve as the only basis for vibration eval-
uation since, in general, the vibratory conditicn of a
machine is assessed by consideration of both the
shaft vibration and the associated structural vigration
{see the introduction to ISQ 7918-1),

This part of ISO 7919 applies to all gas turbine sets
(including those with gears) with fluid-film bearings,
outputs greater than 3 MW and shaft rotational fre-
guencies from 3 000 r/min to 30 000 rfmun. Aircraft
dervative engines are excluded, since they differ
fundamentally from industrial gas turbine sets, bothin
the type of beanngs (rolling element bearings) and in
the stffness and mass ratics of the rotor and support
structure. Depending on the construction and mode
of operation, there are three principie groupings of gas
turbine sets:

— single-shaft constant-speed gas turbine sets;
— singie-shaft variabie-speed gas turbine sets:

— gas turbine sets with separate shafts for hor gas
generaucn and powaer delivery,

NOTE 1 Initially these three groups will be assessed In a
uniform manner. It is possible. however, that individual
cases wili have to De assessed differantly.

2 Normative references

The following standards contan provisions which,
through reference in this text. constitute provisions
of this part of 15O 7919. At the time of pubiication, the
aditions indicated were valid. All standards are subject
to revision, and parties 10 agreements based on this
part of ISO 7519 are encouraged to investigate the
possibility of applying the most recent aditions of the
standards indicated below. Members of IEC and I1SO
maintain registers of currently valid International
Standards.

1SO 7913-1:1996, Mechanical wbration of non-
reciprocating machines — Measurements on rotating
shafts and evaluation criteria — Part |- General
guidelines.

ISO 10816-1:1995, Mechanical vibration — Evaiuation
of machine wvibration by measurements on non-
rotating parts — Part 1. General guideiines.

3 Measurement procedures

The measurement procedures to be followed and the
instrumentation used shaill be as described in
1ISQ 79181

In gas turbine sets, shaft vibration relative to the
bearing 15 normally measured. Therefore, unless
stated qtherwise, the vibration displacements referred
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o :r s part of ISO 7879 corform 1o mis corvention,
In view of the reiatively higr rotatioral fraquercies
nvoived with gas turbing sets, measunng methogs
using ngn-coniachng transducars sre most common
and zrz generally preferred on rotor 2lements with
operaung freguencres of 3 000 r/min ang above. For
MONIANAG purposes, the measuring system shall be
capable of covering overall vibraticn ug tc a frequency
eguivaient 10 2,5 tmes the maximum service spead.
However, 1t shouid be noted that for diagnostic pur-
poses it may be desirabie to cover 3 wider frequency
range.

4 Evaluation criteria

Critgna for wvibration magnituce, cnanges n vibration
magnitude ang operationai iimiis are oresented in an-
nex A

The wvibration magritude 1s the nigher value of the
peak-io-peak disglacemeant measurad in two selectad

T IS0

Innggeoral measuramant Zr2siliTs 02 vEILes pra-

2n1ed arg ne rasuit 3f 2Carance Wit machineny

T INS type anc. f ue regard (3 paid o them ac-

Ze0taule operatcn may e aexpecied. o anly ore

measuring dirscucn :$ USeC. I3r2 snould be taken to
T

O w

2Nsure that i1 provices 3CaGLata informanton (see
ISO 7919-1).

The criteria are presentec ‘or the specified sieacy-
state gperatng conditions at thea rated sgeed and load
ranges. ihey apply for normal slow changes in :oad
but 4o not acply whnen diffarant conations exist or
during transient changes, for exampie Junng star-u
ang snut-down and wnen £assing :nrougn r2sorance
ranges. In these <cases atermauve  Criiena  ars
necessary.

It shouid be ncted that an sverail ‘uggement of the
vioratory state ¢f a machine is ofien mace 2r he ha-
SIS Of both relatve shaft vizrator 25 aefined above
and of measuraments macde on N0nR-r0laling parts
{see iSO 10816-1}
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Annex A
(normative)

Evaluation criteria for relative shaft vibration of gas turbine sets under
specified operating conditions

A.1 General

Two evaluation criteria are used to assess the relative
shaft vibration of gas turbine sets, measured at or
close to the bearings. One criterion censiders the
magnitude of the observed broad-band reiative shaft
vibration: the second considers changes in magni-
tude, Irraspective of whether they are increases or
decreases.

A.2 Criterion I: Vibration magnitude at
rated speed under steady operating
conditions

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

A.2.1 Evaiuation zones

Tne following typical evaiuation zones are defined 1o
oerrnit a qualitative 3ssessment of the shaft vibration
on a given machine and provide guidelines on possible
actions.

Zone A The vibration of newly commissioned ma-
chines would normally fall within this zone.

Zone B: Machines with vibration within this zone ars
normally considered acceptable for unrestricted iong-
term gperation.

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

Zone D: Vibration values within this zone are normatly
considered 0 te of sufficient severity to cause dam-
age to the machine

A.2.2 Evaluation zone limits

in accordance with present accumulated experience
of shaft vibration measurements in this field, the rec-
ommended values for the zone boundaries are in-
versely proportional o the square root of the shaft
retational frequency n (in revolutions per minute). The
recommended values presented in figure A1 are de-
nved from the expressions beiow:

Zone boundary A/B

Spe) = 4800/ n um

Zone boundary B/C

Sy =9 000/y/n um
Zone boundary C/D

Sy = 13200/ um

NOTE 2  For a definiton of §,,,. see ISO 7913

These values are not intended to serve as acceptance
specifications, which shall be subject to agreement
between the machine manufacturer and customer.
However, they provide guidelines for ensuring that
gross deficiencies or unrealistic requirements are
avoided.

In certain cases, there may be specific features as-
sociated with a particular machine which would re-
quire different zone boundary values (higher or lower)
10 be used. For example, with a tilting pad bearing it
may be necessary to specify alternative vibration val-
ues, whilst in the case of an elliptical bearing, different
vibration criterna may apply for the directions of maxi-
mum and minimum bearing clearances. In particular,
it should be recognised that the allowable wvibration
may be related to the journal diameter since, gener-
ally, running clearances will be greater for larger di-
ameter bearings. Consequently different values may
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apcly for measurements taken at different pearings
on the same rotor line. In such cases, 1t 1S normaily
necessary to explain the reasons for this and, in par-
ucuiar, to confirm that the machine will not be en-
dangered by operating with higher vibration values.

Higher values of wviobraton can be permitted at ather
measuring positions and under transient conditions,
such 3s start-up and run-down fincluding passage
tIhrougn cntical speed ranges).

A.3 Criterion Il: Change in vibration
magnitude

This critenon provices an assessment of a change in
vibraticn magnitude from a2 previously establisned
reference or oaseline value. A significant increase or
decresase in shaft vibration magnitude may occur
which requires some action 2ven though zone C of
Criterion | has not been reached. Such changes can
be nstantaneous or progressive with tme and may
InCicate that damage has occurred or be a warning of
an imeending faillura or some other irreguiarity. Cri-
erion Il s specified on the tasis of the change in
shaft vibration magnitude occurring unaer steady-
siate operaung congitions.

The reference value for this criterion is the typical,
repcroducible normal vibration, known from previous
measurements for the specific operating conditions.
if this reference value changes by a significant
amount, and certainly if it exceeds 25 % of the upper
limiing value for zone B, regardless of whether this
increases or decreases the magnitude of vibration,
stecs should be taken 10 ascertain the reasons for the
change. A decision on what action to take, if any,
should then oe made after consideration of the maxi-
num value of vibration and whether the machine has
stabiiized at a3 new condition.

When Criterion 1l is applied, the vibration measure-
ments being compared shall be taken at the same
transducer location and orientation, and under ap-
eroximately the same machine cperating conditions.

It Is necessary to appreciate that a criterion based on
change of vibration has imited application, since Sig-
nificant changes of varying magnitude and rates can
and do occur in individual frequency components, out
the imoonance of these is not necessarily reflected in
the broad-band shaft vibration signai (see 1ISQ 7§19-1).
For example, the propagation of 3 crack in a rotor may

.ntroduce a progressive change in vibration compo-

ents at multiples of rotational frequency, but their
magnitude may be small relative to the amplitude of
the once-per-revolution rotational frequency compo-
nent. Consequently, it may be difficuit o identify the

¢ iSO

effects of the crack propagalion oy lcoking at the
change n the broad-pand wibration anly Therefaore,
although monitering the change :n broad-band wvi-
braton will give some indication of potantial proo-
lems, it may De necessary in certain apgucations to
use measuring and anaiysis equipment which 1S ca-
pable of determining the trencs of the vector changes
that occur in individual frequency components of the
vibration signal. This equibment may be more sochis-
ticated than that used for normal suoervisory moni-
toring and its use and application requiras specialist
knowieage. Hence, the soecification of detail criteria
for measurements of this type is seyond the scope
of this part of ISQ 7916.

A.4 Operational limits

For long-term operation it is commen gractice to as-
tapiish operatonal vibration limits. These limits take
the form of ALARMS ang TRIPS

ALARMS: To orovide a warning that a defined value
of vibration has been reached or a significant change
has occurred. at which remedial action may be
necessary. In general, if an ALARM situation oc¢curs,
cperauen can continue for a period whilst investi-
gations are carned out 1o identify the reason for the
change in vibration and define any remedial action.

TRIPS: To specify the magnitude of vibration beyond
which further operation of the machine may cause
damage. If the TRIP vaiue s exceeded, immediate
acuon should be taken to reduce the vibration or the
machine should be shut down.

Different operational fimits. reflecting differences in
dynamic loading and sucport stifiness, may be speci-
fied for different measurement oositions and di-
rections.
A.4.1 Setting of ALARMS

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

It 1s recommended that the ALARM value should be
set higher than the baseline by an amount equal to
25 % of the upper limit of zone B. If the baseline is
iow, the ALARM may be below zone C.

Where there 1s no established baseline, for exampie
with 3 new machine, the inital ALARM setung should
De pased erther on experience with other similar ma-
chines or relative to agreed acceptance values. After
a pericd of ume, the steady-state baseline vaiue will
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be 2st3oisred ana the ALARM setting should be ag-
justed accorangiy

If the ste2agy-s13te nasaine cnanges (for example aftar
a macnine ovarraul), the ALARM setung should oe
revisec accoraingly. Different crceraticnal ALARNM
S2ngs mav ner exist for different cearnngs on ths
macning, r2fiecung differences » cvramic cacing
anc cearing sucpor: stiffinesses.

A.4.2 Setting of TRIPS

2 TAR!P vaiues wili generally r2iat2 10 the mechanical
niegrity of "2 macming and be deserdent on any

ISO 7919-4:1996(E)

specific design features which have pbeen intreducec
to enable the machine to withstand abnormat dynamic
forces. The values used will, therefore. generally ze
the same for all machines of similar design and wouic
Aot normaily be related tc the steadv-stai2 baseirs
vaiue used for setting ALARMS.

There may, nowever, be differsnces for machines 3°
different design and it is not possidie o give mgrs
precise guidelines for absciute TRIP values in ger-
erai, the TRIP value will be within zene C or 2
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Figure A.1 — Recommended values for maximum relative displacement of the shaft as a function of the
maximum service speed for gas turbine sets



