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Foreword

ISO {the internauonal Organization for Standardization) is a worldwide
federation of national standards bodies (ISQ member bodies). The work
of preparing International Standards is normally carned out through 1SO
lacnnical commitizes. Zach member beay interestea n a subject for
which 3 tgchnical committee has been established has the right to he
representad on hat commitiee. International organizations, governmental
and nen-governmental, in liaison with ISC, also take part in the work, 1SO
collaborates clesely with the internaticnal Slectrotechnical Commission
({EC) on all matters of electrotechmical standardization.

Draft International Standards adopted by the technical committees are
circuiated 1o the member bodies for voting. Publication as an International
Standard reguires approval by at least 75 % af the member bodies casting
a vote.

Internaticnal Standard ISO 79193 was prepared by Technical Committse
ISO/TC 108, Mechanical wvibration and shock, Subcommittee SC 2,
Measurement and evaluation of mechanical vibration and shock as applied
to machines, vehicles and structures.

150 7913 censists of the following parts, under the general titte Mechan-
ical wibration of non-reciprocating machines — Measurements on rotating
sharts and evaluation criteria:

— Part 1. General guidelines

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

— Part 4. Gas turbine sets

— Part 5: Machine sets in hydraulic power generating and sumping
plants

Annegx A forms an integrat part of this part of ISC 7919,
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introduction

This part of ISC 7519 deals with the special features required for
measuring transverse shaft vibration on coupied industrial machines.
Evaluation criteria, based on previcus experience, are presented which
may ce used as guidelines for assessing the vibratory conditrons of such
machines,

A generai description of the principles which are genrerally applicable for
the measurement and evaluation of shaft vibration of NoN-recIprocating
machines is given in I1SQ 7919-1.
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Mechanical vibration of non-reciprocating
machines — Measurements on rotating shafts and

evaluation criteria —

Part 3:
Coupled industrial machines

1 Scope

Tms part of 150 7919 gives guidelines for applying
evaluation critena for shaft vibration under normal op-
grating conditions, measured at or close 10 the
bearings of coupled industrial machines. These
guidelines are presented in terms of both steady run-
ning vibration and any magnitude changes which may
Qccur in these steady vaiues. The numerical values
specified are not intended to serve as the only basis
for vibraticn evaluation since, in general, the vibratory
condition of a machine is assessed by consideration
of both the shaft vibration and the associated struc-
tural vigration (see the introduction to 1SO 7913-1).

This part of 1SO 7919 applies t0 coupled industrial
machines with fluid-film bearings, having ‘maximum
continuous rated speeds in the range 1 000 rimin to

30 Q00 rimin, and nrot limited by size and power,
comprising

— 3tearn turbines;
— twrbecompressors;
— turbopumps;

— turbogenerators;
— turbofans;

— elecin¢ drives and associated gears, where rele-
vant.

11 To be published.

This part of ISO 7319 does not apply t¢ large iang-
based steam turbine generator sets for power
stations with outputs greater than 50 MW (see
SO 7918-2), nor to machine sets in hydraulic power
generating and pumping plants with outputs of
1 MW or greater {see ISQO 7918-3).

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this part of ISO 7915. At the time of publication, the
editions indicated wers valid. All standards are subject
to revision, and parties to agreements based on this
part of 1ISO 7319 are encouraged to investigate the
possibility of applying the most recent editions of the
standards indicated below. Members of IEC and ISO
mamntain registers of currently vaiid internaticnal
Stancards.

SO 7919-1:1996, Mechanical wvibration of non-
reciprocatng machines — Measurerments on rotating
shafts and evaluation criteria — Part 1. General
guideiines.

ISO 7919-2:1996, Mechanicai wvibration of non-
reciprocating machines — Measurements on rotating
shafts and evaluation criteria — Part 2. Large langd-
based steam turbine generator sets.

18O 7919-5:—".  Mechanical wibraton of non-
reciprocating machings — Measurements on rotating
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snarts and svaluation criteria — °art 5. Machine sets
i hydraulic power generating and oumping plan:s.

ISQ 10816-1:1995, Mechanicai vioration — Svaivation
of machine wibration by measursmenis on AoN-
rotaung parts — Parr 17 Geraral guigeiines

3 Measurement procedures

The measurament procedures :0 be followed and the
instrumentation  used shall be as descrivped in
(SQ 7918-1.

In industnal machines, snaft vibration relative 1o the
beanng s normally measured  Therefore, unless
stated otherwise, this part of IS 7919 always refers
T0 r2iglive vibration aispiacemeni. in view of the
rzlauvely hign rotational freguencies involved with in-
dustrnial machines, measurng metnods using non-
contactling iransducers are mest common and are
generally prefarrac on rQIsr 2lemants with cperatng
frequencies of 3 C00 rimir ana above. For monitoring
purocses, tne measunng sysiem snall oe capanie of
coverng overall vidbration Lo 10 3 fraguency sgquivalent
To 2.3 tmes the maximum sarvice soeed. However,
it should be noted that for diagnosuc purpeses it may
oe cesiraple 10 cover a wider frequency range.

4 Evaluation criteria

Criteria for vibration magnitude, thanges in vibration
magnitude ard operational iimits are presented in an-

A

nex A,

The vibraticn magnitude s T2 ugr2t vase of e

peak-to-peak displacement mMEasurag © LwWo seleciag
ortnogonal measuremeant diraguons. The values pra-
seniad are the result 0° 2xcararca - mMachinery
of this type and, :f Jdue regar? 5 £z0 0 nem, ac-
cepiapie gperation mMmav be 2xoecisd

measuring direction is used, car2 shg
ensure that 11 proviges aceguat2 ~farmation (ssa
ISO 7919-1}

The criteria are presenteg for the specified steady-
siate operating conditions at the rated speec and load
ranges. They apply for normal siow changes in loac
but do not apply when differert concitions exist or
durning transient changes, for axampie Juring star-Lg
and snut-cown and wren 0assing through resonance
ranges. In these cases alternanva critarna ar2 necass-
ary.

it should o noted that ar ow2rai jucgemant of tne
vibratary state ¢f 3 machine s 3°i2n —age an tne na-
sis of both ralauve shafr vicrat.on 3s zefned agove
anc of measurements mMmade or NEn-ClauNg parts
[see iSO 10875-11.

N
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Annex A
. (normative}

Evaluation criteria for relative shaft vibration of coupled industrial machines
under specified operating conditions

A1 General

Twc avaluation criteria are used 1o assess the relative
shaft  vibranon of coupied industrial machines,
measured at or close to the bearnngs. One criterion
considers the magnitude of the observed broad-bang
relative shaft vibraticn; the second considers changes
in magnitude, irrespective of whether they are in-
creases or decreases.

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

This criterion is concerned with defing limits for
shaft vibration magnitude consistent with accepratle
dynamic loads on the bearing, adequate margins on
the radial clearance envelope of the machine, and ac-
ceptable wibration transmission nto the support
structure and foundation. The maximum shaft vi-
oration magnitude observed at each bearing i1s as-
sessed against four evaluation zanes established from
International experience.

A.2.1 Evaluation zones

The following tygical evaluation zones are defined to
permit 3 gualitative assessment of the shaft vibration
on a given machine and provide guidelines on possibie
acticns.

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

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

Zone C: Machines wrth vibration within this zone are
nermally considered unsatsfactory for long-term con-
unuous operation. Generally, the machine may be
operated for a fumted period In this condition until a
suitatle opportunity arises for remedial acticn,

Zone D: Vibration vaiues within this zone are normally
considered to be 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 0 this field, the rec-
ommended values for *he zone Houncares are in-
versely proportional 1o the sguare roct of the shaft
rotational frequency s lin revoiutions ger minutel, The
recommended values presented in figure A1 are de-
rived from the expressions beiow:

Zone boundary A/B

Sy = 4 800/ um
Zone boundary B/C

Sips = 9 000fy/n um
Zone boundary C/D

Sy = 13 20013/ n um

NOTE 1 For a defintwon of 5, see (SO 7318-1.

These vaiues 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-
soctated 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 cniterra may apply for the directions of maxi-
mum and minimum bearing clearances. In particular,
it should be recognised that the allowable vibration
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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apply for measurements taken at different beanngs
on the same rotor line. In sucn cases, it s normaily
necessary 10 expiain the reasons for this and, in par-
ticular, to confirm that the machine will not be 2n-
dangered by ogerating with higher vibraticn values.

Higher values of wvibration can be permitted at other
measunng positions and under transient conditions,
such as start-up and run-down f{inciucing passage
through critical speed ranges).

A.3 Criterion ll: Change in vibration
magnitude

This criterion provides an assessment ¢f a change in
vibration magnituge from a previousiy astablisned
raference or baseline value. A significart mmcrease or
decrease in shaft vibrauon magnitude may occcur
~hicn requires some actien even though zcne C of
Criterion | has nct teen reachecd. Such changes can
be instantanasus or progressive with time and may
Indicate that damage has occurred or be a warning of
an impending fallure or some other irregularity. Cri-
terion Il is specified on the basis of the shange in
shaft vibration magnitude occurring under steady-
state operating conditions.

The reference value for this criterion is the typical,
reproducible normal vibratien, known from previous
measurements for the specific operating conditions.
If this reference value changes by a significant
amount, and cenainly if it exceeds 25 % of the upper
fimiting value for zone B, regardiess of whether this
increases or decreases the magnitude of vibration,
st2ps should be taken to ascertain the reasons for the
change. A decision on what action to take, if any,
shouid then be made after consideration of the maxi-
num value of vibration and whether the machine has
stabilized at a new condition,

VWhen Criterion |l is applied, the vibration measure-
ments being compared shail be taken at the same
transcucer location and orientation, and under ap-
proximately the same machine operating conditions.

it 1s necessary te appreciate that a criterion based on
change of vibration has limited aoplication, since Sig-
nificant changes of varying magnitude and rates can
and do occur in individual frequency components, but
the importance of these is not necessarily reflected in
the broad-banc shaft vibration signal {see iSO 7919-1}.
For exampie. the prepagation of a crack 1n a rotor may

qntroduce 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-revoiution rotationat frequency compo-

©1SO

nent. Consequently, it may be difficult 1o :dentify the
effects of the crack propagaton oy looking at the
change in the broad-band vibration anly Therefgre,
although monitering the change r broad-tand wi-
braucn will give some indication of potanual prob-
lems, 1t may be necsessary N certan acplications o
use measuring and analysis 2guipment which 1S ca-
pable of determining the trends of the vector changes
that occur in individual frequency components of the
vibration signal. This equipment may be more sophis-
ticated than that used for normal supervisory moni-
toring and its use and apphcation requires specialist
xnowledge. Hence, the specification of detall criteria
for measurements of this type 1s beyond ‘he scape
of this part of ISO 7919

A.4 Operational limits

For many machines, mainiy these of small size or
power, Lontnuous monitoring of wvibration 1s not
necessary. However, for those machines for which
continuous menitaring of vibration s emcioyed, 1t s
common practice 10 establish cperaucral vibration
limits. These limits take the form of ALARMS and
TRIPS.

ALARMS: To provide a warning that a defined value
of vibration has been reached or a significant change
has occurrad, at which remedial action may be
necessary. In general, if an ALARM situatuon occurs,
operation can continue for 3 period whilst investi-
gations are carried out to 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 value 1s exceeded, immediate
action should be taken to reduce the vibration or the
machine should be shut down.

Different operational limits, reflecting differences in
dynamic lcading and suppor: stiffness, may be speci-

fied for miferent measurament positons and di-
ractions.
A.4.1 Setting of ALARMS

The ALARM values may vary consideraoly, ug or
down, for different machines. The values chosen will
normally be set relative to a baseline vaiue deter-
mmned from experience for the measurement position
or direction for that particular machine.

It 1s recommended that the ALARM vaiue should be
set higher than the baseline by an amount equal to
25 % of the upper limit of zone B. If the baseiine is
low, the ALARM may be below zone C.
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Whaere there is no established basaline, for example
with @ new machine, the iniual ALARM setting should
be based sither on experience with other simiiar ma-
chines or relative to agreed acceptance values. After
a pericd of time, the steady-state basealineg vaiue wili
be established and the ALARM satting should be ad-
justed accordingly.

f the steady-state baseline changes (for axample after
2 machine overhaul), the ALARM setting should be
revised accordingly Different operational ALARM
setings may tnen exist for different bearngs on the
machine, reflecting differences in avramic foading
and bearing support stiffnesses.
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A.4.2 Setting of TRIPS

The TRiP vaiues will generally relata to tne mechanizza:
mtegrty of the machine and te deperdent on ary
specific design features which have been \rtrocucss
10 enable the machine to withstand abnormal avnar ¢
forces. The values used will, therefore, generaily ce
the same for all machines of similar design and wouic
not normally be related to the steady-state bassina
value used for setting ALARMS.

There may, however, be differences for machines of
different design and it is not possible to give mora
precise guidelnes for absolute TRIP vaiues. In gan-
eral, the TRIP vaiue will be within zone C or D
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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 coupled industrial machines



