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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 maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
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).

Attention i
patent righ
any patent
on the ISO

Any trade
constitute

5 drawn to the possibility that some of the elements of this document may be the subjec
ts. ISO shall not be held responsible for identifying any or all such patént rights. Detail
rights identified during the development of the document will be in the Ihtroduction ang
ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
an endorsement.

For an ex

expressionls related to conformity assessment, as well as information about ISO's adherence to
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the follow
URL: wwwiso.org/iso/foreword.html.

lanation on the voluntary nature of standards, the meaning of ISO specific terms

This docu
condition
as applied 1

This first
have been
ISO 10816-

The main ¢
greater tha
3600 r/mi

Alist of all

ent was prepared by Technical Committee 1SO/TC 108, Mechanical vibration, shock
onitoring, Subcommittee SC 2, Measurement and evaluation of mechanical vibration and s
0 machines, vehicles and structures.

technically revised. It also ineerporates the Amendments ISO 7919-4/Amd.1:2017
4/Amd.1:2017.

n 40 MW, fluid-film bearings and rated speeds of 1 500 r/min, 1 800 r/min, 3 000 r/mi
h. Such gas turbings-are now covered by ISO 20816-2.

parts in the [SO'20816 series can be found on the ISO website.

are
the
the

t of
s of
| /or

not

And
the
fing

and
ock

dition of ISO 20816-4 cancels and\replaces ISO 7919-4:2009 and ISO 10816-4:2009, which

and

hange is that the scope‘has been reduced to exclude large gas turbines with power outputs

1 Or
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Introduction

Documents in the ISO 20816 series have been and are being developed to combine and supersede the

ISO

7919 and ISO 10816 series.

[SO 20816-1 is the basic part of the ISO 20816 series that gives the general requirements for evaluating
the vibration of various machine types when the vibration measurements are made on both non-
rotating and rotating parts. ISO 20816-2 deals with the measurement and evaluation of machine
vibration of large gas turbines with certain rotational speeds.

Thip

ped
at g
pre
mag

rot¢r, lower values of vibration of the bearing housings or pedestals can be appropriate.

Twq
con
cha

Thd
HoV
has

monitoring and diagnostics. The specification of criteria.for such measurements is beyond t

thid
pro

estals and rotating shafts of those gas turblnes Wthh are not covered by ISO 20816 2. Mez
hese locations characterize the state of vibration reasonably well. Evaluation griterig,
yious experience, are presented. These can be used for assessing the vibratony condit
hines. In those cases where there is a high ratio between the mass of the bearing suppo

criteria are provided for assessing the machine vibration when operating under s
ditions. One criterion considers the magnitude of the observed vibration; the second
hges in the magnitude. In addition, different criteria are provided for'transient operating

evaluation procedures presented in this document are<based on broad-band mea
vever, because of advances in technology, the use of narrow-band measurements or specti

document. They are provided in greater detail inthe relevant parts of ISO 13373 whid
visions for the vibration condition monitoring of‘imachines.

become increasingly widespread, particularly for the parposes of vibration evaluation,

Jousings or
surements

based on
on of such
rts and the

eady-state
considers
conditions.

surements.
al analysis
condition
he scope of
h establish

©IS

02018 - All rights reserved


https://standardsiso.com/api/?name=bfb3d72720e753fec064523b32453a9a



https://standardsiso.com/api/?name=bfb3d72720e753fec064523b32453a9a

INTERNATIONAL STANDARD
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Mechanical vibration — Measurement and evaluation of
machine vibration —

Part 4:
Gas turbines in excess of 3 MW, with fluid-film bearings

1

Thi
gre
cas

thrpugh a gearbox. The evaluation criteria provided in this document are applicable to the ¥

the
gea
for

Thi

vii)

viii]

Scope
5 document is applicable to land-based gas turbines with fluid-film bearings,and pow
s (see the list of exclusions below), this includes other rotating machineny-¢oupled either
main input and output bearings of the gearbox but are not applicablé to the vibration of t

Fbox bearings nor to the assessment of the condition of those gears/Specialist techniqusg
bvaluating the condition of gears are outside the scope of this document.

5 document is not applicable to the following:

gas turbines with power outputs greater than 40 MW:at rated speeds of 1 500 r/min, 1
3 000 r/min or 3 600 r/min (see ISO 20816-2);

aero-derivative gas turbines (including gas turbines with dynamic properties similar
aero-derivatives);

NOTE ISO 3977-3 defines aero-derivatives as aircraft propulsion gas generators adapf
mechanical, electrical or marine propulsien equipment. Large differences exist between heay

aero-derivative gas turbines, for example, in casing flexibility, bearing design, rotor-to-stator m4
mounting structure. Different critéria, therefore, apply for these two turbine types.

gas turbines with outputs less than or equal to 3 MW (see ISO 7919-3 and ISO 10816-3);
turbine driven generators (see ISO 20816-2, ISO 7919-3 and ISO 10816-3);

turbine driven pumps’(see ISO 10816-7);

turbine driven Kotary compressors (see ISO 7919-3 and ISO 10816-3);

the evaluation of gearbox vibration (see this clause) but does not preclude monitoring
vibration;

thé‘evaluation of combustion vibration but does not preclude monitoring of combustion

er outputs

hter than 3 MW and an operating speed under load between 3 000 r/min and. 30 000 r/mijin. In some

directly or
ibration of
he internal
s required
800 r/min,

to those of

ed to drive
ry-duty and
ssratio and

of gearbox

vibration;

ix)

rolling element bearing vibration.

This document establishes provisions for evaluating the severity of the following in-situ broad-band
vibrations:

a)

b)
‘)

©IS

structural vibration at all main bearing housings or pedestals measured radial (i.e. transverse) to

the shaft axis;

structural vibration at thrust bearing housings measured in the axial direction;

vibration of rotating shafts radial (i.e. transverse) to the shaft axis at, or close to, the main bearings.

02018 - All rights reserved
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These are i

vibrati

n terms of the following:

on under normal steady-state operating conditions;

including run up or run down, initial loading and load changes;

changes in vibration which can occur during normal steady-state operation.

vibration during other (non-steady-state) conditions when transient changes are taking place,

fent
For

't 1:

122}

ven

fts.
ine.
[ion

2 Normative references

The followfing documents are referred to in the text in such a way that some or all of their con
constituteg requirements of this document. For dated references, only the edition cited applies.
undated references, the latest edition of the referenced document (including any amendments) applies.
ISO 2081611:2016, Mechanical vibration — Measurement and evaluation of machine vibrdtion — Pa
General guldelines

3 TerrIIl and definitions

No terms and definitions are listed in this document.

ISO and [E€ maintain terminological databases for use in standardization at the following addresse

— ISO Online browsing platform: available at https://www.isp.0rg/obp

— IEC Elgctropedia: available at http://www.electropediacrg/

4 Measurement procedures

4.1 General

The measurement procedures and instrumentation shall comply with the general requirements g

in ISO 20816-1.

ISO 20816}1, as well as this document, cover vibration of non-rotating parts and rotating shj
However, this does not mean thatyboth sets of measurements shall be taken on any particular mach
The choicq of whether to méaSure vibration of non-rotating parts, rotating shafts or a combina

of both is flependent on theJparticular application and shall always be agreed between the machine

supplier ar
vibration i

d purchaserprior to installation. As a general guidance, it should be noted that bearing

shaft vibr

The charag¢teristics of the measurement system should be known with regard to the effects of
environment;Care should be taken to ensure that the measurement equipment is not unduly influer

ion is niere sensitive where the pedestal is large and stiff, and the rotor light and flexibl

cap

5 more sensitive where the rotor mass is large and the pedestal is flexible, whereas relafive

v

the

ced

by external sources, including

a)
b)

<)

temperature variations,

electromagnetic fields,

neighbouring machines,

d)
e)
f)

transducer power source variations,
cable impedance,

transducer cable length,

airborne and structure-borne noise, e.g. from gear mesh vibration or combustion vibration or

© ISO 2018 - All rights reserved
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g) transducer orientation, and
h) structural characteristics of the transducer attachment.

In special cases where significant low-frequency vibration can be transmitted to the machine, such as
in earthquake regions, it can be necessary to filter the low-frequency response of the instrumentation.

If measurements at different times or from different machines are compared, care should be taken to
ensure that the same frequency range is used and the data should be taken with the machine operating

under stable conditions at the same rotational speed and load.

4.2] Measurements of vibration of non-rotating parts

For[monitoring purposes, the measurement system shall be capable of measuring broad-band vibration

ovef a frequency range from 10 Hz to at least three times the maximum normal gperating
or 300 Hz, whichever is greater. If, however, the instrumentation is also used for-diagnosti
a wiider frequency range and/or spectral analysis can be necessary. For example, in cases
frequency corresponding to the first resonance speed (critical speed) of/the coupled roto
10 Hz, the lower limit of the linear range of the measurement system shal, b€ reduced accor

If the measurement is carried out using a velocity transducer and\measurements below|
reqpired, it is important to linearize the velocity signal. This is parficularly important when
vibration velocity at lower speeds (see ISO 2954).

The locations of vibration measurements should be such that they provide adequate sensit
dynamic forces of the machine. Typically, it involves measuring in two radial directions on

frequency
purposes,
where the
s is below

lingly.

10 Hz are
evaluating

vity to the
each main

bealring cap or pedestal with a pair of orthogonal tragsducers, as shown in Figure 1 and Figure 2. The
trasducers may be placed at any angular location.on the bearing housings or pedestals, although
verfical and horizontal directions (i.e. principal stiffness directions) are usually preferred.

A single radial transducer may be used on a bearing cap or pedestal in place of the more t
of qrthogonal transducers if it is known*to provide adequate information on the magnit
maghine vibration. In general, however, ‘caution should be observed when evaluating vibr
a single transducer at a measurement plane, since it might not be oriented to provide a
approximation of the maximum yalue at that plane.

[t i3 not common practice td measure axial vibration on the main radial load carrying b

ypical pair
ude of the
ation from
reasonable

barings for

con,
sur
for

vibi
req
equiipment are\not adversely affected.

finuous operational monitoring. Such measurements are primarily used during periodi

vibration

reys or for diagnostic purposes. Hence, in this document, axial vibration criteria are only provided
thrust bearings where the vibration severity can be judged using the same criteria a$ for radial
ation (see Table-A.1). For other bearings, where there are no axial restraints, a lesf stringent
lirement may-be used for the evaluation of axial vibration, provided that ancillary pipework and

Parficular attention should be given to ensuring that the vibration transducers are correctly mounted
and| that ‘the mounting arrangement does not degrade the accuracy of the measurement (see e.g.

[SO[2954 and ISO 5348).

© ISO 2018 - All rights reserved
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Key

a  Direction of measurement.

|
|
1|
]
y ﬂ
| F
L
|
%(—-}—Ii
|
b
|
J
||
|
|
|
|

NOTE The evaludtion criteria in this document are applicable to radial vibration on all main bearings arjd to
axial vibratjon on thiust bearings.

Figure 1 —

ical measurin

oints and directions on bearing pedestals and bearing caps
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~—1

A

Pirection of measurement.

E
| vibration on thrust bearings.

Figure 2 — Typical measuring points and-directions on a gas turbine bearing

Measurements of vibration of rotating shafts

Shal

t relative vibration (i.e. the vibration‘of the rotating shaft relative to the supporting

megsurements are the preferred measurement quantity for shaft vibration of gas turbines.

The evaluation criteria in this document are applicable toxadial vibration on all main beafings and to

structure)

For[monitoring purposes, the measurément system shall be capable of measuring broad-band vibration
ovef a frequency range from 1.Hz to at least three times the maximum normal operating fr
500 Hz, whichever is greatel If; however, the instrumentation is also used for diagnostic purposes, a
wider frequency range (e.giup to six times the maximum normal operating frequency) and

an

The
poil
pait
any
eith
hor

ysis can be necessatly.

locations of vibration measurements should be such that the transverse movement of {
1ts of importanhce can be assessed. Typically, it involves measuring in two radial direct
of orthogenal transducers at, or adjacent to, each main bearing. The transducers may h

angularilocation, but it is common practice to select locations on the same bearing hal

er at#45° to the vertical direction (top dead centre 12 o’clock position) or close to the

zoftal directions (see Figure 3).

Fquency or

or spectral

he shaft at
ons with a
e placed at
F which are
ertical and

A single radial transducer may be used in place of the more typical pair of orthogonal trans
is known to provide adequate information on the magnitude of the shaft vibration. In general, however,
caution should be exercised when evaluating vibration from a single transducer at a measurement
plane since it might not be oriented to provide a reasonable approximation of the maximum value at
that plane.

ducers, if it

It is not common practice to measure axial shaft vibration on gas turbines. Where measurements
of axial position are made using non contacting transducers and are included within the vibration
monitoring system, the assessment of the signal is not covered within this document.

© ISO 2018 - All rights reserved
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Key

1 signal donditioning units

2 tosigngl processing

3 optiondl transducer orientations
4  shaft

5 non-contacting transducers

Figure(3 — Schematic diagram for measurement of relative motion of the shaft using non
contacting transducers

Particular jattention shall be given to ensuring that the vibration transducers are correctly mourted
and that the mounting arrangement does not, degrade the accuracy of the measurement (see|e.g.
[SO 10817-]).

As far as is|practically possible, the surface of the shaft at the location of the transducer shall be smqoth
and free from any geometric discontinuities, metallurgical non-homogeneities and local residlual
magnetisn], which can cause false §ignals (so-called electrical runout). The combined electrical pnd
mechanical

[SO 20816-1).

5 Evaluation criteria

5.1 General

ISO 20816-1 provides a general description of the two evaluation criteria used to assess the vibration
of various classes of machines.

a) One criterion considers the magnitude of the observed broad-band vibration;

6 © ISO 2018 - All rights reserved
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b) the second criterion considers changes in magnitude, irrespective of whether they are increases or
decreases.

The values presented are the result of experience with machinery of this type and, if due regard is paid
to them, acceptable operation can be expected.

NOTE The values presented are based on previous International Standards, on the results of a survey which
was carried out when the predecessor standards (see Foreword) were initially developed and on the feedback
provided by users.

Crlterla are presented for steady- state operatlng condltlons at the spec1f1ed rated speed and load

: at-stow 2 W 3 : d for other
no steady -state condltlons when transient changes are takmg place The Vlbratlon criteriq represent
target values which give provisions for ensuring that gross deficiencies or unrealistic feguirpments are
avolded. In particular, the basic assumption for safe operation is that metal-to-metal contaft between
the[rotating shaft and stationary components is avoided. They serve as a basis fer-defining pcceptance
test specifications (see 5.2.2.3).

The evaluation criteria relate to the vibration produced by the gas tutbine and not t¢ vibration
tramsmitted from outside the machine. If it is suspected that there ig a significant influgnce due to
trapsmitted vibration (either steady-state or intermittent), measurements should be takgn with the
mac¢hine shut down. If the magnitude of the transmitted vibratien is unacceptable, stepq should be
taken to remedy the situation.

5.2 Criterion I: vibration magnitude

5.2/1 General

Thip criterion is concerned with defining valuegsifor vibration magnitude consistent with|acceptable
dynamic loads on the bearings, adequate margins on the radial clearance envelope of the mlachine and
accg¢ptable vibration transmission into the.support structure and foundation.

5.2/2 Vibration magnitude at rated Speed under steady-state operating conditions

5.212.1 General

Thg maximum vibration magnitude observed at each measurement location is assessed against four
evajuation zones.

5.2§2.2 Evaluationzones

The evaluatienZones are defined to permit an assessment of the vibration of a given machine under
stegdy-state.conditions at rated speed and to provide guidelines on possible actions.

Zonje-A:The vibration of newly commissioned machines normally falls within this zone.

NOTE1 The effortrequired to achieve vibration within zone A can be disproportionate and unnecessary.

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

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

Zone D: Vibration values within this zone are normally considered to be of sufficient severity to cause
damage to the machine.

NOTE 2 For transient operation, see 5.2.4.

© ISO 2018 - All rights reserved 7
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5.2.2.3 Acceptance criteria

Acceptance criteria should always be subject to agreement between the machine supplier and purchaser
and prior negotiation is encouraged.

The evaluation zones provide a basis for defining acceptance criteria for new or refurbished machines
but the numerical values assigned to the zone boundaries are not themselves intended to serve as
acceptance specifications.

Historically, for new machines, acceptance criteria have been specified in zone A or zone B, but would
normally not exceed 1,25 times the zone A/B boundary.

Different aLceptance criteria can be agreed upon based on specific design characteristics and /orf]

experiencd

Acceptancd
load, temp

After maj
into accou

5.2.2.4 K

The zone b

A

with similar units.

e tests shall be carried out under clearly defined duration and operating parameters
Prature, pressure).

component replacement, maintenance or service activities, acceptance-criteria shall
the scope of activity and the vibration behaviour prior to servicing:

valuation zone boundaries

oundary values are given in Annexes A and B. Annex A sHall'be used for radial vibratio

non-rotatimg parts at all bearings and axial vibration of thrust bearing housings. Annex B shall be y

for shaft rq

The zone |
speed. The
data provi
the values
requireme

Higher vibi

In most ca
loads tran

lative vibration.

oundaries apply to vibration measurements taked under steady-state conditions at rz

leet

e.g.

ake

h of
sed

ted

numerical values assigned to the zone boundaries were established from representative

led by manufacturers and users. There wag fhevitably a significant spread in the data
given do nevertheless give provisions fer‘ensuring that gross deficiencies or unreal
nts are avoided.

ation is permitted at other measurement positions and during transient conditions (see 5.

ses, the values given in Annexes A and B
bmitted to the bearing support structure and foundation are acceptable and that ru
are maintained. However, in certain cases, there can be specific features or avail
associated with a partictular machine type which can require other values (higher or loy
for the zone boundarjes. Examples are given in a) to e).

are consistent with ensuring that the dyn

;1mic
nning

but
stic

0 4).

hble
ver)

hchine vibratiencan be influenced by its mounting system. For example, higher shaft relafive

on can be_expected if stiff bearing supports are used. Conversely, for flexible bea
ts, lower~shaft relative vibration can be expected. It can then be acceptable, based
strated-satisfactory operating history, to use different zone boundary values.

vibration on non-rotating parts may apply where there is a high ratio (e.g. 10:1) betw

[ing
on

een

uctural mass assaciated with the hearing {n g nedestal and r‘ac‘lnrr macc\ and rotor-m
o o' r

SS.

In such cases, it can be acceptable, based on satlsfactory operating hlstory, to use different zone
boundary values.

Care should be taken to ensure that the shaft relative vibration does not indicate that the bearing

clearance is exceeded. Furthermore, it should be recognized that the allowable vibration can be
related to the journal diameter since, generally, running clearances are greater for larger diameter
bearings. Where bearings with small clearance are used, the zone boundary values given in Annex B
may be reduced. The degree to which the zone boundary values are to be reduced varies, dependent
on the type of bearing used (e.g. circular, elliptical, tilting pad, etc.) and the relationship between
the measurement direction and the minimum clearance. It is, therefore, not possible to give precise
recommendations, but Annex E provides a representative example for a plain cylindrical bearing.

clearances
experience
to be used
a) Them
vibrati
suppol
demon
b) Lower
the st
0)
8
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d) Other criteria based on the detailed machine design may be used for relatively lightly loaded
bearings or other more flexible bearings whose static load is highly sensitive to rotor alignment.

e) Where shaft vibration measurements are made away from the bearing, other criteria may apply.
NOTE1 This document does not provide different evaluation zone values for machines mounted on rigid and
flexible foundations. However, this document might be revised in the future to give different criteria with respect

to support flexibility, if additional analysis of survey data on such machines shows it to be warranted.

Different values can apply for measurements taken at different measurement locations on the same
rotor line.

In general, when higher zone boundary values are used, it can be necessary to provid

justiification to confirm that the machine’s reliability is not compromised by operating v
vibration. This could be based, for example, on the detailed features of the machine|or on

operating experience with machines of similar structural design and support.

Thg common measurement parameter for assessing machine vibration on noncrotating parts

Annex A presents the evaluation zone boundaries based on broad-band RMS(reot-mean-squa

measurements. In some cases, however, it was customary to measure)vibration with i
scaled to read peak rather than RMS vibration velocity values. If theGvibration consists md
frequency component (e.g. for gas turbines it is common for the vibration to be predoming
operating frequency of the machine), a simple relationship exists*between the peak and R
In quch cases, the zone boundaries of Annex A can be readily*expressed as zero-to-peak

tiplying by V2. Alternatively, the measured peak vibratien values can be divided by V2
nst the RMS criteria of Annex A. This approach cannetbe used for complex waveforms

mu
aga

b technical
Fith higher
successful

is velocity.
Fe) velocity
struments
inly of one
ntly at the
MS values.

values by
hnd judged
with more

than one significant frequency component.

NOTE 2  There is no general factor to relate the true peak value to the RMS value.

5.213 Operational limits for steady-state operation

5.213.1 General

For
vibi

long-term steady-state operation at rated speed, it is common practice to establish
ation limits. These limits takethe form of ALARMS and TRIPS.

pperational

AL/
has
con
oth
poil

ARMS: To provide a warning that a defined vibration limit has been reached or a signifig
occurred, at which remedial action can be necessary. In general, if an ALARM occurs, opgration can
Linue for a period'while investigations are carried out (e.g. examine the influence of loafl, speed or
br operational parameters) to identify the reason for the change in vibration and to defipe at which
it any remedial*action can be required.

Ant change

TRI
da

PS: To specify the magnitude of vibration beyond which further operation of the machin
ge.df'the TRIP limit is exceeded, immediate action should be taken to reduce the vibrat

P can cause
ion.

a
Difl]‘erent operational limits, reflecting differences in dynamic load and support stiffne
specitled for different measurement positions and directions.

bs, may be

5.2.3.2 Setting of ALARMS

The ALARM limits can vary for individual machines. The values chosen should normally be set relative
to baseline values determined from experience for the measurement position or direction for that
particular machine.

It is recommended that the ALARM limit be set higher than the baseline by an amount equal to 25 %
of the zone boundary B/C. The ALARM limit should not normally exceed 1,25 times the zone boundary
B/C. If the baseline value is low (i.e. less than 75 % of the zone boundary B/C), the ALARM limit can be
less than the zone B/C boundary (see the example in Annex C).
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Where there is no established baseline (e.g. with a new machine), the initial ALARM setting should be
based either on experience with other similar machines or relative to agreed acceptance values. In cases
where no such data are available, the ALARM limit for steady-state operation at rated speed should
not exceed the zone boundary B/C. After a period of time, the steady-state baseline values become
established and the ALARM setting should be adjusted accordingly.

As explained in 5.2.2.4, suitable adjustments can be required to the shaft vibration ALARMS for units
with small bearing and/or seal clearances (see Annex E).

Where the vibration signal is non-steady and non-repetitive, some method of averaging is required.
Further detailed investigation of the cause of such behaviour is strongly recommended.

If the stead
accordingl
positions ¢
stiffness.

An exampl

52.33 §

The TRIP |
specific de
dynamic fd
not norma

There can
guidelines
exceed 1,2
different li

As explain
small bear

Gas turbin
the TRIP v
it is comm
before any
is received
independe
delay time
signals wh|
prudent to
reduction

Where the
an earthqu
delay to av

y-state baseline changes (e.g. after a machine overhaul), the ALARM setting should be xév
. Different operational ALARM settings can subsequently exist for different measure
n the machine, reflecting differences in, for example, dynamic load and bearing sup

e of establishing ALARM limits is given in Annex C.

etting of TRIPS

imits generally relate to the mechanical integrity of the maching and are dependent on
sign features which have been introduced to enable the fhachine to withstand abnor
rces. The values used are generally the same for all machines of similar design and wq
ly be related to the steady-state baseline value used forsetting ALARMS.

be differences for machines of different design and it is not possible to give more pre
for absolute TRIP limits. In general, the TRIP limit is within zone C or D, but it should
b times the zone boundary C/D. However, experience with a specific machine can prescri
Mmit.

bd in 5.2.2.4, suitable adjustments can be-tequired to the shaft vibration TRIPS for units v
ng and/or seal clearances (see Annex.E).

es can be controlled by an autematic control system which shuts down the machin
ibration limits are exceeded:In order to avoid unnecessary trips due to spurious sigr
pn practice to adopt a cantrol logic using multiple transducers and to define a time d
automatic action is initiated to shut down the machine. Therefore, if a vibration TRIP sig

an action to proceéd)should only be acted upon if the signal is confirmed by at least
1t transducers andZexceeds the defined limit for a specified finite delay time. Typical

sed
ent
ort

any
mal
uld

Cise
not
be a

vith

e if
als,
blay
bnal
fwo

Yy, a
ous

in the range of<1s'to 3 s should be adequate to prevent premature tripping due to spur
ile avoiding €xtreme damage due to prolonged exposure to high vibration. It might als

r othermanufacturer's recommendations) can be taken to avoid tripping the unit.

be

introduce @second alarm or warning to alert operators, so that corrective action (e.g. Joad

machine is subject to low-frequency vibration transmitted from an external source (e.g. in
aKe zone), then it can be necessary to filter the signal and/or implement an appropriate time

oid any nuisance trips.

5.2.4 Vibration magnitude during non-steady-state conditions (transient operation)

5.2.4.1 General

The vibration values given in Annexes A and B are specified with regard to the long-term operation of
the gas turbine at the specified steady-state operating conditions. Higher vibration can be tolerated
during the time that it takes for the gas turbine to reach thermal equilibrium when the operating
conditions are changing at rated speed and during run up or run down. These higher values can exceed
the steady-state ALARM and TRIP limits specified in 5.2.3. For such cases, a “trip multiplier” may be
introduced which automatically raises the ALARM and TRIP limits for the period until steady-state
conditions are established (see 5.2.4.4).
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For gas turbines operating under non-steady-state conditions, such transient changes, which strongly
influence the vibration behaviour, are generally associated with thermal variations (e.g. due to
temperature changes during initial loading and load changes) and speed changes (e.g. run up, run
down). Special design features are introduced to deal with such conditions, but it is inevitable that
there are greater variations in the experienced vibration during speed changes (e.g. run up, run down)
and while thermal changes are taking place (e.g. during start up, initial loading and load changes).

As with the steady-state vibration, any acceptance criteria for specific cases shall be subject to
agreement between the machine supplier and purchaser. However, provisions are given in this clause
which should ensure that gross deficiencies or unrealistic requirements are avoided.

For variations

ina

machines with synchronizing clutches, vibration step changes can occur due to normal
xial expansion and clutch engagement angle.

5.2/4.2 Vibration magnitude during transient operation at rated speed

Thi
any
may
C/D

5 includes operation at no load, initial loading or during rapid load or power factor changes and

other operational conditions of relatively short duration. During such-conditions, th¢ vibration
rnitude shall normally be considered to be acceptable provided it doesnot exceed the zon¢ boundary
. The TRIP and ALARM limits should be adjusted accordingly.

5.2{4.3 Vibration magnitude during run up, run down and©verspeed

The
are
rec
spe

gas turbine shall have been adequately conditioned prior to running up to ensure|that there
no temporary bends or bows present which would cauise abnormal excitation. In partficular, it is
pbmmended that, where appropriate, a period of barring with the turning gear engaged gnd/or low-
bd rotation be carried out before commencing te’run up. Following this, if the gas turbine is fitted

wit
sha

h shaft vibration transducers, slow-roll measurements may be carried out to assess the|
ft displacement obtained at low speed (where the measurements are not influenced by

res

nance speed), when stable bearing oil films have been established but centrifugal

amount of
the lowest
pffects are

negligible. The shaft displacement measuted at this speed, together with other reference p
shopld be checked to be within previously established satisfactory experience. Such checky provide a
bas|s for judging whether the state/of\the shaft line is satisfactory; for example, whether aftemporary
bend is present in the shaft or whether there is any lateral or angular misalignment between couplings

“crfank effect”). Furthermoresdiiring the run up, it is recommended that the vibration be assessed
befpre a resonance speed is.teached and compared with typical vibration vectors obtained under the
sanje conditions during previous satisfactory runs. If any significant differences are obsefved, it can
be advisable to take further action before proceeding (e.g. hold or reduce speed until thg vibration
stabilizes or returns-to-previous values, carry out a more detailed investigation or check ¢perational
parpmeters).

arameters,

If there is no.prevision for barring or for measuring slow roll shaft displacement, observe plternative

recpmmendations given by the supplier.

Durlingtun up, it can be necessary to hold at a particular speed (e.g. to allow temperaturg matching
or durihg gas turbine purging). If so, care should be taken to ensure that there is an adequpte margin
between the hold speed and any resonance speeds where significant amplification of the vibration could
occur. The specification of vibration limits during run up, run down and overspeed can vary depending
on particular machine constructional features or the specific operational requirements. For example,
higher vibration values can be acceptable for a base load production machine for which there is only a
small number of starts, whereas more stringent limits can apply for a machine which undergoes regular
two-shift operation and can be subject to specific time constraints for achieving guaranteed output
levels. Furthermore, the vibration magnitude when passing through resonance speeds during run up
and run down are strongly influenced by the damping and, to a lesser extent, by the rate of change of
speed (for the sensitivity of machines to unbalance, see ISO 21940-31).

Different ALARM limits from those adopted for normal steady-state operating conditions apply during
run up, run down and overspeed. They should normally be set relative to established values determined
from experience during run up, run down or overspeed for the particular machine. It is recommended
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that the ALARM limit during run up, run down and overspeed be set above these values by an amount
equal to 25 % of the zone boundary B/C for the rated speed.

In those cases where no reliable established data are available, the ALARM limit during run up, run
down or overspeed should not exceed the values given in Table 1.

Table 1 — ALARM limit during run up, run down or overspeed

Shaft relative vibration

(see Formulae (B.1), (B.2), (B.3)
andFigure B-H——

Speed range Vibration of non-rotating parts

(in relation to rated speed) (see Table A.1)

<20 % n/a (see Note) 1,5 x C/D boundary
20% to 90 % 1,0 x C/D boundary 1,5 x C/D boundaiy
>90 % 1,0 x C/D boundary 1,0 x C/D boundary

NOTE The
made on non
(see Annex [l

bnts
eed

ratio of vibration displacement to velocity is inversely proportional to frequency. Hence;for measurem
-rotating parts, there are drawbacks in using a constant velocity criterion at speeds belew 20 % of rated s

).

As explain
with small

Different a
excessive V
to initiate

down, sinc
the gas tur
or run dow

NOTE
speeds due

5.2.44

In some ca
if the TRIF
conditions
automaticg
5.2.4.2 and

steady—stale

bd in 5.2.2.4, suitable adjustments can be required to the shaft vilszation limits for bear
clearances (see Annex E).

ngs

e, if
han

pproaches are used with regard to setting a TRIP during runip or run down. For examp
ibrations build up during run up, it is possibly more appropriate to reduce speed rather {
h TRIP. On the other hand, there is little point in initiating a high vibration TRIP duringfrun
e this does not change the action which has already béen taken (i.e. to run down). Howevgr, if
bine has an automatic control system, it can be necessary to define TRIP limits during rup up
n. In such cases, the TRIP limits during run up or fun down should be derived by increasing the
operational TRIP limits specified in 5.2.3.3 by'the same proportion as for the ALARM limjits.

uring run up and run down, the highest vibration normally occurs when passing through reson
fo dynamic magnification effects. At other speeds, lower vibration is normally expected.

Ance

se of “trip multiplier”

Kes, gas turbines are fitted-With control systems which automatically shut down the turlpine
limits are exceeded. In-order to avoid unnecessary trips when operating under transIent
during which highep~yibration is permitted, a “trip multiplier” may be introduced which
lly increases the steady-state ALARM and TRIP limits to reflect the revised values givep in
5.2.4.3.

The “trip

ultiplier” would normally be activated during acceleration/deceleration of the rotor to/ffom

rated speed (but net,during any hold speed) and, if appropriate, during the initial loading transfent
after reaclling rated“speed, and for short periods after any sudden, substantial load changes to aflow
the thermdl conditions to stabilize. Different “trip multiplier” settings, based on established experiepce,
can apply foreach of these operational conditions. The actual “trip multiplier” values vary for diffefent
machines andshoutdbebasede eviotrs-satisfactoryoperationatexpertenc

5.3 Criterion II: change in vibration magnitude under steady-state conditions at
rated speed

This criterion provides an assessment of a change in vibration magnitude from a previously established
reference value for particular steady-state conditions. A significant increase or decrease in vibration
magnitude can occur, which requires some action even though zone C of Criterion I has not been
reached. Such changes can be instantaneous or progressive with time and can indicate that damage has
occurred or be a warning of an impending failure or some other irregularity. Criterion II is specified on
the basis of the change in vibration magnitude occurring under steady-state operating conditions at
rated speed. This includes small changes in variables such as power output, but does not include large,
rapid changes in output, which are dealt with in 5.2.4.2.
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For machines with synchronizing clutches, vibration step changes can occur due to normal variations
in axial expansion and clutch engagement angle.

The reference value for this criterion is the typical, reproducible normal vibration, known from
previous measurements for the specific operating conditions. If the vibration magnitude changes by
a significant amount (typically 25 % of the zone boundary B/C but other values may be used based
on experience with a specific machine), steps should be taken to ascertain the reasons for the change.
Such action should be taken regardless of whether the change causes an increase or decrease in the
vibration magnitude. A decision on what action to take, if any, should be made after consideration of the
maximum value of vibration and whether the machine has stabilized at a new condition. In particular, if

the

rate of change of vibration is significant, action should be taken even though the limit defined above

has

Wh

not been exceeded.

bn Criterion II is applied, the vibration measurements being compared shall be taken 3

tramsducer location and orientation and under approximately the same machine operating c

Its
sigr
con
sigr
cha
the
con
att

hould be appreciated that a criterion based on change of vibration has limited applic:
ificant changes of varying magnitude and rates can and do occur)in individual

al (see ISO 20816-1). For example, the propagation of a crack in a roter can introduce a |
r magnitude can be small relative to the amplitude of the oncetper-revolution rotationa

ponent. Consequently, it can be difficult to identify the effects of the crack propagation
he change in the broad-band vibration only. Therefore,@lthough monitoring the chang

band vibration gives some indication of potential problems, it can be necessary in certain a

tou
vec
sop
spe
SCo

5.4

The
diff]
houl
of t
the
on |
diff]
unl

se measurement and analysis equipment which is capable of determining the trends of t
for changes which occur for individual frequency components. This equipment ca
histicated than that used for normal supervisory monitoring and its use and applicatig
rialist knowledge. The specification of detailed criteria for measurements of this type is
pe of this document (see 5.5).

Supplementary procedures/griteria

re is no simple way to relate bearing housing vibration to shaft vibration or vice

prence between the shaft.absolute and shaft relative measurements is related to t
sing vibration, but generallyis not numerically equal to it because of the relative dynami
he bearing oil film and'support structure at the operating speed, the different positior
probes are mounted and the influence of phase angle differences. Thus, if vibration ig
pboth non-rotating'parts and on rotating shafts and the application of the different crite

ess there is significant experience to the contrary.

t the same
bnditions.

tion, since
frequency

ponents, but the importance of these is not necessarily reflected-in‘the broad-band vibration

rogressive

hge in vibration at rotational frequency and components at multiples of rotational frequency, but

frequency
by looking
e in broad-
plications
e vibration
 be more
n requires
beyond the

versa. The
ne bearing
C flexibility
s at which
measured
ia leads to

brent assessments of vibration severity, the more restrictive zone classification generally applies,

5.5| Evaluation based on vibration vector information

Theg evaluation considered in this document is limited to broad-band vibration without reference

tO nnnnnnnnnnnnnnnnnnnnnnnnnnnn nopanct ~acAc thic 3o A daqiiabn fo oot oot and for
frequeney—eomponents—er—phase—rmoest-eases—thisis—adequate—foraceceptanece—testing

operational monitoring purposes. However, for long-term condition monitoring purposes and for
diagnostics, the use of vibration vector information is particularly useful for detecting and defining
changes in the dynamic state of the machine. In some cases, these changes would go undetected when
using only broad-band vibration measurements (see ISO 20816-1:2016, Annex D).

Phase and frequency related vibration information is commonly used for monitoring and diagnostic
purposes. The specification of criteria for this, however, is beyond the scope of this document. They are
dealt with in greater detail in the respective parts of ISO 13373, which give provisions for the vibration
condition monitoring of machines.
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Annex A
(normative)

Evaluation zone boundaries for vibration of non-rotating parts

The evaluation zone boundaries for vibration of non-rotating parts are given in Table A.1. The values

given in Tq]«]n A1l annly 0 radial vibhyation maaacuramantce Af A1l hoaringe and 0 ~via] i
gt ror—v 1O

afion

T O ppry co— o T DT oo I C OO O I Tt O ot D COT TS50 oot tO o5ttt vV 1ot

measuremegnts of thrust bearings, when taken under steady-state operating conditions at rated‘sp
for the freuency range specified in 4.2. Figures 1 and 2 show typical measurement positions.

values givdn are for ensuring that gross deficiencies or unrealistic requirements are avoided. In cer
cases, spedific features associated with a particular machine type can require the use of different z

boundary

values (see 5.2.2.4). Higher vibration can be permitted at other measuremént-positions

under trangient conditions (see 5.2.4).

NOTE

Historically, acceptance criteria have been specified in zone A or zone B, but would normally]

exceed 1,25[times the zone A/B boundary (see 5.2.2.3).

After majofr component replacement, maintenance or service activities, acceptance criteria shall {

into accou

t the scope of activity and the vibration behaviour prior te-servicing.
Table A.1 — Values for bearing housing or pedestal RMS vibration velocity at zone boundar
Zone RMS vibration velocityat zone boundaries
boundary mmy/s
A/B 4,5
B/C 9,3
C/D 14,7

14
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The
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and
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Annex B
(normative)

Evaluation zone boundaries for vibration of rotating shafts

In accordance with accumulated experience of shaft vibration measurements in t

p), in micrometres, for gas turbines with outputs greater than 3 MW are inversely prop
square root of the maximum normal operating speed n (r/min). The recommendedval
turbines are given by Formulae (B.1), (B.2) and (B.3) and are illustrated in Figure B4. Ge
al value used should be rounded to the nearest multiple of 5 pm:

actr]l

Zone boundary A/B

s 4800
(p-p) — Jn

Zone boundary B/C

S 9000
(p-p) — \/;

Zone boundary C/D

¢ _13200
2= 7

The
med
spe
or
mag

lsurements at, or close to, the bearings, when taken under steady-state operating conditig
bd for the frequency range specified in 4.3. The values given are for ensuring that gross
nrealistic requirements are avoided. In certain cases, specific features associated with 3
hine type can require theyuse of different zone boundary values (see 5.2.2.4). For ex3
shopld be taken to ensuré_that the shaft relative vibration does not exceed the allowal
clegrance (see Annex E)(Higher vibration can be permitted at other measurement positions
tramsient conditions (€€ 5.2.4).

The criteria givenhin this annex are stated in terms of the maximum peak-to-peak shaft vib

his field, the

boundaries
ortional to
es for such
herally, the

(B.1)

(B.2)

(B.3)

values given by Formulae (B.1), (B:2) and (B.3) and in Figure B.1 apply to radial shafft vibration

ns atrated
eficiencies
particular
mple, care
le bearing
and under

ration (see

Met
if th
(sed
der

hod B of ISO20816-1:2016, Annex A) at a particular measurement position. As a gener
e outputs from a pair of orthogonal transducers at the measurement plane are used to
MethodC of ISO 20816-1:2016, Annex A), the corresponding zone boundary values for
ved.by dividing the values given in this annex by a factor of 1,85.

)

guideline,
erive Smax
fmax can be

NOTET  Historically, acceptance criteria nave been speciiied in Zone A or zone B, but would n
exceed 1,25 times the zone A/B boundary (see 5.2.2.3).

ormally not

After major component replacement, maintenance or service activities, acceptance criteria shall take

into account the scope of activity and the vibration behaviour prior to servicing.

NOTE 2 Itis not common practice to measure shaft absolute vibration on gas turbines.
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greaterthan 3 MW

— Recommended values for shaft relative vibration displacement at zone boundaries
ction of the maximum normal operating speed for gas turbines with power outputs
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