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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 1SO 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
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br transient operating conditions, such as run up andqtn down, have been included.

6 consists of the following parts, under the general title Mechanical vibration — Evaluation
by measurements on non-rotating parts:
(. General guidelines
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Introduction

ISO 10816-

1 is the basic document which describes the general requirements for measurement and evaluation of

the vibration of various machine types when the vibration measurements are made on non-rotating parts. This part
of ISO 10816 applies to steam turbines and generators.

vibratory co
the severity,

on measure

shafts are

The evaluaf
is importan
analysis ha
monitoring

part of ISO
parts of thig

' X ' ' ssing the
ndltlon of such machines. It must be recognlzed that these criteria do not form the only ba5|s for judging
of vibration. For steam turbines and generators, it is common practice also to judge the.vibratipn based
ments taken on rotating shafts. Requirements and evaluation criteria for measurements on rotating
ddressed in separate standards, 1ISO 7919-1 and ISO 7919-2.

on procedures presented in this part of ISO 10816 are based on broad-band measurements. Hpwever, it
to note that because of advances in technology, the use of narrow-band“measurements of spectral
s become increasingly widespread, particularly for the purposes of Wwibration evaluation, |condition
hnd diagnostics. The specification of criteria for such measurements is ligyond the present scope of this
10816. They will be dealt with in 1ISO 13373-1 for vibration conditign monitoring of machineg. Further
series are currently under development.
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of ISO 10816 gives specific guidance for evaluating the severity of vibration measured on the
bines and generators. Guidelines are presented for in situ, broad-band vibration measurements
bction on the bearings in terms of:

ion under normal steady-state operating conditions;
ion during transient operation, including passage through tesonant speeds during run up or rur

jes in vibration which can occur during normal steady‘state operation.

blines also apply to axial vibration measured on-thrust bearings.

hnd/or generators which are directly~coupled to a gas turbine (such as for combined cycle app
bs the criteria of this part of ISO 10816 apply only to the steam turbine and the generator. Evaly
ne vibration should be carried out in accordance with ISO 7919-4 and ISO 10816-4.

hative references

ving normative déeuments contain provisions which, through reference in this text, constitute p
bf ISO 10816,-For dated references, subsequent amendments to, or revisions of, any of these
bply. Howevery.parties to agreements based on this part of ISO 10816 are encouraged to inv
of applying'the most recent editions of the normative documents indicated below. For undated
edition-of the normative document referred to applies. Members of ISO and IEC maintain
valid International Standards.

bearings of
taken in the

down;

of ISO 10816 is applicable to land-based:Steam turbines and generators with a normal operatipg speed of
in, 1 800 r/min, 3 000 r/min or 3 600 r/min, and power outputs greater than 50 MW. It also includes steam

ications). In
ation of the
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publications
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references,
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ISO 791

-2, Mechanical vibration — Evaluation or machine vibration by measurements on rotating snar

ts — Part 2:

Land-based steam turbines and generators in excess of 50 MW with normal operating speeds of 1 500 r/min,
1 800 r/min, 3 000 r/min and 3 600 r/min

ISO 10816-1, Mechanical vibration — Evaluation of machine vibration by measurements on non-rotating parts —
Part 1: General guidelines

3 Measurement procedures

The measurement procedures to be followed and the instrumentation to be used shall be as described in
ISO 10816-1.
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The measurement system shall be capable of measuring broad-band vibration over a frequency range from 10 Hz to
at least 500 Hz. If, however, the instrumentation is also to be used for diagnostic purposes, or monitoring during
machine run up, run down or overspeed, a wider frequency range may be necessary. Furthermore, in special cases
where significant low-frequency vibration can be transmitted to the machine (e.g. in earthquake regions), it may be
necessary to attenuate the low-frequency response of the instrumentation.

The transducers for vibration measurements shall be mounted on a rigid part of the structure such that they provide
adequate sensitivity to the dynamic forces of the machine. Typically, this will require measuring in two orthogonal
radial directions on each bearing, as shown in Figure 1. Although the transducers may be placed at any angular
location on the bearings, vertical and horizontal directions are usually preferred.

NOTE Evaluation criteria in this part of ISO 10816 apply to radial vibration measurements on all bearings and to axial vibration
measurements on thrust bearings.

Figure 1 — Recommended locations of vibration measurements on bearings
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A single radial transducer may be used on a bearing in place of the more typical pair of orthogonal transducers if it is
known to provide adequate information on the magnitude of the machine vibration. In general, however, caution
should be observed in evaluating vibration from a single transducer at a measurement plane since it may not be
oriented to provide a reasonable approximation of the maximum value at that plane.

It is not common practice to measure axial vibration on main radial load-carrying bearings of steam turbines and
generators for continuous operational monitoring. Such axial measurements are used primarily during periodic
vibration surveys, or for diagnostic purposes. Axial vibration criteria are not provided in this part of ISO 10816.
However, when axial vibration is measured at thrust bearings, the severity may be judged using the same criteria as
for radial vibration.

4 EvaILation criteria

4.1 Geperal
ISO 10816-1 provides a general description of the two evaluation criteria used to assess-vibration severity on various
classes df machines. One criterion considers the magnitude of observed broad-band vibration; the secord considers
changes|in magnitude, irrespective of whether they are increases or decreases.
Criteria dre presented for steady-state operating conditions at the specified rated speed and load ranggs, including

the normal slow changes in electrical load of the generator. Alternative,values of vibration magnitufle are also
provided |for transient operation.

4.2 Criterion I: Vibration magnitude

4.2.1 General

This critdrion is concerned with defining limits for absolute vibration magnitude consistent with acceptable dynamic
loads on|the bearings and acceptable vibration transmission into the support structure and foundation.

4.2.2 Vipration magnitude at rated speed under normal steady-state operating conditions

4.2.2.1 (General
The max|mum vibration magnitde observed at each bearing or pedestal is assessed against four evaluyation zones

established from internationalexperience. The maximum magnitude of vibration measured is defined as the vibration
severity.

4.2.2.2 Evaluation zones

The folloyving evaluation zones are defined to permit a qualitative assessment of the vibration of a given machine and
to provide guidelines on possible actions.

Zone A: The vibration of newly commissioned machines 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 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.

© 1S0 2001 - All rights reserved 3
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NOTE The evaluation zones defined above are relevant to normal steady-state operation at rated speed. Subclause 4.2.4
provides guidelines for transient operation.

4.2.2.3 Evaluation zone boundaries

Recommended values for the zone boundaries are given in annex A. They apply to radial vibration measurements on
all bearings and to axial vibration measurements on thrust bearings when taken under steady-state operating
conditions at rated speed. The zone boundary values were established from representative data provided by
manufacturers and users. Since the data show significant spread, the zone boundary values should be considered
only as guidelines. They are not intended to serve as acceptance specifications, which shall be subject to agreement
between the_machi e e ' ideli ing that gross
or unrealistic requirements are avoided.

deficiencie

In most cages the values given in Table A.1 are consistent with ensuring that the dynamic loads tfansmitfed to the
bearing support structure and foundation are acceptable. However, in certain cases, specific features or|available
experience [associated with a particular machine type may require different zone boundaries\to be used |(lower or
higher). Examples are as follows.

a) For comparatively lightly loaded bearings (e.g. exciter rotor steady bearings) or other more flexible pearings,
other crjteria based on the detailed machine design may be necessary.

b) For sone machine designs, where the rotor and bearings are supported on @ compliant base/support structure,
the magnitudes of (absolute) bearing vibration might be higher than those for’steam turbines and generftors that
have mpre rigid bearing support structures. It may then be acceptable, based on demonstrated satisfactory
operatirjg history, for the zone boundary values given in annex A to ke increased.

See also 4{2.3.2 and annex B with regard to setting limits for m@achines having bearings with different support
stiffness.

In general when higher zone boundary values are used,-it*might be necessary for technical justification to be
provided tq confirm that the machine reliability will net’be compromized by operating with higher |vibration
magnitudes. This could be based, for example, onsuccessful operating experience with machines ¢f similar
structural design and support. Higher values may alsebe tolerated during transient conditions, such as ryn up and
run down (See 4.2.4).

This part of[|ISO 10816 does not provide different evaluation zone values for steam turbines and generators|mounted
on rigid and flexible foundations. This issconsistent with ISO 7919-2 which deals with shaft vibration for the same
class of machines. However, this part.of 1ISO 10816 and 1SO 7919-2 might be revised in the future to givg different
criteria for gteam turbines and generators mounted on massive concrete foundations and those mounted ¢n lighter,
tuned steel foundations, if additionalanalysis of survey data on such machines shows this to be warranted

The comm@n measurement-parameter for assessing machine vibration severity is velocity. Table A.1 pregents the
evaluation Zone boundaries‘based on broad-band r.m.s. (root-mean-square) velocity measurements. In mapy cases,
however, it was customary to measure vibration with instruments scaled to read peak rather than r.m.s.|vibration
velocity valfies. If thé\vibration wave form is basically sinusoidal, a simple relationship exists between the peak and
r.m.s. valuep and.the zone boundaries of Table A.1 may be readily expressed in peak values.

For steam tyrbines and generators, it is common for the vibration to be predominantly at the running frequency of the
machine. For such cases and when peak rather than r.m.s. values of vibration are being measured, a table equivalent
to Table A.1 can be constructed. The zone boundaries of Table A.1 are multiplied by a factor of \/E to produce such
an equivalent table for assessing peak vibration severity. Alternatively, the measured peak vibration values may be
divided by \/5 and judged against the r.m.s. criteria of Table A.1.

A different factor may be required if instrumentation measuring true peak values is used.

4 © 1SO 2001 — All rights reserved
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4.2.3 Operational limits for steady-state operation

4.2.3.1 General

For long-term steady-state operation, it is common practice to establish operational 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
occurred, at which remedial action may be necessary. In general, if an ALARM situation occurs, operation can
Contlnue fUI A |JCIILJ\‘.‘JI vvhllot ;IIVCQt;UGt;UIID arc bClII;CCII uut tU IdCIItIf‘y thC Caouvll fUI thC bh(}ll IUC ;II V;blat;ul and deflne

any remgdial action.

TRIPS: T specify the magnitude of vibration beyond which further operation of the machine may“causq damage. If
the TRIP|value is exceeded, immediate action should be taken to reduce the vibration or theqmachine should be shut
down.

Different |operational limits, reflecting differences in dynamic loading and supportstiffness, may be gpecified for
different measurement positions and directions.

4.2.3.2 PBetting of ALARMS

The ALARM values may vary for individual machines. The values chiesen will normally be set relative t¢ a baseline
value determined from experience for the measurement position or-direction for that particular machine.

It is recommended that the ALARM value be set higher than the baseline by an amount equal to 25 %|of the zone
boundary B/C. If the baseline is low, the ALARM may bebelow zone C (see the example in annex B).

Where there is no established baseline (for example-with a new machine) the initial ALARM setting should be based
either on|experience with other similar machings;or relative to agreed acceptance values. After a period|of time, the
steady-sfate baseline value will be establisheéd and the ALARM setting should be adjusted accordingly.

Where thie baseline signal is non-steady-and non-repetitive, some method of time averaging of the signallis required.
This could be achieved with the aid-of-a computer.

It is reco;mmended that the ALARM value should not normally exceed 1,25 times the zone boundary B/Q.

If the stepdy-state basgline changes (for example after a machine overhaul), the ALARM setting should be revised
accordingly. Different;operational ALARM settings may then exist for different bearings on the maching, reflecting
differences in dynamic loading and bearing support stiffnesses.

An example.of establishing ALARM values is given in annex B.

4.2.3.3 Setting of TRIPS

The TRIP values will generally relate to the mechanical integrity of the machine and be dependent on any specific
design features which have been introduced to enable the machine to withstand abnormal dynamic forces. The
values used will, therefore, generally be the same for all machines of similar design and would not normally be
related to the steady-state baseline value used for setting ALARMS.

There may, however, be differences for machines of different design and it is not possible to give more precise
guidelines for absolute TRIP values. In general, the TRIP value will be within zone C or D, but it is recommended that
the TRIP value should not exceed 1,25 times the zone boundary C/D.

© 1SO 2001 — All rights reserved 5
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4.2.4 Vibration magnitude during transient operation

4241 General

The vibration values given in annex A are specified with regard to the long-term operation of the steam turbine and/or
generator at the specified steady-state operating conditions. Higher values of vibration can be tolerated during
transient operation. This includes both transient operation at rated speed and during run up or run down, particularly
when passing through resonant speed ranges. The higher values allowed for transient operation may exceed the

ALARM values specified in 4.2.3.

As with the
the machin
deficiencieg

4.2.4.2 Vil

This includ
operational
normally be

4.2.4.3 Vil

The specifi
machine co
be acceptal
limits may a
for achievin
during run u
as the rate

experiencedl when passing through resonant speéds during run down (see also 1ISO 10814 for further in

about the s

In this part
established
pedestal vil
overspeed
of pedestal
low speed.

This relatiofship is shown in graphical form in Figure 2.

The maxim@im yaldes will normally occur during passage through resonant speed ranges. In order to avoid ¢

vibration it

steady-state vibration, any acceptance values for specific cases shall be subject to agreement
e manufacturer and customer. However, guidelines are given below which should ensure t

or unrealistic requirements are avoided.

ration magnitude during transient operation at rated speed

conditions of relatively short duration. For such transient conditions,~the vibration magnit
considered to be acceptable provided that it does not exceed the zone\boundary C/D.

ration magnitude during run up, run down and overspeed

Cation of vibration limits during run up, run down and<everspeed may vary depending on

ple for a base load unit for which there may be onlyra small number of starts, whereas more
pply for a unit which undergoes regular two-shift @peration and may be subject to specific time ¢
) guaranteed output levels. Furthermore, the vibration magnitude when passing through resona
p and run down will be strongly influenced by the damping and the rate of change of speed. For
of change of speed is generally lower, during run down than run up, higher vibration values

bnsitivity of machines to unbalance).

of ISO 10816 it is only poSsible to provide general guidelines which can be used if ther|
baseline values available-fer similar machines (see also annex B). The guideline is that the

should not exceed the zone boundary C/D. It should also be noted that the specification of a sin

vibration velocity during run up or run down would lead to unacceptably high vibration displace
n such cases itmay be necessary to define alternative low-speed criteria.

sirecommended that, where possible, the vibration should be assessed before a resonant

between
hat gross

bs operation at no load following synchronization, rapid load or power factor changes and any other

ide shall

particular

hstructional features, or the specific operational requirements. For example, higher vibration vdlues may

stringent
nstraints
t speeds
example,
5 may be
ormation

e are no
Allowable

ration velocity to prevent damaging levels of vibration from being experienced during run up, rum down or

gle value
ments at

bXcessive
speed is

reached an

compared witn typlical vioration vectors obtalned under the same condaitons auring previous sa isfactory

runs. If any significant differences are observed, it may be advisable to take further action before proceeding (for
example, hold speed until the vibration stabilizes or returns to previous values, carry out a more detailed investigation
or check operational parameters).

As is the case for vibration measured under normal steady-state operating conditions, any ALARM values during run
up, run down and overspeed should normally be set relative to the corresponding baseline values determined from
experience during run up, run down or overspeed for the particular machine.

It is recommended that the ALARM value during run up, run down and overspeed should be set above the baseline
value by an amount equal to 25 % of the zone boundary B/C. In those cases where no reliable baseline data are
available, it is recommended that the maximum ALARM value should be not greater than the zone boundary C/D.
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Figure 2 — Allowable pedestal vibration. dufing run up, run down and overspeed

ases it is not normal practice to define TRIP settings during run up, run down and overspeed. H
ve vibrations build up during run up.it-may be more appropriate to reduce speed rather than
the other hand there is little point.in initiating a high-vibration TRIP during run down since
ne action (i.e. to run down) which has already been taken.

erion Il: Change in vibration magnitude

rion provides amassessment of a change in vibration magnitude from a previously establish
Significant inerease or decrease in broad-band vibration magnitude can occur which requires §
igh zone C ‘of Criterion | has not been reached. Such changes can be instantaneous or prog
may indicate that damage has occurred or be a warning of an impending failure or some othe
Il is specified on the basis of the change in broad-band vibration magnitude occurring under {
conditions. Such conditions allow for small changes in the generator power output at the norm

or example,
to initiate a
this will not

ed baseline
ome action
ressive with
irregularity.
teady-state
al operating

speed.

When Criterion Il is applied, the vibration measurements being compared shall be taken at the same transducer
location and orientation, and under approximately the same machine operating conditions. Significant changes from
the normal vibration magnitudes should be investigated so that a dangerous situation can be avoided. If the vibration
magnitude changes by a significant amount (typically 25 % of the zone boundary B/C), regardless of whether this
increases or decreases the magnitude of vibration, steps should be taken to ascertain the reason for the change.
Diagnostic investigations should then be initiated to ascertain the reason for the change and to determine what
further actions are appropriate.

The 25 % value is provided as a guideline for a significant change in vibration magnitude, but other values may be
used based on experience with a specific machine.
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4.4 Supplementary procedures/criteria

The measurement and evaluation of vibration given in this part of ISO 10816 may be supplemented or replaced by
shaft vibration measurements and the applicable criteria given in ISO 7919-2. It is important to recognize that there
is no simple way to relate bearing vibration to shaft vibration, or vice versa. The difference between the shaft absolute
and shaft relative measurements is related to the bearing vibration but might not be numerically equal to it because
of phase angle differences. Thus, when the criteria of this part of ISO 10816 and those of ISO 7919-2 are both
applied in the assessment of machine vibration, independent shaft and bearing vibration measurements shall be
made. If the application of the different criteria leads to different assessments of vibration severity, the more
restrictive classification generally applies.

45 Eval

The evalua
component:
purposes.
information
cases thesq
ISO 10816+

Phase- and
purposes. T

tion based on vibration vector information

However, for long-term condition monitoring purposes and for diagnostics, the use of vibrati
is particularly useful for detecting and defining changes in the dynamic state.afthe machine
changes would go undetected when using only broad-band vibration meastrements (see, for
1).

ion considered in this part of ISO 10816 is limited to broad-band vibration without referenee to ffequency
5 or phase. This will, in most cases, be adequate for acceptance testing and for operational monitoring

bn vector
In some
example,

frequency-related vibration information is being used increasingly for’condition monitoring and diagnostic
he specification of criteria for this, however, is beyond the present,scope of this part of ISO 10416.
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