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Forewor

d

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
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Annex A folms a normative part of this part of ISO 10816. Annexes B and C are for information only.

SO, alS0 ake part i the Work. 150 collaborates closely WIth the mternatonal Elecirqg
n (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part’3.

htional Standards adopted by the technical committees are circulated to the member bodies f
as an International Standard requires approval by at least 75 % of the memberbodies casting

drawn to the possibility that some of the elements of this part of 1ISO.10816 may be the s
5. ISO shall not be held responsible for identifying any or all such patent-rights.

| Standard ISO 10816-5 was prepared by Technical Committee USO/TC 108, Mechanical vibr
committee SC 2, Measurement and evaluation of mechanical vibration and shock as a
ehicles and structures.

consists of the following parts, under the general title Mechanical vibration — Evaluation of]
measurements on non-rotating parts:

General guidelines
Large land-based steam turbine generator.sets in excess of 50 MW

Industrial machines with nominal-pewer above 15 kW and nominal speeds between 120
r/min when measured in situ

Gas turbine driven sets excluding aircraft derivatives
Machine sets in hydraulic power generating and pumping plants

Reciprocating machines with power ratings above 100 kW

technical

br voting.
h vote.

ubject of

ation and
oplied to

machine

'min and
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Introduction

ISO 10816-1 is the basic document which describes the general requirements for evaluating vibration of various
machine types when the vibration measurements are made on non-rotating parts. This part of ISO 10816 provides
specific guidance for assessing the severity of vibration measured at the bearings, bearing pedestals or bearing
housings of machine sets in hydraulic power generating and pumping plants when measurements are made in situ.

Two critgria are provided for assessing the machine vibration. One criterion considers the magnitude’pf observed
vibration;|the second considers changes in the magnitudes. It must be recognized, however, that these two criteria do
not form [the only basis for judging the severity of vibration. For most machine types it is also.common o judge the
vibration pased on measurements taken on the rotating shaft. Shaft vibration measurement requirementd and criteria
are addrgssed in separate documents, ISO 7919-1 and ISO 7919-5.

© 1SO 2000 — All rights reserved \
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Mechanical vibration — Evaluation of machine vibration by
measurements on non-rotating parts —

Part 5:

Machine sets in hydraulic power generating and pumping plants
1 Scqgpe

This part] of ISO 10816 gives guidelines for applying bearing housing vibration eyvaluation criteria mea
normal operating conditions at the bearings, bearing pedestals or bearing housings of the main mac
hydraulic|power generating and pumping plants. These guidelines are presentedinterms of both steady-S
vibration pind any amplitude changes which may occur in these steady values(The numerical values speq
intended [to serve as the only basis for vibration evaluation, since, in genéral, the vibratory condition of g
assessed by consideration of both the bearing housing vibration and theyassociated shaft vibration (see in
ISO 10816-1 and ISO 7919-1).

This part|of 1ISO 10816 is applicable to machine sets in hydraulic power generating and pumping plant
hydraulicmachines have speeds from 60 r/min to 1800 r/min,‘shell or shoe type sleeve bearings and a
power of|1 MW and more. The position of the shaft line may be vertical, horizontal or at an arbitrary an
these twq directions.

Machine gets covered by this part of ISO 10816 may.be combined from

— hydrpulic turbines and generators,

— pumps and electrical machines operating as motors, or

— pump-turbines and motor-generators.

Auxiliary [equipment (e.g. starting turbines or exciters lying in the shaft line) is included. Evaluation cr
present dnly given for the'main bearings of the machine set.

This part| of ISO 10816 is applicable also to single turbines or pumps connected to generators or elect
over geals or/andadially flexible couplings. However, electrical machines of this type should in principal &
according to thescriteria specified in ISO 10816-3.

This part of 4SO 10816 is naot applirahlp to the ntIn\A/ing'

pum

hydr

sured under
nine sets in
tate running
ified are not
machine is
roduction of

5 where the
mnain engine
jle between

teria are at

rical motors
e evaluated

ps in thermal power plants or industrial installations (for these machines, see 1ISO 10816-3);

aulic machines or machine sets having rolling element bearings.

Consistent with clause 1 of 1SO 10816-1:1995, bearing housing vibration of machine sets in hydraulic power
generating and pumping plants may be determined with regard to following tasks:

task

task

A: monitoring changes in vibrational behaviour;

B: prevention of excessive kinetic load.

© 1SO 2000 — Al rights reserved
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The criteria are applicable mainly for the vibration produced by the machine set itself. Special considerations should
be made when necessary for vibration transmitted to the machine set from external sources.

2 Normative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of
this part of ISO 10816. For dated references, subsequent amendments to, or revisions of, any of these publications
do not apply. However, parties to agreements based on this part of ISO 10816 are encouraged to investigate the
possibility of applying the most recent editions of the normative documents indicated below. For undated

references,

the latest edition of the normative document referred to :\plnlipc Members of 1ISO and |IEC

registers of

currently valid International Standards.

maintain

ISO 10816-11:1995, Mechanical vibration — Evaluation of machine vibration by measurements on noh-rotating
parts — Palt 1: General guidelines.

IEC 60994,| Guide for field measurement of vibrations and pulsations in hydraulic machines (turbines, storage
pumps and|pump-turbines).

3 Machine arrangements

Significant gifferences in design and arrangement of hydraulic machine séts require a separation into foul principal
groups with|regard to the radial bearing stiffness, as follows.

Group 1 : Hprizontal machine sets with pedestal or end-shield bearings mounted on a rigid foundation, uspally with
operational speeds of above 300 r/min.

Group 2 : Hprizontal machine sets with bearing housings.which are only braced against the casing of the [hydraulic
machine, ugually with operational speeds of less than 300-t/min.

Group 3: Mertical machine sets with bearing housings which are all braced against the foundation, uspally with
operational peeds of between 60 r/min and 1 800-\r/min.

Group 4 : Mertical machine sets with lower bearing housings braced against the foundation and uppef bearing
housings bfaced against the generatory'stator only, usually with operational speeds of between 60 rfmin and
1 000 r/min,

NOTE WUmbrella-type machings-helong to Group 4.

Figures 1 tg 4 show examples for each group.

2 © 1SO 2000 — All rights reserved


https://standardsiso.com/api/?name=f3a2b139b5521eaf22140c506e3ab56b

ISO 10816-5:2000(E)
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NOTE The numbers indicate measurement locations.

Figlre-t—Measurementlocationsfor-Group-I-machine-sets-with-horizental-shaft-and-pedestal-or

end-shield bearings mounted on rigid foundation, usually with operational speeds of above 300 r/min
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NOTE The numbers indicate measurement locations.

Figure 2 + Measurement locations for a Graup2 machine set with horizontal shaft and bearing housings|
which arg only braced against the casing of the hydraulic machine, usually with operational speeds of
less than 300 r/min

4 © 1SO 2000 — All rights reserved
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NOTE The numbers-indicate measurement locations.

Figurd 3 — Measurement locations for a Group 3 machine set with vertical shaft and bearing housing
which are all'braced against the foundation, usually with operational speeds of between 60 r/min ang
1 800 r/min

n
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NOTE 1  The numbers indicate measurement locations.
NOTE 2 Umbrella-type machines belong to this group.
Figure 4 4+~Measurement locations for a Group 4 machine set with vertical shaft, lower bearing housings

braced agamst the-foundattoranct tPPet bcalillg :luuailly braced auaillat the generator-statot uniy, tstratt
with operational speeds of between 60 r/min and 1 000 r/min
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NOTE It is recommendedthat the location for horizontal measurements should be on the bearing pedestal apd not on the
bearing cap, whenever possible.

Figure:5 — Measurement locations and directions at pedestal or end-shield bearings

4 Measurement procedures and conditions

4.1 General

Follow the general procedures given in ISO 10816-1 and IEC 60994, subject to the recommendations given in 4.2
to 4.5.

© 1SO 2000 — All rights reserved 7
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4.2 Measurement type

Absolute bearing housing vibration measurements are commonly made on hydraulic machine sets using seismic

transducers

displacement
guantity using

measuring the vibration velocity v,
in micrometres. The vibration displacement

33igplacement transducers in the case where a rigid non-vibrating support can be found.

in millimetres per second or, after electronic integration, the vibration
_p can also be measured directly as a relative

Because of the special nature of the vibratory behaviour of hydraulic machines and their different speed ranges, these
guantities have favoured ranges of application as follows:

a) For lov

epnnrl machines (hnln\nl 300 rlmin) the prnfnrrnrl meastirement qllanfify is-the vihration dis
T 7

acement

So—p- If
based

For mqg
vibratig
normal

b)

4.3 Meaj

Measuremse
are normall
example on
are shown i

Care shall

housings a
measurems
various ope
bearing cap
shown in Fi

CAUTION:

the spectrum is expected to contain high-frequency components, the evaluation should.ho
bn broad-band measurements of both displacement and velocity.

dium- and high-speed machines (300 r/min to 1 800 r/min), the preferred measurement quan
n velocity v,,s- If the spectrum is expected to contain low-frequency components;.the evaluatig
y be based on broad-band measurements of both velocity and displacement.

surement locations and directions

nt tasks A and B (see clause 1) require measurements to be taken gn‘exposed parts of the ma
y accessible and are representative locations for the so-called force flow in the supporting stry
all main bearings of the machine set. Typical examples of measurement locations for hydraulic

N Figures 1 to 5.

pe taken in this context to ensure that measurementscreasonably represent the vibration of th
nd do not include any local resonance or amplification. The locations and directions for

mally be

ity is the
n should

chine that
cture, for
machines

b bearing
vibration

nts shall be such that they provide adequate sensitivity to the dynamic forces of the machine under

rating conditions. Typically, this will often requires two orthogonal radial measurement directions
, pedestal or housing. For low-speed machines with a horizontal shaft axis, such as bulb-tu
jure 2, the measurement locations and directions shall be determined with great care.

The vibration measured at the-'lower guide bearings of vertical machines may some

misinterpre

ed; the vibration level measured ‘at such bearings and their surrounding supports which §

embedded [in the buildings is sometimes\produced by hydraulic forces, directly transmitted from the

machine vi
shaft syste

the foundation. Such vibrations do not necessarily give a correct image of the vibration of th

For horizontal machines when. dsing portable measuring instrumentation, take measurements in the ve

horizontal

rections 90° apart(perpendicular to the shaft axis) and, if possible, in the axial direction (para

shaft axis) gs shown in Figure'5.

A single transducer.may be used on a bearing cap or pedestal in place of the more typical pair of o

transducer
caution sh

if it is.known to provide adequate information about the magnitude of the machine vibration.
Id“be' observed in evaluating vibration from a single transducer at a measurement location, b

on each
bines as

limes be
re rigidly
hydraulic
b rotating

rtical and
lel to the

rthogonal
However,
ecause it

may not be ppriented to provide a reasonable approximation to the maximum value at that location.

In the case of vertical or inclined machine sets, the locations and directions that give maximum vibration readings
shall be used, for example the stiff and the elastic axis (this is important for cases with spider arm support
constructions), and the specific location and direction shall be recorded with the measurement. If possible, the setting
of the transducers at different bearings should be in line. For vertical machines, the preferred measurement directions
are upstream and 90° to that.

For monitoring purposes (task A) only, in some cases measurement locations may be reduced to the most important
ones, mainly at machine sets with four or more bearings. The selection should be based on vibration performance
analyses, simulating all types of faults or disturbing effects. Preferred measuring locations should be those where
possible disturbing events produce significant bearing housing amplitudes (velocity or displacement).

© 1SO 2000 — All rights reserved
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The installation of one single transducer at the bearing pedestal or housing in horizontal or slightly inclined position is
commonly considered adequate for continuous monitoring of Group 1 or 2 machine sets. For monitoring axial
vibration of the machine, one transducer mounted on the thrust bearing is often sufficient.

4.4 Measurement equipment

The measurement equipment shall be capable of broad-band measurement of vibration with flat response within the

following

frequency ranges:

ran

from at least a quarter of the nominal rotational frequency up to the product of three times the rotational

freq
Sp-pr

from|

NOTE If

v timac tha miimhar of hiiclcate ar hladac if tha maaciiramant anigntitvg ic tha vihratian 4
rEeHEY—tHHHESHEu BB PubKketS— Bt e S HtHe—HeaSurerme Rt guatttyStHe—raaon—&

2 Hz to 1 000 Hz if the measurement quantity is the vibration velocity v,..

the measurement equipment is also to be used for diagnostic purposes, an upper frequency limit hig

specified ay be necessary (e.g. higher than 1 000 Hz in the case of vibration velocity measurements).

Vibration
If standa
fitted with

displacement can be measured as an absolute quantity with special seismic/transducers or accs
d equipment is applied, particular attention should be taken to ensure that the measuring instru
specific electronic compensation to obtain a flat response over the specified frequency range.

For macliines with nominal speeds lower than or equal to 300 r/min,Vibration displacement is often n

relative

transducg
that the
also they,

Vibration
transducg
electronid

Transdug
surround
attention
manufact
frequenc

uantity (relative to the foundation) using contact or .noh-contact displacement transdug
brs shall be installed on rigid bars or frames fixed to rigid. parts of the foundation. It is necessal
atural frequencies of these elements are at least higherthan ten times the nominal rotational fre
should not be a multiple of this frequency.

velocity shall be measured as an absolute quantity with seismic transducers or accelerometer
brs are used, attention should be taken to ensure that the measuring instrumentation is fitted
compensation to obtain a flat response over'the total frequency range from 2 Hz to 1 000 Hz.

ers for absolute vibration measurements shall be mounted on rigid parts of the bearing housing
ng structures which can be classified to give a representative vibration response of the machin
shall be given to ensure that, transducer mounting complies with specifications from the
urer. If additional elements for,mounting such transducers are necessary, it shall be ensured tha
es of those elements are at least higher than ten times the nominal rotational frequency, arn

should ngt be a multiple of this freguency.

The char
the follow|

pcteristics of the_measuring system shall be known with regard to the effects of the environme
ing:

tem

erature yarjations;

magpetic. fields;

splacement

her than that

plerometers.
mentation is

easured as
ers. These
y to ensure
uency, and

5. If seismic
ith specific

or adjacent
e. Particular
transducer
t the natural
d also they

nt, including

sound fields;
power source variation;
transducer cable length;

transducer orientation.

Particular attention shall be given to ensuring that the vibration sensing transducers are correctly mounted and do not

affect the

vibration response characteristics of the machine.
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4.5 Oper

ational conditions

Measurements shall be carried out when the rotor and the main bearings have reached their normal steady-state

operating te

mperatures and with the machine running under steady-state conditions.

5 Evaluation

5.1 General

ISO 10816-
classes of 1
second con

5.2 Crite
The reliable

should rem
transmissio

1 provides a general description of the two evaluation criteria used to assess vibration severity on various

nachines. One criterion considers the magnitude of vibration observed by broad-band measure
Siders changes in magnitude, irrespective of whether they are increases or decreases.

fion I: Vibration magnitude

hin below certain limits consistent with, for example, acceptable kinetic loads.and acceptable
N into the support structure and foundation. Generally, this criterion willbe taken as the bas

ment; the

and safe running of a machine under normal operating conditions requires that*the vibration npagnitude

vibration
s for the

evaluation gf machines in the absence of any other established knowledge of the satisfactory running chargcteristics
for machinep of that type (e.g. for new machine types).

The maximyim vibration magnitude observed at each bearing pedestal or heusing is assessed against the gvaluation
zones defingd below.

Zone A: Theg 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 |ong-term
operation.

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

arises for re

Zone D: Vil
machine.

Numerical \
be subject

provide guid
may be speg
(higher or Ig
reason for

vibration val

NOTE Vibrg
in zone A or |
the new and

medial action.

ration values within this zone are normally considered to be of sufficient severity to cause dama

alues assigned to the zone-boundaries are not intended to serve as acceptance specification, w
to agreement between-the machine manufacturer and the customer. However, the zone b
elines for ensuring that gross deficiencies or unrealistic requirements are avoided. In certain cas
cific features assoeiated with a particular machine which would require different zone bounda
wer) to be uséd.'In such cases, it is normally the responsibility of the machine manufacturer to e
his and, in \particular, to confirm that the machine would not be endangered by operating w
ues.

ge to the

hich shall
bundaries
bes, there
ry values
kplain the
th higher

be located

tion magnitudes for recommissioned units with increased output, usually characte

rized as "uprated”, may
itation force

dang ne
re-used components to withstand long-term dynamic exposure.

5.3 Evaluation zone limits

5.3.1 Turbine operating conditions

Capacity of

Recommended values for the zone boundaries are given in Tables A.1 to A.4 for the four machine groups covered by
this part of ISO 10816. Application of these criteria is valid for measurements in a radial direction on bearing pedestals
or housings of machine sets with nominal speeds between 60 r/min and 1 800 r/min operating within the contractually
permissible steady-state range, as well as at other load conditions if the machine has been made suitable for these
particular conditions. Higher values of vibration may be permitted under the conditions specified in annex B.

10 © 1SO 2000 — All rights reserved
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Zone boundary values are specified for both measurement quantities. If both quantities, vibration velocity and
displacement, are measured and compared to the corresponding values in Tables A.1, A.3 and A.4, the evaluation
which is most restrictive shall apply.

The limiting values are applicable for all types of machine sets belonging to one group, independent of head and
power, except for the restrictions given in clause 1. For hydrodynamically smoother running machines, normally lower
bearing housing vibration may be expected.

In the case of pump-turbines, increased bearing housing vibration amplitudes may occur because of the runner
design criteria, which are a compromise between the optimal design for a turbine and a pump runner.

more than

The valults in Tables A.1 to A.4 are based on statistical analyses of collected measurement data fremn
ups. A brief

1 400 samples, collected worldwide from machine sets with different powers and speeds within all four gra
descriptign of the analysis procedure and the applied regression technique is given in annex C.

NOTE 1
vibration 3

n general, an overall judgement of the vibratory state of the machine is made on the basis 6fboth the begaring housing

s defined above and the measurements performed on the shaft (see ISO 7919-5).

NOTE 2
limits; this
correlatior]

of predictive
hat a correct

As explained in annex C, the given limiting values are based on a statistical procedure and the defining
was nhecessary due to the wide spread of the measured data. Therefore it sheuld not be assumed f{
between zone boundaries and possible faults or troubles at the observed machine will exist in all cases.

5.3.2 Pump operating conditions

t, sufficient data are not available to prepare criteria for maghine sets in pump operating conditions. They will

orated in a future edition of this part of ISO 10816 when available.

At preser]
be incorp

5.3.3 Special operating conditions

Attention|should be paid to the following operating conditions:

stea t operating

cond

y-state operating conditions at low>partial load, at overload, and the frequent transiern
itions during start-up and shut-down;

A

rare| transient operating conditions, such as emergency shut-down, no-discharge operation, gnd running

throdigh the brake quadrant with'pumps and pump-turbines.

The eval

there arg

less the ¢perating condition-gorresponds to the nominal conditions, the more the flow within the hydraulig

disturbed
water, th
during of
as a rule
ordinary
over are

Llation of such processesyis much more difficult than that of operation in the specified load range
insufficient data and-gxperience available to establish limiting curves for these operating con

. disturbances,such as separation and swirl generate violent stochastic excitation. Due to th
b forces causéd by the stochastic excitation are much greater than in thermal turbo machine
eration outside the specified load range, the bearing or structure vibrations caused by mass un
totallysmasked by the stochastic components. Because of these large stochastic components
bperating conditions, less reliance should be given to the instantaneous value and more to the

. At present
ditions. The
machine is
b density of
5. Therefore
balance are,
Linder extra-
mean value

bresentative measurement period.

5.3.4 Axial vibration

It is not common practice to measure axial vibration on main radial load-carrying bearings during continuous
operational monitoring. Such measurements are primarily used during periodic vibration surveys or for diagnostic
purposes. At thrust bearings, axial vibration in general correlates with axial pulsations which could cause damage to
the axial load-carrying surfaces. Criteria for axial vibration of bearings cannot be given at present because of the lack
of measured data.
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5.4 Criterion Il: Change in vibration magnitude

This criterion provides an assessment of a change in vibration magnitude from a previously established reference
value when operating under steady-state conditions. A significant change in broad-band vibration magnitude may
occur which requires some action even though the alarm zone C of Criterion | has not been reached. Such changes
can be instantaneous or progressive with time and may indicate that damage has occurred or be a warning of an
impending failure or some other irregularity. Criterion Il is specified on the basis of change in broad-band vibration
magnitude occurring under steady operating conditions. Steady operating conditions should be interpreted to include
small changes in the machine power or operational conditions.

When Ciriterion 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. Obvious changes in the
normal vibration magnitudes, regardless of their total amount, should be investigated, because a dangerouq situation
could then pe avoided. When changes in vibration magnitude exceed 25 % of the upper boundaryvalue pf zone B
(defined as|B/C in Tables A.1 to A.4), such changes should be considered significant, particularly{if\they are sudden.
Diagnostic |nvestigations should be initiated to ascertain the reason for the change and to detérmine what further
actions are pppropriate.

NOTE The 25 % value is considered significant regardless of whether it is an increase or decrease in vibration. The 25 Pb6 value is
provided as g guideline, but other values may be used based on experience with a specific machine.

5.5 Operational limits

5.5.1 General

For long-teqm operation, it is common practice to establish operational vibration limits. These limits take thie form of
ALARMS and TRIPS.

ALARMS: To provide a warning that a defined value of yibration has been reached or a significant change has
occurred, which remedial action may be necessary~In general, if an ALARM situation occurs, operftion can
continue forl a period whilst investigations are carried:gut to identify the reason for the change in vibration apd define
any remedial action.

TRIPS: To $pecify the magnitude of vibration beyond which further operation of the machine may cause damage. If
the TRIP vdlue is exceeded, immediate action‘should be taken to reduce the vibration or the machine should be shut
down.

Different operational limits, reflecting- differences in dynamic loading and support stiffness, may be speqcified for
different mgasurement positionstand directions.

5.5.2 Setting of ALARMS

The ALARM values-may vary considerably, up or down, for different machines. The values chosen will normally be
set relative|to a<baseline value determined from experience for the measurement position or direction for that
particular machinge.

It is 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 low, the ALARM may be below zone C.

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 machines or relative to agreed acceptance values. After a period of time, the
steady-state baseline value will be established and the ALARM setting should be adjusted accordingly.

In either case it is recommended that the ALARM value should not normally exceed 1,25 times the upper limit of
zone B (this limit is defined as B/C in Tables A.1 to A.4).
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If the steady-state baseline changes (for example after a machine overhaul), the ALARM setting should be revised
accordingly. Different ALARM settings, reflecting differences in dynamic loading and support stiffness, may exist for

different measurement locations and directions.

5.5.3 Setting of TRIPS

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

There mzlty, however, be differences for machines of different design and it is not possible to give clearg
absolute [TRIP values. In general, the TRIP value will be within zone C or D, but it is recommendedth
value shquld not exceed 1,25 times the upper limit of zone C (this limit is defined as C/D in TablesA.1'to A

5.5.4 Special operating conditions
When thg
and poss
operating
vibration

b machine is operating outside the normal load range and during all transient\operating conditig
ibly TRIP contacts shall be blocked for these conditions. If the machine shpuld be monitored ¢
conditions too, a second set of ALARM and TRIP values shall be selected according to th
values accepted during commissioning of the machine.

5.6 Supplementary procedures/criteria
The meapurement and evaluation of machine vibration given in this part of ISO 10816 may be supplemer]
vibration [measurements and the applicable criteria given in 1SO,7919-5. It is important to recognize that
simple why to relate bearing housing vibration to shaft vibration, or vice versa. Thus, when the criteria o
ISO 10816 and those of ISO 7919-5 are both applied in vibration-severity assessment, independent shaft
pedestal Jor housing vibration measurement shall be made. If application of the different criteria leads

assessments of the machine vibration severity, the more restrictive zone classification is considered to apy

5.7 Evpluation based on vibration vectar. information
The evaltation considered in this part of ISO 10816 is limited to broad-band vibration without reference t
compongnts or phase. This will, in mest cases, be adequate for acceptance testing and operationa|
purposey. However, for long-term-condition monitoring purposes and for diagnostics, the use of vibr
informatipn is particularly useful for-detecting and defining changes in the dynamic state of the machi
cases, these changes would go.undetected when using only broad-band vibration measurements (see, f
ISO 10816-1). The specification’of criteria for this, however, is beyond the scope of this part of ISO 10816.

any specific
forces. The
y be related

lidelines for
at the TRIP
A4).
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juring these
£ maximum

ted by shaft
there is no
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and bearing
to different
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o frequency
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Annex A
(normative)

Evaluation zone boundaries

Recommended values for the zone boundaries are give in Tables A.1 to A.4 for the four principal machine groups
covered by this part of ISO 10816. They apply to the broad-band r.m.s. values of vibration velocity and the peak-to-

peak values
housings in
state range
conditions (

NOTE 1 |
evaluation of

For some
differences
Figures 1 to

Zone boun
displaceme
which is moj

NOTE 2 N
excitations. H
draft tube ¢

Uf viblatiun diap:a\,C|||C| It VV: ICT1 |||caawcd vvith c\.,{uiplllcl It [et] opcuiﬂcd ;II 44 UTl1 t: 1T bcalillu M
the radial direction. They are valid only for turbine operation within the contractually permissibl
as well as at other load conditions, if the machine set has been made suitable for_these
or restrictions, see 5.3.1 t0 5.3.3).

imiting values are defined by statistical evaluation of measured data (see annex C). They. are not derive
the operational behaviour (e.g. occurrence of faults) of individual machines.

machine groups, recommended zone boundary values have to be subdivided correspondit
in radial bearing stiffness. Separate values are given for the different tareasurement locations
4,

jary values are specified for both measurement quantities. Af\both quantities (vibration vel
t) are measured and compared to the corresponding values in“Tables A.1, A.3 and A.4, the 4
St restrictive shall apply.

lachines with Francis turbines might have higher vibrationvalues at the bearing housings when there are
Experience has shown that this excitation can occur even‘under standard operating conditions. In the cas
Kcitations at Francis turbines, the zone boundary-Vialues specified in Tables A.1, A.3 and A.4 ha

destals or
e steady-
particular

d from an

g to the
shown in

Dcity and
valuation

draft tube
P of heavy
ve limited

applicability. |At present, insufficient measurement data are available to specify limits for machines with heavy [draft tube
excitations.
Table A.1 +— Recommended evaluation zone boundaries for machines of Group 1 : Horizontal machife sets
with pedestal or end-shield bearings mounted on rigid foundation, usually with operational speeds of
above 300 r/min
At measurement location 1, 2, 3 and 4
Peak-to-peak .
Zone boundary displacement R.m.s. velocity
pm mm/s
AlB 30 1,6
B/C 50 2,5
C/D 80 4,0
NOTE _ Vibration Tevels of two-Jet Pelflon machines are strongly
influenced by the orientation of the resulting steady-state force vector and
the operating jet (lower or upper) under part-load conditions.
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