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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-govern
Internationd

Internationd
The main t
adopted by

Internationq

Attention is
rights. ISO

ISO 10816-
monitoring,
to machines

This secon

deletion of pumps from the scope, which now are dealt with in\ISO 10816-7.

ISO 10816
machine vili

Part 1:

Part 2:
1500 1

Part 3:
15 000

Part 4:

Part 5:

Part 6:

entat, m ffaison with SO, also take part iIm the work: SO coitaborates ctosety with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, RPart'2.
sk of technical committees is to prepare International Standards. Draft International Stand
the technical committees are circulated to the member bodies for voting:‘Publication as

| Standard requires approval by at least 75 % of the member bodies casting'a-vote.

drawn to the possibility that some of the elements of this document may be the subject of pa
shall not be held responsible for identifying any or all such patent rights.

3 was prepared by Technical Committee ISO/TC 108, Mechanical vibration, shock and cond
, vehicles and structures.

d edition cancels and replaces the first edition (ISO 10816-3:1998). The main change is
consists of the following parts, under the-~general title Mechanical vibration — Evaluatio
ration by measurements on non-rotating parts:

General guidelines

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

Industrial machines with) nominal power above 15 kW and nominal speeds between 120 r/min
r/min when measured’in situ

Gas turbine sets*with fluid-film bearings
Machine.sets in hydraulic power generating and pumping plants

Reciprocating machines with power ratings above 100 kW

the

Ards

an

tent

jtion

Subcommittee SC 2, Measurement and evaluation of mechanical vibration and shock as applied

the

n of

s of

and

Part 7:

Rotodynamic pumps for industrial applications, including measurements on rotating shafts
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roduction

10816-1 is the basic document describing the general requirements for evaluating the 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 on bearings, bearing pedestals, or
housings of industrial machines when measurements are made in situ.

Twdg
obs
theg
com
med
ISO

criteria are provided for assessing the machine vibration. One criterion considers the magnitude of the
brved vibration; the second considers the changes in the magnitude. It must be recognized, however, that
e criteria do not form the only basis for judging the severity of vibration. For some machirie typgs, it is also
mon to judge the vibration based on measurements taken on the rotatingshafts. Shaft vibration
sureme[r21]t requirements and criteria are addressed in separate documents, namely ISO 7919-1[11 and
7919-314l.
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Mechanical vibration — Evaluation of machine vibration by
measurements on non-rotating parts —

n

1
Thig
critg

and

The

minal speeds between 120 r/min and 15 000 r/min whex
pasured in situ

Scope
part of ISO 10816 gives criteria for assessing vibration levels whenymeasurements are made
ria specified apply to machine sets having a power above 15 k\W«and operating speeds betweg
15 000 r/min.

machine sets covered by this part of ISO 10816 include;

steam turbines with power up to 50 MW;

steam turbine sets with power greater than 50-MW and speeds below 1 500 r/min or above
(not included in ISO 10816-2);

rotary compressors;

industrial gas turbines with power.up to 3 MW,
generators;

electrical motors of @ny‘type;

blowers or fans.

in situ. The
n 120 r/min

3 600 r/min

cable to fans

NOTE However, the vibration criteria presented in this part of ISO 10816 are generally only appli
with powerratings greater than 300 kW or fans which are not flexibly supported. As and when circumst

Untiksuch time, classifications can be agreed between the manufacturer and the customer, using resul

operational experience, see also 1ISO 14694[41.

nces permit,

recommendations for other types of fans, including those with lightweight sheet metal construction, will [be prepared.

of previous

The

following are excluded from this part of ISO 10816:

land-based steam turbine generator sets with power greater than 50 MW and speeds of
1 800 r/min, 3 000 r/min or 3 600 r/min (see ISO 10816-2);

gas turbine sets with power greater than 3 MW (see ISO 10816-4);
machine sets in hydraulic power generating and pumping plants (see ISO 10816-5);

machines coupled to reciprocating machines (see ISO 10816-6);

© 1SO 2009 - All rights reserved
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— rotodynamic pumps including integrated electric motors, i.e. where the impeller is mounted directly on the
motor shaft or is rigidly attached to it (see 1ISO 10816-7);

— rotary positive displacement compressors (e. g. screw compressors);
— reciprocating compressors;
— reciprocating pumps;

— submerged motor-pumps;

— wind turbines.
The criterig of this part of ISO 10816 apply to in situ broad-band vibration measurements taken on| the
bearings, bearing pedestals, or housing of machines under steady-state operating conditions within| the
nominal opgrating speed range. They relate to both acceptance testing and operational monitoring. |The
evaluation ¢riteria of this part of ISO 10816 are designed to apply to both continuous-and non-contindous
monitoring $ituations.

This part off ISO 10816 encompasses machines which may have gears or rolling ‘element bearings, but does
not addresq the diagnostic evaluation of the condition of those gears or bearings:

The criteria|are applicable only for the vibration produced by the machine/Set itself and not for vibration which
is transmitt¢d to the machine set from external sources.

2 Normjative references
The following referenced documents are indispensable(for the application of this document. For dated
references,| only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 496, Dyiving and driven machines — Shaft-heights

ISO 2954, Mechanical vibration of rotating~and reciprocating machinery — Requirements for instrument$ for
measuring VYibration severity

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

3 Measpurement procedures and operational conditions

3.1 Geneéral

Tsubjecttotherecommendations

@)

The generatmeasurementproceduresare imaccordance withtS
specified below.

3.2 Measurement equipment

The measurement equipment shall be capable of measuring broad-band root-mean-square (r.m.s.) vibration
with flat response over a frequency range of at least 10 Hz to 1 000 Hz in accordance with the requirements of
ISO 2954. Depending on the vibration criteria, this may require measurements of displacement or velocity or
combinations of these (see ISO 10816-1). However, for machines with speeds approaching or below
600 r/min, the lower limit of the flat response frequency range shall not be greater than 2 Hz.

NOTE If the measurement equipment is also to be used for diagnostic purposes, an upper frequency limit higher than
1 000 Hz may be necessary.

2 © 1SO 2009 - All rights reserved
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Care should be taken to ensure that the measuring system is not influenced by environmental factors such as:

temperature variations;
magnetic fields;

sound fields;

power source variations;

transducer cable length;

transducer orientation.

Parficular attention should be given to ensure that the vibration transducers are correc¢tly:mounted and that

suc

3.3

Med
be t

h mountings do not degrade the accuracy of the measurements.

Measurement locations

surements will usually be taken on exposed parts of the machine that ‘are normally accessiblg.

bken to ensure that measurements reasonably represent the vibration ‘of the bearing housing

inclide any local resonances or amplification. The locations and directions of vibration measurems

suc
orth
hori

NOTE

flang
iden

The
hori
the
of th
spe

A si
tran

n that they provide adequate sensitivity to the machine dynamic forces. Typically, this will
bgonal radial measurement locations on each bearing éap”or pedestal, as shown in R
vontally mounted machines) and Figure 2 (for vertically mounted machines).

Figure 2, which is taken from IEC 60034-14:2003[5],‘shows a motor mounted vertically on a solid
e (e.g. of a driven machine) with a bore hole in the centre-of the shaft extension. The main purpose of th
ify the measuring points for a vertical machine.

transducers may be placed at any angular position on the bearing housings or pedestals.
vontal directions are usually preferred for horizontally mounted machines. For vertical or incling
ocation that gives the maximum vibration reading, usually in the direction of the elastic axis, s
ose used. In some cases it may e recommended to measure also in the axial direction (se€
Cific locations and directions shall be recorded with the measurement.

ngle transducer may be used/on a bearing cap or pedestal in place of the more typical pair o
sducers if it is known to_provide adequate information on the magnitude of the machine vibratia

caufion should be observedwhen evaluating vibration from a single transducer at a measurement

itm
34
It is

mor]
pow

by not be oriented.tfo_provide a reasonable approximation to the maximum value at that plane.

Continuous-and non-continuous monitoring

commen, practice on large or critical machinery to have installed instrumentation for conting

Care shall
and do not
nts shall be
require two
igure 1 (for

steel plate or
is figure is to

Vertical and
d machines,
hall be one
5.2.4). The

orthogonal
n. However,
plane since

ous on-line

itoring»of vibration values at key measurement points. For many machines, mainly those of §
er;. continuous momtormg of the vibration parameters |s not necessarlly carrled out. Changes [

beaki

mall size or
unbalance,
asurements

with permanently mstalled or hand held instruments. The use of computers for trend analysis and warning
against malfunctions is also becoming more common.

3.5

Operational conditions

Measurements shall be carried out when the rotor and the main bearings have reached their normal steady-
state operating temperatures and with the machine running under specified conditions, for example at rated
speed, voltage, flow, pressure and load.

On machines with varying speeds or loads, measurements shall be made at all conditions at which the
machine would be expected to operate for prolonged periods. The maximum measured value under these
conditions shall be considered representative of vibration severity.

© 1SO 2009 - All rights reserved
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If the measured vibration is greater than the acceptance criteria allowed and excessive background vibration
is suspected, measurements should be made with the machine shut down to determine the degree of external
influence. If the vibration with the machine stationary exceeds 25 % of the value measured when the machine
is running, corrective action may be necessary to reduce the effect of background vibration.

NOTE In some cases the effect of background vibration may be nullified by spectrum analysis or by eliminating the
offending external source.

V VT

7 7

NOTE Measurements to be made at the bearing housing or, if not accessible, then at positions as close as possible
to the bearing housings which provide adequate sensitivity to the machine dynamic forces.

Figure 1 — Measuring points for a horizontally mounted machine

4 © 1SO 2009 - All rights reserved


https://standardsiso.com/api/?name=8a3be21f0061e1fab560dcb9622226f6

ISO 10816-3:2009(E)

[

NOTE Measurements to be made at the bearing housing or, if not accessible;then at positions as closg as possible
to the bearing housings which provide adequate sensitivity to the machine dynamic.forces.

Figure 2 — Measuring points for a vertically mounted machine

4 |Machine classification

4.1 General

In this part of ISO 10816, the vibration severity is classified according to the following parameters:
— |machine type;

— |rated power or shaft height;

— |support system flexibility.

4.2| Classification according to machine type, rated power or shaft height
Significant differences”in design, type or bearings and support structures require a separatipn into two
diffgrent machine groups (the shaft height, H, is in accordance with ISO 496). Machines of these|two groups
may have horizantal, vertical or inclined shafts and can be mounted on rigid or flexible supports.

Group 1:skarge machines with rated power above 300 kW; electrical machines with shaft height H|> 315 mm.

Thel N3
and ranges from 120 r/min to 15 000 r/min.

Group 2: Medium-sized machines with a rated power above 15 kW up to and including 300 kW; electrical
machines with shaft height 160 mm < H < 315 mm.

These machines normally have rolling element bearings and operating speeds above 600 r/min.

NOTE 1 The shaft height, H, of a machine is defined in accordance with ISO 496 as the distance, measured on the
machine ready for delivery, between the centreline of the shaft and the base plane of the machine itself (see Figure 1).

NOTE 2 The shaft height of a machine without feet, or a machine with raised feet, or any vertical machine, is to be

taken as the shaft height of a machine in the same basic frame, but of the horizontal shaft foot-mounting type. When the
frame is unknown, half of the machine diameter should be used.

© 1SO 2009 - All rights reserved 5
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4.3 Classification according to support flexibility

Two conditions are used to classify the support assembly flexibility in specified directions:

— rigid supports;

— flexible supports.

These support conditions are determined by the relationship between the machine and foundation flexibilities.
If the lowest natural frequency of the combined machine and support system in the direction of measurement
is higher than i ' itafi is is i i 5 %,

then the sbipport system may be considered rigid in that direction. All other support systems niay be
considered flexible.

As typical gxamples, large and medium-sized electric motors, mainly with low speeds, would hormally have
rigid suppdrts, whereas turbo-generators or compressors with power greater than 10 MWV and vertical
machine sefs would usually have flexible supports.

In some cases, a support assembly may be rigid in one measuring direction andflexible in the other.|For
example, the lowest natural frequency in the vertical direction may be well @bove the main excitation
frequency, while the horizontal natural frequency may be considerably less. Such a system would be st|ff in
the vertical plane but flexible in the horizontal. In such cases, the vibration should be evaluated in accordgnce
with the support classification which corresponds to the measurement direetion.

If the class [of a machine-support system cannot be readily determined. from drawings and calculation, it may
be determirjed by testing.

5 Evaluation

5.1 General

ISO 10816-1 provides a general description ofthe two evaluation criteria used to assess vibration severity on
various clagses of machines. One criterion-considers the magnitude of observed broad-band vibrationj the
second conpiders changes in magnitudeirtespective of whether they are increases or decreases.

5.2 Criterion I: Vibration magnitude

5.21 General

This criterign is concerned with defining limits for vibration magnitude consistent with acceptable dynamic
loads on tihe bearings®and acceptable vibration transmission into the environment through the sugport
structure apd foundation. The maximum vibration magnitude observed at each bearing or pedestal is
assessed againstithe evaluation zones for the support class. The evaluation zones have been establighed
from interngtional experience.

5.2.2 Evaluation zones

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

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

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

6 © 1SO 2009 — All rights reserved
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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.

Numerical values assigned to the zone boundaries are not intended to serve as acceptance specifications,
which shall be subject to agreement between the machine manufacturer and the customer. However, these
values provide guidelines for ensuring that gross deficiencies or unrealistic requirements are avoided. In
certain cases, there may be specific features associated with a particular machine which would require the

use
mar
end

5.2.

The
bro4

of different zone boundary values (higher or lower). In such cases, it is normally neces
ufacturer to explain the reasons for this and, in particular, to confirm that the maching\w
hngered by operating with higher vibration values.

B Evaluation zone limits

values for the zone boundaries which are given in Table A.1 and Table A2 \are based on th
d-band values of velocity and displacement when measurements are, taken from two

orie
fro
of

hted radial transducers. Therefore when using these tables, the highérof each of the value
the two transducers in each measurement plane should be used. When the maximum meas
locity and displacement are compared to the corresponding,values in Table A.1 and Ta

e
se\’;lrity zone which is most restrictive shall apply.

5.2.4 Axial vibration

It is
ope
diag
critg
pulg
Tab

5.3

This
refe
acti
prog
the

not common practice to measure axial vibration onsmain radial load-carrying bearings during
rational monitoring. Such measurements are primarily used during periodic vibration sur
nostic purposes. Certain faults are more easily* detected in the axial direction. Specific ax|
ria are at the moment only given in the case\of thrust bearings where axial vibration correlatg
ations which could cause damage to the) axial load-carrying surfaces. The criteria of Ta
e A.2 apply to radial vibration on all bearings and to axial vibration on thrust bearings.

Criterion lI: Change in vibration magnitude

criterion provides an assessment of a change in vibration magnitude from a previously
rence value. A significant change in broad-band vibration magnitude may occur, which red

ressive over time ahd)may indicate incipient damage or some other irregularity. Criterion Il is
basis of the change in broad-band vibration magnitude occurring under steady-state operating

Steady-state operating conditions should be interpreted to include small changes in the machin

ope

rational conditions.

Wh
tran
Ob

n Criterion Il is applied, the vibration measurements being compared shall be taken a
du€er location and orientation, and under approximately the same machine operating
ious changes in the normal vibration magnitudes, regardless of their total amount, should be

sary for the
buld not be

e maximum
brthogonally
5 measured
ured values
ble A.2, the

continuous
veys or for
al vibration
s with axial
ble A.1 and

established
uires some

bn even though zone(C) of Criterion | has not been reached. Such changes can be instagtaneous or

specified on
conditions.
e power or

the same
conditions.
nvestigated

so that a dangerous situation may be avoided. VWhen an Increase or decrease In vibration magnitu
25 % of the upper value of zone B, as defined in Table A.1 and Table A.2, such changes should be
considered significant, particularly if they are sudden. Diagnostic investigations should then be initiated to
ascertain the reason for the change and to determine what further actions are appropriate.

NOTE

may

The 25 % value is provided as a guideline for a significant change in vibration magnitude, but
be used based on experience with a specific machine.

© 1SO 2009 - All rights reserved
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5.4 Operational limits

For long-term 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 continue for a period whilst investigations are carried out to identify the reason for the change in vibration
and define any remedial action.

TRIPS: To specify the magnitude of vibration beyond which further operation of the machine may cause

damage. If
machine sh

Different op
for different

5.41

The ALARNM
be set relat
that particul

It is recomrn
upper limit g

Where ther
based eithe

of time, th¢ steady-state baseline value will be established and the ALARM setting should be adju

accordingly

It is recomnjended that the ALARM limit not normally eéxceed 1,25 times the upper limit of zone B.

If the stead
revised acc

5.4.2 Setfing of TRIPS

The TRIP |
specific des
forces. The
normally be]

There may

Setting of ALARMS

the TRIP limit is exceeded, immediate action should be taken to reduce the vibration cer|
puld be shut down.

erational limits, reflecting differences in dynamic loading and support stiffness, may-be spec
measurement positions and directions.

| limits may vary considerably, up or down, for different machines. Thetvalues chosen will nori
ve to a baseline value determined from experience for the measurement position or directio
ar machine.

nended that the ALARM limit be set higher than the baseling by an amount equal to 25 % of
f zone B. If the baseline is low, the ALARM may be below:zone C.

P is no established baseline (for example with a new-machine) the initial ALARM setting shoul
I on experience with other similar machines or relative to agreed acceptance values. After a pd

prdingly.

mits will generally. felate to the mechanical integrity of the machine and be dependent on

values used will, therefore, generally be the same for all machines of similar design and woulg
related to the‘steady-state baseline value used for setting ALARMS.

however, be differences for machines of different design and it is not possible to give g

guidelines fi

that the TR‘P limit not exceed 1,25 times the upper limit of zone C.

br absolute TRIP limits. In general, the TRIP limit will be within zone C or D, but it is recommer]

the

fied

ally

for

the

1l be
riod
sted

y-state baseline changes (for example after a machine overhaul), the ALARM setting should be

any

ign features whichhhave been introduced to enable the machine to withstand abnormal dynamic

not

lear
ded

5.5 Supplementary procedures/criteria

The measurement and evaluation of machine vibration given in this part of ISO 10816 may be supplemented
by shaft vibration measurements and the applicable criteria given in 1ISO 7919-3[2l. It is important to recognize
that there is no simple way to relate bearing housing vibration to shaft vibration, or vice versa. The difference
between the shaft absolute and shaft relative measurements is related to the bearing housing vibration but
may not be numerically equal to it because of phase angle differences. Thus, when the criteria of this part of
ISO 10816 and those of 1ISO 7919-3[2] are both applied in the assessment of machine vibration, independent
shaft and bearing housing (or pedestal) vibration measurements shall be made. If application of the different
criteria leads to different assessments of vibration severity, the more restrictive zone classification is
considered to apply.

© 1SO 2009 - All rights reserved
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5.6 Evaluation based on vibration vector information

The evaluation considered in this part of ISO 10816 is limited to broad-band vibration without reference to
frequency components or phase. This will, in most cases, be adequate for acceptance testing and for
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, for example, ISO 10816-1).

Phase- and frequency-related vibration information is being used increasingly for monitoring and diagnostic
purposes. The specification of criteria for this, however, is beyond the current scope of this part of ISO 10816.

© 1SO 2009 - All rights reserved 9
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Annex A
(normative)

Evaluation zone boundaries

It has been found that vibration velocity is sufficient to characterize the zone boundary values of vibration over
a wide range of machine types and machine operating speeds. The main evaluation quantity is therefore the

overall r.m.

NOTE |
vibration vall

If the vibratig
the zone bod

] [ SH N 43 ] MY
- vadidc Ul vivrativit vCiUUIly .

N many cases, it was customary to measure vibration with instruments scaled to read peak rather(than r
es.

n wave form is basically a single sinusoid, a simple relationship exists between peak and‘r.m.s. valueg
ndaries in the tables can be readily expressed in zero-to-peak values by multiplying by\/E or in peak-to-

values by miiltiplying by 24/2. Alternatively, the measured zero-to-peak vibration values can be divided by\/§ and ju

against the r

For many m
cases and w|
can be cons
tables for ass

It is recogrn
unacceptab
when the

machines W
range, can
terms of di
present, ho
are present
ISO 10816.

The limits g
from 10 Hz
is sufficient
components

Machines o
are provide

m.s. criteria of Table A.1 or Table A.2.

hAchines, it is common for the vibration to be predominantly at the machine’s running frequency. For
hen peak rather than r.m.s. values of vibration are being measured, tables-equivalent to Tables A.1 and
ructed. The zone boundaries of the given tables are multiplied by a/factor of+/2 to produce such equiv
essing peak vibration severity if only one frequency is present.

ized that the use of a single value of vibration velocity, regardless of frequency, can lea
y large vibration displacements. This is particularly-s6 for machines with low operating spsd
bnce-per-revolution vibration component is dominant. Similarly, constant velocity criterig

m.s.

and
beak
iged

such
A.2
hlent

d to
eds
for

ith high operating speeds, or with a significant-vibration energy concentrated in a high-frequ

vever, vibration zone boundary values.are’ given only in terms of velocity and displacement.

to measure only vibration-velocity. If the vibration spectrum is expected to contain low-frequ
5 the evaluation should-be based on broad-band measurements of both velocity and displacem

f all groups can(be-installed on rigid or flexible supports. For both, different evaluation zone va
j in Table A.f.and Table A.2. Guidelines for the support classification are given in Clause 4.

ncy

lead to unacceptably high acceleration values: 1deally, acceptance criteria should be providgd in
Eplacement, velocity and acceleration, depending on the speed range and type of maching. At

hey

d in the general form of Table A.1.ahd Table A.2 for the machine groups covered by this part of

pply to the broad-band r.m_ s values of vibration velocity and displacement in the frequency rgnge
to 1 000 Hz, or for machines-with speeds below 600 r/min from 2 Hz to 1 000 Hz. In most casgs, it

ncy
ent.

ues
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