INTERNATIONAL ISO
STANDARD 10816-1

First edition
1995-12-15

Mechanical vibration .~ Evaluation of
machine vibration by’ measurements on
non-rotating parts’'—

Part 1:
General guidelines

Vibrations.fmécaniques — Evaluation des vibrations des machjnes par
mesurages sur les parties non tournantes —

Partie*1: Directives générales

= —— Reference number
— ISO 10816-1:1995(E)


https://standardsiso.com/api/?name=5dc83bf301c52bbcd2b505bbd4272492

ISO 10816-1:1995(E)

Foreword

ISO (the |nternational 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 ¢ommittees. Each member body interested in a subject for
which a tgchnical committee has been established has the right to be
representgd on that committee. International organizations, governmental
and non-ggvernmental, in liaison with 1SO, also take part in the work. 1ISO
collaboratgs closely with the International Electrotechnical Commission
(IEC) on al| matters of electrotechnical standardization.

Draft International Standards adopted by the technical committees are
circulated {o the member bodies for voting. Publication as an Internatiénal
Standard r¢quires approval by at least 75 % of the member bodies casting
a vote.

Internationpl Standard ISO 10816-1 was prepared by Technical.Committee
ISO/TC 10B, Mechanical vibration and shock, Subcomimittee SC 2,
Measurement and evaluation of mechanical vibration andshock as applied
to machings, vehicles and structures.

This first eflition of ISO 10816-1 cancels and repfaces ISO 2372:1974 and
ISO 3945:1985, which have been technically révised.

ISO 10816| consists of the following parts, under the general title Mech-
anical vibrqtion — Evaluation of machine vibration by measurements on
non-rotating parts:

— Part 1. General guidelines

— Part 2: Large land-based steam turbine generator sets in excess of
50 M

— Part 3: Industrial machines with nominal power above 15 kW and
nominal spgeds between 120 r/min and 15000 r/min when measured
in sitd

— Part 4: Gas turbine driven sets excluding aircraft derivatives

— Part 5: Machine sets in hydraulic power generating and pumping
plants
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Mechanical vibration — Evaluation of machine
vibration by measurements on non-rotating parts —

Part 1:
General guidelines

1 Scope

This part of ISO 10816 establishes general conditions
and progedures for the measurement and evaluation
of vibrgtion using measurements made on non-
rotatingland, where applicable, non-reciprocating parts
of complete machines. The general evaluation criteria,
which &re presented in terms of both vibration
magnitude and change of vibration, relate to both ops
erationa| monitoring and acceptance testing. sThey
have been provided primarily with regard to geeuring
reliable, | safe, long-term operation of the“\machine,
while rninimizing adverse effects on “associated
equipment. Guidelines are also presented for setting
operatiohal limits.

The evgluation criteria relateg” only to the vibration
producef by the machine.jtself and not to vibration
transmitfed to it from outside.

This paft of ISO 10816 does not include any con-
sideratign of torsional vibration.

ISO maintain tegisters of currently valid|International
Standards-

ISO \7919-1:—",  Mechanical vibratidn of non-
reéiprocating machines — Measurements on rotating
shafts and evaluation criteria — Part 1. General
guidelines.

3 Measurements

This clause describes the measurements] procedures
and operating conditions recommended for assessing
machine vibration. The guidelines giver] will permit
the evaluation of vibration in accordante with the
general criteria and principles given in clause 5.

3.1 Measurement parameters

3.1.1 Frequency range

The measurement of vibration shall be brpad band, so
that the frequency spectrum of the machine is ad-
equately covered

2 Normativereference

The following standard contains provisions which,
through reference in this text, constitute provisions
of this part of ISO 10816. At the time of publication,
the edition indicated was valid. All standards are sub-
ject to revision, and parties to agreements based on
this part of ISO 10816 are encouraged to investigate
the possibility of applying the most recent edition of
the standard indicated below. Members of IEC and

1) To be published. (Revision of 1SO 7919-1:1986)

The frequency range will depend on the type of ma-
chine being considered (e.g. the frequency range
necessary to assess the integrity of rolling element
bearings should include frequencies higher than those
on machines with fluid-film bearings only).

Guidelines for instrumentation frequency ranges for
specific machine classes will be given in the appro-
priate parts of ISO 10816.
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NOTE 1 In the past, vibration severity was often related
to broad-band vibration velocity [mm/s (r.m.s.)] in the range
10 Hz to 1 000 Hz. However, different frequency ranges
and measurement quantities may apply for different ma-
chine types.

3.1.2 Measurement quantity

For the purposes of this part of ISO 10816, the fol-
lowing can be used:

a) vibratiga-displacement, measured in micrometres;

© |SO

rections, leading to a set of different vibration
magnitude values. The maximum broad-band magni-
tude value measured under agreed machine support
and operating conditions is defined as the vibration
severity.

For most machine types, one value of vibration se-
verity will characterize the vibratory state of that ma-
chine. However, for some machines this approach
may be inadequate and the vibration severity should
then be assessed independently for measurement

b) vibratign velocity, measured in millimetres per
second;

c) vibratign acceleration, measured in metres per
square|second.

The use, application and limitations of these quantities
are discussed further in clause 5.

Generally, |there is no simple relationship between
broad-band acceleration, velocity and displacement;
nor is thefe between-peak (0-p), peak to peak (p-p),
root mean| square (r.m.s.) and average values of vi-
bration. THe reasons for this are briefly discussed in
annex A, Which also defines some precise relation-
ships between the above quantities when the har-
monic content of the vibration waveform is known.

In order tq avoid confusion and to ensure correct in-
terpretatiop, it is important at all times to identify
clearly the] measurement units [e.g. pm (p-p);.om/s
(r.m.s.)].

3.1.3 Vibration magnitude

The result pf measurements made, with an instrument
which conjplies with the requirements of clause 4 is
called the YVibration magnitude,at a specific measuring
position ard direction.

It is comrhon practicg, based on experience, when
evaluating |broad-band vibration of rotating machinery
to considef the nim.s. value of vibration velocity, since

positions at a number OT localions.

3.2 Measuring positions

Measurements should be takem on the [bearings,
bearing support housing, 6rOther structural parts
which significantly respond‘to the dynamic fiorces and
characterize the overall vibration of the [machine.
Typical measurement-focdtions are shown |in figures
1 to b.

To define thewibrational behaviour at each measuring
position, i) is’ necessary to take measurgments in
three mutually perpendicular directions. Thg full com-
plement’ of measurements represented in figures 1 to
5.4s¢generally only required for acceptance testing.
The requirement for operational monitoring|is usually
met by performing one or both measuremgnts in the
radial direction (i.e. normally in the horizontal-
transverse and/or vertical directions). Thege can be
supplemented by a measurement of axial| vibration.
The latter is normally of prime significancq at thrust
bearing locations where direct axial dynamic forces
are transmitted.

Detailed recommendations for specific machine types
are provided in the additional parts of ISO 1(0816.

3.3 Machine support structure for
acceptance testing

3.3.1 In situ tests

this can b¢ elated to the vibration energy. However, When acceptance tests are carried out ir] situ, the
other quantitt ; f i r the ma-

and peak values instead of r.m.s. values may be pre-
ferred. In this case, alternative criteria are required
which are not necessarily simply related to criteria
based on r.m.s. values.

3.1.4 Vibration severity

Normally measurements are made at various meas-
uring positions and in two or three measuring di-

chine. In this case it is important to ensure that all the
major components of the machine and structure are
installed when testing is carried out.

It should be noted that valid comparisons of vibration
for machines of the same type but on different foun-
dations or sub-foundations can only be made if the
foundations concerned have similar dynamic charac-
teristics.
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Figure 1 — Measuring points for pedestal bearings
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Figure 2 — Measuring points for housing-type bearings
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Figure 3 — Measuring points for.small electrical machines

Figure 4 — Measuring points for reciprocating engines
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Figure 5 — Measuring points for vertical machine sets
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3.3.2 In a test facility

There are many classes of machines for which, be-
cause of economic or other reasons, acceptance tests
are carried out on a test bed which may have different
support structure characteristics from those at the
site. The support structure can significantly affect the
measured vibration and every attempt should be
made to ensure that the natural frequencies of the
complete test arrangement do not coincide with the
rotational frequencies of the machine or with any of

© ISO

measurements of environmental vibration with the
machine shut down to ensure that this is not making
a significant contribution to the observed vibration.
Where possible, steps should be taken to reduce the
magnitude of environmental vibration if it is greater
than one-third of the recommended limits.

4 Instrumentation

The instrumentation used shall he ﬁloeigr\_a to oper-

its significgmtarmonics.

The test grrangement will normally meet these re-
quirement$ if the vibration magnitude measured in
the horizoftal and vertical directions at the machine
feet, or at|the base frame near the bearing support
or stator fget, does not exceed 50 % of the vibration
magnitude|measured in the same measuring direction
at that bgaring. Additionally, the test arrangement
shall not qause a substantial change in any of the
major resohance frequencies.

If a signifitant support resonance is present during
acceptancg testing and it cannot be eliminated, the
vibration a¢ceptance tests may have to be carried out
on the fully installed machine in situ.

For some [classes of machines (e.g. small electrical
machinery)| acceptance tests can be carried out when
machines gre supported by a resilient system. In this
case, all the rigid body mode frequencies of the ma-
chine on itg support system shall be less than ong*half
of the lowpst significant excitation frequencgy of the
machine. Appropriate support conditions “can be
achieved By mounting the machine en™a resilient
support bgseplate or by free suspension on a soft

spring.

3.4 Machine support structure for
operationfal monitoring

Operationa|l monitoring is carried out on fully installed
machines ih situ (ise>>on their final support structure).

ate satisfactorily in the environment for which it is to
be used, for example with respect to\temperature,
humidity, etc. Particular attention shall be| given to
ensuring that the vibration transducer is| correctly
mounted and that its presen¢e“-does not affect the
vibration response characteristics of the mathine.

Two instrument systems) presently in comm|on use to
monitor broad-band.Vibration are acceptable| namely:

a) instruments which incorporate r.m.s. deftector cir-
cuits and display the r.m.s. values;

b) instiuments which incorporate either r.m.s. or av-
eraging detector circuits, but are scalefl to read
peak-to-peak or peak values. The scaling is based
on an assumed sinusoidal relationship|between
r.m.s., average, peak-to-peak and peak alues.

If the vibration evaluation is based on more|than one
measurement quantity (i.e. displacement,| velocity,
acceleration), the instrumentation used shall be able
to characterize all the relevant quantities.

It is desirable that the measurement system should
have provision for on-line calibration of th¢ readout
instrumentation and, in addition, have suitablg isolated
outputs to permit further analysis as requirefl.

5 Evaluation criteria

5.1 General

3.5 Machine operating conditions

Vibration measurements shall be made after achieving
agreed normal operating conditions. Additional vi-
bration measurements that may be taken under other
conditions are not applicable for evaluation in accord-
ance with clause 5.

3.6 Environmental vibration evaluation

If the measured vibration magnitude exceeds the
recommended limit, it may then be necessary to take

This clause specifies general criteria and principles for
the evaluation of machine vibration. The evaluation
criteria relate to both operational monitoring and ac-
ceptance testing, and they apply only to the vibration
produced by the machine itself and not to vibration
transmitted from outside. For certain classes of ma-
chinery, the guidelines presented in this part of
ISO 10816 are complemented by those given for
shaft vibration in ISO 7919-1. If the procedures of
both standards are applicable, the one which is more
restrictive shall generally apply.
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Specific criteria for different classes and types of ma-
chinery will be given in the relevant parts of
ISO 10816 as they are developed.

5.2 Criteria

Two evaluation criteria are used to assess vibration
severity on various classes of machines. One criterion
considers the magnitude of observed broad-band. vi-

ISO 10816-1:1995(E)

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 customer. However, these
values provide guidelines for ensuring that gross de-
ficiencies or unrealistic requirements are avoided. In
certain cases, there may be specific features associ-
ated with a particular machine which would require
different zone boundary values (higher or lower) to be
used. In such cases, it is normally necessary to ex-
plain the reasons for this and, in particular, to confirm

bration;[the second considers changes in magnitude,
irrespedtive of whether they are increases or de-
creases|

5.3 Criterion I: Vibration magnitude

This criferion is concerned with defining limits for ab-
solute \fibration magnitude consistent with acceptable
dynami¢ loads on the bearings and acceptable vi-
bration |transmission into the support structure and
foundatjon. The maximum vibration magnitude ob-
served @t each bearing or pedestal is assessed against
four evhluation zones established from international
experiefce. This maximum magnitude of vibration
measurgd is defined as the vibration severity (see
3.1.4).

5.3.1 Evaluation zones

The follpwing typical evaluation zones are-defined to
permit § qualitative assessment of the\vibration on a
given muachine and to provide guidelines on possible
actions | Different categorization apd number of zones
may apply for specific maching)types, which are cov-
ered by the additional parfs’ of ISO 10816. Interim
values [for the zone oundaries are presented in
annex B.

Zone A: The vibration of newly commissioned ma-
chines Yvould-nermally 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 con-
tinuous 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 dam-
age to the machine.

That the machine will not be endangered| by operating
with higher vibration values.

5.3.2 Evaluation zone limits

The vibration of a particular machine dejpends on its
size, the characterjstics of the vibrating body and

mounting systém, and the purpose for W
signed. It s, therefore necessary to tak
the varieUs “purposes and circumstance
when Specifying ranges of vibration mea
different machine types. For nearly all
gardless of the type of bearings used, m
of the broad-band r.m.s. vibration velod
tural parts such as bearing housings wi

hich it is de-
e account of
s concerned
surement for
nachines, re-
easurements
ity on struc-
[, in general,

adequately characterize the running condlitions of the

rotating shaft elements with respect to
free operation.

In most cases, it has been found that
ocity is sufficient to characterize the s
bration over a wide range of machi
speeds. However, it is recognised that

their trouble-

vibration vel-
pverity of vi-
he operating
the use of a

single value of velocity, regardless of fréquency, can

lead to unacceptably large vibration di
This is particularly so for machines with |
speeds when the once-per-revolution vi
ponent is dominant. Similarly, constant
teria for machines with high operating sp
vibration at high frequencies generated
component parts can lead to unaccept

placements.
bw operating
bration com-
velocity cri-
beds, or with
by machine
able acceler-

ations. Consequently, acceptance crite

ia based on
re6. This in-

dicates the upper and lower frequency limits £, and f;
and shows that below a defined frequency f, and
above a defined frequencyfy the allowable vibration
velocity is a function of the vibration frequency (see
also annex C). However, for vibration frequencies
between f, and f,, a constant velocity criterion applies.
The r.m.s. velocities listed in annex B refer to this
constant velocity region. The precise nature of the
acceptance criteria and the values of £, £, f, and £, for
specific machine types will be given in the additional
parts of ISO 10816.
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For many machines, the broad-band vibration consists
primarily of a single frequency component, often shaft
rotational frequency. In this case, the allowable vi-

bration is obtained from figure 6 as the vibration vel-
ocity corresponding to that frequency.

For less-common machines, where there may be sig-

nificant vib

ratory energy beyond the breakpoints f, and

f, of figure6, a number of different approaches are
possible. Examples are the following.

© [SO

appropriate weighting factors, consistent with fig-
ure 6, for those components whose frequencies
are below f or above f. This value should then
be evaluated relative to the constant velocity be-
tween f, and £,. It should be noted that, except for
the case when the broad-band vibration consists
primarily of a single frequency component, a di-
rect comparision of the frequency spectrum com-
ponents with the curves of figure 6 would yield

misleading results.

a) In addgrtomn

O e usual. UTuau=udarid VUIUin.y,

broad-thand displacement may be measured when

there

s significant energy below f. Similarly,

broad-hand acceleration may be measured when

there i

e mdi A

b significant energy above f,. The allowable
famlann s~ + anmA A A

anralaratinnm

vioratdgn dl::pmucmcm and acceleration should be
consisfent with the velocity corresponding to the

sloped

b) The ve
signifig
spectry
analyss
be obt

portions of figure6.

ocity, displacement or acceleration at each
ant component throughout the frequency
m may be determined using a frequency
r. The equivalent broad-band velocity can
hined using equation (A.2) after applying

c] A composite broad-band measurement

en-

compassing the entire spectrum may-be carried

out using an instrument incorpaorating
networks consistent with thenshape o
This value should then be evaltated rela

constant velocity between.f; and f,.

The evaluation criteria for specific machine
be given in the additional parts of ISO 1081
become available¢Annex C provides additi
ance. For certain‘machine types, it may be

weighting
f figure 6.
ive to the

types will
6 as they
bnal guid-
hecessary

to define furthier criteria beyond those degcribed by

figure 6 (see for example, 5.6.3).

>

w]

S

g Zone D

9

€

o
Zone C
Zone B
Zone A

fy fu

Freguency, f

Figure 6 — General form of vibration velocity acceptance criteria
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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. A significant increase or decrease in
broad-band vibration magnitude may occur which re-
quires some action even though zone C of Criterion |
has not been reached. Such changes can be instan-
taneous or progressive with time and may indicate
that damage has occurred or be a warning of an im-

ISO 10816-1:1995(E)

Where appropriate, guidelines for specifying ALARM
and TRIP criteria for specific machine types are given
in the additional parts of ISO 10816.

5.5.1 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 deter-
mined from experience for the measurement position
or direction for that particular machine.

pending failure or some other irregularity. Criterion Il
is spec|fied on the basis of the change in broad-band
vibration magnitude occurring under steady-state op-
erating |conditions.

When (riterion Il is applied, the vibration measure-
ments [peing compared shall be taken at the same
transducer location and orientation, and under ap-
proximately the same machine operating conditions.
Significhnt changes from the normal vibration magni-
tudes ghould be investigated so that a dangerous
situatiop may be avoided.

Criteria|for assessing changes of broad-band vibration
for monpitoring purposes are given in the additional
parts of ISO 10816. However, it should be noted that
some ghanges may not be detected unless the dis-
crete frequency components are monitored (see
5.6.1).

5.5 Qperational limits

For long-term operation, it is common practice for
some machine types to establisiiopérational vibration
limits. These limits take the~form of ALARMS and
TRIPS.

ALARMS: To provide @ Warning that a defined value
of vibration has beendréached or a significant change
has ocqurred, at{which remedial action may be nec-
essary. |In general, if an ALARM situation occurs, op-
eration pan<continue for a period whilst investigations
are carfiedhout to identify the reason for the change

[t is recommended that the ALARM-Value should be
set higher than the baseline by an(amoynt equal to a
proportion of the upper limit of zone B. If the baseline
is low, the ALARM may be pelow zone . Guidelines
for specific machine types'are given in the additional
parts of ISO 10816.

Where there is no(established baseline| for example
with a new machine, the initial ALARM setting should
be based either.on experience with othgr similar ma-
chines or rélative to agreed acceptance |values. After
a period{of)time, a steady-state baseline|value will be
established and the ALARM setting should be ad-
justed-accordingly.

ifthe steady-state baseline changes (for @xample after
a machine overhaul), the ALARM setting should be
revised accordingly. Different operatignal ALARM
settings may then exist for different begrings on the
machine, reflecting differences in dyngmic loading
and bearing support stiffnesses.

5.5.2 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 bedn introduced
to enable the machine to withstand abnofmal 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-sfate baseline
value used for setting ALARMS.

There may, however, be differences for|machines of
different design and it is not possible 1o give guide-

in vibration and define any remedial action.

TRIPS: To specify the magnitude of vibration beyond
which further operation of the machine may cause
damage. If the TRIP value 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 speci-
fied for different measurement positions and di-
rections.

lines for absolute TRIP values. In general, the TRIP
value will be within zone C or D.

5.6 Additional factors

5.6.1 Vibration frequencies and vectors

The evaluation considered in this basic document is
limited to broad-band vibration without reference to
frequency components or phase. This will in most
cases be adequate for acceptance testing and oper-
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ational monitoring purposes. However, in some cases
the use of vector information for vibration assessment
on certain machine types may be desirable.

Vector change information is particularly useful in de-
tecting and defining changes in the dynamic state of
a machine. In some cases, these changes would go
undetected when using broad-band vibration meas-
urements. This is demonstrated in annex D.

The specification of criteria for vector changes is be-

yond the present scope of this part of ISO 10816. beatings

5.6.2 Vibration sensitivity of the machine

The vibratipn measured on a particular machine may
be sensitije to changes in the steady-state oper-
ational conglition. In most cases this is not significant.
In other cases the vibration sensitivity may be such
that aithough the vibration magnitude for a particular

© SO

machine is satisfactory when measured under certain
steady-state conditions, it can become unsatisfactory
if these conditions change.

It is recommended that, in cases where some aspect
of the vibration sensitivity of a machine is in question,
agreement should be reached between the customer
and supplier about the necessity and extent of any
testing or theoretical assessment.

5.6.3 Special techniques for rolling element

Alternative approaches other than ®roadtband vi-
bration measurements are continuing>to bg evolved
for assessing the conditions . of* rolling | element
bearings. These are discussed further in anngx E. The
definition of evaluation criteria for such pdditional
methods is beyond the\'scope of this| part of
ISO 10816.

10
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Annex A
(informative)

Vibratory waveform relationships

It has been recognized for many years that using the
measur S t t =
bratory|response of a wide range of machine classi-
fications has been very successful and continues to
be so. |For simple alternating waveforms which are
made @p of a discrete number of harmonic com-
ponentg of known amplitude and phase, and do not
contain| significant random vibration or shock com-
ponents, it is possible, by means of Fourier analysis,
to relaje various fundamental quantities (e.g. dis-
placement, velocity, acceleration, peak, r.m.s., aver-
age, etf.) using rigorously determined mathematical
relationships. These have been derived elsewhere
and it i$ not the purpose of this annex to cover this
aspect pf the subject. However, a number of useful
relationghips are summarized below.

From measured vibration velocity versus time re-
cords, the r.m.s. value of the velocity may be calcu-
lated ag follows:

(AT

N

r.ms.

Jrvz(t) dt
0

where
v(r)| is the time-dependent Vibration velocity;

mls. 1S the corresponding)r:.m.s. velocity;

T is the sampling-time, which is longer than
the period~of/any of the major frequency
components of which v(f) is composed.

Accelergtion, welocity and/or displacement magni-
tudes (4, v s{ respectively; j=1, 2, .., n) can be de-

per square second, and the frequencies £, f., -, f,, in

' '

characterizing the motion is given by:

.s. velocity

Vims. =T X 10_3\/% [(51 fl)2 + (s, f2

VN

Pt (s S

100 e ) 21
T 2n fi b

NOTE\2™ According to ISO 2041, the freque
becgcalled cyclic frequency f.

In the case where the vibration consists
significant frequency components givi
r.m.s. value, v, and vy, Vi ms. May b
approximately from the relationship:

_ \/ 1
Vims. = 2

The operation of interchanging vibration
velocity or displacement values can be a
only for single-frequency harmonic compgq
for example, figure A.1. If the vibration
single-frequency component is known,
peak displacement may be evaluated 1
lationship:

_ 450y,
f;

2 2
(Vmax + Vmin)

Si

. (%)2
... (A2

ncy f may also

of only two
ng beats of
determined

...(A3)

acceleration,
ccomplished
nents using,
velocity of a
the peak-to-
rom the re-

L (A4

terminefi Gor" different frequencies (f;, f, ... f,) from where
analyses of Tecorded spectra. s; is the peak-to-peak displacement value, in
If the peak-to-peak displacement values of the vi- micrometres;

in micrometres, or the r.m.s. vel- v; is the r.m.s. value of the vibra

bration, s;, Sy, . S,
ocity values v;, v,, .., v,, in millimetres per second, or

n
the r.m.s. acceleration values qa;, @, .., a, in metres

ne

tion velocity,

in millimetres per second, of the com-
ponent with frequency £, in hertz.

1
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Annex B
(informative)

Interim broad-band vibration criteria for specific machine groups

This part of ISO 10816 is a basic document which

normal operating condition. (Production electrical mo-

sets ou
evaluat

T general guidelnes for the measurement and
on of mechanical vibration of machines, as

measufed on non-rotating parts. It is intended that

evaluat]
provide
machin
only,
table B
The va
to C, reg
defined
these
supers
annex
have b

The ma3

on criteria for specific machine types will be
d in additional parts of ISO 10816 for different
e types. However, as a short-term expedient
imited evaluation criteria are provided in
1 until the relevant parts become available.
ues given are for the upper limits of zones A
spectively (see 5.3.1), for the machine classes
below. It is important, therefore, prior to using
values, to check that they have not been
pded by an additional part of ISO 10816. This
Will be deleted when all of the relevant parts
pen published.

chine classifications are as follows.

Class [} Individual parts of engines and machines, in:

TOrS Of Up 10 15 KVV are typical exampJes
in this category.)

Class II: Medium-sized machipes*(typid
motors with 15 kW to 75 kW .output) W
foundations, rigidly mountéd engines or
to 300 kW) on special foundations.

Class lll: Large ptime-movers and oth
chines with rotating masses mounted
heavy foundations which are relatively
rection of gibration measurements.

Class “IV: Large prime-movers and oth
chines with rotating masses mounted o
which are relatively soft in the directio
measurements (for example, turbogene
gas turbines with outputs greater than 1

of machines

ally electrical
ithout special
machines (up

er large ma-
on rigid and
5tiff in the di-

er large ma-
h foundations
N of vibration
ator sets and
0 MW).

tegrally] connected to the complete machine ip, Its
Table B.1 — Typical zone boundary limits
R.ms. vibration velocity Class | Class I Class lll QGlass IV
mm/s
0,28
0,45 A
A
0,74 A
A
3,32
B
1,8
R
2,8
C B
4,5
C B
7.1
C
11,2
C
18 D
D
28 D
D
45

13
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Annex C
(informative)

General guidelines for specification of criteria

The velocity criteria shown in figure6 can be rep-

© ISO

constant velocity criterion applies (see

resented by thefottowing generatequation:

Vems. T VGl (ylfi) .. (€1

where

Vims. is the allowable r.m.s. velocity, in milli-
metres per second;

Va is the constant r.m.s. velocity, in milli-
metres per second, which applies be-
tween £, and £, for zone A;

G is a factor which defines the zone
boundaries (e.g. the limit of zone A
could be obtained by setting G = 1, the
limit of zone B by setting G = 2,66 and
the limit of zone C by setting G = 6,4);
this factor may be a function of the
machine speed or any other relevant
machine operating quantity (e.g. load;
pressure, flow);

fandf, are the defined frequencies, (in)hertz,

14

between which it is assumed that a

0.3.4);
fo=hforf<y,
fu=fforf>f,
fL=florf<f
L=ktorf=f

f is the “frequency, in hertz, {or which

V. ms. 1S defined;

k andm “are defined constants for a given ma-

chine type.

For special groups of machines, single values

of rm.s.

velocity can be specified instead of curves of the type

shown in figure 6.

NOTE 3  The frequencies f, and f which are shpwn in fig-

ure6 are the upper and lower frequency limits
band measurements.

for broad-
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Annex D
(informative)

Vector analysis of change in vibration

Introduction

D.2 Importance of vector changes

Evaluaticlm criteria are defined in terms of the normal
steady-rhinning value of broad-band vibration and any
changed that may occur in the magnitude of these
steady Values. The latter criterion has limitations be-
cause s¢me changes may only be identified by vector
analysis |of the individual frequency components. The
developfnent of this technique for other than
synchromous vibration components is still in its infancy
and criferia cannot be defined in this part of
ISO 108[16 at present.

D.1 General

The brogd-band steady vibration signal measured on
a machine is complex in nature and is made up of a
number |of different frequency components. Each of
these cdmponents is defined by its frequency, ampli-
tude and phase relative to some known datum. Cons
ventiona] vibration-monitoring equipment measures
the maghitude of the overall complex signal and.does
not differentiate between the individual frequency
components. However, modern diagnosticsequipment
is capable of analysing the complex signal so that the

in individual freguency components, which
ignificant, arg\not necessarily reflected to the
same dggree in the) broad-band vibration and, hence,
the critefion based on changes of broad-band vibration
magnitudie /only may require supplementary phase
measurements.

Figure D.1 is a polar diagram which ishused to display
in vector form the amplitude and phase qf one of the
frequency components of a complex vibration signal.

The vector A, describes the initial stepdy-state vi-
bration condition; i.e. inhis condition the magnitude
of vibration is 3_mm/s (r.m.s.) with a phase angle of
40°. The vector A, describes the steady-sfate vibration

condition after some change has occurrefl to the ma-

chine; i.e. the)magnitude of the vibra
2,5 mm/s_{rfn.s.) with a phase angle of 1

ion is now
80°. Hence,

althoughythe vibration magnitude has dgcreased by
0,5 mm/s (r.m.s.) from 3 mm/s to 2,5 mm/s, the true

change of vibration is represented by
Ay~ Aq, which has a magnitude of 5,2 m
This is over ten times that indicated by cq
vibration magnitude alone.

D.3 Monitoring vector changes]

The example given in D.2 clearly illustrd
portance of identifying the vector change
signal. However, it is necessary to appre
general, the broad-band vibration signal i
of a number of individual frequency d
each of which may register a vector char
more, an unacceptable change in one p
quency component may be within acce
for a different component. Consequent
possible at this time to define criterig
changes in individual frequency compone
compatible with the context of this part of
which is aimed primarily at normal operg

the vector

m/s (r.m.s.).

mparing the

tes the im-

n a vibration
Ciate that, in
5 composed

omponents,
ge. Further-

Articular fre-
ptable limits

y, it is not
for vector
nts that are
ISO 108186,
tional moni-

torinag of hroaad hand anratio - [N
t Ot vioTratto—OY T

on-vibration

OIS

specialists.

oot oS
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Annex E
(informative)

Specialist measurement and analysis techniques for detection of problems
in rolling-element bearings

Introddction

The usg of a simple broad-band measuring technique
on the raw acceleration data from a rolling-element
bearing|housing, as described in the main text of this
part of| ISO 10816, often provides sufficient infor-
mation o give guidance on the running conditions of
that pafticular bearing. It is realized that this simple
technigte is not successful in all circumstances. In
particular, errors in assessment may arise if there are
significgnt resonance effects in the bearings or its
housing within the measurement frequency range, or
if signifjcant vibration signals are transmitted to the
bearing|from other sources such as gear-meshing vi-
bration.

Mainly @s a result of the above deficiencies, alterna-
tive mepsuring equipment and various analysis tech-
niques have evolved which, in some instances, may
be morg suitable for identifying problems in rolling-
elemen{ bearings. None of these available_instru-
ments gr techniques has, however, been successfully
proven |n all situations. For instance, not(all*types of
bearing defect can be identified by any cne technique
and, whereas a particular technique-may be perfectly
satisfacfory in identifying major pearing problems on
one mathine, it may be totally unsuitable for other
installations. In all cases_~the general vibration
charactgristics and pattems are mainly dependent on
the spegific type of bearing, the structure incorporat-
ing it, the instrumentation and even the signal pro-
cessing] All of these phenomena need to be well
understgod, otherwise no objective bearing evaluation
method|can{agply.

E.1 Raw data analysis (overall
measurements)

ibration

Various claims have been madg“in suppprt of simple
alternatives to the measurement of broagl-band r.m.s.
acceleration of the rawvibration signal [for revealing

defects in rolling-elemeént bearings.

These alternatives-are:
a) measurement of peak acceleration va

b) measurement of the peak-to-rm.s.
factor) of the acceleration;

¢Y» computation of the product of r.m
acceleration measurements.

E.2 Frequency analysis

The individual frequency components o
vibration signal can be identified with a
tering arrangements or by spectrum ana
cient data are available about the particuld
characteristic frequencies for a variety off
be calculated and compared with the fre
ponents of the vibration signal. This, th
give not only recognition that a bearing i
cern, but can also identify the nature of t

To give greater definition of the bearing
quencies in cases where high backgrou
exists, processing techniques such as cg
aging, adaptive noise cancellation or s

lues;

ratio (crest

s. and peak

f a complex
variety of fil-
ysis. If suffi-

r bearing, its
defects can

juency com-
erefore, can
5 giving con-
he defect.

-related fre-
nd vibration
herent aver-
pectral sub-

traction technigues may be beneficially

applied. A

Selectior—of—stitabte—techniques—for—specific—appt-
cations require specialist knowledge of both the
technique and the machinery to which it is to be ap-
plied.

Clauses E.1 to E.4 briefly mention some of the avail-
able measuring equipment and analysis techniques
which have been shown to have had some success
in selected applications. However, insufficient infor-
mation is available on suitable evaluation criteria val-
ues to permit any of the techniques to be
incorporated in International Standards at this stage.

further technique is the spectral analysis of envelope
waveforms which are generated by rectifying and
smoothing of high-pass filtered vibration signals (or
bandpass filtered in the high frequency range). Thus
low-frequency background vibration is suppressed
and the sensitivity for repetitive small pulses is sig-
nificantly increased.

A useful variant to the spectral analysis approach is to
consider sidebands (sum and difference frequencies)
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