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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

Vibration in rotating rolling bearings can be of importance as an operating characteristic of such
bearings. The vibration can affect the performance of the mechanical system incorporating the bearing
and can result in audible noise when the vibration is transmitted to the environment in which the
mechanical system operates, can lead to damages, and can even create health problems.

Vibration of rotating rolling bearings is a complex physical phenomenon dependent on the conditions
of operation. Measuring the vibration of an individual bearing under a certain set of conditions does
not necessarily characterize the vibration under a different set of conditions or when the bearing
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bmes part of a larger assembly. Assessment of the audible sound generated by the

ny disagreeable and undesired sound, is further complicated by the subjective nature o
lgreeable and undesired. Structure-borne vibration can be considered the driving mech
mately results in the generation of airborne noise. Only selected methods for the measure
cture-borne vibration of rotating rolling bearings are addressed in the current edition of

5 part of ISO 15242 serves to define and specify the physical quantities measured and {

isurement conditions and environment utilized in the measurement of vibration ge
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em incorporating the bearing is further complicated by the influence of the interface’conditions,
location and orientation of the sensing device, and the acoustical environment incwhich [the system
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INTERNATIONAL STANDARD ISO 15242-1:2015(E)

Rolling bearings — Measuring methods for vibration —

Part 1:
Fundamentals

1 [Scope

Thip part of ISO 15242 specifies measuring methods for vibration of rotating rolling\bearjings under
established measuring conditions, together with calibration of the related measuring systems.

2 |Normative references

The following documents, in whole or in part, are normatively referehced in this documgnt and are
indispensable for its application. For dated references, only the edition cited applies. For undated
refgrences, the latest edition of the referenced document (including-any amendments) appligs.

(%)

1SO|286-2, Geometrical product specifications (GPS) — ISO code)system for tolerances on lingar sizes —
Part 2: Tables of standard tolerance classes and limit deviations. for holes and shafts

[S0|2041:2009, Mechanical vibration, shock and condition“onitoring — Vocabulary

[SO|5593, Rolling bearings — Vocabulary

3 |Terms and definitions

For|the purposes of this document, the‘terms and definitions given in ISO 2041, ISO 5593 and the
follpwing apply.

31
errpr motion
undesired radial or axial (translational) motion or tilt (angular) motion of an axis of rotatior], excluding
motions due to changes eftemperature or externally applied load

3.2
vibration
meg¢hanical os€ilations about an equilibrium point

Note 1 to entry: The oscillations may be periodic or random.

[SOPREGE: I1SO 2041:2009, 2.1, modified]

3.3

transducer

device designed to convert energy from one form to another in such a manner that the desired
characteristics of the input energy appear at the output

Note 1 to entry: The outputis usually electrical.

Note 2 to entry: The use of the term “pick-up” is deprecated.

Note 3 to entry: Examples of types of transducers used in vibration measurement are the following:
a) piezoelectric accelerometer;

b) piezoresistive accelerometer;

© IS0 2015 - All rights reserved 1
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strain-gauge type accelerometer;
variable-resistance transducer;

electrostatic (capacitor/condenser) transducer;
bonded-wire (foil) strain-gauge;
variable-reluctance transducer;

magnetostriction transducer;

c)

d)

e)

f)

g)

h)

i) moving
j)  moving
k) inducti
1) laservi
Note 4 to en
can be cony
[SOURCE: 1
3.4

filter
wave filte
analogue

relatively s

CoTrtrartto—trarotrater

-coil transducer;
bn transducer;
brometer.

try: Other types of transducers such as dynamic force transducers may be used, provided their si
brted to displacement, velocity or acceleration.

SO 2041:2009, 4.1, modified — Note 3 to entry and Note 4 to entry*have been added.]

e

r digital device for separating oscillations on thé>basis of their frequency, introdu
mall attenuation to wave oscillations in one or_niore frequency bands and relatively Iz

attenuation to oscillations of other frequencies

3.5
band-pass
filter (3.4)
zero to a fi

3.6

filter
Wwhich has a single transmission band extending from a lower cut-off frequency greater t
hite upper cut-off frequency

nominal upper and lower cut-off frequencies

cut-off fre

nominal fr

3.7
root mean
rms veloci

Vrms (1)

juency

DW
pquencies that definethe band-pass filter (3.5)

square veloeity
ty

square ro

(:lt
Note1toe

of the-average of squared values of the vibration velocity within a time interval, T

bnal

Fing
rge

han

rz?Root mean square value can also be used for displacement and acceleration.

Note 2 to entry: In the first edition of this part of ISO 15242, root mean square was abbreviated as r.m.s.

3.8

fundamental period

period

smallest increment of time for which a periodic function repeats itself

Note 1 to entry: If no ambiguity is likely, the fundamental period is called the period.

[SOURCE: I

S0 2041:2009, 2.32]
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3.9
spike
single significant rapid transient changes in amplitude above the general signal level

Note 1 to entry: Figure 1 shows an example for a spike.

............ A~ 7.4..... RV R (R AR E

__________ 1 OO O SO Y N
\
Key
1 [spike
Figure 1 — Example showing a spike phenomenon in the time domain
3.19
pulse

signjificant repetitive rapid transient changes in amplitude abovVe the general signal level

Note 1 to entry: Figure 2 shows an example for a pulse.

1N A

+

Figure 2 — Example showing a pulse phenomenon in the time domain

4 |Fundamental concepts

4.1 Bearing vibration measurement

Theg diagram in Figure 3 shows the fundamental elements of bearing vibration measuremg¢nt and the

factiors’that influence the measurement. The numbers in Figure 3 correspond to subclauses pf this part
of ISO 15242.

© IS0 2015 - All rights reserved 3
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5.1 Basic principle of 6.1 Physical quantity measured
vibration measurement 6.2 Frequency domain
5.2 Rotational frequency 6.3 Time domain
5.3 Orientation of bearing 6.4 Transducer response and filter
7.2 Conditions of rotational axis characteristics
measurement 5.4 Bearingload 6.5 Method of time-averaging
environment 5.5 Transducers 6.6 Measurement sequence
Environment Measurement process Measurement and evaluation methods
N\ AN

Y

Bearing to be measured
4.2 Characteristics of an axis of rotation
7.1.1 |Prelubricated bearings 4.3 Bearing error motion Measurement
7.1.2 | Non-prelubricated bearings | 4.4 Bearing vibration

Others Measuring device Calibration

7.3.1 Stiffness of the 8.2 Calibration of the
spindle/mandrel system components
arrangement 8.3 System performance

7.3.2 Loading mechanism evaluation

7.3.3( Magnitude and
alignment of the
external load applied
to the bearing

7.3.4 Axis location of
transducer and
direction of
measurement

7.3.5 Mandrel

7.3.6 Others

Figure 3 — Fundamental elements of bearing vibration measurement

4.2 Characteristics of an axis of rotation

A rotating rolling bearing is designed to provide an axis of rotation for rotational motion of one machine
element relative to another while supporting radial and/or axial loads. An axis of rotation may exhibit
motion in six basic degrees of freedom. These are shown in Figure 4, and are listed below:

— rotational motion, see Figure 4 b);

— translational motion in a radial direction, i.e. in one or both orthogonal planes passing through the
axis of rotation, see Figures 4 c) and 4 d);

4 © IS0 2015 - All rights reserved
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— translational motion in an axial direction, i.e. in a direction parallel to the axis of rotation, see
Figure 4 e);

— tilt motion in an angular direction, i.e. in one or both orthogonal planes passing through the axis of
rotation, see Figures 4 f) and 4 g).

Y x
A
C()IN\\. -
\.‘\~\‘\J«)
'~
§X.Z
W

L
A ~ '~ .
.| iD
B
b) Rotational motion c) Radial translational d) Radial translational
coaxial with the Z motion in the X direction motion in the Y difection
reference axis
C C
> ~ Z > p
A . RN S~
~. N -, D N 1D
B ' N . \/I N . lﬁ
5 - B
e) Axial translational f) Tilt motion in the X g) Tilt motion infthe Y
motion in the Z direction direction with the originat A direction with the origin at A

Key
AB |Z reference axis
CD |axis of rotation

Figute4 — Schematic diagrams of the six degrees of freedom of an axis of rotation

ptating rolling bearing will, ideally, have no resistance to externally applied forces in thq rotational
dirdetioni-e—zero-frictional-torque—Depending-on-the-type-of-external-oading-the bearingds designed
to support, the bearing will exhibit stiffness in any or all of the five remaining degrees of freedom. For
example, a bearing with self-aligning capabilities may support radial and axial loading, but will, ideally,
exhibit no stiffness in the two tilt directions. Other bearings may be designed to allow free axial motion
while exhibiting radial and tilt stiffness.

4.3 Bearing error motion

Displacement of the axis of rotation of a rotating bearing in any of the five non-rotational degrees of
freedom for which the bearing is designed to support load is known as bearing error motion. This
includes any displacements associated with rotation of the bearing, but excludes displacements due to
thermal drift or changes in externally applied load. Error motion is reported in terms of displacement
and characterizes the deviation from perfection of an axis of rotation. In a rotating rolling bearing,

© IS0 2015 - All rights reserved 5
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error motion is a consequence of geometric imperfections of the various internal bearing surfaces that
undergo relative motion as the bearing rotates. These geometric imperfections may be an intrinsic
characteristic of the bearing components (such as form errors in a manufactured surface) or may be
the consequence of distortions of the bearing components introduced during mounting or installation.

4.4 Bearing vibration

The same factors that result in bearing error motion will also result in dynamic vibration of the
bearing elements. Vibration is a consequence of the displacements induced by error motion, but with
the additional consideration of acceleration-dependent inertial effects and bearing/mounting stiffness

characteris
time-varia
elements a
Vibration i
applied loa
to airborng

5 Meas

5.1 Basic principle of vibration measurement

For the puf

evaluated by mounting a transducer (e.g. displacement, velocity, aceeleration or force) at a specified p

on one of th
the bearing
to a refere|
conditions
are then ar
observatio

NOTE ’
operating c

The measurement process can be represented schematically as a combination of the elements as sh

in Figure 3
these elem

5.2 Rotd

Bearings v
turning at
type-speci
and a rotaf
the measus

ble deformations of the bearing parts, several types of non-intended motions of the.rol
hd cages, and periodic displacements of the cage with respect to the rolling element$.or ri
5 generated by error motion under specific circumstances, such as rotational frrequéncy
d. Bearing vibration can affect the performance of a mechanical system and-¢an contril

and structure borne noise of the system that incorporates the bearing.

urement process

poses of this part of ISO 15242, the structure-borne vibration of a rotating rolling beariry

e bearing rings or on a mechanical element of the testtig that is mechanically coupled to o
b rings. The line of action of the transducer (e.g. axialyor radial) shall be specified with resj

and the transducer signal is monitored for a specified period of time. The data thus colle
alysed to calculate one or more parameters'that are used to characterize the vibration. T}
hs yield data on the vibration of the bearing for the selected measurement conditions.

'he results do not necessarily allow (conclusions regarding vibration and noise under diffe
nditions.

The numbers indicate subglauses of this part of ISO 15242, which provide details on eag
ents of the measurement process.

tional frequency

ibration shall-be measured with the outer ring being stationary and with the inner
A constant yYotational frequency dependent on the size and construction of the bearing
fic parts:of SO 15242). Alternatively, bearings may be measured with a stationary inner
ing.outer ring. The stationary ring is permitted to have small rotational movement du
ement.

ate
ing
hgs.
and
ute

gis
Dint
e of
pect

nce system. The bearing is rotated at a fixed retational frequency under specified loadling

ted
lese

rent

dPwn

h of

ing
[see
ing
[ing

During the measurement, the actual rotational frequency shall not exceed the nominal rotational
frequency by more than 1 % and shall not fall below it by more than 2 %.

5.3 Orientation of bearing rotational axis

Bearings vibration may be measured with the axis of rotation vertical or horizontal. With the axis
horizontal, the change in orientation of the earth’s gravity with respect to the rotating rolling elements
can lead to additional vibration unless the centrifugal or induced contact forces on the rolling elements
are much greater than their weights.

© ISO 2015 - All rights reserved
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Bearing load

In order to achieve well-defined kinematic conditions, bearings shall be loaded during the vibration
measurement. Applied loads shall be sufficient to prevent slipping of the rolling elements relative to the
inner and outer ring raceways and without affecting the measurement.

5.5

Transducers

The quantity measured is the radial or axial vibration of the measured ring. A transducer converts the
mechanical movement to an electrical signal in units of displacement, velocity or acceleration.

Wh
infl
tha
sha
ring

bn a contact type transducer is used, care shall be taken to ensure that the transdueg
llence the vibrations of the measured ring. Conversely, the contact needs to be sufficier
all vibrations within the appropriate frequency range are detected. To achieve this, mov|
| be as low as possible. If vibrations are transferred via a transducer tip that toliches thg
', the occurrence of contact resonance has to be taken into consideration (see Annex A).

Sig

range. The vibrational motion of the measured ring is a complicated superposition of dis
of various amplitudes at different frequencies. Whereas there may be-high single amplitu

hig
fred
is

trapsducer shall provide adequate frequency response.

NOTI

6

6.1

The
med

6.2

The
dep
the
oth

Nar

6.3

als should be presented as velocity as it provides the best resolution over a wide

r does not
tly firm so
ing masses
measured

frequency

blacements
es even at

er frequencies (especially for defective bearings), in general, amplitudes decrease with|increasing

uency and decline to nanometre magnitude at a few kilghertz. Because the acousti
roportional to the velocity signal on the surface, veloecity*sensors are preferred. T

E The correlation of displacement, velocity and acceleration at various frequencies is given

Measurement and evaluation metheds

Physical quantity measured

default physical quantity to be measured is root mean square vibration velocity, vims |
isurement direction is to be radialor axial depending on the bearing type.

Frequency domain

velocity signal is to be)analysed in one or more frequency bands. The range of the frequ
end on the rotational frequency of the spindle. For a rotational frequency of 30 s-1 (1 §
range of the frequency bands is from 50 Hz to 10 000 Hz. Specific frequency ranges are s
br parts of [SO.15242.

row band spectral analysis of the vibration signal may be considered as a supplementary

Time domain

pressure
e selected

n Annex B.

um/s). The

bncy bands
00 min-1),
pecified in

r option.

Detection of pulses or spikes in the time domain velocity signal, usually due to surface defects
and/or contamination in the measured bearing, may be considered as a supplementary option. Various
evaluation methods exist.

6.4

Transducer response and filter characteristics

Frequency response of the transducer shall fall within the limits specified in Figure 5.
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8000

3,5

50

|~

Key
X  frequer
Y output

a  Maxim@im permissible zone.

NOTE I
permissible|
extended uj

The minimum response requirement-efithe transducer in Figure 5 shall include the compensated ouf

signal of th

Amplitude
amplitudes

The sensitivity of the trahsducer, as matched with its signal conditioning, shall be specified within +}

The filter g

in Figure 6
all frequen

10 100 1000 10 000

cy, Hz
signal /vibration velocity, dB

or measurements done at ranges different from default (50 Hz to 10 000 Hz), the maxir
zone should be adjusted accordingly. For instaiice, if measured at 3 600 min-1, the zone shoul
to 20 000 Hz and for lower rotational frequencies, the lower range should be extended accordin

Figure 5 — Transducer response specification

e amplifier.

linearity: The maximum deviation from linearity shall be less than 10 % for vibra
in the velocity range between 10 um/s and 3 000 um/s over the whole frequency range.

haracteristics of the signal conditioning shall fall within the band-pass filter limits speci
Thesattenuation at all frequencies lower than 64 % of the lower cut-off frequency (fiow)
cieS'greater than 160 % of the upper cut-off frequency (fupp) shall not be less than 40 dB

hum
1 be

bly.

put

fion

%.

fied
and
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10 |

Qo
[« =}
|

6.5

The
ove
cha

The

The
cre

Y 0'64f10w 1'Zflow 0J8fupp 1'6fupp

¢ d
flow fupp

frequency, Hz

attenuation, dB

Recommended range.

Maximum permissible range.
Nominal lower cut-off frequency.

Nominal upper cut-off frequency.

Figure 6 — Filter specification

Method of time-averaging

measurement of the velority signal in each frequency band shall represent a time-averg
' a period of not les§ than 0,5 s at 1 800 min-1 once the readings of the vibration have
racterized by only.ail occasional random fluctuation about the average.

minimum tinle;averaging period is inverse proportional to the rotational frequency of t

accuracy of the root mean square detector shall be within £5 % of the reading for sig
t factor-up to five.

ge reading
stabilized,

he spindle.

hals with a

6.6

Measurement sequence

Measurements shall be taken at the required number of positions. Details for specific bearing types are
given in other parts of ISO 15242.

For acceptance of the bearing, the highest vibration reading for the appropriate frequency range shall
be within the limits mutually agreed between the manufacturer and the customer.

© ISO 2015 - All rights reserved
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7 Conditions for measurement
7.1 Bearing conditions for measurement

7.1.1 Prelubricated bearings

Prelubricated (greased, oiled or solid lubricated) bearings, including sealed and shielded types, shall be
measured in the as-delivered condition.

7.1.2 N n-prplllhrirnfpd hpnringc

Since contamination affects vibration, the bearings should be effectively cleaned, taking care™nat to
introduce ¢ontamination or other sources of vibration.

NOTE Jome preservatives meet the lubrication requirements for vibration measuring. In this case, it i not
necessary tp remove the preservative.

Non-prelubricated bearings shall be adequately lubricated with fine filtered oil; typically having a
viscosity i the range of 10 mm?2/s to 100 mm?2/s, appropriate to bearing type-and size.

The lubrication procedure shall include some running-in to achieve homegeneous distribution of|the
lubricant within the bearing.

7.2 Conglitions of the measurement environment

The bearinlgs shall be measured in an environment that does mot influence the bearing vibration.

7.3 Conglitions for the measuring device

7.3.1 Sti[fness of the spindle/mandrel arrangement

The spindle (including the mandrel) used to-hold and drive the bearing shall be so constructed that,
except for transmission of rotary motion, it'represents a rigid reference system for the rotating fing
axis. The transmission of vibration between the spindle/mandrel arrangement and the bearing in|the
frequency pand used shall be negligible'by comparison to the velocities measured.

7.3.2 Lopding mechanism

The loading system usedt0-apply load to the measured ring shall be so constructed that it leaves|the
ring essentially free to{vibrate in all radial, axial, angular or flexural modes according to the beafing
type, as lonpg as it allows normal bearing operations.

—-

7.3.3 Madgnitude and alignment of the external load applied to the bearing

Details forlspecificbearing typesarc giveninother partsof SO 15242

TIrgcy P T Pt or oo oSS

7.3.4 Axial location of transducer and direction of measurement

Details for specific bearing types are given in other parts of ISO 15242.

7.3.5 Mandrel

The cylindrical surface of the mandrel, on which the inner ring of the bearing is mounted, shall have
an outside diameter to tolerance class {5, according to ISO 286-2, with minimal geometric errors. This
will ensure a sliding fit in the bearing bore. Radial and axial run-out shall be verified according to the
measuring setup given in Annex C.
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7.3.

ISO 15242-1:2015(E)

6 Others

The measuring system includes additional vibration sources, such as drive motor or oil pumping motor.
These vibration sources can affect the vibration values measured. Additional information is given in
other parts of ISO 15242.

8

8.1

Calibration and reference evaluation of the measuring system

General

Est

8.2
The

Eac
con
inte

major calibration and confirmation items for each:measuring system:

a)

b)

nblished calibration procedures shall be followed.

Calibration of the system components
basic elements requiring calibration in the bearing vibration measuring sy$tem are the
drive unit to rotate the bearing;
load unit to apply load to the bearing;
transducer which converts bearing vibration into an electricalSignal;
signal conditioning (amplifier, filter and display device) which processes the signal.

h part of the measuring system has to be maintained in its originally designed p¢
dition and adjusted under controlled conditions. The adjustment or calibration shall be t
rnational measurement standards or other natiofial measurement standards. The follow

drive unit:
1) rotational frequency of the spindle;
2) error motion and residual vibration of the spindle;

3) condition of the spindle mandrel on which a bearing is mounted (damage,
deformation, dimensional change, etc.);

load unit:

1) load value;

2) alignment of the loading direction;
3) position of the loading point;

transducer:

following:

rformance
raceable to
ing are the

corrosion,

d)

©IS

1) sensitivity and amplitude linearity;

2) frequency response;

3) orientation and position;

signal conditioning (amplifier, filter and display device):
1) amplification and linearity;

2) frequency characteristics;

3) indication accuracy of the meter or digital display.

02015 - All rights reserved
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ISO 15242-1:2015(E)

8.3 System performance evaluation

Measurements are performed with three bearings using the same measuring equipment and test
parameters:

— select properly lubricated reference bearings;
— always measure bearings in the same orientation;

— the reference bearings should always rotate in the same direction;

J— unloa andlaad bhearina hotwoeon tho moacuromente Whon laoadinag oncuroe the ctatignarv ring S ln
oo D S g oeevy oo e rH e TS e T Ot g e oar et AR o)

same gngular position for all measurements;
— repeat|at least 10 times with at least three different reference bearings.

For the thifee bearings, the measuring repeatability for the three bands shall be within *15 % offthe
average vajues of each bearing.

12 © IS0 2015 - All rights reserved
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Annex A

(informative)

ISO 15242-1:2015(E)

Contact resonance considerations for spring-loaded transducers

A.l Contact forces

TUITICOrC T TUT TOCD

If the transducer is spring loaded, the contact force shall be greater than m x a (wherem'is
mags and a is the maximum acceleration to be measured), in order to prevent thé trans

losing contact with the measured ring.

A.2 Contact resonance

mo

Table A.1 — Frequency(of contact resonance

Corgact resonance is due to the fact that the tip of the transducer behaves like a spring, o
ulus of elasticity, E. With a ball ended tip, the situation becomes. more complex because
likela spring with variable stiffness which increases with load. The higher the value of E and th
trampsducer tip radius, r, the higher the value of the resonant frequency, f, becomes. Table A.1
examples for a hemispherical transducer tip (E = 600 GPa) eoupled with a transducer to a tqg
mags, m, which is pressed onto the surface of the measured-ing (E = 200 GPa) with a static for

kHz

9,6

12,6

12,6

F
N
1
1
5
1

[ SN NS, T =

m
g
1
1
1
5

4,3

he moving
Hucer from

wing to its
the tip acts
b larger the
gives some
tal moving
ce, F.
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