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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 maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for
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

The rolling bearing life theory emphasizes the use of pure and homogeneous lubricants as essential for
along bearing service life. The lubrication of rolling bearings is described in several national standards.
The GfT worksheet 3[11] contains theoretical and practical knowledge of rolling bearing lubrication.

Grease lubrication is the most common type of rolling bearing lubrication. The purity grade of bearing
grease is influenced by thickeners, base oils, additives and solid lubricant additives as well as the
manufacturing process and is reflected in the running noise. Therefore, noise testing of rolling bearing
greases is recommended.

In dddition, grease noise testing in accordance with this document allows the grease maifjufacturers
to develop low-noise lubricants with better damping properties. This document canalso qupport the
rolling bearing manufacturers and end-users in the selection of low noise grease with’bett¢r damping
properties.

Thif document covers basic principles, requirements for the testing assemblyland the test machine to
deteérmine and assess the noise characteristics of bearing grease jointly with SO 21250-2, 1$0 21250-3
and/ SO 21250-4.

© IS0 2020 - All rights reserved v
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Rolling bearings — Noise testing of rolling bearing
greases —

Part 1:
Basic principles, testing assembly and test machine
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Scope

5 document specifies:
basic principles, testing assembly and the test machine for noise testing of|rolling bearir
symbols used in the test methods BQ+, MQ and NQ.

5 document is applicable for testing rolling bearing greases, espectally of unused grease.
E Suitable greases are greases of NLGI classes 1 to 3 accofding to DIN 51818lel. Suitable
ication of rolling bearings are especially greases according to-ISO 12924. The test method accoj
ment delivers meaningful results for rolling bearings; however, it can also be applied for greas
ications[12][13],

Normative references

following documents are referred to in-the text in such a way that some or all of th
Stitutes requirements of this document) For dated references, only the edition cited 3
ated references, the latest edition of‘the referenced document (including any amendmen

492, Rolling bearings — Radial bearings — Geometrical product specifications (GPS) and toler
5593, Rolling bearings — Vocabulary
5753-1, Rolling bearings-= Internal clearance — Part 1: Radial internal clearance for radia
15242-1:2015, Rolling bearings — Measuring methods for vibration — Part 1: Fundamentd

21250-2, Rolling bearings — Noise test of rolling bearing greases — Part 2: Test and
hod BQ+

21250=3;"Rolling bearings — Noise test of rolling bearing greases — Part 3: Test and
hodMQ

g greases;

greases for
ding to this
s in similar

bir content
pplies. For
[s) applies.

ance values
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s
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Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 5593, ISO 15242-1 and the
following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

© IS0 2020 - All rights reserved
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3.1
noise

vibration that is a random mechanical energy process of spectral density varying continuously with
frequency and perceived as acoustic actions that are neither acoustic shocks nor a series of harmonic
tones nor complex tones and which are substantially uniform over time

Note 1 to entry: Noise can be represented mathematically, that is as Fourier integral which can be expressed as
the sum of a series of plain vibrations. Its distinguishing characteristic, as opposed to other acoustic actions with
discrete frequencies, is a spectrum with irregular amplitudes of each frequency.

3.2

start-up npise

VSuN

noise (3.1) pt the start of the bearing testing

3.3
noise leve

VNL

noise (3.1) pf the bearing calculated as the average value or rms of measuring points

Note 1 to enftry: The number of measuring points and measuring time depend on thefest method.

3.4
noise peak

VNP

peak value|of the bearing noise (3.1)

3.5
peak counft

number of peak signals exceeding a defined threshold level

3.6
calibrator]

measuremgnt standard that provides a sinusoéidal vibration speed at certain frequencies and defined

amplitudes

3.7

grease damping

GD

attenuating effect of the lubricant, which is related to the vibration excitation of the bearing

4 Symblols, abbreviated terms and subscripts

The symbdls and_abbreviated terms contained in Table 1 and the subscripts contained in Table 2 apply

to the nois¢ testing of greases according to test methods BQ+, MQ and NQ.

——Tablet—"Symbolsandabbreviatedterms———

Symbol

Unit

Description

Method BQ+ according to ISO 21250-2

Grease damping

High band, H-band (1 800 Hz to 10 000 Hz)

Consecutive number

Low band, L-band (50 Hz to 300 Hz)

a2 Canbe used as subscript, too, where necessary.

b The L-band is used in noise and vibration analysis in the ISO 15242 series. However, this document does not consider
this frequency range for grease noise testing and its analysis.

© IS0 2020 - All rights reserved
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Table 1 (continued)
Symbol Unit Description
Ma — Medium band, M-band (300 Hz to 1 800 Hz)
MQa — Method MQ according to ISO 21250-3
M&H? — Medium band and high band, M&H band (300 Hz to 10 000 Hz)
n — Number of noise counts
NQ2 — Method NQ according to ISO 21250-4
1% um-s~l  |Vibration velocity
Z um-s~1 | Vibration velocity, twice smoothed to the counting point
3 |Can be used as subscript, too, where necessary.
b [The L-band is used in noise and vibration analysis in the ISO 15242 series. However, this document does ot consider
thid frequency range for grease noise testing and its analysis.

Table 2 — Subscripts

Subscript-symbol Description
grease? Greased bearing
NLb Noise level, average value (of vibration velocity)
normal Acceptable level of normal noise, greased bearing
NPpb Noise peak
pk Peak value
ref Reference, ungreased bearing

Root mean squarévalue of sinusoidal signal which has the same

amplitude

rms with actual peakvalue range of raceway noise
0-32 Starting interval 0 sto 32's
32-64 Operating interval 32 sto 64 s
SUN D Start:up noise of the greased bearing

16,9

This subscript usually is not written' (default).

In the MQ method, noise values'with this subscript can be expressed in um-s™ or in % based on the refer
pum-s-1,

nce value of

5

Basics

In the case of gréase lubrication, many factors can affect the degree of cleanliness during opg¢ration. For
thefinitial lubxrication and relubrication, clean grease is always required. Also, in applicationg where the

fatigue life-is\nhot an issue (e.g. at very low load), the use of clean greases can be extremely

important,

for pxample, as a contribution to a low bearing noise, which is required for applications sucH as electric

mot

ors, fans, etc.

The purpose of assessing grease noise is the determination of the grease noise quality or identifying
low-noise (quieter) greases. It can contribute to the development and improvement of low noise grease
as well as support.

The comparison of damping properties of different lubricants shall be made on one bearing type and
size, and the bearing shall be mounted in the same way. If all these provisions are followed, the selection
of the lubricant with optimum damping characteristics can be performed successfully.

It has been found that many factors within the lubricant contribute to the attenuation. For greases,
the main parameters are the viscosity, the type of base oil and additive types used. An improvement

© IS0 2020 - All rights reserved
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of damping characteristics can be observed when increasing the base oil viscosity. In addition, the
thickener type and its micro-structure, as well as additives, can cause irregular damping properties.

NOTE1 When abrasive or hard particles (impurities) are over-rolled, raceways (tracks) are damaged. It can
result in indentations and increase the stress level (see also ISO 15243). Thus, the fatigue process is accelerated,
leading to surface distress including asperity related micro-cracks and micro-spalls where material is released.
This in turn leads to noise increase and finally bearing fatigue and bearing failure. In ISO 281, the existence of
contamination is described by the factor e_and incorporated in the life modification factor a;g.

NOTE 2  Currently, no sufficient evidence about noise testing of used greases is existing. Therefore, this
document is primarily intended for testing of unused greases.

6 Grease noise evaluation method

6.1 General and overview

The evaluation method of the grease noise is as follows:

— rotatelthe deep groove ball bearing in which testing grease is enclosed, and
— analysp the vibration frequencies of the bearing.

The analysjis method of grease noise varies with each method. Table 3-gives an overview of the featyres
of the methods.

Table 3 — Features of each measuring method

b Envelop

e forypeak value.

Method
Feature
BQ+ MQ NQ
Trajnsducer moving coil type
Rotational frequency
(spindle speed) in min-1 1800¢
300 to 1 800 (M-band) 300 to 1 800 (M-band) 300 to 10 000
Frequency domain in Hz
1800 to 10 @00 (H-band) | 1800 to 10 000 (H-band) (M&H-band)
Filter 1b 80040-10 000 Hz — —
Fiiter 2b 250 400 Hz — —
Measuring duration in s 3,2 0to32/32to 64 3/10/30/120
worse value of “standard
Criterion fpr classificatidn peak level deviation of peak level”
. « . peak count
of grease noise (and “damping factor”) | and/or “grease damping
factor”
a2 Innerripg rotatien, outer ring stationary.

6.2 Calculation method for the grease damping

Grease damping GD compares the noise level of a greased bearing vy with areference vy, ¢ (ungreased

bearing with preservative).

The comparison of the two levels vy, and vy, s may be performed by ratio, see Formula (1), or by

difference/ratio, see Formula (2):

by ratio

1%
GD= NL, ref

VNL

© IS0 2020 - All rights reserved
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_ YNL, ref YNL

by difference/ratio GD (2)

vNL, ref

The grease damping GD may be performed in the different bands (M, H). To distinguish them, the
corresponding term is added as subscript.

Grease damping for the different test methods shall be calculated in accordance with Table 4. For
method NQ, the determination of a grease damping factor is not foreseen.

Table 4 — Grease damping calculation

BQ+2 MQP NQ
d for assessment in Formu- for assessment in Formu-
Bap la N laN
accordance aNo. accordance ANO.
with ISO 21250-2 with ISO 21250-3
1 512 v
N lap _ YNL Mref “YNL M 3) |op _ 256 4= i=257 NL M‘iref ) Not
M BQ+ ™~ v MMQ ™ ¢ 512 dpplicable
NL, M ref RSN Vv .
256 =25 NL M i
1 512 v
N - _VNL,Href _VNL,H [4) D 3 256 D=257 NL,H iref (6) Not
H BQ+ _—v HMQ ~ 4 512 dpplicable
NL, H ref NN ) )
256 i=257 NLH i
3 |Negative values for GDg, mean an increase in noise for the\greased bearings.
b 1Values < 1 for GD\jo mean an increase in noise for the greased bearings.

6.3| Calculation method for peak analysis

The peak analysis is performed by a mathematical treatment of the input signal:
— |raw/input signal coming from-the transducer;

— [filtered signal: the signal(after filtration;

— |the filter used shall bejindicated in the result;

— |rectification: alkamplitudes are set to positive;

— |counter: thé number of vibrations peaks over a reference value that shall be indicated irf the result.

Peak values.fot the evaluation of the running noise for the different test methods shall be cdlculated in
accordance'with Table 5 and Figure 1.

© IS0 2020 - All rights reserved 5
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Method

Input signal

|

Filter 1
800 Hz to 10 kHz

BQ

Transducer

Method

NQ
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Input signal

—

Filter

|

300 Hz to 10 kHA

|

Key

X vt T 39

6.4

Thd
of t

7

a) Methods BQ+ (ISO 21250-2)

amplitude

Rectifier 1 Rectifier
Filter 2 Cempargtor
25 Hz to 400 Hz compare with X
- Counter |3s/
Rectifier 2 | 10s/30s/120's
m a p
e [ [ | o}
Peak value Evaluatjon

magnitude for peak detection

pulse (count; here 8 counts)

time

threshold level (comparator level)

b) Method NQ (ISO 21250-/

Figure 1 — Graphical representation of the peak detection algorithm for assessmgent in
accordance with different methods

Calculation for-SUN analysis

start-up noise(SUN) value is evaluated by measurement of the noise level during the fir
e bearing. The'interval of time for this analysis is 0 s to 30 s.

Noise testing of greases

trotations

7.1

y al 1 £ dan.
UCIlICTI Al ITTIUT ITII4dlivll

The evaluation of grease noise testing shall be carried out with a test machine in accordance with this
document.

The following parameters shall be observed:

smooth running classification of lubricants based on particle over-rolling;

lubricant damping properties;

start-up behaviour;

uniformity of the running noise;

© IS0 2020 - All rights reserved
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— determination of permanent bearing damage due to the lubricant.

Furthermore, the parameters, when compared with other lubricants, may be used.

7.2 Measuring principle

The inner ring of the bearing rotates at 1 800 min~1. A speed-proportional transducer (sensor) placed
on the (non-rotating) outer ring measures the radial vibration movement of the outer ring.

The software filters out three frequency band ranges from the measured vibration signal (low: L-band,
medium: M-band, and high: H-band). Experience has shown that the L-band essentially covers only
imperfectipns of the raceways themselves. For this reason, only the medium and high frequencybands
for the analysis of noise behaviour of tested greases shall be used. The measured signal is.filtgred
mathematically and is appropriate to analyse.

NOTE The measurement according to this document is based on ISO 15242-1 and 1SO{15242-2. These
Internationgl Standards define appropriate frequency bands and other boundary conditiongfor the assessmhent
of the noisel|quality.

7.3 Testimachine

The test mpchine shall have the following main components:
— ahigh{quality spindle with a speed of 1 800 min~! (j(‘}//g speed deviation) and a rotation of the irfner
ring inlone direction;
NOTE The lower speed limit is considered to be 1 764 min™! and the upper speed limit 1 818 min-1.
— aloadilng device for loading on the bearing.
Further, it |s recommended to have:

— electrgnics with evaluation software;

— a spedial interface to the fully automated measurements, storage of collected readings fpnd
interpretation of results.

7.4 Test|setup

The test bearing shall be pushéd onto a mandrel firmly connected with the spindle. The axial force shall
be applied [via an adapterionto the outer ring.

7.5 Testlbearingsiand amount of grease

Test bearirjgs.shall be deep groove ball bearings chosen to have the following features:

: - ] > 1 1 > L 1.1 P | 1 4 Lo 1 : h
— IncCreaseu UImeITsIondl a1 UIIIg dcCuldcy, prelerdoly COIeTrdlIce CldssS & (11T dCCOI UdIIce 1t

ISO 492);
— pressed steel cage or polymeric cage;
— clearance group N in accordance with ISO 5753-1; and
— best possible quietness, i.e. peak value v, <5 um-s~1,
NOTE Group N is called CO by several national standards.

For testing according to methods MQ and NQ, test bearings shall be cleaned (so that no residual grease
is to be found) and preserved as described by the bearing manufacturer. For testing according to the
procedure of method BQ+, such preparation is not required.

8 © IS0 2020 - All rights reserved
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Air bubbles are not allowed. Methods BQ+ and NQ specify the mass of grease while method MQ uses the
volume of grease.

7.6

Thd

7.7

Thd
(-2
7.8

The
(dig

Tra

Table 6 — Test bearing and amount of grease

Basic bearing

Amount of grease

designation BQ+ MQ NQ
g cm? g

608 015 *991t 0,37 (£5 %) 0,16

6202 — 0,93 (£5 %) 0,7

NOTE 1 The grease quantity for Method MQ applied to bearing 608 is based on 55 % to 60~% of the
volume in the bearing, for greases with a density 0,9 g-cm=3 equal to 0,33 g+ 0,02 g).

NOTE 2 Grease noise test procedure for method MQ applied to 6202 is still under development.

free

Test load

test load shall be chosen according to the test bearing and withFable 7.

Table 7 — Test bearing and test load

Test load
Basic bearing N
designation
BQ+; MQ NQ
608 30110 %) 29,4
6202 60 (+10 %) 29,4

Spindle speed

Signal recording

speed of the spindle shall b&\1°800 min-1 (30 s~1). The lower limit is considered to be 1
0%) and the upper limit 1 818 min1 (+1 %).

running noise-ef-the bearing is taken up by a speed-proportional transducer in the ele
ital) amplifiéd-signal. Thus, time occurring vibration amplitudes are generated; see Figufre 2.

hsducerresponse and filter characteristics are specified in [SO 15242-1:2015, 6.4.

764 min-1

ctronics as
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T
il
:{L

Key
1  permarjent magnet
2 movingcoil
3 sensor fip
4  two pafallel springs
t time
a amplityde
Figure 2 — Example of a signal recording
7.9 Display

The measulring results shall be displayed in a feasible way.

8 Calibration

8.1 General

Calibratior] is.used to achieve a reliably reproducible determination and documentation of the deviafion
Ofa measukifgs davicato anathar davica yauhich 1o callad o wafaranecn ctandared Alco 2 cncond ctan of the

TITS Oy T U T IO tIICT O TV TCC vy Tl 1o co e tro T creTreeceottaroaTt S oo o STCoTTtrSTtepot

calibration is mandatory, namely taking into account the determined deviation in the subsequent use of
the measuring device to make corrections of the readings.

Calibration is made with a traceable standard source. Such a standard source has itself a calibration
that has a relationship to the definitions of the SI units through a sustained chain of calibrations. This
relationship is expressed by two parameters: deviation and calibration uncertainty. If the result of the
calibration is again expressed with variance and uncertainty, the result of this calibration is traceable.
Traceability is the property of a result and not a device.

The uncertainty increases with each calibration along the traceability chain. The calibrated objects are
always of lower quality (by low order) than the standards with which they were calibrated.

10 © IS0 2020 - All rights reserved
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