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Foreword

[SO (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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the

ISO/IEC Dl[ \.tiVCD, Pdl t 2 (DCC VV VV VV.iDU.Ul ;(/Idil CLtiVCD).

[SO draws gttention to the possibility that the implementation of this document may invalve t}tre1
patent(s). I$O takes no position concerning the evidence, validity or applicability of any clai

rights in regpect thereof. As of the date of publication of this document, ISO had notireceived

patent(s)

ich may be required to implement this document. However, implementers are ca
this may ngt represent the latest information, which may be obtained from the patent database
www.iso.ong/patents. ISO shall not be held responsible for identifying any or alljstich patent righ

Any trade

constitute 3

For an expl
related to

Organizatig

This docum

Any feedba

use of (a)
ed patent
hotice of (a)
tioned that
available at
ts.

hame used in this document is information given for the convenience of users and does not

n endorsement.

hnation of the voluntary nature of standards, the meaning of ISO specific terms and

conformity assessment, as well as information about ISO's adherence to the W
n (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/iso/for¢

pxXpressions
Yorld Trade
pbword.html.

ent was prepared by Technical Committee ISOATC 4, Rolling bearings.

ting of these bodies can be found at wwiw.iso.org/members.html.

ck or questions on this document should-be directed to the user’s national standajrds body. A
complete lig
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Introduction

This document is based on ISO 16232. However, the inspection and evaluation methods in ISO 16232 cannot
be directly transferred to the rolling bearings industry, because of the different uses of rolling bearings in a
wide variety of applications. This document has been prepared to describe a common and general approach
for the inspection of cleanliness of rolling bearings.

The cleanliness requirements on rolling bearings increase steadily. The cleanliness of rolling bearings has a
direct influence on achieving reliable performance, especially in association with vibration and noise, as well
as the life of rolling bearings according to ISO 281. Therefore, the cleanliness of rolling bearings is necessary
to a certain level. Various test and assessment methods of rolling bearing cleanliness lead to differences in
inspection and assessment results. To avoid incomparable inspection results, the extraction procedure, the
test fluid a

d 41 4= dedes £, 4] 4 4 : 4 pa | +l o o pa | 4
U T PJal dIIITLTT STLLIHTIES TUT TIHIT LTS T TYUIPHITIIU AT T UTSLTIUTU TIT UITIS UUTUITIITIIT.

Figure 1 shpws that the type of contaminant particle is crucial in determining the particle size-and counting.
After severpl times of over rolling, brittle particles break into small pieces as shown' in Fighre 1 a); in
comparisor] to the measured thickness, their effective size is reduced significantly. Dugtile particles can be
deformed ap shown in Figure 1 b).

Particulate| contaminants (debris), entrapped into the contact between the-rolling elemerjts and the
raceways, dre the main cause for surface-initiated damages, which produce many rolling bearings failures.

Subjecttot s, under the

heavily load through the

e elastic properties of the rolling element and raceway materials; entrapped particle
ed contacts, deform mainly in the inlet zone and remain neafly the same as they pass

Hertzian c
like corun%r

entrainme
during the ¢
for further

tact zone, leaving the indentations on the mating surfaces/It seems clear that brit{]
m (Al,03) and silicon carbide (SiC), tend to fracturesand break into smaller pieces
t into the contact. Ductile particles, like copper, plasti¢s and textile fibres are heavi
ntrainment and extruded subsequently from the contact, as shown in Figure 1; see R
nformation.

le particles,

during the
y deformed
eference [9]

>

a) Brittle particles b) Ductile particles

Key

1  initial deformation

2 debris ffacture

3 fragmerts enteting contact

4  debris starting to deform

5 elastic deformation closure around flattened particle giving dents on mating surfaces

Figure 1 — Deformation mechanisms of brittle and ductile particles

This document does not give the cleanliness limits for rolling bearings. The cleanliness required for a
specific application is dependent on many factors. Cleanliness limits can be agreed between the supplier and
customer.

© IS0 2024 - All rights reserved
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Rolling bearings — Test and assessment methods for

cleanli

1 Scope

ness

This document specifies procedures and equipment for cleanliness inspections of rolling bearings. It

describes, i

This docunpent is applicable to the test and assessment of various types of open bearings

bearings b

This docum

2 Norm

The followi
requiremern

the latest edlition of the referenced document (including any amendmerits) applies.

ISO 5593:2(
[SO 16232:7

3 Terms

For the pu
following a

ISO and IEC

— ISO Online browsing platform:@vailable at https://www.iso.org/obp

IEC Ele

3.1
componen{
rolling bear]

3.2

nparticular test methods and assessment technigues
) 7 T

fore grease filling, as well as the test and assessment of rolling bearing parts.

ent is not applicable for linear motion rolling bearings.

htive references

hg documents are referred to in the text in such a way that some-or all of their content
ts of this document. For dated references, only the edition/tited applies. For undated

23, Rolling bearings — Vocabulary

018, Road vehicles — Cleanliness of components and systems

and definitions

Fposes of this document, the terms-and definitions given in ISO 5593, ISO 162
bply.

maintain terminology databases for use in standardization at the following address

ctropedia: availableathttps://www.electropedia.org/

ing, rolling bearing part (3.3) or subunit of a rolling bearing

extraction
procedure

maximum of

3.3
rolling bea

hnd capped

constitutes
references,

32 and the

ES:

curve measurement

six times in an identical manner with the same test object

ring part

individual part comprising a rolling bearing but excluding all accessories

Note 1 to entry: The main rolling bearing parts are outer ring, inner ring, rolling elements and cage (if necessary,
further parts of the rolling bearing like shield, seal etc.).

[SOURCE: I1SO 5593:2023, 3.2.1.1, modified — Note 1 to entry has been added.]
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3.4
surface
exterior area and interior area of the component (3.1)

3.5
controlled surface
surface (3.4) of the rolling bearings or rolling bearing parts that is subject to a cleanliness requirement

4 Symbols and abbreviated terms

For the purposes of this document, the following symbols and abbreviated terms apply.

A titofreferenrce4+606-em*controttedsurface~whenspecifyingthe-€€€
ccc component cleanliness code

CCC, component cleanliness code for all particles

CCC,, component cleanliness code for shiny (metallic) particles without fibres
CCC, component cleanliness code for other particles without fibres

CCC,of component cleanliness code for all particles without fibres

D nominal outside diameter, in millimetres (mm)

m residue mass (net mass of particle load), in milligrams (mg)

my initial mass (tare mass of analysis filter), inymilligrams (mg)

m, final mass (gross mass, i.e. total mass of'occupied analysis filter), in milligrams (mg)
Py power of ultrasonic device, in watts (W)

Vg filling quantity of test vessel(inlitres (1)

Vy filling quantity of bath, aitres (1)

X particle size, e.g. 1504m < x < 200 pum, in micrometres (pm)

Py power densityofthe ultrasonic bath, in watts per litre (W/1)

5 Main steps of cléanliness inspection

The cleanlipess inSpection is made with the following steps (see Figure 2):

a) selectiqni=taking the test lot for analysis;

b) extraction - removing the particles from the test component;
c) filtration - of the particles;

d) analysis - of the particles;

e) documentation - of the inspection parameters and results.

The cleanliness inspections shall be performed using the materials and equipment described in this
document and in a suitable environment by skilled staff; for more information, see ISO 16232. The test
environment shall be in accordance with IS0 16232:2018, 11.2.4.

© IS0 2024 - All rights reserved
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Selection
Test lot
Extraction
Pressure-rinsing Ultrasonics
Filtration
Analysis
Gravimetry, nght-opt.lcal a.naly51s,
. particle size
particle mass o .
L distribution; particle
determination ’
counging, category
Documentation

Figure2:=— Main steps of cleanliness inspection

To comparg inspection resultsZreliably, the same test fluid, extraction procedure and analysi§ parameter
shall be appglied.

For further finformation,about the analysis of the particles and the documentation, see Annex A apd Annex D.

6 Equipmentand accessories

6.1 Equipment for extraction

6.1.1 Equipment for pressure-rinsing method

A schematic diagram of a pressure-rinsing cabinet is shown in Figure 3. Other equipment such as open
cabinets, pressure vessels with a spraying gun, or laboratory wash bottles can also be used.

© IS0 2024 - All rights reserved
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N =P

Key

1  extracti
2 manual
3 collectig
4  stop cod
5 analysis

6.1.2 Equipment for ultrasonic method

A schemati

bn chamber (clean air area)
pressure-rinsing nozzles

n trough

k
filter

Figure 3 — Example of a pressure-rinsing cabinet

F diagram of an maltrdsonic bath is shown in Figure 4. Other equipment like extracti
that uses thie ultrasonic extraction method can also be used.

6  media supplywith

— test fluid

— pucification filter

—PU¥mp or pressure supply
7 . (controls for rinsing programs with emergency stq
8\ foot switch

on cabinets

© IS0 2024 - All rights reserved
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Key

1 tank

2 test fluigl

3  testobj¢ct

4 vessel

5 ultrasoynd transducer

6  water (g.g. tap water)

NOTE1  With increasing frequency of the ultrasonic, the related wavelength decreases.

NOTE 2 The distance between sound source and rolling bearings at a frequency of 40 kHz is more thar

frequency of

Q/////‘T\////

b) Test object in test vessel

35 kHz, the distance is more than 43 mm.

Figure 4 — Schematic diagram of ultrasonic bath

38 mm. Ata

The test oljject is direct in the bath~{see Figure 4 a)]. The power density of the ultrasonic path, ¢y, is
calculated 4ccording to Formula (1]
Py
=—t 1
Py 7, (1)
The test obfect is in testvessel [see Figure 4 b)]. The power density of the ultrasonic bath, ¢y, i calculated
according tp Formula (2).
Py
=— 2
Py v, (2)

6.2 Equipment for filtration

In general, the equipment for filtration comprises the following parts:

— analysis filter;

— equipment for filtration.

The schematic diagram of the direct filtration is shown in Figure 5.

© IS0 2024 - All rights reserved
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Key

1  ultrasorn]ic bath or pressure-rinsing cabinet
2 analysigfilter

3 filter hojder

4 vacuum|source

Figure 5 — Schematic diagram of direct filtration

The separate filtration shall be realized according to Figure 6.

© IS0 2024 - All rights reserved
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filter fuhnel
analysig|filter
filter holder
vacuum|source
vacuum|flask

Figure 6 — Schematic diagram of separate filtration

Auxiliary aceessories

The followihg ac€essories shall be used for the testing:

analysik filter tweezers:

disposable synthetic gloves;

laboratory wash bottle for rinsing;

stainless steel crucible tongs or tweezers for parts handling;
timer;

Petri dishes or similar with cover slip;

glass or stainless vessels for components.

© IS0 2024 - All rights reserved
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6.4 Equipment for analysis

6.4.1 Gravimetry

An analytical balance, with resolution at least 0,1 mg, shall be used methodologically for the analysis of the

test lot.

6.4.2 Light-optical analysis

The following devices and equipment shall be used for the procedures listed.

a) Measuring the largest particle

1) stefeo microscope with ocular scale or measuring software included;

2) object micrometre or length standard with certificate.
b) Determining the particle size distribution

1) autjomatic stereo microscope;

2) pafticle scanner that can determine at least 50 pm particle size;

3) filtpr frames or other suitable aids for fixation of the analysis filter;

4) pafticle standard with certificate.
7 Blankjvalue
The blank [value shows the cleanliness level of the wheole testing environment. For this p
cleanliness|test is made without the test object, but in‘\the same way as with the test object. Th
values and more detailed information can be founddn [SO 16232. The blank value shall be reguld
and docume¢nted.
The measufing results shall be documented as proof of a clean measuring environment. For 1
gauge measurements, a blank value measurement is necessary.
8 Testlgpt
8.1 Gengdral

The cleanli

ess test shall’lbe made with a test lot from one production batch or one delivery. The {

have an ovdrall surfacefof at least 1 000 cm?; the number of test objects shall be selected accordi

The surfacq of edeh rolling bearing or rolling bearing part can be found in the drawing; if not
supplier shgllbeinquired.

urpose, the
e threshold
rly checked

eference or

est lot shall

ngly.

bresent, the

The test lot shall only be taken with disposable synthetic gloves so as not to influence the measuring result.
The test lot shall be taken from the original packaging directly before extraction. The particles remaining
in the packaging shall not be considered in the evaluation, i.e. the packaging shall not be cleaned, however,
special observation shall be reported.

NOTE
the preserva

tion.

8.2 Testlot size

If the surface area is not known, choose the recommended test lot size specified in Table 1.

If the components are preserved with a hardly removable (waxy) preservative, the test can be made before

If the surface area is known, choose the number of pieces in such a way that at least 1 000 cm? are tested.

© IS0 2024 - All rights reserved
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Table 1 — Test lot size for cleanliness test

Analvsi b Rolling bearings Rolling bearing parts 2
nalysiemett M p <80 80<D<200 | D>200P D <80 80 <D < 200 D > 2000
mm mm mm mm mm mm
Gravimetry and Equivalent to Equivalent to Equivalentto 1
light-optical 5 pieces 3 pieces 1 piece 5 pieces of roll- | 3 pieces of rolling | piece of rolling
analysis ing bearing bearing bearing

a  Includes balls, rollers, cages, shields, seals, etc.

b Ifthe rolling bearing or rolling bearing parts surface is much larger than 1 000 cm?, it is optional to test only a segment of the

rolling bearing or rolling bearing part.

9 Extraction

9.1 Gendral

The choice

of the extraction method and test fluid significantly influences the\measuring fesults. The

threshold vplues of the cleanliness test shall be defined in accordance with the extraction method and the

test fluid.

NOTE1 Results of different methods are not comparable. In case of incomparable results, the dhoice of the
extraction mlethod is subject to agreement between the supplier and customer:

NOTE 2  There is a risk of false brinelling in components with the ultrasonic extraction method.

9.2 Test fluid

The test flujd used should be pre-filtered appropriately, seée Clause 7:

— aqueoups surfactant solution; or

— mixturg of hydrocarbons with a low aromaticcontent, e.g. isoparaffinic mixture.

The mixturg of hydrocarbons with a low aromatic content shall have a flash point between 40 9C to 100 °C,
preferably hetween 55 °C to 100 °C.

NOTE1  Testresults with different testfluids are not always comparable.

NOTE 2  Hlydrocarbon test fluidis-<commonly used for rolling bearings testing due to economic reasons}

For informdtion about ocectipational health, safety and environment, see Annex C.

9.3 Presjure-rinsSing method

9.3.1 Gelreral

For components, an extraction curve measurement is not absolutely required if the parameters mentioned
under 9.3.2 are used. Otherwise an extraction curve measurement shall be made in accordance with

ISO 16232.

9.3.2 Parameters for pressure-rinsing extraction

The pressure-rinsing extraction parameters shall be in the following ranges:

— nozzle diameter from 1,5 mm to 3,0 mm;

— flow rate depending on the nozzle diameter from 0,4 1/min to 2,5 1/min;

© IS0 2024 - All rights reserved
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to 6,01/1 000 cm?;

2 min/1 000 cm?2.

NOTE 1

A full-jet no

The values given above are not intended to be starting parameters.

zzle with a round cross-section shall be used.

The distance between jet nozzle and the component for analysis shall be not more than 15 cm.

Some examples of possible pressure-rinsing parameter are shown in Annex B.

rinsing volume depending on the flow rate and the rinsing duration from 2,0 1/1 000 cm?

pressure-rinsing duration depending on the rinsing volume and flow rate shall not be below

Intermedia

NOTE 2

9.3.3 Prd
For pressur
— before

if direc
place tk

rinse th

removeg

if direc

9.4 Ultra

1 £ . - 1 £ 1. A D
C© vdlUucsS 101 PIESSUTT=TIISIITE Pdl dIIICLELS Cadll D TOUNIU TIT ATITCX D.

In) Figure B.1, see also the borderline where there is a risk of aerosol formation.

cedure for pressure-rinsing extraction

e-rinsing extraction, the following procedure applies:

starting the test, it shall be ensured that the equipment is sufficiently clean;

[ filtration is used, put the analysis filter into the filter holdet;

le test object(s) into the extraction chamber;

e test object(s) evenly from all sides under turning with the specified volume;

the test object(s) and rinse the extraction chamber and all other equipment used thd

all quantities of liquid used for extraction and rinsing shall be sent for filtration;

[ filtration is used, remove the analysis filter.

sonic method

9.4.1 General

Rolling bea
with ultras

rings and rolling bearing parts of a nominal outside diameter, D, up to 240 mm can
bund. Rolling bearing parts that release particles, for example, from the component

from coatinlgs, are not suitable for ultrasonic method.

For standarn
under 9.4.2
ISO 16232.

d rolling bearings, an extraction curve measurement is not required if the parameter;
are us€d)‘Otherwise an extraction curve measurement shall be made in accor

9.4.2 Pai

roughly;

be cleaned
material or

mentioned
dance with

ameters for ultrasonic extraction

For ultrasonic extraction, the following parameters shall be applied:

test fluid filling depth to exceed the test objects by at least 10 mm;
power density of at least 10 W/I;
frequency of 35 kHz to 40 kHz;

agreement between the supplier and customer.

NOTE

The values given above are not intended to be starting parameters.

© IS0 2024 - All rights reserved
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9.4.3 Procedure for ultrasonic extraction

For ultrasonic extraction, the following procedure applies:

before starting the test, it shall be ensured that the equipment is sufficiently clean;
putthe test object(s) directly into the ultrasonic bath [see Figure 4 a)], or into the test vessel [see Figure 4 b)];

fill up the ultrasonic bath [see Figure 4 a)], or fill the test vessel [see Figure 4 b)] to the correct level with
test fluid;

position the test object(s) or the test vessel in the centre of the ultrasonic bath with the correct distance

to the sound-emitting surface;

perfor

removeg

surface
filter th

rinse tH

removeg

10 Filtrat

10.1 Gene
The purpos

extraction f
is usually u

10.2 Anal

A5 pm mes
filters with

NOTE 1

NOTE2 If

10.3 Proc

rinse the test object(s) with fresh test fluid from a laboratory wash bottle under\turning

all quantities of liquid used for extraction and rinsing shall be sentfor filtration;

the ultrasonic cteaning;

the test object(s) one by one from the test fluid;

S;
e extraction fluid via a filtering unit;

e whole required equipment;

the analysis filter.

rion and drying

ral

e of the filtration is to separate the particles extracted from a component that
luid on an analysis filter surface inrorder to make them accessible for analysis. Vacuu
sed for this as it provides fastestresults.

ysis filter

h filter (e.g. made of polyester or polyamide) should be used as the analysis filter. Ot
various pore sizes\(elg. 0,8 um, 1,2 pm or 10 pm) may be used.

necessary, cascading of filters can be used.

bdure for filtration

to reach all

are in the
m filtration

her analysis

Diifferent analysis\filter structures (e.g. grid, foamed) and pore sizes can lead to non-comparable results.

For filtration, the following procedure applies:

determ

ine the initial mass (m,), if gravimetry is required (see 11.1);

place the analysis filter into the filter holder using tweezers;

apply the filtration funnel or, if cabinet is used, close the filter holder;

filter the extraction liquid;

thoroughly rinse all surfaces wetted by the extraction liquid using the rinsing medium;

remove the filtration funnel or, if cabinet is used, open the filter holder;

© IS0 2024 - All rights reserved
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r the analysis filter to a clean Petri dish or similar implement using tweezers.

During the filtration, the analysis filter shall not be overloaded and the particles on the analysis filter shall
be homogeneously distributed and shall not overlap in case of particle counting, see ISO 16232:2018, 8.6.

10.4 Procedure for drying

For drying,

the following procedure applies:

— the analysis filter in the Petri dish or similar implement should be partly covered during the drying and

cooling

process;

d o1

AL O £ 1333
\v A vl

for gravimetry, the analysis filter shall be dried in a suitable drying cabinet at a suitable temperature

nd shall be

and du
cooled
and eny

— for parf

11 Analy

11.1 Grav

The mass (

filtration:
deter

deter

— calcula
m= mz
NOTE F

11.2 Light
This evalua
The evaluat
on the 3

with ai
metalli

resolut

NOTE
practical.

i

20 302 £ )
ac T TOT U TIITITAaCC Sy

for approximately 30 minutes in a desiccator. For information about occupational \hg
rironment, see Annex C;

icle counting, the analysis filter should be dried to ensure a reliable measurement.

I

metry

f the extracted particle load is determined by weighifig\the analysis filter befor

ne the initial mass m; (tare mass);
ne the final mass m, (gross mass);
fe the residue mass m (net mass) accordingto Formula (3):

br further information, see ISO 16232:2018, 9.2.2.

-optical analysis

fion procedure is based on ISO 16232:2018, 9.2.3.
ion is made:

inalysis filter after filtration and drying;

autematic stereo microscope. The evaluation system shall distinguish between sh
C) and'non-shiny (mostly non-metallic) particles;

alth, safety

e and after

(3

iny (mostly

ion is necessary;

in the selected magnification atleast 10 pixels shall be imaged. For particles smaller than 50 um, a better

with a stereo microscope for assessment of individual particles, e.g. size, shape and material.

The smaller the particles, the more uncertain the metal detection. Below 50 pm, no metal detection is

Similar techniques, such as scanner evaluations, may be used if they fulfil the requirements for this method.
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12 Test report

The test report shall contain at least the following information:

referen

custom

referen

type an
test rey
identifi
documg
date of
analysi
name o
any dey

An examplg

13 Escald

As the cleapliness tests are time-constiming and involve manual tasks, much fewer of the clear

can be car

methods fr¢m quality management cannot effortlessly be transferred to the cleanliness test. The

of compone
limit valueg
that the sys

When a lim
equipment
the same ba

: dde . . 4l 1
€quUIpNIEIICTOT pressurc 1 HISITg HMITtIoW, IT ecessdary,

f the operator;

any unyisual features observed.

ce to this document;

er, if required;

designation of the tested objects;

controlled surface;

ce to the test method;

d quantity of test fluid used;

ort number;

cation of the test objects;

pntation of additional information, if necessary;
cleanliness test;

5 filter including structure, pore size and material;

iations from the procedure;

of a test report is shown in Annex D.

ition

[ied out compared to eother quality tests (e.g. dimensional accuracy). Therefore,

hts is often subject/ta-significantly higher variations than other technical properties.
are not toleranee.limits. If a cleanliness value does not meet the specification, it dog
tem will fail.

t value is-exCeeded, a double-check should be performed first. The test conditions ang
chall becarefully checked. Then an inspection shall be performed on a second comg
tch(ifit is possible).

liness tests
established
cleanliness
Cleanliness
bs not mean

| the testing
onent from

Iflimits are

also exceeded during the double-check, the escalation strategy described in Annex E

b suggested.
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Annex A
(informative)

Explanations on “cleanliness” of rolling bearings

A.1 General

The cleanliness of components is subject to much higher variations than purposely produced features. This

applies botl to the number of particles (gravimetry or as numbers in particle size classes) and, I1h particular,

and storag
thicknesse
An industri
the prevaili

The residua
cm, asitha

A.2 Dete

Itis recommended to use a particle counting device whichis able to measure the length and width

automatica
practice, it

NOTE M

A.3 Micr

The three bjiggest particles should bejvisually determined by size and material.

A.4 Exar

Figure A.1 s

. When rolling bearings are machined, particles occur in very broad ranges of leng
and shapes. Some of them later can be found as residual contaminant particles on ¢
| particle cleaning system can efficiently reduce the overall contamination of comy
g range of variation can be reduced only to a limited extent.

| magnetism of all random components for analysis shouldbewithin the defined limit
an influence on the cleanliness.

rmination of particle sizes and particle counting

ly. As an option, the software also can distinguish between shiny and non-shiny |
fan be assumed that shiny particles are made of metal. For details, see ISO 16232:201

anual counting is possible but considered to be impracticable.

oscopy

nples of shiny{metallic) particles

hows examples of typical shiny (metallic) particles and their sizes (length and width).

inufactured

for each type of contamination occurring during the production process:<or durinlg transport

ths, widths,
omponents.
onents; but

s,e.g.<3A/

of particles
barticles. In
8,9.2.3.4.
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a) Length 3 036 pm, width 607 pm
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200
~UVU 1T

™
b) Length 374 pm, widtlh/é} m

| IS T N T I | A’\Q | IS T NI I |
0 500 um \O 0 1000 um
N~
c)|Length 702 pm, width 112 unt,)’\\o d) Length 1 640 pm, width 403 pm
Figure A.1 — Exaa@s’of shiny (metallic) particles and their sizes

A.5 Reguylation for con%lgponent cleanliness codes (CCC)
A.5.1 Explanations Q@rding CCC
According tp ISO 1 , the CCC defines the number and length of particles on a surface of a defined size.
The classes (B,(;,VI E, F, etc.) of particle sizes are defined in Table A.1.
Light-opticatsystems—determime—thetengthand/or widthof individuat-partictes—The—particles are also

classified into a specified length or width interval (or size class).

NOTE

See IS0 16232:2018, 10.8.3 for further information.

© IS0 2024 - All rights reserved
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Table A.1 — Size class of particles

Size class Size x in pm
B 5<x<15
15<x<25
25<x<50
50<x<100
100 <x< 150
150 <x< 200
200 <x <400
400<x<600
600<x<1000
1000<x<1500
1500<x<2000
2000<x<3000
3000<x

ZIZ2 | R[—=]—=lZ|aoajmo|lo|lo

Table A.2 gives an example of documentation showing particle size distributien‘with the inspection result.

Table A.2 — Example documentation of particle size distribution with inspection result

Size class?

E F G H 1 | 3 ¢k | L | M N
Particle count per 1 000 cm? (x =particle size in pm)

50 100 150 200 400 600 1000 1500 2000 3000
<x< <x< <x< <x< <x< <x< <x< <x< <x< <y
100 150 200 400 600 1000 1500 2000 3000

Inspection result of counted particles
3562 || 1815 | 782 | 15 | o\s2 | 30 | 3 2 1 || o
Cleanliness level®
2 || u | 1w | z e | 5 | 2 1 o || oo
a  SeeTabld A.1.

b See Tabld A.

w

The corresponding simplifiéd)component cleanliness code is then expressed as follows:
CCC=A (E12/F11/G10/H7/16/])5/K2/L1/M0/N00)
When a lettier “A” precedes the bracket, the specification is related to a surface of 1 000 cm?:

E12 stands [for;

a) E (size class) = particle length between 50 pm up to less than 100 um;

b) 12 (cleanliness level) means that the number of particles up to and including 4 000 particles is
admissible.

A.5.2 Number of particles

Table A.3 defines the number of particles in particle concentration classes according to ISO 16232:2018,
Table 9.

© IS0 2024 - All rights reserved
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Table A.3 — Particle concentration classes

Cleanliness Particle count
level (per 1000 cm-2 or 100 cm3) up to
and including

00

0 1

1 2

2 4

3 8

4 16

[y Qz

6 64

7 130

8 250

9 500

10 1x103

11 2x103

12 4x103

13 8 x 103

14 16 x 108

15 32x 103

16 64 x 103

17 130 x 103

18 250 x 103

19 500 x 103

20 1 x 106

21 2 x 1006

22 4 x 106

23 8 x 106

24 16 x 106

SOURCE;ISO 16232:2018, Table 9.

A.5.3 Distinction of component cleanliness codes (CCC) for rolling bearings
Ball bearinigs (point.contact) and roller bearings (line contact) should have different requjrements of
componenticleanliniess codes (CCC).
The definitjon‘of required component cleanliness codes (CCC) significantly depends on a numbdr of factors,

for exampld:

— design (e.g. ball bearing, roller bearing);

— dimensions (e.g. diameter of rolling element, rolling bearing size);
— application condition (e.g. load, speed).

The following codes are recommended:

CCC,, = A(......) Shiny (metallic) particles without fibres;

CCC, = A(......) Other particles without fibres.

© IS0 2024 - All rights reserved
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Other codes can be agreed upon, for example:
CCC, = A(.....) All particles;
CCC,,¢=A(......) All particles without fibres.

wof ~
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Annex B
(informative)

Pressure-rinsing parameters

This annex describes pressure-rinsing parameters. Some examples of possible pressure-rinsing parameters
are shown in Table B.1. Other possible values for pressure-rinsing parameters can be found in Figure B.1.

Table B1 — Examples of pressure-rinsing parameters for round full-jet nozzle
Example Nozzle diameter Flow rate Rinsing volume Rinsing|duration
mm 1/min 1/1 000 cm? min/1 P00 cm?
A 1,5 0,4 2,0 5
B 2,0 1,6 5,0 31
C 2,5 1,0 6,0 6
D 2,5 1,5 6,0 4
E 3,0 1,5 4,5 3

Figure B.1 [is a parameter variation diagram for determining thejyresultant pressure and likelihood of
aerosol formation under varying nozzle diameter and flow rate_conditions. For more information, see

ISO 16232:4018, 7.4.3.1.
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