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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 ndt 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 all;stich 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
pword.html.

ent was prepared by Technical Committee ISOLTC 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

Surface appearance provides the first impression of quality and gives confidence in product performance
and function to the user and customer. The presence of a surface imperfection can have an impact on the
actual performance and function.

Ceramic rolling elements are produced in different main steps, which can be realized by the same company
or by different companies. Industrial production of ceramic rolling elements, as all manufacturing processes,
is subject to a variability coming from materials, process parameters and/or manufacturing steps, which
can lead to imperfections on the surface. In addition, handling of parts can also induce some imperfections
on the finished surface.

So far, no
imperfectio
interpretat

This docun
some of the

Imperfectia

materig
imperfé
applica

local sy
imperfé
require

surface
pattern

At the tim
imperfectig
(non-destry
resonant ul

Inspection
production
identified b

The inspec
between cul

Concerning
have some

common vnrahnlary exists and in indncfry different words are used to descr

ns of finished ceramic rolling elements for bearing applications. This leads
ons and makes objective comparison difficult.

ent aims to describe imperfections of ceramic finished rolling elements, before us
e imperfections can also be detected on blanks (before machining) or after use.

ns can correspond to:

|1 imperfection, which can constitute a defect or not, depending on the morpho
bction (shape, size), on the position on the rolling element and on the requirem

rface imperfection, which corresponds to irregularity on a part of the surface; as
bction, it can correspond or not to a defect dependifig on characteristics of this impe}
ments of the application;

appearance deviation, which is a deviation from the optical appearance of the ug
or colour.

e this document is prepared, visual' inspection is the method of choice to iden
ns, in combination or not with dye'penetrant inspection (see Annex A and Annex B)
ctive testing) methods can also be used as a complement, such as acoustic or thermal
frasound spectroscopy orlaser spectroscopy to give a few examples.

bf ceramic rolling elements is performed with naked eyes or under small magnificati
control. Scanning electron microscope (SEM - see Annex C) is only used to specify
 NDT but is not,a method suitable with mass production control.

fion method§.and parameters used for rolling element inspection are subject to
stomer andsupplier and are not the topic of this document.

hatacteristics in common, but methods and parameters of inspection are different.

ibe surface
o different

e. However,

logy of the
ents of the

Fion; the acceptance limits of the imperfections are defined by customers and/ofr suppliers,
dependfing on the application;

for material
fection and

ual surface

[ify surface
Other NDT
microscopy,

on for mass
the pattern

agreement

these.controls: steel rolling elements are more widespread than ceramic rolling elements. They
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Rolling bearings — Ceramic rolling elements — Terms and

charac

1 Scope

teristics of surface imperfections

This document establishes terms, descriptions and characteristics and provides typical photos of specified

surface im

erfectionswhich can he found on finished silicon nitride rn”ing elements

Rolling elen
found on fiy

Deviations

This docum
an imperfec
the silicon 1

2 Norm

The followi
requiremen

nents refer to balls and rollers. Imperfections defined in this document correspond
ished rolling elements before use.

for the geometric product specifications (GPS) are not addressed in this doeument.

htive references

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

ISO 5593, R

3 Terms

For the pur
ISO and IEC

IECEle

3.1

surface im
DEPRECAT
element, ir
accidentally

blling bearings — Vocabulary

and definitions

maintain terminology databases for use in standardization at the following address

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

ctropedia: availableat https://www.electropedia.org/

perfection

ED: surface defect

regularity or group of elements and irregularities of the real surface uninter
r caused during manufacture, storage or use of the surface

ent does not give criteria for the acceptance limits of these imperfections. The iden
tion is done between the different actors involved in the manufactubing, assembly or
itride parts, depending on the technical specifications and the criticality of the appli

ng 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 theé«dition cited applies. For undated

pboses of this document, the terms and definitions given in ISO 5593 and the following

to patterns

tification of
final use of
cation.

constitutes
references,

r apply.

itionally or

Note 1 to entry: See definition of "defect" in ISO 9000.

Note 2 to entry: Such types of elements or irregularities differ considerably from those constituting a rough surface.

Note 3 to entry: The presence of imperfection on the real surface does not necessarily mean that the given surface is
unsuitable for use. The acceptability of an imperfection is dependent on the application or function of the surface and
is specified in appropriate terms, e.g. length, depth, width, height, number per unit area, etc.

Note 4 to entry: The term "indication" can also be used, as a synonym of imperfection, in the frame of visual inspections.
The term "indication" is classically used in non-destructive testing field.

Note 5 to entry: The term "real surface" corresponds to the homogeneous, free from irregularities, finished surface of
the component.

© IS0 2024 - All rights reserved
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[SOURCE: ISO 8785:1998, 2.4, modified — The deprecated term has been added; Note 1 to entry has been
modified; Notes 4 and 5 to entry have been added.]

3.2
blank

ceramic rolling element after sintering and/or after hot isostatic pressing (HIP) but before grinding

3.3

characteristic

description

of the imperfections in terms of size, shape and aspect by the way it appears by visual inspection

under naked eyes or small magnification (<100x)

Note 1 to entry: Information related to the origin of the imperfections can be given.

Note 2 to er
specified, an

Note 3 to ent

4 Classi

Several clas
goal. In thig
terms and d

try: If the term used to describe the same imperfection is already defined in anotherpsfandard, it is
d comments related to the observation of this imperfection can be added.

ry: If other terms can also be used to describe the same imperfection, they are also nanted for[information.

fication of surface imperfections

sifications are possible for ceramic rolling element imperfections, depending on the intended
document, imperfections are classified in four families based‘on their optical appeprance. The
escriptions of these four families are given in Figure 1.

Open crack (5.2.2)
Crack _ Partially healed crack (5.23)
(5.2) C-crack (5.2.4)
Star crack (5.2.5)
Scratch.(5.3.2)
Linegr hollow indication 4 Cuty(5:3.3)
(5.3) Contact mark (5.3.4)
4 N [
Irregular or roundéd shape Pore (5.4.2) r )
hollow indication 7 Missing material (5.4.3) Ceramic spcond
(5.4) Flat (5.4.4) phase (5.5.3.2.2)
- L i} . .
F‘hdngpn ous material ngh ?enijlgyt()f
. . J'specific additives
e N [ Snowﬂakes (5.5.2) inclusion (5.5.3.2) (5.5.3.2.3)
Inclusion (5.5.3)

. . . Colour variation (5.5.4) | Exogenous material .
Optically variable region J . . . Low density of
(5.5) Smearing (5.5.5) inclusion (5:5.33) | oo cific additives

Healed crack (5.5.6) - (5.5.3.2.4)
\_ /| Non cleaned-up area (5.5.7)

Figure 1 — Families of imperfections

© IS0 2024 - All rights reserved
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5 Surface imperfections

5.1 General

The following paragraphs give the name, a description of its characteristics and representative pictures of

the imperfe

field [D

ction at different magnifications. The pictures are obtained by:

F]; these pictures are named “optical view [BF]” and “optical view [DF]”;

these are the pictures named “electronic view [SE]” or “electronic view [BSE]”".

stereo microscope (also known as binocular) and reflected light microscope in bright field [BF] or dark

scanning electronic microscope (SEM) in secondary electrons [SE] or back-scattered electrons [BSE];

Descriptio

For each in
different ca

a) Typel
b) Type?2
c) Type3

For some t
enable bett
in NOTES.

5.2 Cradl

5.2.1 General

A crack cor
the crack. T

NOTE T
generated du

5.2.2 Opd

An open cr

edges. A crg
NOTE1 U
NOTE2 T

SOf These Imaging and HHummmation methods are described T ATIEX A and ANNEX G.

\perfection, several pictures of the same type of imperfection are provided(to“il
ses which can occur. The pictures are displayed in three types as follows:

shows a picture taken under optical view BF;
Khows a picture taken under optical view DF;
khows a picture taken under electronic microscope.

erms, there are synonyms used in the field. With the geal of clarifying and homd
br communication between the different actors of the market, deprecated terms are

N

responds to a thin discontinuity in the surface. Its shape is variable and depends on
he bottom of the imperfection is nof.visible by optical inspection. See Figure 2 to Fig

ustrate the

genising to
mentioned

the type of
ire 9.

here are several types of cracks*depending on the morphology and the origin of the indi
ring blank manufacturing, during machining or handling).

bn crack

ick is an irregularymmarrow, opened break in the surface of the element, with straigl
ck can be linearor non-linear.

lnder SEM,.SigN, grains can be visible inside the crack.

he deprecated terms for "open crack” are “pressing defects” and “green crack”.

ration (crack

it or jagged

© IS0 2024 - All rights reserved
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a) Sample

N\
d) Sample 4: surface of a ball - &0 e) Sample 5: surfaceq of a ball
Optical view - [BF] \QQ (zoom in an open crag¢k) - Elec-

$’\. tronic view - [BSE]
Key R\4
1  open crgck without SizN, grains \O

N

Figure 2 — Examples of open (?& without Si;N, grains visible inside the crack

-

50 pm

50 um

%)

a) Sample 1: surface ofaball- b) Sample 1: surface of a ball, c¢) Sample 2: surface of a ball
Optical view - [BF] same as a) - Optical view - [DF] (zoom in an open crack) - Elec-
tronic view - [BSE]

Figure 3 — Examples of open crack with Si;N, grains visible inside the crack

© IS0 2024 - All rights reserved
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5.2.3 Partially healed crack

A partially healed crack is a mix between open crack (5.2.2) and healed crack (5.5.6). This type of crack can

be linear or

NOTE 1

branched.

In partially healed crack, sintering additives [oxides of Al (aluminium), Y (yttrium), Mg (magnesium), Ti

(titanium)...] can be identified inside the crack with SEM under back-scattered electrons (BSE) detector. In this case,
sintering additives appear darker or lighter than the matrix and chemical analysis confirms the nature of the area.

NOTE 2

Key
1
2

healed (
open cr

5.24 C-c

A C-crackis|
can also be

NOTE1 O
(diffraction

NOTE2 C
lengths, as il

NOTE3 U
transgranulg

NOTE4 M

Th

Figure 4 — Example of partially healed crack (surfacQQ?

e deprecated terms for "partially healed crack" are “pressing defects” and “green crack”.

bibﬂ,
rb‘b

rack
hck <<
a ball - Optical view - [D

QO

\'\(\Q)

rack
a curved crack, which can be C-shaped or aped when the crack propagation is tof

stacked. In this case, several concentrl\é cracks or O-cracks can be observed.

pening of this type of crack is very t}@l?usually less than 1 pm, which makes them diffid
n the lips of the crack is needed). C)\

cracks are characterized by t ngle of the chord if it is less than 180° or by the diameter for]
ustrated by Figure 5 a) and re 7 a) respectively. For stacked C-crack, the largest is chara

Inder SEM observati

on; Mo SizN, grains are observed inside the crack. Crack propagation
rand intergranular@

issing material@%) can be observed with C-crack.

al. C-cracks
ult to detect
larger chord

cterized.

occurs in a

a) Sampl

Optical view - [BF]

e 1: surface ofaball- b) Sample 1: surface of a ball,

same as a) - Optical view - [DF]

c¢) Sample 2: surface of a ball
(zoom on a C-crack) - Electronic

view - [BSE]

© IS0 2024 - All rights reserved
5


https://standardsiso.com/api/?name=0eb469d026c25bd0163af277ba582edf

ISO 3643:2024(en)

Key
1  chordlength

Figure 5 — Examples of C-crack with chordal angle < 180°

200

a) Sample 1: surface of a ball - Optical view - b) Sample 1: surface of a ball, same as @) - Optical
[DF] white light view - [DF] UV light

200 pm|

c¢) Samplle 2: surface of a ball (several stacked d) Sample 2: surface of a ball, same as ¢) - Optical
C-cracks) - Optical view - [DF] white light view - [DF] UV light

Figure 6 — Examples of stacked C-crack

a) Sample 1: surface of a ball - Optical view - b) Sample 2: surface of a ball - Electronic view -
[DF] [BSE]

© IS0 2024 - All rights reserved
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Key

1 diameter

2 C-crack

3 marker line

Figure 7 — Examples of C-crack with chordal angle 2180°

5.2.5 Star crack

The pattern of this type of crack depends on the mean of observation. It can appear as a circular or star shape.
Radial cracks are formed around a central ring-crack. In some case, missing material (5.4.3) is observed.

a) Sample 1: surface ofaball - b) Sample 1: surface ofaball, c¢) Sample 1: surfacq of a ball,
Optical view - [BF] same as a) - Optical views DF] same as a), different orientation
\.\(\ - Electronic view

100_um
d) Sample 2: surface of - e) Sample 2: surface ofaball, f) Sample 2: surface of a ball,
Opfical view - [B same as d) - Optical view same as d) - Optical viiew - [BF]
Q. - [DF] white light UV light

Key X
1 star crack wi@c missing material observed as circular shape

)

Figure 8— Examplesof starcrack

© IS0 2024 - All rights reserved
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a) Sampl

Optical view - [BF]
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e 1: surface ofaball - b) Sample 1: surface of a ball,

same as a) - Optical view - [DF]

c¢) Sample 2: surface of a ball -

Opt

5.3 Line:

e) Sample 2: surface
same as ¢) - Optical v
UV light

d) Sample 2: surface of a ball,
same as c) - Optical view <[DF]
white light

ical view - [BF]

Figure 9 — Examples of star crack with missing material

ir hollow indication

5.3.1 General

Linear hollgw indication is a shallow(imperfection defined by a linear shape (high aspect ratio

width >>1,
by optical i

5.3.2 Scr]

Scratch is 4
depth of thg
contact wit

NOTE1 A

pically start from an aspect ratio of 5:1) on the surface. The bottom of the imperfecti
spection. See Figuré 10'to Figure 13.

htch

linear, nakrow and shallow recession which appears shiny under lighting. Depen
scratchyit can appear and disappear with the light orientation. Length and width de
h the@brasive body that contributes to this type of pattern.

100 pm|

of a ball,
iew - [BF]

i.e. length/
on is visible

ding on the
pend on the

scratch can be isolated or in group of parallel scratches. When scratches are in group, this

proup can be

seen as an irregular or rounded shape, but individual scratches are linear.

NOTEZ N
NOTE 3

NOTE 4

eedle crystals are not observed in a scratch.

The deprecated terms for "scratch" are “score”, “scoring” and “scratching”.

The deprecated term for "severe scratch" is “groove”.

© IS0 2024 - All rights reserved
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a) Sample 1 surface of a ball
- Opticajvie p

d) Samgp
- Optical

scratch

le 4: surface of a ball
view - [BF] - parallel

b) Sample 2: surface of a ball

scratch

Key

1  scratch
2 marker

5.3.3 Cu] %\%

Acutisal
lighting.

NOTE 1
NOTE 2

NOTE 3

NOTE 4

scratches

N
S

@e 10 — Examples of scratch

O.

ine

?\

Needle c&tals are not observed in a cut.

C Jté%ibility does not depend on lighting angle.

inear, short Q@hallow depression, with a sharply defined matrix which appears

c) Sample 3 surface of a ball -
: : E] - single

shiny under

Depending on the condition in which the cut is created, width and depth of the cut can be different in terms
of geometry and bulges beside the cut can or cannot be visible.

The deprecated name for "cut" is "gouge".

© IS0 2024 - All rights reserved
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2ym
N\
¢) Samplle 3: surface of a ball (multiple cuts) - d) S@E}» e 4: surface of a ball (cut wit
Optical view - [BF] \‘(\ ulges) - Electronic view - [BS
Figure 11 — Eg%nples of cut
xO

5.3.4 Corx

A contact m|
contact surf

NOTE1 Iy some cases, plastic de@‘;ﬁtion can be observed inside the contact mark.

NOTE 2

NOTE 3

a) Sample 1: surface of a ball -

ISO 3643:2024(en)

50 um

A

T

Ozads 1 = IRl INCIl
optrear view—[D1] DS

™

N
.\0

itact mark

ark is an aggregation of multiple.scratches whose width, depth and length depend on t
ace which has generated @mperfection. Contact marks appear when sliding or rub

contact mark can \%asociated with a smearing (5.5.5).

he deprecate%@ns for "contact mark" are “scuff”, “scuffing” and "slippage”.

&

b) Sample 2: surface of a ball - Electronic view -

th visible
E]

he nature of
bing occurs.

v
S

© IS0 2024 - All rights reserved
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100 um

a) Sample 1: surface ofaball - b) Sample 2: surface of aball - ¢) Sample 3: surface of a roller -
[BSE]

d) Sample 4: surface ofaball - e) Sample 5: surface o all -
Opfical view - [BF] Optical v1ew
Key A\Qj

1  contactjmark

xO
Figure 12 — Examples of cont@ﬁiark without smearing or plastic deformation

a) Sample 1: surface ofaball- b) Sample 2: surface ofaball- ¢) Sample 1: surface of a ball,
Optical view - [BF] Optical view - [DF] same as a) - Electronic view -
[BSE]
Key

1  contact mark

Figure 13 — Examples of contact mark with visible plastic deformation

© IS0 2024 - All rights reserved
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5.4 Irregular or rounded shaped hollow indication

5.4.1 General

This imperfection is defined by a low aspect ratio, i.e. length/width = 1, corresponding to a shallow rounded
or more irregular shape. The bottom of the imperfection is visible by optical inspection. See Figure 14 to

Figure 19.

5.4.2 Pore

A pore is a well-defined surface cavity, often with a round aspect. Depth, shape and size can vary. Pores can
be found isolated or in cluster.

NOTE1 Upder SEM, needle shaped (3-Si;N, grains are visible.
NOTE 2  The deprecated terms for "pores"” are “pit”, “hole”, “porosity "and “void”.

NOTE 3  The deprecated term for "cluster of pores” is “pitting”.

s@
¥
a) Sample 1: surface of a ball - \O b) Sample 2: surface of a ball|-
Optical view - [BF] \\(\}‘ Electronic view - [SE]
O

éQ?“ o]

o) c¢) Sample 3: surface of a ball

Eloctranic v7inyay IpCcrl
ICCTr omc—viIiCw |Rd =] |

Key
1  markerline
2  pore

Figure 14 — Examples of isolated pore

© IS0 2024 - All rights reserved
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a) Sampl
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e 1: surface ofaball - b) Sample 2: surface ofaball- ¢) Sample 3: surface of a ball -
Optical view - [BF] Optical view - [BF] Electronic view - [SE]

5.4.3 Mis
A missing n

NOTE1 U
this case, ne

NOTEZ T

Figure 15 — Examples of pores in cluster

N
sing material ©
>

nder SEM, no needle shaped (-Si;N, grains are visible, except if @pping occurred on the g
bdle shaped B-Si;N, grains can be visible.

he deprecated terms for "missing material” are “mark”, P\@ dent”, “nick "and “chip”.

b) Sample 1: chamfer of a roller,
same as a) - Optical view - [DF]

c) Sample 2: surface ofa ball- d) Sample 2: surface of a ball,
Optical view - [DF] same as c) with zoom - Electron-

icview - [SE]

© IS0 2024 - All rights reserved
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e) Sample 3: surface of a ball - f) Sample 4: surface of a ground

Key

1  lighter g
d|

5.4.4 Fla
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Figure 16 — Examples of missing material
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) Sample 1: surface of a ball -
Optical view - [BF]

Figure 17 — Exe)@ﬁs of missing material created by depression
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a) Sample 1: surface ofaball - b) Sample 1: surface ofaball, ¢) Sample 1: surface of a ball,
Optical view - [ BF] same as a) - Optical view - [DF] same as a) with zoom } Electron-
ic view <[SE|

Key
1 flat
2 lighting

Figure 18 — Example of flat in band shape

Figure 19 — Example of localized flat on the surface of a ball - Optical view - [BE]

5.5 Optigally variable region

5.5.1 General

An optically variable région corresponds to an area where the light reflects in another way, darkpr or lighter
than the rolling element surface, without topography variation of this surface. See Figure 20 to Higure 28.

5.5.2 Snqgwflakes

Snowflakes correspond to patterns which can be distributed in different ways such as single isolated, in
cluster, spotty, circular nested or widely present on the surface. They can be very small (submicrometres) or
large (up to several tens of micrometres or even cover the whole surface of a part)[4l.

NOTE1 High magnification SEM observation reveals this type of indications is an area of micro pores (around
1 um) corresponding to non-filled triple junction (a triple junction is a point where three grains meet). There is no
variation of composition associated with this indication, but tiny changes can be observed in the microstructure.

NOTE 2  Topographical variations can be detected on some snowflakes if they are large or in cluster for example.

NOTE3 The name for "snowflakes" comes from the fact that sometimes this indication appears with dendritic
morphology.
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g of a ball,
Electron-

Optical view - [DF]

c¢) Sample 2: surface ofaball- d) Sample 2:s ceofaball, e) Sample 3: surface|of a ball -
Optical vjew - [BF] white light same as ) _IS(I)§ al view - [BF] Electronic view -([BSE]
light

‘\\O

Optical view - [DF] same as f) with zoom t Electron-

icview - IBS ]
L

Key
1 snowflake

Figure 20 — Examples of snowflake
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Inclusion

5.5.3.1 General

Aninclusion corresponds to endogenous or exogenous material detected inside the part. See ISO 26602:2017,
3.2. Depending on its origin, this type of imperfection appears differently on the surface of the rolling

element.

5.5.3.2 Endogenous material inclusion

5.5.3.2.1 Overview

£

An endoge
aspect depg
depending

specific add

NOTE T
spot "and “se

5.5.3.2.2

Ceramic seg
phase (such
defined asp
missing ma

a) Samp
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nding on the type of heterogeneity, with well-defined or blurred aspect. It can bg, of
bn its appearance: ceramic second phase, high density of specific additives and, toy

itives.

he deprecated terms for "endogenous material inclusion” are “additive agglomekrate”, “black p

gregation”.

Ceramic second phase

ond phase corresponds to inhomogeneous distributed mainly glassy, partly crystal
as Y,05 and Al,053) which appears darker or lighter thafthe silicon nitride matrix,
ect. Size ranges from few to several tens of micrometres. It can be combined with por
ferial (5.4.3).

e 1: surface of a-ball -

b) Sample 1: surface of a ball,
same as a) - Optical view - [DF]

d) Sample 2: surface of a ball,
same as c) - Optical view - [DF]

e 2: surface of a ball -
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20 um

f) Sample 4: surface of a ball -

Opticat view—=1BF}

5.5.3.2.3 |High density of specific additives

A high densjty of specific additives corresponds to an accumulation ofspecif'c\cslziitives [suchas]
or W (tungsten) compounds] which recombines to create other forms. It ears blurred and

the matrix yinder DF lighting, and highly reflective under BF lighting, b

<

20 pm

a) Sample 1: surface ofaball b) ' iple 1: surface of a ball,
- Optical view - [BF] SC) as a) - Optical view - [DF]

O‘

Figure 21 — Examples of ceramic second phase

™
3V

(5 .
%@b‘
O

lighter under BSE.

i (titanium)
Harker than

c¢) Sample 2 : surface of a ball
- Optical view - [BF]
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50 pm

e) Sample 4: surface of a f) Sample 5: surface of a ball -

ball - Optical view - [DF] Electronic view -

50 um

O
g) Sample 6: surface of a Q%) Sample 6: surface
ball - Optical view - [DF] same as g) - Electroni

s\\\}\ [BSE]

Z
Figure 22 — Examples of high den@y of specific additives
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5.5.3.2.4 Low density of specific additives

A low density of specific additives corresponds to a depletion of specific additives [such as Ti (titanium) or
W (tungsten) compounds]. It often appears blurred and lighter than the matrix under DF lighting, but darker
under BSE. Low density of specific additives area is inconspicuous under BF lighting.

a) Sample 1: surface of a ball - Optical view -

b) Sample 2: surface of a ball - Optical view - Q\C) Sample 2: surface of a ball, same aq b) - Elec-
[DF] L\ tronic view - [BSE]

-

Figure 23 — Examﬂe of low density of specific additives

Q

5.5.3.3 Exogenous material inc@n
An exogendus material inclusi an be of metallic nature, ceramic or a mix. It appears as well-delimited
phase. Size|and shape can depending on the contamination. Under BF lighting, metalli¢ inclusions
appear shirly, whereas r&;@letallic inclusions appear non-shiny.

Sometimes, decohesi ith Si;N, matrix can be observed in association. Nature of the inclusion can be
identified bl ener spersive X-ray (EDX) spectrometer analysis.

?\
5
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Optical view - [DF]
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Figure 24 — Examples of exogeneous material inclusion%b(‘b '
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Key
1  colour variation

Figure 25 — Examples of colour variation

5.5.5 Smearing

A smearing is a localized shiny or mat area depending on the type of foreign material transferred on the
surface, caused by contact (rubbing) with another material, softer than ceramic, which creates a deposit on
the surface. Shape and size of this imperfection depend on the contact.

NOTE Smparing isnot detectable bv dimensional measurement

a) Sample 1: surface of a b) Sample 2: surfac ;6}21
ball - Qptical view - [BF] roller - Optical vie@- [DF]

oY

100 pm 10 pm

d) Sample 3: su ofa e) Sample 4: surface of a f) Sample 5: surface of a

ball - (ptical \@ - [BF] ball - Optical view - [DF] ball - Electronic view - [BSE]

Key i &v

1 marker

Figure 26 — Examples of smearing

5.5.6 Healed crack

A healed crack is an irregular, narrow, closed break in the surface of the element, with shiny white reflect
inside the crack under DF lighting, due to the presence of glassy phase. This type of crack can be linear or
branched.

NOTE1 Healed crack has the same microstructure and composition as the matrix.

NOTE 2 The deprecated terms for "healed crack" are “pressing defects” and “green crack”.
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a) Sample 1: surface of a ball -
Optical view - [DF]

b) Sampl
Opt

Key
1  healed(

p 2: surface of a ball -
cal view - [BF] Optical view - ]
¥
rack o
>

c) Sample 3: surface of@ ball -

o
Figure 27 \%’xam les of healed crack
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d) Sample 4: surface
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5.5.7 Non cleaned-up area

A non cleaned-up area is a shiny or mat area which can be removed by cleaning (mechanically or chemically),
which is caused by dust, stain or dried residues.

>

a) Sample 1: surface of a ball - Optical view - b) Sample 2: surface o 11 - Electrgnic view -
[DF] ]
;\\
Key @)
1  marker |ine QQ
2 non cledned-up area Q
N\
QO
Figure 28 — Examples of non cleaned-up area
s@
¥
xO
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Annex A
(informative)

Explanations for the terms used in inspection means

A.1 Optical microscopy

A.l.

1 Ge

Inspection

microscope

Key

U s W N

ocular l¢

lighting

eral

by optical microscopy of ceramic rolling elements is typically performe%‘]yi‘t
also named binocular. See Figure A.1 for an example.

-

b(z.).

Ul SN

objectiv]

lighting
sample

focutar)

Figure A.1 — Example of stereo microscope

h a stereo

A stereo microscope is a type of microscope that commonly uses visible light (see A.1.2) and a system of
lenses to generate magnified images of small objects. It is possible to equip such a microscope with an
additional UV-light source for fluorescent penetrant inspection (FPI) in form of a “gooseneck” light guide.

Usual magnification for this device is between 6x to 200x, but some binoculars can reach higher resolution
and magnification.
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