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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 procgdures 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 {ypes of ISO documents should be noted. This document was drafted in accordance with the
editorial fules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention|is drawn to the possibility that some of the elements of this document may)beé the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Detailq of
any patenf rights identified during the development of the document will be in the.Introduction andjor
on the IS( list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the conveniénce of users and does pot
constitutqg an endorsement.

For an exyplanation of the voluntary nature of standards, the ¢ieaning of ISO specific terms gnd
expressiohs related to conformity assessment, as well as information about ISO's adherence|to
the Worl$ Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see
www.iso.prg/iso/foreword.html.

This document was prepared by Technical Committee;ISO/TC 123, Plain bearings, Subcommittee SC 7,
Special types of plain bearings.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete |isting of these bodies can be found at'www.iso.org/members.html.
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Introduction

As a general surface modification method, heat treatment such as carburizing or nitriding, hard film
coating by chemical vapour deposition (CVD) or physical vapour deposition (PVD), solid lubricant
coating using a resin binder, etc. are used. However, these conventional surface modification methods
have problems such as the need for a special device, insufficient adhesion strength of the coating film,
etc. Therefore, the purpose of this document is to provide a method for forming a lubricating film firmly
bonded to the base metal by a simple method.

This.document cppr‘ifir—\c surface modification method hy acombination of processes r‘apnhlp of qu]ckly

processing with general purpose equipment in order to obtain excellent friction charactesistics by a
mgthod excellent in mass production.
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:2023(E)

Plain bearings — Surface modification by press fitting solid
lubricants combined with micro dimple processing

Fo
IS(

3.1
hy|

bination with processing a lot of micro dimples on the surface.

Normative references

ere are no normative references in this document.

Terms and definitions
" the purposes of this document, the following terms and definitions apply.
and IEC maintain terminology databases for use in standardization at the following addr

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

IEC Electropedia: available at https://www.eleétropedia.org/

brid media

sh¢t media having a surface modifying material attached to the media surface

No
3.2
Al
req

3.3
ar
he

No

4

Le 1 to entry: A shot media coated by 'carbon black is described in A.2 as an example of hybrid medi

men strip
tangular metal strip used-for evaluating the shot peening intensity

C height
ght of the arclieddeformation of an Almen strip

Le 1 to entryy’An arc height shows the intensity of the shot peening and is expressed in millimetres.

Structure

acteristics
nically in

PSSES:

jd

The structure of the surface modified layer obtained by the surface modification method specified in
this document is shown in Figure 1. The thickness of the surface modified layer is several micro meters.
Dimensions such as the thickness of the surface modified layer and the diameter/depth/area ratio of
dimples are determined by the application and its operating conditions.
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.\
2
Key
1 modified layer
2 targetjmaterial
h  thicknss of the surface modified layer
Figure 1 — Structure of surface modified layer
5 Matgrials
5.1 Target materials
The matetials to be surface-modified by the method specified in thisdocument shall be metal materials.
In particylar, materials having high work hardening property ate suitable. Typical such materials
include stgel, aluminium alloy, titanium alloy, etc.
5.2 Solid lubricants
Typical sdlid lubricants used for the surface modification specified in this document are molybdenim
disulfide, graphite, carbon black, etc. Table 1 shows™a typical combination of solid lubricant and target
material with their applications.
Table 1 — Typical combination of solid/lubricant and target material, and their applicationg
Solid lubricant Target material Application
Molybdenum disulfide Steel, Aluminium alloy, etc. High load, vacuum
Graphite Steel, etc. High temperature
Carbon black Steel, Titanium alloy, etc. Dry condition, low humidity
6 Process
6.1 General
The surfaee—medificationprecess—specifiedinthisdocumentshowld-be-basedon—a—combinatier of

formation of dimples on the surface, supply of solid lubricant to the surface and press fitting of solid
lubricant to the surface. General process steps of surface modification are shown in Figure 2.

© IS0 2023 - All rights reserved
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Ex

6.2 Formation of dimples

6.2.1 General

Ty

limited to them. Other methods can be used if the required dithples are obtained.

6.2.2 Shot peening

Shpt peening, by applying out at high speed media~(hard particles) nearly spherical surf
mdterial, is a cold working method for work hardening the target material surface by

co
ca

a gre-treatment before "press fitting" theselid lubricants on the surface. By using hybrid me
a qurface modifying material attached to the media surface, it is possible to adhere the
mdterial to the target material surface simultaneously with formation of dimples. In thig
ditnple formation process, the solid lubricant supplying process and part of the press fittiy

Sp

A dchematic diagram of sutface modification by shot peening process is shown in Figure 3.

a) Initial surface b) Formation of c) Supply of solid d) Press fitting of solid
dimples lubricant lubricant

Figure 2 — General process steps of surface modification

bical examples of the method of dimple formation are described below. However, the met

Ilpressive residual stress. By this method, fatigue strength and stress corrosion cracking
be improved. In the surface modificationof bearings specified in this document, it is main

pcified in this document are.done simultaneously.

1 2 3

/ /O,/
O o o O o

O o o O o o

W W W .

hmples of friction test results of samples obtained by the surface modification-method specified in
this document is shown in Annex A.

hod is not

hce of the
providing
resistance
ly used as
lia having
modifying
case, the
g process

Key

1 raw shot media

2 hybrid shot media

3 surface modifying material attached to the media surface

Figure 3 — Formation of dimples by shot peening process

Because of its aim for formation of dimples, unlike in the case of shot peening for the purpose of general
surface hardening, the diameter of media should be about five times the expected dimple diameter and
the hardness should be about 70 % as compared with the target material. A projection flow rate of

©

[SO 2023 - All rights reserved

3


https://standardsiso.com/api/?name=f97465b880bc4a822df039c7043ad417

ISO/TS 2

4137:2023(E)

about 5 g/s and a projection pressure of about 0,3 MPa are suitable. It is recommended to measure the
arc height beforehand using Almen strips in order to evaluate the shot peening conditions. A schematic
diagram of the shot peening process is shown in Figure 4.

General shot peening procedures and conditions are defined in ISO 12686 and ISO 26910-1.

Key

1 nozzle
2 compy
3 target

NOTE
shot peene|

6.2.3 In

Like shot
Since cutt
property.
cutting ed
can contr
surface pr

essed gas containing shot media
material

The upper photo is the enlarged view of shot media and the lower photo is the enlarged view of
d surface of the target material.

Figure 4 —Shot peening process

terrupted micro cutting

An arbitrary pattérnican be generated by controlling the combination of the shape of
ge, the feed speed; and the rotation speed. The feature of this processing method is tha
bl the pitch, size and depth of the dimple, so that it is superior in terms of homogeneity of
operties. Itis\also suitable for processing in places where shot peening processing is diffic

such as the inside ¢f'a cylinder. A schematic diagram of the interrupted micro cutting process is sho

in Figure

b.

the

beening, interrupted micro-cutting is a processing method for making dimples on the surfdce.
ing is performed wjith.a rotating tool, it is useful when processing dimple with patt¢rn

he
kit
he
h1t,
vn
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a) View of cutting tool (left) and enlarged view b) Explanatory diagram of micro-cutting
of cutting tip part (right) process by spoon-shaped cutting edge

a Feed direction of tool.
b | Rotational direction of tool.

Figure 5 — Interrupted micro cutting process

6.3 Supply of solid lubricant
Supply of solid lubricant to the dimple-formed surface should be performed as follows.

Solid lubricant particles are suspended in a solvent-such as ethyl alcohol (ethanol), terpinedl, etc. and
th¢ suspended solid lubricant particles are sprayed or painted to the dimple-formed sufrface. The
solvent is then volatilized to coat the surface with solid lubricant particles.

However, the method is not limited to them. Other methods can be used if the required coating of the
soliid lubricant is obtained.

WARNING — Cleaning fluids are,volatile and flammable. Care shall be taken for the Global
Harmonized System of Classification and Labelling of Chemicals (GHS) hazard pictograms.

6.4 Press fitting of solid Tubricant

Roller burnishing is ajprocessing method in which a tool having a hard surface such as a metpl roller is
rofated while pressing against a material to smooth the surface. In the surface modification of bearings
specified in this\document, it is used as a processing method for press fitting a solid lubricant onto the
sufface, and shot peening should be used as a pre-treatment thereof.

It iis necessary to adjust the pressing force of the roller on the target material. It is recommgnded that
the¢ contact surface pressure is 1,5 GPa to 2,5 GPa for applying to aluminium alloy, steel and titanium
allpyPlateau of the surface after burnishing should be as desirably smooth as possible. A [schematic
diagramrof the Totter burnisting process s show im Figure 6-

Methods other than roller burnishing can also be used if the required surface is obtained, that is, a
method which can smooth the target surface and press fit the solid lubricant onto the surface.

© IS0 2023 - All rights reserved 5
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hg direction.

Figure 6 — Roller burnishing process
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Annex A
(informative)

Test results

A.r—Atumimtom attoy surface modified by molybdenum disulfide
P

A.1.1 Example of procedure of surface modification )

-

An| example of the procedure of surface modification in which molybdenum dis /Se (MoS}) is press
fitted to the surface of an aluminium alloy by combining shot peening and bur‘ni/bhmg is shown below.

a) | Apply shot peening treatment to the target surface. &%
b) | MoS, powder is suspended in a low volatile aromatic solvent su hydro-terpineol and painted
on the surface. \
S
¢) | Apply burnishing. <<
Piqtures of surface condition in each process are shown i\@gure Al
S Y

50 pm

a) Shot peened surf&;é b) MoS, painted surface c) MosS, press fitted suyrface by
’ burnishing
N
Q‘O Figure A.1 — Surface pictures in each process

?\

Al1.2 E ple of friction characteristics

Te ‘t(é%mples of friction characteristics of the modified surface are described below.

Figure A.2 shows the friction tester and Figure A.3 shows the test results. The test was carried out
on a ball-on-disc type rotary friction tester in which the sliding contact was brought between fixed
ball(s) and rotating disc. The balls used for the test were flatten on facing part for the disc specimen.
The dimensions of the flattened surface are determined by the test conditions and should be set so that
the average contact pressure is approximately between 10 MPa and 100 MPa. The test results show
the change with time of the friction coefficient at a constant load, 20 N and speed, 0,5 m/s at room
temperature under dry condition. Comparing unpeened surface, and shot peened and burnished one,
the latter showed long life and low friction coefficient.

© IS0 2023 - All rights reserved 7
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jig for
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three balls

flattenfed ball
disc sjecimen

base plate

suppo

torqug
holder

't bearing

contadt load

6\\>

T,

measurement rod

q) Schematic diagram of tester

Figure A.2 — Frietion tester (flattened ball-on-disc type rotary friction tester)

b) Flattened ball-on-disc part

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=f97465b880bc4a822df039c7043ad417

ISO/TS 24137:2023(E)

025 T

0,2-/ -

0,15t b T

Ke

A.

AIA

An|
hy

is Gised, the process of “supply-of solid lubricant” described in 6.3 can be skipped. In this case

bu
a)
b)
Su

01 T T

0,05 T

0 100 200 300 400 L

sliding distance, expressed in metres (m)
friction coefficient
The blue line represents the friction coefficient of normal surface (unpeened surface).

The red line represents the friction coefficient of the surface supplied with shot peening, MoS, p
burnishing.

Figure A.3 — Test results of a ball-on-disc type rotary friction test

 Stainless steel surface modified by carbon black

2.1 Example of procedure of surface modification

example of the procedure of surface modification of stainless-steel material by shot peel
brid shot media which surface is coated with carbon black is shown below. If this hybrid s

Fnishing process is omitted:
Prepare hybrid shot-media.
Apply shot peening treatment to the target surface.

face pictures'in each process are shown in Figure A.4.

hinting and

hing using
hot media
the roller

©lI
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a) Enlarged view of raw shot media (left) and hybrid shot media (right)

b) Surfade conditions of target materials with surface shot by raw shot media (left) and surfage
shot by hybrid shot media (right)

Figure A.4 — Pictures of shot media and.surface conditions

A.2.2 Example of friction characteristics

Test examples of friction characteristics of the modified surface are described below.

Figure A.j shows the friction tester and Figure!A.6 shows the test results. The test was carried out ojn a
ball-on-digc type reciprocating friction testex:in which the sliding contact was brought between a fixed
ball and a|reciprocating disc. A stainless-steel ball (ISO X5CrNi18-10) was used. The test results shpw
the changp with the time of the frictioricoefficient at a constant load, 1,96 N and speed, 3,3 m/s (stroke:
5 mm) at foom temperature under dry-condition. Compared to the untreated ones, the ones press fitfed
with carbpn black showed stable and low friction coefficient during the test time.

[1 /1

o |

e 3

S <
Key
1 weight
2  mating material: stainless steel ball
3 reciprocating stage
4  specimen

Figure A.5 — Schematic diagram of tester (ball-on-disc type reciprocating friction tester)
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