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1. ASTM A295: Standard Specification for High-Carbon Anti-Friction

Bearing Steel;

ASTM EA45 : Standard Test Methods for Determining the Inclusion

Content of Steel;

ISO 76 Rolling bearings — Static load ratings;

ISO 281 Rolling bearings — Dynamic load ratings and rating life;

ISO 1281-1 Part 1: Basic dynamic load rating and basic rating life;

ISO 1281-1 Part 2: Modified rating life calculation, based on a systems

approach to fatigue stresses;

BS EN 12082:2017 Railway applications - Axleboxes - Performance

testing;

8. ISO 15243:2017, Rolling bearings — Damage and failures — Terms,

characteristics and causes
9. EN 15663:2017, Railway applications - Definition of vehicle reference
masses;

10. EN 12080:2017, Railway applications - Axleboxes - Rolling bearings;

11. I1SO 15242-2Rolling bearings — Measuring methods for vibration —
Part 4: Radial cylindrical roller bearings with cylindrical bore and
outside surface;
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qﬂ'”&, Designation: A 295 — 98

An American National Standard

AMERICAN SOCIETY FOR TESTING AND MATERIALS

100 Barr Harbor Dr., West Conshohocken, PA 19428
Repninted from the Annual Book of ASTM Standards. Copyright ASTM

Standard Specification for

High-Carbon Anti-Friction Bearing Steel’

This standard is issued under the fixed desi n A 295; the

diately following the designation indicates the year of

original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (€) indicates an edirorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Deparmment of Defense.

1. Scope

1.1 This specification covers high-carbon bearing-quality
steel to be used in the manufacture of anti-friction bearings.

1.2 Supplementary requirements of an optional natre are
provided and when desired shall be so stated in the order.

1.3 The values stated in inch-pound units are to be regarded
as the standard.

2. Referenced Documents

2.1 ASTM Standards:

A 29/A29M Specification for Steel Bars, Carbon and
Alloy. Hot-Wrought and Cold-Finished, General Require-
ments for”

A 370 Test Methods and Definitions for Mechanical Testing
of Steel Products®

A 751 Test Methods, Practices, and Terminology for
Chemical Analysis of Steel Products®

A 892 Guide for Defining and Rating the Microstructure of
High Carbon Bearing Steels’

E 45 Practice for Determining the Inclusion Content of
Steel*

E 381 Method of Macroetch Testing, Inspection. and Rating
Steel Products, Comprising Bars, Billets, Blooms, and
Forgings®

E 1019 Test Methods for Determination of Carbon. Sulfir,
Nitrogen, Oxygen, and Hydrogen in Steel and in ITron,
Nickel. and Cobalt Alloys”

E 1077 Test Method for Estimating the Depth of Decarbur-
ization of Steel Specimens*

2.2 Other Documents:

SAE J418a Grain Size Determination of Steel®

I1SO 683, Part 17 Ball and Roller Bearing Steels’

! This specification is under the jurisdiction of ASTM Comumittee A-1 on Steel,
Stainless Steel and Related Alloys. and is the direct responsibility of Subcommittee
A01.28 on Bearing Steels.

Current edition approved Dec. 10, 1998, Published February 1999. Originally
published as A 295 - 46 T. Last previous edition A 295 — 94,

2 Annual Book of ASTM Standards, Vol 01.05.

* Annual Book of ASTM Standards, Vol 01.03.

* Annual Book of ASTM Standards. Vol 03.01.

* Annual Book of ASTM Standards, Vol 03.06.

© Available from Society of Automotive Engineers, 400 Commonwealth Drive,
Warrendale. PA 15096.

7 Available from International Organization for Standardization (ISO), | e de
Varembé, Case postale 56, CH-1211, Genéve 20, Switzerland.

3. Ordering Information

3.1 Orders for material under this specification should
melude the following information:

3.1.1 Quantity,

3.1.2 Grade identification,

3.1.3 Specification designation and vear of 1ssue.

3.1.4 Dimensions. and

3.1.5 Supplementary requirements. if included.

4. Process

4.1 The steel shall be made by a process that is capable of
providing a high quality product meeting the requirements of
this specification.

5. Chemical Composition and Analysis

5.1 Typical examples of chemical compositions are shown
m Table 1. Other compositions may be specified.

5.2 An analysis of each heat of steel shall be made by the
steel manufacturer in accordance with Test Methods. Practices.
and Ternunology A 751. The chemical composition thus deter-
mined shall conform to the requirements specified in Table 1
for the ordered grade or to other requirements agreed upon
between manufacturer and purchaser.

5.3 Product analysis may be made by the purchaser n
accordance with Test Methods, Practices. and Terminology
A 751. Pernussible variations in product analysis shall be in
accordance with Specification A 29/A 29M.

6. Sizes, Shapes, and Dimensional Tolerances

6.1 The physical size and shape of the material shall be
agreed upon between manufacturer and purchaser.

6.2 Dimensional tolerances for hot-rolled or hot-rolled and
annealed bars, in straight lengths or coils, and cold-finished
bars 0.500 in. (12.7 mm) and larger in diameter furnished under
this specification shall conform to the requirements specified in
the latest edifion of Specification A 29/29M.

6.3 Dimensional tolerances for cold-finished coils for ball
and roller material shall be as shown in Table 2.

6.4 Coil tolerances also apply to cold-finished straight
lengths under 0.500 in. in diameter.

7. Quality Tests

7.1 The supplier shall be held responsible for the quality of
the material fiurnished and shall make the necessary tests fo
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Designation: E 45 - 05%'

Standard Test Methods for
Determining the Inclusion Con

This standard is issued under the fixed designation E 45; the number
adoption or, in the case of revision, the year of last revision. A b

tent of Steel’

immediately following the designation indicates the year of original

inf indi the year of last reapproval. A superscript

epsilon (€) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

€' Note—Table 1 was editorially corrected in February 2007.

1. Scope

1.1 These test methods cover a number of recognized
procedures for determining the nonmetallic inclusion content
of wrought steel. Macroscopic methods include macroetch,
fracture, step-down, and magnetic particle tests. Microscopic
methods include five generally accepted systems of examina-
tion, In these microscopic methods. inclusions are assigned to
a category based on similarities in morphology. and not
necessarily on their chemical identity. Metallographic tech-
niques that allow simple differentiation between morphologi-
cally similar inclusions are briefly discussed. While the meth-
ods are primarily intended for rating inclusions, constituents
such as carbides, nitrides, carbonitrides, borides, and interme-
tallic phases may be rated using some of the microscopic
methods. In some cases, alloys other than steels may be rated
using one or more of these methods: the methods will be
deseribed in terms of their use on steels.

1.2 This practice covers procedures to perform JK-type
inclusion ratings using automatic image analysis in accordance
with microscopic methods A and D.

1.3 Depending on the type of steel and the properties
required, either a macroscopic or a microscopic method for
determining the inclusion content, or combinations of the two
methods, may be found most satisfactory.

1.4 These test methods deal only with recommended test
methods and nothing in them should be construed as defining
or establishing limits of acceptability for any grade of steel.

1.5 The values stated in SI units are to be regarded as the
standard. Values in parentheses are conversions and are ap-
proximate.

1.6 This standard does not purport to address all of the
safery concerns, if any, associated with its wuse. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

' These test methods are under the jurisdiction of ASTM Committee E04 on
Metallography and is the direct responsibility of Subcommittee E04.09 on Inclu-
Sions.

Current edition approved Nov. 1, 2005. Published Dy ber 2005. Originally
approved in 1942, Last previous edition approved in 2002 as E 45 - 97 (2002).

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohockan, PA

opymight ASTM Intemationad
‘rovided by IHS under bcense with ASTM
do reproduction of networking permitted without license from IHS

10

2. Referenced Documents

2.1 ASTM Standards: *

D 96 Test Method for Water and Sediment in Crude Oil by
Centrifuge Method (Field Procedure)

E 3 Guide for Preparation of Metallographic Specimens

E 7 Terminology Relating to Metallography

E 381 Method of Macroetch Testing Steel Bars. Billets,
Blooms, and Forgings

E 7089 Guide for Magnetic Particle Examination

E 768 Practice for Preparing and Evaluating Specimens for
Automatic Inclusion Assessment of Steel

E 1245 Practice for Determining Inclusion or Second-Phase
Constituent Content of Metals by Automatic Image Analy-
sis

E 1444 Practice for Magnetic Particle Examination

E 1951 Guide for Calibrating Reticles and Light Micro-
scope Magnifications

2.2 SAE Standards:

1422, Recommended Practice for Determination of Inclu-
sions in Steel

2.3 Aerospace Material Specifications:?

AMS 2300, Premium Aircraft-Quality Steel Cleanliness:
Magnetic Particle Inspection Procedure

AMS 2301, Aircraft Quality Steel Cleanliness: Magnetic
Particle Inspection Procedure

AMS 2303, Aircraft Quality Steel Cleanliness: Martensitic
Corrosion-Resistant Steels Magnetic Particle Inspection
Procedure

AMS 2304, Special Aircraft-Quality Steel Cleanliness:
Magnetic Particle Inspection Procedure

2.4 ISO Standards:*

IS0 3763, Wrought Steels—Macroscopic Methods for As-
sessing the Content of Nonmetallic Inclusions

2 For ref d ASTM dards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service al service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

* Available from Society of Automotive Engineers (SAE), 400 Commonwealth
Dr., Warrendale, PA 15096-0001.

* Available from American National Standards Institute (ANSI), 25 W. 43ed St.,
4th Floor, New York, NY 10036.

15428-2958, United States.

Mot for Resale
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INTERNATIONAL ISO/IEC
STANDARD 17025

Second edition
2005-05-15

General requirements for the competence
of testing and calibration laboratories

Exigences générales concernant la compétence des laboratoires
d'étalonnages et d'essais

Reference number
ISO/IEC 17025:2005(E)

E . ®1S0 2005
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EUROPEAN STANDARD EN 12080
NORME EUROPEENNE
EUROPAISCHE NORM Decernber 2007

ICS 21.100.20; 45.040 Supersedes EN 12080:1998

English Version

Railway applications - Axleboxes - Rolling bearings

Applications ferroviaires - Boites d'essieux - Roulements Bahnanwendungen - Radsatzlager - Walzlager

This European Standard was approved by CEN on 8 November 2007.

CEN members are bound to comply with the CEN/CENELEC Internal Regulations which stipulate the conditions for giving this European
Standard the status of a national standard without any alteration. Up-to-date lists and bibliographical references conceming such national
standards may be cblained on application to the CEN Management Centre or to any CEN member.

This European Standard exists in three official versions (English, French, German). A version in any other language made by translation
under the responsibility of a CEN member inlo its own language and notified to the CEN Management Centre has the same status as the
official versions.

CEN members are the national standards bodies of Austria, Belgium, Bulgaria, Cyprus, Czech Republic, Denmark, Estonia, Finland,
France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal,
Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland and United Kingdom.

-

EUROPEAN COMMITTEE FOR STANDARDIZATION
COMITE EUROPEEN DE NORMALISATION
EUROPAISCHES KOMITEE FUR NORMUNG

Management Centre: rue de Stassart, 36 B-1050 Brussels

© 2007 CEN  All rights of exploitation in any form and by any means reserved Ref. No. EN 12080:2007: E
werldwide for CEN national Members.
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Islamic Republic of Iran
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Iranian National Standardization Organization
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Rolling bearings — Internal clearance —
Part 1:
Radial internal clearance for radial
bearings

ICS:21.100.10
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INTERNATIONAL ISO
STANDARD 281

Rolling bearings — Dynamic load ratings
and rating life

Roulements — Charges dynamiques de base et durée nominale

H

Reference number

SR ISO 281:2007(E)
== g
o i E=————= ISO 2007
Erovided by M2 under icerse wih (30
~o Fom B Nt for Resse

—
~
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TECHNICAL REPORT ISO/TR 1281-1:2008
TECHNICAL CORRIGENDUM 1

Published 2009-10-01

INTERNATIONAL O Fom MIZATION + MEROYHAPOOHAR OPTASMIALIMA NO CTAHIAPTHIALIAY » ORGAMISATION INTERNATIONALE DE NCRMALISATION

Rolling bearings — Explanatory notes on ISO 281 —
Part 1:
Basic dynamic load rating and basic rating life

TECHNICAL CORRIGENDUM 1

Roulements — Notes exphca!iwes sur SO 281 —
Partie 1. Charges dynamiques de base et durée nominale de base

RECTIFICATIF TECHNIQUE 1

Technical Corrigendum 1 to ISO/TR 1281-1:2008 was prepared by Technical Committee I1SO/TC 4, Rolling
bearings, Subcommittee SC 8, Load ratings and life.

Page 39, Clause 7

Delete the entire clause.

ICS 21.100.20 Ref. No. ISO/TR 1281-1:2008/Cor.1:2009(E)
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= TECHNICAL REPORT ISO/TR 1281-2:2008
. TECHNICAL CORRIGENDUM 1

Published 2009-10-01

INTERNATIONAL ORGANIZATION FOR STANDARDIZATION « MENIYHAPOOHAR OPTAHMIALIMA NO CTAHOAPTWIALIMM « ORGANISATION INTERNATIONALE DE NORMALISATION

Rolling bearings — Explanatory notes on ISO 281 —

Part 2:
Modified rating life calculation, based on a systems approach to
fatigue stresses

TECHNICAL CORRIGENDUM 1

Roulements — Notes explicatives sur ['1SO 281 —

Partie 2: Calcul modifié de la durée nominale de base fondé sur une approche systéme de la fatigue

RECTIFICATIF TECHNIQUE 1

Technical Corrigendum 1 to ISO/TR 1281-2:2008 was prepared by Technical Committee ISO/TC 4, Rolling
bearings, Subcommittee SC 8, Load ratings and life.

Page 22, 5.6.5.3
In the first paragraph, replace “Reference [10] lists” with “References [10], [23] and [24] list".

In the fourth paragraph, replace “The result of Reference [10] indicates” with “The results of References [10],
[23] and [24] indicate”.

ICS 21.100.20 Ref. No. ISO/TR 1281-2:2008/Cor.1:2009(E)

© 150 2009 - All rights reserved
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TECHNICAL ISO/TR
REPORT 1281-2

First edition
2008-12-01

Rolling bearings — Explanatory notes on
ISO 281 —

Part 2:
Modified rating life calculation, based on
a systems approach to fatigue stresses

Roulements — Notes explicatives sur SO 281 —

Partie 2: Calcul modifié de la durée nominale de base fondé sur une
approche systéme du travail de fatigue

———— Reference number
= — ISO/TR 1281-2:2008(E)

,,,,, o for % @ 1S0 2008
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Dimensions in mm

MNominal bore over

2,5 ‘6 ‘10 ‘13 24 ‘30 40 ‘50 ‘65 80 ‘100‘120‘140‘160‘180

diameter to 6 10 18 24 30 40 50 65 80 100 | 120 | 140 |160 | 180 |200
Bearing clearance in microns

Clearance min 0 0 0 0 1 1 1 1 1 1 2 2 2 2 2
group C2 max |7 7 9 10 11 11 11 15 15 18 20 23 23 25 30
Clearance min 2 2 3 5 5 6 6 8 10 12 15 18 18 20 25
group CN (norm.) max | 13 13 18 20 20 20 23 28 30 36 41 48 53 61 71
Clearance min 8 8 11 13 13 15 18 23 25 30 36 41 46 53 63
group C3 max |23 23 25 28 28 33 36 43 51 58 66 81 91 102 117
Clearance min 14 18 20 23 28 30 38 46 53 61 71 81 91 107
group C4 max 29 33 36 41 46 51 61 71 84 97 114 | 130 | 147 |163

Sl 52590 (Mol (&8 20 g S guazmo (g pw (] dilgin] o SCu 09, (A gl 4

Dimensions in mm

Nominal bore over 24 30 40 50 65 80 100 120 | 140 | 160 | 180 | 200 | 225
diameter to 24 30 40 50 65 80 100 | 120 140 | 160 | 180 | 200 | 225 | 250
with cylindrical bore
Bearing clearance in microns

Clearance min 5 5 5 5 5 10 10 10 10 10 10 15 15 15
group CINA') max | 15 15 15 18 20 25 30 30 35 35 40 45 50 50
Clearance min 0 0 5 5 10 10 15 15 15 20 25 35 45 45
group C2 max | 25 25 30 35 40 45 50 55 60 70 75 90 105 | 110
Clearance min 20 20 25 30 40 40 50 50 60 70 75 90 105 | 110
group CN (norm.) max | 45 45 50 60 70 75 85 90 105 | 120 | 125 145 165 | 175
Clearance min 35 35 45 50 60 65 75 85 100 | 115 120 | 140 160 | 170
group C3 max | 60 60 70 80 90 100 110 125 145 165 | 170 | 195 | 220 | 235
Clearance min 50 50 60 70 80 90 105 125 145 | 165 170 | 195 | 220 | 235
group C4 max | 75 75 85 100 | 110 125 140 165 190 | 215 | 220 | 250 | 280 | 300
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Remaining life

Remanufacturing

Maximum remaining
life under ideal
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/

Service life
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Extended
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replacement
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ISO 14644-1 Cleanroom Standards

Class maximum particles/m* FED STD 209E
20 Tpm | 20.2pm | 203 pm | =0.5um 21pm 25 pm equivalent
1SO1 10 23l 1.02 0.35 0.083 | 0.0029
1SO 2 100 237 10.2 35 0.83 0.029
ISO3| 1,000 237 102 35 83| 029 Class 1
ISO 4| 10,000 2,370 1,020 352 83 29 Class 10
1SO5 | 100,000 | 23,700| 10,200 3,520 832 | 29 Class 100
1ISO6 | 1.0x10° | 237,000 102,000 35,200 8,320 293 | (Class 1,000
1507 | 1.0x10 [ 2.37x10° | 1,020,000 352,000 83,200 | 2,930 Class 10,000
1ISO8 | 1.0x10° | 237x10"| 1.02x10" | 3,520,000 832,000 | 29,300 | Class 100,000
1SO9 | 1.0x10° | 2.37x10° | 1.02x10° | 35,200,000 | 8,320,000 | 293,000 Room air
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Used Raw Material Specification

1. High Carbon Chromium Steels

| Chemical composition (%)
Standard | Symbol 3 = — - ~ = = Remarks
| S | 0.96~1.10 | 0.15~0.35 | Mex.050 | M. 0.035 | Mex. 0,025 | 1.30~1.60 | Mex.0.08
#SQ4006 | SUS | 0.96~1.10 | G40~070 | 0.90~1.15 | Max. Q.05 | Max. 0.095 | 0.90~1.20 | Wex 0.08
| SuJs | 085~1.10 | 0.40~070 | 0.0~1.15 | Max.0.025 | Max.0.025 | 090~120 | 0.10~025 |
ASTMA295 | 52100 | 0.98~1.10 | 0.15~035  0.25~0.45 | Max.0.025 Max.0.025 | 1.30~1.60 | Max.0.10 | SU2 equvalent
ASTM Adgs | Gradet | 090~105 | 045~0.75 | 0.95~125 | Max.0.025 | Max.0.025 | 090~1.20 | Max.0.10 | SUI3 equalent
Grade3 | 0.95~1.10 | 0.15~035 | 0.65~0.90 | Max.0.025 | Max.0.025 | 1.10~1.50 | 0.20~0.30 | SUJS squvalen
2. High Speed Steels
Standard N .......cc . oo ' S
c si Mn P s cr Mo v Ni Cu Co w
6491 (M50) |077~085 | Max.025 | Max. 035 | Max. 0.015 ) Max. 0.015 | 3.75~4.25 | 4.00~4.50 | 090~1.10 | Max. 015 | Max.0.10 | Max. 0.25 | Max. 025
ANS 5626 065~080 | 0.20~040 | 0.20~040 | Max. 0.030 | Max.0.030 | 375~4.50| Max. 100 [090~1.30 — - —  [1725~1825
2315 (M50NIL) | 0.11~0.15 | 0.10~0.25 | 0.15~035 | Max. 0.015 | Max. 0.010 | 4.00~4.25[400~450 | 1.13~1.33 | 320~3.60 Max. 0.10 | Max. 025 | Max. 025

Tnanian Taumist Tutennational Beaning (Co.
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