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National foreword
This Draft for Development is the UK implementation of CEN/TS 15718:2011.
This publication is not to be regarded as a British Standard.

It is being issued in the Draft for Development series of publications and is of
a provisional nature. It should be applied on this provisional basis, so that
information and experience of its practical application can be obtained.

Comments arising from the use of this Draft for Development are requested
so that UK experience can be reported to the international organization
responsible for its conversion to an international standard. A review of this
publication will be initiated not later than 3 years after its publication by the
international organization so that a decision can be taken on its status.
Notification of the start of the review period will be made in an announce-
ment in the appropriate issue of Update Standards.

According to the replies received by the end of the review period, the
responsible BSI Committee will decide whether to support the conversion
into an international Standard, to extend the life of the Technical Spe-
cification or to withdraw it. Comments should be sent to the Secretary of
the responsible BSI Technical Committee at British Standards House, 389
Chiswick High Road, London W4 4AL.

The UK participation in its preparation was entrusted to Technical Committee
RAE/3/-/1, Railway Applications - Wheels and Wheelsets.

A list of organizations represented on this committee can be obtained on
request to its secretary.

Normative — A (mandatory) requirement defined as an expression in the
content of a document conveying criteria to be fulfilled if compliance with
the document is to be claimed and from which no deviation is permitted
[CEN/ CENELEC internal Regulations, Part 3: Rules for the Structure and
Drafting of European Standards (PNE-Rules)].

Informative — Information (not mandatory) intended to assist the un-
derstanding or use of the document. Informative annexes shall not contain
requirements, except as optional requirements. (For example, a test method
that is optional may contain requirements but there is no need to comply
with these requirements to claim compliance with the document.)

This publication does not purport to include all the necessary provisions of a
contract. Users are responsible for its correct application.

© BSI 2011
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Compliance with a British Standard cannot confer immunity from legal
obligations.

This Draft for Development was published under the authority of the
Standards Policy and Strategy Committee on 30 September 2011.

Amendments issued since publication
Date Text affected

Documents

Document Sharing Hub

Full document details: DD CEN/TS 15718:2011


http://www.avadocuments.com/doc/dd-cen-ts-15718-2011
http://www.avadocuments.com/doc/dd-cen-ts-15718-2011

DD CEN/TS 15718:2011

TECHNICAL SPECIFICATION CEN/TS 15718
SPECIFICATION TECHNIQUE

TECHNISCHE SPEZIFIKATION September 2011

ICS 45.040

English Version

Railway applications - Wheelsets and bogies - Product
requirements for cast wheels

Applications ferroviaires - Essieux montés et bogies - Bahnanwendungen - Radsatze und Drehgestelle -
Exigences pour roues en acier moulé Produktanforderungen fir Gussrader

This Technical Specification (CEN/TS) was approved by CEN on 3 January 2011 for provisional application.

The period of validity of this CEN/TS is limited initially to three years. After two years the members of CEN will be requested to submit their
comments, particularly on the question whether the CEN/TS can be converted into a European Standard.

CEN members are required to announce the existence of this CEN/TS in the same way as for an EN and to make the CEN/TS available
promptly at national level in an appropriate form. It is permissible to keep conflicting national standards in force (in parallel to the CEN/TS)
until the final decision about the possible conversion of the CEN/TS into an EN is reached.

CEN members are the national standards bodies of Austria, Belgium, Bulgaria, Croatia, 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: Avenue Marnix 17, B-1000 Brussels

© 2011 CEN  All rights of exploitation in any form and by any means reserved Ref. No. CEN/TS 15718:2011: E
worldwide for CEN national Members.

Documents

Document Sharing Hub

Full document details: DD CEN/TS 15718:2011


http://dx.doi.org/10.3403/30208491U
http://www.avadocuments.com/doc/dd-cen-ts-15718-2011
http://www.avadocuments.com/doc/dd-cen-ts-15718-2011

DD CEN/TS 15718:2011
CEN/TS 15718:2011 (E)

Contents Page
Lo =1 o SRR 4
1o Yo [0 T 4 o o 5
1 8T o T 6
2 Lo 4 4 B LY== =Y =Y o Lo =R 6
3 L2 o Yo 11 T2 e =Y T 114 oY o 1S 7
31 Chemical COMPOSIHION ... s mn e s mmnn e e e e e e s 7
B 70 IS0 S Y Y 11 T=Y=30 o 30 oY== o o1 1=V =Y o 7
3.1.2  Location of the SAMPIe.......ccoii e s e ee e snn e e e e e e s e mn e e e e e e e e n e nnnnnneees 7
3.1.3  ChemiCal @NalYSiS......cccciircereriresrerisssreessssee e s esssme e s sssmr e e sssmr e e ssssmn e e esssmneesessnneessssnneessanneesnsannessnsannessasnns 7
3.2 1Y/ [=od a F= T T o= 1 e g B=T = Lo =Y o o3 o= S 7
3.21 Tensile test characteriStiCs.......ccccciiiiiiiiiiiirri e r e e e e n e e e e e e s e s nnnmnnneees 7
3.2.2 Hardness characteristics in the rim..........ccciiiiii i nme s 9
3.2.3  Impact test characteristiCs .......ccccciriiiiiiiiirrrr e nmnn s 10
3.2.4 Fatigue characteristiCs........ccouriiiiiiiir i ——— 10
3.2.5 Fracture toughness characteristics of the rim .........ccccviiiic 1
3.3 Heat treatment homogeneity ... ————_—— 12
3.3.1  Location of MeasSUremMeNt .........cccooiiiiiiiiiiii i r s s s s s s s s e e e s s e e e e e e s e e s e e e e e e e e e e e e e e e e e e rereeeeeeeeeaneeennraes 12
3.3.2  Values to be aChi@Ved ..........coo oot e e e e e e e s e e s e nessnsnsnsnsnsmsesessssnnsnnnnnnnnnn 12
B ¢ 20 N I ¢ 4 =3 4 Mo o 1PN 12
34 MetallurgiCal STIUCTUIE ... am e s mnn e e e e e e n s 12
3.5 1Y E= 12 = Y o2 (== 1] 11 g ==t 12
3.5.1  MicrographiC CleanlineSs.......cccociiiriiiiiiiieirr s 12
BT 13 (=1 4 o F= T 01 =Y e ) SRRt 13
3.6 RESIAUAI STrESSES .oiiiiiiiceiriiiriis i snrrr e s s rs s ssssss s e e s s s s s s ms e s e e e e sas s s smne e e e eesaass s smnnneeeeesassannnnnnneeessnnnnnns 16
B e N €71 o = - | PSSPt 16
T Y/ 1 [T Lo 3 o TR Ted o3-SR 16
B 0 T =X =3 1 - - 17
3.6.4 Measurement MethOdsS..........coooi i 17
3.7 Surface CharacterisStiCs ..o —————— 17
B T 0 B ¥ [ - o= T o 7= = - 1 Lo = 17
3.7.2  SUurface iNtegrity.......ccociiiiiiii i ——————————————— 17
3.8 [€ =Y 4 U= € o3 o = - 13 o= L= 18
3.9 803 = 1o T 0 o T= 1 = 4 e = 20
3.10  Shot peening - REQUIrEMENTS........ccccciiiirciirrrcre e rrssee e rss e rs e ss e s e s nr e s e s sne e e s nn e e easneenesssnneneas 20
B g 0 T 7Y 4= - | SRt 20
3.10.2 Values to be aChieVed ..........oocccieiiiiicccccerrr s s e e s s s s smm s e e e e ee s e s ssnnn e e eesansnnnnmnnnnens 21
3.10.3 Measurement MEthOd............oc i rsrr e s n e s es s e s s smn e e e e e eesenssnnneeeesanssnnmnnnnens 21
3.1 Protection against COrrOSION ...t 21
3.12  Wheel maintenance Capacity.......cccuuiriiiiririiniir i 21
313 Manufacture’s Markings ... ar e R e s nn s 21
Annex A (normative) Hydrogen control at the point of steel melt for monobloc wheels.......................... 23
AA1 8= 130 o 1 ' T 23
A.2 ANalySisS MELNOAS ... e mn e e e e nmn e 23
A3 (0] 011 = 1T aTe [ o =Y o= 1114 o o T SRS 23
Annex B (informative) Example of a test method for the determination of fatigue characteristics ......... 24
B.1 =53 0 (= o = 24
B.2 =53 0 T OSSN 24
B.3 B =53 8 4 e 11 o] o1 ' PSSR 24
B.4 ANAlYSIS OFf FESUIES ..ot ss e e e s e s s s sm s e e e e eessasssnnnn e e e e eesansnnnnnnnnn 24
Documents
2 Document Sharing Hub

Full document details: DD CEN/TS 15718:2011


http://www.avadocuments.com/doc/dd-cen-ts-15718-2011
http://www.avadocuments.com/doc/dd-cen-ts-15718-2011

DD CEN/TS 15718:2011
CEN/TS 15718:2011 (E)

Annex C (informative) Strain gauge method for determining the variation of circumferential

residual stresses located deep under the tread (destructive method).......cccovcvimeriniimnninsseeninsineenn 25
CA1 T T T o 25
C.2 0T o= o T 25
C.2.1 Fitting of a rim cross section with strain gauges prior to wheel cutting........c.ccccccminiiinnniiiennnn. 25
L0327 =5 (=Y 2 { Lo 0 JNo 11 1 ' [ 25
C.2.3 Operations to be executed during CUtting ........ccceeeeeerirrrsirrersre e eas 26
C.3 EXPression Of r@SUILS ... sscr e s e s s s sm s e e e s e s s e mn s e e e e e s e nnmnnnneneenan 26
C.3.1 Calculation of the variation of the circumferential residual stress located deep under the
L =T T N 26
C.3.2 Calculation of the variation of the circumferential stress created by cutting operation 1.......... 26
C.3.3 Calculation of the variation of the circumferential stress created by cutting operation 2.......... 27
C.3.4 Calculation of the variation of the circumferential stress created by cutting operation 3.......... 27
C.3.5 Final diagram representing the variation of the circumferential stress located deep under
L0 1= (=T T 27
Annex D (informative) Product qUalification...........ccoveeeceiiicceeiir e e e 31
D.1 (€7 4 =T - 31
D.2 L= o [0 T = 1= L 31
D.2.1 Requirements for the ProdUCEeTr.......... ..t smn e e e s s smmn e e e e e e e ean 31
D.2.2 Requirements for the Product.............cceiiiiiiicciicrrr s snn e e nmn e e e e e s 32
D.3 Qualification ProCEAUIE ..........ciiiiccie e s s s e an e s e mn e e s e smn e e e e nnnnns 32
9 20 T I 1= T - | N 32
D.3.2 Documentation reqUITEd ........ccccceeiiiiiiiiesmereeesrsssssssssnree e s es s s s s ssssse s e e e sss s s ssnsns e e eeeessssssnnnnseessnsssnsnnnnnnsnnssns 32
D.3.3 Evaluation of manufacturing equipment and of the production processes ........cccccceiicciiceernnnnn. 33
D.3.4 Laboratory tests ... e 33
D.3.5 Testing of WhEeIS .......ooiieiiiii e 34
D.4 Qualification certificate. ... ————— 34
D.4.1 Condition of the validity...........ccccoiriiiiiiiini i ———————— 34
D.4.2 Modification and eXteNSION ... e 34
[ 2 3 I - 1§ E53 1= =Y o U - 35
D.4.4 Lapsed CertifiCate......ccciiiiiiiiiiiiiiiii i e s e e e e s e R n e e e e e e aan 35
[ 20 3E T 0 T3 Vo =Y | F- 11 (o o 35
D.5 Qualification dOCUMENTS.........coiiiii i mn e e 35
Annex E (informative) Product deliVery ......... et ms s mnr e s mmn e 36
E.1 7= o 1= | 36
E.2 Delivery CONAItION ......cceiiiiiii e 36
E.3 Controls 0N €aCh WREEI ... s e s mmn e e e e nas 37
E.4 L= 7= 1 e T e o 1 S 37
R R O o 1 o ) 37
E.4.2 Uniformity of batches by measurement of rim hardness.........cccccccmnniiininni e, 38
E.4.3 Orientation of residual stresses on rim chilled wWheels..........ccoo e 39
I RS Vo o =YY 113V 39
E.4.5 VisUal iNSPECLHION .......cecc s s 40
L T T T 1 11T o =T 40
E.5 Allowable rectifiCcation ... 41
=31 o 1o = ¢ 137/ N 42
Documents
Document SharinggHub

Full document details: DD CEN/TS 15718:2011


http://www.avadocuments.com/doc/dd-cen-ts-15718-2011
http://www.avadocuments.com/doc/dd-cen-ts-15718-2011

DD CEN/TS 15718:2011
CEN/TS 15718:2011 (E)

Foreword

This document (CEN/TS 15718:2011) has been prepared by Technical Committee CEN/TC 256 “Railway
applications”, the secretariat of which is held by DIN.

Your attention is drawn to the fact that certain elements in this document may be subject to intellectual
property or similar rights. CEN and/or CENELEC cannot be held responsible for not identifying such property
rights and providing a warning of their existence.

This document has been prepared under a mandate given to CEN by the European Commission and the
European Free Trade Association, and supports essential requirements of EU Directive 2008/57/CE.

According to CEN/CENELEC Internal Regulations, the national standards organizations of the following
countries are bound to announce this Technical Specification: Austria, Belgium, Bulgaria, Cyprus, Croatia, the
Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Iceland, Italy,
Latvia, Lithuania, Luxembourg, Malta, Norway, the Netherlands, Poland, Portugal, Romania, Slovakia,
Slovenia, Spain, Sweden, Switzerland and the United Kingdom.
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Introduction

Prior to the publication of this Technical Specification, the only European Standard available to define quality
requirements for monobloc wheels was EN 13262, which applies only to forged and rolled wheels. Forging
and rolling was the only authorized process to be used by the UIC regulation that was applicable in the recent
past for European countries.

Cast wheels are commonly used by AAR networks and have been introduced into Europe on some
applications for freight wagons. As a reference document, this standard defines the product requirements of a
monobloc cast wheel. In order for a cast wheel to maintain the same level of safety as for a forged and rolled
wheel, for the product characteristics, the main content of this document is derived from EN 13262

This standard addresses a complete definition of the product and delivery procedures for cast wheels by:

a) defining all the wheel characteristics;

NOTE 1 These are either verified during the qualification or for the delivery of the product (see Clause 3).

b) defining qualification procedures (see Annex D);

c) defining delivery conditions (see Annex E).

NOTE 2 A choice is given to the supplier, of either:

1) a traditional delivery procedure with a control by batch sampling as in existing documents (see E.4) or;

2) delivery procedure using quality assurance concepts (see E.4.6).
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1 Scope
This technical standard specifies the characteristics of cast railway wheels for use on European networks.

Two steel grades, C ER7 and C ERS8, are defined in this Technical Specification. For tread-braked wheels;
only C ER7 is used.

This Technical Specification is applicable to cast wheels which have a chilled rim. The standard is only
applicable to cast wheels that have satisfied the technical approval procedure according to CEN/TS 13979-2.

This Technical Specification applies only to wheels used in freight wagon applications for speeds up to and
including 120 km/h.

2 Normative references
The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

N 13262, Railway applications — Wheelsets and bogies — Wheels — Product requirements

N 10045-1|, Metallic materials — Charpy impact test — Part 1: Test method

N ISO 148-1, Metallic materials - Charpy pendulum impact test - Part 1: Test method (ISO 148-1:2009

N ISO 6506-1|, Metallic materials — Brinell hardness test — Part 1: Test method (SO 6506-1:2005)

N ISO 6892-1, Metallic materials — Tensile testing. Part 1. Method of test at room temperature
(1ISO 6298-1:2009).

SO 1101, Geometrical Product Specifications (GPS) — Geometrical tolerancing -- Tolerances of form,
orientation, location and run-out.

ISO 5948:1994, Railway rolling stock material — Ultrasonic acceptance testing
ISO 6933:1986, Railway rolling stock material — Magnetic particle acceptance testing
ISO/TR 9769"), Steel and iron — Review of available methods of analysis

SO 14284, Steel and iron — Sampling and preparation of samples for the determination of chemical
composition

ASTM E 399-90:1990, Test method for plane-strain fracture toughness of metallic materials

ASTM E1245, Standard Practice for Determining the Inclusion or Second-Phase Constituent Content of
Metals by Automatic Image Analysis

SAE J827, High-carbon cast-steel shot
SAE J442, Test strip, holder and gage for shot peening

SAE J443, Procedures for using standard shot peening test strip

1) See also CEN report CR 10261:1995.

Documents
6 Document Sharing Hub

Full document details: DD CEN/TS 15718:2011


http://dx.doi.org/10.3403/30208488U
http://dx.doi.org/10.3403/03008350U
http://dx.doi.org/10.3403/00226064U
http://dx.doi.org/10.3403/30212058U
http://dx.doi.org/10.3403/30212058
http://dx.doi.org/10.3403/01922476U
http://dx.doi.org/10.3403/30095190
http://dx.doi.org/10.3403/30144369U
http://dx.doi.org/10.3403/03200918U
http://dx.doi.org/10.3403/02664972U
http://www.avadocuments.com/doc/dd-cen-ts-15718-2011
http://www.avadocuments.com/doc/dd-cen-ts-15718-2011

DD CEN/TS 15718:2011
CEN/TS 15718:2011 (E)

SAE J444, Cast shot and grit size specifications for peening and cleaning

3 Product definition

When the characteristics of the wheel vary as a result of the casting process, the test pieces shall be taken
from the worst-case location. The worst-case location has to be defined during the product qualification
process by means of comparative tests in different parts of the wheel (feeder head area, outside feeder head

area, intermediate). These defined locations are valid for a given manufacturing process and used for the
ongoing production. In the case of a process change, these locations will have to be defined again.

3.1 Chemical composition

3.1.1 Values to be achieved

The maximum percentage contents of the various elements contained within cast wheels shall be as given in

Table 1.
Table 1 — Maximum content of various elements within cast wheels
Steel Maximum content
grade %
c Si° Mn p? s*P Cr Cu Mo°® Ni v Cr+
Mo +
Ni

CER7 0,52 0,6 0,80 0,020 0,02 0,30 0,30 0,12 0,30 0,06 0,52
CERS8 0,56 0,6 0,80 0,020 0,02 0,30 0,30 0,12 0,30 0,06 0,52

NOTE  For special applications, variations within the maximum limit of these values may be agreed.
a

A maximum content of 0,025 % may be agreed at the time of enquiry or order.

® A minimum sulfur content may be agreed at the time of enquiry and at the time of order in order to

safeguard against hydrogen cracking.

¢ These values exceed those in EN 13263. It shall be ensured that use of these values does not
adversely affect the metallurgical structure of the wheel.

3.1.2 Location of the sample

The sample used for determining the chemical composition shall be taken 15 mm below the tread at its
nominal diameter.

3.1.3 Chemical analysis

The chemical composition analysis shall be performed according to methods and definitions that are
described in ISO/TR 9769.

3.2 Mechanical characteristics
3.2.1 Tensile test characteristics

3.21.1 Values to be achieved

Cast wheels shall have rim and web characteristics of at least the values given in Table 2.
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Table 2 — Minimum tensile test values of the rim and web

Steel grade Rim Web
Ren>? Rn As> Rm reduction >° As>
N/mm? N/mm? % N/mm? %
CER7 =520 820/940 =14 2110 216
CERS8 > 540 860/980 =13 =120 216
@ If no distinctive yield strength is present, the proof stress R 02 shall be determined.
b Reduction of tensile strength as compared to that of the rim on the same wheel.

3.21.2 Location of test pieces

Test pieces shall be taken from the rim and the web of the wheel, as indicated in Figure 1.

] /?%2

—

Dimensions in millimetres

3 3

15

15

Key

1 tensile test piece
2 tensile test piece
3 impact test piece
4 nominal diameter
5 notch

Figure 1 — Location of test pieces
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3.21.3 Test method

This shall be performed in accordance with EN ISO 6892-1). The test piece diameter shall be at least 10 mm in
the parallel length and the gauge length shall be 5 times the diameter.

NOTE If the wheel design prevents a sample of the stated size from being taken, a smaller sized sample may be
taken after agreement between the customer and supplier.

3.2.2 Hardness characteristics in the rim

3.2.21 Values to be achieved

Minimum values of Brinell hardness applicable to the whole wear zone of the rim shall be as given in Table 3.
These values shall be achieved up to a maximum depth of 35 mm under the tread, even if the wear depth is
higher than 35 mm. These measurements shall be taken from the points defined by B, C and D in Figure 2.

Hardness values in the rim-web transition (point A in Figure 2) shall be at least 10 points lower than the wear
limit values.

Table 3 — Minimum hardness values

Steel grade Minimum value for Brinell hardness
CERY7 235
CERS8 245

3.2.2.2 Location of readings

Four readings shall be carried out on a radial section of the rim as shown in Figure 2. Where the
microstructure of the wheel varies as a result of the casting process, the test locations shall occur in the worst-
case areas of the wheel.

Dimensions in millimetres

30

Key

1 limit of wear or last turning diameter (according to customer’s requirements)
2 inside surface of finished wheel

3 nominal diameter

Figure 2 — Readings taken on a radial section of the rim
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3.2.2.3 Test method

This shall be performed in accordance with . The ball diameter is 5 mm.
3.2.3 Impact test characteristics

3.2.31 Values to be achieved

Cast wheels shall have the average and minimum impact values as given in Table 4.

NOTE The values represent the average and minimum values for the three test specimens defined in 3.2.3.2.

At +20 °C, U-notch specimens shall be used. At -20 °C, V-notch specimens shall be used.

Table 4 — Average and minimum impact test characteristics

Steel grade KU (J) at +20 °C KV (J) at -20 °C
Average values Minimum values Average values Minimum values
CER7 =17 =12 =10 27
CERS8 =17 =12 =10 25

3.2.3.2 Location of the test pieces
Test pieces shall be taken from the rim of the wheel, as indicated in Figure 1.

The bottom notch axis shall be parallel to the A-A axis of Figure 1.

3.2.3.3 Test method

This shall be performed in accordance with EN 10045-1..

3.2.4 Fatigue characteristics

3.2.4.1 Values to be achieved

Regardless of the steel grade, the web shall withstand the stress variation, Ao, given in Table 5 during 10’
cycles without any crack initiation, with a probability of 99,7 %.

Table 5 — Minimum fatigue characteristics

State of delivery of the web Ac
N/mm?
Fully machined 450
Partially machined or as cast and 315
shot peened

NOTE 1 The aim of these characteristics is to ensure that product characteristics are higher than those used for the
definition of permissible stresses for the fatigue design of the web.

NOTE 2  As there are many approximations in a fatigue calculation, it is not realistic to distinguish between the two
steel grades.
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3.24.2 Specimens for fatigue test

Specimens shall consist of wheels as delivered. Their surface appearances shall be those defined in 3.7.

3.24.3 Test method
The test method shall allow bending stresses to be created in a web section.

The tests to demonstrate the fatigue properties shall be performed in such a manner that statistical evaluation
to assess the results can be applied.

Tests shall be monitored by measuring the radial stresses which exist in the crack initiation area.
NOTE An example of the method is given in Annex B.

3.2.5 Fracture toughness characteristics of the rim

3.2.5.1 General

This characteristic shall only be verified on tread-braked wheels (service brake or parking brake).

3.2.5.2 Values to be achieved

For steel grade CERY7, the average value obtained from six test pieces shall be greater than or equal to
80 N/mm? vm and any single value shall not be below a minimum of 70 N/mm?vm .

3.2.5.3 Location of test pieces

Six test pieces shall be taken from the rim as indicated in Figure 3. Where the microstructure of the wheel
varies as a result of the casting process, the test locations shall be in the worst-case areas of the wheel.

Dimensions in millimetres

3,58

Key

1 nominal diameter

Figure 3 — Test pieces taken from the rim
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3.2.5.4 Test method
The test shall be performed according to ASTM E 399-90.
The test conditions shall be as follows:

a) the compact specimen shall have a CT thickness of 30 mm (CT 30 specimen), with chevron notch having
an aperture angle of 90° (see Figure 4 of ASTM E 399.90);

b) temperature during the test between +15 °C and +25 °C;
c) measurement of the crack displacement of the specimen as indicated in Figure 3 of ASTM E 399.90;

d) rate of increase of stress intensity, AK/s (stress intensity per second), shall be within the range
0,55 N/mm?®Vm/s to 1 N/mm?®Vm/s (see 8.3 of ASTM E 399-90);

e) the value of the toughness to be considered shall be the value Kq which is calculated from the value of
the load Fq from the load-displacement record.

3.3 Heat treatment homogeneity

3.3.1  Location of measurement

The hardness measurements shall be taken at three points on the outside surface of the rim. Where the
casting process uses risers (see Note), the test locations shall occur both in-line and between the riser
positions.

The impressions shall be made on a same diameter in the area located as defined in Figure E.1.

NOTE Risers are defined in this document as the reservoir of molten metal from which the casting feeds as it shrinks
during solidification.

3.3.2 Values to be achieved
The hardness value variation shall be within a 30 HB range for a wheel.
3.3.3 Test method

The test shall be performed in accordance with EN ISO 6506-1|. The ball diameter is 10 mm.

3.4 Metallurgical structure

The absence of bainitic structure shall be checked by a micrographic examination.
3.5 Material cleanliness
3.5.1 Micrographic cleanliness

3.5.1.1  Sample size and location

A minimum of six samples shall be taken from each wheel tested approximately equidistant around the
circumference of the wheel. Each sample shall be 22 mm wide in the circumferential direction (the running
direction) and 13 mm thick in the radial direction (that of the rim thickness). Its centre F shall be located
15 mm below the wheel tread and 70 mm from the back rim face as shown in Figure 4.
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