INTERNATIONAL ISO
STANDARD 683-1

Third edition
2016-07-01

Heat-treatable steels, alloy steels and
free-cutting steels —

Part 1:
Non-alloy steels for quenching and
tempering:

Aciers pour traitementthermique, aciers alliés et aciers gour
décolletage —

Partie 1: Aciers.non alliés pour trempe et revenu

Reference number

— TR — IS0 683-1:2016(E)

ISO

N\
= © IS0 2016


https://standardsiso.com/api/?name=ddd0719144391677e27863b40851124b

ISO 683-1:2016(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2016, Published in Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Ch. de Blandonnet 8 « CP 401
CH-1214 Vernier, Geneva, Switzerland
Tel. +41 22 749 01 11

Fax +41 22 749 09 47
copyright@iso.org

www.iso.org

ii © ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=ddd0719144391677e27863b40851124b

ISO 683-1:2016(E)

Contents Page
0 Q2740 o OO \'4
1 S0P ... 1
2 L0 @ 4 T T AT = = W) 4 L X 2
3 Terms aNd AefINETIONIS ... s 3
4 Classification and deSIGIMATION ... 3
4.1 Classification
4.0 D rarnatian
42 Pestgpaion—"-———————————————————————————————
5 Information to be supplied by the purchaser ... S 3
5.1 Mandatory information ... ke e e 3
5.2 Options and/or supplementary or special requirements............oeo St o 4
53 Ordering example
6 Manufacturing process
6.1 General.......cccccccoccc.
6.2 Deoxidation
6.3 Heat-treatment condition and surface condition at delivery
6.3.1  Normal condition at deliVery ...t
6.3.2  Particular heat-treatment cONdition....d) e
6.3.3  Particular surface CONAitionsS ..o ssssseeess s
6.4 Traceability 0f the Cast . ... O e
7 REQUITEIMIEIITS ........oooooiiiiiiei et e st
7.1 Chemical composition, mechanical propérties and hardenability
7.1.1 LTS 0 T=) ir= Y T ¢ BN
7.1.2  Chemical composition
7.1.3  Mechanical properties
7.1.4  Hardenability ... s e
/2% BTN § 1 = Lot 7= 6 DY TS
7.2 Machinability............e.. 7.
7.3 Cold shearability..
7.4 Grain size...........\..
7.5 Non-metallic inelusions.......cooocceccccn,
7.5.1  Microscopic inclusions
7.5.2  ,~MaCroSCOPIC INCIUSIONS ...t
7.6 INtEIITAISOUNANESS ........oooooeeeeeeeeseeeeeeee oo ssssssee et ssssee e eesssssseeeees s
7.7 Surfa€é quality........
7.8 Decarburization
7.9 Shape, dimensions and tolerances
8 TSP @CEION ...
811 Testing procedures and types of documents
8.2 Frequency of teSting ...
8.3 Specific inspection and testing
8.3.1  Verification of the hardenability, hardness and mechanical properties............... 8
8.3.2  Visual and dimensional iNSPeCTION ... 9
9 B LT 00 15 L= 4 (0 X 300000000
9.1 Chemical analysis
9.2 A ol 7= 1 Tor= Y = 30O
10 2077000 R N 013§ [T Y
9.2.2  IMPact tesSt. ..
9.3 Hardness and hardenability tests ...,
9.3.1 Hardness in treatment conditions +A and +S....
9.3.2  Verification of hardenability ...
0.3.3  SUITACE NATAIIESS.....ooooooooee et

© 1S0 2016 - All rights reserved iii


https://standardsiso.com/api/?name=ddd0719144391677e27863b40851124b

ISO 683-1:2016(E)

9.4 Retests

10 IVLATKIIIG ...
Annex A (normative) Ruling sections for mechanical properties............ e 30
Annex B (normative) Supplementary or special requirements..................e 34
Annex C (informative) Designation of steels given in this part of ISO 683 and of comparable

grades covered in various designation SYSEEIMS...............c e 36

Annex D (informative) Dimensional standards applicable to products complying with this
part of ISO 683

Bibliograp!

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=ddd0719144391677e27863b40851124b

ISO 683-1:2016(E)

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 a A 0 A aya
desc

ibed in the ISO/IEC Directives, Part 1. In particular the different approval criteria(ne

different types of ISO documents should be noted. This document was drafted in accorda

edito

rial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attertion is drawn to the possibility that some of the elements of this document may be t
patent rights. ISO shall not be held responsible for identifying any or all such-patent righ
any patent rights identified during the development of the document will(be in the Introdu
on thie ISO list of patent declarations received (see www.iso.org/patents].

Any {rade name used in this document is information given for the‘convenience of users {
constfitute an endorsement.

Fora

h explanation on the meaning of [SO specific terms and expressions related to conformity

as well as information about ISO’s adherence to the World:Trade Organization (WTO) prin
Techmical Barriers to Trade (TBT) see the following UREL:Svww.iso.org/iso/foreword.html.

The dommittee responsible for this document is ISO/TC 17, Steel, Subcommittee SC 4, Heat t

alloy
This

steels.

third edition cancels and replaces the second edition (ISO 683-1:2012), of which it ¢

minofr revision.

ISO 683 consists of the following parts; under the general title Heat-treatable steels, alloy st
cutting steels:

Kart 1: Non-alloy steels for quenching and tempering

~

art 2: Alloy steels forguenching and tempering
Kart 3: Case-hafdening steels
Rart 4: Free-Cutting steels

Rart 5¢Nitriding steels

paintenance are

eded for the
nce with the

he subject of
's. Details of
ction and/or

ind does not

assessment,
ciples in the

reatable and

onstitutes a

bels and free-

Rart’14: Hot-rolled steels for quenched and tempered springs

Part 15: Valve steels for internal combustion engines
Part 17: Ball and roller bearing steels

Part 18: Bright steel products
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Heat-treatable steels, alloy steels and free-cutting steels —

Part 1:
Non-alloy steels for quenching and tempering-

1 Seope

This part of ISO 683 specifies the technical delivery requirements for

— gemi-finished products, hot formed, e.g. blooms, billets, slabs (see Note 1),

— Hars (see Note 1),

— Wirerod,

— fjnished flat products, and

— Hammer or drop forgings (see Note 1)

manyfactured from the direct hardening non-alloy steelsvand the non-alloy flame- an
hardening steels listed in Table 3 and supplied in one of\the heat-treatment conditions §
different types of products in Table 1 and in one of thesstirface conditions given in Table 2.

The gteels are, in general, intended for the mandfacture of quenched and tempered or §
(see 3.2 and Note 2) and flame- or induction-hardened machine parts (see Tables 9 and 11)
be partly used in the normalized condition (see Table 10).

The requirements for mechanical properties given in this part of ISO 683 are restricted
given] in Tables 9 and 10.

NOTH 1 Hammer-forged semi-fiished products (blooms, billets, slabs, etc.), seamless roll

hammper-forged bars are, in the following, covered under semi-finished products or bars and not u

“ham

NOTH
used

NOTE
comp
inten

mer and drop forgings”,

2 For the purpos€s/of simplification, the term “quenched and tempered” is, unless otherw
n the following alsofor the austempered condition.

3 For Intefnational Standards relating to steels complying with the requirements for
bsition in{Table 3, however, supplied in other product forms or treatment conditions than g
led forspecial applications, and for other related International Standards, see the BibliograpH

NOTH

such prnr‘nr‘i—c’ see IS0 68319 and 1SOQ 4954

4~ “This part of ISO 683 does not apply to bright products and bars and wire rod for cold

d induction-
riven for the

ustempered
but can also

to the sizes

bd rings and
hder the term

ise indicated,

the chemical
ven above or

y.
heading. For

In special cases, variations in these technical delivery requirements or additions to them can form the
subject of an agreement between the manufacturer and purchaser at the time of enquiry and order
(see 5.2 and Annex B).

In addition to this part of ISO 683, the general technical delivery requirements of ISO 404 are applicable.

© ISO

2016 - All rights reserved
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2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated

references, t

he latest edition of the referenced document (including any amendments) applies.

[SO 148-1, Metallic materials — Charpy pendulum impact test — Part 1: Test method

ISO 377, Steel and steel products — Location and preparation of samples and test pieces for mechanical testing

[SO 404:201
ISO 642, Steq
ISO 643, Steq
ISO 3887, St«
[SO 4885:—

ISO 4948-1:]
based on ché|

ISO 4948-2,
quality class

ISO/TS 4949

ISO 4967, S
standard dia

ISO 6506-1,

ISO 6508-1,
KN, T)

ISO 6892-1, |
ISO 6929, St
ISO 7788, St

ISO 9443, H
rods — Tech

B, Steel and steel products — General technical delivery requirements
bl — Hardenability test by end quenching (Jominy test)

ls — Micrographic determination of the apparent grain size

pels — Determination of depth of decarburization

1), Ferrous products — Heat treatments — Vocabulary

1982, Steels — Classification — Part 1: Classification of steglsénto unalloyed and alloy
imical composition

Steels — Classification — Part 2: Classification of unalleyed and alloy steels according to
bs and main property or application characteristics

, Steel names based on letter symbols

eel — Determination of content of non-metallic inclusions — Micrographic method
grams

Vetallic materials — Brinell hardnesstest — Part 1: Test method

Metallic materials — Rockwell hardness test — Part 1: Test method (scales A, B, C, D, E, H

Metallic materials — Tensile testing - Part 1: Method of test at room temperature
bel products — Vocabulary
pel — Surfacefinish of hot-rolled plates and wide flats — Delivery requirements

eat-treatable and alloy steels — Surface quality classes for hot-rolled round bars and
nical delivery conditions

ISO 10474, S|

steels

main

using

G H,

wire

téehand steel products — Inspection documents

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

composition

ISO 18265, Metallic materials — Conversion of hardness values

1) Under preparation. Stage at the time of publication: ISO/DIS 4885:2016.

2

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=ddd0719144391677e27863b40851124b

ISO 683-1:2016(E)

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 377, ISO 4885, ISO 4948-1,
ISO 4948-2,1S0 6929, and ISO 14284 and the following apply.

NOTE For deviations from these terms and definitions, see Notes 1 and 2 of Clause 1.

31

ruling section
section for which the specified mechanical properties apply

Note 1 to entry: Independent of the actual shape and dimensions of the cross-section of the product

ruling
is a rq
positi

3.2
austyq
isoth

Note
[SOU

3.3
non-
as de

4 (

4.1

The (
C25,
part

4.2

For the steel grades cevered by this part of ISO 683, the steel names, as given in the relevai

alloc

5 1

5.1

the size of its

F section is always given by a diameter. This corresponds to the diameter of an “equivalent roy
und bar which will show the same cooling rate as the actual ruling section of the produdt.co
on for taking the test pieces, when being cooled from austenitizing temperature.

bmpering
ermal heat treatment for producing bainitic or ausferritic structure of a‘work piece

| to entry: The final cooling to ambient temperature is not at a specific rate.

RCE: ISO 4885:—2), 3.11]

hlloy steel
fined in ISO 4948-1:1982, 3.1.2

[lassification and designation

Classification

lassification of the relevant steel'grades is according to 1ISO 4948-1 and ISO 4948-2.
35, C40, C45, C50, C55 and C60 are non-alloy quality steels. All other steel grades coy
bf ISO 683 are non-alloy special steels.

Designation
hted in accordance with ISO/TS 4949.

mformation to be supplied by the purchaser

Mandatory information

nd bar”. That
hcerned at its

Steel grades
rered by this

nt tables, are

The manufacturer shall obtain the following information from the purchaser at the time of enquiry
and order:

a) quantity to be delivered;

b) designation of the product form (slab, bloom, billet, round bar, wire rod, wide flat, sheet, plate, strip,
forging, etc.)

c) either the designation of the dimensional standard and the dimensions and tolerances selected
from this (see 7.9) or, for example in the case of drop forgings, the designation of the drawing or any
other document covering the dimensions and tolerances required for the product;

2) Under preparation. Stage at the time of publication: ISO/DIS 4885:2016.
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d)

f)

reference to this part of [ISO 683, i.e. ISO 683-1;

designation of the steel grade, as given in Table 3;

standard designation for a test report 2.2 or, if required, any other type of inspection document in
accordance with ISO 10474 or another standard (e.g. regional standards EN 10204 or JIS G 0415).

5.2 Options and/or supplementary or special requirements

Several options are specified in this part of ISO 683 and listed below. If the purchaser does not indicate
any of these options, the products will be supplied in accordance with the basic specifications defined

in this part ¢ft56-683fsee 513

if a heat-treatment condition other than the untreated condition is required, the symbuel‘fo
other candition (see Table 1, column 2);

if another surface condition than “hot worked” or a special surface quality is reguived, the su
conditign (see Table 2) and the surface quality (see 7.7);

any reqliirement for the verification of non-metallic inclusion centent (see 7.5);

irement for the hardenability (+H, +HH, +HL) for special steels (se€#41.4 and Tables 5

blementary requirement that shall be complied with, the symbéband, where necessar
f this supplementary requirement (see Annex B);

2);

any reqiirement regarding the permissible depth efidécarburization (see 7.8);

suitability of bars and rod for bright drawing (sée 7.7.4);

a)

b)

c) anyreq

d) anysup
details d

e)

f)  verificaf
(see 9.3

g)

h)

i) anyreq

j)  hardneg
thicknef
be agre¢

5.3 Ordel

EXAMPLE

nominal lengf
class L2 of IS
Table 1), surf:

according to |

50 rou

irement relating to the removal of-Surface defects (see 7.7.5);

s testing instead of tensile testing for normalized finished flat product
ses >10 mm for plates or >$00 mm for bars (see 7.1.3) (in this case, hardness limits sl
d).

ring example
Fifty hot-rolléd)round bars according to ISO 1035-1 with a nominal diameter of 40 mm
D 1035-4 made of steel grade I1SO 683-1, C45E (see Table 3) in the heat treatment condition +

hce blasteléaned (+BC) (see Table 2), product analysis/option B.5 with an inspection certificg
SO 10474

dbars IS0 1035 -40,0S x 8 00012

- this

rface

to 7);

y, the

ion of hardenability and, if agreed, the information about calculation of the hardenapility

s in
hould

and a

h of 8 000 mm, With diameter tolerance according to class S and with length tolerance accordjing to

N (see
te 3.1

ISO 683-1 - C45E+N+BC option B.5

IS0 10474 - 3.1

6 Manufacturing process

6.1 General

The manufacturing process of the steel and of the products is with the restrictions given by the
requirements in 6.2 to 6.4 left to the discretion of the manufacturer.

© ISO 2016 - All rights reserved
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For minimum reduction ratio or minimum thickness deformation ratio of rolled and forged products,
see B.6.

6.2 Deoxidation

All steels shall be deoxidized.
6.3 Heat-treatment condition and surface condition at delivery

6.3.1 Normal condition at delivery

Unlegs otherwise agreed at the time of enquiry and order, the products shall be déeliyered in the
untrg¢ated, i.e. hot-worked condition.

6.3.2| Particular heat-treatment condition

If so agreed at the time of enquiry and order, the products shall be delivered in-one of the heat-treatment
cond]tions given in Table 1, lines 3 to 7.

6.3.3| Particular surface conditions

If so pgreed at the time of enquiry and order, the products shall be delivered in one of the particular
surface conditions given in Table 2, lines 3 to 6.

6.4 | Traceability of the cast

Each[product shall be traceable to the cast (see Clatise 10).

7 Requirements
7.1 | Chemical composition, mechanical properties and hardenability

7.1.1 General

Tablg 1 shows the combindtions of usual heat-treatment conditions at delivery, produgt forms and
requirements as specified in Tables 3 to 11.

Except where ste€lsrare ordered in the quenched and tempered condition, this part of IS() 683 makes
for the steel types23Mn6, 28Mn6, 36Mn6 and 42Mn6, and for the non-alloy special steels{with carbon
contdnts equal.to or higher than the contents of type C35 provisions to be supplied with or without
hardenabitlity requirements (see Table 1, columns 8 and 9).

7 1 2 LChaxnyical I - By
(e GIICIIIICdl LUllllIUBlLlUll

The chemical composition determined by cast analysis shall comply with the values in Table 3.

Permissible deviations between the limiting values for cast analysis and the values for product analysis
are given in Table 4.

The product analysis shall be carried out when specified at the time of the enquiry and order (see B.5).

7.1.3 Mechanical properties

Where the steel is ordered without hardenability requirements, the requirements for mechanical
properties specified in Tables 8, 9 or 10 apply as appropriate for the particular heat-treatment condition.

In this case, the hardenability values given in Table 5 for special steels are for guidance purposes only.

© IS0 2016 - All rights reserved 5
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The mechanical property values given in Tables 9 and 10 apply to test pieces in the quenched and
tempered or normalized condition, which have been taken and prepared in accordance with Figure 2 or
Figures 3 and 4 (see also footnote a to Table 1).

For steel plates of thickness >10 mm and bars >100 mm in diameter in the normalized condition (+N),
it may be agreed at the time of enquiry and order that instead of the tensile test, the hardness test
is performed at the same region where the sample for the tensile test piece would be taken from.
The hardness test should be performed and, from this, the tensile strength values can be calculated
according to ISO 18265. The calculated tensile strength shall comply with Table 10.

7.1.4 Hardenability

Where the o
to narrowed
Table 5, 6 o1
(see footnot

7.1.5 Surf

For the surf
Table 11 app

7.2 Mach

All steels ar
grades with
machinabilit

7.3 Cold 4

7.3.1 Undq
with a profil
condition.

7.3.2 Stee
+HH- and +H
being delive

given in Table 8.

7.3.3 Stee
(see Tables
untreated cqd

5) or
en in
do.2

teel is ordered using the designations given in Table 5, 6 or 7 to normal (see Table
| (see Tables 6 and 7) hardenability requirements, the values of hardenability)giv|
7, respectively, apply in addition to the requirements cited in Table 1, columis'9.1 an
e b to Table 3).

ace hardness

ace hardness of special steels after flame or induction hardening, the specifications in
ly.

inability

e machinable in the condition “soft annealed”. Where improved machinability is required,
a specified sulfur range and/or with a specificttreatment should be ordered to improve
y (see also Table 1, line 7).

thearability

b1 suitable shearing conditions (avoiding local stress peaks, preheating, application of blades
e adapted to that of the product,etc.), all steels are cold shearable in the soft annealed (+A)

grades C45, C50, C55, €60, 28Mn6, 36Mn6 and 42Mn6 and the corresponding E-, R-
L grades (see Tables.3)and 5 to 7) are, under suitable conditions, also cold shearable
Fed in the condition-“*treated to improve shearability (+S)” with the hardness requirer]

+H-,
iwhen
nents

s €25, C30,XC35, C40 and 23Mn6 and the corresponding E-, R-, +H-, +HH- and +HL-g
B and 5-t6 7) are, under suitable conditions, cold shearable when being delivered i
nditiomn:

rades
n the

AQQIIRAA

eater

aASSUIIIC

Cold shearablitymay-alse-be
in the untreated condition.

7.4 Grain size

Unless otherwise agreed at the time of enquiry and order, the grain size shall be left to the discretion of
the manufacturer. If a fine grain structure is required in accordance with a reference treatment, special
requirement B.3 shall be ordered.

If steels C35E, C35R, C45E, C45R, C50E, C50R, C55E and C55R are intended for flame or induction
hardening, special requirement B.3 shall be ordered in any case.

© ISO 2016 - All rights reserved
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7.5 Non-metallic inclusions

7.5.1 Microscopic inclusions

The special steels shall have a certain degree of cleanness; however, verification of the non-metallic
inclusion content requires a special agreement. If there is such an agreement at the time of enquiry
and order, the microscopic non-metallic inclusion content shall be determined to an agreed procedure
and within agreed limits in accordance with ISO 4967 or another standard (e.g. regional standards
EN 10247 or JIS G 0555).

For grades with specified minimum sulfur content, the agreement should not include sulphides.

7.5.2] Macroscopic inclusions

This [requirement is applicable to the verification of the macroscopic inclusions_in spegial steels. If
verification is agreed, the method and acceptance limits shall be agreed at the tithé of enquiry and order.

7.6 [Internal soundness

Where appropriate, requirements relating to the internal soundness:ef the products shall pe agreed at
the time of inquiry and order (see B.4).

7.7 |Surface quality

7.7.1] All products shall have a smooth surface finish’ appropriate to the manufacturing processes
applipd.

7.7.2] Minor surface imperfections, which alse may occur under normal manufacturing conditions,
such ps prints originating from rolled-in scale;-are not to be regarded as defects.

7.7.3] Bars and wire rod shall be delivered with surface class 1za2 according to ISO 9443 and hot-rolled
platep and wide flats shall be delivered with surface according to ISO 7788, unless otherw]se agreed at
the time of enquiry and order.

Whefe no International Standard on the surface quality of steel products exists, detailed rgquirements
referfing to this characteristic shall, where appropriate, be agreed at the time of enquiry and order.

It is more difficult to.detect and eliminate surface discontinuities from coiled products than from cut
lengths. This shodld'be taken into account when agreements on surface quality are made.

7.7.41 If suitability of bars and rod for bright drawing is required, this shall be agreed af the time of
enqujry andorder.

7.7.5 The removal of surface defects by welding shall only be permitted with the approval of the
customer or his/her representative.

If surface discontinuities are repaired, the method and maximum depth of removal shall be agreed at
the time of enquiry and order.

7.8 Decarburization

Requirements relating to the permissible depth of decarburization may be agreed at the time of enquiry
and order.

The depth of decarburization shall be determined in accordance with the micrographic method
specified in ISO 3887.

© IS0 2016 - All rights reserved 7
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7.9 Shape, dimensions and tolerances

The shape, dimensions and tolerances of the products shall comply with the requirements agreed at
the time of enquiry and order. The agreements shall, as far as possible, be based on corresponding
International Standards (see Annex D); otherwise, on suitable national standards.

8 Inspection

8.1 Testing procedures and types of documents

8.1.1 Products complying with this part of ISO 683 shall be ordered and delivered with one-g¢f the
inspection dpcuments as specified in [ISO 10474 (or according to another regional standard, e.g-EN 10204
or JIS G 041}%). The type of document shall be agreed upon at the time of enquiry and ordet. Ifthe prder
does not contain any specification of this type, a test report 2.2 shall be issued.

8.1.2 If, inJaccordance with the agreements made at the time of enquiry and ordet;-a test report 2.2 is
to be provided, this shall cover the following information:

a) confirmption that the material complies with the requirements of the order;

b) results ¢f the cast analysis for all elements specified in Table 3 forthe steel grade concerned.

8.1.3 If, inl accordance with the agreements in the order, an inspection certificate 3.1 or 3.2 is[to be
provided, the specific inspections and tests described in 8.3 and Clause 9 shall be carried out and the
results shall|be confirmed in the inspection certificate.

In addition, the inspection certificate shall cover

a) confirmption that the material complies with the’requirements of the order,

=)

b) results If the cast analysis for all elements:specified in Table 3 for the steel grade concerned,
c) results ¢f all inspections and tests ordered by supplementary requirements (see Annex B), an

d) the symbol, letters or numbers- relating the inspection certificate, test pieces and produdts to
each other.

8.2 Frequency of testing

The amount|of testing, thé sampling conditions and the test methods to be applied for the verificatjon of
the requirements shall)be in accordance with the requirements of Table 12.

8.3 Specific'inspection and testing

8.3.1 Verification of the hardenability, hardness and mechanical properties

For steels being ordered without hardenability requirements, i.e. without the symbol, +H, +HH or +HL
in the designation, the hardness requirements or mechanical properties given for the relevant heat-
treatment condition in Table 1, column 8, subcolumn 8.2, shall, with the following exception, be verified.
The requirements given in footnote a of Table 1 (mechanical properties of reference test pieces), shall
only be verified if a supplementary requirement specified in B.1 or B.2 is ordered.

For steels being ordered with the symbol +H, +HH or +HL in the designation (see Tables 5 to 7), unless
otherwise agreed, only the hardenability requirements according to Tables 5, 6 or 7 are to be verified.

8 © IS0 2016 - All rights reserved
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Visual and dimensional inspection

A sufficient number of products shall be inspected to ensure compliance with the specification.

9 Test methods

9.1

Chemical analysis

The choice of a suitable physical or chemical analytical method for the analysis shall be at the discretion
of the manufacturer. In cases of dispute, the method for product analysis used shall be agreed taking

into 4

NOTH
9.2

9.2.1
The

Fort
yield

Ifay
9.2.2

The i

The 4
indiv|

If the

9.3

9.3.1

For p
hard

9.3.2

CCOUITt the Tetevant existing Hrtermationat Standards:

The list of available International Standards on chemical analysis is given in ISO/TR,976§
Mechanical tests

Tensile test
ensile test shall be carried out in accordance with ISO 6892-1.

e specified yield strength in the tables of mechanical properties in this part of ISO 6§
strength, Rep, shall be determined.

eld phenomenon is not present, the 0,2 % proof strenagth, Rpo,2, shall be determined.

Impact test
mpact test shall be carried out in accordan¢ewith ISO 148-1.

verage values of a set of three test pieces shall be equal to or greater than the specifig
idual value may be below the specified value, provided it is not less than 70 % of that

se conditions are not satisfied,-additional tests can be done according to ISO 404:2017
Hardness and hardenability tests

Hardness in tréatment conditions +A and +S

roducts in treatment conditions +A (soft-annealed) and +S (treated to improve shea
hess shall bemeasured in accordance with ISO 6506-1.

Verification of hardenability

Whenever available, the manufacturer has the option to verify the hardenability by calg

©

3, the upper

d value. One
ralue.

,8.3.4.2.

rability), the

ulation. The

calculation method is left to the discretion of the manufacturer. If agreed at the time of enquiry and
order, the manufacturer shall give sufficient information about the calculation for the customer to
confirm the result.

If a calculation formula is not available or in the case of dispute, an end quench hardenability test
shall be carried out in accordance with ISO 642. The temperature for quenching shall comply with the
relevant tables in this part of ISO 683. The hardness values shall be determined in accordance with
ISO 6508-1, scale C.

9.3.3

Surface hardness

The surface hardness of steels after flame and induction hardening (see Table 11) shall be determined
in accordance with ISO 6508-1, scale C.

© ISO
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9.4 Retests

Retests for steels for quenching and tempering and criteria are specified in ISO 404.

10 Marking

The manufacturer shall mark the products or the bundles or boxes containing the products in a suitable
way, so that the identification of the cast, the steel type and the origin of the delivery is possible
(see B.7).

Table 1 + i i o iti i y d
requirements as specified in Tables 3 to 10
1 2 3 |45 ] 6 | 7 8 | 9
x indicates applicable to Apphcable.requlreme.nts 1fthe §teelils ordgred
H with the designation-given in
eat-
treatment Semi- Ham- Table 3 Table 5,6 of 7
s Sym- . mer
1 | condition bol fin- . Flat
t o . Wire and
a ished |Bars d prod- d
delivery prod- ro ucts rop 8.1 8.2 9.1/9.2 9.3
forg-
ucts .
ings
2 |Untreated | "°"¢ X X X X X —a
or +U
Harden-

3 '_l"reated t Table 8 abllity
improve +S X X | — — — i Maxi- | column
shearabil Chemical| values
ity COMPOSi- |} 1o +5a accprd-

tion accord- Asin ing

4 Soft accord- ine to Table 8 | ¢olumn to
annealed +A X X X X X ing g column | g 1 and | TaHle 5,

to Tables +A2 8.2 60r7

5 |Normal- 3 Mechan-
izodb +N — X | — X X and 4 cal Table 10

roper-

6 Quenched b tieps Not ap-
and +QT — X — X X accord- | Table 9 plidable
tempered ing to

7 Other treatmentconditions, for example certain annealing conditions to achieve a certain
Others structure, may.be agreed at the time of enquiry and order. The condition “annealed to achievg a

spheroidization of the carbides”, as required for cold heading and cold extrusion, is covered ip
SO 4954

a  The mechanical.properties specified in Table 9 for the quenched and tempered condition and in Table 10 for

the normalizpd condition shall be achievable after appropriate heat treatment, if so agreed at the time of enfjuiry

and order (for réference test pieces, see B.1 and B.2).

b Normalizing may be replaced by normalizing forming.
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Table 2 — Surface condition at delivery

1 2 3 4 | 5 | 6 7 8 9
x indicates, in general, applicable to
o Semi- Hammer
1 Surface c_ondltlon Symbol finished . Flat and qmp Notes
atdelivery products Bars |Wirerod roducts forgings
(as blooms, p (see Note 1
billets) to Clause 1)
Unless None or
2 | otherwise | as hotworked | "'/ /(. xa X X X X —
agreed o
3 HW + pickled +PI X X X X X
Particular | gw + blast
4 :onditi_ons cleaned +BC X X X X X
supplied 0w - —c
5 by +hr_0u(gi +RMb — X X — X
greement | machine
6 Others — — X X X X

8
—

he term “hot worked” also includes the continuously cast condition (+CC) in the case of semi-finished pfoducts.

b Until the term “rough machined” is defined by, for example machining allowances, the details are to bd
time ¢f enquiry and order.

agreed at the

¢ Inaddition, it may be agreed that the products be oiled or, where appropriate, limed or phosphated.

Table 3 — Steel grades and chemical compgSition (applicable to cast analysig)a, b

Mass fractionc
Stelel %
name
C Si Mo |OP | s | cr | Mo | Ni | cu [creMosni
Quality steels

c25 | 0,22t00,29]0,10 t0 0,40]0,40£00:70| 0,045 | 0,045 | 040 | 0,10 | 0,40 | 0,3 0,63
€301 10,27 t00,34(0,10 to 0,40 0'05350 0,045 | 0,045 | 040 | 010 1 040 1 030 063
€35 0,32 t0 0,39 0,10 to 6,40 0’05350 0,045 | 0,045 | 040 | 010 1 040 1 030 063
C40 1 1037 to 0,44|0.1040 0,40 0’05350 0,045 | 0,045 | 040 | 010 1 040 1 030 063
C45 0,42 to.0:20(0,10 to 0,40 0’05350 0,045 | 0,045 | 040 | 010 1 040 1 030 | 063
C50 | |0,47100,55]0,10 t0 0,40|0,60 0 090| 0,045 | 0,045 | 040 | 010 | 0,40 | 0,34 | 063
55 | 4052 to 0,60]0,10 to 0,40|0,60 t0 090| 0,045 | 0,045 | 040 | 010 | 040 | 0,34 | 063
C60 | 90,57 to 0,65 0,10 t0 0,40|0,60 t0 090| 0,045 | 0,045 | 040 | 010 | 040 | 0,34 | 063

NOTE Elements not quoted shall not be intentionally added to the steel without the agreement of the purchaser, other than
for the purpose of finishing the heat. All reasonable precautions should be taken to prevent the addition, from scrap or other
material used in manufacture, of such elements which affect the hardenability, mechanical properties and applicability.

a  In the case of grades with specified hardenability requirements (see Tables 5 to 7), except for phosphorus and sulfur,
insignificant deviations from the limits for cast analysis are permissible; these deviations shall, however, not exceed in the
case of carbon £0,01 % and, in all other cases, the values according to Table 4.

b Steels with improved machinability either by higher sulfur levels up to about 0,10 % S (including controlled sulphide
morphology) or lead additions may be available on request. In the first case, the upper limit for the manganese content may
be increased by 0,15 %.

C

d

Maximum values unless otherwise indicated.

Steels may be supplied with a lower silicon content. In this case, alternative means of deoxidation shall be used.

© ISO 2016 - All rights reserved
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Table 3 (continued)

Mass fractionc
Steel %
name
C Si Mo | P | s | cr | Mo | Ni | cu [Cr+Mo+Ni
Special steels
C25E 0,035
C25R  |0,22t00,29/0,10 t0 0,40(0,40t0 0,70| 0,025 | 0,020t0 | 040 | 0,10 | 040 | 030 | 0,63
0,040
C30E 0,035
050to
C30R 0,270 0,340,100 U,40 0,80 U025 | 0,020to | UA4U | 0,10 | 0,40 | 0,30 U,p3
0,040
C35E 0,035
c35R  10,32t00,39(0,10 to 0,40 0’5230 0,025 | 0020t | 040 | 0,0 | 040 | 030" | 0,3
0,040
C40E 0,035
C40R 10,37 t0 0,44{0,10 to 0,40 0'05’330 0,025 [ 0020to | 040 | 0,10 |~040 | 0,30 | 0,63
0,040
C45E 0,035
CasR 1042 t0 0,50(0,10 to 0,40 o,Os’géo 0,025 | 0.020t0 | 040 £010 | 0,40 | 0,30 | 0,3
0,040
C50E 0,035
C50R | 047t00,55]0,10 t0 0,40(0,60t0 0,90| 0,025 | 0,020 to, {7040 | 0,10 | 040 | 0,30 | 0,63
0,040
C55E 0,035
C55R 0,920 0,60(0,10 t0 0,40(0,60t0 0,90| 0,025 | 020to | 040 | 0,10 | 040 | 030 | 0,3
0,040
C60E 0,035
C60R 0,97 t0 0,65 0,10 to 0,40 0,60 t0 0,90 (0,025 | 0,020t0 | 0,40 | 0,10 | 0,40 | 0,30 | 0,63
0,040
23Mn6 6 19 t0 0,26 06’1;)0510 1'13,25t0 0,025 | 0,035 | 040 | 0,10 | 040 | 0,30 | 0,63
28Mn6 o 25 t0 0,32 06,120510 1'13’2;0 0,025 | 0,035 | 040 | 0,10 | 040 | 0,30 | 0,63
36Mn6 1 33 t0 0,40 06’12050 1'13:g§° 0,025 | 0035 | 040 | 0,10 | 040 | 0,30 | 0,63
42Mn6 6 3910 0,46 06,120510 1'13’2;0 0,025 | 0,035 | 040 | 0,10 | 040 | 0,30 | 0,63
NOTE Elemenjts nét'quoted shall not be intentionally added to the steel without the agreement of the purchaser, othef than
for the purposfe offinishing the heat. All reasonable precautions should be taken to prevent the addition, from scrap orfother
material usedlin mqnnquhwa‘ ofsuch olomaontcwhich affact tha ]f\-]v-r]nh')]n”ify' mechanical prnpc\ri’inc and qpp]irahi“ Ly.

a  In the case of grades with specified hardenability requirements (see Tables 5 to 7), except for phosphorus and sulfur,
insignificant deviations from the limits for cast analysis are permissible; these deviations shall, however, not exceed in the
case of carbon #0,01 % and, in all other cases, the values according to Table 4.

b Steels with improved machinability either by higher sulfur levels up to about 0,10 % S (including controlled sulphide
morphology) or lead additions may be available on request. In the first case, the upper limit for the manganese content may
be increased by 0,15 %.

¢ Maximum values unless otherwise indicated.

d  Steels may be supplied with a lower silicon content. In this case, alternative means of deoxidation shall be used.

12 © IS0 2016 - All rights reserved
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Table 4 — Permissible deviations between the product analysis and the limiting values given
in Table 3 for the cast analysis

Permissible maximum

content according to Permissible deviationa
Element castanalysis mass fraction
mass fraction %
%
<0,30 +0,02
C 0,30<C<0,55 +0,03
0,55<C<0,65 +0,04
Si <0,40 +0,03
Mn <1,00 +0,04
1,00 <Mn<1,80 +0,06
P <0,045 +0,005
S <0,045 +0;005
Cr <0,40 +0,05
Cu <0,30 +0,05
Mo <0,10 +0,03
Ni <0,40 +0,03
a  + means thatin one cast, the deviation may occur over the upper value or under the lower valjie of
the specified range in Table 3, but not both at the same time.
Table 5 — Hardness limits for steel grades with.specified (normal) hardenability (+H grades;
see 7:1.4)
Stkel Limits | Hardness HRC ata distance, in millimetres, from quenched ¢nd of test
n;en?e Symbol | of piece of
range | 1 | 2 [ 34| 5|6 |7 |8|9 10|11 |13 |15|20 |25 |30
C35E H max. | 58 | 57(|)55 |53 (49|41 |34 |31 (28|27 |26 |25|24 |p3 |20 | —
A +
C35R min. | 48§40 (3324|2220 — | —|—|—|—|—=|—=|F|—|—
CAOE H max. | 60y 60|59 |57 (53|47 | 39|34 |31|30(|29 |28 |27 |P6| 25| 24
+
C40R min. 51 |46 |35 |27 | 25|24 |23|22|21|20| —|—|— |+ |— | —
C4SE H max:” | 62|61 |61 |60 |57 51|44 |37 (34|33|32|31|30]|£R9]|28]|27
+
C45R min. |55 |51 |37 (30|28 |27 |26|25 |24 |23 (22 |21]|20] |- - -
CY0E ¥ max. | 63|62 |61 |60 |58|55|50|43|36|35|34|33|32|B1|29]28
+
C30R min. | 56 |53 |44 [34(31[30|30|29 (28|27 |26|25|24|p3|20]| -
C35E H max. | 65 |64 |63[62|60|57|52|45|37|36|35|34|33|82|30]|29
+
C35R min. |58 |55 |47 |37 (33|32 |31|30(29 28|27 26|25 |P4| 22|20
CHBE max. 167 166165163 162150154147 1391371361351341831311/30
+H
C60R min. |60 | 57 |50 {39 |35 |33[32|31(30|29(28|27]|26|25]|23]|21
1,5| 3 5 719 (1113 |15|20|25[30 (35|40 |45 |50 | —
max. |51 |48 |44 (37 (33|30(|28|26(25 (23| —|—|—|—|—|—
23Mn6 +H -
min. (42|38 |28|22 | —|—|—|—|—|—|—|—|—|—|—| —
max. |54 | 53|50 |48 |44 |41 |38 (3531 (29|27 26|25 |25 |24 | —
28Mn6 +H -
min. |45 (42|36 |27 (21| — | —|—|—|—|—|—|—|—|—| —
max. |59 |58 |57 (54|49 |45|41|38(35(33|31|30(30|30|30|—
36Mn6 +H
min. |51 (48|42 (35(27 |23 |20| — | —|—|—|—|—|—|— | —
max. |62 |61 | 60|59 |57 |54|50|45 |37 (34 |32|31[30|29|28| —
42Mn6 +H -
min. [ 5553 |149(39(33(29|27(26(23(22|20| —|—|—|—|—
© IS0 2016 - All rights reserved 13
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Table 6 — Values for the C-scale Rockwell hardness limits for special steels with narrowed
hardenability scatterbands (+HH and +HL grades)

Values of hardness HRC at a distance, in millime-
Steel name Symbola tres, from quenched end of test piece of
1 4 5
+HH4 — 34to 53 —
C35E
+HH14 51to 58 34 to 53 —
+HL4 — 24 to 43 —
C35R
+HL14 48to 55 24 to 43 —
+HH4 — 38to 57 —
C40E
+HH14 54 to 60 38to 57 —
+HL4 — 27 to 46 —
C40R
+HL14 51 to 57 27 to 46 A
+HH4 — 41 to 60 y=
C45E
+HH14 57 to 62 41 to 60 —
+HL4 — 30to 49 —
C45R
+HL14 55to 60 30to 49 —
+HH5 — X 40to 58
C50E
+HH15 58to 63 — 40to 58
+HL5 — — 31to 49
C50R
+HL15 56 to 61 — 31to 49
+HH5 — — 42 to 60
C55E
+HH15 60 to 65 — 42 to 60
+HL5 =, — 33to 51
C55R
+HL15 58to 63 — 33to 51
+HH5 — — 44 to 62
C60E
+HH15 62 to 67 — 44 to 62
+HL5 — — 35to 53
C60R
+HL15 60 to 65 — 35to 53
a  WHH means narrowed hardenability scatterband on upper limit values, +HL means narrowed
hardenability scatterbapd\or lower limit values. Example: C45E +HH4 means hardness with narrowed
hardenability scatterband on upper limit values from 41 to 60 are given 4 mm from the end of the
queiiched test piece:
Table 7 — Hardnesslimits for the C-scale Rockwell hardness for steels with a manganese range
of 1,30|to 1,65'% and with narrowed hardenability scatterbands (+HH and +HL grades)
Steel Limits |[Hardness HRC at a distance, in millimetres, from quenched end of test pidce of
Symbol of
name range 1,5| 3 5 7 9 |11 (13 | 15|20 | 25|30 | 35|40 | 45| 50
HH max. 51 |48 (44 |37 |33 |30 (28 |26 |25 (23 |- — |= |—= |—
+
min. 45 |41 |33 (27 |23 |20 |— |— |— |— |[— |— |— |— |—
23Mn6
HL max. 48 |45 |39 (32 (28 |25 (23 (21 |20 |— |— |— |— |— |—
+
min. 42 |38 |28 |22 |— |— |— |[— |[— |— |— |— |— |— |—
HH max. 54 |53 |50 |48 |44 (41 (38 |35 |31 (29 |27 |26 |25 |25 |24
+
min. 48 |46 |41 |34 |30 |27 (24 (21 |— |— |— |— |— |— |—
28Mnb6
HL max. 51 |49 |45 |41 |35 (32 |29 |26 |22 (20 |— |— |— |— |—
+
min. 45 |42 |36 (27 (21 |— |— |— |[— |— |[— |— |— |— |—
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Table 7 (continued)
Steel Symbol Lir(r)lfits Hardness HRC at a distance, in millimetres, from quenched end of test piece of
name range 1,5| 3 5 7 9 |11 |13 | 15|20 |25 |30 | 35|40 | 45 | 50
+HH max. 59 |58 |57 |54 |49 (45 |41 |38 |35 (33 |31 |30 (30 (30 |30
min. 54 |51 |47 |41 |34 (30 |27 |24 |21 |— |— |— |— |— |—
36Mn6
max. 56 |55 |52 |48 |42 |38 (34 |31 |28 |26 |24 |23 |23 |23 |23
+HL min. 51 |48 (42 |35 |27 |23 (20 |— |— |[— |[— |— |— |— |—
JHH max. 62 |61 |60 |59 |57 |54 (50 |45 |37 (34 |32 |31 |30 (29 |28
42M1|16 min. 57 |56 |53 |46 [41 (37 |35 |32 (28 |26 |24 |23 |[22| |21 |20
+HL max. 60 |58 |56 |52 |49 |46 (42 |39 |32 (30 |28 |27~.[26| |25 |24
min. 55 |53 (49 |39 |33 |29 (27 |26 |23 (22 |20 |—/ |—| |— |—
Tgble 8 — Maximum hardness for products delivered in the conditionsftreated to/improve
shearability’ (+S) or “soft annealed” (+A)
HBW max. in condition®
Steel namea
+S | +A
Quality steels
C25 —c —
C30 —c —
C35 —c —
C40 —c —
C45 255¢ —
C50 255 —
C55 255 —
C60 255d —
Special steels
C25E, C25R —c —
C30E, C30R —c —
C35E, C35R —c —
C40EC40R —cC —
C45E,/C45R 255¢ 207
G50E, C50R 255 217
C55E, C55R 255 229
C60E, C60R 255d 241
23Mné6 —C —
28Mn6 255 223
36Mn6 255 229
42Mn6 255 229
a  The values apply also for the various hardenability (+H-, +HH- and +HL-) grades
covered in Tables 5 to 7; see, however, footnote d.
b The values are not applicable to continuously cast and not further deformed slabs.
¢ SeeZ.3.3.
d  Depending on chemical composition and on dimensions, particularly in the case
of the +HH grades, soft annealing may be necessary.
© IS0 2016 - All rights reserved 15
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Table 10 — Mechanical propertiesa for normalized condition

For products with a diameter, d, or a thickness, ¢, of
d <16 mm 16 mm<d< 100 mm 100 mm < d < 250 mm
t<16 mm 16 mm < ¢t <100 mm 100 mm < ¢t < 250 mm
Steel nameP

ReH Rm A ReH Rm A ReH Rm A

min. min. min. min. min. min. min. min. min.

MPa MPa % MPa MPa % MPa MPa %

Quality steels
C25 260 470 22 230 440 23 — — —
C30 280 510 20 250 480 21 230 460 21
C35 300 550 18 270 520 19 245 500 19
C40 320 580 16 290 550 17 260, 530 17
C45 340 620 14 305 580 16 275 560 16
C50 355 650 12 320 610 14 290 590 14
C55 370 680 11 330 640 12 300 620 12
C60 380 710 10 340 670 11 310 650 11
Special steels

C25HC25R 260 470 22 230 440 23 — — —
C30H C30R 280 510 20 250 480 21 230 460 21
C35HC35R 300 550 18 270 520 19 245 500 19
C40H C40R 320 580 16 290 550 17 260 530 17
C45H C45R 340 620 14 305 580 16 275 560 16
C50H C50R 355 650 12 320 610 14 290 590 14
C55H C55R 370 680 11 330 640 12 300 620 12
C60H C60R 380 710 10 340 670 11 310 650 11
23Mn6 — — — — — — — — —
28M1|16 345 630 17 310 600 18 290 590 18
36M6 — — — — — — — — —
42M16 — — — — — — — — —
a  Hen: upper yield stress or,\if'no yield phenomenon occurs, the 0,2 % proof stress Rpo,2; Rm: tensile str¢ngth; A is the
percentage elongation afteryfracture (L0 =5, 65\/§ ; see Table 12, column 7a, line T4).
b The values applyalso for the various hardenability grades covered in Tables 5 to 7.
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Table 11 — Surface hardness for special steels after flame or induction hardening

Surface hardnessa

Steel name HRC

min.

C35E/C35R 48
C45E/C45R 55
C50E/C50R 56
C55E/C55R 58

NOTE The same values may also be agreed for the condition after normalizing and

about1 h.

surface hardening, subject to the same conditions, for cross-sections up to 100 mm in
diameter. It should be noted that surface decarburization can lead to lower hardness
values in the surface.

a  The values in this table apply to cross-sections up to 100 mm for the condition

existing after quenching and tempering and surface hardening according to the
conditions given in Table 13, followed by stress relieving at 150 °C to 180 °C for
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Table 13 — Conditions for heat treatmenta

¢ Temperat
d  Time for g

e When chg
temperature,
quenchants m|

f Time for

Steel namebP Hardening Quenching Tempering End quench test | Normalizing
temperaturec d agente temperaturef austenitizing temperature
temperatures
°C °C °C °C
Quality steels
C25 860 to 900 Water — 880 to 920
C30 850 to 890 Water — 870 to 910
C35 o040 to ool — 860 to 900
C40 830 to 870 Water or oil — 8500490
550 to 660
C45 820 to 860 — 840 to §80
C50 810 to 850 — 830to §70
C55 805 to 845 Oil or water — 825 to §65
C60 800 to 840 — 820 to 460
Special steelsf
C25E, C25R 860 to 900 Water — 880 to 920
C30E, C30R 850 to 890 Water — 870 to 910
C35E, C35R 840 to 880 8705 860 to 900
C40E, C40R 830 to 870 Water or oil 8705 850 to §90
550 to 660

C45E, C45R 820 to 860 8505 840 to §80
C50E, C50R 810 to 850 8505 830 to §70
C55E, C55R 805 to 845 Oil or water 830+5 825 to 465
C60E, C60R 800 to 840 830 +5 820 to 460
23Mné 840 to 900 Water 550 to 650 880+5 —
28Mn6 830 to 870 Watep-oxoil 540 to 680 8505 —
36Mn6 820 to 860 Oil or water 540 to 680 840+5 —
42Mn6 830 to 880 0il 550 to 650 845+5 —
a  The conditions given in this table are(for guidance. However, the temperatures specified for the end quench tept are
mandatory.
b This tabldalso applies for the various hardenability (+H-, +HH- and +HL-) grades covered in Tables 5 to 7.

ires at the lower€nd-of the range are generally used for water, and those at the upper end for oil quenclping.

ustenitizing as'a guide: at least 30 min.

osing the'quenching agent, the influence of other parameters, such as shape, dimensions, and quenching
n propeérties and crack susceptibility should be taken into account. Other quenching agents such as synthetic

by alsobe used.

ermpering as a guide: atleast 1 h.

g  Time for austenitizing as a guide: 30 min to 35 min.
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Figure 1 — Scatter bands for the Rockwell C hardness in the end quench hardenability test
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Dimensions in millimetres

//-‘\A_ A
—+— —»—\-——»/ Y ow / \ ~
N X T ) N
N~ ~
A

12,5

Key

A spmple

B rpugh specimen

C testpiece

1  tensilestest piece

2 notched bar impact test piece

3 Trd arnd Simiarstraped sections
4  rectangular and square sections

a  For small products (d or w < 25 mm), the test piece shall, if possible, consist of an un-machined part of the bar.
b For round bars, the longitudinal axis of the notch shall be about parallel to the direction of a diameter.

¢ For rectangular bars, the longitudinal axis of the notch shall be perpendicular to the wider rolling surface.

Figure 2 — Location of the test pieces in bars, seamless rolled rings and rods
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Dimensions in millimetres
150 < w< 600 w =600

|
I
|
Al |
|
:

w/ b w/k

Key
1 principalldirection of rolling

a  In the case of steel grades in the quenched and tempered condition with requirentents for the impact epergy,
the width) of the sample shall be sufficient for longitudinal impact test pieces to bétaken as specified in Figure 4.

NOTE In|the case of difficulty taking the test piece from w/4, take the sample from the position, whete the
centre of it is|getting as close as possible to w/4.

Figure 3 + Location of the samples (A and B) in flat products'in relation to the product width
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Tvpe of test Product | Location of the test piecea for Distance of the test piece from the rolled
yp thickness a product width of surface
mm w < 600 mm w2600 mm mm
1
: /
<30 R |
vi
‘ \
1
Tensile testb. e longitudinal transverse /1
A
(=3
Al
>30 W 2
1
Impact testc >12d longitudinal longitudinal -
‘ : 8 < g
A

1
b The test piece shall comply with ISO 6892-1.
T

he longitudinal axis of the notch shall be perpendiculattto the rolled surface.

ocation of the longitudinal axis of the test piece with respect to‘the principal rolling direction.

agreed at the time of ordering, the test piece from products with a thickness exceeding 40 mm
frpm 1/4 product thickness.

mechanical properties are determinedNin the delivery condition +QT, round test pieces sh
The axis of the test piece shall be in t/2 for thicknesses <25 mm and 12,5 mm below the surface for thickn|

may be taken

all be taken.
psses >25 mm.

Key

1 rplled surface

2  allternatives

Figure 4 — Locationof the test piece from flat products in relation to product thickness and
principal direction of rolling
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A.1 Definition

Annex A

(normative)

Ruling sections for mechanical properties

See 3.1.

A.2 Detel

A2.1 Ifth

A.2.1.1 Fo
shall be take
A.2.1.2 Fo

section shall

A.2.1.3 Fo
accordance Y

'mination of the diameter of the equivalent ruling section

b test pieces are taken from products with simple cross-sections and,from positions| with
quasi two-dimensional heat flow, A.2.1.1 to A.2.1.3 shall apply.

" rounds, the nominal diameter of the product (not comprising’the machining allowance)
n as the diameter of the ruling section.

- hexagons and octagons, the nominal distance between two opposite sides of the dross-
be taken as the diameter of the ruling section.

" square and rectangular bars, the diameter;of the ruling section shall be determinled in
vith the example shown in Figure A.1.
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