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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.

ISO collaborates closely with the International Electrotechnical Commission (IEC) on al
electrotechnical standardization.

.All a ad o_develon hi docuinen ng -en- ended a 1 he

desctibed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriatig

I matters of

paintenance are

eded for the

different types of ISO documents should be noted. This document was drafted in accordapce with the

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

Atterjtion is drawn to the possibility that some of the elements of this documen? may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such-patent rights. Details of
any gatent rights identified during the development of the document will(be in the Introduftion and/or

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 gnd does not

consfitute an endorsement.

For 4n explanation of the voluntary nature of standards,.the meaning of ISO specifi
expre¢ssions related to conformity assessment, as well as“information about ISO’s adhe
World Trade Organization (WTO) principles in the Fechnical Barriers to Trade (TBT) s
.org/Iso/foreword.html.

This |[document was prepared by Technical Committee ISO/TC 17, Steel, Subcommitteg
treatpble and alloy steels.

This third edition cancels and replaces. tlie'second edition (ISO 683-3:2016), which has bee
revisgd. The main changes compared(with the previous edition are as follows:

— iph Table 1, footnote 2 has been\added;
— ip Table 3, footnote € has.been changed.
Alisyof all parts in the JSO 683 series can be found on the ISO website.

Any feedback or quéstions on this document should be directed to the user’s national stand
complete listing.of these bodies can be found at www.iso.org/members.html.

 terms and
rence to the
ee www.iso

SC 4, Heat

h technically

ards body. A

© IS0 2019 - All rights reserved


https://www.iso.org/directives-and-policies.html
https://www.iso.org/iso-standards-and-patents.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=cf7c84be8f8e0d14a0ea2bc322945c78



https://standardsiso.com/api/?name=cf7c84be8f8e0d14a0ea2bc322945c78

INTERNATIONAL STANDARD ISO 683-

3:2019(E)

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

Part 3:
Case-hardening steels

1 Seope
This document specifies the technical delivery requirements for

— hbars (see NOTE 1),

— Wirerod,

— fjnished flat products, and

— Hammer or drop forgings (see NOTE 1)

manyfactured from the case-hardening non-alloy or alloy-steels listed in Table 3 and sup
of the heat-treatment conditions given for the different types of products in Table 1 and
surface conditions given in Table 2.

The gteels are, in general, intended for the manufacture of case-hardened machine parts.
NOTH 1 Hammer-forged semi-finished products (blooms, billets, slabs, etc.), seamless roll
hammer-forged bars are covered under semi;finished products or bars and not under the term
drop forgings”.

NOTH2  For International Standards relating to steels complying with the requirements for

comp
inten

In sp
subje

In ad

emi-finished products, hot formed, e.g. blooms, billets, slabs (see NOTE 1),

bsition in Table 3, however, supplied in other product forms or treatment conditions than g
led for special applications,(@and for other related International Standards, see the Bibliograph

bcial cases, variationS'in these technical delivery requirements or additions to them
ct of an agreement‘at the time of enquiry and order (see 5.2 and Annex A).

dition to this.document, the general technical delivery requirements of ISO 404 are ap

ormative references

plied in one
n one of the

ed rings and

hammer and

the chemical
ven above or

y.
ran form the

plicable.

heir content

applies. For

undated references the latest edition of the referenced document (mcludmg any amendments) applies.

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

ISO 4
ISO 6
ISO 6

04, Steel and steel products — General technical delivery requirements
42:1999, Steel — Hardenability test by end quenching (Jominy test)

43, Steels — Micrographic determination of the apparent grain size

[SO 4885, Ferrous materials — Heat treatments — Vocabulary

[SO 4948-1, Steels — Classification — Part 1: Classification of steels into unalloyed and alloy steels based

on ch

© ISO
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ISO 4948-2, Steels — Classification — Part 2: Classification of unalloyed and alloy steels according to main
quality classes and main property or application characteristics

ISO/TS 4949, Steel names based on letter symbols

ISO 4967, Steel — Determination of content of non-metallic inclusions — Micrographic method using
standard diagrams

ISO 6506-1, Metallic materials — Brinell hardness test — Part 1: Test method

ISO 6508-1, Metallic materials — Rockwell hardness test — Part 1: Test method

1SO 6929, St
1SO 7788, St
1SO 9443, Su
ISO/TR 976¢
ISO 10474, S

ISO 14284,
composition

3 Terms

For the purj
1SO 4948-2,

NOTE Fo

ISO and IEC

IEC Elec

3.1

case-hardel
steels with 4
subsequentl

Note 1 to enf
resistance to

Note 2 to entr

ISO Online browsing platform: available'ab https://www.iso.org/obp

el products — Vocabuiary

bel — Surface finish of hot-rolled plates and wide flats — Delivery requirements
rface quality classes for hot-rolled bars and wire rod

, Steel and iron — Review of available methods of analysis

teel and steel products — Inspection documents

Gteel and iron — Sampling and preparation of samples for thé)determination of che

and definitions

oses of this document, the terms and definitions given in ISO 377, ISO 4885, ISO 49
SO 6929, I1SO 14284 and the following apply.

maintain terminological databases foruse in standardization at the following address

tropedia: available at http:ffwww.electropedia.org/

hing steels
relatively low cairben content, which are carburized or carbonitrided on their surfac
iy hardened

ry: These steels, after hardening, have a high degree of hardness in the surface zone and
wear, while/the core material is characterized principally by extreme toughness.

y: Edrther, possibilities for heattreatment of case-hardening steels are, for example, nitrocarbu

and nitriding

r deviations from these terms and definitions;see NOTE 1 of the Scope and footnote 2 of Tablg 2

mical

48-1,

NS

e and

good

rizing

3.2

non-alloy steel
as defined in ISO 4948-1

3.3
alloy steel

as defined in ISO 4948-1
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Classification and designation

Classification

The classification of the relevant steel grades is in accordance with ISO 4948-1 and ISO 4948-2. Steel
grades C10E, C10R, C15E, C15R, C16E, C16R and 22Mné6 are non-alloy special steels. All other steel
grades covered by this document are alloy special steels.

4.2

For the-steel gradnc covered hy this ﬂnr‘nmnnf’ the steel names as givnn inthe relevant ta

allocated in accordance with ISO/TS 4949.

A comparison between the designation of steels given in this document with various
systems is given in Annex B.

5

5.1

The fpllowing information shall be supplied by the purchaser atthe time of enquiry and or

d)

)

5.2

A nuinber of eptions are specified in this document and listed below. If the purchaser does

the

specifieations of this document (see 5.1):

a)

b)

)

d)

Designation

les shall be

Information to be supplied by the purchaser

Mandatory information

o

uantity to be delivered;

7))

heet, plate, strip, forging, etc.);

dither the designation of the dimensional standard(s) and the dimensions and tolerar
Fom this or these (see 7.8) or, for example, in the case of drop forgings, the desigy
rawing or any other document covering the dimensions and tolerances required for t

(@ Wil »

d reference to this document, i.e.(SQ 683-3;

(ol

he designation of the steel type given in Table 3;

gtandard designation fot a test report 2.2 or, if required, any other type of inspectic
h accordance with [S0)10474 (or in accordance with another regional standard, e.g.
[S G 0415).

s

—

Options and/or supplementary or special requirements

ish tosimplement any of these options, the products will be supplied in accordance w

designation

Her:

designation of the product form (slab, bloom, billet;round bar or square bar, wire rod, wide flats,

ces selected
ation of the
he product;

n document
EN 10204 or

not indicate
ith the basic

if a heat-treatment condition other than the untreated condition is required, the symbol for this

other condition (see Table 1, column 2);

if a surface condition other than “hot worked” or a special surface quality is required
condition (see Table 2) and the surface quality (see 7.7.3);

, the surface

any requirement for restricted hardenability scatter bands for alloy steels (+HH, +HL; see 7.1.1,

Table 6 and Figure 1);

if any supplementary requirement shall be complied with, the symbol and, where necessary, the

details of this supplementary requirement (see Annex A);

any requirement for the verification of non-metallic inclusion content (see 7.5);

© IS0 2019 - All rights reserved
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f) wverification of hardenability and, if agreed, the information about calculation of the hardenability
(see 9.2.2);

g) anyrequirement concerning suitability of bars and rod for bright drawing (see 7.7.4);

h) any requirement relating to removal of surface defects (see 7.7.5).

5.3 Ordering example

EXAMPLE 50 hot-rolled round bars in accordance with ISO 1035-1 with a nominal diameter of 40 mm and
a nominal length of 8 000 mm with diameter tolerance according to class S and with length tolerance according
to class L2 of ISO 1035-4 made of steel grndp IS0 683-3 20MnCrS (QPP Tahle '2) in the heat-treatment condition
annealed (+4), surface blast cleaned (+BC) (see Table 2), product analysis/option A.3 with an inSpg¢ction
certificate 3.1 in accordance with ISO 10474.

50 Round bars ISO 1035 - 40,0S x 8 000L2
ISO 6833 - 20MnCr5+A+BC, Option A.3

ISO 10474 - 3.1

6 Manufpcturing 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.

For minimum reduction ratio or minimum thickness deformation ratio of rolled and forged products,
see A4

6.2 Deoxidation

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

6.3.1 Normal condition atdelivery

Unless otherwise agreed at the time of enquiry and order, the products shall be delivered in the
untreated cdndition, i:eXhot-worked condition.

6.3.2 Particular heat-treatment condition

If so agreed atthe time of enquiry amd order;, the products strattbedetiveredimonme of the hreattreatment
conditions given in Table 1, row numbers 3 to 8.

6.3.3 Particular surface conditions

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

6.4 Traceability of the cast

The products shall be traceable to the cast, see Clause 10.

4 © IS0 2019 - All rights reserved
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7 Requirements
7.1 Chemical composition, hardness and hardenability

7.1.1 General

Table 1 gives a survey on combinations of usual heat-treatment conditions at delivery, product forms
and requirements as specified in Tables 3 to 7 (chemical composition, hardenability, maximum hardness
and hardness range).

7.1.2 Hardenability

Unlegs otherwise agreed for alloy steels, the hardenability requirements given id Table 5 apply. If
agreed at the time of enquiry and order, alloy steels with restricted hardenability scatter|bands given
in Taple 6 or shown in Figure 1 shall be supplied.

A classification of steel grades according to minimum tensile strength as a féhction of diameter after
hard¢ning and tempering is given in Annex D.

7.1.3] Chemical composition
The dhemical composition determined by cast analysis shall comply with the values in Table 3.

Pernlissible deviations between the limiting values for cast'analysis and the values for product analysis
are gjven in Table 4.

The product analysis shall be carried out when specified, at the time of the enquiry and order (see A.3).

7.2 | Machinability

All steels are machinable in the conditions “soft-annealed”, “treated to hardness range”] “treated to
ferrife/pearlite structure” and “normalized.

Whefe improved machinability is'tequired, the grades with a specified sulfur range should be ordered
and/pr with a specific treatmehnt)to improve machinability (see also Table 3, footnote b).

7.3 | Cold shearability

7.3.1] Under suitable shearing conditions (avoiding local stress peaks, preheating, application of blades
with ja profile adapted to that of the product, etc.), all steels are cold shearable in the cordition “soft-
annepled”.

7.3.2] Steel grades 28Cr4, 28CrS4, 20MnCr5, 20MnCrS5, 24CrMo4, 24CrMoS4, 22CrMoS315, 20MoCr4,
20MaCrS4, 16NiCr4 16NiCrS4 _18NiCr5-4, 17CrNi6-6_15NiCr13 17NiCrMo6-4 and 18CrNiMo7-6, are,
under suitable conditions, also cold shearable when delivered in the condition “treated to improve
shearability” with the hardness requirements given in Table 7.

7.3.3 The non-alloy steels and steels 17Cr3, 17CrS3, 20Cr4, 20CrS4, 16MnCr5, 16MnCrS5, 16MnCrB5,
18CrMo4, 18CrMoS4, 20NiCrMo2-2 and 20NiCrMoS2-2 are, under suitable conditions, cold shearable
when delivered in the untreated condition.

7.4 Grain size

Unless otherwise agreed at the time of enquiry and order, the steel shall show a fine grain structure
with an austenitic grain size of 5 and finer, when tested in accordance with ISO 643. For verification,
see A.1.

© IS0 2019 - All rights reserved 5
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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 regional standard.

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

7.5.2 Macd

This requirg
verification

7.6 Interi

Where appr
the time of i

7.7 Surfa

7.7.1 All
applied.

7.7.2 Ming
prints origin

7.7.3 Bars
plates and W

roscopic inclusions

ment is applicable to the verification of the macroscopic inclusions in special’ste
s agreed, the method and acceptance limits shall be agreed at the time of enqiry and

nal soundness

bpriate, requirements relating to the internal soundness of the products shall be agrg
hquiry and order (see A.2).

ce condition

roducts shall have a smooth surface finish appropriate to the manufacturing proc

r surface imperfections which may occur under normal manufacturing conditions, sy
ating from rolled-in scale, are not to be regarded as defects.

and wire rod are delivered with surface class A in accordance with ISO 9443 and hot-1
ide flats shall be delivered with a‘surface in accordance with ISO 7788, unless othe

bls. If

prder.

ed at

eSses

ch as

olled
rwise

agreed at the time of enquiry and order.

nents
I.

Where no International Standard on-the surface quality of steel products exists, detailed requirer
referring to this characteristic shall;'where appropriate, be agreed at the time of enquiry and ordg

It is more difficult to detect and-eliminate surface discontinuities from coiled products than from cut

lengths. This$ should be taken-<nto account when agreements on surface quality are made.

NOTE B4rs and wiretred for cold heading and cold extrusion are covered fully by ISO 4954.
7.7.4 If su

enquiry and

itabjlity of bars and rod for bright drawing is required, this shall be agreed at the tie of

order.

7.7.5 Removal of surface discontinuities 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 Shape, dimensions and tolerances

The nominal dimensions, tolerances on dimensions and shape of the product shall be agreed at the time
of enquiry and order, if possible, with reference to the dimensional standards applicable (see Annex C).

© ISO 2019 - All rights reserved
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8 Inspection

8.1

Testing procedures and types of documents

8.1.1 Products complying with this document shall be ordered and delivered with one of the inspection
documents as specified in ISO 10474 or another standard, e.g. regional standards EN 10204 or JIS G
0415. The type of document shall be agreed upon at the time of enquiry and order. If the order does not
contain any specification of this type, a test report shall be issued.

8.1.2

If, in accordance with the agreements made at the time of enquiry and order, a test

report 2.2 is

to be
a) d

b) 1

8.1.3

provided, the specific inspections and tests described in 8.3 and Clausé-9-shall be carried,

resul
In ad
a) d
b) 1
c) 7

d)

8.2

The 4
ther

8.3

provided, this shall cover the following information:
onfirmation that the material complies with the requirements of the order;

esults of the cast analysis for all elements specified in Table 3 for the steel-grade conc

If, in accordance with the agreements in the order, an inspection-certificate 3.1 o1

s shall be confirmed in the inspection certificate.

Hition, the inspection certificate shall cover the following:

onfirmation that the material complies with the requirements of the order;

esults of the cast analysis for all elements specified-in Table 3 for the steel grade conc

esults of all inspections and tests ordered by supplementary requirements (see Anne

brned.

3.2 is to be
out and the

brned;

K A);

he symbol, letters or numbers relating the test certificates, the test pieces and products o each other.

Frequency of testing

mount of testing, the sampling conditions and the test methods to be applied for the v
pquirements shall be in accerdance with Table 9.

Tests to be carried.out for specific inspection

General

hon-alloy steels and for alloy steels without requirements concerning the ve
enability the hardness requirements according to Table 1, columns 8.2 and 9.2 and Tj
rified.

8.3.2

brification of

rification of
hble 7 are to

ted, only the

loy, steels being ordered with the verification of hardenability, unless otherwise agr

aD y1requ acCord OO0 1dDIC d110 O d O DCVC CU.

Visual and dimensional inspection

A sufficient number of products shall be inspected to ensure the 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 product analysis used shall be agreed taking into
account the relevant existing International Standards.

© ISO
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The list of available International Standards on chemical analysis is given in ISO/TR 9769.

9.2 Hardness and hardenability tests

9.2.1 Verification of hardness

For products in the heat-treatment conditions +S (treated to improve shearability), +A (soft-annealed),
+TH (treated to hardness range), +FP (treated to ferritic-pearlitic structure) and +N (normalized), the
hardness shall be measured in accordance with ISO 6506-1 (see Tables 7 and 9).

9.2.2 Verifieationofhar dcuab;};t_'y

For alloy st¢

calculation.

bels, as far as available, the manufacturer has the option to verify the hardenability by
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 fqr the

customer to

If a calculati
be carried 9
with Table 8

confirm the result.

9.3 Retests

Retests of c3

10 Marking

The manufa
way, so that

se hardening steels and criteria shall be as specified.in-1SO 404.

pn formula is not available or in the case of dispute, an end quench hardenability test{shall
ut in accordance with ISO 642 and Table 9. The temperature for Guenching shall cqmply
The hardness values shall be determined in accordance with ISO© 6508-1, scale C.

rturer shall mark the products or the bundles or boxes containing the products in a sujtable
'he identification of the cast, the steel type and the origin of the delivery is possible (seqA.5).

© ISO 2019 - All rights reserved
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Table 2 — Surface condition at delivery

No. 1 2 3 4 | 5 | 6 | 7 8 9
1 Surface condition at Symbol x indicates in general applicable to Notes
delivery Semi- Bars | Wire Flat Hammer
finished rod | products and drop
products forgings
(as (see NOTE 1 to
blooms, Clause 1)
billets)
2 Unless Hot None or xa X X X X —
otheryise |[worked +HW
agreel
3 Partidular Hot +PI X X X X X —C

condifions |worked
supplied by |and pickled
4 agreement Hot +BC X X X X X
worked
and blast
cleaned

5 Hot +RMb — X X L, X
worked

and rough
machined

6 Others — — X X X X

a  The term |['hot worked” also includes the continuously cast (+CC) condition in the case of semi-finished products.

b Until the ferm “rough machined” is defined by, for example, machining allowances, the details are to be agreed pt the
time of enquirly and order.

¢ Inadditiop, certain surface treatments, such as oiled, limédor phosphated, may be agreed upon.

10 © IS0 2019 - All rights reserved
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Table 3 — Steel grades and chemical composition (applicable to cast analysis)ab.c

Mass fractiond

%
Steel name -
. . u
C Sie Mn P S Cr Mo Ni and B
Non-alloy steels
C10F 0,07 t 0,15to | 0,30t 0.035
] (0] ) o ’ (0] .
C10R 0,13 0,40 0,60 0,025 | 0,020 to 0,40 0,10 0,40 Cu: 0,30
0,040
€15 012to | 0,15to | 0,30t R
) 0 ) 0 ) 0 _
C15R 0,18 0,40 0,60 0,025 | 0,020 to 0,40 0,10 0,40 Cu: 0,30
0,040
c16h 012to | 0,15t0 | 0,60t 0,035
’ o ) (0} ) (0] .
C16R 0,18 0,40 0,90 0,025 | 0,020 to 0,40 0,20 0,40 Cu: 0,30
0,040
0,18 to 0,10to | 1,30to .
22Mn6 0,25 0,40 165 0,025 0,035 0,40 0,10 0,40 Cu: 0,30
Alloy steels
Lcrp 0,14t 0,15to | 0,60t 0035 L3870t
’ o ’ o ’ o ’ 0 — _ .
17¢rh3 0,20 040 | 090 |2025] 0020t0¢| "o Cu: 0,40
0,040
20Crd 0,17t 0,15to | 0,60t &3> 0,90t
) 0o B o B (¢} ) 0 .
20Crk4 0,23 0,40 090 | %025.[%0,020t0 | 7 5 - - Cu: 0,40
0,040
28Cns 0,24t 0,60t 0035 1 00+
) o ) 0 ) o _ _ .
s8crka 0,31 0,40 0,90 0,025 | 0,020 to 1,20 Cu: 0,40
0,040
LOMCrs 014to | 0,15t0 | 100t 0035 | 80t
,14 to , 0 ; 0 , 0 . . .
LEMICrSS 019 | 040N 130 |%925| 0020t0 | 7y 4o Cu: 0,40
0,040
Cu: 0,40
16M1CrB5 Odso oo | 109t o025 | o035 | 020 | — — || B:0,0008
’ ’ ’ ’ to 0,0050f
20MpCrs 0Pt | 015t0 | 1,10t 0035 | 100t
) o ) o ’ o ) 0 — _ .
20MCrsS 022 | 040 | 140 | %023 00200 | 7 3 Cuz 040
0,040
Elemé¢nts notguoted in this table shall not be intentionally added to the steel without the agreement of the pyrchaser, other
than for the'\purpose of finishing the heat. All reasonable precautions shall be taken to prevent the addition offsuch elements
from pcrapror other materials used in manufacture, which affect the hardenability, mechanical properties angl applicability.
a For—steets—with—trar dcuabi‘li‘i_y T cquil ements (DCC Fabtes—5—and g), cz&\,cpt for p}lubphul us—atrd au}fux, insignificant

d  Maximum values unless otherwise stated.

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 supplied on request. In the first case, the upper limit of the manganese content may
be increased by 0,15 %.

¢ Additional case-hardening steels, predominantly used for bearings, are covered by ISO 683-17.

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

f Boronis, in this case, added not for increase of hardenability, but to improve the toughness of the case hardened zone.

© IS0 2019 - All rights reserved
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Table 3 (continued)

Mass fractiond
%
Steel name c
- . u
C Sie Mn P S Cr Mo Ni and B
18CrMot 015to | 015to | 0,60t 0035 | 400t0 | 015t
’ (o] ] (0] ) o 1] (0] ) (0] _ .
18CrMoS4 0,21 0,40 000 | %0251 0,020t0 | 5 0,25 Cu: 0,40
0,040
24CrMo4 0,035
24CrMoS4 ) ) ) 0,040 ) )
0,19 to 0,10to | 0,70 to 0,020to | 0,70to | 0,40to - .
22CrMoS3-5) 0,24 0,40 1,00 0,025 0,040 1,00 0,50 Cu: Q,40
20MoCr4 0,17t 0,10 t 0,70 t 0,035 0,30t 0,40t
B (o} B (o} ) (o} y 0o ) 0 .
20MoCrS4 0,23 040 | 1,00 |%92>|0020t0 | 60 | 050 Cu: 4,40
0,040
16NiCr4 0,13t 0,15t 0,70 t 0,035 0,60t 0,80t
, 0 , 0 , 0 ) 0 ) o .
16NiCrS4 0,19 0,40 100 | %9251 0,020t0 | 7o 110 | G40
0,040
. 0,16 to 0,15to | 0,60to 0,90to . 1,20 to .
18NiCr5-4 0,21 0,40 0,90 0,025 0,035 120 1,50 Cu: 0,40
. 0,14 to 0,15to | 0,50to 1,40 to . 1,40 to .
17CrNi6-6 0,20 0,40 0,90 0,025 0,035 1,70 1,70 Cu: 0,40
. 0,12 to 0,15to | 0,35to 0,60 to . 3,00 to .
15NiCr13 0,18 0,40 0,65 0,025 0,035 0,90 350 Cu: 0,40
20NiCrMo2-? 0,035
0,17 to 0,15to | 0,65to 0028 0,35to | 0,15to | 0,40to cu: d.40
20NiCrMos2l2 | 0,23 0,40 095 | 0,020to | 070 0,25 0,70 T
0,040
. 0,14 to 0,15to | 0,60to 0,80to | 0,15to | 1,20to .
17NiCrMo6-# 0,20 0,40 0,90 0,025 0,035 110 0,25 1,60 Cu: Q,40
. | 0,15 to 0,15to | _0,50to 1,50to | 0,25to | 1,40to )
18CrNiMo7-¢6 0,21 0,40 0,90 0,025 0,035 1.80 0,35 1,70 Cu: Q,40
Elements not quoted in this table shall not' be intentionally added to the steel without the agreement of the purchaser,|other
than for the pyrpose of finishing the\lieat. All reasonable precautions shall be taken to prevent the addition of such elenents
from scrap or pther materials usedin manufacture, which affect the hardenability, mechanical properties and applicapility.
a  For steely with hardenability requirements (see Tables 5 and 6), except for phosphorus and sulfur, insignificant
deviations frgm the limits\for cast analysis are permissible; these deviations shall, however, not exceed in the cqse of
carbon 0,01 %6 and, indll other cases, the values according to Table 4.
b Steels with impfoved machinability either by higher sulfur levels up to about 0,10 % S (including controlled sulphide
morphology) ¢r léad additions may be supplied on request. In the first case, the upper limit of the manganese content may
be increased Hy'@,15 %.

¢ Additional case-hardening steels, predominantly used for bearings, are covered by ISO 683-17.
d  Maximum values unless otherwise stated.

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

f Boronis, in this case, added not for increase of hardenability, but to improve the toughness of the case hardened zone.
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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
Element content or range according Permissible deviationa
to cast analysis
mass fraction mass fraction
% %
C 0,07 <C<0,27 0,02
Si <0,40 0,03
<] ,nn ;n,nA
Mn
1,00 <Mn < 1,65 +0,06
P <0,035 +0,005
S <0,040 +0,005
Cr <1,80 +0,05
<0,30 +0;03
Mo
0,30 < Mo < 0,50 +0,04
<1,00 +0,03
Ni 1,00 <Ni< 2,00 +0,05
2,00 <Ni<3,50 0,07
Cu <0,40 +0,05
B <0,0050 +0,000 3
a  + means that in one cast, the deviation canroccur over the upper value or under the
lower value of the specified range in Table 3,.but not both at the same time.

© IS0 2019 - All rights reserved
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Table 5 — Hardness limits for steel grades with specified (normal) hardenability (+H-grades;

see 7.1.1)
Limit Hardness HRC at a distance, in millimetres, from quenched end of
Steel name | Symbol | of test piece of
range| 15| 3 | 5 [ 7 | 9 | 11|13 | 15 | 20 | 25 | 30 | 35 | 40
17Cr3 max. | 47 | 44 | 40 | 33 |29 |27 | 25| 24 |23 |21 | — | — | —
+H
17CrS3 min. |39 |35 [ 25|20 | —|—|—| —|—| —|—1|—|—
20Cr4 max. | 49 | 48 | 46 | 42 |38 |36 |34 | 32 |29 | 27 | 26 | 24 | 23
+H
20Crs4 min. | 41 |38 |31 |26 |23 |21 | —| — | —| — | — | —|—
28Cr4 R max. | 53 | 52 [ 51 | 49 |45 [ 42|39 ] 36 |33 |30 | 29 | 28,] 27
+ —4
28CrS4 min. | 45 [ 43 |39 29 |25 2220 — | — | — | — (| —
16MnCr5 max. | 47 | 46 | 44 | 41 [39 |37 [35] 33 | 31|30 |29} 28 27
16MnCrS5 +H ] av”
16MnCrB5 min. | 39 | 36 | 31 | 28 |24 |21 | — | — | — _‘bb — | = -
Vad
20MnCr5 H max. | 49 | 49 | 48 | 46 | 43 | 42 | 41 | 39 | 37 (\Q 34 | 33 | 32
+
20MnCrS5 min. | 41 | 39 | 36 | 33 [ 30| 28] 26 25 21| - | - | -
N
18CrMo4 " max. | 47 | 46 | 45 | 42 |39 | 37 | 35 | 34 4331 | 29 | 28 | 27 | 26
18CrMoS4 min. | 39 | 37 | 34 | 30 | 27 | 24 | 22 SR S I
24CrMo4 H max. | 52 | 52 | 51 | 50 | 48 | 46 | 4 1 |37 | 35|33 | 32 31
+
24CrMoS4 min. | 44 | 43 | 40 [ 37 [ 343220 ] 27 |23 [ 21 |20 | — | —
max. | 50 | 49 | 48 | 47 | 45| 43,[°41 | 40 | 37 | 35 | 34 | 33 | 32
22CrMoS3-5 +H -
min. | 42 | 41 | 37 [ 33 [ 3128 |26 | 25 | 23|22 |21 | 20| —
20MoCr4 g |max. | 49 | 47 | 44 | 41 3803533 [31 |28 26|25 24]024
+ N
20MoCrS4 mn |41 |37 |31 |2z P |22 —| — ||| —| =] =
16NiCr4 g Lmax | 47 | 46 | 44 {:&’ 4038 (36| 34 [ 32|30 |29 28] 28
16NiCrS4 min. | 39 | 36 | 33429 |27 25|23 | 22 |20 — | — | — | —
_ max. | 49 | 48 |6 | 44 | 423937 | 36 [ 34|32 ]31]31]30
18NiCr5-4 +H s
min. | 41 | 8935 [ 32 [29 |27 25| 24 2120 — | — | —

_ max. | 4747 | 46 | 45 | 43 |42 | 41| 39 | 37 | 35 | 34 | 34 | 33
17CrNi6-6 +H : -
min. [(39-] 38 | 36 | 35 | 32|30 |28 | 26 |24 | 22 | 21 | 20 | 20
_ max )46 | 46 | 46 | 46 | 45 | 44 | 43| 41 | 38 | 35 [ 34 | 34 | 33
15NiCr13 +H ¢
qmin’ | 38 | 37 |36 | 34 [31 20|27 | 26 | 24| 22|22 |21]021
20NiCrMo2—1 ?1 Max. | 49 | 48 | 45 | 42 [ 36 (33|31 30 | 27 | 25 | 24 | 24 | 23
. +
20NiCrMoS22 \Ib min. | 41 |37 |31 |25 (2220 —| — | — | — | — | —|—
_ ?Y max. | 48 | 48 | 47 | 46 | 45 | 44 | 42 | 41 | 38 | 36 | 35 | 34 | 33
17NiCrMo6-} £ \+H :
ch min. | 40 | 39 | 37 [ 34 [ 30|28 27| 26 |24 |23 | 22|21 —
max. | 48 | 48 [ 48 [ 48 [ 47 [ 47 [ 46 [ 46 [ 44 [ 43 | 42 | 4T | 41

min. | 40 | 40 | 39 | 38 | 37 | 36 | 35| 34 | 32| 31 | 30 | 29 | 29

18CrNiMo7-6 +H

14 © IS0 2019 - All rights reserved
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Table 6 — Hardness limits for steels with narrowed hardenability scatterbands (+HH- and
+HL-grades)

Limit Hardness HRC at a distance, in millimetres, from quenched end of
Steel name | Symbol of test piece (in millimetres) of
range | 15| 3 | 5 | 7 | 9 |11 |13 |[15| 20| 25|30 | 35| 40
THH max. | 47 | 44 |40 |33 |29 |27 |25 |24 |23 |21 | — | — | —
17Cr3 min. 42 13813024 |20 — | — | — | — | — | — | — —
17CrS3 L max. | 44 [ 413529 (25|23 (21|20 —| —|— | —| —
min. |39 (352520 —|—|—|—|—|—|—|—1] —
max. | 49 |48 |46 | 42 |38 |36 |34 3229|2726 24| 23
20Crh +HA min. | 44 |41 |36 31 ]28 |26 |24 |22 — | —h> | — | —
20Crp4 g L max. | 46 | 45 | 41|37 |33 |31]29 |27 |24 2| —| —
min. | 41 |38 31|26 |23 |21 | — | — ;a'i — | =1 —
THH max. | 53 | 52| 51|49 | 45|42 |39 |38|@3%|30]29]|28] 27
28crh min. | 48 |46 |43 [36 |32 29 |26 |28 20| — [ —| =] —
28Crp4 THL max. | 50 |49 |47 |42 |38 |35 |33 |\30 |27 |24 23|22 21
min. |45 [43 |39 29|25 |22}20] — | —| —| —| —| —
max. | 47 | 46 | 44 | 41 | 39 | 37.)"35 | 33 | 31 | 30 | 29 | 28 | 27
16MmCr5 i |4z [39 |35 |32 | 29 12 |24 22|20 — || -] —
16MnCrsS5 -
16M}CrB5 HL max. | 44 | 43 | 40 | 37 }@ 32|30 | 28|26 |25]|24]|23]| 22
min. |39 (36|31 |28¢(24 |21 | — | —|—|—|—|—| —
THH max. | 49 | 49 | 48 |46 | 43 | 42 | 41 | 39 | 37 | 35|34 [33| 32
20MhCrs min. | 44 | 42 @8’ 37 |34 |33 31|30 |28|26|25]|24]| 23
20MnCrSs THL max. | 46 | 46.(44 | 42 | 39 | 37 | 36 |34 |32 |30 (29|28 27
min. | 41 |39 |36 [33[30]28 26|25 |23 |21 | —|—] —
max. 4() 46 | 45 | 42 |39 |37 | 35|34 |31 |29 |28](27] 26
+HH B
18CrMo4 min. 42 | 40 | 38 | 34|31 |28 |26|25|22|20| — | — | —
18CrMos4 THL mag )| 44 | 43 [ 41 |38 |35[33 |31 (30|27 252423 22
Ar&ul. 39 (3734|3027 |24 |22|21| —|—|—|—| —
. \(;}Jnax. 52 | 52 | 51 |50 |48 |46 |43 |41 |37 |35|33]|32| 31
24CrMo4 A% T min 47 | 46 | 44 | 41 | 39 | 37 | 34 | 32 | 28 | 26 | 24 | 23 22
24CrMoS4 Y max. | 49 |49 | 47 | 46 | 43 | 41 | 38 [ 36| 32|30 |29 | 28| 27
(-\?* L min. | 44 | 43 | 40 | 37 |34 |32 |29 |27 |23 |21 |20 — | —
N . max. | 50 | 49 | 48 | 47 | 45 | 43 | 41 |40 | 37 | 35 |34 (33| 32
— @?&; min. | 45 | 44 | 41 |38 |36 |33 |31 (30|28 |26 25|24 23
max. | 47 | 46 |44 |42 |40 138 3635132131130 29]| 28
+HL min. | 42 | 41 |37 |33 |31 28|26 (25|23 |22|21|20]| —
HH max. | 49 | 47 | 44 | 41 | 38 |35 |33 (31 |28| 262524 | 24
20MoCr4 min. | 44 |40 |35 (32|29 (26|24 (22| — | — | —| —| —
20MoCrS4 THL max. | 46 | 44 | 40 |36 |33 |31 |29 |27 |24 |22 (21|20 20
min. | 41 |37 31|27 |24 |22 | — | —|—|—|—|—]| —
T max. | 47 | 46 | 44 | 42 | 40 | 38 | 36 |34 | 32|30 |29 |28 | 28
16NiCr4 min. | 42 |39 [ 37 [ 33|31 29|27 |26 |24 |22|21|20]| 20
16NiCrS4 HL max. | 44 | 43 | 40 | 38 |36 |34 |32 |30 |28|26|25]|24| 24
min 39 |36 3329|2725 |23 |22|20| —|—|—| —
© IS0 2019 - All rights reserved 15
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Table 6 (continued)
Limit Hardness HRC at a distance, in millimetres, from quenched end of
Steelname | Symbol of test piece (in millimetres) of
range | 15| 3 | 5 | 7| 9 |11 |13]|15]20|25]|30]35]| 40
" max. | 49 |48 | 46 |44 |42 3937 |36[34[32|31]31] 30
+
min. | 44 | 42 |39 (3633|3129 |28 |25/ 242323 22
18NiCr5-4
L max. | 46 | 45 | 42 | 40 |38 |35 (33|32 (30|28 (27|27 26
+
min. | 41 [39 (3532|2927 25|24 |21 |20 —|—| —
max. | 47 | 47 | 46 | 45 | 43|42 | 41 | 3937 35|34 |34 | 33
-
_ o min. | 42 | 4139 ]38 36]34]32]30]28]26]25] 25024
17CrNi6-6 N
L max. | 44 | 44 |43 |42 |39 (38|37 |35[33|31]30]29] |29
+
min. | 39 [ 38|36 |35|32|30]|28]26]|024]22]20]"20] |20
- max. | 46 | 46 | 46 | 46 | 45 | 44 | 43 | 41 | 38 | 35734 | 34 | 33
+
LENICH3 min. | 41 |40 3938|3634 3231|290 2626 25] |25
1Lr
L max. | 43 | 43 |43 | 42 | 40|39 |38 |36 | 33}31 30|30/ |29
+ =
min. | 38 | 37 [ 36|34 |31 |29 |27 |26 w22 22]22]21] |21
- max. | 49 | 48 | 45 | 42 |36 33 |31 |30 727 | 25 | 24 | 24 | |23
+
20NiCrMo2—b min. |44 [41[36[31 |27 24| 22f21 | —|—|—| =] |=
20NiCrMoS22 HL max. | 46 | 44 [ 40 | 36 |31 [ 29 |27 26 | 23 | 21| 20 | 20 | |—
+
min. | 41 [37 312522200 | —|—|—|—|—]]|-
- max. | 48 | 48 | 47 | 46 | 45 /@7 | 42 | 41 |38 | 36 | 35 | 34 | [33
+
_ min. | 43 | 42 |40 |38 | 35\ 33 |32 |31 |29 |27 26]25] [24
17NiCrMo6-# &
L max. | 45 | 45 | 44 | 42.0°40 | 39 [ 37 [ 36 [ 33 32 | 31 | 30 | [29
+
min | 40 | 39 |37 [x34 |30 | 28 |27 [ 26|24 [ 23|22 |21 |—
" max. | 48 | 48 | 48748 | 47 | 47 |46 |46 |44 | 43 |42 | 41 | |41
+ .\
_ i min. | 43 | 43((42 [ 41 |40 |40 |39 |38 |36 |35]34]33] [33
18CrNiMo7-6 -
L max. | 45 |W45°| 45 | 45 | 44 | 43 | 42 | 42 [ 40 [ 39 |38 |37 | [37
+ RN
min. | 40 J*40 | 39 |38 |37 |36 | 35|34 [32[31]30]29] [29
O\)
S

16
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Table 7 — Hardness requirements for products delivered in the conditions “treated to improve

» o«

shearability (+S)”, “soft-annealed (+A)”, “treated to hardness range (+TH)",
pearlite structure (+FP)” or “normalized (+N)”

treated to ferrite-

Brinell hardness in condition

Steel name +S +A +TH +FP +N
max. max. min. | max. min. | max. min. max.
Non-alloy steels
C10E
C10R — 131 — — — — 85 140
C15
C15R — 143 — — — — 95 150
C16E
C16R — 156 — — — — 100 155
22Mn6 — 197 149 197 — — — —
Alloy steels

17CrB
17Crb3 _ 174 - - N - - -
20Crgt
20CrE4 — 197 149 197 — — — —
28Crit
28Crk4 255 217 166 217 156 207 — —
16MnCr5
16MnCrS5 — 207 156 207 140 187 138 187
16MnCrB5
20MnCr5
ZOMiCrSS 255 217 170 217 152 201 140 201
18CrMo4
18CrMoS4 — 207 156 207 140 187 — —
24CrMo4
24CrMoS4 255 212 o o T o T o
22CrMoS3-5 255 217 170 217 152 201 — —
20M¢Cr4
20MbCrs4 255 207 156 207 140 187 — —
16NiCr4
16Nifrs4 255 217 166 217 156 207 — —
18NiCr5-4 255 223 170 223 156 207 — —
17CrNi6-6 255 229 175 229 156 207 — —
15Nifr13 255 229 179 229 166 217 — —
20NiCrMo2-2
2ONiErMoS2=2 — 212 161 212 149 194 — —
17NiCrMo6-4 255 229 179 229 149 201 — —
18CrNiMo7-6 255 229 179 229 159 207 — —

© IS0 2019 - All rights reserved
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Table 8 — Conditions for heat treating test bars and treatment of the steels

End quench Direct and Double hardening®
test Carburizing simple Core- Case- Tempering
Steel name L .
austenitizing |temperatureb| hardening hardening hardening |temperaturee
temperaturea temperaturec'd temperatured temperatured
°C °C °C °C °C °C
Non-alloy steels
C10E
C10R — 880 to 980 830 to 870 880 to 920 780 to 820 150 to 200
C15E _
C15R — 880 to 980 830 to 870 880 to 920 780 to 820 150 £0,400
C16E ]
C16R — 880 to 980 830 to 870 880 to 920 780 to 820 150 to 400
22Mn6 — 880 to 980 830 to 870 880 to 920 780 to 820 150 to 400
Alloy steels

1;823 880 £ 5 880 to 980 820 to 860 860 to 900 780-to 820 150 to 400
20Cr4 .
20CrS4 9005 880 to 980 820 to 860 860 to 900 780 to 820 150 to 400
28Cr4 .
28CrS4 8505 880 to 980 820 to 860 860 t0.900 780 to 820 150 to 400
16MnCr5
16MnCrS5 9005 880 to 980 820 to 860 860 to 900 780 to 820 150 to 400
16MnCrB5
20MnCr5 9005 880 to 980 820 to 860 860 to 900 780 to 820 150 to 400
20MnCrS5
18CrMo4 9005 880 to 980 820-to 860 860 to 900 780 to 820 150 to 400
18CrMoS4
24CrMod 900+5 880 to 980 820 to 860 860 to 900 780 to 820 150 to 400
24CrMoS4
22CrMoS3-5) 9005 880 to 980 820 to 860 860 to 900 780 to 820 150 to 400
20MoCr4 910 £ 5 886.t0980 820 to 860 860 to 900 780 to 820 150 to 400
20MoCrS4
16N¥Cr4 880 +5 880 to 980 820 to 860 850 to 890 780 to 820 150 to 400
16NiCrS4
18NiCr5-4 880+5 880 to 980 820 to 860 840 to 880 780 to 820 150 to 400
17CrNi6-6 870415 880 to 980 820 to 860 830 to 870 780 to 820 150 to 400
15NiCr13 850 + 5 880 to 980 810 to 850 840 to 880 780 to 820 150 to 400
The temperatyiges. given for carburizing, direct and simple hardening, core-hardening, case-hardening and tempering are
for guidance; the-dctual temperatures chosen should be those that give the required properties
a  Time for austenitizing as a guide: 30 min minimum.
b The carburizing temperature depends on the chemical composition of the steel, the mass of the product and the
carburizing medium. If the steels are direct hardened, in general, a temperature of 950 °C is not exceeded. For special
procedures, for example, under vacuum, higher temperatures (for example 1 020 °C to 1 050 °C) are not unusual.
¢ Thekind of quenching agent depends on, for example, the shape of the products, the cooling conditions and the amount
of furnace filling.
d  If the steels are direct hardened and if there is a danger of distortion, they should be quenched from a temperature
between the core-hardening and case-hardening temperatures.
e Time for tempering as a guide: 1 h minimum.
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Table 8 (continued)
End quench Direct and Double hardening®
test Carburizing simple Core- Case- Tempering
Steel name I .
austenitizing temperatureb| hardening hardening hardening |temperaturee
temperaturea temperaturecd|temperatured |temperatured
°C °C °C °C °C °C

20NiCrMo2-2
20NiCr- 900 £5 880 to 980 820 to 860 860 to 900 780 to 820 150 to 200
MoS2-2
17NiCrMo6-4 9005 880 to 980 810 to 850 830 to 870 780 to 820 150 to 200
18CrNiMo7-6 860 £ 5 880 to 980 810 to 850 830 to 870 780 to 820 150 to 200
The tpmperatures given for carburizing, direct and simple hardening, core-hardening, case-hardeningand fempering are

idance; the actual temperatures chosen should be those that give the required properties.
ime for austenitizing as a guide: 30 min minimum.

he carburizing temperature depends on the chemical composition of the steel, the~mass of the pr
rizing medium. If the steels are direct hardened, in general, a temperature of 950 °C is not exceedd
dures, for example, under vacuum, higher temperatures (for example 1 020 °C t¢.4,050 °C) are not unus

he kind of quenching agent depends on, for example, the shape of the products, the cooling conditions a
nace filling.

the steels are direct hardened and if there is a danger of distortiomthey should be quenched from
ben the core-hardening and case-hardening temperatures.

ime for tempering as a guide: 1 h minimum.

bduct and the
d. For special
ual.

hd the amount

h temperature
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Table 9 — Test conditions for the verification of the requirements given in column 1

Products with

1 2 3 4 5 6
. Amount of testing
Requirements
Number of
No. Sample Tests Samplingb Test method
See Test | products per
Table | unita per test | sample
unit product
1 Chemical 3 C (The cast analysis is given by the manufacturer; for product analysis,
compasition and see ﬁ)
2 | Hardepability 5 C 1 1 In cases of dispute, if The teSt,shall
and possible, the sampling be carried opt
6 method given in in conformity
1SO 642:1999, 5.1, a) or b 1) »|with ISO 642.
shall be applied. In all othéry{The quenching
cases, the sampling method, |temperaturg
including the method‘which |shall be as
starts from separately cast |specified in
and subsequently‘hot- Table 8. The
worked test ingots or from |hardness
cast and ngbhot-worked values shall pe
samplesiis, unless otherwise |determined fin
agree@'at the time of enquiry |accordance ith
and order, left to the method C of]
discretion of the ISO 6508-1.
manufacturer.
NOTE Verification of the requirements is only necessary if athinspection certificate is ordered and if the requir¢gment
is applicable tp Table 1, column 8 or 9.

a  The tests ghall be carried out separately for each castas indicated by “C”, each dimension as indicated by “D” and each
heat- treatment batch as indicated by “T”.

different thickness may be grouped if-the thicknesses lie in the same dimensional range for mechgnical

properties andl if the differences in thickness downot affect the properties. In cases of doubt, the thinnest and the thjckest
product shall be tested.

b The general conditions for the selectionand preparation of samples and test pieces should be in accordanceg with
ISO 377 and 190 14284.
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Table 9 (continued)

1 2

3 | 4

Requirements

Amount of testing

Number of

See
Table

Test
unita

Tests
per
sample
product

Sample
products
per test
unit

Samplingb

Test method

3 |Hardness

Hardness tests

H

Ll 1
ITdl'UIITSS

3a

in the
condition
+S or +A,
+TH or FP

Yal 1
U dliu

D and

H
H

Ill CadsS’T Uf C‘libputc, t}lC
hardness shall be measured,
if possible, at following
point of the surface:

in case of round bars’at
a distance equalyto the
diameter from_one end
of the bar,

in case ‘of bars with
square’ and rectangular
cross section and in case
of flat products at a
distance equal to the
thickness from one end
and 0,25 w (w = width of
the product) from one
longitudinal edge.

If, for example, for ham-

mer and drop forgings, the
above requirements prove
unrealistic, agreement shall
be agreed at the time of
enquiry and order about
more appropriate position of
the hardness indentations.

For sample preparation, see
ISO 6506-1.

hraqcordance

with

ISO 6506-1.

3b ||Hardness 7
in the

condition +N

The test shall be performed
near the surface.

In a(
with

cordance
ISO 6506-1.

NOTH

Verification of the requirements is only necessary if an inspection certificate is ordered and if th|
is apglicable to-Table 1, column 8 or 9.

a  Thetests shall be carried out separately for each cast as indicated by “C”, each dimension as indicated b,
heat- treatment batch as indicated by “T”.

product shall be tested.

[SO 377 and ISO 14284.

Products with different thickness may be grouped if the thicknesses lie in the same dimensional range for mechanical
properties and if the differences in thickness do not affect the properties. In cases of doubt, the thinnest and the thickest

b The general conditions for the selection and preparation of samples and test pieces should be in accordance with

e requirement

y “D” and each
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Figure 1 — Scatter bands for Rockwell C hardness in end quench hardenability test
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2 upper limit, +HL grades

3 lower limit, +HH grades

4 lower limit
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