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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 criteriame

I matters of

paintenance are

eded for the

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

editorrial 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
expressions related to conformity assessment, as well-as information about ISO’s a
the World Trade Organization (WTO) principles inthe Technical Barriers to Tradg
www.iso.org/iso/foreword.html.

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

This fourth edition cancels and replaces €he third edition (ISO 683-3:2019), which has bee
revised. The main changes are as follows:

— gteel grades 23MnCrMo5-5-4-and 17NiCrMoS6-4 have been added;
— the lower silicon content.in Table 3 has been deleted and replaced by a new option in (
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
dherence to
(TBT) see

SC 4, Heat

h technically

lause A.4.

ards body. A
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Heat-treatable steels, alloy steels and free-cutting steels —

Part 3:
Case-hardening steels

Falata¥al

— f
— |

many
of th
surfy

The 4

NOTH

—
Hocument specifies the technical delivery requirements for

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

vire rod,

inished flat products, and

ammer or drop forgings (see NOTE 1)

factured from the case-hardening non-alloy or alloy steels listed in Table 3 and sug
e heat-treatment conditions given for the different types of products in Table 1 and
ce conditions given in Table 2.

teels are, in general, intended for the manufacture of case-hardened machine parts.

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

plied in one
n one of the

ed rings and

hammerforged bars are covered under semi-finished products or bars and not under the term “hammer and drop

forgiy

NOTH
comp
inten

”

gs”.

2 For International Standards relating to steels conforming with the requirements for
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

2

The following dociiments are referred to in the text in such a way that some or all of
constitutes requirfements of this document. For dated references, only the edition cited
undafed referénces, the latest edition of the referenced document (including any amendme

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

ormative references

the chemical
ven above or

y.

heir content
applies. For
nts) applies.

" mechanical

ISO 404, Steel and steel products — General technical delivery requirements

[SO 642:1999, Steel — Hardenability test by end quenching (Jominy test)

ISO 643, Steels — Micrographic determination of the apparent grain size

ISO 4885, Ferrous materials — Heat treatments — Vocabulary

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

on ch

emical composition

IS0 4948-2, Steels — Classification — Part 2: Classification of unalloyed and alloy steels according to main
quality classes and main property or application characteristics

©ISO
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[SO/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

ISO 6929, Steel products — Vocabulary

ISO 7788, Steel — Surface finish of hot-rolled plates and wide flats — Delivery requirements

ISO 9443, Su
ISO/TR 9764
ISO 10474, §|

ISO 14284,
composition

3 Terms

For the purj
[SO 4948-2,

NOTE Fo

[SO and IEC

IEC Elec

3.1
case-harde}
steel with a
subsequent]l

Note 1 to enf
resistance to

Note 2 to entr
and nitriding

3.2
non-alloy st

[SO Online browsing platform: available at https://www.iso.or

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

Steel and iron — Sampling and preparation of samples for the determination of che

and definitions

oses of this document, the terms and definitions given in ISO 377, ISO 4885, ISO 49
S0 6929, 1SO 14284 and the following apply.

maintain terminological databases for use imstandardization at the following address

tropedia: available at https://www/electropedia.org/

hing steel
relatively low carbon content, which are carburized or carbonitrided on their surfac
i hardened

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

y: Further possibilities for heat treatment of case-hardening steels are, for example, nitrocarbu

r deviations from these terms and definitions, see NOTE 1 of the Scope and footnote b of Tabl¢ 2

mical

48-1,

N

es:

b and

good

rizing

eel

as defined in

3.3
alloy steel

50 4Y9406-1

as defined in ISO 4948-1

4 Classification and designation

4.1 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.

© IS0 2022 - All rights reserved
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For the steel grades covered by this document, the steel names as given in the relevant tables shall be
allocated in accordance with ISO/TS 4949.

A comparison between the designation of steels given in this document with various designation

syste

5 1

ms is given in Annex B.

nformation to be supplied by the purchaser

5.1
The f]
a) (
b) d
V
c) d
f]
d
d) 3
e) {
f) o
E
5.2

Mamdatory inmfornration
pllowing information shall be supplied by the purchaser at the time of enquiry afd‘or
uantity to be delivered;

esignation of the product form (slab, bloom, billet, round bar, square ¢r Hexagonal b,
vide flats, sheet, plate, strip, forging, etc.);

ither the designation of the dimensional standard(s) and the dimensions and tolerar
rom this or these (see 7.8) or, for example, in the case of drop forgings, the desigr
rawing or any other document covering the dimensions andtolerances required for t

reference to this document, i.e. ISO 683-3;
he designation of the steel type given in Table 3;

tandard designation for a test report 2.2 or, ifikequired, any other type of inspection

ccordance with ISO 10474 or another equivalent standard, e.g. EN 10204 or JIS G 0415.

Options and/or supplementaryor special requirements

the
speci

a) i
g

b) i

o

c) 4

-]

ish to implement any of thesé.options, the products are supplied in accordance w
fications of this document-(see€ 5.1):

A nu‘?ber of options are specified in this document and listed below. If the purchaser does

[ a heat-treatment condition other than the untreated condition is required, the syf
ther condition (see-Table 1, column 2);

[ a surface condition other than “hot worked” or a special surface quality is required|
ondition (se€lable 2) and the surface quality (see 7.7.3);

ny requirement for restricted hardenability scatter bands for alloy steels (+HH, +H

d)

e

able 6. and Figure 1);

ler:

ar, wire rod,

ces selected
ation of the
he product;

document in

not indicate
th the basic

nbol for this

the surface

[L; see 7.1.1,

[ any supplementary requirement shall be complied with, the symbol and, where n4

cessary, the

[e

etalls of this supplementary requirement in accordance with Annex A;

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

f) verification of hardenability and, if agreed, the information about calculation of the hardenability
(see 9.2.2);

g) any requirement 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

©ISO

Ordering example
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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 grade ISO 683-3, 20MnCr5 (see Table 3) in the heat-treatment condition
annealed (+A), surface blast cleaned (+BC) (see Table 2), product analysis/option A.3 with an inspection

certificate 3.1 in accordance with ISO 10474.

50 Round bars ISO 1035 - 40,0S x 8 000L2

ISO 683-

3 -20MnCr5+A+BC, Option A.3

IS0 10474 - 3.1

6 Manuf;

BOCOCC

geturingp

1TUCTCOI
6.1 General
The manufa¢turing process of the steel and of the products is left to the discretion of the'manufacturer,
with the restrictions given by the requirements in 6.2 and 6.4.
For minimun reduction ratio or minimum thickness deformation ratio of rolled-and forged products,
see Clause Al5.
6.2 Deoxidation
All steels shall be fully deoxidized.
6.3 Heat-treatment condition and surface condition at delivery
6.3.1 Normal condition at delivery
Unless otherwise agreed at the time of enquiry ‘and order, the products shall be delivered in the
untreated cqndition, i.e. hot-worked condition.
6.3.2 Particular heat-treatment condition
If so agreed at the time of enquiry and erder, the products shall be delivered in one of the heat-treafment
conditions gjven in Table 1, row numbers 3 to 8.
6.3.3 Particular surface coenditions
If so agreed|at the time_of enquiry and order, the products shall be delivered in one of the particular
surface conditions giyen 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.

7 Requirements

7.1 Chemical composition, hardness and hardenability

7.1.1 Gen

eral

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 hardnes

s range).

© IS0 2022 - All rights reserved
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In special cases, variations in these technical delivery requirements or additions to them can form the

subje

ct of an agreement at the time of enquiry and order (see 5.2 and Annex A).

In addition to this document, the general technical delivery requirements of ISO 404 apply.

7.1.2

Hardenability

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

A claps

ameter after

hard

7.1.3
The d

Perm
areg

The |
Claud

7.2

All st
ferrif

Lowsd

minium silicon content, see Clause A.4.

Whel
and/

7.3

7.3.1
blade
“soft;

7.3.2
24Cr
17Ni

ccificatinn of ctanl gradac S oo din g o ot dan il ctrangth a0 o fla oo Af dd
et Steer g rattsaecorath g tot—~eRShe-Streng tasSaTahetoor6at

bning and tempering is given in Annex C.

Chemical composition
hemical composition determined by cast analysis shall conform with théalues in Tal

issible deviations between the limiting values for cast analysis and-the values for prog
ven in Table 4.

product analysis shall be carried out when specified, at thé time of the enquiry an
e A.3).

Machinability

eels are machinable in the conditions “soft-aniiealed”, “treated to hardness range”
e/pearlite structure” and “normalized”.

ring the silicon content can have a negative influence on the machinability. For

e improved machinability is required, the grades with a specified sulfur range shoul
br with a specific treatment to improve machinability (see also Table 3, footnote b).

Cold shearability

Under suitable Shearing conditions (avoiding local stress peaks, preheating, aj
s with a profile @dapted to that of the product, etc.), all steels are cold shearable in t
annealed”.

Undert suitable conditions, steel grades 28Cr4, 28CrS4, 20MnCr5, 20MnCrS}
Mo0S4;-22CrMoS3-5, 20MoCr4, 20MoCrS4, 16NiCr4, 16NiCrS4, 18NiCr5-4, 17CrNi6-
CrMo6-4, 23MnCrMo5-5-4 and 18CrNiMo7-6, are also cold shearable when deliv

ble 3.

luct analysis

d order (see

“treated to

details on a

1l be ordered

pplication of
he condition

b, 24CrMo4,
b, 15NiCr13,
ered in the

cond

tion “treated to improve shearability” with the hardness requirements given in Table

7.

7.3.3 Under suitable conditions, the non-alloy steels and steels 17Cr3, 17CrS3, 20Cr4, 20CrS4,
16MnCr5, 16MnCrS5, 16MnCrB5, 18CrMo4, 18CrMoS4, 20NiCrMo2-2 and 20NiCrMoS2-2 are 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 C

©ISO

Clause A.1.
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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 equivalent standard.

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

7.5.2 Magdroscopic inclusions

This requirément is applicable to the verification of the macroscopic inclusions in special’ste¢ls. If
verification fis agreed, the method and acceptance limits shall be agreed at the time of\ehquiry and
order.

7.6 Internal soundness

Where appropriate, requirements relating to the internal soundness of the products shall be agrged at
the time of ihquiry and order (see Clause A.2).

7.7 Surface condition

7.71  All products shall have a smooth surface finish appropriate to the manufacturing procgsses
applied.

7.7.2  Mingr surface imperfections which can occur under normal manufacturing conditions, such as
prints origirating from rolled-in scale, shall not be‘tegarded as defects.

7.7.3 Barsland wire rod are delivered with(surface class A in accordance with ISO 9443 and hot-folled
plates and wide flats shall be delivered with a surface in accordance with ISO 7788, unless othefwise
agreed at the time of enquiry and order:

Where no Infernational Standard on'the surface quality of steel products exists, and where appropjriate,
detailed reqpuirements referring-te-this characteristic shall be agreed at the time of enquiry and order.

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

NOTE B4rs and wire/rod for cold heading and cold extrusion are covered fully by ISO 4954.

7.7.4 If sujtability of bars and rod for bright drawing is required, this shall be agreed at the time of
enquiry andlorder.

7.7.5 Removal of surface discontinuities by welding shall only be permitted with the approval of the
customer or his or 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 listed in the Bibliography.

6 © IS0 2022 - All rights reserved
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nspection

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 equivalent standard, e.g. EN 10204 or
JIS G 0415. The type of document shall be agreed 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
to be

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

b) 1

8.1.3
provi

resullts shall be confirmed in the inspection certificate.

In ad
a) d
b) 1
c) 7

d)

(ol

8.2

The 4
ther

8.3

8.3.1

For
hard
verif

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

report 2.2 is

provided, this shall cover the following information:

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 inspectionreertificate 3.1 o
ded, the specific inspections and tests described in 8.3 and Clause-9-shall be carried

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

he symbol, letters or numbers relating the test certificates, the test pieces and prod
ther.

Frequency of testing

mount of testing, the sampling conditions and the test methods to be applied for the v
bquirements shall be in adcordance 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 Tal
ed.

brned.

r 3.2 is to be
out and the

brned;
K A);

ucts to each

brification of

rification of
ble 7 shall be

Fora

1 . lal s | | sdele 21 £ b £1 | loslas 1 41 1 | losl:e
10Uy STTTIS UTITg UTUTTTU WILITUIT VETITICATTUIT UT TIdTUTTIdUITIL Y, UlIly UIT AT UTIIdUIIITY 1

according to Tables 5 and 6 shall be verified, unless otherwise agreed.

8.3.2

Visual and dimensional inspection

equirements

The extent of the products to be inspected to ensure compliance with this document is at the
manufacturer’s discretion.

©ISO
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9 Testm

ethods

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 case of dispute, the method product analysis used shall be agreed taking into
account the relevant existing International Standards.

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

9.2 Hardness and hardenabilitv tests

9.2.1 VeriLication of hardness

For product
+TH (treated
hardness sh

9.2.2 Verification of hardenability

For alloy st
calculation.

of enquiry a
confirm the

If a calculati
carried out i
Table 8. The

9.3 Retes

Retests of c4

10 Markii

The manufa
way so that

C4

5 in the heat-treatment conditions +S (treated to improve shearability), +A. (seft-anne
| to hardness range), +FP (treated to ferritic-pearlitic structure) and +Njmormalized|
h1l be measured in accordance with ISO 6506-1 (see Tables 7 and 9).

els, as far as available, the manufacturer has the option-to verify the hardenabili
The calculation method is left to the discretion of the manufacturer. If agreed at the]

result.

on formula is not available or in case of dispute;'ah end quench hardenability test sh
In accordance with ISO 642 and Table 9. The temperature for quenching shall conform
hardness values shall be determined in accordance with ISO 6508-1 scale C.

{ts

se hardening steels and criteria‘shall be as specified in ISO 404.

g

rturer shall mark the'\products or the bundles or boxes containing the products in a su
tis possible to identify the cast, steel type and origin of the delivery (see Clause A.6).

hled),
, the

Ly by
time

hd order, the manufacturer shall give information about.the calculation for the custonper to

hll be
with

table
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Table 2 — Surface condition at delivery

No. 1 2 3 4 | 5 | 6 | 7 8 9
In general, applicable to
ies semi-finished
1 Surface c_ondltlon Symbol products wire flat hammer | Notes
atdelivery bars and drop
(as blooms, rod |products forgingsa
billets) ging
2 Unless Hot None or xb X X X X —
otherwise worked +HW
agreed
3 Partiqular |Hot +PI X X X X X —d
condifions |worked
supplifed by |and pickled
4 agreement Iy, +BC X X X X X
worked
and blast
cleaned
5 Hot +RMc¢ — X X — X
worked
and rough
machined
6 Others — — X % X X
a  See NOTE|1 to Clause 1.
b The term |'hot worked” also includes the continuously cast (+CC) condition in the case of semi-finished products.
¢ Since madhine allowances for the term "rough machined" are notlyet fixed, the details are to be agreed at the time of
enquiry and ofder.
d  Inadditioh, certain surface treatments, such as oiled, limed or phosphated, may be agreed on.
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Table 3 — Steel grades and chemical composition (applicable to cast analysis)a.b.c

Mass fractiond
%
Steel name c
. . u
C Si Mn P S Cr Mo Ni and B
Non-alloy steels
C10E 0,07 t 0,30 t 0,035
) (0] B (0] .
C10R 013 0,40 0.60 0,025 | 0,020 to 0,40 0,10 0,40 Cu: 0,30
0,040
€15 012t 0,30 t =2
B (0] B (0] .
15 0.18 0,40 0.60 0,025 | 0,020 to 0,40 0,10 040 Cu: 0,30
0,040
C16E 0,12 t 0,60t 0,035
B 0 , (0} .
C16R 0.18 0,40 0.90 0,025 | 0,020 to 0,40 0,0 0,40 Cu: 0,30
0,040
0,18 to 1,30 to ,
22Mn6 0.25 0,40 165 0,025 | 0,035 0,40 0,10 0,40 Cu: 0,30
Alloy steels
17Crg 0,12 t 0,60 t 0,035 0,70 t
(0] (0] (0]
’ 0,40 ’ 0,025 | 0020t0 ’ — — Cu: 0,40
3 0,20 0,90 ) 1,25
17Cr$3 0,040
20Crt 0,17 t 0,60t @035 0,90 t
(0] (0] (0]
’ 0,40 ’ 0,025 9020 to ’ — — Cu: 0,40
3 0,23 0,90 ) 1,20
20Crp4 0,040
28Crt 0,24t 0,60 t 0035 | 090t
(0] (0] (0]
’ 0,40 ’ 0,025 | 0.020 to ’ — — Cu: 0,40
0,31 0,90 ) 1,20
28Crp4 0,040
LoMcrs 014t 00t 99% 180t
14 to ;00 to ,80 to .
16M11Cr85 0.19 0,40 130 0,025 | 0,020 to 110 — — Cu: 0,40
0,040
Cu: 0,40
16MICrBS5 0'01‘;;0 0,40 1'10250 0,025 | 0,035 0'18(1’50 — — || B:0,0008
’ ’ ’ to 0,0050¢
20MyCrs 017t 110t 0035 | 0ot
w17 to ,10 to ,00 to . . )
20MIIICI‘S5 0.22 0,40 140 0,025 | 0,020 to 130 Cu: 0,40
0,040
18CriMod 0,15t 0,60 t 0,035 0,90t 0,15 t
) o ) (0] ) (0] , 0 .
18crMe$h 0,21 0,40 0,90 0,025 | 0,020 to 1,20 0,25 — Cu: 0,40
0,040
24CrMod 0,20t 0,60t 0,035 0,90 t 0,15t
] o ) (0] ) (0] , 0 .
24CrMoS4 0,27 0,40 0,90 0,025 (),00(2)250 1,20 0,30 — Cu: 0,40

a  For steels with hardenability requirements (see Tables 5 and 6), except for phosphorus and sulfur, insignificant
deviations from the limits for cast analysis are permissible. However, these deviations shall 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 sulfide
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.

d  Maximum values unless otherwise stated.

¢ Inthis case, boron is added not for increase of hardenability, but to improve the toughness of the case-hardened zone.
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Table 3 (continued)

Mass fractiond
%
Steel name C
. . u
C Si Mn P S Cr Mo Ni and B
0,19 to 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: 0,40
20MoCrd 017t 070t 0935 | 430t0 | 040t
,1/ 1o ) 0 ) (o ) 0 . .
20MoCrS4 0,23 0,40 1,00 0,025 | 0,020 to 0,60 0,50 Cu: 0,40
0,040
LoNicrd 013t 070t 0035 | 60t 0,80t
’ (0] ’ o ’ (0] _ ’ (0] .
L6NICrS4 0,19 0,40 1,00 0,025 | 0,020 to 1,00 110 €u: 0,40
0,040
. 0,16 to 0,60 to 0,90 to 1,20:to .
18NiCr5-4 0,21 0,40 0,90 0,025 0,035 120 — 150 Cu: 0,40
. 0,14 to 0,50 to 1,40 to 1,40 to .
17CrNi6-6 0,20 0,40 0,90 0,025 0,035 1,70 — 170 Cu: 0,40
. 0,12 to 0,35to 0,60 to 3,00 to .
15NiCr13 0,18 0,40 0,65 0,025 0,035 0,90 — 3,50 Cu: 0,40
2ONICIMoZ% | 17+ 0,65t 0035 13627 0,15t0 | 040t
, o , Y ) () E (o] E (o] .
20NicrMos2lz | 0,23 | %0 | oos [ 00251 0020t | Gno | 025 | o070 | CwA40
0,040
17NiCrMo6- 0,14 t 0,60t 0.03% 0,80t 0,15t 1,20t
14 to , 0 , o} , 0 , 0 )
17NiCrMoS6L4 | 0,20 040 090 | %025 00200 | 710 0,25 160 | Cu(40
0,040
0,20 to 1,10 to 1,10to | 0,20 to .
23MnCrMo515-4 0,25 0,40 1,40 0,025 0,035 1,40 0,50 0,60 Cu: 0,40
. | 0,15 to 0,50 to 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: 0,40
Elements nof quoted in this table shall not be.intentionally added to the steel without the agreement of thg pur-
chaser, other|than for the purpose of finigshing the heat. All reasonable precautions shall be taken to prevent the
addition of sjich elements from scrap or,other materials used in manufacture, which affect the hardenability,
mechanical groperties and applicabitity:
a  For steely with hardenability requirements (see Tables 5 and 6), except for phosphorus and sulfur, insignificant
deviations frgm the limits for castyanalysis are permissible. However, these deviations shall not exceed in the case of
carbon 0,01 % and, in all othef cases, the values according to Table 4.
b Steels with improved mathinability either by higher sulfur levels up to about 0,10 % S (including controlled splfide
morphology) ¢r lead additipns may be supplied on request. In the first case, the upper limit of the manganese content may
be increased Hy 0,15 %
¢ Addition:jl case-hardening steels, predominantly used for bearings, are covered by ISO 683-17.
d  Maximum values unless otherwise stated.

¢ Inthis case, boron is added not for increase of hardenability, but to improve the toughness of the case-hardened zone.

12 © IS0 2022 - 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 or range . .
- . Permissible deviation?
according to cast analysis
Element ) ]
mass fraction mass fraction
% %
C 0,07<C=<0,31 0,02
Si <0,40 +0,03
<1,00 +0,04
Mn
1,00 < Mn = 1,65 *0,U0
P <0,025 +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
a2+ means that, in one cast, the deviation can occur gver the upper value or under the lower valfie of
the specified range in Table 3, but not both at the sanie time.

© IS0 2022 - 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,
Steelname |Symbol | of from quenched end of a 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 | —| —|—| — | —| —|— ] —|—
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 max. | 53 | 52 | 51 | 49 |45 |42 |39 | 36 | 33 | 30 | 29 | 28 | 27
+H YV
28Crs4 min. [ 45 [ 43 [ 39 [ 29 [25 2220 — | — | — | — K| —
16MnCr5 max. | 47 | 46 | 44 | 41 |39 (37 |35 33 | 31|30 |29 28 | 27
16MnCrS5 +H ] av”
16MnCrBS min. | 39 | 36 | 31 | 28 |24 |21 | — | — | — :‘bb — | —| -
20MnCr5 H max. | 49 | 49 | 48 | 46 | 43 | 42 | 41 | 39 37(\9 34 | 33| 32
20MnCrS5 min. | 41 | 39 | 36 | 33 [ 30|28 26| 25 a1 | - | - | -
18CrMo4 max. | 47 | 46 | 45 | 42 |39 | 37 | 35 | 34 A 1 | 29 | 28 | 27 | 26
+H
18CrMoS4 min. | 39 | 37 | 34 | 30 | 27 | 24 | 22 U [ [ [ —
24CrMo4 H max. | 52 | 52 | 51 | 50 | 48 | 46 | 4 1 |37 |35 ]| 33| 32| 31
24CrMoS4 min. | 44 | 43 | 40 [ 37 [ 34|32 [20] 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 | 31, k28 | 26 | 25 |23 22 21| 20 —
20MoCré L Lmax. | 49 | 47 | 44 | 41 38035[33| 31 |28 26|25/ 24] 24
20MoCrs4 min. |41 |37 [31 |2z f2a |22 —| — |- ||| | =
16NiCr4 max. | 47 | 46 | 44 [ “ 40 | 38 | 36 | 34 | 32 | 30 | 29 | 28 | 28
. +H - N
16NiCrS4 min. | 39 | 36 | 33429 |27 25|23 |22 |20 — | — | — [ —
_ max. | 49 | 48 |6 | 44 |42 |39 (37| 36 | 34| 32| 31| 31] 30
18NiCr5-4 +H s
min. | 41 | 8935 | 32 [29 |27 25| 24 [21 20| — | — | —
_ max. | 47[~47 | 46 | 45 | 43 | 42 | 41 | 39 | 37 | 35 | 34 | 34| 33
17CrNi6-6 +H , P
min. [(39-] 38 | 36 | 35 |32 |30 |28 | 26 | 24 | 22 | 21 | 20| 20
_ maxs 046 | 46 | 46 | 46 | 45 | 44 | 43| 41 [ 38 | 35 | 34 | 34| 33
15NiCr13 +H :
.@;‘? 38 | 37 | 36 | 34 |31 29|27 | 26 |24 | 22|22 21]21
20NiCrMo2-2 . ?1 max. | 49 | 48 | 45 | 42 [ 36 |33 (31| 30 [ 27 | 25 | 24 | 24 | 23
20NiCrMoS2;2 \Ib min. [ 41 [ 37 |31 |25 22|20 —| — | —| —| — | —| —
17NiCrMo6-h ?Y max. | 48 | 48 | 47 | 46 | 45 |44 | 42 | 41 | 38 | 36 | 35 | 34 | 33
. /& +H :
17NiCrMoS6t4-. min. | 40 | 39 | 37 | 34 |30 |28 |27 | 26 |24 |23 |22 | 21| —
23MnCr- o max. | 48 | 48 | 48 | 48 | 47 | 47 [ 46 | 46 | 44 | 43 | 42 | 41 | 41
Mo5-5-4 min. | 40 | 40 | 39 | 38 | 37 |36 |35 | 34 | 32| 31|30 |29 |29
_ max. | 48 | 48 | 48 | 48 | 47 | 47 | 46 | 46 | 44 | 43 | 42 | 41 | 41
18CrNiMo7-6 +H
min. | 40 | 40 | 39 | 38 |37 |36 |35 | 34 | 32| 31|30 |29 |29

14 © IS0 2022 - 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,
Steelname | Symbol of from quenched end of a test piece 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 (38|30 |24 |20 | — | — | — | — | — | — | — —
17CrS3 HL max. | 44 [ 41 (35|29 25|23 |21|20| — | —|—|—| —
mn. |39 (35(25|20| —|—|—|—|—|—|—1|—| —
THH max. | 49 |48 | 46 | 42 | 38 | 36 | 34 | 32 | 29 | 27 (gqv’ 24 | 23
20Crh min. | 44 [41[36]3128 |26 2422 — | —FL| =] —
20Crp4 gL | max. | 46 |45 | 4137 |33 |31 |29 |27 |24 2l —| —
min. | 41 |38 (31|26 (23|21 |— | — ;rvi N | —
THH max. | 53 | 52 | 51 |49 | 45| 42 | 39 | 38 @ 30 | 29 | 28 | 27
28Crh min. | 48 |46 |43 [36[32[29]26 2820 — | —| =] —
28Crp4 THL max. | 50 | 49 | 47 | 42 | 38 |35 | 3330 | 27 [ 24 [ 23| 22| 21
min. | 45 [ 43 [39 |29 |25 |22 0200 — | — | — | —[ —| —
HH max. | 47 | 46 | 44 | 41 | 39 | 37.)"35 | 33 | 31 [ 30| 29| 28| 27
12%3{2?25 min. | 42 | 39 | 35 | 32 29g‘\\§6 24 |22 (20| — | — | — | —
16MCrBS HL max. | 44 | 43 | 40 | 37 .5‘4‘) 32 30| 28|26 |25|24]23]| 22
min. |39 3631282 21| —|—-[=-|=-][=-]=] —
HH max. | 49 | 49 | 48 $6V 43 | 42 | 41 | 39|37 | 35| 34|33 32
20MRCrS min. | 44 | 42 @8’ 37 |34 (33|31 |30|28|26|25]|24| 23
20MnCrS5 THL max. | 46 | 46.{44 | 42 | 39 | 37 | 36 | 34 32|30 | 29|28 | 27
min. | 41 [39[36[33[30[28 2625|2321 | —|—] —
THH max. .4(')\ 46 | 45 | 42 |39 | 37 | 35|34 (31|29 |28]|27| 26
18CrMo4 min. 42 | 40 [ 38 |34 |31 |28 |26 |25|22|20| — | — | —
18CrMoS4 HL mag) 44 | 43 |41 (38 |35[33 |31 |30 27|25 |24]23] 22
Ar&i.d. 39 |37 34|30 |27 |24 |22 |21 | —|—|—|—]| —
. \C.,\-?nax. 52 | 52| 51 |50 |48 | 46 | 43 |41 |37 |35 |33|32]| 31
24CrMo4 A% 1 min. 47 | 46 | 44 | 41 | 39 | 37 | 34 | 32 | 28 | 26 | 24 | 23 22
24CrMoS4 Q;)L max. | 49 |49 | 47 | 46 | 43 | 41 | 38 |36 | 32|30 | 29| 28| 27
(\?* min. | 44 | 43 |40 | 37 [ 34 32|29 |27 |23 |21|20| — | —
d THH max. | 50 |49 | 48 | 47 | 45| 43 | 41 | 40 | 37 | 35 | 34| 33 | 32
22&@? min. | 45 | 44 | 41 |38 [ 36 |33 |31 (30|28 |26|25]| 24| 23
max. | 47 | 46 |44 |42 | 40138 136353231 [30]29| 28
HiL min. | 42 | 41 |37 |33 |31 |28 |26 25|23 |22(21]20| —
HH max. | 49 | 47 | 44 | 41 |38 | 35|33 |31 |28 |26 |25 |24 | 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 | —|—|—|—|—|—| —
HH 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 L max. | 44 | 43 | 40 |38 |36 |34 |32 |30 |28 |26 |25 |24 24
min. | 39 |36 (33 [29 |27 |25|23 (22|20 —|—|—| —

© IS0 2022 - All rights reserved 15
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Table 6 (continued)
Limit Hardness HRC at a distance, in millimetres,
Steel name | Symbol of from quenched end of a test piece of

range | 1,5 | 3 5 7 9 (11 |13 |15 |20 |25 (30|35 | 40
max. 49 | 48 | 46 | 44 | 42 | 39 | 37 | 36 | 34 | 32 | 31 | 31 30
min. 44 | 42 | 39 |36 | 33 |31 |29 |28 |25 | 24 | 23| 23 22
max. 46 | 45 | 42 | 40 | 38 | 35 | 33 | 32 | 30 | 28 | 27 | 27 26
min. 41 (39| 35132 |29 |27 (25|24 |21 |20| — | — —
max. 47 | 47 | 46 | 45 | 43 | 42 | 41 | 39 | 37 | 35 | 34 | 34 33

+HH

18NiCr5-4
+HL

) min. 42 | 41 |39 |38 |36 |34 | 32| 30|28 |26 | 25| 25(]) |24
17CrNi6-6 ‘Al/"/
max. 44 | 44 | 43 | 42 | 39 | 38|37 |35 |33 |31 30 ,\@ 29
+HL

min. | 39 |38 |36 [35|32[30]28]26]24]22]20]20] |20
THH max. | 46 | 46 | 46 | 46 | 45 | 44 | 43 | 41 | 38 35%(52 34 | [33
L5NiCr3 min. | 41 |40 [ 39 |38 |36 |34 |32 |31 |29 | 2626 | 25| |25
HL max. | 43 [ 43 | 43 | 42 [ 40 |39 [ 38 | 36 [ 33-}31 | 30 | 30 | |29

min. | 38 |37 [ 3634|3129 |27 |26 |«2#] 222221 [21

THH max. | 49 | 48 | 45 | 42|36 |33 | 31 | 30 27 [ 25 | 24 | 24 | [23
20NiCrMo2-2 min. 44 | 41 | 36 | 31 | 27 | 24 2%01 — | = | = | — —
20NiCrMoSz2r2 HL max. | 46 | 44 |40 | 36 | 31 |29 |27 26 | 23|21 |20 20] |—
min. | 41 [37 312522200 | —|—|—|—|—|]|=

max. | 48 | 48 | 47 | 46 | 45 )@¥ [ 42 | 41 [ 38 | 36 | 35 | 34 | [33

+HH
17NiCrMo6-4 min. 43 | 42 | 40 | 38 @ 33 (32|31 |29 |27 | 26| 25 24

o
17NiCrMos6r4| | max. | 45 | 45 | 44 4240 [ 39 [ 37 [ 3633|3231 |30] [29
+
min | 40 |39 |37 [«34 [ 30 |28 |27 | 26| 24 |23 |22 |21 | |[—
gy |max. | 48 | 48 481748 | 47 | 47 | 46 | 46 |44 |43 [ 42 | 41 | |41
+ .\
23MnCr- min. | 43 | 43( 42 | 41|40 |40 |39 3836353433/ |33
Mo5-5-4 i max. | 45 |45°| 45 | 45 | 44 | 43 | 42 | 42 | 40 | 39 | 38 | 37 | [37
+ N
min | 40 )40 | 39 | 38 | 37 [ 36 | 35 |34 |32 |31 |30 29 [29
gy Lmax A48 |48 48|48 |47 |47 |46 |46 |44 |43 | 02| 41| |01
+
] mirC 43 | 43 | 42 | 41 [ 40 | 40 |39 |38 |36 | 35|34 |33] [33
18CrNiMo7-6¢ N
. | 45 |45 | 45 [ 45| 44 |43 |42 |42 |40 |39 |38 |37 [37
+HL -
~-min. | 40 [ 40 |39 38|37 |36 |35[34|32|31]30]29] |29
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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

17Cr§3 - 174 - - N - - -

20Crg

20Crk4 — 197 149 197 — — — —

28Crgt

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 T o T T T

22CrMoS3-5 255 217 170 217 152 201 — —

20MqgCr4

20Mdcrsa 255 207 156 207 140 187 — —

16Ni(Cr4

16Ni€rs4 255 217 166 217 156 207 — —

18Ni€r5-4 255 223 170 223 156 207 — —

17CrNi6-6 255 229 175 229 156 207 — —

15NiCr13 255 229 179 229 166 217 — —

20NiCrMo2-2

2 ONiErMoS2=2 — 212 161 212 149 194 — —

17NiCrMo6-4

17NiCrMoS6-4 255 229 179 229 149 201 — —

23MnCrMo5-5-4 255 229 179 229 159 207 — —

18CrNiMo7-6 255 229 179 229 159 207 — —

©1S0 2022 - All rights reserved 17
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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 b . ) ]
austenitizing | temperature®| hardening hardening | hardening |temperaturee
temperature? temperature®!| temperatured | temperatured
°C °C °C °C °C °C
Non-alloy steels
Cop — 880t0980 | 830t0870 | 880t0920 | 780t0820 | 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;2;23 8805 880 to 980 820 to 860 860 to 900 780-to 820 150 to 400
20Cr4 4

9005 880 to 980 820 to 860 860 to 900 780 to 820 150 to 400
20CrS4
28Cr4 4
28CrS4 8505 880 to 980 820 to 860 860 t0900 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
18CrMod4 9005 880 to 980 820/to 860 860 to 900 780 to 820 150 to 400
18CrMoS4
24CrMo4 9005 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 8800980 820 to 860 860 to 900 780 to 820 150 to 400
20MoCrS4
16N?Cr4 8805 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
17CrNi6-6 870.4)5 880 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
20NiCrMo2-2
20NiCr- Q00+ 5 880 t6 980 820t 860 860 t6 900 780 t0 820 150t0400
MoS2-2

a2 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, e.g. under vacuum, higher temperatures (for example 1 020 °C to 1 050 °C) are not unusual.

¢ Thekind of quenching agent depends, for example, on 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.

¢ Time for tempering as a guide: 1 h minimum.
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Table 8 (continued)
End quench Directand Double hardening®
test Carburizing simple Core- Case- Tempering
Steel name AP b . - -
austenitizing | temperature®| hardening hardening | hardening |temperaturee
temperature? temperature®!| temperatured | temperatured
°C °C °C °C °C °C

17NiCrMo6-4
17NiCr- 9005 880 to 980 810 to 850 830 to 870 780 to 820 150 to 200
MoS6-4
1%4301\2_ g-r;l- ooU I O ooVU L0 1UDU ooU 1O JUU oJU 10 42U /0U 10 o4V 150 to 200
18CrNiMo7-6 8605 880 to 980 810 to 850 830 to 870 780 to 820 150 to 200

The ¢

emperatures given for carburizing, direct and simple hardening, core-hardening, cdse-h3
templering are for guidance. The actual temperatures chosen should be those that givetherequired properties.

rdening and

2 Tlime for austenitizing as a guide: 30 min minimum.

b The carburizing temperature depends on the chemical composition of the steel{ the mass of the prpduct and the
carbyrizing medium. If the steels are direct hardened, in general a temperature 0£950 °C is not exceedg

procedures, e.g. under vacuum, higher temperatures (for example 1 020 °C to 1 050,°C) are not unusual.

¢ The kind of quenching agent depends, for example, on the shape of the products, the cooling conditions ahd the amount

of furpace filling.

d ]
betw

¢ Tlime for tempering as a guide: 1 h minimum.

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

d. For special

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

1 2 3 4 5 6
. Amount of testing
Requirements
Number of
No. Test sample tests SamplingP Test method
See unita | products per
Table per test sample
unit product
1 Chemical Table 3 C (The cast analysis is given by the manufacturer; for product analysis,
compgpsition see Clanse A '2)
lable 4
2 | Hardehability | Table 5 C 1 1 In cases of dispute, if pos- The test sha]l be
Table 6 sible, the sampling method |carried-out in
I given in ISO 642:1999, 5.1, conformity yith
a) or b 1) shall be applied. In {1SO°642. Th
all other cases, the sam- quenching tém-
pling method, includingthe-’ | perature shall
method which starts from  |be as specified
separately cast and sub* in Table 8. The
sequently hot-worked test  |hardness vaJues
ingots or from<ast and not |shall be detgr-
hot-worked.Ssamples is left |mined in acqord-
to the discrétion of the man- |ance with sqale C
ufacturer;unless otherwise |of ISO 650841.
agreed-at the time of enquiry
and.oerder.
3 |Hardnegss Hardness tests
3a |Hardnegssin Table 7 | Cand 1 1 In case of dispute, the In accordang¢e
the condition D and hardness shall be measured, |with ISO 65(6-1.
+Sor+A, +TH T if possible, at following
or FP point of the surface:
— in case of round bars at
a distance equal to 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.

a

The tests shall be carried out separately for each cast as indicated by 'C, each dimension as indicated by "D~ and each
heat-treatment batch as indicated by “T”. 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 product shall be tested.

b The general conditions for the selection and preparation of samples and test pieces should be in accordance with
[SO 377 and ISO 14284.
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Table 9 (continued)

1 2 3 | 4 5 6
. Amount of testing
Requirements
Number of
No.
Test sample tests SamplingP Test method
See unita | products per
Table per test sample
unit product
If, for example, for hammer
and drop forgings, the above
requirements prove unre-
alistic, agreement shall be
agreed at the time of
enquiry and order about
more appropriate position of
the hardness indentations.
For sample prepatation, see
ISO 6506-1.
3b [[Hardnessin Table 7 C 1 1 The test shall be performed |In a¢cordance
the condition near thie surface. with] ISO 6506-1.
+N

Veriffcation of the requirements is only necessary if an inspection certificate is ordered and if the[requirement

is applicable to Table 1, column 8 or 9.

a  The tests shall be carried out separately for each cast as indicated by “C”, each dimension as indicated by “D” and each
heat-freatment batch as indicated by “T”. Products with different thickness may be grouped if the thickngsses lie in the
same[dimensional range for mechanical properties and if the.differences in thickness do not affect the propgrties. In cases

of douybt, the thinnest and the thickest product shall be testéd.

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

ISO 3f7 and ISO 14284.
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