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Foreword

-3:2016(E)

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 proced
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ibed in the ISO/IEC Directives, Part 1. In particular the different approval criteria(ne
ent types of ISO documents should be noted. This document was drafted in accorda
rial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

tion is drawn to the possibility that some of the elements of this document may be t
It rights. ISO shall not be held responsible for identifying any or all suchpatent righ
atent rights identified during the development of the document will(bé in the Introdu

on thie ISO list of patent declarations received (see www.iso.org/patents].
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Techmical Barriers to Trade (TBT) see the following UREL:Svww.iso.org/iso/foreword.html.
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83 consists of the following parts; under the general title Heat-treatable steels, alloy st
g steels:

art 1: Non-alloy steels for quenching and tempering
art 2: Alloy steels forguenching and tempering

art 3: Case-hafdeéning steels

art 4: Free:Cutting steels

art 5tNitriding steels

art!14: Hot-rolled steels for quenched and tempered springs
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Heat-treatable steels, alloy steels and free-cutting steels —

Part 3:
Case-hardening steels

1 conea
JYEeope

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 case-hardening non-alloy or alloy-steels listed in Table 3 and supplied in one
of the heat-treatment conditions given for the different types of products in Table 1 and |n one of the
surface conditions given in Table 2.

The dteels are, in general, intended for the manufacture of case-hardened (see 3.1) maching parts.

NOTH1 Hammer-forged semi-finished products (blooms, billets, slabs, etc.), seamless rolled rings and
hammper-forged bars are covered under semij:finished products or bars and not under the term fhammer and
drop forgings”.
NOTEH 2  For International Standards relating to steels complying with the requirements for|the chemical
comppsition in Table 3, however, supplied in other product forms or treatment conditions than gjven above or
intendled for special applications,(@nd for other related International Standards, see the Bibliography.

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

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

ormative references

The folowing documents, in whole or in part, are normatively referenced in this docunjent and are

indisbersableto application—Eor dated re —only e odifigp ed—applies—For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 377, Steel and steel products — Location and preparation of samples and test pieces for mechanical testing
ISO 404, Steel and steel products — General technical delivery requirements

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

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

[SO 4885, Ferrous products — Heat treatments — Vocabulary

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

© IS0 2016 - All rights reserved 1
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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 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 (scales A, B, C, D, E, F, G, H,

K,N, T)

IS0 6929, Steel products — Vocabulary

ISO 7788, St

ISO 9443, H|
rods — Tech

[SO 10474, §

ISO 14284,
composition

ISO/TR 9764
ISO/TS 4949

3 Terms

For the pur
ISO 6929, IS

NOTE Fol

3.1
case-hardel
structural s
surface and

Note 1 to enf
resistance to

Note 2 to entr
and nitriding

3.2
non-alloy st

pel — Surface finish 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

teel and steel products — Inspection documents

Gteel and iron — Sampling and preparation of samples for the déetermination of che

, Steel and iron — Review of available methods of analysis

, Steel names based on letter symbols

and definitions

poses of this document, the definitions ofdSO 377, ISO 4885, ISO 4948-1, 1SO 49
D 14284 and the following apply.

r deviations from these terms and definitions, see Note 1 of the Scope and footnote a of Table

hing steels
eels with a relatively low carbon content, which are carburized or carbonitrided on
subsequently hardened

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

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

eel

wire

mical

48-2,

[N

their

good

rizing

as defined ir

1SO 4948-1

3.3
alloy steel

as defined in ISO 4948-1

4 Classification and designation

4.1 C(lassification

The classification of the relevant steel grades is according to ISO 4948-1 and ISO 4948-2. Steel grades
C10E, C10R, C15E, C15R, C16E, C16R and 22Mn6 are non-alloy special steels. All other steel grades

covered by t

his part of ISO 683 are alloy special steels.

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=fa0a549d1d73640028b064e28803d31d

ISO 683

4.2 Designation

-3:2016(E)

For the steel grades covered by this part of ISO 683, the steel names as given in the relevant tables are
allocated in accordance with ISO/TS 4949.

5

I

nformation to be supplied by the purchaser

5.1 Mandatory information

The following information shall be supplied by the purchaser at the time of enquiry and order:

uantity to be delivered;

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

ither the designation of the dimensional standard and the dimensiofis-and toleran
fom this (see 7.8) or, for example, in the case of drop forgings, the designation of thg
ny other document covering the dimensions and tolerances required for the product;

reference to this part of ISO 683, i.e. ISO 683-3;

he designation of the steel type given in Table 3;

tandard designation for a test report 2.2 or, if requited, any other type of inspection
ccordance with ISO 10474 (or according to anothermegional standard, e.g. EN 10204 o

Options and/or supplementary or special requirements

A number of options are specified in this International Standard and listed below. If the pu

a) (
b) d
S
c) d
f]
J
d) 4
e) t
f) s
J
5.2
not ij
with
a) i
d
b) i
d
c 9
1
d) i
d
e) 4
f)
g)
h)

ndicate the wish to implement any ef these options, the products will be supplied in
the basic specifications of this partef ISO 683 (see 5.1):

[ a heat-treatment condition,other than the untreated condition is required, the syr
ther condition (see Table 1,5column 2);

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

ny requirement for restricted hardenability scatter bands for alloy steels (+HH, +H
able 6 and Eigure 1);

[ any supplementary requirement shall be complied with, the symbol and, where n¢
etails.of this supplementary requirement (see Annex A);

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

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

ces selected
drawing or

document in
- JIS G 0415).

rchaser does
accordance

nbol for this

the surface

[L; see 7.1.1,

cessary, the

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

any requirement concerning suitability of bars and rod for bright drawing (see 7.7.4);

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 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.

© ISO 2016 - All rights reserved
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50 Round bars ISO 1035 -40,0S x 8 000L2

ISO 683-3 - 20MnCr5+A+BC, Option A.3

1SO 10474 - 3.1

6 Manufacturing process

6.1 General

The manuf:
requirement

For minimu}
see A.4.

6.2 Deoxi
All steels sh

6.3 Heat-

6.3.1 Nor}

Unless othe
untreated c(

6.3.2 Part

If so agreed
conditions g

6.3.3 Part

If so agreed
surface cond

6.4 Trace

The product]

7 Requil

)

sin 6.2 to 6.4, left to the discretion of the manufacturer.

m reduction ratio or minimum thickness deformation ratio of rolled and forged prog

dation

1l be deoxidized.
treatment condition and surface condition at delivery

mal condition at delivery

Fwise agreed at the time of enquiry and order,“the products shall be delivered i
ndition, i.e. hot-worked condition.

icular heat-treatment condition

ht the time of enquiry and order, theproducts shall be delivered in one of the heat-treaf]
iven in Table 1, lines 3 to 8.

icular surface conditions

at the time of enquiry and order, the products shall be delivered in one of the parti
itions given in Table-2/lines 3 to 6.

ability of thé cast

s shall be traceable to the cast, see Clause 10.

ements

the

lucts,

h the

ment

cular

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).

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.

© ISO 2016 - All rights reserved
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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 A.3).

7.2 Machinability

All S cels are machinahle in the canditians “saoft annoa]nt’]"' “4reoated to hardness rango" “treated to
ferrife/pearlite structure” and “normalized.

Whefe improved machinability is required, the grades with a specified sulfur rangé should be ordered
and/pr with a specific treatment to improve machinability (see also Table 3, footridte c).

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 corjdition “soft-
annegled”.

7.3.2] Steel grades 28Cr4, 28CrS4, 20MnCr5, 20MnCrS5, 24CrMo4, 24CrMoS4, 22CrMoS315, 20MoCr4,
20M@CrS4, 16NiCr4, 16NiCrS4, 18NiCr5-4, 17CrNi6-6, 15NiCr13, 17NiCrMo6-4 and 18CrNiMo7-6, are,
undef suitable conditions, also cold shearable when(delivered in the condition “treated to improve
shearability” with the hardness requirements given«n 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
wher] delivered in the untreated conditief.

7.4 |Grain size

Unlegs otherwise agreed at thetime of enquiry and order, the steel shall show a fine grdin structure
with [an austenitic grain size'of 5 and finer, when tested in accordance with ISO 643. For|verification,
see AL1.

7.5 | Non-metallic¢'inclusions

7.5.1 Micrescopic inclusions

The g$pecial steels shall have a certain degree of cleanness, however, verification of the hon-metallic
inclustoh—eontent Acquil eS—a leC\,ial agt eement—therets—suech—an agt eementatthe-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 special steels. If
verification is agreed, the method and acceptance limits shall be agreed at the time of enquiry and order.

© ISO 2016 - All rights reserved
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7.6

Internal soundness

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

7.7 Surface condition

7.7.1 All products shall have a smooth surface finish appropriate to the manufacturing processes

applied.

7.7.2 Ming
prints origin

7.7.3 Bars
plates and wf
the time of e

Where no International Standard on the surface quality of steel products existSydeétailed requirer

referring to

It is more difficult to detect and eliminate surface discontinuities from.€oiled products than froi

lengths. Thi

NOTE B4

7.7.4 If sy
enquiry and

7.7.5 Rem
customer orj
depth of rem

7.8 Shapg

The nomina
of enquiry a

8 Inspection

8.1 Testing procedures and types of documents

8.1.1 Prod

T Surface fmperfections WIITH Ty OCCUT UIder ToTTal AU acturing CoMaitions, 5
ating from rolled-in scale, are not to be regarded as defects.

and wire rod are delivered with surface class 1za2 according to ISO 9443 @nd hot-
ide flats shall be delivered with a surface according to ISO 7788, unless otherwise agre
nquiry and order.

this characteristic shall, where appropriate, be agreed at the time of enquiry and ord¢d
5 should be taken into account when agreements on surfacerquality are made.

rs and wire rod for cold heading and cold extrusion are covered fully by ISO 4954.

itability of bars and rod for bright drawing is required, this shall be agreed at the tij
order.

pval of surface discontinuities by welding shall only be permitted with the approval
his/her representative. If surface diseontinuities are repaired, the method and maxi
oval shall be agreed at the time of'enquiry and order.

p, dimensions and tolerances

dimensions, tolerances'en dimensions and shape of the product shall be agreed at the
nd order, if possible; with reference to the dimensional standards applicable (see Anng

ucts complying with this part of ISO 683 shall be ordered and delivered with one ¢

ch as

olled
ed at

nents
I

n cut

me of

f the
mum

time
1x C).

f 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

to be provided, this shall cover the following information:

confirm

a)
b)

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

results of the cast analysis for all elements specified in Table 3 for the steel grade concerned.

If, in accordance with the agreements made at the time of enquiry and order, a test report 2.2 is

© ISO 2016 - All rights reserved
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8.1.3 If, in 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 the following:

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

b) results of the cast analysis for all elements specified in Table 3 for the steel grade concerned;
c) results of all inspections and tests ordered by supplementary requirements (see Annex A);

d) the symliol, [etters or numbers relatmg the test certiricates, the test p1ieces and proaucfs o each other.

8.2 | Frequency of testing

The gmount of testing, the sampling conditions and the test methods to be applied for the verification of
the requirements shall be in accordance with Table 9.

8.3 | Tests to be carried out for specific inspection

8.3.1] General

For hon-alloy steels and for alloy steels without requirements concerning the verification of
hard¢nability, the hardness requirements according to Table 1, columns 8.2 and 9.2 and Thble 7 are to
be vefrified.

For alloy steels being ordered with the verification.of hardenability, unless otherwise agre¢ed, only the
hardenability requirements according to Tables.5¢and 6 are to be verified.

8.3.2 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 dhoice of a suitdablée physical or chemical analytical method for the analysis shall be at the discretion
of th¢ manufacturer. In cases of dispute, the method product analysis used shall be agreed taking into
accoynt the releyant existing International Standards.

The ljst of @vailable International Standards on chemical analysis is given in ISO/TR 97609.

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 Verification of hardenability

For alloy steels, as far as available, the manufacturer has the option to verify the hardenability by
calculation. 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.

© IS0 2016 - All rights reserved 7
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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 and Table 9. The temperature for quenching shall comply
with Table 8. The hardness values shall be determined in accordance with ISO 6508-1, scale C.

9.3 Retests

Retests of case hardening steels and criteria are specified in ISO 404.

10 Marking

The manufagturerstrattnmarkthe PT vductsorthe bumdtes orboxes Luutaiuiug the PT oductsimasujtable
way, so that the identification of the cast, the steel type and the origin of the delivery is possible (ségA.5).

8 © IS0 2016 - All rights reserved
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Table 2 — Surface condition at delivery

No. 1 2 3 4 | s | 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 (seel1.1
blooms, Note 1 to
billets) Clause 1)
2 Unless Hot None or xa X X X X —
otherwise worked +HW
agreed
3 Parti¢ular Hot +PI X X X X X —C
condifions worked
supplied by |and pickled
4 agreegment Iy, +BC X X X X X
worked
and blast
cleaned
5 Hot +RMb — X X — 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 §erm “rough machined” is defined by, for example, maehining allowances, the details are to be agreed at{the
time of enquirly and order.
¢ Inadditiop, certain surface treatments, such as oiled, limédor phosphated, may be agreed upon.
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Table 3 — Steel grades and chemical composition (applicable to cast analysis)ab.c

Mass fractiond
%
Steel name c
. . u
C Sie Mn P S Cr Mo Ni and B
Non-alloy steels
C10F 0,07t 0,15to | 0,30t 0.035
, 0 , 0 ) (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 012t0 | 0,15t0 | 0,30t RO
) (0] )] o ) o .
C15R 0,18 0,40 0,60 0,025 | 0,020 to 0,40 0,10 0,40 Cu: 0,30
0,040
c1oh 0,12t 0,15to | 0,60t 0.035
) 0o » o A (o} )
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 1,65 0,025 0,035 0,40 0,10 0,40 Cu: 0,30
Alloy steels
Lcrp 0,14t 0,15to | 0,60t 0035 K870t
’ (0] ) o ’ (0] ’ (0] _ _ .
17¢rh3 0,20 040 | 090 |®025| 0,020%0< 7o Cu: 0,40
0,040
20Crd 0,17t 0,15to | 0,60t gh3> 090t
) o , o B (o} ) 0 .
20Crk4 0,23 0,40 090 | %025, [%0,020t0 | 5 - - Cu: 0,40
0,040
28Cns 0,24t 0,60t 0035 |00+
(0] (0] (0]
’ 0,40 ’ 0,025 | 0.020 to ! — — Cu: 0,40
0,31 0,90 ’ 1,20
28Crf4 0,040
LOMCrs 014to | 015to | 100t 0035 | 80t
,14 to , 0 ; 0 , 0 . . .
L6MICrSS 019 | 0408 1,30 | %025 | 0020t0 | 7y g Cu: 0,40
0,040
Cu: 0,40
16M1CrB5 O %o (fanto | 10910 | o5 | 0035 | P00 — — || B:0,0008
’ ’ ’ ’ to 0,0050f
20MpCrs 07t | 015to | 1,10t 0035 |1 00t
17)to , 0 ,10 to , 0 o o .
2OMACESS 022 | 040 | 140 |%025] 0020t | 739 Cu: 0,40
0,040
NOTH Elemeht$ not quoted in this table shall not be intentionally added to the steel without the agrpement of the
purcHaser; othér than for the purpose of finishing the heat. All reasonable precautions shall be taken to prevent the addition
of sudh elements from scrap or other materials used in manufacture, which affect the hardenability, mechanical properties
and applicability.

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; 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.
d  Maximum values unless otherwise stated.

e A lower silicon content may be agreed at the time of enquiry and order; in this case, the influence on mechanical
properties should be taken into account.

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 3 (continued)

Mass fractiond
%
Steel name C
C Sie Mn P S cr Mo Ni "
and B
18CrMot 015to | 015to | 0,60t 0035 1 490t0 | 015t
) o ’ o ) o ) (0} ) (0] _ .
18CrMoS4 0,21 0,40 000 | %025 0020t0 | 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
] o ) o ] (0] ) o y (0] .
20MoCrS4 0,23 040 | 100 |%925|0020t0 | 60 | 050 Cu: Q40
0,040
16NiCr4 0,13t 0,15t 0,70 t 0.035 0,60t 0,80t
, o ,15 to ,70 to ) o ) o .
16NiCrS4 0,19 0,40 100 | %925 | 0020t0 | o 110 | Cwg40
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 3,50 Cu: 0,40
20NiCrMo2-? 0,035
0,17 to 0,15to | 0,65to 0028 0,35to | 0,15to | 0,40 to cu: d.40
20NiCrMos2{2 | 0,23 040 | 095 | 0.020to | 970 | 025 | 070 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 | 0,50 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: Q,40
NOTE Elemfents not quoted in thjs table shall not be intentionally added to the steel without the agreement ¢f the
purchaser, other than for the purpose of finishing the heat. All reasonable precautions shall be taken to prevent the adlition
of such elements from scrap or oth€p materials used in manufacture, which affect the hardenability, mechanical propprties
and applicabiljty.
a  For steely with hardenability requirements (see Tables 5 and 6), except for phosphorus and sulfur, insignificant
deviations frdm the linfits for cast analysis are permissible; these deviations shall, however, not exceed in the cjse of
carbon +0,01 %6 and, ifrall other cases, the values according to Table 4.
b Steels with ihproved machinability either by higher sulfur levels up to about 0,10 % S (including controlled sulphide
morphology) ¢riead additions may be supplied on request. In the first case, the upper limit of the manganese contenft 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.

e A lower silicon content may be agreed at the time of enquiry and order; in this case, the influence on mechanical
properties should be taken into account.

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 content
according to cast analysis

Permissible deviationa

Element . mass fraction
mass fraction N
% %
C <0,23 +0,02
Si <0,40 +0,03
<1,00 +0,04
Mn
100<Mn<140 +006
P <0,035 + 0,005
S <0,040 +0,005
Cr <1,80 +0,05
<0,30 +0,03
Mo
0,30 <Mo<0,35 10,04
<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 can occur over the upper value or under the lower
value of the specified range in Table 3, but not bothat the same time.

Tahle 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 quenchied end of
Steel name | Symbol | of test piece of
range | 15 | 3 5 7 9 | 11|13 | 15 | 20 | 25 | 3Q | 35 | 40
17CrB max.~47 | 44 | 40 | 33 [ 29 |27 | 25| 24 |23 |21 | | — | —
5 +H
17Crp3 mifif39 352520 | — | —|—| — | —| — || —|—
20Crk max. | 49 | 48 | 46 | 42 | 38|36 34| 32 | 29| 27 | 2d | 24 | 23
+H
20Crp4 min. | 41 [ 38 |31 |26 |23 |21 | —| — | —| = || ==
28Crh max. | 53 | 52 | 51 | 49 |45 |42 |39 | 36 | 33|30 | 29 | 28 |27
+H
28Cr54 min. | 45 | 43 | 39 | 29 |25 |22 | 20| — | — | — | H | — | —
16MRCr5 max. | 47 | 46 | 44 | 41 | 39|37 35| 33 | 31|30 |29 | 28 |27
16MnCrS5 +H ]
16M CI‘BS min. 39 36 31 28 24 21 — — —_— — —] — —
20Mr|1Lrb Max— 49T 4914814643142 141139 3713513 33 | 32
+H
20MnCrS5 min. | 41 | 39 | 36 | 33 | 30|28 |26 | 25 | 23| 21 - - -
18CrMo4 max. | 47 | 46 | 45 | 42 | 39 |37 | 35| 34 | 31| 29 | 28 | 27 | 26
+H
18CrMoS4 min. | 39 [ 37 |34 |30 |27 |24 22| 21 | — | — | — | — | —
24CrMo4 max. | 52 | 52 | 51 | 50 |48 | 46 | 43| 41 | 37 | 35 | 33 | 32 | 31
+H
24CrMoS4 min. | 44 | 43 | 40 | 37 |34 (32|29 | 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|28 | 26| 25 |23 |22 | 21|20 |—
20MoCr4 . max. | 49 | 47 | 44 | 41 [ 38 | 35|33 | 31 | 28| 26 | 25 | 24 | 24
+
20MoCrS4 min. | 41 | 37 | 31 | 27 |24 |22 | — | — | = | — | — | — | —
© IS0 2016 - All rights reserved 13
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Table 5 (continued)

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

16NiCr4 max. | 47 | 46 | 44 | 42 | 40 | 38 | 36 | 34 | 32 | 30 | 29 | 28 | 28
. +H

16NiCrS4 min. | 39 | 36 [ 33 | 29 |27 |25 |23 |22 [20| — | — | — | —

) max. | 49 | 48 | 46 | 44 | 42 |39 |37 | 36 | 34| 32 | 31 | 31 | 30
18NiCr5-4 +H

min. | 41 | 39 | 35 32 | 29 | 27 | 25| 24 | 21 | 20 | — — | —

) max. | 47 | 47 | 46 | 45 | 43 | 42 | 41| 39 | 37 | 35 | 34 | 34 | 33
17CrNi6-6 i

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

min. | 38 | 37 | 36 34 | 31|29 |27 | 26 | 24 | 22 | 221 21| 21

20NiCrMo2-2 H max. | 49 | 48 | 45 | 42 | 36 | 33 | 31 | 30 | 27 | 25)'Hh24 | 24 | 23

. +

20NiCrMoS2+2 min. | 41 [ 37 | 31| 25 |22|20| — | — | —|%<] — | —| —

. max. | 48 | 48 | 47 46 | 45 | 44 | 42 | 41 388436 | 35 | 34 || 33
17NiCrMo6-# +H

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 | 41 | 41
18CrNiMo7-6 +H

min. | 40 | 40 | 39 | 38 | 37 | 36 | 354~34 | 32 | 31 | 30 | 29 || 29

Table 6 4+ Hardness limits for steels with narrowed hardenability scatterbands (+HH- and
+HL-grades)

Limit Hardness HRC at a distance, in millimetres, from quenched end of
Steelnam¢ | Symbol of test piece (in millimetres) of

range | 15 3 | 5 [ # | 9 |11 |13 | 15|20 | 25|30 | 35 | |40

THH max. | 47 | 44 | 404-33 [ 29 |27 | 25 |24 |23 |21 | — | — | |—

17Cr3 min. 42 | 38¢°30 |24 |20 | — | — | — | — | — | — | — —

17CrS3 HL max. | 44 [41.[35(29 |25 (23|21 |20| — | — | — | — | |—

min. 39\35 | 25 |20 | — | — | — | — | — | — | — | — —

HH max. |49 | 48 | 46 | 42 | 38 |36 | 34|32 |29 |27 | 26| 24| |23

20Cr4 mine 44 | 41 |36 |31 |28 |26 |24 22| — | — | — | — —

20CrS4 THL max. | 46 | 45 | 41 |37 [ 33|31 (29|27 |24 |22 |21 | — | |[—

min. | 41 |38 (31|26 |23 |21 | — | —|—|—|—|—]|—

G max. | 53 | 52 | 51|49 | 45 |42 |39 | 38|33 |30 |29 |28] |27

28Cr4 min. 48 | 46 | 43 |36 | 32 |29 |26 |23 |20 | — | — | — —

28Crs4 L max. | 50 | 49 | 47 | 42 | 38 |35 |33 |30 |27 |24 |23 |22 |21

min. | 45 [ 43 /39 (29|25 |22 (20| — | —|—|—1|—1/[—

max. | 47 | 46 | 44 | 41 | 39 |37 | 35 |33 |31 |30 |29 |28]| 27

16MnCr5 +HH min. | 42 |39 (35 (3229|2624 22|20 —|—|—]| —
16MnCrS5

16MnCrBS HL max. | 44 | 43 | 40 | 37 |34 |32 |30 |28 |26 |25 |24 |23 | 22

min. |39 (3631|2824 (21| —|—|—|—|—|—] —

THH max. | 49 | 49 | 48 | 46 | 43 | 42 | 41 | 39 | 37 | 35 | 34 | 33 | 32

20MnCr5 min. | 44 | 42 | 40 | 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 [ 363330 (2826|2523 (21| —|—| —

14 © IS0 2016 - All rights reserved
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Table 6 (continued)
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 | 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 THL max. | 44 | 43 | 41 |38 35 (33|31 (30|27 (25|24 |23 22
min. | 39 |37 (34|30 (27|24 |22 |21 | —|—|—|—| —
max. | 52 | 52 | 51 | 50|48 |46 |43 |41 |37 |35]|33|32]| 31
24CrMo4 T | min [ 47 [46 |44 [41[39[37 |34 [32] 28] 26] 28] 23] 22
24CrMoS4 gL |max. | 49 [ 49|47 | 46 | 43 | 41 |38 | 36 | 32 30029 | 28 | 27
min. | 44 | 43 | 40 | 37 | 34 | 32|29 |27 | 23 a”q]}" 20 — | —
THH max. | 50 | 49 | 48 | 47 | 45 | 43 | 41 | 40 gb’é's 34|33 | 32
min. | 45 | 44 | 41 [ 38 |36 |33 31|30 (@8] 26| 25|24 23
22CrMoS3-5
HL max. | 47 | 46 | 44 | 42 | 40 | 38 | 36 %'5.» 32 1313029 28
min. | 42 | 41 | 37 | 33 | 31 | 28 | 26x[25 | 23 | 22 | 21| 20 | —
max. | 49 | 47 | 44 | 41 | 38 | 35 (,3‘3) 31 28|26 | 25| 24| 24
+HH - S
20MdCr4 min. 44 | 40 | 35 | 32 | 29 gﬁ 24 122 | — | — | — | — —
20MoCrs4 THL max. | 46 | 44 | 40 | 36 | 33331 |29 |27 |24 |22 21| 20| 20
min. |41 373127 | M 2| —|—-|=-|—=|=-|—=] —
T max. | 47 | 46 | 44 | 42(}40 | 38 | 36 | 34 [ 32 | 30 | 29 | 28 | 28
16NiCr4 min. | 42 | 39 37,_&)3 31 29|27 | 26|24 |22|21|20] 20
16Nifrs4 gL | omax. | 44 | 43 40138 |36 (343230 |28]26|25([24] 24
min. | 39 3683 |29 |27 |25 |23 |22 |20 —| —| —| —
HH max. 49\2 \@‘B 46 | 44 | 42 |39 |37 |36 |34 |32 |31]31]| 30
- min. _4@‘ 42 139 [ 36 |33 |31 (29|28 |25|24|23|23]| 22
HL max. |\ 46 | 45 | 42 | 40 | 38 | 35 | 33 | 32 | 30 | 28 | 27 | 27 | 26
rpj©\ 41 [ 39 |35 3229 |27 |25 |24 |21|20| —| — | —
. max. | 47 |47 |46 |45 |43 |42 |41 39|37 (353434 33
_ Ch~min 42 | 41 |39 |38 (36|34 [32[30|28|26]|25]|25]| 24
17CrNi6-6 NG
| max. | 44 |44 43|42 (3938373533 |31]30]29] 29
~Q@ min 39 |38 |36 (35|32(30|28|26/|24(22|21]20]| 20
<> ;HH max. | 46 | 46 | 46 | 46 | 45 | 44 | 43 | 41 | 38 | 35 | 34 | 34 | 33
15Nk % min 41 | 40 | 39 | 38|36 |34 |32 |31]29|26]|26]|25]| 25
max. | 43 |43 |43 | 42|40 |39 |38 (36|33|31[30]|30]| 29
S HiL win— 38137 136124 131 129 127 125 124122 122121 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 |22 |21 | — | — | — | — —
20NiCrMoS2-2 THL max. | 46 |44 | 40 | 36 |31 |29 |27 | 26| 23|21 |20|20]| —
min. |41 |37 |31 (25|22 |20 — | —|—|—|—|—| —
HH max. | 48 | 48 | 47 | 46 | 45 | 44 | 42 | 41 | 38 | 36 | 35 | 34 | 33
min. | 43 | 42 | 40 [ 38 |35 |33 |32 (31|29 |27 |26]|25]| 24
17NiCrMo6-4
HL max. | 45 | 45 | 44 | 42 | 40 | 39 | 37 [ 36|33 (32|31 |30 29
min | 40 | 39 [ 37 |34 | 30|28 |27 | 26|24 |23 |22]|21| —
© IS0 2016 - All rights reserved 15
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Table 6 (continued)

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
HH max. 48 | 48 | 48 | 48 | 47 | 47 | 46 | 46 | 44 | 43 | 42 | 41 41
+
min. 43 | 43 | 42 | 41 | 40 | 40 | 39 | 38 | 36 | 35 | 34 | 33 33
18CrNiMo7-6
HL max. 45 | 45 | 45 | 45 | 44 | 43 | 42 | 42 | 40 | 39 | 38 | 37 37
+
min. 40 | 40 | 39 | 38 |37 |36 35|34 |32|31]30]| 29 29
Table 7 — Hardness requirements for products delivered in the conditions “treated to impfrove
shearability (+S)”, “soft-annealed (+A)”, “treated to hardness range (+TH)", “treated to.fertjite-
pearlite structure (+FP)” or “normalized (+N)”
Brinell hardness in condition
Steel nanje +S +A +TH +FP +N
max max min | max min | max min mpx
Non-alloy steels
C10E
C10R — 131 — — — — 85 140
C15E !
C15R — 143 — — > — 95 150
C16E )
C16R — 156 — ~ — — 100 1%5
22Mn6 — 197 149 197 — — — -+
Alloy steéls
17Cr3
17CrS3 o 174 & o o o o T
20Cr4
20CrS4 — 197 149 197 — — — -
28Cr4
28CrS4 255 217 166 217 156 207 — -
16MnCr5
16MnCrS5 — 207 156 207 140 187 138 187
16MnCrB5
20MnCr5
20MnCrS5 255 217 170 217 152 201 140 201
18CrMo4
18CrMoS4 — 207 156 207 140 187 — -
24CrMo4
24CrMoS4 255 212 - - - - - 1
22CrMoS3-5 255 217 170 217 152 201 — —
20MoCr4
20MoCrS4 255 207 156 207 140 187 — —
16NiCr4
16NiCrS4 255 217 166 217 156 207 — —
18NiCr5-4 255 223 170 223 156 207 — —
17CrNi6-6 255 229 175 229 156 207 — —
15NiCr13 255 229 179 229 166 217 — —
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Table 7 (continued)
Brinell hardness in condition
Steel name +S +A +TH +FP +N
max max min max min max min max
20NiCrMo2-2
20NiCrMoS2-2 — 212 161 212 149 194 — —
17NiCrMo6-4 255 229 179 229 149 201 — —
18CrNiMo7-6 255 229 179 229 159 207 — —
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
Stedl name | austenitizing | temperatureb hardening hardening hardening |t¢gmperaturee
temperature? temperaturecd | temperatured | temperatured
°C °C °C °C °C °C
Non-alloy steels
Cop - 880t0980 | 830t0870 | 88040920 | 780to820 | |150to 200
C15E
C15R — 880 to 980 830 to 870 880 to 920 780 to 820 150 to 200
C16E
C16R — 880 to 980 830 to 870 880 to 920 780 to 820 150 to 200
22Mn6 — 880 to 980 830 te870 880 to 920 780 to 820 150 to 200
Alloy steels

i;g; 3 8805 880 to 980 820 to 860 860 to 900 780 to 820 150 to 200
20Cr4
20Cr$4 900 +5 880 to 980 820 to 860 860 to 900 780 to 820 150 to 200
28Cr4
28Cr$4 850 +5 880to 980 820 to 860 860 to 900 780 to 820 150 to 200
16MnCr5
16MnCrS5 900 £ 5 880 to 980 820 to 860 860 to 900 780 to 820 150 to 200
16Mn|CrB5
20MnCr5 900+ 5 880 to 980 820 to 860 860 to 900 780 to 820 150 to 200
20MrCrS5
18Crio4 900 +5 880 to 980 820 to 860 860 to 900 780 to 820 150 to 200
18CrMoS4
24Criflod 900 +5 880 to 980 820 to 860 860 to 900 780 to 820 150 to 200
24CrMoS4
22CrMoS3-5 900+ 5 880 to0 980 820 to 860 860 to 900 780 to 820 150 to 200
NOTE The temperatures given for carburizing, direct and simple hardening, core-hardening, case-hardening and

tempering are for guidance; the actual 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.

¢ The kind of quenching agent depends on, for example, the shape of the products, the cooling conditions and the amount
of furnace filling.

d Ifthe 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.

© IS0 2016 - All rights reserved 17
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Table 8 (continued)
End quench Direct and Double hardeningc
test Carburizing simple Core- Case- Tempering
Steel name | austenitizing | temperatureb hardening hardening hardening |temperaturee¢
temperaturea temperaturecrd temperatured temperatured
°C °C °C °C °C °C

20MoCr4 9105 880 to 980 820 to 860 860 to 900 780 to 820 150 to 200
20MoCrS4
16N@Cr4 8805 880 to 980 820 to 860 850 to 890 780 to 820 150 to 200
16NiCrS4
18NiCr5-4 8805 880 to 980 820 to 860 840 to 880 780 to 820 150 toL00
17CrNi6-6 8705 880 to 980 820 to 860 830 to 870 780 to 820 150 to 0O
15NiCr13 8505 880 to 980 810 to 850 840 to 880 780 to 820 150 to P00
20NiCrMo2-2
20NiCr- 900 £5 880 to 980 820 to 860 860 to 900 780 to 820 150 to P00
MoS2-2
17NiCrMo6-4 900 £5 880 to 980 810 to 850 830 to 870 780-to 820 150 to P00
18CrNiMo7-6 860 £5 880 to 980 810 to 850 830 to 870 780 to 820 150 to P00

NOTE The ¢
tempering are

a  Time fora

b The carbu
carburizing m
procedures, fo

¢ Thekindd
of furnace filliJ

d  [fthe steell
between the cq

e Time for t{

mpering as a guide: 1 h minimum.

istenitizing as a guide: 30 min minimum.

emperatures given for carburizing, direct and simple hardening¢ core-hardening, case-hardeninfg and
for guidance; the actual temperatures chosen should be those that giye the required properties.

rizing temperature depends on the chemical compositioncef the steel, the mass of the product apd the
edium. If the steels are direct hardened, in general, a témperature of 950 °C is not exceeded. For gpecial
" example, under vacuum, higher temperatures (for examplé 1 020 °C to 1 050 °C) are not unusual.

f quenching agent depends on, for example, the shapelof the products, the cooling conditions and the amount
\g.

s are direct hardened and if there is a danger,of\distortion, they should be quenched from a temperature
re-hardening and case-hardening temperatures.
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Table 9 — Test conditions for the verification of the requirements given in column 1

No. 1 2 3 4 5 6
Requirements Amount of testing Samplingb Test method
Number of
See Test Sample Tests
table | unit2 | products per
per test | sample
unit product
1 Chemical 3 C (The cast analysis is given by the manufacturer; for product analysis,
compaosition and see A 3)
2 |[|Harden-ability 5 C 1 1 In cases of dispute, if The fest shall
and possible, the sampling be carried out
6 method given in in cdnformity
ISO 642:1999, 5.1, a)rb 1) |with ISO 642.
shall be applied. In(altother |The guenching
cases, the sampling method,
including the frethod which
starts fronisseparately cast
and subseguently hot-
worked‘test ingots or from
casfand not hot-worked valups shall be
samples is, unless otherwise |detefmined in
agreed at the time of enquiry |accofrdance with
and order, left to the method C of
discretion of the ISO $508-1.
manufacturer.
3 [[Hardness Hardness tests

NOTH  Verification of the requirements is only necéssary if an inspection certificate is ordered and if the fequirement is
appli¢able to Table 1, column 8 or 9.

a  The tests shall be carried out separatelyforeach cast as indicated by “C”, each dimension as indicated by “D” and each
heat-treatment batch as indicated by “T”.

Prodycts with different thickness may be grouped if the thicknesses lie in the same dimensional range fpr mechanical
propgrties and if the differences in thickness do not affect the properties. In cases of doubt, the thinnest aid the thickest
prodyct shall be tested.

b The general conditions fdr the selection and preparation of samples and test pieces should be in acgordance with
ISO 37 and ISO 14284.
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Table 9 (continued)

No. 1 2 3 | 4 5 6
Requirements Amount of testing Samplingb Test method
Number of
See Test Sample Tests
table | unit2 | products per
per test | sample
unit product
3a Hardness 7 Cand 1 1 In case of dispute, the In accordance
PH— D and hardness shall be measured, [with ISO 6506-1.
JI. . T if possible, at following
condlition .
point of the surface:
+Sdr +A,
+TH or — in case of round bars at
P 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.ata
distance equal to the
thickness from one end
and 0,25w (w = width of
the product) from one
longitudinal edge.
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 preparation, see
ISO 6506-1.
3b |Hardness 7 € 1 1 The test shall be performed |In accordange
in the near the surface. with ISO 6506-1.
conditjon +N
NOTE  Veriffcation of therequirements is only necessary if an inspection certificate is ordered and if the requirenjent is
applicable to Jable 1, columi 8 or 9.
a  The tests ghall 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 witl different thickness may be grouped if the thicknesses lie in the same dimensional range for mechgnical
properties and 1f the differences in thickness do not atfect the propertles. In cases of doubt, the thinnest and the th ckest
product shall be tested.
b The general conditions for the selection and preparation of samples and test pieces should be in accordance with
ISO 377 and ISO 14284.
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