INTERNATIONAL
STANDARD

ISO
4954

Fourth edition
2021-07

Steels for cold heading and:cold
extruding

Aciers pour transformation a froid et'extrusion a froid

Reference number
1SO 4954:2021(E)

©1S0 2021


https://standardsiso.com/api/?name=f6cb5596b322ca0e4897b739e8c420d2

ISO 4954:2021(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2021

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

ISO copyright office

CP 401 o Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org

Published in Switzerland

ii © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=f6cb5596b322ca0e4897b739e8c420d2

ISO 4954:2021(E)

Contents Page
FOT@WOT .........oocccc e85 55858555555855 8 5555 \%
1 SCOPI ... 1
2 NOITNATIVE TEECI@INCES ..........ccccocvvoveieossse st ss st 1
3 Terms and AefiNItiONS ... st 2
4 Classification and deSIZNATION ... 3
4.1 Classification
42 nncignaﬁnn
5 Information to be supplied by the purchaser...............n s 3
5.1 Mandatory iNfOrmMatioN ... € oo 3
5.2 Options and/or supplementary or special reqUIrements...........o. oo 4
5.3 Ordering example
6 Manufacturing process
6.1 General ...
6.2 Deoxidation
6.3 Heat-treatment condition and surface condition at delitery
6.3.1  Heat-treatment CONAition ...
6.3.2  Particular surface conditions.........e Q0N
6.4  Traceability Of the CaST. ... S
6.5 Statistical eValuation ... At
7 REQUITEIMEIITS .......oooooiiiiiieiiiec i B sk 6
7.1 Chemical composition, mechanical preperties and hardenability .6
750 0 €= 4 V=) - | . OO OSSOSO FSSOR 6
7.1.2  Chemical composition 6
7.1.3  Mechanical propertie$ .8
7.1.4  Hardenability (only applicable to steel grades of Annexes B and C) ...} 8
7.2 GIAII SIZE e et 9
7.3 Carbide spheroidization (only applicable for steels of Annexes A, B and C)...... 9
7.4 NON-Metallic INCIUSTONS ... -9
7.4.1  Microseopic inclusions (only applicable for steels of Annexes B and ()...... .9
7.4.2  MacroSEOPIC INCIUSIONS ....ooooiriirii s 9
7.5 Internal seundness 9
7.6 AptitudetoTOold fOrMUINE ...
7.7 SULTACEYTUALTEY .-
A A i €= 4 =) - | OO
7~7.2  Wire rod (only applicable for steels of Annexes A, B and C)
777.3  Bars (only applicable for steels of Annexes A, Band C) ...
7.7.4  Wire rod and bars for stainless steels (only applicable for steels of Ahnex D).....10
7.7.5  BIight PrOAUCES ..o
776 REMOVAl Of SUTTaCE Qe eT S s
7.7.7  Non-destructive testing of the SUIface. ...
7.8 Decarburization (only applicable for steels of Annexes B and C)
7.9 Corrosion resistance of StAINIESS STEELS ...
7.10 Shape, dimensions and LOIETANICES. ...
8 INSPECLION ........ooooise s
8.1 Testing procedures and types of documents ...
8.2 Summary of specific inspection and frequency of testing
9 Preparation of samples and teSE PIECES ... e
9.1 Selection and preparation of samples for product analysis...........co
9.2 Selection and preparation of samples and test pieces for the mechanical test
10 TESEIMETRIOMS. ...
10.1  ChemiCal @NALYSIS. ..ot

© 1S0 2021 - All rights reserved iii


https://standardsiso.com/api/?name=f6cb5596b322ca0e4897b739e8c420d2

ISO 4954:2021(E)

10.2
10.3

10.4

11

Annex D (n
Annex E (no

Annex F (infi
comp

Bibliograph

brmative) Designation of steels given in Annexes A, B, C and D and the
arable grades covered in various designation systems

Mechanical tests. ...
Hardenability and core hardness tests
10.3.1 Verification of hardenability ...

10.3.2  Verification of COre hardness. ...
Aptitude t0 COIA FOTTNIIIG ..o
10.4.1 Upsetting test for non-alloy and alloy steels of Annexes A, B and C
10.4.2 Upsetting test for stainless steels 0f ANNEX D ...
INON-AESEIUCTIVE TESTIIIZ ..ot
Visual and dimensional test
REEESES ...k

Surface treatment and temporary corrosion protection ... B o 15
MATKITIE et (g e 15
2 (002 Yo 0 .S S0 IO WO 16
mative) Specific requirements for cold heading and cold extruding stéels not
ed for heat treatment after cold working ... Dye o 17
mative) Specific requirements for cold heading and cold extruding case-
TUNG STEELS ...y s 21
mative) Specific requirements for cold heading and cold extruding steels for

mative) Specific requirements for cold heading and'cold extruding stainless stepls51

'mative) Supplementary or special requirements... ... 59

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=f6cb5596b322ca0e4897b739e8c420d2

ISO 49

Foreword

54:2021(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 procedures u ] ] Jed ) 3
descrfbed in the [SO/IEC Directives, Part 1. In particular, the different approval criteriam

Any t
const

rights. ISO shall not be held responsible for identifying any or all such patent righ
htent rights identified during the development of the document will be'in the Intrody

e [SO list of patent declarations received (see www.iso.org/patents):

Fade name used in this document is information given for the convenience of users
tute an endorsement.

intenance are

beded for the
nce with the

he subject of
ts. Details of
ction and/or

and does not

For an explanation of the voluntary nature of standards;:the meaning of ISO specific terms and

expre
Worlg
iso/fa

ssions related to conformity assessment, as well as information about ISO's adhg
Trade Organization (WTO) principles in the Techmical Barriers to Trade (TBT), see ¢
reword.html.

This
treatd

This
minoj

=+

i

q
e

Any fi
comp

|

document was prepared by Technical Committee ISO/TC 17, Steel, Subcommitte
ble and alloy steels.

fourth edition cancels and replaces.the third edition (ISO 4954:2018), of which it

Hitorial corrections.

pedback orguestions on this document should be directed to the user’s national stanc
ete listing)of these bodies can be found at www.iso.org/members.html.

rence to the

yww.iso.org/

b SC 4, Heat

ronstitutes a

' revision. The changes compared to the previous edition are as follows:
e wording in 7.8, first paragraph was corrected to "free from complete decarburization";

Clause E.3, end “of last paragraph, a reference was added as an example:
. g. 1SO 23825";

lards body. A

© IS0 2021 - 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://standardsiso.com/api/?name=f6cb5596b322ca0e4897b739e8c420d2



https://standardsiso.com/api/?name=f6cb5596b322ca0e4897b739e8c420d2

INTERNATIONAL STANDARD ISO 49

54:2021(E)

Steels for cold heading and cold extruding

1 S

cope

This document specifies requirements for non-alloy and alloy steels that are intended for cold heading
or cold extruding and are delivered as wire rods, wire or bars. It also contains specific requirements

for:

— S

|
%]

fi

I
wn n

hse-hardening steels with diameters from 2 mm to 100 mm (see Annex B);

om 2 mm to 100 mm (see Annex C);

feels and up to 100 mm for martensitic steels (see Annex D).

feels not intended for heat treatment, with diameters from 2 mm to 100 mm (see, AnLLex A);

feels for quenching and tempering, including boron alloyed steels (see Tahble C.3), with diameters

fainless steels with diameters of 0,8 mm up to 50 mm for austeniticsteels, up to 25 mim for ferritic

This dlocument (except Annex A) is applicable to the properties of*cold-headed or cold-exftruded parts

which
headgq

applig

have been subjected to a subsequent heat treatment. As the properties of the part
d or cold-extruded, and subsequently not-heat-treated* condition, are largely depe

the plirchaser and the manufacturer of the parts.

2 N

The f
const
undaf

ISO 3
testin

ISO 4
ISO 6
ISO 6

ISO 6
and té

ormative references

bllowing documents are referred to.[in the text in such a way that some or all of

J

D4, Steel and steel products — General technical delivery requirements

12, Steel — Hardenability test by end quenching (Jominy test)

ISO 683

tempering

5 in the cold-
hdent on the

d cold-heading or cold-extruding conditions, these are, if necessary, subject to agreenjent between

their content

ftutes requirements of this document. For dated references, only the edition cited applies. For
ed references, the latest edition'‘of the referenced document (including any amendmgnts) applies.

77, Steel and steel products-== Location and preparation of samples and test pieces fdr mechanical

13, Steels —Micrographic determination of the apparent grain size
B3-1, Heat-treatable steels, alloy steels and free-cutting steels — Part 1: Non-alloy steels for quenching
mpering:

or g

uenching and

ISO 683-3, Heat-treatable steels, alloy steels and free-cutting steels — Part 3: Case-hardening steels

ISO 683-18:2014, Heat-treatable steels, alloy steels and free-cutting steels — Part 18: Bright steel products

ISO 1035-1, Hot-rolled steel bars — Part 1: Dimensions of round bars

[SO 1035-2, Hot-rolled steel bars — Part 2: Dimensions of square bars

[SO 1035-3, Hot-rolled steel bars — Part 3: Dimensions of flat bars

ISO 1035-4, Hot-rolled steel bars — Part 4: Tolerances
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ISO 3651-2, Determination of resistance to intergranular corrosion of stainless steels — Part 2:
Ferritic,austenitic and ferritic-austenitic (duplex) stainless steels — Corrosion test in media containing
sulfuric acid

ISO 3887, Steels — Determination of the depth of decarburization
ISO 4885, Ferrous materials — Heat treatments — Vocabulary

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

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

[SO/TS 4949 Steel names based on letter symbols

ISO 4967:2013, Steel — Determination of content of non-metallic inclusions — Micrographie‘method|using
standard diagrams

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

ISO 6892-1, Metallic materials — Tensile testing — Part 1: Method of test at room temperature
ISO 6929, Stgel products — Vocabulary

IS0 9443, Surface quality classes for hot-rolled bars and wire rod

IS0 9934-1, Non-destructive testing — Magnetic particle testing & Part 1: General principles
ISO 10474, Steel and steel products — Inspection documents

[SO 14284, Yteel and iron — Sampling and preparation of samples for the determination of chémical
composition

ISO 15549, Non-destructive testing — Eddy current testing — General principles
ISO 16124, Steel wire rod — Dimensions and tolerances

ISO 16143-2) Stainless steels for general/purposes — Part 2: Corrosion-resistant semi-finished products,
bars, rods an{l sections

[SO 22034-2|Steel wire and wire.products — Part 2: Tolerances on wire dimensions
EN 10204, Mgtallic products> Types of inspection documents
JIS G 0415, Steel and steel products —Inspection documents

JIS G 0555:2(0154Microscopic testing method for the non-metallic inclusions in steel

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 377, ISO 683-1, ISO 683-2,
ISO 683-3, ISO 683-18, ISO 4885, ISO 4948-1, ISO 4948-2, ISO 6929, ISO 14284, ISO 16143-2 and the
following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

2 © IS0 2021 - All rights reserved
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3.1

bright steel product

drawn or peeled/turned bar with smoother surface quality and better dimensional accuracy in
comparison with a hot-rolled bar

3.2

drawn product

product of various cross-sectional shapes obtained, after descaling, by cold drawing of hot-rolled bars
or wire rod, on a drawing bench (cold deformation without removing material)

Note 1 to entry: This operation gives the product special features with respect to shape, dimensional accuracy
and surface finish. Products in lengths are delivered straightened, products of small cross-section may also be
supplied in coils.

3.3
peeldd/turned product
steel par of circular cross-section having the same features of drawn products,(3.2) conc¢rning shape,
dimemsional accuracy and bright surface finish but without work hardening

Note ] to entry: They are produced by peeling on a peeling machine usuallyfollowed by straightening and by

polishiing. The removal of metal by peeling is carried out in such a way thatthe bright product is [generally free
from qurface defects and decarburization coming from the hot-rolling process.

4 (lassification and designation

4.1 (Classification
The classification of the relevant steel grades shalbbe in accordance with ISO 4948-1 and IS0 4948-2.
All steel grades mentioned in this document are special steels in accordance with ISO 4948-2.

The steels not intended for heat treatment,after cold forming (see Annex A) are non-alloy dteels.

The cpse hardening steel grades (see Annex B) are alloy steels, except steel grades C10E2(C{to C20E2C.

The sfeel grades for quenching(and tempering (see Annex C) are alloy steel grades, excepf steel grades
C35E( to C45RC.

The seel stainless steel grades (see Annex D) are classified according to their microstructures.

4.2 |Designatien

For the steel grades covered by this document, the steel names as given in the relevant tables shall be
allocqted in,accordance with ISO/TS 4949.

Annex F'provides a list of steels given in Annexes A, B, C and D and the comparable grade¢s covered in
various designation systems.

5 Information to be supplied by the purchaser

5.1 Mandatory information

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

a) the quantity to be delivered (mass, length);

b) the product form (round bar, wire rod, wire);

© IS0 2021 - All rights reserved 3
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h)

5.2 Optiohs and/or supplementary or special requirements

the nominal diameter and the tolerances on dimensions and shape of the product with reference to
the relevant International Standard;

for bars the length and for wire rod and wire the dimensions, i.e. inner diameter and mass of the
coils;

reference to this document, i.e. ISO 4954;

the designation of the steel grade given in Tables A.2, B.2, C.2, C.3 and D.2;

if applicable, the symbol for the required heat-treatment condition, see Tables A.3, B.3 to B.7, C.4 to
C.10 and D.3 to D.6;

standari designation for a test report 2.2 or, if required, any other type of inspection documlent in
accordance with ISO 10474.

A number offoptions are specified in this document and listed below. If the purch@ser does not inglicate
a wish to implement any of these options, the products will be supplied in acedordance with the|basic

specificationis of this document (see 5.1).

a)

b)

p)

Any reqpiirement for the hardenability (+H, +HH, +HL) of case hardening steels of Annex B and
of steels|for quenching and tempering of Annex C and for the core hardening (+CH) of stegls for
quenchimng and tempering of Annex C, see 7.1.4.

Verificatfion of hardenability and, if agreed, information.about the calculation of the hardengbility
for the cfise hardening steels of Annex B and for the steels‘for quenching and tempering of Anpex C,
see 10.3{l.

If anothgr surface condition than hot-rolled or asspecial surface quality is required, for the syrface
condition, see Table 1, and for the surface quality of E for bars and D for wire rod, see 7.7.2 and 7.7.3.

Any reqiiirement relating to the removalf'surface defects, see 7.7.6.
Any requiirement for the verification.of the surface quality, see 7.7.5.
Any reqyiirement for a product dnalysis, see 7.1.2.2.

Any requiirement for the vetification of the fine grain structure, see E.2, of case hardening stegels of
Annex Bland of steels for(quenching and tempering of Annex C.

Carbide | spheroidization, see 7.3, and any requirement for the verification of the carbide
spheroidization, see'E.3.

Any reqpirement for the verification of the non-metallic inclusions of case hardening stelels of
Annex Bland 'of steels for quenching and tempering of Annex C, see 7.4 and E.4.

Internal soundness and any requirements for non-destructive testing, see 7.5 and 10.5.
Verification of aptitude to cold forming, see 7.6 and 10.4.

Maximum depth of surface discontinuities for stainless steels, see 7.7.4 and E.5.

Any requirement concerning non-destructive testing of the surface, see 7.7.7 and 10.5.

Depth of decarburization, see 7.8, and any requirements for testing the depth of decarburization,
see E.6.

Corrosion resistance of stainless steel products and any requirements for resistance to
intergranular corrosion, see E.7.

Any requirement concerning surface treatment and temporary corrosion protection, see 11.1.

© ISO 2021 - All rights reserved
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q) Any special requirements concerning special or additional marking, see 11.2.

r) Any special requirements concerning packaging, see 11.3.

s) Statistical evaluation, see 6.5.

5.3

Ordering example

EXAMPLE 50 t round bars with a nominal diameter of 40 mm and a nominal length of 6
diameter tolerance according to class S and with length tolerance according to class L2 of ISO 1035-4 made
of steel grade 1SO 4954, 42CrMo4 in the heat-treatment condition +AC+PE (see Table C.5), with hardenability
requirement +H (see Table C.7) and product analysis with an inspection certificate 3.1 in accordance with

000 mm with

ISO 10
50tr
1SO 44

474.
bund bars ISO 1035-4 - 40,05 x 6 000L2

D54, 42CrMo4+AC+PE+H - product analysis

IS0 10474 - 3.1

6 Manufacturing process

6.1

The 1
requi

6.2

All st
or sili

effect].

6.3

6.3.1

Treat
B.1, (]

General

hanufacturing process of the steel and of the products is, with the restrictions
Fements in 6.2 to 6.4, left to the discretion of the manufacturer.

Deoxidation

bels shall be deoxidized. The steels not intended for heat treatment (see Annex A) ay
con killed. By agreement, aluminium.may be replaced by another suitable element hay

Heat-treatment condition and surface condition at delivery

Heat-treatment condition

ment and heat-treatment condition shall conform to one of the conditions indicated
11 and D.1.

Brig

steel products in cold drawn or peeled/turned condition are coated with a light f

from processihg! For bright steel products in a finally heat treated condition, the manufact
the ryst prefection after heat treatment.

The

biven by the

e aluminium
ring a similar

n Tables A.1,

Im of grease
urer chooses

ual light application of ordinary grease or oil does not afford positive protection agd

linst rusting,

particularly in the presence of condensation water. Any surface treatment that can facilitate subsequent
cold heading and cold extrusion or partially delay any formation of rust shall, if required, be agreed at
the time of enquiry and order, see 11.1.

6.3.2

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 1.

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=f6cb5596b322ca0e4897b739e8c420d2

ISO 4954:2021(E)

Table 1 — Surface condition at delivery

Surface condition at delivery Symbol Bar Wire rod Wire
Unless otherwise agreed as-rolled none or +AR X X —
cold drawn +C X — X
Particular surface conditions .
: skin passed +LC X — X
supplied by agreement
peeled +PE X X X

6.4 Traceability of the cast

Each produc

6.5 Statis
Suppliers ar{
with various
rod along its

found in the
between the

7 Requin
7.1 Chem

7.1.1 Geng

strattbetraceabletothecast see 112

lical evaluation

b responsible, using the means they think fit, for inspecting their produ¢bin accor
quality criteria specified. In view of the practical difficulties in inspecting a coil o
entire length, it cannot be proved that no value greater than the sperified limits is
roil as a whole. Statistical evaluation of performances applicable to2ll coils may be a
purchaser and the manufacturer at the time of ordering.

ements
jcal composition, mechanical properties and’hardenability

pral

dance
F wire
to be
creed

Wire rod, bars and wire shall be supplied in one of the delivery conditions as indicated in Tabld

B.1,C1andI
heat-treatme

In addition t¢ this document, the general technical delivery requirements of ISO 404 are applicab

7.1.2 Chemical composition

7.1.2.1 Thq

B.2,C.2, C.3 and D.2.

In cases whe
requirement
with respect
prescription

D.1 as agreed at the time of enquiry and order. These tables show the combinations of
nt conditions at delivery, product-fdrims and applicable requirements.

e chemical composition determined by cast analysis shall conform to the values in Tabl¢

Fe steels forease hardening or for quenching and tempering are ordered with hardena
5 in acedrdance with Tables B.6, B.7, C.7, C.8 and C.9, a deviation of the cast an
to the'walues indicated in Tables B.2, C.2 and C.3 is admissible, taking into accou
5 given in footnote b) of those tables. In any case, however, the deviations in the pr

bs A.2

)

bility
alysis
nt the
oduct
ed in

analysis in 1

elation to the specified limits of cast analysis shall not exceed the values indicaf

Table 2.
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7.1.2.2 Permissible deviations between the limiting values for cast analysis and the values for product
analysis are given in Tables 2 and 3. The product analysis shall be carried out when specified at the time

of the enquiry and order.

Table 2 — Permissible deviations between product analysis and the limiting values of the cast
analysis specified in Tables A.2, B.2, C.2 and C.3

Elements Limiting values of the cast Permissible deviation for
(heat) analysis the product analysis
% mass fraction % mass fraction?
For non-alloy and alloy steel grades of Annexes A, B and C
C <0,50 0,02
Si <1,00 0,03
<1,00 +0;04
Mn
>1,00 <1,45 #0,06
P <0,025 +0,005
S <0,040 +0,005P
Cr <1,70 +0,05
Ni <1,00 0,03
i
>1,00 <2,00 +0,05
<0,30 0,03
Mo
>0,30 <0,50 +0,04
Al <0,060 +0,005
B 0,005 0 +0,000 3
Cu <0,25 +0,03
a2 + means that in one heat the deviation of'the product analysis for a given element may occur oyer the
upper value or under the lower value of €he specified range of the cast analysis, but not both at thp same
time.
b For steels with a specified sulfur range (0,020 % to 0,035 or 0,040 %) according to cast analysis, the
permissible deviation is +0,005:%:

Table 3 — Permissible deyviations between product analysis and the limiting valued of the cast

analysis specified in Table D.2
Elements Limiting values of the cast Permissible deviatiop for
(heat) analysis the product analysgis
% mass fraction % mass fraction?
For stainless steel grades of Annex D
<0,030 +0,005
¢ >0,030 0,15 0,01
) <1,00 +0,05
S >1,00 <2,00 0,10
<1,00 +0,03
Mn
>1,00 <2,00 +0,04
p <0,045 +0,005
<0,015 +0,003
> >0,015 <0,030 +0,005
a2+ means that in one heat the deviation of the product analysis for a given element may occur over the
upper value or under the lower value of the specified range of the cast analysis, but not both at the same
time.
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Table 3 (continued)

Elements Limiting values of the cast Permissible deviation for
(heat) analysis the product analysis
% mass fraction % mass fraction?
>11,5 <15,0 +0,15
Cr >15,0 <20,0 +0,20
>20,0 <23,0 +0,25
<1,00 +0,03
>1,00 <5.0 +0.07
Ni >5,0 10,0 0,10
>10,0 <20,0 +0,15
>20,0 <270 0,20
<1,75 +0,05
Mo
>1,75 <3,5 0,10
N <0,22 ¥0,02
Al <0,35 +0,10
B >0,001 <0,010 +0,0005
<1,00 +0,04
Cu
>1,00 4,0 0,10
<1,00 +0,05
Ti
>1,00 <2,35 0,07
\Y <0,50 +0,03
a  + means that in one heat the deviation of the product analysis for a given element may occur over the
upper falue or under the lower value of the specified range of the cast analysis, but not both at the same
time.

7.1.3 Mechanical properties

The mechan
either by end
Annexes B a
the surface @
D.6.

7.1.4 Hardenability/{only applicable to steel grades of Annexes B and C)

7.1.4.1 Wh

cal properties of the products, to be determined by the tensile test (and, as an option,

| quench test hardenability requirements or by core hardening requirements for ste
nd C) and by consideration of the delivery conditions of Tables A.1, B.1, C.1 and D.1 §

els of
ind of
5 and

requirements <
case, the hardenability values given in Tables B.6, B.7 7, C.7,

efe the steel is not ordered with hardenablllty or core hardenlng requlrement
= : :

Table C.10 are for guidance purposes only.

dD
.8 and C 9 and the core hardness values in

7.1.4.2 In the case of products ordered with standard requirements regarding hardenability, that is,
when the steel names or numbers are supplemented by the symbol “+H”, the hardness values obtained in
the end quench test (Jominy test) shall conform to the values given in Tables B.6, C.7 and C.8.

In the case of products ordered with restricted requirements regarding the scatter bands of the
hardness values obtained by the Jominy test, that is, when the steel name or number is supplemented by
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the symbols “+HH” or “+HL", the above hardness values shall conform to the values given in Tables B.7
and C..

NOTE1 The symbol “+HH” denotes that the upper limit of the scatter band coincides with the upper limit for
the corresponding steel “+H”.

NOTE 2  The symbol “+HL” denotes that the lower limit of the scatter band coincides with the lower limit for
the corresponding steel “+H”.

NOTE 3  For hardenability by calculation and for verification of hardenability, see 10.3.

The austenizing temperatures for the Jominy test are given in Tables B.6, B.7, C.7, C.8 and C.9.

7.1.4{3 In the case of steels for quenching and tempering (see Annex C) ordered with colre hardening
requifements, that is, when the steel names or number are supplemented by theysymbpl “+CH”, the
minimum core hardness shall conform to the values given in Table C.10.

At lealst 90 % of the structure shall be martensite.

7.2 |Grain size

Steeld of Annexes B and C (except the non-alloy grades C35EC to C45RC) shall have a fine grain structure
with &n austenite grain size number of 5 or finer. For verification, see E.2.

For stleels of Annex A, the non-alloy grades C35EC to C45RC of'‘Annex C and the steels of Anjnex D, unless
otherwise agreed, the austenitic grain size is left to the marufacturer’s discretion.

7.3 |Carbide spheroidization (only applicable for steels of Annexes A, B and C)

If carbide spheroidization is requested, reference shall be made to E.3.
7.4 |Non-metallic inclusions

7.4.1| Microscopic inclusions (énly applicable for steels of Annexes B and C)

The sppecial steels shall have a;certain degree of cleanness. However, verification of the |non-metallic
inclugion content requires@special agreement. For such an agreement, see E.4.

7.4.2|] Macroscopie.inclusions

This requirementis applicable to the verification of the macroscopic inclusions in spefial steels. If
verification istagreed, the method and acceptance limits shall be agreed at the time of|enquiry and
order

7.5 Unternal scundness

Wire rod, bars and wire shall be free from internal defects, which can cause an adverse effect on
products during cold heading or cold extrusion or during heat treatment.

Where appropriate, non-destructive-testing relating to the internal soundness of the products shall be
agreed at the time of enquiry and order, see 10.5.

7.6 Aptitude to cold forming

A test for verification of the aptitude of products to cold forming may be carried out if agreed at the
time of enquiry and order with reference to 10.4
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7.7 Surface quality

7.7.1 General

All products shall have a smooth surface finish appropriate to the manufacturing process applied. For
hot-rolled products, minor surface imperfections, which can occur also under normal manufacturing
conditions, such as prints originating from rolled-in scale, shall not be regarded as defects. It is more
difficult to detect and eliminate surface discontinuities from coiled products than from cut lengths.

This should be taken into account when agreements on surface quality are made.

7.7.2 Wire rod (only applicable for steels of Annexes A, B and C)

Wire rod sh
certain high
agreed at the

7.7.3 Bars

Bars shall m
to surface qu
order. When
for the surf3
product shal

7.7.4 Wirg

Wire rod is
also be used
otherwise a
specific agre
of surface di

7.7.5 Brig

For wire, the
diameter du
requirement|

Cold drawn
delivered wi

h1l meet surface quality requirements in accordance with ISO 9443 quality class
br applications, quality class E in accordance with ISO 9443 is appropriatecand m
time of enquiry and order.

(only applicable for steels of Annexes A, B and C)

ality in accordance with ISO 9443 quality class E may be agreedat the time of enquir
the diameter of the product is greater than the maximum diameter specified in ISO
ce quality class concerned, the maximum permissible~depth of surface defects d
not be greater than that specified for this maximum diameter.

t rod and bars for stainless steels (only applicable for steels of Annex D)

normally supplied in the pickled conditioni* Mechanical descaling (sandblasting
in which case a subsequent treatment in'a“pickling solution shall be carried out t
preed. Particular processes such as peeling or shaving may also be applied, subj
ement at the time of enquiry and order. For an agreement concerning the maximum
scontinuities, see E.5.

ht products

permissible depth of sdrface discontinuities shall be in proportion to the reduction
'ing cold drawing. Depending on the starting material for cold drawn products, the
5 apply as specifiedin 7.7.2 and 7.7.4.

bars shall be delivered with the surface quality class 1 and peeled/turned bars sh
th surface quality class 3 in accordance with ISO 683-18:2014, Table 4.

7.7.6 Re

D. For
ay be

bet surface quality requirements in accordance with ISO 9443 quality class D. Conformity

y and
9443
n the

) can
inless
pct to
depth

of the
same

all be

I

ntval of'surface defects

Removal of sptface defects and imperfections is only permitted after approval from the purchase

7.7.7 Non-

destructive testing of the surface

A non-destructive testing of the surface with magnetic particle inspection can be agreed at the time of
enquiry and order, see 10.5.

7.8 Decarburization (only applicable for steels of Annexes B and C)

Bars and wire rod with as-rolled surface of steels specified in Tables B.2, C.2 and C.3 and wire,

independent

of the heat treatment condition, shall be free from complete decarburization.

For bars and wire rod with as-rolled surface and wire partial decarburization (ferrite-pearlite), E is
admissible provided that it does not exceed the following limits. For diameters d< 10 mm, the maximum

10
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permissible depth of decarburization is E = 0,07 mm. For diameters greater than 10 mm, the maximum
permissible depth of decarburization is E = 0,007 d.

For cold drawn products with diameters greater than 5 mm, the limits of partial decarburization shall
be the same as those for hot-rolled products. For cold drawn products with diameter less than 5 mm,
the permissible depth of partial decarburization shall be reduced in function of the reduction of the
diameter during the cold drawing.

Peeled/turned bars, wire rod and wire shall be free of decarburization.

If, in special cases, the purchaser requests other values (e.g. bars annealed in an atmosphere that is
not controlled the depth of decarburization) for partial decarburization, those values shall be agreed
at thd time of enquiry and order with reference to E.6. Testing for decarburization should|also be done
accorfing to E.6.

7.9 |Corrosion resistance of stainless steels

Tests|for the determination of corrosion resistance of stainless steels of Ann€eéx D may be agreed at the
time ¢f enquiry and order with reference to E.7.

7.10|Shape, dimensions and tolerances

The shape, dimensions and tolerances of the products shall caniform to the requirements agreed at the
time pf enquiry and order. The agreements shall be based on corresponding Internationl Standards:
ISO 683-18, ISO 1035-1, ISO 1035-2, ISO 1035-3, ISO 1035:4, ISO 16124 and ISO 22034-2|, or on other
suitalple regional standards.

8 Inspection
8.1 [Testing procedures and types of documents

8.1.1| Products conforming to this document shall be ordered and delivered with one of the inspection
docuipents as specified in ISO 10474 or another comparable national standard, such as 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 cgntain any specification of'this type, a test report 2.2 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 provided, this,shall cover the following information:

a) cpnfirmation that the material conforms to the requirements of the order;

b) resultsof the cast analysis for all elements specified in Tables A.2, B.2, C.2, C.3 and D.Z for the steel
grade concerned.

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 8.2 and Clause 10 shall be carried out and the
results shall be confirmed in the inspection certificate.

In addition, the inspection certificate shall cover:

a) confirmation that the material conforms to the requirements of the order;

b) results of the cast analysis for all elements specified in in Tables A.2, B.2, C.2, C.3 and D.2 for the
steel grade concerned;

c) results of all mandatory and optional inspections and tests (see Table 4);
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d) the symbol, letters or numbers relating the inspection certificate, test pieces and products to each
other.

8.2 Summary of specific inspection and frequency of testing

The requirements for specific inspection for steels for cold heading and cold extrusion are given in
Table 4.

Table 4 — Specific inspection and frequency of inspection of steels for cold heading and cold

extrusion
Ingpection requirements Frequency of testing Applicabld for
steels according
to,Annexd
Type of test Subclause Test Number of Numberof | Af\.B | C|| D
reference unit? samples per | testpieces
test unit per sample
1 Castanalysis |7.1.2 and C the castanalysisis given bysthe| m | m | m| | m
10.1 manufacturer
2 Tensile test .1.3 and 1 for each 1 m|m | m|f|l m
Mandatory 10.2 C+D+T | 15tonswitha
tests maximum of 3
3 | Surface condi- |Clause 7 C+D+T | at the manufac- — m|m | mf|l m
tion and dimen- |and 10.4 turer’s disere-
sions tion
4 | Verification of |7.1.4 and C 1 per cast 1 — | o | o] —
hardenability or | 10.3
of core hardness
5 |Productanalysis|7.1.2,9.1, C 1 per cast 1 o| o] o o)
10.1
6 Fine grain 7.2and E.3 C 1 per cast 1 — | o | ofl| —
structure
7 Carbide 73andE4d | C+D+T 1 for each 1 o| o | ol —
spheroidization 15 tons with a
maximum of 3
Optional ||8 | Non-metallic (%4 and E.5 ce b b — | o | o]| —
tests inclusions
9 NDT-tesfing |7.5, 7.7.7 Ce b b o| o | of|l o
and 10.5
10 | Aptitude of cold | 7.6 and 10. ce b b —|— 1] o
forming
11./|'Decarburization |Z8 andE.6 | C+D+T 1 for each 1 — | o | ofl| —
15 tons with a
maximum of 3
12 | Resistanceto |79 andE.7 (oG b b —|—]1—1o0
intergranular
corrosion
a  The tests shall be carried out separately for each cast as indicated by “C”, — for each dimension as indicated by “D” —
and for each treatment batch as indicated by “T”. Wire rod, bars and wire for which the ratio of nominal section does not
exceed 3:1 may be grouped in a single test unit. In cases where heat treatment is performed as a continuous process the
symbol “T” denotes that the tests are to be carried out for each 25 ton or fraction thereof.
b Shall be agreed upon at the time of enquiry and order.
¢ The test unit may be agreed at the time of enquiry and order.
d  m = mandatory (to be carried out in every case), o = optional, (to be carried out if agreed at the time of enquiry and
order), — = is not carried out.
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9 Preparation of samples and test pieces

9.1 Selection and preparation of samples for product analysis

Samples for product analysis shall be taken from the test pieces or samples for mechanical testing or
from the same location as the mechanical test samples in accordance with ISO 14284.

9.2 Selection and preparation of samples and test pieces for the mechanical test

Samples and test pieces shall be taken in accordance with the general requirements of ISO 377. The test

piece shall be prepared in achﬂWMZJ.—"
— Fpr products with d > 25 mm: The test piece for the tensile test shall be taken to) conform to the

mdication given in Figure 1 c).

=

Fpr products with d < 25 mm: The test piece for the tensile test shall be submitted to|test without
pr:eliminary machining, see Figure 1 a). If test equipment does not allow/|this, the test piece may be
prepared by machining, as shown in Figure 1 b).

a) Full section test piece 25 mm

c¢) Round test piece where d > 25 mm

Figure 1 — Location of test piece for the tensile test

The testpiece for the jominy test ( hardenability test) shatl be obtained by machining from the samples
with d £ 40 mm. Depending on the agreements made at the time of ordering, the samples shall be taken
from the product concerned, or the billet or bloom originating from the same cast. In the absence of
such agreements, the origin of the sample is left to the manufacturer’s discretion. The sample shall be
obtained by hot rolling or hot forging.

The test piece for evaluation of the core hardening test shall have, as far as possible, the maximum
diameter indicated in Table C.10. Test bars with diameters larger than those given in Table C.10 are to
be rolled or forged to the maximum diameters of Table C.10. Sampling and sample preparation is left
to the manufacturer’s discretion, taking into account the indications concerning the test piece for the
End Quench test (Jominy test), see ISO 642. The length of the test piece shall be at least four times its
diameter.
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10 Test methods

10.1 Chemical analysis

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

into account

NOTE Th

the relevant existing International Standards.

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

10.2 Mechanical tests

The tensile t

For the speci
strength, R ]

If a yield phe
10.3 Hardse

10.3.1 Veri

As far as av
calculation 1
order, the m
confirm the |

bst shall be carried out in accordance with ISO 6892-1.

[fied yield strength in the tables on mechanical properties in this document, the'Gppe
, shall be determined.

nomenon is not present, the 0,2 % proof strength, RpO,Z' shall be determined.
nability and core hardness tests

fication of hardenability

hilable, the manufacturer has the option to verify ¢he hardenability by calculatioy
nethod is left to the discretion of the manufacturer. If agreed at the time of enquin

esult.

If a calculation formula is not available or in the case of dispute, an end quench hardenabilit

shall be carr
the relevant
ISO 6508-1, 9

10.3.2 Veri

The test piec
indicated in
place.

It shall then
cooling capa
bath being a
shall then b
broken. One
heating).

ied out in accordance with ISO 642. The temperature for austenitizing shall confo
tables of Annexes B and C. The hardness values shall be determined in accordancg
cale C.

fication of core hardness

e shall be heated in a furnace with a neutral or reducing atmosphere up to the temperg
Table C.10. It shall/be-maintained at that temperature until complete austenitizing

be removed from the furnace and quenched immediately in a quenching oil with
city until-a\full equilibrium of temperature is reached, the temperature of the quen
bout 50 °C/and the rate of movement of the test piece being about 0,25 m/s. The test
e notched at its midpoint in a direction perpendicular to its longitudinal axis and
of-the fracture surfaces shall be polished (care should be taken to prevent excessive

yield

1. The
y and

anufacturer shall give sufficient information about the calculation for the custonjer to

y test
rm to
with

tures
takes

high
ching
piece
then
local

The Rockwell hardness at the centre of the fracture surface shall then be determined in accordance
with ISO 6508-1, scale C.

10.4 Aptitude to cold forming

10.4.1 Upsetting test for non-alloy and alloy steels of Annexes A, B and C

The surfaces of the end sections of the above test pieces shall be flat and parallel to each other and their
initial length (height) shall be h = 1,5 *d, where d is the test piece diameter. During the test, the length
(height) of the test piece shall be reduced to one third of its initial value.

14
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Supplementary for treated condition “AC” and diameter less than 25 mm (d < 25 mm), the following may
be agreed between the manufacturer and the customer. The surfaces of the end sections of the above
test pieces shall be flat and parallel to each other and their initial length (height) shall be h = 2,0%d,
where d is the test piece diameter. During the test, the length (height) of the test piece shall be reduced
to one quarter of its initial value.

The tests shall be carried out at room temperature. The assessment and acceptance criteria shall also
be agreed at time of enquiry and order.

NOTE Hot-rolled surface grooves, which result from rolling scores, on test pieces are not considered as being
a cause for rejection.

10.4.2 Upsetting test for stainless steels of Annex D

A tesf piece with an initial length (height) equal to 1,5 d, where d is the product diameter,|is submitted
to axipl heading by means of a press until its length is reduced to one third of the initial value.

The a:llr)love test shall be carried out at an ambient temperature and shall be limited to prqducts with a
maximum diameter of 15 mm.

The cfriteria for the assessment of test results shall be agreed at the time of ordering, begring in mind
the enid use for which the products are intended.

10.5|Non-destructive testing

Concgrning the internal soundness, the products shall be non-destructively tested, prefeitably with an
ultragonic test and under acceptance criteria to be agreed at the time of enquiry and ordei}

Concgrning the surface of the products, the eddy;current test in accordance with ISO 15549 or the
magnietic particle test in accordance with ISO 9934-1 shall be performed. The descaling of the test pieces
is notl requested unless otherwise agreed at.the time of enquiry and order. The absence pf detectable
crackp on the test piece after it has been stibmitted to magnetic particle inspection shall be considered
as evidence that the product concerned is free from surface defects.

10.6|Visual and dimensionaltest

A sufficient number of preducts shall be inspected to ensure conformity to the specification. The
correpponding International Standards are ISO 683-18, ISO 1035-1, ISO 1035-2, ISO 1035-3, ISO 1035-4,
ISO 16124 and ISO 22034-2.

10.7 |Retests

Retesits shallbe as specified in ISO 404.

11 Surface-treatment,marking-andpackaging

11.1 Surface treatment and temporary corrosion protection

Surface treatment can facilitate subsequent cold heading and cold extrusion or partially delay any
formation of rust. This treatment can include, e.g. descaling, treatment with lime and/or phosphate
and/or adequate protection during transport and storage, and shall be subject to an agreement at the
time of enquiry and order.

11.2 Marking

The manufacturer shall mark the products or the bundles or boxes containing the products in a suitable
way, so that the identification of the cast, the steel type and the origin of the delivery is possible.
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Further requirements to special marking of the products shall be agreed at the time of enquiry and
order.

11.3 Packaging

A special method of packaging of the product to be delivered shall be agreed at the time of enquiry and
order.
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(normative)

ISO 4954:2021(E)

Specific requirements for cold heading and cold extruding steels
not intended for heat treatment after cold working

2 A4 Val h - £l S e . . . | 1= | o d
dUICT A.1 — UUINIUIIIAUIUIIS Ul 1IITAU UL TAUIITIIL COUIIIUILIUIND AU UciIvel y, lJl oauctIonms an
applicable requirements

Product form?
Delivery condition Symbols Wire . Applicablétrequirements
Bar |Wire
rod
Untrdated (as hot-rolled) | +AR X X —
peeled +AR+PE X X —
cold drawn +AR+C — X X
cold drawn +
heroidized +AR+C+AC — X X
Untrdated + DI OIS Chemical | Mechanical | S[PPlementa-
cold drawn + composition | properties Pror special
sphe- +AR+CHACALC X X as specified | as specified ;acgu:arceirfril:(gltii
roidized + o in Table A.2 | in Table A.3 P b
Annex E
skin passed
Annepled ~ astreatedor | oo acipp | Q| x | —
to achieve peeled
spherjoidized
carbifles + cold drawn  |+AC+C — X X
Othe Other delivery conditions may be agreed at the timle of ordering
a2 X[ applicable, — = not applicable.
b Iflagreed at the time of enqtixy and order.
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Annex B
(normative)

Specific requirements for cold heading and cold extruding case-
hardening steels
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Annex C
(normative)

Specific requirements for cold heading and cold extruding steels
for quenching and tempering
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Table C.5 — Mechanical properties for alloy steel grades without boron

. Delivery condition
Diameter
+AC or +AC+PE +AC+C+AC +AC+C+AC+LC
Steel name above | up to R, Z R, Z R, Z
max. min. max. min. max. min.
mm mm MPa % MPa % MPa %
2 5 — — 560 61 600 59
37Mo2
5 40 570 59 550 61 590 59
2 [y — — £o() 62 630 650
38Cr2
5 40 600 60 580 62 620 H"\pO
N7 E
2 5 — — 610 60 6500}~ 58
46Cr2 v "
5 40 620 58 600 60 648" 58
sucea 2 5 — — 570 64 [.Os10 62
r 14
5 40 580 62 560 64 () 600 52
2 5 — — 580 620 50
37Cr4 &2 K
5 40 590 60 570 | O62 610 50
41Cr4 2 5 — — 610 ~f 60 650 58
41CrS4 5 40 620 58 600{ | 60 640 58
25CrMo4 2 5 — — ©870 62 610 50
25CrMoS4 5 40 580 60 .4 560 62 600 50
2 5 — —& 1 59 62 630 50
34CrMo4 —
5 | 40 600 6y 580 62 620 50
2 5 — — 610 62 650 50
37CrMo4 O P
5 40 620 M+ 60 600 62 640 50
42CrMo4 2 5 ey | — 620 60 660 58
42CrMoS4 5 40 |4 630 58 610 60 650 53
41CrNiMo2 2 5O — — 640 60 680 5
41CrNiMoS2 5 ( — — 640 60 680 5
\/ L
2 5 — — 710 60 750 8
34CrNiMo6 ) P
597 40 720 58 700 60 740 58
_ Ry 5 — — 710 60 750 58
41NiCrMo7-3f2 - :
~ 5 40 720 58 700 60 740 58
N\

40 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=f6cb5596b322ca0e4897b739e8c420d2

:2021(E)

ISO 4954

‘sjuswaaInbaa Lyiiqeusapaey ayl yyum a[qrreduwrod ate sanjea Y33ua.is a[Isual ay3 ‘parjddns uonisodwod pue 1a3awelp uo Suipuadsp IeY3 Uay el 9q p[noys
91e) "ape.usd [9931S B 10j T 9[qeL Ul uaald uonisodwod jo aguel ajoym ay3 yirm a[qrredwod jou ale sanjea yiSua1ls 9[ISUal 9y JBY3 UOIHIPUOD Yy+ Y3 Ul paziudodal aq p[noys i

29 095 | £9 | (0§ | 69 | 09% | & | 0S9 | 9 | 08y | 09 | OLS o7 01
29 os | 49 | Qosc/h.e9 | o09v | ss | 099 | L9 | osy | 09 | o8 01 S PAUNLT
— — 9 | ¢1s Foe9 | o | — — — — — — S z
6S 019 [ %9 | dvs | 995 oos | ss [ o069 | ¥9 | ozs | 09 | 009 5T 01
65 0z9 | v9 | @¥s | 99 4 ,00s | ss | oo. [ ¥9 | o0zs | 09 | 009 01 S EUNET
— — v9 | ¢ss [ 99 | 0TS | — — — — — — S z
LS 0s9 | 29 | Qes | ¥9 | o085 — — 29 | os | — — 0% 01
LS 099 | 29 | Qs [ ¥9 | o0ss |y — — 29 | os | — — 01 S zdse
— — 29 | o9 | ¥9 | 09s | & — — — — — S z
LS 0e9 [ 29 | g8 | ¥9 | ogs | — — 29 | oss | — — 0% 01
LS 0v9 [ 29 | ¢85 | ¥9 | ogs | — S 29 | oss | — — 01 S zdee
— — 29 | ¢8s | ¥9 | ovs | — ~ — — — — S z
6S 009 | ¥9 | @¥s [ 99 | o00s | ss | o1z Foy9 | o0zs | 09 | 0€9 sz 01
6S 019 [ %9 | dvs | 99 | oos | ss | ozz |“#9 | ozs | 09 | o0g9 01 S zd8z
— — ¥9 | ¢ss [ 99 | o1s [ — — — — — — S z
19 o [ 99 | f1s | 89 | ov | ss | o089 | 99 {“eer | 09 | 009 sz 01
19 o8s | 99 | ¢1s [ 89 | o | ss | 069 | 99 | ‘bev. | 09 [ 009 01 S zdee
— — 99 | ¢zs | 89 | o8y | — — — — — — S z
€9 obs [ 89 | @8y | oL [ ovy | ss [ oz9 [ 89 [ o09r [Jeg [ ovs sz 01
€9 oss [ 89 | @8y | or | ovr | ss | o0e9 [ 89 [ o09r [ 09~ ovs 01 S zdLl
— — 89 | ev | oL | o5y | — — — — — — S z
% BAN | % | YAN | % | BN | % | ®BAW | % | ®AW | % | ‘4w | ww | |ww
‘uru ‘Xeuw “uru ‘Yeu “uru ‘Xeua ‘uru ‘Xeu ‘uru ‘Xeu ‘uru ‘Xeuk
A “y z 'y z “y z “y A “y Z “y 0)dn | paoqe
sonaadouad [esrueyday JuwIeU [991§
D+OV+ DTHOV4DTAV+ | DV+D+UV+ DHAV+ Ad+DV+100V+ |  Hd+10YV+
VOB UHOeI-AI3AHIA 1o19mipEla

bk 5]

sope.d [991S pado]e uo.1oq 10j santadoad [estueydap — 9') [qeL

41

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=f6cb5596b322ca0e4897b739e8c420d2

ISO 4954:2021(E)

L H L ! L ! ol awelp uo Surpuadap ‘qey3 usyel aq pjnoys
a.1e) 'ope.id [991S e 10j T7) 9[qEL _\www uonsodwod jo aduel a[oym ayl Yirm a[qredwod jou ale sanjea yi3ua.is 9[ISual ayl eyl UOIRIPUOD Y+ a3 Ul paziudodal aq p[noys |

LS ozz | 29 | @v9 Gfsv9 | 009 | — — 29 | 029 | — — 0% S
= SHUNLE
— — 29 | ¢so [ H9 | o019 | — — — — — — S z
V2,
s§ 089 | SS g9 | — — — — — — — — 0% S
¢ Ok SAUNYE
— — ss | 089 | — | — — — — — — S z
5§ 09 | ss | ¢s9 | — S, | — — — — — — 0% g
7 SEUN9Z
— — ss | 059 | — —q - — — — — — S z
5§ 0v9 | 8§ v | — — V7 — — — — — 0% S
! (@ SHUWET
— — ss | v | — — ) - — — — — S z
5§ 0e9 | ss | g9 | — — — V), — — — — — 0¥ S
$ SEUNOZ
— — ss | ¢go | — — - | & | = — — — S z
LS oo | 29 | ¢z | %9 | oss | — =] 29 | o009 | — — 0F S
PAUNOE
— — 29 | 09 | v9 | o0es | — — B — — — S z
85 09 | € | fes | s9 | oss | — — Ep,| o5 | — — 0¥ S
), PEUNOE
— — €9 | o9 | s9 | 09s | — — — . — — — S z
\~/
85 0#9 | €9 | ¢9s [ 9 | ozs [ — — e9 | Tows | — — 0% g
.r\ YAUNLT
— — €9 | Q.8 | s9 | ogs | — — — = | - — S z
65 019 | #9 | dvs | 99 | o0s | ss | o069 | 9 | o0zs“h-09 | 009 | T |[|o1
65 029 | ¥9 | @ys | 99 | oos | ss | oor | ¥9 | ozs [709. | 009 01 S PAUNEL
— — 9 05S 99 01§ — — — — IOD. — S z
19 065 | 99 | ¢zs | 89 | 08y | S5 | 09 | 99 | 005 | 09 ‘P/e8S 5z 01
19 009 [ 99 | gzs | 89 | o8y | ss | 089 | 99 [ oos | o9 | 0BE | o1 g PAUNOZ
— — 99 | ges | 89 | oev | — — — — — —VAL g z
% | edW | % | dan | % | edw | % | edW | % | ®AW | % | edW ,\\VE ww
uru ‘Xeu “uru ‘Yeu “uru ‘Xeul ‘uru ‘Xeur uru ‘Xeu uru ‘Xeu V\
z “y z “ z “y z “y z “y z “yoo| 0 a,“rﬁ baoqe
son.Iado.ad [edIURYIIN aureu [991S
D+IV+ DTHOV+I+UV+ | DV+D+YV+ D+YV+ | Ad+DV+I0DV+ | dd+ 10 YV+
JIajowreIq
uonIpuod AIAIRQJ

(panunuos) 9y 3lqeL,

© ISO 2021 - All rights reserved

42


https://standardsiso.com/api/?name=f6cb5596b322ca0e4897b739e8c420d2

:2021(E)

ISO 4954

91e) "ape.is [9931s e 10j T O[qeL |

‘syuswsfiinbau Ay1jiqeusap.aey ay3 yirm a[qrieduiod a.re sanjea Yidua.ais a[isusl ay3 ‘parjddns uonyisodwod pue 19
1 uaA1d uonyisodwod jo agueld ajoym 3yl Yiim afqedwod jou a.le sanjea yi3ua.lls 9[ISual ayl ey} UOIRIPUOD Y+ a3 Ul paziudodal aq p[noys |

awrerp uo Jurpuadap ‘Jey) uayel aq p[noys

95 069 | 19 | Qes [ € | o0ss | — — fo. | os | — — 0% S
1-ZHONIDTE
— — 19 [ g9 | € | o | — — — — — — S z
95 069 | 19 | Qes [ € | o0ss | — — 19 [“Yos | — — 0% g
YEID9E
— — 9 [ 19 | €9 | o | — — — = — — S z
LS 09 | 79 | Q8 | v9 | o0gs | — — 29 | 0ss4) — — 0% S
aI0zE
— — 29 | Qes | v9 | o0ss | — — — — ~ — S z
LS 09 | 29 | ¢ss [ ¥9 | o015 | — — 29 | oes | = — 0¥ S
THONOE
— — 29 | 05 | v9 | oes | — — — — — — S z
% BAN | % | YN | % | BN | % | BN | % | BAN | % | “edw | ww | |ww
‘uru ‘Xeur “uru ‘Yeur “uru ‘Xeul ‘uru ‘Xeur ‘uru ‘Xeu ‘uru ‘Xeur
z “a z ¥ z Y z Y z “a z “9 {,03dn | paoqe
sanJadouad [esrueydap SWIRU [391§
D+OV+ DTHOVHDTAVH | DV+D+UV+ D¥YV+ | Ad+DV+I0DV+ |  dd+ 10 ¥V+
JI9)3W BRI

£
aonrpuaoy »-LQ%:

(panunuos) 93 3lqeL

43

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=f6cb5596b322ca0e4897b739e8c420d2

:2021(E)

ISO 4954

— | 6C 6¢ 0€ 0€ Ns\mV (43 142 LE (174 ey 617 1S [AS) €9 €9 urw 058 U+ TSOWIDZY
— | S¥ 9% LY 8% HW S 9§ 89S 65 6S 09 09 19 19 19 Xeul YOWIIZY
— | — — — | 0€ | T€ .&3 ve | LE | OF 44 St | LV | 6V | 0§ | ¢S “urw
S5 - 0S8 H+ TONWIILE
— | — — — | S¥ | 9% | 8V DS | ¥S | SS 99 86 | 65 | 09 | 09 | 09 xew
— | ¥ {44 S¢ 9¢ LC 8¢ -dj e 9¢ 6¢& A4 Sy 8% 6t 6t uru
i} - 0S8 H+ YONWIDF E
— | 6€ (0i% (0% 1474 ey Sy 8% \m €S S SS 9§ LS LS LS Xeuw
- | — — — — 0¢ 1C 14 m@ 6¢ (43 142 LE ot 44 4’4 ‘urw 058 H+ TSOWIDS¢C
— | 1€ 1€ 1€ (43 €e S€ LE |5% IV\\TW 9% 8% 0§ 1S Zs Zs Xeuwl TONWIIST
— | — | — — | 12 | €2 | 9T | 62 | ¢ /ﬂ\mv\ L LE v | LV | 05 | 259 | €9 uru P e ¥SIO1Y
— | S€ | 9¢€ | Lg | 8BE | OF | CV | 9V | 2§ | ¥S ‘Y\@ 8G | 6S | 09 | 19 | 19 xew PIOTY
— | — | = | — oz ]z | vz |9z |1e | €| 9eO)e6c | ¥¥ [ 8y | 05 | 15 | ww
“us\ - 058 H+ PIDLE
— | €€ e S€ 9¢ LE 6€& [A’4 8% 0S ZS 35 | LS 8§ 6§ 65 xew
— | — | — — — | 0C | T2 | € | LT | 6C [4% m&O;\ v | Sv | 8V | 6F ‘uru
- . 0S8 H+ PIDYE
— | 1€ | ¢¢ | €€ | ¥€ | S€ | LE | 6E | ¥V | 9F 6% ¢S | WS, 95 | LS | LS xeuwt
- - - - - - - 0¢ (44 €¢ S¢ 8¢ Nn\- bw 6t S ‘uru
< - 0S8 H+ 21097
— | 9¢ LC 8¢ 6¢ 1€ €e S€ 8¢ (0% [44 97 [AS) % 19 €9 Xewl
- - - - - - - - - 0¢ (44 Y4 6¢ L&) 9% 1S uru
~ - 0S8 H+ Z108¢€
— | ¢C | € | ¥T | ST | LZ | 0€ | C¢¢ | S€ | Lg 6€ ev | 6V | ¥S @v} 69 xeul
— | = | =] —=]—=1—-]—-]—]oz|e|oz|cz|ec|w]|er{ys| uum
. 0S8 H+ CONLE
— | = | == | — | —|se|tz|e6z |ze | 9€ | W | v | €S| LS| 65)) xew
— | 0§ sy | 0¥ | S€ o€ qZ 0¢ ST €1 1T 6 L S € mérﬂ\fmJ
Jo (ww uf) 9231d 1593 Jo pud payosuanb wo.j duesSIp €Ik )
— | — — — | — — | 0C | TC | 2C | €C (44 SC¢ | LZ | S€ | 9FY | 1S .EmV\V‘, 058 H+ NUSYI
YZ | ST | 92 | LZ | 8C | 6C | 0E€ | 1€ | ¥E | 6E LY €9 | LS | 6S | 09 | 19 Xew \/g H+ 24S¥D
— =1 —=-]—=-]=-1=-1—=]—|—|— 1oz |zz|vz|¢cc|ov|sy | uwwm [7 H+ D4SED
— | 0¢ €¢ (44 S¢ 9¢ LC 8¢ 1€ e ¥ 61 €9 SS LS 89 Xew /AQ% H+ 24S€D
0€E| S | 0C | ST | €1 IT | 0T 6 8 Z 9 S v € < |2 Jo S+ Do
0 (wu ur) 3331d 3593 Jo pua payouanb wo.1y dULISIP BB a3ueijo 109
J I I Jo pua pay J Ip syury | 2Amersdwa | yfg dwIeu [391§
4 H SSoup.Iey Suiznuaisny

(sopead H+) LAy[iqeuap.aey ([euriou) parydads Yiim uo.10q INOYHM SIpe.as [993S 10J SYWI[ SSUpPIeH — ') d[qeL

© ISO 2021 - All rights reserved

44


https://standardsiso.com/api/?name=f6cb5596b322ca0e4897b739e8c420d2

:2021(E)

ISO 4954

— | — — 0s 19 Zs Zs €S S 14 4 S S S 14" ¥9 uru
- 098 H+ Z-€-LOWIDINTY
— | — — LS LS 89 88 6S 6S 09 09 09 09 09 09 09 xXeuw
— | ¥y Sy 9% LY LY LY 8v | 8% 8% 87 67 0S 0§ 0S 0S ‘urw
- 0S8 H+ 9ONINIDTE
— | LS LS LS LS LS LS LS LS LS LS LS 8S 89 8S 8S xew
— | €¢ 4 (44 Y4 97 8¢ 0¢ q€ 8¢ A4 LY 0s [AS) €9 €9 “uruk 058 e ZSOWINIDTY
— | 9¢ LE LE 8¢ (V% (A4 8% | ¥S ) LS 89 6S 09 09 09 Xew COWINIDTY
0g| s¢ | 0 | ST €1 IT (1) 6 8 L 9 S 4 € 4 T DS F Do
o (wu uf) 9731d 3591 Jo pua payouanb wio.1j duLISIp B B ague. jo 109
J Id }s93 jJo pua pay J isip e} - M.Eumuma::wu “wiAg auIeu [991§
-M‘Nm“m- Jh=<

r\ﬂ—nlwgr-—hv—ﬂ:

(panuiauos) L) 31qeL

45

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=f6cb5596b322ca0e4897b739e8c420d2

ISO 4954:2021(E)

— || —| =] =]=]—=]—=]—1]oz]w]|se|e6e| w |[zr]| um oLs " —_—
— — — — — Yard 0¢ K74 i7di 14 9F 2474 1244 [o%74 09 09 Xewl
— | — — — — 4 — — — — ‘ur
= 2z | og | Lg | 6E | OF ! e " —
— | = | = | = | 1d 67 | 95 | Ov | ¥v | 9v | v | 8v | 8% |8y | ‘xew
— | =] =1 =1l —4c | —|oz|[sz|1e]|¢er |8y | ev |[1s|] umu oks s PUNOS
— | =] =] =] ] — | ©x| v | 8v | zs | #s | 95 | 25 | 45 |85 | rxew
— | == | =141 =] —0O= ] — oz | sz |9 | v |9y |8r]| um
. . 0ps H+ PAUNOE
— | =] =1 =] Al -1 =1%o | ovr | 1s | e | €5 | €5 | ps| -xew
— | =] ==l -1 =1 VY= |1we|ww]|o| e | v [ov| uum
- o8 H+ YAUNLZ
— | =] =1 =1 Al -1 =] = || sv | 8v [ os | 15| 2s |es]| xew
4 .
— == 1-=-149/=-1-1 -1 -9 Lo | g e oy | W gy | uw obs - S—
— | == | =1 Al =1 =1 =] = 1"w]sv | | | sy |er]| xew
— | == =1l =1 =1 =1 =1 —0z | oe |8 | ov || uu
- 0p8 H+ PAUNOZ
— =1 =T =11 =T —=17=1—"16e [ ov | tv | 8v [8r | =xew
— | =] =1 =19l -1 =1 —-1—=1] =] oz oe | 6| 8 [or| mu
. 0p8 H+ PAUNLT
— | = | = | = | A = | = | = | — |9 | W | #| 9% | 9% || xew
— | == =19l =] =1 =] =] —]¢€ | eqor | w|er]| uum
T A = === v o | & | %] e [e] wu 0p8 H+ EAUNET
— | === Al =1 =] -] —]oz|sz]|oe | [ 6r |15 uum
- 0p8 H+ zd8e
— | =] =1 =1 Al =1 =1 = | [ evr | 15| ss | 95 [/4s|8s| xew
— | =] —-1-14Al -1 -1 -1—=-]—]oe] ] e | svjer| mum oo 0 ace
— | = = | =1 Al =] =1 =1 =] ¢ | 6v | zs | vs | ss5 |lea] -xew
— | ===l =1 =1 =1 —=1—1]—1]c¢€| 68| v |94 uu
- 08 H+ 2487
— | = =] = | A = ]oz | vz |6z | 6c | sv | 6v | 15| 15 | €5 | (xew
— | =1 =1 =1 A1 =1 =1=1=1T=1=1r] ] 6 || b
0p8 H+ zdee
— | =] =1 =14l -1 =1 —=-1—=1 =16 ]| sv | v ]| 8v [6v | xew|,
— | -] -] =14 =1 =] =1 =] =] =] o0z | oe | ve [6g] uwm v,\\ " " .
— == =1 d =T =1 =1=1=T1ss|w]| | s [ov] xew §*
Sues Do S ¥ Do
0s | s¥ | OV s€ 0€ S¢ 0¢ 1 €1 14 6 L S € |ST Jo sy | 24Mesadway [oquIAiS aweu [991§
Jo (wux ur) 9291d 1533 Jo pua paysuanb wo.y dUELISIP B 1B YYH SSaup.aey "7 | Suizniuaisny

(sopead H+) Li[Iqeuap.aey p.Iepuels Yim sape.as [9931S paLo[[e uo.10q 10J SYWI[ SSUp.Ieq — 8D d[qeL

© ISO 2021 - All rights reserved

46


https://standardsiso.com/api/?name=f6cb5596b322ca0e4897b739e8c420d2

ISO 4954:2021(E)

— | — | — — 5S¢ Lz 1€ 6€ 154 S SP LY LY 8v | 8% i
5 0p8 H+ T-CdONIDTE
- — | — - 1Y 4 87 1S 1S s €5 €S ¥S ¥S | ¥S xew
— | — | — - L7 0€ ¥ S¥ 9% 9% LY 8% 87 6% | 0S uru
0S8 H+ a109¢
— | — | — 9% 87 15 €S SS SS SS 99 9s LS 85 | 89 Xew
— | — | — - — — — - — S¥ 9% 97 LY 8v | 6% uru
5 0p8 H+ ¥410¢¢
— | 8¢ | 0OF v SH 6V 15 €S €s ¥S SS SS g5 95 | 9§ Xeu
- — | — - — - - - 1c ¥e 0€ 6¢ ¥ ov | LY uru
0L8 H+ TdON0E
— | — | — - — - 4 14 9% 8% 67 18 Zs ¢s, | €S Xew
— | — | — - — - - 6¢ (43 LE €y 8% 0s 1S ) <S uru
0S8 H+ SHUNLE
— | — | — — — - 87 €9 SS LS LS 89 6S 09 |09 Xew
- — | — - - — 02 9¢ 1€ LE 4 SP LY 8Y | 6¥ uru
. S8 H+ SQUAYE
— | 0C | ¢ S¢ 84 €€ 4 15 €S ¥S SS SS 9s 95 | LS Apul
- — | — - - — — 0¢ €c Le 3 0% (44 & | v¥ IR
0L8 H+ SUN9C
- — | — 0¢ €7 L2 9¢ S¥ 8% 6% 0S 1S s ¢s | ¢S Xew
3 o 94 F Do
‘ adueu
0s | s¥ € | ST Jo syury | dMIefadway [oquAg aweu 391§
——Suiziiualsny

(panunuos) g3 dqeL

47

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=f6cb5596b322ca0e4897b739e8c420d2

:2021(E)

ISO 4954

VAREICLEARS ﬁu 910U3}00] 998 QUa3U0d uoq.ed jo oduel Po310111Sald & M podap{o S[993S 03 OMQNUZQQN jou st 9[qel S1y L, e
— | — — 1¢ € | 92 | 62 e | ve | LE v | L¥ | 0§ Zs €S uiu THe
6C | 0€ 1€ e | ¥E [ LE | OV LSV | LV | 0§ s SS LS 89 | 8§ Xew 08 SIOTY
v¢ | S¢ | 92 | LC 6¢ 1€ g€ 6¢€ 1574 & | LY 19 €S SS | 9§ utw HH+ 7I0TY
S€ | 9€ LE 8¢ | OV | ¢¥ | 9% | ¢S4 PSS | 9SG 8§ 65 09 19 19 Xeuw
— | — - 0¢ ¢ | ve | 9c¢ 1€ €| 9¢€ | 6€ | ¥V | 8% | 0§ 19 uru TH+
8C | 62 | 0O¢€ 1€ e | ¥€ | LE v | YNV | 0§ €9 S 98 | 99 ‘Xeul
- 058 7I0LE
(A4 R YA I 44 S¢ | L¢ 6¢ 1€ LE 6€ | ¥v | 87 | IS €S | ¥S uru HH+
€€ | ¥E€ S€ 9¢ | LE 6¢€ v | 8% | 0S ¢S 59 LS | 8S 6S 69 ‘Xeu
— | — - — 0¢ 1C €C | LC 6¢ 4% GE v | S¥ | 87 | 6F ‘uru TH+
9C | LT 8¢ | 6¢ 0€ e | Y€ | 8¢ | OF | €V | 9% " 0OS ¢S | ¥S | ¥S xeuwl
- 0S8 7I0¥E
12| ¢t €C | ¢ S¢ | 92 | 8¢ €€ S€ | 8¢ 5% Sty 6v 1S s uru HH+
1€ | <€ €e | ¥€ S€ LE 6E | ¥¥ | 9% | 6V | ¢S | ¥S | 99 LS LS ‘Xeu
— | — - — — — — — ¢ | ¥ | L2 1€ 6¢ Ly s ‘utu TH+
— | — 0¢ 1c €¢ SC | LC 1€ €€ G€ 6 | ¥¥ | 09 g5 99 ‘Xeu
- 0S8 1097
— | — — — — 0¢ ¢¢ | 9¢ | 8¢ | 0¢€ €€ | 8¢ St TS Sq uru HH+
¥Z | S¢ 9¢ | Lt 6¢ 1€ €€ | LE 6€ v | 9% | 1S 99 65 19 Xeul
— | — — — — - — — 0¢ (44 14 6C | LE | 9V | 1§ utu TH+
— | — — — ¢ | ¥¢ | 9¢ 6¢ 1€ €€ | LE v | 8% | €S | 99 ‘Xeuwl
y 0S8 ¢108¢€
— | — — — — — 1¢ | ¥v¢ | 9¢ | 8¢ 1€ | 9¢ ey | 0§ | ¥S Wi HH+
¢ | €T | e S¢ LZ 0€ (45 13 LE 6¢& ey | 6V | ¥S | LS 65 ‘xeut
— | — — — — - — 0¢ ¢ | 92 | Lt €e v | 8V | 1§ utu THe
— | — — — — — — 9¢ | 6¢C €€ | 9¢ v | 6% | ¥S | 99 Xeul
0S8 CONLE
— | — — — — — — €C S¢ | 6¢ e | 8¢ i 4 1S | ¥S uru HH+
— | — — — — S¢ | LC 6¢ 4% 9¢ v | LY €g LS 65 Xeuwl
0S| Ss¥ | OV | S€ | O€E T SC T OC | aF | €T T 6 Z ) € ST Jo S+ Do
Jo (wrux ur) 9291d 3533 Jo pua payduanb wo.aj IduelsIp e je «oku.“m_q sanjetadwo) [oquAS duweu [991§
JYH ssaup.eyq Surznuaisny

e(sopeid TH+ pue HH+) spueq 1913eds A)[Iqeuap.Iey pajdLIISaI YIM U0I0q INOYIM SIpe.Is [991s 10J SHWI| SSAUpP.IeH — 6’ [qeL

© ISO 2021 - All rights reserved

48


https://standardsiso.com/api/?name=f6cb5596b322ca0e4897b739e8c420d2

:2021(E)

ISO 4954

7D 91qe], ul (0 930U300] 995 ‘JUIU0D UOQIED Jo dSUk.I PIIOLIISAI B YIM PaIap.lo S[993s 03 ajqeoijdde jou s1 a[qe3 sIy [,

e

Y| Sy | 9v | LY | LY | L% | 8% | 8V | 8 | 8V | 6F | 05 | 0S | 0S | 0S “uru THe
€S| €S €S | ¥vS | vS | Y& QPSS | ¥S | ¥S | ¥S | VS | SS GS | SS9 | SS Xeul 058 QONINIDE
8y | 6F | 05 | 05 | 0S | 0§ IS 19 19 19 (A4S €S €S €S €9 ‘uru U+
LS | LS | LS | LS | LS | LS | LSA LS LS | LS | LS | 85 | 89 | 85 | 8S xew
€¢| ¥¢ | v¢ | S¢ | 9¢ | 8¢ | 0€ | S& | 8¢€ v | LY | 0§ s €S €9 uru THe
e | €€ €e | ve | se | Leg v | 8h(\) ey | 25 | ¥S | 99 | LS | 89 | 8§ Xeu 058 ZSONINIDTY
LT | 82 | 8Z | 6C 1€ €e | 9¢ v | ¥y | LY 19 €S | §S qS qS utw HH+ COWINIDTY
9¢ | LE | LE | BE | OV | ¢F | 8V | ¥S | SS\LS | 85 | 6S | 09 | 09 | 09 xew
6C | 62 | 0€ | 0¢€ 1€ Z€ | Ye | LE | OF |VER | 6% | 1S ¢S €S | €9 uru THe
oy | O | I¥ | ¢ | ¥V | 9% | 6V | 1S €S | ¥SA/9S | LS | 85 | 8S | 8S Xeu 058 YSOWIDZY
ve| S€ | 9€ | 9¢ | 8E | 6€ w | ¥% | 9v | 8% | ¢9) ¥S | SS | 95 | 9§ ‘utu HH+ YOWIDZY
St | 9% | L¥ | 8% | 19 €S | 99 | 89 | 69 6S | 0974709 | 19 19 19 Xew
— | — — | o¢g 1€ e | Y€ | LE | OF | €V | S¥ | L®#D| 0S | 0§ ZS uru THs
— | — — 6€ | 1w | ¥% | 9% | 0S ¢S | vS | SS |1 99 | LS LS ‘Xew 058 FOIILE
— | — — | 9¢€ | 9¢€ | 6€ | OV | S¥ | S¥ | LV | 6% | 1S €9 ), €S | SS uru HH+
— | — — St | 9v | 8% | 19 | ¥S GG | 99 | 85 | 65 | 09 209 | 09 xew
YZ| ¥Z | SC | 92 | LZ || 8C | 0E | ¥E | 9¢ | 6€ v | SY | 8% | 6% | 6F uru THs
ve | S€ GE | 9¢ | 8E | 6 | ZV | 9FY | LV | 6% | 1S ¢S | VS | VS eFs xewl 058 HONIDE
6 | 62 | 0¢€ 1€ e | ve | 9€ | OF | ZV | ¥V | 9V | 6% | 1S ¢S Zs urw HH+
6| OF | OV | I¥ | €V | S¥ | 8 | €S €S | ¥S | SS | 99 | LS | LS | LS Xeu
— | — — — 0Z || 12 | €2 | LZ | 6C | CE | %€ | LE | OV | €V | ¥¥ o THs
LZ | LT | LT | 8C | 62 | O¢f Z¢ | 9¢ | 8¢ W | €V | 9% | LV | 6% | 6F Xew 058 TSOWIDST
Z¢ | 2z | t¢ | €2 | vZ | 97 | 8¢ ¢ | vE | LE | 6 v | ¥v | 9v | LY uru HH+ FOWIDST
1€ | 1€ 1€ 4% €€ g€ | LE v | € | 9% | 8% | 0S 19 s s ‘Xeu
0S| S¥ | OV | S€ | 0€E | S2 | 0C | ST | €T | 1T 6 L S € ST DS F Do
Jo (wrux ur) 9291d 1593 Jo pus payduanb wo.rj aduelsIp e e HOQM.HM.._E aamesddwoy [oquAs duwieu [9931§
Y SSoupIeH — dwziuahsny
(panunuod) 6') dqeL

49

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=f6cb5596b322ca0e4897b739e8c420d2

ISO 4954:2021(E)

Table C.10 — Maximum diameter for which at least 90 % martensite shall be attained in the
core hardness test (+CH grades)

telsug:g?li:'l:lilrllgthe Min. core hardness| Maximum diameter to
coll)'e hardenin (90 % martensite ensure 90 % of
Steel name Symbol testa e structure) martensite in the corebP
°C+5°C HRC mm
Steels without boron
37Mo2 +CH 850 48 8
38Cr2 +CH 850 48 2
46Cr2 +CH 850 51 9 AN
34Cr4 +CH 850 46 1O
37Cr4 +CH 850 48 s
41Cr4 +CH 850 50 W97 16
41CrS4 +CH 850 50 () 16
25CrMo4 +CH 850 41 R 13
25CrMoS4 +CH 850 41 O 13
34CrMo4 +CH 850 45 ~X 18
37CrMo4 +CH 850 487 18
42CrMo4 +CH 850 50 21
42CrMoS4 +CH 850 L& 50 21
34CrNiMo6 +CH 850 Y 46 31
41NiCrMo 7-4-2 +CH 850 .2 50 34
Boron alloyeg(s;ael grades

17B2 +CH 900~ 37 9
23B2 +CH 890 40 9
28B2 +CH | _ - 7880 43 10
33B2 +CH [V 870 45 11
38B2 +cH( |~ 860 48 11
23MnB3 A0 880 42 14
17MnB4 - \+CH 890 37 12
20MnB4 L) +cH 880 39 14
23MnB4 oo | +cH 880 42 14
27MnB4 NV +CH 870 43 14
30MnB4 £\ +CH 860 44 14
36MnB4 ) +CH 850 47 14
37MnB5 +CH 850 48 16
30MoB1 +CH 870 45 18
32CrB4 +CH 860 46 30
36CrB4 +CH 850 48 30
31CrMoB2-1 +CH 860 45 30
a2 Asaguideline, a hardening time at temperature of at least 30 min is recommended.
b The maximum diameters stated are those attainable with the lowest hardenability within each steel grade. Using +HH
grades the maximum diameter can be increased.
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Annex D

(normative)

ISO 4954:2021(E)

Specific requirements for cold heading and cold extruding
stainless steels

Fable b-t—€ombinations of heat treatmrentsconditionsatdetivery, productfoyms and
applicable requirements
Product form?2 Steels?
Heat-treat- Auste-
ment con- iti : .
diion at Symbol | Wire Bar |Wire|FerTi-| Marten- :llxtsltcea;nrilg Applicable requirements
délivery rod tic sitic ice
ferritic
Solutjon
annegled or
+AT or
solutjon AT + PE X X X — — X
annealed
+ peeled
Solutjon
annedled + cold | +tAT +C| - X X — — X
drawh
Solutjon an-
nealed + cold +AT +C
drawh + — X X — — X
+ AT
solutjon an-
nealed Mechani-
Solutlon an- X X Chemical | cal prop-|| Supple-
nealel + cold +AT + C compo- | erties as|| mentary or
drawh +solu- AT+ | — _ — X sition as | specified|| special re-
tion dnnealed + LC speci- in Ta- || quirements
skin }passed fied in bles D.3, || as specified
Table D.2 | D.4 and || in Annex EP
Soft gnnealed D.6
or +A‘or o
soft annealed + | A+ PE X X X X X o
peele
Soft nnealed\+ PASLC | — X X X X .
skin passed
Soft Apnnalpr‘l + X X
+A+C
cold drawn + +A — X X —
soft annealed
Soft annealed + X X
+A+C
cold drawn +
+A+ — X X —
soft annealed +
. LC
skin passed
Others Other delivery conditions may be agreed at the time of enquiry and order.
a X =applicable, — = not applicable.
b Ifagreed at the time of the enquiry and order.
© IS0 2021 - All rights reserved 51


https://standardsiso.com/api/?name=f6cb5596b322ca0e4897b739e8c420d2

:2021(E)

ISO 4954

"[993s 93 Jo AYIqeMnS aYy3 pY

=

a.1e suonnesa.ad ajeridoadde [y 3

DJO pue A1nbus Jo owin 9yl 1k paaide og AeUI PUR DIPUIUIWINIAT ST 04 £Q‘Q "XPUI JO 1U21U0D U0g.Jed B ‘A]

I[IqeuLIoj p[od a3 aa01dwl 0} I9pIo U] o

"Pamofe ST gQ‘Q ) AUSWNIOP SIYI 10

‘Pamoj[e SI 06T 03 (‘9T 11D 10j d3UE B QUaWNIOP SIYI 10 4

“1op.Jo pue A1nbus jo swir) a3 38 paa.Ide 9SIM.I9YI0 SSI[UN ‘PIIIULI

bd STIN JO 9% 0'8 JO JUSIUOD WNWIUIW Y ¢

‘Po3edIpul aSIMI9Y]0 SSo[un sanjeA Wnwixey e

e sanradoud [eordeydaw dreduwl pynom jey) uononpo.ad ul pasn s[eLlaleu Iay30 pue deads wo.j Syuawd
ay a3 Surystuiy 103 3doaxa 1eseyoand a3 Jo Juswaa.1Se 93 INOYIIM [991S 33 03 Pappe A[[eUOIIUIIUL (]

[@ yons Jo UOn}Ippe Y3 pIoAE 0} UdXe) 3q 01
j0ou Aew 9[qe) SIY3 Ul pajonb jou sjuawa[q

« « Oo.m « a « « « . - - « ~|mo
— 0 0 - - 0
00T 010 | oy oz | OET 10017 SBTOISOT | 0800 | VOO | 002 | 00T | 0£0°0 ore-pony|  ZTTLT OWINIEZX
OIAl Y1IM S[991S J1}IUAIShY
B B — — | o6ro1021 | 021TasT | 000 | sv00 | 007 | 00T | pk00 -ﬁwm-mﬂmw 9T-8TIDINEX
B B orol | — |o€rosor | >061 0024 0c00 | svo0 | 00z | 00T 800 -mom-mmmm ZT-8TINIDOX
B 00 orol | — |ozroro0r | oozoroer | 0s0 | svoo | ooz | 00T | 0g0 -«om-o_ﬁmm TT-6LINIDZX
o uommou G — — | ozro0% | 06101071 | 0500 | %00 | 007 | 00T 800 ||1-00-TZETHSH 0T-8TLLINADOX
— 00 orol | — | soromog | seroszr | ogo0 | sv00.°| 00z | 00T £00 -gm-ﬁmmm 0T-8TINIDSYX
OO-N { « [ { s [ « OO-N [ [ MImB
—_ —_ (0] (0] -6- NnHINJI
ovodr | oro 060108 | 06To108T | sT00 | s00 | (oL | 00T | se00 0-aoer 7-6-6INDINIDEYX
CO\* i [ ’{ « i’ { « [ { s
_ _ o o -6-8TNDINI
o oge | 0T 45010158 | 06T 0102T | 0800 | SH00 | 002D 00T 100 || oe-possoh b-6-8TNDINIDEYX
— 00° oto| | — | sotroos | o6romo0zr | 0g0'0 | svo'0 | ooz | 004 800 X"86 Z-6-8TNDINIDOX
0007 -H0E-LISH !
— 00T oto| | — | ootromos | serosut | oo | svo'o | ooz | 00T | Chgoo b0c- Bmmm 6-8TINIDZX
— 00T 0T'0| | 080 | S6909 | 06101091 | SI00 | SO0 | 002 | 00 |ST063500||1-00-T0€-0TER 8-8TINADOTX
S[991S JNIUAISNy
Joguinu
s1910 ) N oW IN 1 s d upw 1S 3 _ohm st awreu 215
pUOI10B1J SSeU 0 uoneugisag

sope.ad [991s ssa[urels Jo (sisA[eue ised 03 9jqedrjdde) uonisoduwod jesruay) — z'd d[qel

© ISO 2021 - All rights reserved

52


https://standardsiso.com/api/?name=f6cb5596b322ca0e4897b739e8c420d2

:2021(E)

ISO 4954

"[993s 33 Jo AIqeMNnS aY3 PY

“19p.Jo pue A1inbua jo awi} a3 3e paatde aq Aew pUE PIPUIWWIO0IAI ST 0 (0 "XEW JO JUIJU0I U0qIed e ‘A}[Iqew.I0] p[od a3 dA0adw 0} J9pJo U] o

a1e suonnesaud ajeridoadde [y 3

‘Pamo[[e ST g(0 :) ‘QUSWNIOP SIYI 104  p

"paMo[[e S1 ‘6T 03 G‘9T :1D) .10J 93UEL B QUBWNIOP SIY} 10

e san1adodd reotueyoaw Jredwt ppnom ey uoronpo.ad ul pasn s[erIalew Jay31o pue delds wo.1y SJUawW
ay a3 Surysiuiy 103 3deoxa Joseyo.and ay) Jo Juawaa.ISe a3 INOYIIM [991S 313 03 Pappe A[[eUOIIUUL o]

“19p.10 pue A1nbua jo awir) aY3 38 Paa.Ide 9SIM.I9YI0 SSI[UN ‘PIIIIULI

‘poiedl

bd STIN JO 9% 08 JO JULIUOD WNWIUIW Y ¢
DUT 9SIM.I9Y]0 SSO[UN SON[BA WINWIXBN

[@ yons Jo UOI}IPPE a3 PIOAE 0} USXE) 3q 0}
jou Aew 9[qe) SI1Y3 ul pajonb jou syuswa[q

S[991S JNLLIa]

NN-O Omsm « « « « « « 11 11 I I-€0
— — . f o) 0} -G- OJNINI
0301 01057 S'9 oS A 0°€Z010Te | STO0 Se0°0 00°C 00T 0€00 -81£-79%% €-G-CZNOWINIDZX
[991S JNLLI3J-2NIUIISNY
0100
017000 :d
0S0
01010 :A _ _ 0S'T G 01 ) ‘9T 07 C* ‘ ‘ ‘ p ‘ X-98 ¢-ST-SZAAON
. 0100 022030%2 | 09T 01S°€T~| 0€0°0 0%0°0 00°C 00T 80°0 -799-0861 L LIDINOX
SE€0:IV
SEC
01 06T ‘1L
0S‘€ ‘ 0S8 ‘ ‘ y p ‘ ‘ ‘ ‘ ‘ q4-9L "€ TT-LTON
— 0 0
0300°S 01’0 01002 0TT030°0T | SLTO03IS9T | ST00 S%0°0 00°C 00T 70°0 -9T€-8/Sh OINIYEX
‘ 20 00°€ ‘ ‘ ‘ ‘ ‘ . ‘ ‘ ‘ [-€S
— ) 0 -€T-LTINONINI
00T 01710 | 01 05z 0°€T03S°0T | S'8T03S9T | STO0 S¥0°0 00°C 00T 0€00 -9TE-620F €-ET-LINONINIDZX
—_ —_ { oo.m s s 4 4 s s s « « Hloo - -
01’0 0105z 0°€T031S°0T | S'8T03S9T | STO0 S¥0°0 00.2 00T S0°0 -9TE-9Eh T €-ET-LTONINIDEX
— 00T 0T‘0 oo.m. 0‘€T01G°0T | S'8T01S9T | ST00 S¥0°0 00¢ 00T 0€£00 I"£0 €-CT-LTONINIDZX
0108°C -91¢-ZEVY '
00 00T — 05 G'€101G0T | S'8T01S9T | 0£0°0 S¥0°0 00C 001 800 [-G€-9TE-TLSY| T-CT-LTLIOWINID9X
031 DXG =1L 0100C ) )
— 00T 0T‘0 oo.m. 0°€T010°0T | S'8T01S9T | 0£0°0 S¥0°0 00C 00T £L00 100 C-CT-LTOWINIDSX
0100C -91¢-10V Y '
Jaquinu
SIP/Y10 nj N OIN IN 1D S d LLY IS J [991s OSI ouwreu [991S
THOTOEH-SSEH9% uoneugisaqg

(panuijuos) Z'd d1qeL

53

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=f6cb5596b322ca0e4897b739e8c420d2

	Foreword
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Classification and designation
	4.1 Classification
	4.2 Designation
	5 Information to be supplied by the purchaser
	5.1 Mandatory information
	5.2 Options and/or supplementary or special requirements
	5.3 Ordering example
	6 Manufacturing process
	6.1 General
	6.2 Deoxidation
	6.3 Heat-treatment condition and surface condition at delivery
	6.3.1 Heat-treatment condition
	6.3.2 Particular surface conditions
	6.4 Traceability of the cast
	6.5 Statistical evaluation
	7 Requirements
	7.1 Chemical composition, mechanical properties and hardenability
	7.1.1 General
	7.1.2 Chemical composition
	7.1.3 Mechanical properties
	7.1.4 Hardenability (only applicable to steel grades of Annexes B and C)
	7.2 Grain size
	7.3 Carbide spheroidization (only applicable for steels of Annexes A, B and C)
	7.4 Non-metallic inclusions
	7.4.1 Microscopic inclusions (only applicable for steels of Annexes B and C)
	7.4.2 Macroscopic inclusions
	7.5 Internal soundness
	7.6 Aptitude to cold forming
	7.7 Surface quality
	7.7.1 General
	7.7.2 Wire rod (only applicable for steels of Annexes A, B and C)
	7.7.3 Bars (only applicable for steels of Annexes A, B and C)
	7.7.4 Wire rod and bars for stainless steels (only applicable for steels of Annex D)
	7.7.5 Bright products
	7.7.6 Removal of surface defects
	7.7.7 Non-destructive testing of the surface
	7.8 Decarburization (only applicable for steels of Annexes B and C)
	7.9 Corrosion resistance of stainless steels
	7.10 Shape, dimensions and tolerances
	8 Inspection
	8.1 Testing procedures and types of documents
	8.2 Summary of specific inspection and frequency of testing
	9 Preparation of samples and test pieces
	9.1 Selection and preparation of samples for product analysis
	9.2 Selection and preparation of samples and test pieces for the mechanical test
	10 Test methods
	10.1 Chemical analysis
	10.2 Mechanical tests
	10.3 Hardenability and core hardness tests
	10.3.1 Verification of hardenability
	10.3.2 Verification of core hardness
	10.4 Aptitude to cold forming
	10.4.1 Upsetting test for non-alloy and alloy steels of Annexes A, B and C 
	10.4.2 Upsetting test for stainless steels of Annex D 
	10.5 Non-destructive testing
	10.6 Visual and dimensional test
	10.7 Retests
	11 Surface treatment, marking and packaging
	11.1 Surface treatment and temporary corrosion protection
	11.2 Marking
	11.3 Packaging
	Annex A (normative)  Specific requirements for cold heading and cold extruding steels not intended for heat treatment after cold working
	Annex B (normative)  Specific requirements for cold heading and cold extruding case-hardening steels
	Annex C (normative)  Specific requirements for cold heading and cold extruding steels for quenching and tempering
	Annex D (normative)  Specific requirements for cold heading and cold extruding stainless steels
	Annex E (normative)  Supplementary or special requirements
	Annex F (informative)  Designation of steels given in Annexes A, B, C and D and the comparable grades covered in various designation systems
	Bibliography

