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Foreword

ISO (the International Organization for Standardization)is
federation of national standards bodies (ISO member bodig
of preparing International Standards is normally céarsied out
technical committees. Each member body interésted in

which a technical committee has been established has th
represented on that committee. Internationahorganizations,

and non-governmental, in liaison with ISO, also take part in t
collaborates closely with the International Electrotechnical
(IEC) on all matters of electrotechnidal standardization.

ISO 683-

=
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jovernmental
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18:1996(E)

a worldwide
s). The work

through ISO

h subject for

right to be

Commission

Draft International Standards addpted by the technical cofmittees are

circulated to the member badies’ for voting. Publication as an
Standard requires approvalsbyrat least 75 % of the member b
a vote.

International StandarddS0O 683-18 was prepared by Technic
ISO/TC 17, Steel, Subcommittee SC 4, Heat treatable and 4

This secondx“edition cancels and replaces the
(ISO 683-18:1976), of which it constitutes a technical revisio

ISO 683~consists of the following parts, under the genej
treatable steels, alloy steels and free-cutting steels:

Part 1: Direct-hardening unalloyed and low-alloyed wrd
form of different black products

Part 9: Wrought free-cutting steels

Part 10: Wrought nitriding steels

Part 11: Wrought case-hardening steels

Part 13: Wrought stainless steels

Part 14: Hot-rolled steels for quenched and tempered {

Part 15: Valve steels for internal combustion engines

Part 16: Precipitation hardening stainless steels

Part 17: Ball and roller bearing steels

Part 18:

International

odies casting

il Committee

loy steels.

irst edition

N.

bl title Heat-

ught steel in

b0rings

Bright products of unalloyed and low alloy steels

Annexes A and B of this part of ISO 683 are for information only.
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ISO 683-18:1996(E)

18:
Bright products

1 Scgpe

1.1 This part of ISO 683 applies to wrought un-
alloyed @nd alloyed steels in the form or bright prod-
ucts whjch are intended for mechanical purposes, for
examplg for machine parts. It is subdivided as follows:
a) claugses 5 and 6: general requirements and tests;

b) clause 7: Case-hardening steels;

c) clauge 8: steels for quenching and tempering.
1.2 In|addition to this part of ISO 683, the general

technicg| delivery requirements-of ISO 404 are appli-
cable.

2 Normative references

The follbwing' standards contain provisions which,
through Lreférence in this text, constitute provisions

of unalloyed and low alioy steels

ISO 377-1:1989, Selection and preparat|
and test gieces of wrought steels — P3
and test{pieces for mechanical test.

ISOM04:1992, Steel and steel produc
technical delivery requirements.

ISO 642:1979, Steel — Hardenability
quenching (Jominy test).

ISO 643:1983, Steels — Micrographic
of the ferritic or austenitic grain size.

ISO 4948-1:1982, Steels — Classificat
Classification of steels into unalloyed a
based on chemical composition.

ISO 4948-2:1981, Steels — Classificat
Classification of unalloyed and alloy st{
to main quality classes and main prope
tion characteristics.

ISO 6506:1981, Metallic materials —
— Brinell test.

bn of samples
rt 1: Samples

ts — General

test by end

determination

on — Part 1:
d alloy steels

on — Part 2:
bels according
rty or applica-

Hardness test

of this part of ISO 683. At the time of publication, the
editions indicated were valid. All standards are subject
to revision, and parties to agreements based on this
part of ISO 683 are encouraged to investigate the
possibility of applying the most recent editions of the
standards indicated below. Members of |[EC and ISO
maintain registers of currently valid International
Standards.

ISO 83:1976, Steel — Charpy impact test (U-notch).

ISO 148:1983, Steel — Charpy impact test (V-notch).

ISO 6892:1984, Metallic materials — Tensile testing.

ISO 6929:1987, Steel products — Definitions and

classification.

ISO 9443:1991, Heat-treatable and alloy steels —
Surface quality classes for hot-rolled round bars and
wire rods — Technical delivery conditions.

ISO/TR 9769:1991, Steel and iron — Review of avail-

able methods of analysis.
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ISO 10474:1991,

996(E)

Steel and steel products — In-

spection documents.

ISO 14284:1996, Steel and iron — Sampling and
preparation of samples for the determination of
chemical composition.

© SO

4.2 Certain options in ordering are permitted by this
part of ISO 683. The purchaser may also state in his
enquiry and order his related requirements as shown
in table 1.

Table 1 — Permitted options in ordering

. ags For steels . .
3 Definitions of tables Permitted options
For the purposes of this part of ISO 683, the relevant 3N f) whether a product analysis is re-
definitions given in 1SO 4948-1_ 1SQ 49482 and quired (see 6.2.1);
ISO 6929, and|also the definition given in 3.4, apply. 3,11 gl)  the choice of the surface qudlity
class selected from 1SO.9448 (see
. 5.8.1.5);
3.1 B"ght prOdUCts g2) whether special specifications for
N the limits of surface defects Jare re-
For definition fof drawn products, turned (or peeled) quired (see 5.871.6);
products and ground products, see ISO 6929. — :
3,11 h) whether, specifically, coarselor fine
grainrsteel is required (see 5|7);
3.2 Unalloyed and alloyed steel 3, 11 i) whether, for special steels, the mi-
croscopically determined norf-
See ISO 494811 metallic inclusion content shll be
within agreed limits (see 5.9]2);
3.3 Special|steel 11 i) whether, for drawn products| spe-
cial specifications for the perfmiss-
See ISO 49487. ible depth of the ferritic-pearfitic
decarburization are required [see
. 5.8.2.1).
3.4 Thickngss

Thickness is ¢
of the product

— the diamet
— the lateral |
— the width @

— the shorter

4 Ordering

4.1 The purg

bnsidered to be the nominal dimension
that means:

br in the case of rounds;
ength in the case of squares;
ver flats in the case-of hexagons;

lateral length ip-the case of flats.

haser shall state in this enquiry and or-

der

5 General requirements

5.1 Manufacture of the steel and of the
product

5.1.1 Unless otherwise agreed in the order, the
process used in making the steel and the prodluct are
left to the discretion of the manufacturer. When he
so requests, the user shall be informed what
steelmaking process is being used.

5.1.2 The steels shall be killed.

a) the dimensions and tolerances of the product (see

5.10);

b) the steel type (see tables 3, 7, 8, 11, 15, 16 and

17);

c) the treatment condition (see 5.3.1);

d) the surface-coating treatment, if any (see 5.3.2);

e) the required type of document (see 6.1).

5.2 Cast separation

The steels are delivered by casts.

5.3 Treatment condition at the time of
delivery

5.3.1 The treatment and heat-treatment condition (if
any) at the time of delivery must comply with the
condition agreed in the order and shall be one of the
conditions indicated in table 2 or 10. (See also 5.8.1.)
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5.3.2 Bright steel is supplied commercially with a
light coating of grease, provided that nothing to the
contrary is laid down in the regulations of the freighter
regarding unpacked piece goods.

The usual light application of ordinary grease does not
afford positive protection against rusting, particularly
in the presence of water due to condensation. The
use of a selected rust inhibitor or a special type of
packing shall, if required, be agreed upon at the time
of enquiry and order.

ISO 683-18:1996(E)

5.8 Outer soundness
5.8.1 Surface quality

5.8.1.1 In the case of hexagons, squares, flats and
special sections, the achievment of a light bright sur-
face is precluded by the manufacturing methods
used; the surface is darker than that of bright rounds.

5.8.1.2 Heat treatment (e.g. stress relieving, soft

5.4 Suyrvey of combinations of usual
treatm}:t conditions on delivery and
requirements

Tables 2 and 10 give a survey of combinations of
usual trgatment conditions on delivery and require-
ments goncerning chemical composition, mechanical
propertig¢s and hardenability.

5.5 Chemical composition

5.5.1 The chemical composition of the steels, de-
terminedl by the cast analysis, shall be in accordance
with the| specifications in tables 3 and 11 (see 5.5.3).

5.5.2 Tlables 4 and 12 give the permissible devi-
ations between the values given in tables-3Cand 11
and thoge from the product analysis.

5.56.3 |f case-hardening or direct-hardening steels are
ordered|by using the designations)given in tables 7,
8, 15, [6 or 17 to hardendbility requirements for
Jominy test pieces, the hardenability values shall be
regardedl as the governing/criteria for acceptance. In
such capes, the castjahalysis may deviate from the
values ghown in tables 3 and 11 by the values given
in footnpte 1) tontable 3 and footnote 3) to table 11.

5.6 Hardenability and mechanical properties

anneating, ormatizing, quenching and tempering) ap-
plied after drawing, centreless turning, grinding or

polishing makes the surface darker/and

5.8.1.3 Pitting, scars and grooves are
a localized scale; in theccase of round
shall not be greater thatISO tolerance

rougher.

permitted on
5, their depth
yone h11.

In the case of bright products with different shapes,

comparative samples may be agreed up
of enquiry ahd order.

5.8.1.4

bn at the time

If a surface quality that is superior to that

obtained from the usual method of drawing once only

or»,by centreless turning is required,

an additional

treatment (e.g. redrawing, grinding or golishing) may
be agreed upon at the time of enquiry gnd order.

This is in particular necessary for a light bright and

very smooth surface which may be
electrolytic surface coating.

5.8.1.5 Longitudinal surface defects
complety avoided when rolling and the

needed for

cannot be
/ are retained

when drawing. Therefore, in the case df drawn prod-

ucts, agreements may be made conce
missible depth of such defects and thei

In the case of rounds, these agreem
based on ISO 9443.

5.8.1.6 |f special requirements concer
of surface defects exist, the prody
centreless-turned in a suitable way, ang

ning the per-
[ examination.

ents shall be

hing the limits
cts shall be
shall also be

The products shall fulfil the specifications of 7.2.3 and
8.2.3.

5.7 Structure

If a controlled austenitic grain size is required, the
austenitic grain size of the steel determined in ac-
cordance with 6.3.4 shall be 5 and finer for fine grain
steels and 1 to 5 for coarse grain steels. The grain
structure shall be considered satisfactory if 70 % is
within the specified limits.

ground —to mprove the surface Tmic

ostructure of

rounds. Such requirements shall be agreed upon, if
necessary, at the time of enquiry and order.

5.8.2 Decarburization

5.8.2.1 Drawn products of the stee

s in table 11

shall, independent of their heat-treatment conditions,
be free from completely ferritic decarburized zones.

For such products, values for the permissible depth
of the partial (ferritic-pearlitic) decarburization may be
agreed upon at the time of enquiry and order.
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5.8.2.2 Bright products of the steels in tables 3 or
11 which, according to the order, were peeled or
ground or polished shall be free from decarburization.

5.9 Internal soundness

5.9.1 The steel shall be free from internal defects
likely to have an adverse effect during further pro-
cessing or use.

592 Where FPPTOPTATE—SXaCT CTiTa—forthe—com———o-3—Selection and preparation of samples

pliance of the[steel with the general requirement in
5.9.1 shall be ggreed upon at the time of enquiry and
order.

Agreements on the content of non-metallic inclusions,
for example i accordance with ISO 4967 or other
suitable methods, may be made for special steels.

5.10 Dimenpsions, tolerances on dimensions
and masses

The products 9
ance with exis
sions and also

hall, if possible, be ordered in accord-
ling International Standards for dimen-
tolerances on dimensions and masses.

If corresponding International Standards for dimen-

sions and toler
sions and toler
of enquiry and

6 Testing

6.1 Agreem

6.1.1 For eac
according to 19
time of enquiry

6.1.2 If, in a
specific inspec
tions in 6.2 to

Bnces are not yet available, the dimen-
hnces shall be agreed upon at the time
order.

ent of tests and documents

h delivery, the issug.of’any document
0O 10474 may be-agreed upon at the
and order.

ccordance )with such an agreement,
lion is_t0 be carried out, the specifica-
b.5/6hall be observed.

© SO

6.2.2 Hardenability, mechanical properties,
structure, inner and outer soundness

If, according to the ordered requirements (see
tables 2 and 10) and the required type of document
(see 6.1), the hardenability, mechanical properties,
structure or inner and outer soundness are to be ver-
ified, then the indications in table 9 or 18 apply for the
test unit and the number of samples and test pieces.

and test pieces

6.3.1 General

The general conditions givennih SO 377t1 and
ISO 14284 for the selection and preparation ¢f sam-
ples and test pieces shall apply.

6.3.2 Hardenability test

In cases of disputé, for the end-quench hardgnability
test, if possible” the sampling method given in
ISO 642:1979\[ 5.1 a) or b1)] shall be applied.

6.3.3 .Tensile test and impact test

6:3.3.1 Test pieces for tensile tests shall be| tested
(as far as possible) with their original surface (pee fig-
ure 1).

6.3.3.2 Impact test pieces shall be taken in pccord-
ance with figure 1 and be prepared in accordange with
ISO 83 or ISO 148.

6.3.4 Structure

For the selection and preparation of the test pidces for
the verification of the austenitic grain size, the indi-
cations in ISO 643 apply. In cases of dispute, if not
otherwise agreed at the time of enquiry and ordler, the
indications for the McQuaid-Ehn method shalllbe ob-

served if (‘acp-hnrdpning steels (see clause 7} are to

6.2 Test unit and number of sample
products and tests

6.2.1 Chemical composition

The cast analysis, if called for in the order, shall be
provided by the manufacturer.

If a product analysis is required by the purchaser, and
if not otherwise agreed at the time of enquiry and or-
der, one sample product shall be taken from each
cast.

be examined. In cases where steels for quenching
and tempering (see clause 8) are to be examined, one
of the other methods described in ISO 643 shall be
applied and the austenitizing temperature shall corre-
spond to the highest hardening temperature (see ta-
ble A.3) for the steel type concerned, and this
temperature shall be maintained for 1 h.

6.3.5 internal soundness

For the selection and preparation of the test pieces for
the verification of the content of non-metallic inclu-
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p=<25" ?=>25

ISO 683-18:1996(E)

Dimensions in millimetres

2)

A = Sample product
B = Test sample

C = Test bar (the piece after reduction to the
size in which it is fo be heat treated) _‘
D = Test piece

2)

Circular and similar shaped sections

a=<25" a>25
b=a b=a
b
b
L
/ied
T E -
\\ ) / AN
T T
NI
12,5 ;
12,5
b
b
. 3)
3)
|
—r———— ——— - — L]
) wm
E o
12,5
125
Rectangular sections including squares
- Notch
/ \ Tensile test piece i Impact test piece
\ /

1) For small products (d or a << 25 mm), the test piece shall, if

possible, consist of an unmachined part of the bar.

2) For round bars, the direction of the notch axis shall be approximately
paratlel to the direction of the diameter running through the cross-section of
the test piece.

3) For rectangular bars, the notch axis shall be perpendicular to the widest
rolling surface.

Figure 1 — Location of the test pieces in bars and wire rods
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sions, the indications in ISO 4967 or other agreed
standards apply.

6.3.6 Outer soundness

For the verification of surface quality, see 1ISO 9443.

6.3.7 Decarburization

Etched transverse microsections with sharp edges
shall be prepared for a microscopic_examination of

© SO

6.4.6 Outer soundness

If, at the time of enquiry and order, an agreement has
been reached regarding surface quality classes, the
verification shall be in accordance with 1ISO 9443.

6.4.7 Decarburization

When testing the products with regard to their
decarburization (see SO 3887), the depth of the
ferritic completely decarburized zone and that of the

decarburization] However, in cases of dispute, with
the exception of products in the cold-drawn condition,
the microsectign shall be hardened, taking precau-
tions to preven{ decarburization or carburization. After
hardening, the|microsections shall be prepared for
microhardness measurements by grinding and polish-
ing. In all caseg, the requirements of ISO 3887 shall
be observed.

6.4 Methods of test

6.4.1 Chemical analysis

In the case of dispute about the analytical method, the
chemical compgpsition shall be determined in accord-
ance with a reference method specified in 1ISO stan-
dards listed in IFO/TR 9769.

6.4.2 Hardengbility test

The end-quenct) hardenability test shall be carried out
in accordance |with ISO 642. The temperature for
quenching shall|be in accordance with tabless#'8, 15,
16 or 17.

6.4.3 Tensile test and impact test

6.4.3.1 The tepsile test shall\be carried out in ac-
cordance with 1$O 6892.

6.4.3.2 The impactstest shall be carried in accord-
ance with I1ISO §3,0mSO 148.

ferritic-pearlitic partially decarburized zone are_lisually
measured by microscope at a magnificatiof)of [x 100,
at the four ends of the diameters of the two ptched
planes perpendicular to each other. THe inner dtarting
point for the measurement of-the depth pf the
ferritic-pearlitic decarburized zofe-shall be thg point
at which a marked decrease 6f the pearlite dontent
begins. (This is usually atabolt two-thirds of tHe total
depth of the ferritic-pearlitic decarburized zong.) The
average of the four single values obtained in this way
shall be calculated:

In cases of dispute, with the exception of prodlicts in
the cold-drawn condition, the decarburization shall be
checkedcby microhardness measurements (HV 0,3)
alongxthe two diameters. For the depth ¢f the
decarburized zone, the average of the distanges e;,
€. ¢3 and e, (see figure 2) shall be calculated. The sin-
gle values e, to ¢, represent, according to figurd2, the
distance between the surface and the next ppint of
the corresponding diameter, where the hardness is
80 % of the maximum hardness which, in thé case
of decarburization, is measured in the outer zpne of
the microsection.

6.5 Retests

For retests, 1ISO 404 shall apply.

7 Specific requirements for bright
products of case-hardening steels

7.1 Scope

6.4.4 Structure

The austenitic grain size shall be tested in accordance
with ISO 643 on test pieces prepared in accordance
with 6.3.4.

6.4.5 Internal soundness

For determining the content of microscopic non-
metallic inclusions, the procedure shall be agreed
upon at the time of enquiry and order (for example,
see ISO 4967).

This clause covers the specific requirements for the
bright products of case-hardening steels. It applies for
thicknesses up to 160 mm in the case of unalloyed
steels and up to 80 mm in the case of alloyed steels.

7.2 Requirements

7.2.1 Survey of combinations of usual treatment
conditions on delivery and requirements

Table 2 gives a survey of combinations of usual treat-
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Hmax

Hardness H(HV ; 5)

Ho = 0.8 X Higy

ment cpnditions, on delivery and requirements con-
cerning| chemical composition, mechanical properties
and hardenability.

7.2.2 Chemical composition

7.2.2.1| The chemical composition_of the steel, de-
termingd by the cast analysis, shal"be in accordance
with th¢ specifications in table 3(

7.2.2.2| Table 4 gives the pérmissible deviations be-
tween the values givef in"table 3 and those from the
product analysis.

7.2.3 Hardénability and mechanical properties

Distance from the surface (mm)

Figure 2 — Determination of the depth of the decarburized zone

7.2.3.2 \Where the steel is, by using tHe designations
given in table 7 or 8 , ordered to normpl (see table 7)
or to narrowed (see table8) hardenpbility require-
ments, the values of hardenability givegn in table 7 or
8, respectively, apply in addition to thg requirements
given in table2, columns4.1 arld 4.2 [see
footnote 1) to table 3].

7.2.4 Treatment condition at the time of delivery

The steels are usually delivered in ong of the treat-
ment conditions listed in table 2.

7.2.5 Machinability

All steels are machinable in the conditjons “annealed
to maximum hardness requirements” gnd “treated to
improve machinability”.

Where improved machinability is requited, the grades

7.2.3.1 Where the steel is not ordered according to
hardenability requirements, i.e. where the steel type
designations of tables 3, 5 and 6 are applied, and not
the designations given in table 7 or 8 (besides the re-
quirements for chemical composition), the require-
ments for mechanical properties given in table 2,
column 4.2, apply for the particular heat-treatment
condition. In this case, the values of hardenability
given in table 7 are for guidance only.

with a specified sulfur range should be ordered.
7.2.6 Shearability

Under suitable shearing conditions (avoiding local
stress peaks, preheating, application of blades with a
profile adapted to that of the product, etc.) all steels
are shearable in the condition “annealed to maximum
hardness requirements”.
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Table 2 — Combinations of usual treatment conditions on delivery and requirements for case-hardening

steels
1 2 3 4 5
1 Treatment condition on Svmbol Applicable requirements if the steel is ordered with the designation given in
delivery Y table 3,5 or 6 table 7 or 8
4.1 4.2 5.1 5.2 5.3
In the case of unalloyed
steels, mechanical
properties according to
77 tabla R’ column ’);
2 Cqid drawn e in the case of alloyed
steels, maximum
tensile strength accord-
ing to table 6, column 3
3 Peeled3 P
4 Ground G
5 | Cold drawnp TC + TSR | Chemical com- Harderability
6 | Poclodd qnd stress re- P + TSR position accord- | The values shall, if nec- | As in*column 4 [see values ac-
lieved ing to tables 3 essary, be agreed upon | fostndte 1) to table 3] | cording to
7 | Ground G+ TSR | and 4 table 7 or 8
8 | Cold drawnp | and annealed TC + TA Maximum hardness ac-
to maximum cording to
3)
9 | Pesled hardness P+TA table 5, column 4,%or
10 | Ground requirements G+ TA table 6, columin g
| ) T M
11| Sold drewn and treated to i Hardnesswrange accord-
12 | Peeledd improve P+ M . 9
machinabilit ing teltable 6, column 5
13 | Ground 4 G+M
14 Treated to improve M + TC Hardness range accord-
machinabilify and cold drawn ing to table 6, column 6
1) Other treatmpnt conditions, for example “treated to ferrite<pearlite structure”, may be agreed upon at the time of enquiry and [order.
The condition “annealed to achieve a spheroidization of the/carbides”, as required for cold heading and cold extrusion, is covered in
ISO 4954.
2) For rounds w{th diameters over 50 mm, it is more‘usual to apply peeling instead of drawing.
3) Peeling is in general possible for diameters &f 16 mm and over.
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Table 3 — Types of case-hardening steel and chemical composition (applicable to cast analysis)

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

Chemical composition [% (m/m)] 1)
Type_af C Sis) Mn P S Cr Mo Ni
steel}) 3) 4 max.

c10 0,07t0 0,13 | 0,75t0 0,40 | 0,30t0 0,60 | 0,035 0,035 max. — = —
C 15 E4 0,035 max.

0,12t0 0,18 | 0,15t0 0,40 | 0,30t0 0,60 | 0,035 — — —
C 15 Mp 0,020 to 0,040
20Cr4 0,035 max.

0,171t00,23 | 0,75t0 0,40 | 0,60t0 0,90 | 0,035 0/90to 1,20 — —
20CrS ¢ 0,020 to 0,040
16 Mn(r 5 0,035 max:

0,13t0 0,19 | 0,15t0 0,40 | 1,00to 1,30 | 0,035 0,80 to 1,10 — —
16 Mn(S 5 0,020:0 0,040
20 MnQr 5 0,035 max.

0,17t0 0,23 | 0,15t0 0,40 | 1,70t0 1,40 | 0,035 1,00 to 1,30 — —
20 Mn(rS 5 0,020 to 0,040
20 NiCrMo 2 0,035 max.

0,17 t0 0,23 | 0,15t0 0,40 | 0,65 to 0,95 \\0,035 0,30t0 0,65 | 0,15t0 0,24 | 0,40 to 0,70
20 NiCrMosS 2 0,020 to 0,040
18 CrNiMo 7 0,15t0 0,21 | 0,15t0 0,40 | 0,35t¢-0,65 | 0,035 0,035 max. 1,50 t0 1,80 | 0,25 to 0,34 1,40 t0 1,70
1) In the case of grades with specified hardenahility requirements (see tables 7 and 8), except for phosphorus and sulfur, insignificant
deviatigns from the limits for cast analysis are ‘permissible. These deviations shall, however, not exceed + 0,01 % (m/n in the case of
carbon fand the values given in table 4 in alltether cases.
2) Stepls with machinability which has-been improved either by the addition of lead or by controlled sulfide morphology may be available
on reqyest.
3) Additional case-hardening steels-are covered by ISO 683-11:1987.
4) These designations are i_aceordance with the system proposed in ISO/TR 4949.
5) A lgwer silicon content'may be agreed upon at the time of enquiry and order; in this case, the influence on mechanical pfoperties should
be takgn into account.
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Table 4 — Permissible deviations between specified anaiysis and
product analysis for case-hardening steels
Permissible maximum content ermissible deviation?!
according to cast analysis FETHSSIUIE 4
Element
[% (m/m)] [% (m/m)]
C <023 + 0,02
Si < 0,40 + 0,03
< 1,00 + 0,04
Mn
>1,00 < 1,40 + 0,06
P < 0,035 + 0,005
S < 0,040 + 0,0052
Cr < 1,80 + 0,05
<030 + 0,03
Mo
>0,30 <035 + 0(0%
< 1,00 *0,03
Ni
>1,00 <1,70 + 0,05

1)+ means that in one cast the deviation may occur oversthe upper value or under the
lower value of the specified range in table 3, but not both at'the same time.

2) For steels with a specified range of sulfur contents [0,020 % (m/m) to 0,040 % (m/m)
according to cast analysis], the permissible deviation is + 0,005 % (m/m).

© SO
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Table 5 — Mechanical properties of bright unalloyed case-hardening steels

1 2 3 4
Treatment condition on delivery?)
TC + TA
or
TC3) 4) P+ TA
Thickness™ or
G+ TA
Type of steel
Yield stress Tensile strength Elongation Hardness
) ) (Lo = 5k
mm N/mm N/mm Y% HB
up to and .
over . . min. max.
including
5 400 500 7
5 10 360 470 8
10 16 310 420 9
131
C 10 16 25 285 400 10
25 40 270 390 11
40 100 170 340 12
100 160 To be agreed
5 430 540 6
5 10 390 500 7
10 16 340 450 8
C|15 E4 143
16 25 315 440 9
cps M2
25 40 300 420 10
40 100 190 370 12
100 160 To be agreed
1) Seg 3.4.
2) Seg table2.
3) Fof flats and steel$\that have been drawn several times, the specifications are given as reference data| however, de-
viations from the limiting values of + 10 % are to be taken into account. No values can be given for special|sections.
4) The mechanical ‘properties in the cold-drawn conditions can vary as a function of the initial properties of the bars and
on thg amountof cold drawing. Therefore, these values shall be considered to be applicable, unless otherw|se agreed.

1


https://standardsiso.com/api/?name=c39c9bd98c321661611a7faa567707e3

ISO 683-18:1996(E) © |SO
Table 6 — Mechanical properties of bright alloyed case-hardening steels
1 2 3 4 5 6
Treatment condition on delivery?
TC + TA TC + M
or or
TC3) 4 P+ TA P+ M M + TC5
Thickness") or J(;r "
G+ TA G+ M
Type of steel
Tensile strength Hardness Hardness Hardneps
mm N/mm? HB HB HB
up to and
over ; i max. max.
including
20Cr 4 16 820
16 40 800 197 149 to\197 149 to 2P7
20 CrS 4 40 80 750
16 MnCr 5 16 820
16 40 780 207 156 to 207 156 to 3p7
16 MnCrS 5 40 80 720
20 MnCr 5 16 850
16 40 830 217 170 to 217 170 to 317
20 MnCrS 5 40 80 780
20 NiCrMo 2 16 820
16 40 800 197 161 to 212 161 to 3[12
20 NiCrMoS 2 40 80 750
16 900
18 CrNiMo 7 16 40 870 229 179 to 229 179 to 3p9
40 80 820
1) See 3.4.
2) See table 2.

3) Initial treatn

4) The mechat]
the amount of

5) Unless othg

NOTE — It sho

ent to be chosen by the manufacturer.

rwise agreed, thése values are applicable for diameters up to 60 mm.

ical properties in the gold-drawn condition can vary as a function of the initial properties of the bars and on
old drawing. Therefore;these values shall be considered to be applicable, unless otherwise agreed.

Lid be noted \that, for a reduction in cross-section of more than 10 %, it is difficult to observe these limits.

12
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Table 5 — Mechanical properties of bright unalloyed case-hardening steels

1 2 3 4
Treatment condition on delivery?
TC + TA
or
TC3) 4) P+ TA
Thickness? or
G+ TA
Type of steel
Yield stress Tensile strength Elongation Hardness
) , (Lo = 5dp)
mm N/mm N/mm % HB
up to and .
over . . min. max.
including
5 400 500 7
5 10 360 470 8
10 16 310 420 9
131
c10 16 25 285 400 10
25 40 270 390 11
40 100 170 340 12
100 160 To be agreed
5 430 540 6
5 10 390 500 7
10 16 340 450 8
C15 84 143
16 25 315 440 9
C 15 M2
25 40 300 420 10
40 100 190 370 12
100 180 To be agreed
1) See 3.4.
2) See taljle 2.
3) For flatp and steels thaf\have been drawn several times, the specifications are given as reference data; hovwever, de-
viations fromn the limiting Values of + 10 % are to be taken into account. No values can be given for special sectfons.
4) The mgchanical properties in the cold-drawn conditions can vary as a function of the initial properties of the bars and
on the amqunt of ¢dld drawing. Therefore, these values shall be considered to be applicable, unless otherwise apreed.

11
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Table 6 — Mechanical properties of bright alloyed case-hardening steels

© 1SO

4) The mecha

5) Unless othg

NOTE — It sho

3) Initial treatment to be chosen by the manufacturer.

rwise agreed, thesg values are applicable for diameters up to 60 mm.

1 2 3 4 5 6
Treatment condition on delivery?
TC + TA TC + M
or or
. TC3) 4) P+ TA P+M M+ TCS
Thickness? or
or
G+TA G+M
Type of steel
Tensile strength Hardness Hardness Hardne'ss
mm N/mm? HB HB HB
up to and
over ; i max. max.
including
20Cr 4 16 820
16 40 800 197 149 10,197 149 to 297
20 CrS 4 40 80 750
16 MnCr 5 16 820
16 40 780 207 156 to 207 156 to J07
16 MnCrS 5 40 80 720
20 MnCr 5 16 850
16 40 830 217 170 to 217 170 to 317
20 MnCrS 5 40 80 780
20 NiCrMo 2 16 820
16 40 800 197 161 to 212 161 to 312
20 NiCrMoS 2 40 80 750
16 900
18 CrNiMo 7 16 40 870 229 179 to 229 179 to 329
40 80 820
1) See 3.4.
2) See table 2|

ical properties in the gold-drawn condition can vary as a function of the initial properties of the bars ahd on
the amount of ¢old drawing. Therefdre;ythese values shall be considered to be applicable, unless otherwise agreed.

uld be noted\that, for a reduction in cross-section of more than 10 %, it is difficult to observe these Iimits.

12
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Table 7 — Hardness limits for steel types with specified (normal) hardenability (H-grades, see 7.2.3)

) Hardness HRC at a distance, in millimetres, from quenched end
Quenching of test piece of
temperature? Limit of
Type of steel
range
°C 15] 3 5 7 9 |11 {13 1520 |25 |30 |35 |40
20 Cr 4 H max. 49 | 48 | 46 | 42 | 38 | 36 | 34 |32 |29 |27 |26 |24 |23
900 + 5
20 CrSr4+ AT——38—3—126—+23—1— — | — | —
16 Mnlr 5 H max. 47 | 46 [ 44 | 41 | 39 | 37 | 35 | 33 | 31 480 || 29 | 28 | 27
900 + 5
16 MnCrS 5 H min. 39|36 (312812421 | — | — |G| —)|— | — | —
20 MnlCr 5 H max. 49 | 49 | 48 | 46 | 43 | 42 | 41 |.89 | 37 | 35 || 34 | 33 | 32
900 + 5
20 Mn[CrS 5 H min. 41 |39 |36 |33 |30 |28(26126 |23 |21 | — | — | —
20 NidrMo 2 H max. 49 | 48 | 45 | 42 | 36 | 33431 | 30 | 27 | 25 |[24 | 24 | 23
900 + 5
20 NigrMoS 2 H min. M7y |21 2120|—\—\=1—1—-—-1—1—
max. 48 | 48 | 48 | 48| 47 | 47 | 46 | 46 | 44 | 43 || 42 | 41 | 41
18 CrNiMo 7 H 860 + 5
min. 40 | 40 | 39%\38 | 37 | 36 | 35 | 34 | 32 | 31 ||30 | 29 | 29
1) Time for austenitizing (for guidance): 0,5 h minimum. For further quenching conditions, see ISO 642.

13
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Table 8 — Hardness limits for steel types with narrowed hardenability scatterbands (HH and HL-grades)

a - Hardness HRC at a distance, in millimetres, from quenched end
“uenching of test piece of
temperature? Limit of
Type of steel
range
°C 15| 3 5 7 9 |11 13|15 |20 |25 |30 |35 |40
20 Cr 4 HH max. 49 | 48 | 46 | 42 | 38 | 36 | 34 | 32 | 29 | 27 | 26 | 24 | 23
900 + 5
20 CrS 4 HH min. 4 141 136 |31 28262422 — | — | —1||—
20 Cr 4 HL max. 46 | 45 | 41 | 37 |33 {31 |29 |27 |24 |22 | 290" | —
900 + 5
20 CrS 4 HL min. 41138312686 83120 | —|—=]—=|==DO=|4]|—
16 MnCr 5 HH max. 47 | 46 | 44 | 41 | 39 | 37 |35 |33 | 310430 | 29 | 29 | 27
900 + 5
16 MnCrS 5 HH min. 42 |39 |35 3212926 |24 |22(|20 | — | — | | —
16 MnCr 5 HL max. 44 | 43 [ 40 | 37 |34 |32 |30¢ 28 |26 | 25|24 | 23| 22
900 + 5
16 MnCrS 5 HL min. 39|36 (3N ]28|24 |21 & | —|—|—1|—|—]|—
20 MnCr 5 HH max. 40 | 49 | 48 | 46 | 43 | 42 | 41 | 39 | 37 | 35|34 | 33| 32
900 + 5
20 MnCrS 5 HH min. 44 | 42 | 40 | 37 | 34 33 | 31 | 30 | 28 | 26 | 25 | 24| | 23
20 MnCr 5 HL max. 46 | 46 | 44 | 420 39 | 37 | 36 | 34 |32 |30 |29 | 28| 27
900 + 5
20 MnCrS 5 HL min. 41 139 [ 3633 |30 (2812625 |23 |21 | —|—||—
20 NiCrMo 2 HH max. 49 | 484045 | 42 | 36 | 33 |31 | 30 | 27 | 25 | 24 | 24/ 23
900 + 5
20 NiCrMoS 2 HH min. 44041 |36 |31 |27 |24 |2 |21 | — | — | — | —|]| —
20 NiCrMo 2 HL max. 46 | 44 | 40 | 36 | 31 |29 | 27 | 26 | 23 | 21 | 20 | 20| | —
900 + 5
20 NiCrMoS 2 HL min’ 41137 (3128|2120 —|—|—|—|—1|—|—
max. 48 | 48 | 48 | 48 | 47 | 47 | 46 | 46 | 44 | 43 | 42 | 41| | M1
18 CrNiMo 7 HH 860 + 5
min. 43 | 43 | 42 | 41 |40 | 40 | 39 |38 |36 |35 |34 | 33|33
max. 45 | 45 | 45 | 45 | 44 | 43 | 42 | 42 | 40 | 39 | 38 | 37| 37
18 CrNiMo 7 HU 860>+ 5
min. 40 (40 [ 39 |38 | 37 [ 36|35 |34 |32 |31 |30 29|29
1) Time for augtenitizing (for guidance) 0,5 h minimum. For further quenching conditions, see I1SO 642.

14
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Table 9 — Test conditions for the verification of the requirements given in column 2
1 2 3 4 5 6 7
No. Requirements Amount of testing Sampling? Test method
See Test unit2) Number of
tables
sample tests per
products sample
per test product
unit
1 (Ghemical 3+4 C (The cast analysis is provided by the manufacturer; for the product apalysis, see 6.2.1.)
domposi-
tlon

2 | Tensile 5o0r6 C+D+T 1 1 The test pieces for the tensile test In cases [of dispute, the

droperties shall be taken in accordance with tensile tgst shall be car-

figure 1. ried out {n accordance

with ISO|6892 on propor-
tional tedt pieces with a
gauge lepgth of
Lo =569 1/5,.
where S is the area of
the crosg-section of the
test piecg.

3 Hiardness in 5or6 C+D+T 1 1 In cases of dispute, the hardness Accordingy to ISO 6506.

the condi- shalhbe measured, if possible, at the

tlon circumference of the product at a

TA or M distance of 1 x thickness from one
end and, in cases of products with
square or rectangular cross-section,
at a distance of 0,25 x b (where b is
the width of the product) from one
longitudinal edge.

4 Hardenability| 7 or 8 C 1 1 In cases of dispute, if possible the The test|shall be carried
sampling method given in out in acfordance with
1ISO 642:1979, 5.1, a) or b1), shall be | ISO 642|The tempera-
applied. ture for quenching shall

be in acdordance with ta-
In all other cases, the sampling ble 7 or 8.
method (including the method
which starts from separately cast
and subsequently hot-worked test
ingots or from cast and not hot-
worked samples) is left to the dis-
cretion of the manufacturer, unless
otherwise agreed at the time of en-
quiry and order.

NOTE|—=\erification of the requirements is only necessary if an inspection certificate or an inspection reporf is ordered and

if the reethrormentis-applicable-accerding-to-table2—eelurmnp4-orb-

shall be tested.

1) The general conditions for selection and preparation of test samples and test pieces should be in accordance with 1ISO 377-1 in the
case of mechanical tests, and in accordance with ISO 14284 for the determination of chemical composition.

2) The test shall be carried out separately for each cast as indicated by “C", each dimension as indicated by “D"”, and each heat-treatment
batch as indicated by “T". Products with different thicknesses may be regrouped, if the thicknesses lie in the same dimensional range for
mechanical properties and if the differences in thickness do not affect the properties. In cases of doubt, the thinnest and thickest product

15
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8 Specific requirements for bright
products of steels for quenching and
tempering

8.1 Scope

This clause covers the specific requirements for the
bright products of steels for quenching and temper-
ing. It applies for thicknesses up to 260 mm in the
case of unalloyed steels and up to 80 mm in the case

120 9L (/) tn 1 B OL [o/pa) ~F
i y T LA~ A~ amrav) \>ai

© ISO

8.2.3.2 \Where the steel is, by using the designations
given in tables 15 to 17, ordered to normal (see
table 15) or to narrowed (see tables 16 and 17) end-
quench hardenability requirements, the values of
hardenability given in table 15, 16 or 17, respectively,
apply in addition to the requirements given in
table 10, columns 4.1 and 4.2 [see footnote 3) to ta-
ble 117.

of steels with
manganese and

:::::: \L-arei

alloyed steels.

8.2 Requirements

8.2.1 Survey pf combinations of usual treatment
conditions on felivery and requirements

Table 10 gives
treatment cong

a survey of combinations of usual
itions on delivery and requirements

concerning chemical composition, mechanical proper-
ties and hardengbility.

8.2.2 Chemicgl composition

8.2.2.1 The ch

emical composition of the steel, de-

termined accorgling to the cast analysis, shall be in

accordance with

the specifications in table 11.

8.2.2.2 Table12 gives the permissible deviations
between the values given in table 11 and those from

the product ana

ysis.

8.2.3 Hardenability and mechanical properties

8.2.3.1 Where

the steel is not ordered‘according to

hardenability requirements, i.e. where_the steel type

designations of
not the designa
the requiremen
quirements fo
table 10, column
condition. In thi

tables 11, 13 and-"14-are applied, and
ions given in tables 15 to 17 (besides
Is for chemi€al~-composition), the re-

mechanical properties given in
4.2, apply‘for the particular treatment
5 case;~the values of hardenability in

the end-quench

test given in table 15 are for guidance

8.2.4 Treatment condition at the time of dllivery

The steels are usually delivered in oiie-of thd treat-
ment conditions listed in table 10,

8.2.5 Machinability

All steels are machinable in the condition “anhealed
to maximum.hardness requirements”.

Where improved machinability is required, the grades
with a<specified sulfur range should be ordered]

8.2.6 Shearability

8.2.6.1 Under suitable shearing conditions (ajoiding
local stress peaks, preheating, application of plades
with a profile adapted to that of the product, dtc.) all
steels are shearable in the annealed condition.

8.2.6.2 The steels C 18, C 20, C 25, C 30 angl C 35
and the corresponding E4 and M2-grades are, [under
suitable conditions, shearable when delivered |in the

only.

16
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Table 10 — Combinations of usual treatment conditions on delivery and requirements for
direct-hardening steels
1 2 3 4 5
Applicable requirements if the steel is ordered with the designation
Treatment condition on given in table
1 " 1) Symbol
delivery
11,12, or 14 15, 16 or 17
4.1 4.2 5.1 5.2 5.3
Mechanical properties
according to table 13
2) '
2 Cold drawn c column 33), or table 14,
column 33
3 Peeled® P 3)
4 Ground G
5 old drawn? TC + TSR Chemical As in Hardenability
6 | Reeled¥ and stress P + TSR composition The values shall, if nec- column 4 valugs ac
relieved according to essary. be aarded ion [see cording to ta-
7 d G + TSR tables 11 and . 9 p footnote 3) to| | ble 15, 16 or
proun + 12 table 11] 17
old drawn? and annealed to TC + TA Maximurn hardness ac-
Becled® maxmum_hard- P+ TA cording’to table 5, col-
ness require- umf 43), or table 6,
10 bround ments G+TA column 43)
2)
m old drawn T+ ™ Mechanical properties
12 | Reeled® and normalized P+ TN according to table 13,
|
13 bround G+ TN column 5
14 old drawn? TC+TQ+TT Mechanical properties
and quenched according to table 13,
4)
15 | ffeeled + tempered P+TQ+T0 column 6, or table 14,
16 | Ground G+ TQ+IT column 5
17 and cold drawn TQ +TF + TC Mechanical properties
according to table 13,
18 huenched and peeled TQ+TT+ P column 6 or table 14,
qnd tempered column 5, subject to
19 and ground TQ+TT+G footnote 5)
1) Other treatment conditions,.for example “certain annealing conditions to achieve a determined structure” may be adreed upon at the
time ¢f enquiry and order. Fhescondition “annealed to achieve a spheroidization of the carbides”, as required for cold heading and cold
extrusjon, is covered in 1S0,4954.
2) FoF rounds with diameters over 50 mm, it is more usual to apply peeling instead of drawing.
3) Fof deliveriesdn treatment conditions TC, P, G, TC + TSR, P + TSR, G + TSR, TC + TA, P + TAand G + TA, the mechanical properties
given |n table 13;x¢6lumns 5 and 6, and in table 14, column 5, shall be achievable after appropriate heat treatment, if so agreed at the time
of enduiry and»erder.
4) Pdeling, 1s in general possible for diameters of 16 mm and over.

17
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Table 11 — Types of direct-hardening steel and specified chemical composition (applicable to cast
analysis)

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

Type of Chemical composition3)
steell) 2)
% (m/m)
C Si Mn P S Cr Mo Ni \Y
max.

c18 0151020 [ 01010040 | 060t0090 | 0,045 < 0,045
20 0,045 < 0,045
C 20 E4 017t 023 | 010t 040 | 0,30 1t00,60 < 0,035
C 20 M2 0:095 0,020 to 0,040
C25 0,045 < 0,045
C 25 E4 04210029 | 01010040 | 04010070 < 0,035
C 25 M2 0.0%5 0,020 to 0,040
(C 30) 0,045 < 0,045
(C 30 E4) 047t0034 | 010t 040 | 0,50 to0 0,80 < 0,035
(C 30 M2) 0:0%5 0,020 to 0,040
C 35 0,045 < 0,045
C35E4 0321039 | 01010040 | 0,50 t0 0,80 < 0,035
C 35 M2 0.0%% 0,020\t00,040
(C 40) 0,045 % 0,045
(C 40 E4) 03710044 | 0,10t 0,40 | 0,50 to 0,80 < 0,035
(C 40 M2) R 0,020 to 0,040
C 45 0,045 < 0,045
C 45 E4 0421050 | 010t 040 | 0,50 to.0;80 < 0,035
C 45 M2 0:035 0,020 to 0,040
(C 50) 0,045 <0,045
(C 50 E4) 04710055 | 0,10 t0 0,40,“7) 0,60 t0 0,90 < 0,035
(C 50 M2) 0:035 0,020 to 0,040
C 55 0,045 < 0,045
C 55 E4 0.$2 10 0,60 |10t 0,40 | 0,60 to 0,90 < 0,035
C 55 M2 0:035 0,020 to 0,040
C 60 0,045 < 0,045
C 60 E4 0.$7%0,65 | 010t 040 | 0,60 to 0,90 < 0,035
C 60 M2 T 10,020 t0 0,040
28 Mn 6 02510032 | 0,10t 0,40 | 1,30t01,65 | 0,035 < 0,035
36 Mn 6 0,33t00,40 | 0,101t00,404) | 1,30 to 1,65 | 0,035 < 0,035
42 Mn 6 0,39t0 0,46 | 0,10t0 0,404} | 1,30t0 1,65 | 0,035 <0,035
34Cra < 0,035

0,30t0 0,37 | 0,100 0,408) | 0,60 to 0,90 | 0,035 0,90 to 1,20
34 CrS 4 0,020 to 0,040
37Cr4a < 0,035
o 03410041 | 0,010 0,404 | 0,601t0 0,90 | 0,035 5206 00w 0,90 to 1,20
41Cra < 0,035
Y 03810045 | 0,010 0,404) | 0,601t0 0,90 | 0,035 55206 00w 0,90 to 1,20

18
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Type of Chemical composition3)
steel) 2)
% (m/m)
C Si Mn P S Cr Mo Ni \Y
max.
25 CrMo 4 < 0,035
0,22 t0 0,29 0,10 to 0,404 0,60 to 0,90 | 0,035 0,90 to 1,20 | 0,15 to 0,30
25 CrMoS 4 0,020 to 0,040
34 CrMo 4 < 0,035
0,30 to 0,37 0,10 to 0,404 0,60 to 0,90 | 0,035 0,90 to 1,20 | 0,15 to 0,30
34 CrMoS 4 0,020 to 0,040
42 CrMo ¢ 0036
0,38 to 0,45 0,10 to 0,404 0,60 to 0,90 | 0,035 0.90t0 1,20 | 0,15 t0 0,30
42 CrMog 4 0,020 to 0,040
50 CrMo p 0,46 to 0,54 0,10 to 0,404) 0,50 to 0,80 | 0,035 < 0,035 0,90to 1,20 | 0,15 to 0,30
36 CrNiMp 4 0,32 to 0,40 0,10 to 0,404) 0,50 t0 0,80 | 0,035 < 0,035 0,90to 1,20 | 0,15 to 0,30 }~0,90 to 1,20
36 CrNiMpo 6 0,32 to 0,39 0,10 to 0,404 0,50t0 0,80 | 0,035 < 0,035 1,.30t0 1,70 | 0,15 t0-0,30 1,30 to 1,70
31 CrNiMo 8 0,27 to 0,34 0,10 to 0,404 0,30 to 0,60 | 0,035 < 0,035 1,80 t0 2,20 | 0,30't6)0,50 1,80 to 2,30
51 CrV 6 0,47 to 0,55 0,10 to 0,404 0,60 to 1,00 | 0,035 < 0,035 0,80 to 1,10 0,10 to 0,25

1) Steel§ with machinability which has been improved either by the addition of lead or by higher sulfur levels tp-to about 0,100 % (m/m) S (including controlled
sulfide nmorphology) may be available on request.

2) The designations are in accordance with the system proposed in ISO/TR 4949.

3) In th¢ case of the grades with specified hardenability requirements (see tables 15 to 17), except*for phosphorus and sulfur, insignificart deviations from
the limitg for cast analysis are permissible. These deviations shall, however, not exceed £ 0,01 % (m/m) in the case of carbon and th¢ values given in
table 12 ip all other cases.

4) Steelp may be supplied with a lower silicon content, in which case alternative meafis\of deoxidation must be used.

19
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Table 12 — Permissible deviations between specified
analysis and product analysis for direct-hardening steels

Permissible maximum content L. ...
. . Permissible deviation
according to cast analysis :
Element
% (m/m) % (m/m)
< 0,30 + 0,02
C >0,30 <£0,55 + 0,03
> 0,55 < 0,65 + 0,04
Si < 0,40 +°0,03
< 1,00 + 0,04
Mn
>1,00 < 1,65 + 0,06
P < 0,045 + 0,005
S < 0,045 + 0,005 2
< 2,00 + 0,05
Cr
>2,00 <220 + 0,10
£.0/30 + 0,03
Mo
$0,30 < 0,50 + 0,04
Ni < 2,00 + 0,05
I
>2,00 <£2,20 + 0,07
\Y <025 + 0,02

) &’means that in one cast the deviation may occur over the upper value
or. under the lower value of the specified range in table 11, but not both at

the same time.

2) For steels with a specified range of sulfur contents [0,020 % (m/m) to
0,040 % (m/m) according to cast analysis], the permissible deviation is

+ 0,005 % (m/m).
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Table 13 — Mechanical properties of bright unalloyed direct-hardening steels

1 2 3 | 4 ] 5 | 6
Type of | Thickness Treatment condition on delivery 2)
steel 1
TC + TA TC + TN TC + TQ + TT5)
or or or
mm TC3) 4) P+ TA P+ TN P+TQ+TT
or or or
G+TA G+ TN G+TQ+TT
Impact
up to . . . energy
and Vield Tensil Elon Hard- Yield Tensil Elon Viald Tancil Elon for E4 and
OVer X [ gation | gation gation
in- stress strength ness stress strength| stress stress M2-grades
, (Lo = 5dy (Lo = 5dy) (LA 5uf)
cluding
kue) | Kkvel
N/mm? | N/mm? % HB N/mm? | N/mm? % N/mm? N/mm? % J
min. min. | min. min. min. min. min. min. min. min.
5
430 500 7
5 10 415 485 18
10 16 410 480 8
c18 16 25 390 460 9 156 380 450 16 To be agreed —
25 40 370 440 10 345 415 18
40 100 350 420 10 310 380 15
100 250 To be agreed
5 460 580 5
Cc20
5 10 415 540 5
10 16 370 490 7
C20E4 156 210 400 27
16 25 340 470 8 To be agreed
25 40 320 450 9
C 20 M2
40 100 210 400 "
100 250 To be agreed
5 490 610 5
C25
5 10 445 580 6 260 470 22 370 550 to 700 19 35 45
10 16 400 530 7
C25E4 156
16 25 370 510 8
320 500 to 650 21 35 45
25 40 356, 490 9 230 440 23
C 25 M2
40 100 230 440 10
100 250 To be agreed To be agreed
5 520 650 5
C30
5 10 475 610 6 260 510 20 400 600 to 750 18 30 40
1Y) T 130 570 7
C30E4 170
16 25 395 550 8
350 550 to 700 20 30 40
25 40 370 520 9 250 480 21
C 30 M2
500 to
7 7 7 7
40 100 250 480 9 3007) 6507) 217) 307) 407)
100 250 To be agreed 230 460 21 To be agreed
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1 2 3 4 5 6
Type of Thickness Treatment condition on delivery 2)
steel 1)
TC + TA TC + TN TC +7TQ + TTH)
or or or
mm TC3)4) P+ TA P+ TN P+TQ+TT
or or or
G+TA G+ TN G+TQ~+TT
Impact
up to . " . energy
and Yield Tensile Elo.n Hard- Yield Tensile Elo_n Yield Tensile EIc!n for E4 and
over n- stress strength| (gatl_og / ness stress strengthy (gz:t_w;l ) stress stress (ft_logj ) M2-grades
cluding Lo = 54, = 5d; = 5d,
K6 | K\V6)
N/mm? | Njmm? % HB N/mm? | N/mm’ % N/mm? N/mm? % y
min. min min min. min. min. min. min. min. min.
5 550 680 5
C 35
5 10 500 650 6 300 550 18 430 630 to 780 17 25 35
10 16 460 610 7
C35E4 183
16 25 425 590 8
380 600-t6" 750 19 25 25
25 40 400 560 9 270 520 19
C 35 M2
40 100 270 520 9 320 550 to 700 20 25 35
100 250 To be agreed 245 500 19 To be agreed
5 580 720 4
C 40
5 10 530 690 5 320 580 16 460 650 to 800 16 20 30
10 16 490 650 6
C 40 E4 197
16 25 455 630 7
400 630 to 780 18 20 30
25 40 430 600 8 290 550 17
C 40 M2
40 100 290 550 9 350 600 to 750 19 20 30
100 250 To be agreed 260 530 17 To be agreed
5 610 750 4
C 45
5 10 560 730 5 340 620 14 490 700 to 850 14 15 25
10 16 520 690 5
C 45 E4 207
16 25 475 660 6
430 650 to 800 16 15 25
25 40 450 640 7 305 580 16
C 45 M2
40 100 305 580 8 370 630 to 780 17 15 25
100 250 To be agreed 275 560 16 To be agreed
5 640 790 4
C 50
5 10 590 760 5 355 650 12 520 750 to 900 13 — —
10 16 550 730 5
C 50 E4 217
16 25 505 700 6
460 700 to 850 15 — —
25 40 480 680 7 320 610 14
C 50 M2
40 100 320 610 8 400 650 to 800 16 — —
100 250 To be agreed 290 590 14 To be agreed
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1 2 3 4 5 6
Type of Thicl1<'ness Treatment condition on delivery 2)
steel
TC + TA TC + TN TC + TQ + TT5)
or or or
mm TC3)4) P+ TA P+ TN P+TQ+ 1T
or or or
G+TA G+ TN G+TQ+TT
Impact
up to ~ ~ . energy
and | Yield | Tensile | E'OP Hard- Yield | Tensile | E'on Yield Tensile Elon for E4 and
over K gation gation gation
n- stress strength ness stress strength| stress stress M2-grades
H (Lo =5d, (1—0 = 5do) (Lﬂ = Sdo)
cluding
kuer | kve)
N/mm? | N/mm? % HB N/mm? | N/mm? % N/mm? N/mm? % J
min. min. | min. min. min. min. min. min. min. min.
5 670 820 4
C55
5 10 620 800 5 370 680 1 550 800/t¢ 950 12 - —
10 16 590 780 5
Cb55E4 229
16 25 535 740 6
490 750 to 900 14 — —
25 40 510 720 6 330 640 12
C 55 M2
40 100 330 640 7 420 700 to 850 15 — —
100 250 To be agreed 300 620 12 To be agreed
5 700 860 4
C 60
850 to
5 10 630 840 5 380 710 10 580 1000 " — —_
10 16 570 800 5
C 60 E4 241
16 25 520 740 5
520 800 to 950 13 — -
25 40 480 720 6 340 670 1"
C 60 M2
40 100 340 670 7 450 750 to 900 13 — —
100 250 To be agreed 310 650 1 To be agreed
1) See 34.
2) See tpble 10.
3) Initial|treatment to be chosen by the manufacturer.
4) The fnechanical properties in the céld-rawn condition can vary as a function of the initial properties of the bars and on the amount|of cold drawing.
Thereforq, these values shall be consideréd to be applicable, unless otherwise agreed.
5) For trpatment condition TQ +{IFy+ TC, the minimum values given in this table for elongation and impact energy are reduced to 75 %. THe values for yield
stress anfd tensile strength are(in‘this case higher than the figures shown in this table.
6) Unlegs otherwise agreed; the choice between the ISO U-test piece and ISO V-test piece is left to the manufacturer. In the next editipn of this part of
ISO 683, |only KV-values. will"be retained.
7) Up td 63 mm in_diamieter.
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Table 14 — Mechanical properties of bright alloyed direct-hardening steels and steels 28 Mn 6, 36 Mn 6

and 42 Mn 6
1 2 3 4 5
Type of steel Thickness " Treatment condition on delivery 2)
TC + TA TC + TQ 4+ TT®
or or
mm TC3) 4 P+ TA P+TQ+TT
or or
G+ TA G+TQ+TT
over ler}Eijltl:\g s{f::::h Hardness ;i:::s Tensile strength E;Z)Ongag)t;sn ::J‘Zad ° w':?/:)
N/mm? HB N/mm? N/mm? % J
max. max. min. min. mi

16 920 590 800 to 950 13 25 35
28 Mn 6 16 40 900 223 490 700 to 850 15 30 40
40 80 880 440 650 10,800 16 30 40
16 930 640 850 o1 000 12 20 35
36 Mn 6 16 40 910 229 540 780 to 900 14 25 40
40 80 890 460 700 to 850 15 25 40
16 940 690 900 to 1 050 12 25 35
42 Mn 6 16 40 920 229 590 800 to 950 14 30 40
40 80 900 480 750 to 900 15 30 40
16 940 700 900 to 1 100 12 25 35
gi gsA . 16 40 920 223 590 800 to 950 14 30 40
40 80 900 460 700 to 850 15 30 40
16 960 750 950 to 1 150 1 20 30
g; gs“ . 16 40 940 235 630 850 to 1 000 13 25 35
40 80 920 510 750 to 900 14 26 35
16 980 800 1000 to 1 200 11 20 30
2: 2;84 . 16 40 960 241 660 900 to 1 100 12 25 35
40 89 940 560 800 to 950 14 25 35
16 880 700 900 to 1 100 12 30 45
gg gmﬁsﬁ 16 40 860 212 600 800 to 950 14 35 50
40 80 840 450 700 to 850 15 35 50
16 940 800 1000 to 1 200 1 25 35
gj gmg& 16 40 920 223 650 900 to 1 100 12 30 40
40 80 900 550 800 to 950 14 30 45
16 980 900 1100 to 1 300 10 20 30
fé g'\l\jg; . 16 40 960 241 7850 1000 to 1 200 1 25 35
40 80 940 650 900 to 1 100 12 25 35
16 1050 900 1100 to 1 300 9 157) 307
50 CrMo 4 16 40 990 248 780 1000 to 1 200 10 207 307
40 80 970 700 900 to 1 100 12 207 307
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1 2 3 4 5
Type of steel Thickness 1 Treatment condition on delivery 2
TC + TA TC+TQ + TT®
or or
mm TC34) P+ TA P+TQ+TT
or or
G+ TA G+TQ+TT
over si%TEg sIre:::teh Hardness ;:‘::‘s Tensile strength E;anga;{ij::)n :S;aﬂ ene;s:)
N/mm? HB N/mm? N/mm? % J
max. max. min. min. min.
16 1 000 900 1100 to 1 300 10 2% 35
36 CrNijo 4 16 40 980 248 800 1000 to 1 200 1M 3 40
40 80 960 700 900 to 1 100 12 3 45
16 1 000 1 000 1200 to 1 400 9 2 35
36 CrNifo 6 16 40 980 248 900 1100 to 1 300 10 2% 45
40 80 960 800 1 000 to 1200 1 3 45
16 1 000 850 1 030 tg~1"230 12 3% 30
31 CrNilYlo 8 16 40 980 248 850 1,030,to 1 230 12 3 30
40 80 960 800 980 to 1 180 12 3 35
16 1 050 900 1100 to 1 300 9 150) 307
51 CrVv 16 40 990 248 800Q 1000 to 1 200 10 20 307
40 80 970 700 900 to 1 100 12 20/ 307
1) See(3.4.
2) Seeltable 10.
3) Initidl treatment to be chosen by the manufacturer.
4) The|mechanical properties in the cold-drawn condition can vary as a function of the initial properties of the bars and pn the amount
of cold grawing. Therefore, these values shall be ¢onsidered to be applicable, unless otherwise agreed.
5) For ftreatment condition TQ + TT + TC, the ‘minimum values given in this table for elongation, and impact energy pre reduced to
75 %. The values for yield stress and tensile\strength are in this case higher than the figures shown in this table.
6) Unldss otherwise agreed, the choicé bgtween the ISO U-test piece and ISO V-test piece is left to the manufacturer. In fhe next edition
of this dart of ISO 683, only KV-values will be retained.
7) Tentative values.
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Table 15 — Hardness limits for steel types with specified (normal) hardenability (H-grades, see 8.2.3)

Quenching Limi Hardness HRC at a distance, in millimetres, from quenched end of test
temperature S piece of
Type of steel of
range

°C 1 2|13 |45 |67 |8]9]10111|13|15]|20]|25] 30

C 35 E4 HY max. 58 | 57| 655|53[49|41|34(31|28|27|26|25|24|23|20| —
870+ 5

C 35 M2 H1 min. 48140 (33|24 22| 20| — | — | —|—|—|—|—| =+ | —

C 40 E4 HY max. | 60| 60| 59|57 |53|47|39|34|31|30]|29]|28|27}26]|ps5| 24
870 + 5

C 40 M2 HY min. 51146 (3512725124123 122|21|20 —|—NS*|— |+ |—

C 45 E4 HY max. 62|61|61|(60|57|51|44(37|34| 33| 32}~31|30|29]|p8| 27
850 + 5

C 45 M2 HD min. 5515137302827 {26|25(24|23|22(21|20|— |} |—

C 50 E4 HV max. 63|62|61|60]|58|55|50|43| 36 35|34(33(32|31|R9|28
850 + 5

C 50 M2 HY min. 5653|4434 31]30(30]29%28|27|26|25(24|23]|p0| —

C 55 E4 HY max. 65|64 |63|62|60(57|52(45(37(36|35|34|33|32|B0|29
830 +5

C 55 M2 H1 min. 5855|471 37| 33|32|N31|130|129|28(27]26|25|24|pR2]| 20

C 60 E4 HD max. 67| 66| 65| 63| 62\69|54|47|39(37|36(35|34|33|B1]30
830 +5

C 60 M2 H1 min. 60| 57| 50| 39385 |33 |32(31]30(29|28(27|26|25|PR3]| 21

1) The hardefability values for these unalloyed steels are*tentative and may be adjusted as more information becomes
available. If thg hardenability scatterband for the H-grade ofithe relevant steel of a manufacturer falls outside the limit$ given
in this table, the manufacturer has to inform the purghaser accordingly at the time of enquiry and order.
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Quenching Limi Hardness HRC at a distance, in millimetres, from quenched end of test
temperature Imit piece of
Type of steel of
range
c 1535 (7] 9 | 1113|1520 [25{30|35|40 |45]|50
max. 54 | 53| 50 | 48| 44 | 41|38 | 35|31 | 29|27 | 26| 25 | 25| 24
28 Mn 6 H 850 + 5
min. 45 (42|36 (27|20 | —| — | —| —|—|—|—|—|—| —
max. 59 | 58 57 [ 54149 |45] 41 {3835 [33]31 130130 (30|30
36 Mnp H 840 + 5
min. 51 {4842 35|27 |23| 20| — | — |—| — 11— | — | —
max. 62 | 61|60 | 59|57 | 54|50 45| 37 | 34},32%| 31|30 |29]| 28
42 Mn B H 845 + 5
min. 55 | 53149 | 3933|2927 (26|23 | 2220 | —||—|— | —
34 Cr 4 H max. 57 | 57|56 | 54|52 49| 46 | 44| 39| 37|35 | 34|33 |32] 31
850 + 5
34 CrSK4 H min. 49 | 48145 41|35 32|29 (2|23 (21|20 | —||— | — | —
37 Cr 4 H max. 59 | 59| 58 | 57| 55 | 52,50 48| 42 | 39|37 | 36|35 | 34| 33
845 + 5
37 CrS|4 H min. 51 | 50| 48 | 44|39 |[86/33 |31(26 24|22 |20 — | — | —
41 cr 4 H max. 61 | 61|60 | 59585654 |52|46 |42]40 | 38|37 |36| 35
840 + 5
41 Cr'SKUH min. 53 | 52| 50 | 47441 | 37|34 (3229|2623 |21 |[— | —|—
25 CrMb 4 H max. 52 | 62| 535 50| 48 | 46| 43 | 41|37 | 3533|3231 |31] 31
860 + 5
25 CrMpoS 4 H min. 44 | 431740 [ 37134 (32129 |27|23 |21 20 | —||— | — | —
34 CrMb 4 H max. BN-57| 57 | 56| 55 | 54| 53 | 52|48 | 45| 43 | 41|40 | 40| 39
850 + 5
34 CrMoS 4 H min. 49 | 49| 48 | 45|42 (39|36 | 34|30 | 28|27 | 2625 | 24|24
42 CrMo 4 H max. 61 | 61]61 [ 60|60 | 59|59 58|56 |53|51 (48|47 | 46| 45
840 + 5
42 CrMoS 4 H min. 53 | 63| 52 | 51|49 | 43|40 | 37|34 | 32|31 (3030 |29} 29
max. 65 | 65|64 | 64|63 63|63 |62|61 60|58 |57|55]|54| 54
50 CrMo 4 H 850L+)5
min. b8 | 68| 57 [ 55| 54 | 53| 51 | 48| 45 | 41|39 | 38|37 | 36| 36
max. 59 | 59| 58 | 58| 57 | 57| 57 | 56| 55 | 54| 53 | 52 | 51 | 50 | 49
36 CrNjMo 4 H 850 + 5
min 51 | 5049 |49 48 [ 47| 46 | 45| 43 | 41|39 | 38|36 | 34} 33
max. 58 | 68| 58 | 58| 67 | 67| 57 | 57| 57 | 57| 57 | 57|57 | 57| 57
36 CrNiMo 6 H 845 £ 5
min 50 | 50| 50 [ 50| 49 | 48| 48 | 48| 48 | 47| 47 | 47| 46 | 45| 44
max. 56 | 56| 56 | 56| 55 | 55| 55 | 55| 55 | 54| 54 | 54 | 54 | 54 | 54
31 CrNiMo 8 H 845 + 5
min. 48 (48| 48 | 48| 47 |47 47 | 46| 46 | 45| 45 | 44| 44 | 43 | 43
max. 65 | 65|64 | 64|63 |62|62|61|60]|58|57|55]|54]|53]|53
51 CrV4H 850 + 5
min. 57 | 56| 55 | 54| 53 [ 52|50 | 48|44 | 41|37 { 35|34 | 33| 32
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Table 16 — Tentative hardness limits for unalloyed steel types with narrowed hardenability scatterbands
(HH and HL-grades)

Quenching Tentative values of hardness HRC at a distance, in
temperature millimetres, from quenched end of test piece of
Type of steel
°C 1 4 5
C 35 E4 HH4, C 35 M2 HH4 870 + § — 34 to 53 —
C 35 E4 HH14_C 35 M2 HH14 _ 51 to 58 34 to 53 —
C 35 E4 HL4, € 35 M2 HL4 870 + 5 — 24 1o 43 —
C 35 E4 HL14) C 35 M2 HL14 B 48 to 55 24 to 43 —
C 40 E4 HH4, [C 40 M2 HH4 870 + & — 38 to 57 —
C 40 E4 HH14] C 40 M2 HH14 h 54 to 60 38 to 57 —
C 40 E4 HL4, [ 40 M2 HL4 970 + E — 27 to(46 —
C 40 E4 HL14| C 40 M2 HL14 B 51 to 57 27\te’46 —
C 45 E4 HH4,|C 45 M2 HH4 850 + 5 — 41 to 60 —
C 45 E4 HH14 C 45 M2 HH14 B 57 to 62 41 to 60 —
C 45 E4 HL4, [C 45 M2 HL4 850 + 5 — 30 to 49 —
+
C 45 E4 HL14| C 45 M2 HL14 N 55 to60 30 to 49 —
C 50 E4 HH5,|C 50 M2 HH5 850 + & = — 40 to p8
C 50 E4 HH14, C 50 M2 HH15 - 58 to 63 — 40 to p8
C 50 E4 HL5, |IC 50 M2 HL5 — — 31 to fi9
850 + 5
C 50 E4 HL15} C 50 M2 HL15 56 to 61 — 31 to fi9
C 55 E4 HH5,[C 55 M2 HH5 — — 42 to B0
8304 5
C 55 E4 HH14, C 55 M2 HH15 60 to 65 — 42 to B0
C 55 E4 HL5, [C 55 M2 HL5 — — 33 to p1
830 + 5
C 55 E4 HL15], C 556 M2 HL15 58 to 63 — 33 to p1
C 60 E4 HH5,|C 60 M2 HH5 830 + 5 — — 44 to B2
+
C 60 E4 HH14, C 60 M2 HH15 - 62 to 67 — 44 to p2
C 60 E4 HL5, [C 60 M2, HLb5 830 + 5 — — 35 to p3
+
C 60 E4 HL15, C 60:M2 HL15 N 60 to 65 — 35 to p3
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Table 17 — Hardness limits for steels with a manganese range of 1,30 % (m/m) to 1,65 % (n/m) and for
alloyed steels with narrowed hardenability scatterbands (HH and HL-grades)

Quenching .. Hardness HRC at a distance, in millimetres, from quenched end
Limit .
temperature of test piece of
Type of steel of
range
°C 150315719 111131 15{20|25|30|35|40/|45]|50
max. 54 | 53| 50| 48| 44|41 (38|35|31]29|27|26|25| 25|24
28 Mn g HH 8505
min. 48|46 M (34|30 |27 28|21 | — | —|— 4SO —|—1|—
max. 51149145141 |135132(29(26|22|20({>1—||—|—|—
28 Mn ¢ HL 850 + 5
min. 4514213612721 | — | —|—|—|=>|—|—l|—|— 1| —
max. 59| 58| 57|54|49(45| 41| 38(3%|33|31|30| 30|30} 30
36 Mn ¢ HH 840 + 5
min. 5415147413430 2724|221 | — | — | —||—|— | —
max. 56| 55| 52|48 | 42| 38|84 31|28| 26| 24| 23| 23| 23| 23
36 Mn g HL 840 + 5
min 5114842135 27423| 20| — | —|—|—|—)— | — | —
max. 62| 6160|5957 |54 (50|45 37|34|32|31| 30| 29|28
42 Mn ¢ HH 845 + 5
min. 57| 56| 53 |46|41|37|35]|32|28|26|24)| 23 22| 21] 20
max. 60| 68{b6| 52| 49| 46| 42| 39| 32| 30|28 27| 26| 25|24
42 Mn ¢ HL 845 + 5
min. 55463 49(39(33|29|27|126|2322|20| —||—|—|—
34 Cr 4|HH max. 57| 57| 56| 545249 46|44 (39| 37| 35| 34 33| 32| 31
850 + b
34 CrS 4 HH min. 52| 51149 | 45|41 (38|35|33|28|26| 25|24 23|22 21
34 Cr 4|HL max. 54|54 52|50|46|43]|40|38|34|32(30]| 29| 28] 27| 26
850 + 5
34 CrS # HL min. 491484541135 (132(29(27|23|21|120|—||—|—|—
37 Cr 4|HH max. |59 |69|58|57|55|62|50|48|42|39|37]|36| 3534|233
845 4+ 5
37 CrS # HH min. 541 53| 51|48|44(41|39|37|31|29]| 27| 25| 24| 23|22
37 Cr 4|HL max. 56| 56| 55| 63| 50|47 | 44| 42|37 |34|32| 31| 302928
845 + 5
37 CrS # HL min. 51150|48(44|39|36|33|31(26(2422|20|| —|—|—
41 Cr 4|HE max. 61|161|60]|59|58|56|54|52|46|42|40| 38| 37|36 35
A0 4+ B
41 CrS 4 HH min. 56| 55| 53| 51|47|43|41(39|35|31129(27)|26]|25]| 24
41 Cr 4 HL max. 58| 58| 57| 55|52|50|47|45|40|37|34|32|31|30]( 29
840 + 5
41 CrS 4 HL min. 531521504741 137|34|132(29]26|23(21| — | —|—
25 CrMo 4 HH max. 52 (52| 51|50|48| 464341 (3735|3331 |31]31] 31
860 + 5
25 CrMoS 4 HH min. 47| 461441411 39(37|34|32|28|26(24|23|22|22]22
25 CrMo 4 HL max. 4914947 46| 43|141|38|36(32|30|29|28]|27|27]27
860 + 5
25 CrMoS 4 HL min. 4414314013734 (32|29|27| 23|21 |20 — | — | — | —
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Quenching L. Hardness HRC at a distance, in millimetres, from quenched end
temperat Limit f test piece of
perature of test piece o
Type of steel of
range
°C 1503|579 111]13|15[20|25|30|35|40]| 45|50
34 CrMo 4 HH max. 57| 57| 57|56|55|54|53|52|48|45(43|41|40| 40| 39
850 + 5
34 CrMoS 4 HH min. 5252|5149 46|44 (42| 40|36|34|32(31(30|29]|29
34 CrMo 4 HL max. 54|54 |54|52|51(49|47|46|42|39(38|36|35|35]| 34
850 F 5
34 CrMoS 4 HL min. 4914948 | 45|42 39| 36| 34|30 28|27 | 26| 257924 24
42 CrMo 4 HH max. 61| 61(61|60|60|59|59|58|56|53|051| 4847 ([46] 45
840 + 5
42 CrMoS 4 HH min. 56| 56| 55| 54|52 48| 46| 44| 41| 39| 38436|36(|35| 34
42 CrMo 4 HLU max. 58| 58| 58| 57| 56| 564|563 | 51|49 |46 44| 42| 411|140 | 40
840 + 5
42 CrMoS 4 HL min. 53| 53| 52|51|49| 43| 40| 37 (3432 |31)30]|30(]29] 29
max. 65| 65|64|64|63|63|63|62Y61|60]|58]|57|055]||54]|54
50 CrMo 4 HH 850 + 5
min. 60| 60| 59| 58| 57|56|55153|50| 47|45 44| 43|42 42
max. 63|63|62|61|60|60[59|57|56]|54]|52(51]|49|/48] 48
50 CrMo 4 HU 850 + 5
min. 58| 58| 5765564 |53|51|48(45|41|39| 38| 37||36]| 36
max. 59| 59|58|58|57|57|57|56|55|54|53|52]51]|50] 49
36 CrNiMo 4 HH 850 + 5
min. 54 | 53 |520| 62| 51| 50| 50| 49| 47| 45| 44| 43| 41|39 | 38
max. 56.[(56°| 65| 55| 54 | 64 | 53| 52| 51| 50 | 48 | 47 | 46 ||45 | 44
36 CrNiMo 4 HL 850 + 5
min. 51" 50| 49| 49| 48| 47| 46| 45| 43| 41(39|38| 36|34 33
max: 58| 68| 58|58|57|57|57|57|57|57|57|57]|57]|57| 57
36 CrNiMo 6 HH 845 + 5
min. 53| 53| 563|563|52|51|51[61[51|50|50]|50]|501]49 | 48
max. 55| 55| 65| 5655| 54|54 |54|54|54|54(54|54]|53]||53]| 53
36 CrNiMo 6 HL 845 +'5
min. 50| 50| 50| 50|49| 48| 48| 48| 48| 47| 47 | 47| 46 ||45 | 44
max. 56| 56| 56| 56| 55| 55| 55| 55| 65| 54| 54 | 54 | 54 ||54 | 54
31 CrNiMo 8 HH 845 + 5
min. 51151{51]51[50[50|50| 49|49 | 48|48 | 47| 47|47 | 47
max. 53| 63|53|53|52|52|52|52|52|51[51|51|51]50] 50
31 CrNiMo 8 HL 845 + 5
min. 48| 48| 48| 48| 47 | 47| 47| 46| 46| 45| 45| 44| 44 | 43| 43
max. 65| 65| 64| 64|63|62(62|61|60|58|57|55(|54]|53]|53
51 CrV 4 HH 850 + 5
min. 60| 59| 58| 57| 56|55(54|52|49|47|44|42| 41|40 39
max. 62|62|61|61|60|59|58|57|55|52|50|48|47| 46| 46
51 CrV 4 HL 850 + 5
min. 57| 56| 55|564|53|52|50|48|44|41|37|35|34|33]|32
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