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1) It may be agreed at the time of ordering, until this EURONORM has been adopted as an
European Standard, that either this EURONORM or a corresponding national standard may
be applied.
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Table 1: Types of steel, chemical composition
(applicable to cast analysis) 1)
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Table 2: Permissible deviations between specified analysis and
product analysis

Permissible maximum content
Permissible deviations 1)

Element according to cast analysis
% by mass% by mass

C
ß0,30 t 0,02

>0,30 ß0,50 t 0,03

Si
ß0,05 + 0,01

>0,05 ß0,40 + 0,03

Mn
ß1,00 t 0,04

>1,00 ß1,70 t 0,06

P
ß0,06 + 0,008

>0,06 ß0,11 + 0,02

S
ß0,33 t 0,03

>0,33 ß0,40 t 0,04

Pb ß0,35
+ 0,03
– 0,02

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

Table 3: Hardness and tensile strength in the untreated condition of
free-cutting steels not intended for heat-treatment
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Table 4: Hardness and tensile strength of case hardening free-cutting
steels in the untreated condition

           Steel designation Diameter
Hardness 1)2)

Tensile

Name Number
d

HB
strength 1)

mm N/mm²

15 ß d ß 110 – 360 to 530

10S20 1.0721

10 < d ß 116 – 360 to 530

16 < d ß 140 107 to 156 360 to 53010SPb20 1.0722

40 < d ß 163 107 to 156 360 to 530

63 < d ß 100 105 to 146 350 to 490

15 ß d ß 110 – 430 to 610

10 < d ß 116 – 430 to 600

15SMn13 1.0725 16 < d ß 140 128 to 178 430 to 600

40 < d ß 163 128 to 172 430 to 580

63 < d ß 100 125 to 160 420 to 540

1) In cases of dispute, the tensile strength values are deciding.
2) The hardness values are given for information only.
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Table 5: Mechanical properties of direct-hardening free-cutting steels 1)

Steel designation Diameter Untreated Quenched and tempered

d Hardness 2)3)
Tensile Re Rm

A
Name Number

mm HB
strength 2) N/mm²

N/mm²
%

N/mm² min. min.

15 ß d ß 110 – 550 to 720 430 630 to 780 15

35S20 1.0726

10 < d ß 116 – 550 to 700 430 630 to 780 15

35SPb20 1.0756
16 < d ß 140 154 to 201 520 to 680 380 600 to 750 16

40 < d ß 163 154 to 198 520 to 670 320 550 to 700 17

63 < d ß 100 149 to 193 500 to 650 320 550 to 700 17

15 ß d ß 110 – 580 to 770 480 700 to 850 14

36SMn14 1.0764

10 < d ß 116 – 580 to 770 460 700 to 850 14

36SMnPb14 1.0765
16 < d ß 140 166 to 222 560 to 750 420 670 to 820 15

40 < d ß 163 166 to 219 560 to 740 400 640 to 790 16

63 < d ß 100 163 to 219 550 to 740 360 570 to 720 17

15 ß d ß 110 – 580 to 780 480 700 to 850 15

38SMn28 1.0760

10< d ß 116 – 580 to 750 460 700 to 850 15

38SMnPb28 1.0761
16 < d ß 140 166 to 216 560 to 730 420 700 to 850 15

40 < d ß 163 166 to 216 560 to 730 400 700 to 850 16

63 < d ß 100 163 to 207 550 to 700 380 630 to 800 16

15 ß d ß 110 – 630 to 900 520 700 to 850 16

44SMn28 1.0762

10 < d ß 116 – 630 to 850 480 700 to 850 16

44SMnPb28 1.0763
16 < d ß 140 187 to 242 630 to 820 420 700 to 850 16

40 < d ß 163 184 to 235 620 to 790 410 700 to 850 16

63 < d ß 100 181 to 231 610 to 780 400 700 to 850 16

15 ß d ß 110 – 590 to 800 490 700 to 850 12

46S20 1.0727

10 < d ß 116 – 590 to 780 490 700 to 850 12

46SPb20 1.0757
16 < d ß 140 175 to 225 590 to 760 430 650 to 800 13

40 < d ß 163 172 to 216 580 to 730 370 630 to 780 14

63 < d ß 100 166 to 211 560 to 710 370 630 to 780 14

1) Re = yield strength (0,2 % proof stress);

Rm = tensile strength;

A = percentage elongation after fracture (Lo = 5 do).
2) In cases of dispute, the tensile strength values are deciding.
3) The hardness values are given for information only.
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Table 6: Conditions für heat treatment of case-hardening free-cutting steels 1)

Steel designation Carburizing Core-hardening Case-hardening
Quenching

Tempering 5)

Name Number
temperature 2) temperature 3) temperature 3)

agent
at

°C °C °C °C

10S20 1.0721

10SPb20 1.0722 880 to 980 880 to 920 780 to 820
water, oil,

150 to 200

15SMn13 1.0725

emulsion 4)

1) The temperatures given for carburizing, core-hardening, case hardening and tempering are for guidance; the actual
temperatures chosen should be those that will give the properties required.

2) The carburizing temperature will depend on the chemical composition of the steel, the mass of the product, and the
carburizing medium. If the steels are direct hardened, in general, a temperature of 950 °C is not exceeded. For special
procedures, for example under vacuum, higher temperatures (for example 1020 to 1050 °C) are not unusual.

3) When applying the single quench method, the steel is to be quenched from the carburizing temperature or a lower
temperature. The lower hardening temperatures are in each case to be preferred, in particular when there is risk of
distortion.

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

5) Time for tempering as a guide: 1 h minimum.

Table 7: Conditions for heat treating of direct-hardening
free-cutting steels1 )

Steel designation Quenching 2) Tempering 3)

Name Number
temperature

agent
at

°C °C

35S20 1.0726
860 to 890 Water or oil 540 to 680

35SPb20 1.0756

36SMn14 1.0764
850 to 880 Water or oil 540 to 680

36SMnPb14 1.0765

38SMn28 1.0760
850 to 880 Water or oil 540 to 68038SMnPb28 1.0761

44SMn28 1.0762
840 to 870 Oil or water 540 to 68044SMnPb28 1.0763

46S20 1.0727
840 to 870 Oil or water 540 to 680

46SPb20 1.0757

1) The temperatures are for guidance, but the actual temperatures chosen shall be those
that will give the properties required.

2) Time for austenitizing as a guide: 0,5 h minimum.
3) Time for tempering as a guide: 1 h minimum.
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Table 8: Test conditions for verification of compliance with the various requirements
NOTE: Verification of the requirements is only necessary if an inspection certificate or an inspection report is

ordered and if the requirement is applicable according to 8.2.1.1.

1 2 3 4 5 6 7

Requirements
Amount of testing

Number of

No.
sample

tests Sampling 2) Test method
see table Test products

per sampleunit 1) per test
product

unit

1 Chemical 1 + 2 C (The cast analysis is given by the manufacturer; for product analysis,
composition see B.4)

2 Hardness in 3 + 4 + 5 C + D 1 1 The hardness shall, According to
the untreated where possible, be EN 10003-1
condition (as determined at the
rolled or following point on the
as peeled) surface:

– at a distance of
– 1 × diameter from the
– end of the bar in the
– case of round bars,
– at a distance of
– 1 × thickness from
– one end and 0,25 ×
– thickness from one
– longitudinal edge of
– the product in the
– case of bars with
– square or rectangular
– cross section.

3 Mechanical 3 + 4 + 5 C +D +T 1 3) 1 The test pieces for the The tensile test
properties of tensile test shall be shall be carried out
products in the taken in accordance in accordance with
untreated or with EN ISO 377 EN 10002-1 on
quenched and proportional test
tempered deliv- pieces having a
ery condition gauge length of Lo

= 5,65 oS  (So =
area of the cross
section of the test
piece.)

1) The tests shall be carried out separately for each cast as indicated by “C”,  each dimension as indicated by “D” and
each heat treatment batch as indicated by “T”.

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

2) The general conditions for selection and preparation of test samples and test pieces shall be in accordance with
EN ISO 377 and ISO 14284.

3) If the products are continuously heat treated, one test piece shall be taken for each 25 t or part thereof, but at least one
test piece shall be taken per cast.
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Example: For a rectangular bar with a section of 40 mm × 60 mm, the diameter of the ruling section is 50 mm.

Figure A.1: Diameter of the ruling section for square and rectangular sections for quenching
in oil or water
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