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ISO Recommendation R 683/1X October 1970

HEAT-TREATED STEELS, ALLOY STEELS
AND FREE-CUTTING STEELS

PART 9
WROUGHT FREE-CUTTING STEELS

listed in Table 3, namely,
(2) not intended for heat treatment,

(b) suitable for case hardening,

(¢) suitable for quenching and tempering.

1.2 | This ISO Recommendation applies to semi-finished products, bars, wire rods, and bright)steel.

2. DEFINITION

Freefcutting steels are characterized by good machinability, i.e. high metal removal ¥ate, essentially obtained by
high¢r than normal contents of sulphur, or sulphur and lead.
3. REQUIREMENTS

3.1 | Production processes

Unless otherwise agreed in the order, the processes used in making the steel and the product are left to the
discretion of the manufacturer. When he so requests, the user'should be informed what steelmaking progess
is being used.

3.2 | Chemical composition and mechanical properties

3p.1 The steels covered by this ISO Recommendatiofi‘should be ordered and delivered in accordance with
Table 1.
TABLE 1 - Types of condition of delivery
Types of condition of delivery*
Requirements
1 I{b) 1) 1(q) 3 3(b) 4 4(b) S 6

Chermical composition X X X X X X X X X X
Hardness (maximum value)

—| in the “as rolled” pr\as peeled” condition — X — - X - X - -

~| in the normalizedscondition - — X - - — - — -

Mechanical properties

-] in the normalized condition - — X - - — -

-| in the ¢old“drawn condition — — X - - — - -

in thexquenched and tempered condition
— for a 16 mm diameter test bar

fora rulina sectiaon X
Hor-a—FHHRg-SsecHoR

|

for a product in final dimensions** - - - - - - - X -

- in the quenched and tempered
and subsequently cold-drawn

condition - — - - - - - - - X

— in the simulated case-hardened

condition*** — - - .- - - X -

The numbers indicating the types of condition of delivery follow a co-ordinated series of numbers throughout all relevant
ISO Recommendations.

** Yor the quenched and tempered stecls 7, 8, 9 and 10.

***  For the case-hardening steels 4, 4Pb, 5 and 6.
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3.2.2 For the steels covered by this ISO Recommendation, the relevant types of condition of delivery, detailed
in Table 1, are appropriate for the types of steel as given in Table 2.

TABLE 2 — Types of steel and related conditions of delivery

Type of steel Type of condition of delivery
1,2,2Pb, 3, 3Pb 1, 1(b), I(n), 1(q)
4,4Pb, 5,6 1,1(q), 5
7,8,9,10 1, 1(b), 3, 3(b), 4,4(b), 5,6
The type of condition of delivery according to Tables 1 and 2 should be stated at the time of engdiry and
order.
3.3 The chemical composition expressed by the cast analysis should be in accordance-with Table 3.
TABLE 3 .- Types of steel and chemical composition guaranteéd
(applicable to cast analysis)*
Type of . P% .
Jeel C% Si % Mn % nax. S% Pb %
Nonp-heat-
treataple steels
0.13 max. 0.05 max. 0:60to 1.20%* 0.11 0.18t0 0.25 -
4 0.14 max. 0.05 max. 0.90to 1.30 0.11 0.24t00.32
PPb 0.14 max. 0.05 max. 0.901t01.30 0.1 0.24t0 0.32 0.15t00.35
3 0.15 max. 0.05 max. 1.0 to1.50 0.11 0.30t0 0.40 -
3Pb 0.15 max. 0.05 mak. 1.0 to1.50 0.11 0.30t0 0.40 0.15t00.35
Case-Hardening
sfeels
4 0.07t00.13 0.15t00.40 0.50t0 0.90 0.06 0.15t00.25 -
4Pb 0.07 to 013 0.15t0 0.40 0.50t0 0.90 0.06 0.15t00.25 0.15t00.35
] 0.09 t6-015 0.15t00.40 0.90to 1.20 0.06 0.15t00.25
6 0.14.10 0.20 0.15 t0 0.40 0.50t0 0.90 0.06 0.15t00.25
Quenghed and
tempered steels
0.32t00.39 0.15t0 0.40 0.50 10 0.90 0.06 0.15t00.25
0.32100.39 0.15t0 0.40 0901t0 1.20 0.06 0.15t00.25 -
9 0.32100.39 0.15t0 0.40 1.30to 1.65 0.06 0.15t00.25 -
10 0421t00.50 0.15t0 0.40 0.50t0 0.90 0.06 0.151t00.25

* Elements not quoted in Table 3 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
materials used in manufacture, of such elements which affect the mechanical properties and applicability.

** A manganese content of 0.50 % min. can be agreed between purchaser and supplier.
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3.2.3.1  If ordered to types of condition of delivery 1 or 1(b) (see Table 1), the following permissible
deviations between the values specified in Table 3 and the product analysis of products up to 160 mm
(6.3 in) diameter should apply. Above 160 mm (6.3 in) diameter, the permissible deviations should
be stated at the time of enquiry and order.
TABLE 4 - Permissible deviations between specified analysis and product analysis
Permissible deviations*
Type
of steel C% Si% Mn % P% S % Pb %
1 +0.02 0 +0.06 +0.02 +0.03*%*
2 +0.02 0 £0.06 +0.02 +0.03 -
2Pb +0.02 0 +0.06 +0.02 +0.03 0
3 +0.02 0 £ 0.06 +0.02 +0.04
3Pb +0.02 0 +0.06 +0.02 +0.04 0
4 +0.02 +0.03 +0.04 + 0.008 +0.03
4Pb +0.02 +0.03 +0.04 + 0.008 +0.03 0
5 +0.02 +0.05 £ 0.06 + 0.008 +£0.03 —
6 +0.02 +0.03 +0.04 + 0.008 +0.03
7 +0.03 +0.03 +0.04 + 0.008 +0.03
8 +0.03 +0.03 +0.06 40.008 +0.03
9 +0.03 +0.03 *0.06 + 0.008 +0.03 -
10 +0.03 +0.03 10,04 + 0.008 +0.03
* 1 means that in one cast the deyiation may occur over the upper value or under the lower value
of the specified range in Table 3'bat not both at the same time.
** A permissible deviation of: * gg; % S for type of steel 1 may be agreed between the purchaser
and the supplier. e
3.2.3.2  If ordered totypes of condition of delivery 1(n), 1(q), 3, 3(b), 4, 4b), 5 and 6, the mechanical
properties-spetified in Tables 5, 6 and 7 should be the governing criteria for acceptance. In such cases,
the cast analysis may deviate slightly from the values shown in Table 3.
3.3 LHardness

3.3.1 If the products are delivered in the types of condition of delivery 1(b) or 1(n) of Table 1, the maximum
hardness as shown in Tables 5 and 7 should apply.

3.3.2 If the products suitable for quenching and tempering are delivered in a condition other than quenched and
tempered, with or without subsequent cold reduction, a maximum hardness measured after preparation
of the surface in the conventional manner, in accordance with Table 7, can be agreed in addition to the
other requirements (types of condition of delivery 3(b) and 4(b) of Table 1).
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3.4  Mechanical properties

3.4.1 If specified, the mechanical properties should be those shown in Tables 5, 6 or 7.

The values apply to test pieces taken in the direction of the metal fibre, the axis of the test piece correspond-
ing to that shown in Figure 1.

3.4.2 If the products are delivered in the normalized or cold-drawn condition (types of condition of delivery 1(n)
or 1(q) of Table 1) the values stated in Tables 5 and 6 should apply for test pieces taken in accordance with
clause 4.2.1.2.

3.4.3 For the simulated case-hardened condition (type of condition of delivery 5 of Table 1), the figures shown

in Table 6 are valid for one reference test bar — of 11 mm or 30 mm diameter as stated in the order - which
has been taken from the product in accordance with clause 4.2.1.3 and simulated case-hardened as spé¢cified
in Table 9.

3.4.4 The mechanical properties in the quenched and tempered conditions as given in Table 7 are those which
can be obtained for one of the conditions given below :

3.4.4.1 For areference test bar of 16 mm diameter, taken from the product to be deliveted either by machin-
ing from a location according to Figures 1(c) or 1(h) or by forging, and themquenched and tempered
according to the temperatures and times listed in Table 10 (types of condition of delivery 3 and
3(b) of Table 1).

3.4.4.2  For a ruling section®, to be specified at the time of enquiry and order, which is quenched and
tempered according to the temperatures listed in Table 10 (types'of condition of delivery 4 and|4(b)
of Table 1).

For location of the test bar, see clause 4.2.1.3.
3.4.4.3 For the product in the quenched and tempered condition (type of condition of delivery 5 of Tqble 1).

For location of the test bar, see clause 4.2.1.3.

3.4.5 The mechanical properties in the quenched and tempered and subsequently cold-reduced condition as
given in Table 7 may be agreed for the product\to-be delivered in this condition (type of condition of]
delivery 6 of Table 1).

For location of the test bar, see clause 4,2.1.3.

3.4.5.1 The values in Table 7 refer tg diameters. Rectangular sections should be converted to equivalen
diameters by means of Figure 2,

3.4.5.2 For other sections, the.equivalent diameter should be agreed at the time of enquiry and order.

3.5 | Weldability

Because of their high'sulphur and phosphorus content, free-cutting steels are not normally recommendeq for
welding.

3.6 |Machinability

The steels'covered by this ISO Recommendation have good machinability and chip breaking characteristjcs.
HoweVer, the machinability decreases with increasing carbon, silicon and manganese contents, while cold
réduction improves the machinability.

3.7 Surface conditions

The surface conditions should be agreed at the time of enquiry and order.

3.8 Tolerances on dimensions and mass

The tolerances allowable on dimensions and mass should be stated in the order, as long as there are no
ISO Recommendations to cover them.

In the selection of a steel, one of the most important considerations is whether the mechanical properties required can be obtained
from the steel in the size and shape at the time of heat treatment. That portion, which is most important from the point of view
of the mechanical properties obtained by heat treatment, is referred to as the ruling section, and the ruling section should always
be expressed in terms of the diameter of an equivalent round bar (see Fig. 1).
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4. TESTING

*

4.1  Number of sample products

4.1.1 Chemical composition. The cast analysis is given by the manufacturer. If a product analysis is required by
the purchaser, at least one sample product should be taken from each cast.

4.1.2 Mechanical properties and hardness

4.1.2.1  For non-heat-treatable steels |, 2, 2Pb, 3 and 3Pb, the number of tests to be applied will depend
upon whether the tests are conducted on the basis of
(@) alot* or
(b) acast.

The basis of testing should be agreed at the time of enquiry and order.

One test sample should be taken from each size range shown in Table 5. Each testing-batch shpuld
comprise

(a) 20t or fraction thereof for testing by lots, or
(b) 40t or fraction thereof for testing by casts.

4.1.2.2 In the case of steels 4, 4Pb, 5,6, 7, 8,9 and 10, the basis of testing should be the cast as folloys :

(a) For steels not supplied in the finally heat-treated condition{types of condition of delivdry 1(q),
3, 3(b).4,4(b) and 5 of Table 1) and for case-hardening steels, one test sample from eadh cast.

(b) For quenched and tempered steels supplied in the firally heat-treated condition (type of
condition of delivery 5 of Table 1) or in the heat-tréated and subsequently cold-reduced condi-
tion (type of condition of delivery 6 of Table I).ene sample product should be taken frgm each
size grouping (see Table 7). If the product is eontinuously heat-treated, one sample product
for each 25 t or part thereof, but at least ofie sample for each cast, should be taken.

4.2 | Samples and test pieces

4.2.1 The test pieces for tensile test should be taken in the longitudinal direction of the products according to
Figure 1.

4.2.1.1  Forsteels 1, 2, 2Pb, 3 and @Pb: the test sample should consist of a length of the product for small
sizes. For larger sizes, the‘test sample should be so taken that the axis lies as near as possible

(¢) for a cylindrigal‘product, at % of the half diameter (see Fig. 1(a));
(b} for a non-cylindrical product, at % of the half width (see Fig. 1(b)).

4.2.1.2  For case-hdrdening steels, the mechanical properties in the simulated case-hardened condition ghould
be obtaified on a reference test bar of 11 mm or 30 mm manufactured by hot forging the test fjample
to thé\ngarest smaller diameter for the reference test bar. The axis of the test piece should corfespond
to.the axis of the test bar.

For case-hardening steels tested in the cold-drawn condition (type of condition of delivery 1(d) of
Table 1), the requirements of clause 4.2.1.1 should apply.

4,2.1.3 For steels suitable for quenching and tempering, the test pieces should be taken in accordance|with
Fignrac I(p) to l(h) Eor types of r]p]i\mry condition '2’ “\'(h)’ 4 and A(h) of Table 1, the rpq!lirsments

of clauses 3.4.4.1 and 3.4.4.2 should apply.

4.2.2 General conditions for selection and preparation of test samples and test pieces for steel should be in
accordance with ISO Recommendation R 377, Selection and preparation of samples and test pieces for
wrought steels.

A lot is defined as the product of several casts of similar type of steel rolled into one class of product and submitted for inspection at
the same time.
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4.3  Test methods
4.3.1 The tensile test should be made in accordance with the following SO Recommendations :

R 82, Tensile testing of steel,
R 86, Tensile testing of steel sheet and strip less than 3 mm and not less than 0.5 mm thick,
R 89, Tensile testing of steel wire.

4.3.2 The Brinell hardness test should be made in accordance with ISO Recommendation R 79*, Brinell hardness
test for steel.

4.3.3 In cases of dispute, the methods for the chemical analysis should be those established by the relevant
1SO Recommendations. If no ISO Recommendations are available, the methods may be agreed upon| and
specified at the time of enquiry and order.

4.4 | Retests

4l4.1 For retests for mechanical properties, clause 6.5 of 1SO Recommendation R 404, (véneral technical
delivery requirements for steel, is valid.

4[4.2 For retests for the product analysis, clause 7.6 of ISO Recommendation RC404 is valid.

4.5 | Certification of the tests

For certification of the tests, section 4 of ISO Recommendation R\404 is valid, acceptable documents being
namely :
- statement of compliance with the order (see clause;4.1.1), or
- report based on quality control (see clause 4.1°2), or
works certificate (see clause 4.1.3), or
— test certificate (see clause 4.2.1), or
certificate of acceptance (see clause'd:2.2).

5. DEFECTS AND DIMENSIONAL TOLERANCES

The|conditions given in section 8-0fISO Recommendation R 404 are valid for
surface defects (seeclause 8.1),

-- rectification (see clause 8.2),

- internal defeets{(see clause 8.3),

~ dimensional-tolerances (see clause 8.4) and

— reclaiming (see clause 8.5).

* 2nd Edition, 1968.

- ————— — —— — e
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TABLE 5 — Mechanical properties for non-heat-treatable free-cutting steels*

As rolled
or Normalized Cold-drawn
Diameter As peeled
Type of
steel Hardness Hardness | R, min R A min R. min R 4 min.
mm HB max. HB max. kgf/mm? kgf/mm2 % kgf/mm2 kgt’/mm2 %
(tonffin®) | (tonf/in%) (tonffin®) | (tonf/in%)
40 50)to 80
<
16 163 (25.4) (3177 t0 50.8) 8
36 45t0 75
< 9
| > 16<40 159 145 21 37 t0 SO 2 (22:8) ““[(28.7 t0 47.6)
(13.3) (23.5 to 31.7) 30 40 to 70
<
~40<63 159 (J9.0)  |(25.4 to 44.4) 10
24 37 to 62
<
> 63 100 149 (15.2) (23.5t0 39.4) 1
42 52t0 82
<
16 170 (26.6) (33.0t0 52.1) 7
38 47to0 77
<
> 16 <40 159 22 3940052 (24.1) (29.8 10 48.9) 8
2, 2Pt 152 20
> 40 <63 159 (13.9) (24.7 to 33.0) 31 42to0 72 9
= 197  [(26.6 1045.7)
25 39 to 64
<
>63<100 156 (15.8) (24.7 t0 40.6) 10
44 55to 85
<
16 174 27.9) (34.9 to0 53.9) 7
40 50 to 80
<
> 16<40 163 23 40 to 53 (25.4)  |(31.7 10 50.8) 8
3, 3Ph 1ss 19
> 40 <63 159 (14.6) (254 to 33.6) 32 44 to 74 0
h (20.3)  [(27.91046.9)
26 40 to 65
<
> 63 100 156 (16.5) (25.4t041.3) 10
Re yield stress (0.2 % proof stress)
Rpy = | tensile strength
A = percentage elongation-after fracture (L, =5 d,)
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TABLE 6 — Mechanical properties for case-hardening free-cutting steels*

Cold-drawn Simulated case-hardened
Type of Diameter R, min. R, A min. Test bar R, min. Rn A|min.
steel 2 2 3 s
mm kgf/mm kgf/mm % mm kgf/mm kef/mm %
(tonf/in?) |  (tonffin?) (tonf/in?) | (C(tonf/in®)
40 50 to 80
<
16 (25.4) (31.7 to 50.8) 8 ¢ 56 %0
to
36 45to0 75 11 12
< .
. > 16 <40 328 | 286 10476 9 0.9) | (34.9t057.1)
’ 30 40 to 70
>40 <63 10 27 45to 75
(19.0) (25.4 to 44.5) 30 a7.1) (28.6 to 47.6) 14
>63<100 - — -
<16 42 52 to 82 7
(26.7) (33.0 to 52.0)
38 47 10 77 1 4> 70 to 103 8
28.6 44 .4 t0 66.7
5 > 16 <40 (24.1) (29.8 to 48.9) 8 ¢ ) ¢ © )
31 42 to 72
>40<63 9 35 55to 85
19.7) (26.6 to 45(7) 30 22.2) (34.9 10 53.9) 10
>63<100 - = —
55 to 85
<
<16 42 (34.9 10 53.9) 7
50 to 80 11 40 65 to 100 ]
< (25.4 (41.3t063.5)
6 >16<40 38 (31.7 to 50.8) 8 )
45t0 75 30 50 to 80
< 9
>40< 63 30 (28.6 to 47.6) 30 (19.0) (31.7 to 50.8) 10
> 63 <100 — — -
Re = |vieldsstréss (0.2 % proof stress)
Ry, = [tefisile'strength
A = |pereentage-clongatiomafterfractore-g="5-d5)
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TABLE 7 — Mechanical properties of quenched and tempered free-cutting steels*

As rolled
or Quenched and tempered Quenched and tempered and
Diameter As peeled subsequently cold-drawn
Type of
steel Hardness R, min. R A min. | R, min. Rm A min,
mm HB max. kgf/mm? kef/mm> % kef/mm? kgf/mm? %
(tonf/in®) | (tonf/in?) (tonffin®) | (tonf/in?)
40 58 t0 78 55 67 to 83
<
16 197 (25.4) (36.8 to 49.5) 14 (34.9) (42.510'52.7) ?
34 55t0 75 51 63.t0 79
<
4 >16<40 192 (21.6) (34.9 t0 47.6) 16 (32.4) (40.0 to 50.1) 12
31 50to 70 49 60 to 76
<
>40<63 192 (19.7) (31.7to 44.4) 17 (31:1) (38.1 t0 48.2) 13
>63<100 — — — — > - -
43 63 to 83 58 72 to 88
<
16 205 (27.3) (40.0 to 52.7) 9 (36.8) (45.7 to 55.8) K
37 60 to 80 54 68 to 84
<
8 >16<40 200 (23.9) (38.1 to 50.8) 16 (34.3) (43.1 to 53.3) 12
34 55 toc75 52 65 to 81
<
>40<63 200 (21.6) (34.9'1t047.6) 17 (33.0) (41.3 to 51.4) 13
>63<100 - — — — - - -
52 75 to 95 66 80 to 100
<
16 229 (33-0) (47.6 t0 60.3) 12 (41.9) (50.8 to 63.5) 8
48 68 to 88 63 73 to 93
<
. > 16<40 223 305 |@32t0ss.8| 14 “0.0) |4s4toson| |1°
45 63 to 83 58 68 to 88
<
>40<063 223 (28.6) (40.0 to 52.7) 15 (36.8) (43.2 t0 55.9) 12
45 63 to 83 58 68 to 88
<
>63<100 217 286) |@00t0s27| 13 (368) |@43210559 ] |12
46 66 to 86 62 75 to 95
<
16 229 (29.2) (41.9 to 54.6) 11 (39.4) (46.7 to 60.3) 8
39 62 to 82 59 71 t0 91
<
10 > /40 223 (24.7) (39.3 to 52.1) 13 (37.4) (45.1 to 57.8) 10
35 58 to 78 56 69 to 89
<
M0 <63 223 (22.2) (36.8 to 49.5) 14 (35.5) (43.8 t0 56.5) 1
>63<100 - _ _ _
Re = yield stress (0.2 % proof stress)
Ry, =  tensile strength
A = percentage elongation after fracture (L, =5 d)
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TABLE 8 — Temperature for normalizing the non-heat-treatable free-cutting steels

Type of steel NOl'moa(ljiZing
! 900 to 930
2,2Pb 890 to 920
3, 3Pb 880 to0 910

TABLE 9 - Conditions for heat treating the case-hardening free-cutting steels

The temperatures given below for case-hardening are for guidance, but the actual temperatures chésen should be

hose
that will| give the properties required. However, the conditions given for the simulated case-hatdening of test bars fare
mandatqry.
Case-hardening Simulated case-hardening
Type of o A , . AN . . .
steel Carburizing Core-hardening Case-hardening Quenching Tempering Quenching Tempering
°c °C °c medium °c °c medium C
4, 4Pb
5 880 to 950 870 to 910 770 t0 810 Water 150 to 200 | &880 to 900 | Water 180
6

* Time for fempering as a guide : 1 hour minimum.

TABLE 10 -- Conditjons for heat treating the quenched and tempered free-cutting steels

The temperatures given belowtare for guidance, but the actual temperatures chosen should be those that will give the
propertips required.
Type of Annealing Normalizing Quenching* Tempering**
steel °c °C °C medium °c
7,8 650 to 700 860 to 890 860 to 890 Water or oil 540 to 680
9 65015 700 - 84010 870 Oit 530710 680
10 650 to 700 840 to 870 840 to 870 Oil or water 540 to 680

* Time for austenitizing as a guide : 0.5 hour minimum.

** Time for tempering as a guide : 1 hour minimum.
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