
(En SERIES) 

Incorporating amendments issued Feb., 1955 (PD 2127), 
Feb., 1958 (PD 2971), June, 1958 {PD 5092) and 

Feb., 1963 (PD 4814) 

Price 15/- net 

BRITISH STANDARDS INSTITUTION 
INCORPORATED BY ROYAL CHARTER 

BRITISH STANDARDS HOUSE, 2 PARK ST., LONDON. W.1 

TELEGRAM : STANDARDS LONDON W1 TELEPHONE : MAYFA1R 9000 

BRITISH STANDARD 970 : 1955 

WROUGHT STEELS 
IN THE FORM OF BARS, BILLETS AND FORGINGS 

UP TO 6 IN. RULING SECTION 

FOR AUTOMOBILE 

AND GENERAL ENGINEERING 

PURPOSES 

Copyright British Standards Institution 
Provided by IHS under license with BSI - Uncontrolled Copy 

Not for ResaleNo reproduction or networking permitted without license from IHS

--`,,```,,,,````-`-`,,`,,`,`,,`---



B.S. 970 :1955 
THIS SCHEDULE, having been approved by the Iron and Steel 
Industry Committee and endorsed by the Chairman of the 
Engineering Divisional Council, was published under the 
authority or the General Council as a British Standard on 
20th January, 1955. 

First published, July, 1941 
First revision, October, 1942 
Second revision, March, 1947 
Third revision, January, 1955 

The Institution desires to call attention to the fact that this 
schedule does not purport to include all the necessary 
provisions of a contract. 

In order to keep abreast of progress in the industries con
cerned, British Standards arc subject to periodical review. 
Suggestions for improvements will be recorded and in due 
course brought to the notice of the committees charged with 
the revision of the standards to which they refer. 

A complete list of British Standards, numbering over 4,000 
indexed and cross-indexed for reference, together with an 
abstract of each standard, will be found in the Institution's 
Yearbook. 

This schedule makes reference to the following British 
Standards :— 
B.S. 18 Tensile testing of metals. 
B S 131. Forms of notched bar impact test pieces. 
B S. 240 Part 1. Methods and tables for Brincll hardness 

testing. 
Part 2. Steel balls for Brinell hardness testing 

B.S. 427 Tables of diamond pyramid hardness numbers. 
B S. 860. Table of approximate comparison of hardness 

scales. 
B.S. 1408. Hard drawn steel wire for springs. 
B.S. 1429. Annealed steel wire for oil-hardened and tempered 

springs. 
B S 1449. Steel plate, sheet and strip. 
B S. 1554. Rust, acid and heat-resisting steel wire. 
B.S. 1639. Notes on simple bend test. 
B.S. 2056. Rust, acid and heat resistmg steel wire for springs. 
B.S. 2094. Glossal of terms re'Kiag to iron and steel: 

Parti. 

British Standards are revised, when necessary, by the issue 
either of amendment slips or of revised editions. It is important 
that users of British Standards should ascertain that they are 
in possession of the latest amendments or editions. 

The following B S.l. references relate to the- work oa this standard — 
Committee reference ISE/31 Draft for comment CO(ISE)4S83 
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BRITISH STANDARD SCHEDULE OF 

STEELS FOR AUTOMOBILE AND GENERAL 
ENGINEERING PURPOSES 

FOREWORD 

•rss first edition of this specification was issued in 1941 not only to replace 
B"S '005 1924 which, until then, was the only specification for wroi'ght 
st'cei for automobiles, but also to provide a comprehensive schedule of 
steels for general use in the engineering industries. 

In accordance with the policy of the British Standards Institution, 
revisions were subsequently issued in 1942 and 1947 to bring the schedule 
into line with current practice. This particularly afTected the 1947 issue, 
which, as a result of discussion with the Society of Motor Manufacturers 
and Traders, included the post-war requirements of the moior industry. 

The present revision brings the specifications up to date and at the 
same time has been designed to cover the requirements of the Services 
as far as they are compatible with those of industry in general. 

The particular requirements of the motor industry meant that, since 
1947, sub-divisions have been introduced into crrtain specifications to 
meet the needs of some users whose heat treatment facilities require 
material of closely controlled chemical composition. In these specifications 
the parent specification details limits of composition generally acceptable 
as suitable for the particular class of steel as well as the mechanical 
properties obtainable within the ruling sections stated for the material 
•vithin these composition limits. The sub-divisions of the specification 
require some closely controlled limits of composition, but in such cases 
specified mechanical properties are not a contractual obligation and the 
mater dl is supplied only to the limits of the composition specified. 

It has been found possible to meet most of the requirements of the 
Services without conflicting with the requirements of the automobile and 
general engineering industries except for the special case of proof stresses 
for certain steels. Proof tests are included in appropriate cases for use 
where specifically requested in the enquiry and order, and in the absence 
of such a specific request the material supply wilt not be so tested. 

The case hardening steels of the En 350 and En 360 series, Introduced 
as Addendum No. 1 in 1951 at the instigation of the Steel (Re-armament) 
Panel, Ministry of Supply, have been incorporated in this revision. 

In this issue, as in previous issues, an important feature is the attention 
paid to the effect of the ruling section of the material at the time of heat 
treatment upon the mechanical properties obtained. 

As a complementary document to the various issues of B.S. 970, there 
has been published B.S. 971 * Commentary on B.S. wrought steels (En 
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scries)' This contains a large amount of valuable and informative data 
to facilitate the task of designers in selecting the most suitable und at the 
same time ihe most economical steel, with particular reference to the 
effect of mass upon the properties obtained. The last edition was issued 
in 1950 and a new edition will be published on the basis of this edition of 
B S. 970 

PART I. GENERAL CLAUSFS 
Ruling section. In Ihe selection of a steel one of the mast Important consider, 
aligns Is whether the mechanical properties required can he obtained from 
the steel In the size and shape at the time of heat treatment. That portion trhich 
Is most important from the point of flew of the mechanical properties obtained 
hy heat treatment it referred to as the ruling section and the ruling section 
should always be expressed in terms of the diameter of an equivalent round 
bar {tee Appendix E) 
Some of Ihe specifications In Part 2 state the maximum diameter of round bar, 
ie the limiting ruling section, in which certain mechanical properties can be 
obtained. The de' gner should select steel which will give the desired properties 
In the actual ru... j section at the time of heat treatment. When ordering steel 
not supplied In the finally heat treated condition the ruling section of the part at 
the time of heat treatment should be slated. 
It Is emphasized that the limiting ruling sections slated In Ihe specifications 
in Part 2 are the maximum siies In which the specified properties can be 
guaranteed. 

GENERAL REQUIREMENTS 

i. The steel shall comply with the requirements specified in this part and 
with the appropriate requirements specified in Port 2. The steel shall be 
supplied to both the chemical analysis and the mechanical tests unless the 
order states otherwise, but where mechanical tests are not a contractual 
obligation of the specification the material shall be suppiled to chemical 
composition only. 

In order to assist the supplier, the purchaser is recommended to MB4<M 
indicate in the enquiry and order the purpose for which the material is ' ' 
to be used. A drawing of the part in question is useful. 

STEELMAK1NG TROCESS 

2. The steelmaking process shall be at the option of the manufacturer 
unless otherwise specified in the order. 

FREEDOM FROM DEFECTS 

3. The steel shall be free from piping, harmful segregation and other A; ?'". '«* 
defects and in addition' 

a Billets and bars for forgings shall be rough machined, chipped, 
ground or otherwise prepared to remove surface defects which might 
produce defects In the bars, forgings or'drop forgings made therefrom; 

'6.- Billets for re-rolling and bars for other than forging purposes shall 
be free from harmful surface defects; 

9 

Copyright British Standards Institution 
Provided by IHS under license with BSI - Uncontrolled Copy 

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



B.S. 970:1955 
c. Bars for machining shall be commercially straight; 
d. Forgings and drop forgings shall be finished in a workmanlike 

manner and shall be free from flaws and surface defects; 
e. Case hardening steels shall bo capable of being carburised and 

heat-treated to give a satisfactory uniform surface hardness. 
CHEMICAL ANALYSIS 

4. a. Specified analysis The specified ranges of chemical composition are 
based on cast analyses and on request the manufacturer shall supply a 
certificate of analysis of the steel for the specified elements. Any subse
quent analytical checks shall take into consideration the heterogeneity of 
the steel. 

b. Residual elements. For carbon steels elements not quoted in the 
relevant specification shall 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 shall be taken to prevent the addition 
of such elements from scrap or other materials used in manufacture. 

For alloy steels percentages of elements up to the following amounts 
shall be considered as incidental •— 

Nickel 0 40 per cent 
Chromium 0-30 per cent 
Molybdenum 0-15 per cent 
Vanadium 0 05 per cent 

For special applications trie purchaser, by agreement with the supplier, 
may set a limit to the amount of one or more residual elements and/or 
may require the amount of such elements to be stated in the certificate 
of analysis. 

e. Optional elements. In certain specifications optional elements are 
included for use at the discretion of the steelmaker in order to obtain the 
desired properties. 

d. Lead bearing steels. Lead bearing steels may be supplied only by 
agreement between purchaser and supplier. The lead content shall be 
0 15/0-35 per cent, and the steel shall be identifiable by a distinguishing 
mark agreed between the purchaser and the supplier. 

CONDITION OF MATERIAL ON DELIVERY 

5. The noitnal conditions of steels on delivery in different forms are 
stated in the individual specification in Part 2. 

With certain steels special precautions after hot working are necessary 
and in such cases the supplier shall ensure that the condition in which 
the steel is supplied is satisfactory. 

Bright bars shall be machined, ground, bright reeled, cold drawn, cold 
rolled or cold rectified as ordered. The margins of manufacture shall be 
in accordance with those given in Tables 8-13 (Appendix B). 
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GENERAL DEFINITIONS 

5. a Heat treatment and general metallurgical terms. For the purposes 
of thh British Standard, unless otherwise defined herein, terms shall have 
the meanings given in B S 2094. ' Glossary of terms relating to iron and 
steel'. 

b. Yield stress. Yield stress is the stress (load divided by the original 
area of cross section of a test piece) at which extension of the test piece 
first increases without increase of load. 

With materials which have a definite yield point, when the load is 
increased at a unlTorm rate a sudden permanent incrcaso occurs in the 
length of the test piece. This increase can be detected by the use of 
dividers, by a distinct drop of the testing machine lever or, in indicating 
machines, by a hesitation in the movement of the indicating pointer. It 
frequently happens especially with steels of tensile strengths over 50 tons/ 
sq. in that the yield point is ill-defined and in such cases the yield stress 
shall be interpreted as the 0-5 percent proof stress. 

For the steels covered by the present specifications values for the yield 
stress are quoted in italics These values are considered to be representative 
for the steels concerned but are not to be used as acceptance values C<ccpt 
by special arrangement between the purchaser and the manufacturer. 

c. Proof stress. Proof stress is the stress (load divided by the original 
area of cross section of a test piece) which produces, while the load is still 
applied, a non-proportional elongation equal to a specified percentage of 
the original gauge length. In specifying or describing a proof stress the 
non-proportional elongation should be quoted, e.g, 0-2 per cent proof 
stress or 0 5 per cent proof stress. 

It can be determined from the loa elongation curve by drawing o line 
parallel to the straight portion of the curve distant from it by an amount 
representing the required non-proportional elongation, thus determining 
the load At which the line cuts the curve. 

Alternatively, if the specification requires only a minimum value of the 
proof stress the material shall be deemed to bo satisfactory if it passes a 
proving test for permanent set stress; that is, when the specified proof 
stress is applied to the test piece for a period of ten seconds and removed, 
the test piece shall not have acquired a permanent elongation greater than 
the specified percentage of the gauge length. 

PROVISION OF MATERIAL FOR TESTt 3 

7. a. Definitions. 
(i) Test sample. A test sample is that portion of the material 

selected for testing. 
(ii) Test bar. A test bar is the test sample after preparation for 

heat treatment. 
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B.S. 970 : 1955 
(Hi) Test piece. A test piece is the test sample or lest bar as finally 

prepared for testing. 
b Preparation of test bars. Unless othem.se specified, test :samples 

and test bars shall be selected and prepared as to.lows :-The^est bar shall 
be ofsufflcient length to allow of the preparation of the test pieces as 
specified in Clause 8 and the appropriate heat treatment shall be earned 
out before preparation of the test pieces, exceptwhen the speeded minimum 
tensile strength is 85 tons/sq in. or more. In such cases the test p.ece shall 
be machined to test piece size, plus a grindmg allowance if required, 
before heat treatment, and the properties then obtained are representative 
of those of parts heat treated in the same ruling section as that or the 
test piece and may not represent larger ruling sections. 

c. Steels other limn case hardening steels. 

(i) Bars or billets for forging and bars for machining not supplied 
in the finally heat treated condition. 
Where the ruling section of the bars or billets does not differ 

appreciably from that of the forgings or parts to be produced, test bars 
may be taken directly from a bar or billet and heat treated in the 
original size. Alternatively, when it is considered either by the pur
chaser or by the manufacturer that the results of heat treating in the 
bar or billet size would not be representative of the properties that 
would be obtained on the forging^ or parts to be produced, test samples 
shall be forged and/or machined to test bars of a diameter equivalent 
to the ruling section of the forgings or parts at the time of heat treat
ment. Test bars shall be given the representative heat treatment for 
the parts concerned. 

Unless otherwise agreed, one fei.sile test and, if specified, one 
impact test, shall be taken from any butch of bars or billets of similar 
ruling section from the same cast and, for the purpose of subsequent 
orders, these tests shall be taken as representing all sizes of bars or 
billets from the same catt where the ruling section of the forgings or 
part's does not exceed the roling section of the test bar already tested. 

(ii) Forgings, drop forgings and machined parts. For forgings and 
drop forgings with a ruling section equivalent to a diameter greater 
than 1H in., integral test samples may be provided by agreement 
between the purchaser and the supplier, when a prolongation shall be 
left on an agreed proportion of forgings or drop forgings. Unless 
otherwise agreed, the prolongation shall have a diameter approximately 
equal to the ruhnj, section of the forging or drop forging at the time of 
heat treatment, and it shall not be finally severed until after heat 
treatment. 

Where integral test samples are not required, and for small forgings 
and drop forgings with ruling section equivalent to a diameter of 1 % In. 
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or less and also for parts machined from bar not finally heat treated, 
separate lest samples, which may be additional forgings, drop forgings 
or parts, shall be provided from the bars or billets from which the 
forgings, drop forgings or parts arc made. They shall be forged and/or 
machined to the ruling section of the forgings, drop forgings or parts 
and shall be heat treated with the material they represent. The number 
of tests shall be agreed between the purchaser and the supplier. 

(iii) Bars for machining supplied In the finally heat treated condition. 
The test samples shall be cut from the bars and shall not be further 
heat treated or mechanically worked after their removal except where 
the specified minimum tensile strength is 85 tons/sq. in. or more when 
test pieces shall be separately prepared as specified in Clause 1(b). 

Unless otherwise agreed, the number of tensilo and impact tests 
on any batch of bars of similar size, from the same cast and heat 
treated together shall be 2 per cent, of the number of bars. 

IfBrinell hardness tests are required by the purchaser, this shall 
be stated in the order, when the proportion of bars tested shall, un
less otherwise agreed, be not less than 10 •• cent, of the number of 
bars from each cast in each heat tfeatmeni batch. 

(d) Case hardening steels. Where the size of the test sample is greater 
than 1V6 in. diameter, separate test bars shall be prepared by forging 
and/or machining to that size ; but for smaller sizes the test bar shall be 
heat treated in the full section of the sample. When the test sample is 
smaller than 1% in. diameter the mechanical properties obtained may 
differ from those stated >n the individual specific <n Ion to an extent which 
can be determined by comparative tests on (he test sample and on a test 
bar 1M in. diameter from the same cast. 

For bars and billets the test bars shall becarbunsed or blank carburised 
and then refined and hardened as specified in the individual specification, 
except that by agreement between the purchaser and the manufacturer 
carburising or blank carburising may be omitted (see Appendix A) 

Unless otherwise agreed one tensile test and, if specified, one impact 
test, shall be taken from any batch of bars or billets from the same cast 
and for the purpose of subsequent orders the tests shall be accepted as 
representug all bars or billets from that cast. 

For lorgings, drop forgings and parts, carburisation of the test bars 
may be omitted but the heat tieatment otherwise shall be carried out 
with the forgings, drop forgings or parts they represent. The number of 
tests shall be agreed between the purchaser and the manufacturer. 

LOCATION OF TEST PIECES 

8. Unless otherwise specified test pieces shall be prepared as follows :— 

a. For ruling sections up to and including 1 ^ in. the test pieces shall 
be machined co-axially from the test bars. 

13 
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B.S. 970: 195S 
b For ruling sections over 1V6 in. and up to and including 2*4 in. 

the longitudinal axes of the test pieces shall be parallel to and not less than 
%e in. from the surface of the test bars 

c. For ruling sections over 2 H in. the longitudinal axes of the test 
pieces shall lie midway between the axis and the surface of the test bars. 

Where test material is heat treated in test piece size (sec Clause 7 b) the 
above provisions need not apply. 

MECHANICAL TESTS 

9. a. Tensile test. The tensile test shall be carried out in accordance with 
the requirements of B.S. 18 ' Tensile testing of metals.* 

(i) Except as provided in (ii) below tensile test pieces shall be 
machined from bars, billets, forgings and drop-forgings to the 
dimensions of British Standard test piece C, or if the test bar is too 
small, to the dimensions of the largest recommended round subsidiary 
test piece that can be obtained (see Appendix D) having a gauge 
length equal to four times the square root of the area of cross section. 

(u) When permitted by the individual specification in Part 2 or 
for material not greater than % in. diameter or width across fiats, 
unmachined test pieces with a gauge length equal to four times the 
square root of the area of the area of cross section may be used. 

b. Izod impact test. The Izod impact test shall be carried out in 
accordance with the requirements of B.S. 131 'Forms of notched bar 
test pieces ' (See Figs. 3 to 9, Appendix D). 

c. Hardness tests. The hardness test shall be carried out either in 
accordance with B.S. 240 ' Methods and tables for Brinell hardness * 
using, where possible, a 10 mm diamcusr ball, and a load of 3000 kg.; 
or in accordance with B.S. 427 ' Tables of diamond pyramid hardness 
numbers.' The equivalence between Brinell hardness numbers and 
diamond pyramid hardness numbers as adopted in B.S. 860 ' Table of 
approximate comparison of hardness scales * shall be accepted. 

The Brinell hardness numbers quoted in italics in Part 2 are calculated 
values based on the specified tensile strengths. They are for information 
only and are not a contractual part of the specifications. 

Where the hardness number is required as an indication of uniformity, 
the hardness of the tensile test piece should be determined and the ratio, 
obtained by dividing the tensile strength by the Brineli hardness number, 
should be used to calculate the hardness range equivalent to the desired 
tensile range. 

d. Transverse properties. The values quoted for mechanical properties 
refer to longitudinal tests. The elongation and Izod impact values 
obtained from transverse tests will be lower to an extent governed by the 
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sue, form and type of steel. Where transverse tests are required, suitable 
values should be agreed between the purchaser and ihe manufacturer 

BETKSTS 

10. Should any of the original test pieces fail to pass the mechanical tests 
two further samples shall be selected for retest, one of which shall be taken 
from the bar, billet, forging or drop forging from which the original test 
sample was taken, unless that item has been withdrawn by the manu
facturer. 

The mechanical properties obtained from the test pieces prepared from 
the two further test samples as stated in the appropriate general clauses 
shall comply with the specified requirements. Should either of the retests 
fail, the material represented shall be liable to rejection. 

In the case of material supplied in the heat treated condition the 
manufacturer shall have the right to re-heat treat the material and re
submit it for inspection and testing. 

INSPECTION 

It. The purchaser or his representative shall have access to the works of 
the manufacturer at all reasonable times and shall be at liberty to inspect 
the manufacture and testing at any stage. 

TESTING FACILITIES 

12. The manufacturer shall supply free of charge the material required lor 
testing, and shall, at his own rost, furnish and prepare the necessary test 
pieces and supply labour and appliances for such testing as may be 
carried out on his premises in accordance with this British Standard. 
Failing facilities at his own works for making the prescribed tests, the 
manufacturer shall bear the cost of carrying out the test elsewhere. 

REFERENCE SYMBOLS FOR TENSILE RANGES OF 
HARDENED AND TEMPERED MATERIAL 

The varying tensile ranges for the duTe. ( specifications have been 
designated with the letters P to Z so that the Skcie letters always represent 
the same lower limit of the tensile range. The symbols are ns follows :— 

Reference 
symbol 

P 
Q 
R 
S 
T 
U 

Tensile strength 
(tons/sq 

35 
40 
45 
50 
55 
60 

in) 
Reference 
symbol 

V 
W 
X 
Y 
Z 

Tensile Jtrcngt 
(tons/sq In?) 

65 
70 
75 
80 

100 

15 
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TABLE I. TENSILE STRENGTHS OF COLD DRAWN BARS—OTHER THAN FREE-CUTTING STEELS 

Specifica
tion 

En3B 

En 3D 

En4A 

E n 5 D * 

En 6 
and 
En6A 

En6K 

Chemical composition, per cent 

C . 

025 max. 

0-15/0-25 

0-30 max. 

0-25/0-35 

0-35 max. 

0-35 max. 

SI 

0-35 max. 

0-05/0-35 

005/0 35 

005/0 35 

005/0-35 

005/035 

Mn 

1-00 max. 

0-60A00 

100 max. 

0-60/1-00 

0 50/0 90 

0 50/0 90 

Nl 

— 

— 
— 

~~" 

Or 

~" 

S 

0 060 max. 

0060 max. 

0 060 max. 

0-060 max. 

0060 max. 

0-050 max. 

P 

0060 max. 

0-060 max. 

0060 max. 

0 060 max. 

0060 max. 

0-050 max 

Tensile 
strength 

(minimum 
unless a 
range Is 

Indicated) 

tons/sq in, 

28 

35 
30 
28 

Size (diameter 
or width 

across Hats) 

in. 

VA and less 
Over Hi to 2*4 
Over 2}$ 

32/42 | 2 and less 

45 
40 
35 

H and less 
Over Yi to % 
Q\er 5i to 254 

38/48 I « and less 
35/45 Over % to 2% 
32/45 | Over 2 ^ 

38/48 , yt and less 
35/45 ; Over % to 2J6 
32/45 ; Over2V4 

* Hardened and tempered pnor to cold drawing. 

TABLE I. TENSILE STRENGTHS OF COLD DRAWN BARS—OTHER THAN FREE-CUTTING STEELS (contd.) 

Specifica
tion 

E n 8 

En43A 

E n l 4 A 

En l4B 

En 9 

En9K 

Chemical composition, per cent 

C 

0 35/045 

0-45/0-55 

0-15/0-25 

0-20/0-30 

0 50/060 

0-50/060 

SI 

0-05/0-35 

0-05/0-35 

0-10/0-35 

0-10/0-35 

046/0-35 

005/0 35 

Mn 

0-60AOO 

0 70A0O 

1 30/1-70 

130/1-70 

050/0 80 

0 50/0-80 

Nl 

— 

_ 
0-40 max. 

0 4 0 max. 

Or 

-

_ 
025 max. 

— 

i 

1 

S 

0-060 max. 

0-060 max. 

0 0 6 0 max 

0-060 max. 

0060 max. 

0 050 max. 

P 

0 060 max. 

0060 max. 

0060 max. 

0060 max. 

0060 max. 

Tensile 
strength 

(minimum 
unlessa 
range is 

indicated) 

toni/sq in. 

42 
39 
37 

Size (diameter 
or width 

across Rats) 

in. 

1M and less 
Over V/* to 2>A 
Over 2V4 

45/60 ! 2 and less 
i 

45 | 2 and less 

45 I 2 and less 

50/65 1 2 and less 

0 050 max. 1 50/65 1 2 and less 
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TABLE 2. TENSILE STRENGTHS OF COLD DRAWN FREE-CUTTING STEEL BARS 

Specific
ation 

EnlA 

ED IB 

En 7 

Ea7A 

E08M 

Cbemical composition, per cent 

C 

0-07/0-15 

0 07/0-15 

0-10/0-30 

0-12/0-18 

0 35/0-45 

Si 

0-10 max. 

0-10 max. 

025 max. 

0-25 max. 

025 max. 

Mn 

080/1-20 

IOOA'40 

0-70/1-30 

100,1-50 

090/1-CO 

s 

0 20/0 30 

030/0 60 

010/0 Id 

010/0-18 

0-12/0 20 

P 

0-070 ma*. 

0-060 max. 

0 060 max. 

0-060 max. 

0-060 max. 

Tensile 
strength 

(minimum. 
unless a range 
!s indicated) 

toas/sq. in 

32 
28 
25 
23 

27 
25 
23 

MD/50 
35/45 
30/40 

35/45 
30/40 

38 

Size 
(diameter or width 

across flats) 

in. 

i%2 and less 
Over J%2 to V& 
Over 1*4 to 2J4 
Over 2% to 4 

i%2 and less 
Over % to 1*4 
Over m to 2hi 

% and (ess 
Over % to 1% 
Over m to ZMt 

1% and less 
Over 1̂ 6 to 2H 

1% 2nd less 
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TABLE 3. TENSILE STRENGTHS OF HOT ROLLED OR NORMALISED BARS, BILLETS, FORGINGS AND 
DROP FORGINGS—OTHER THAN FREE-CUTTING STEELS 

Specifica
tion 

En2 

Er.2E 

£ n 3 

E n i A 

En3C 

E n4 
En 5 
En5K 

En6 
and 
En6A 

En6K 

Chemical composition, per cent 

C 

020 max. 

0-15 max. 

025 max. 

0-15/0 25 

017/0-23 

Si 

0 10/0-35 

0-05/0-35 

0-05/0-35 

0 05/0-35 

030 max. 1 005/0-35 
0-25/0-35 0-05/0-35 
0-25/0 35 1 0-05/0-35 

0-40 max. 

0-40 max. 

O-C5/0 35 

Mo 

0 80 max. 

0 50 max. 

100 max. 

0 40/0 90 

060/1-00 

100 max. 
0 60/1-00 
060/1-00 

0-50/0 90 

Nl 

— 

— 

— 

Cr 

— 

— 

— 

1 
s i p 

1 
| 

0060max. j 0 060max. 
0 050 max. | 0 050 max. 

0-060 max. | 0-060 max. 

0 060 max. I 0-060 max. 

— 1 — 1 0 050 max. 

— — 

0 05/0-35 j 0 50/0-90 i — 

i ! 

— 

0-050 max. 

0 060 max. 0-060 max. 
0 060 max. 0 060 max. 
0050 max. 1 0 050 max. 

I 
0-060 max. 0 060.max.i--

0-050 max. ] 0 050 max. 
1 
| 

Tensile 
strength 

fmmiiiii i i l l 
unless a 
range is 

indicated) 

tous/sq. in. 

20 

20 

25/35 

Limiting-
ruling / 

section 

in. 

6 

6 

6 

28 | 6 

28 | 6 

28/38 ! 6 
32 2*£ 
32 1 2J4 111 III 

r * 
VA 
6 

! * 
6 

TABLE 3. TENSILE STRENGTHS OF HOT ROLLED OR NORMALISED BARS, BILLETS, FORGINGS AND 
DROP FORGINGS—OTHER THAN FREE CUTTING STEELS (coma.) 

Specifica
tion 

E n 8 

£ Eu8K 

En 12 

E n l 4 A 

En 14AA* 

En l4B 

En43A 

En 9 

En9K 

C 

0-35/0-45 

0-35/0-45 

0-30/045 

0-15/0-25 

0-23 max. 

0-20/0-30 

045/0-55 

0-50/CV60 

0-50/0-60 

Si 

0-05/0-35 

0-05/0-35 

010/0-35 

0-10/0-35 

0-05/0-35 

0-10/0-35 

0-05/0-35 

0-05/0-35 

0O5/0-35 

nirmlnl composition, per cent 

Mo 

0-60A-00 

0-60A-00 

1-50 max. 

1-30A70 

1-20 min. 

1-30A 70 

0-70/1-00 

0-50/0-80 

0-50/0-80 

j 
Nl j Cr 

i 
| 

— 
O-SOA-OO 

0-40 max. 

— 

040 max. 

— 

— 

— 

— 

0-25 max. 

— 

— 

— 

_ 

S 

OKKOmax. 

0-050 max. 

0-050 max. 

0-060 max. 

0-060 max. 

0-060 max. 

0-060 max. 

0-060 max. 

0-050 -Max. 

' 

0-060 max. 

0-050 max. 

0-QSOmax. 

0-060 max. 

0 0 6 0 max. 

0<60max. 

0-060 max. 

0-060 max. , 

0050max. | 
i 

Tensile 
strength 

COM ̂ minimi 
unless a 
rangeb 

indicated) 

tons/sq. in. 
35 

35 

35 

35 

35/41 
33/39 

33 

40 

45 

45 

T Imlllng 
ruling 
section 

in. 
b 

6 

6 

6 

1 ^ 
2* 

5 

m 
4 

4 

* Ci. Copuc-nai) 0-6O max. Mn + residual Ni, Cr and Mo, 2-0 per cent max. 
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B S. 970 :1955 
TABLE 4. TENSILE STRENGTHS OF HARDENED AND TEMPERED 

The mechanical properties specified are obtainable 

Spec. 

En 5 
0) 

En5K 

En 8 
to 

En8K 

En8M 
(A) 

En43A 
to 

En 9 
to 

En9K 

En MA 
to 

En MB 
to 

Enl5A 
to 

En 15AM 
to 

Enl5B 
to 

Typo of steel 

' 30' carbon 

' 30' carbon 

' 40' carbon 

• 40' carbon 

' 40' carbon-free 
cutting 

• SO' carbon 

• 55' carbon 

' 55 * carbon 

Carbon-
manganese 

Carbon-
manganese 

Carbon-
manganese 
(higher tensile) 

Carbon-
manganese 
free cutting 

Chemical composition, per cent 

C 

0 25/035 

0 25/035 

035/045 

0 35/0 45 

0-35/0-45 

0 45/0-55 

0 50/0 60 

0 50/0-60 

0-15/025 

020/0-30 

030/0-40 

030/0 40 

Carbon- | 
manganese 0 35/0 40 
(higher tensije) 1 

SI 

0 05/035 

0-05/0 35 

0 05/0 35 

0 05/0-35 

0 25 max. 

0-05/0 35 

0 05/035 

0 05/0 35 

010/035 

010/035 

0 05/035 

0 25 max 

0 05/035 

Mn 

0 60/1-00 

0 60/100 

0 60/100 

0 60/100 

0-90/130 

0 70/1 00 

050 /080 

0 50/080 

1-30/1-70 

1-30/170 

1-30/170 

1-30A 70 

1-10/130 

Nl 

— 

— 
— 

— 
— 

— 

— 

— 
0 4 0 max 

0 40 max 

— 

— 

— 

Cr 

— 

~ 
— 

— 
— 

— 

— 

— 
0 2 5 max 

— 

— 

— 

— 

Mo 

— 

— 
— 

— 
— 

— 

— 

— 
— 

— 

— 

— 

— 

S 0-050 max. and P 0 050 max in all caws except. 

a S 0-060 max . P 1-060 max and 

* S 0 12/0 20, P 0 060 max. 
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BARS, BILLETS, FORGINGS AND DROP FORCINGS 

within the limits of ruling section given below. 

p 

35/45 
tons/ 

sq. In. 
tensile 

in. 

2W 

V6 
— 

— 
— 

— 

— 

— 
— 

— 

— 

— 

— 

Q 

40/50 
tons/ 

sq. In. 
tensile 

in. 

5* 
2fc 

2*6 

2 

— 

— 

— 
4 

4 

4 

— 

4 

R 
I r 

4S/S5 
tons/ 
sq. In. 
tensile 

in. 

M 

% 

a 
2 

2 

2 

m 
ZH 

2K 

2*4 

2 « 

S 

50/60 
tons/ 

sq. hi. 
tensile 

in. 

-

— 

1% 

m 
i% 

% 

— 

% 

T 

55/6S 
tons/ 

sq. In. 
teas lie 

in. 

— 

— 

W 

l% 

~ 

a 

V 

60/70 
tons/ 

sq. in. 
tensile 

in. 

— 

— 

— 

— 

— 

V 

65/75 
tons/ 

sq. In. 
tensile 

in. 

— 

— 

— 

— 

— 

W 

70/80 
tons/ 
sq. In. 
tensile 

in. 

— 

— 

— 

— 

X&Y 

75/g5 
and 

80/90 
tons/ 

sq. In. 
tensile 

in. 

— 

— 

— 

— 

— 

Z 

100 tons/sq. in. 
m!n. (ensile 

in 

— 

— 

— 

— 

-
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B S. 970 : 1955 

TABLE 4. TENSILE STRENGTHS OF HARDENED AND TEMPERED 

The mechanical properties specified are obtainable 

Spec. 

L n l 5 

En 12 

En 13 

En 18 

EnZl 

En 16 
and 
Enl6D 

Enl9A 

En 100 
and 
EnlOOE 

En 111 

En 160 

En 22 

En 11 

En 17 

Type ol steel 

Carbon-
manganese 
(higher tensile) 

1 per cent nickel 

Manganese-
nickel-
molybdcnnm 

1 per cent 
chromium 

3 per cent nickel 

Manganese-
molybdenum 

1 per cent 
chromium-
molybdenum 

Low alloy 

Low nickel-
chromium 

2 per cent nickel-
molybdenum 

3H per cent 
nickel 

'60'carbon-
chromium 

Manganese-
molybdenum 
(higher 
molybdenum) 

C 

0 30/0 40 

030/0 45 

015/0 25 

0-35/045 

0 25/035 

030/0 40 

0-25/0 35 

035/045 

0-35/0 45 

0-25/0 35 

0 30/0-40 

035/0 45 

035/045 

0 50/0 70 

0 30/040 

Chemical composition, per cent 

Si 

010/035 

010/035 

010/035 

010/0 35 

010/035 

010/035 

010/0-35 

010/035 

0 5 0 max 

0 50 max. 

010/0-35 

010/035 

010/035 

010/035 

010/0 35 

Mn 

130/1 70 

150 max. 

1-40/180 

0 60/095 

0 35/0 75 

130/1-80 

1-30/1-80 

050/0 80 

1-20/1 50 

1-20/1-50 

0 60/090 

0 30/0 60 

0 50,0-80 

0 50/080 

1-30/1 80 

Nt 

— 

060/100 

0 40/0 70 

— 

2 75/3 25 

— 
— 

— 

0 50/100 

0 50/1-00 

1-00/1 50 

1-50/2 00 

3 25/3 76 

— 

— 

Cr 

— 

— 

— 

0 85/1 15 

0 30 max. 

— 
— 

0 90/120 

030/0 60 

030/0 60 

0 45/075 

— 

0 30 max 

0-50/080 

— 

Mo 

— 

— 

0 15/0 35 

— 

— 
0 20/0 35 

0 20/0 35 

0 20/0 35 

015 /025 

015/0 25 

— 

0 20/0 35 

— 

— 

0 35/0 55 

S 0 050 max and P 0 030 max in all cases. 
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DARS, BILLETS, FORGINGS AND DROP FORGINGS (contd.) 

within the limits of ruling section given below 

p 

35/45 
tons/ 

sq. In. 
tensile 

in. 

— 

— 

—• 

— 

— 

— 

— 

— 

— 

— 

• — 

— 

Q 

40/50 
tons/ 

S<J. fa. 
tensllo 

In. 

6 

6 

6 

— 

— 

— 

— 

— 

— 

— 

, — 

— 

R 

45/55 
tons/ 
sq,' In. 
tensile 

in. 

2X 

— 

4 

4 

6 

6 

6 

6 

6 

— 

— 

6 

S 

50/60 
tons/ 

sq. In. 
tensile 

in 

% 

— 

zyi 

VA 

4 

4 

4 

4 

4 

4 

— 

6 

T 

55/65 
tons/ 

sq. In. 
tensllo 

in 

— 

1H 

— 

2H 

VA 

2*4 

m 
•m. 
2X 

2*4 

4 

u 

60/70 
tons/ 

sq. In. 
tensile 

in. 

— 

— 

— 

V6 

lfc 

1H 

m 
m 
— 

— 

VA 

V 

65/75 
tons/ 

sq. in. 
tcnsJJc 

in. 

— 

— 

— 

% 

% 

1 « 

— 

— 

— 

2H 

m 

w 

70/80 
tons/ 

sq. la. 
tensile 

in. 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

X 4 Y 

75/85 
and 

80/90 
tons/ 

sq. In. 
tensile 

in. 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Z 

100 tons/so. In. 
mln. (ensile 

in. 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 
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B.S. 970 : 1955 
TABLE 4. TENSILE STRENGTHS OF HARDENED AND TEMPERED 

The mechanical properties specified are obtainable 

Spec. 

En 19 

En20A 
and 

En20B 

En 110 

En 24 

En 23 

En29A 
and 

En 29B 

En 25 

En 27 

En 28 

En 26 

En30A 
and 

En30B 

SO 050 ma 

Type of steel 

1 per cent 
chromium-
molybdenum 

1 per cent 
chromium-
molybdenum 
(higher 
molybdenum) 

Low nickel-
chromium-
molybdcnum 

1H per cent 
nickel-chromium-
molybdenum 

3 per cent nickel-
chromium 

3 per cent 
chromium-
molybdenum 

2J6 per cent 
ruckd-chromium-
molybdenum 
(medium carbon) 

3 per cent nickel-
chromiura-
moiybdenum 

&A per cent 
ruckel-chromium-
molybdenum 

2}i per cent 
nickel-chromium-
molybdenum 
(high carbon) 

4J4 percent 
nickd-chiomium-
ar.d 
4}£ per cent 
m'ckel-cnromium-
moljbdenum 

v and P 0-050 max 

Chemical composition, per cent 

C 

035/045 

020/030 

0-35/045 

0 35/045 

0 35/0 45 

025/0 35 

015/025 

0 25/0-35 

027/035 

0-25/0 35 

025/040 

0 36/0 44 

0 26/034 

0 28/034 

In all cases 

SI 

010/0 35 

010/0 35 

0-10/035 

010/035 

010/0 35 

010/035 

010/0 35 

010/0 35 

010/035 

010/0 35 

010/035 

010/0 35 

010/035 

010/0 35 

Mo 

0 50/0 80 

0 40/070 

0 40/0 70 

0 40/080 

0 45/0 70 

045/0 70 

065 max. 

0 65 max 

0 50/0 70 

0 70 max. 

0 70 max 

0 50/0 70 

0 40/0 60 

0 40/0 60 

Nl 

— 

— 

— 

120/160 

130 /180 

2-75/350 

0-40 max. 

0 40 max 

2 30/2-80 

3 00/3 75 

300/4 50 

2 30/2 80 

3-90/4 30 

3-90/4-30 

Cr 

0 90'150 

050 /100 

100 /150 

0 90/140 

0 90/1-40 

0-50A-00 

2-50/3-50 

2 50/3 50 

050/0 80 

050/1-30 

0 75A 50 

0 50/0 80 

110/1-40 

110 /140 

Mo 

0 20/0 40 

050 /080 

050/0 90 

010/0 20 

0 20/035 

0 6 5 max. 
(optional) 

030 /070 

030/0 70 

040/0 70 

0 20/0 65 

0 20/0 65 

0 40/0 70 

0 20/0 40 

26 

B.S. 970 : 1955 

BARS, BILLETS, FORGINGS AND DROP FORCINGS (contd.) 
within the limits of ruling 'action given below. 

p 

3.̂ (45 
tuia/ 
sr. in. 
Icnsllo 

in. 

— 

— 

— 

— 

— 

— 

— 

Q 

40/50 
tons/ 

sq. In. 
Icnshc 

in. 

— 

— 

— 

— 

— 

— 

— 

K 

45/55 
tons/ 
sq. In. 
tensile 

in. 

6 

— 

— 

— 

— 

6 

— 

— 

S 

50/60 
tons/ 

sq. in. 
tensile 

in. 

4 

— 

6 

6 

6 

6 

— 

— 

T 

55/65 
tons/ 

sq. In. 
tensile 

in. 

2 & 

2 K 

4 

6 

6 

6 

6 

6 

V 

60/70 
tons/ 

sq. in. 
tensile 

in. 

VA 

234 

4 

6 

6 

6 

6 

6 

6 

V 

65/75 
tons/ 

sq In. 
tensile 

in. 

m 

m 

VA 

VA 

4 

6 

6 

6 

6 

W 

70/80 
tons/ 

sq. In. 
tensile 

in. 

1% 

— 

VA 

1% 

— 

4 

4 

4 

4 

6 

x & y 

75/85 
ond 

80/V0 
tons/ 

sq. In. 
tensile 

in. 

1(Y) 

— 

— 

VA 

— 

— 

2Vfi 

— 

2J6 

G 

Z 

100 tons/sq In. 
mln. tensile 

in. 

— 

-

l ^ i r o i i 
hardened 

— 

2y2 if oil 
hardened 

2^6 if oil 
hardened 

— 

— 

4 if oil 
hardened 

2 ^ i f a i r 
hardened: 6 if 
oil hardened 
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B S. 970 :1953 

TABLE 5. TENSILE STRENGTHS OF HARDENED AND TEMPERED BARS 

The mechanical properties specified are obtainable 

Spec. 

En40A 
and 

En40B 

En41A 
and 

En41B 

En40C 

Type of steel 

3 per cent 
chromium-
molybdenum 

IK per cent 
chromium-
aluminium-
molybdcnum 

3 per cent 
chromium-
molybdenum-
vanadium 

Chemical composition, per cent 

C 

010/0 20 

0 20/0-30 

025/0 35 

035/0 45 

0-30/0 SO 

51 

010/035 

010/0 35 

0-10/0 45 

010/0 45 

0 10/0 35 

Mn 

0 40/0 65 

0 40/0 65 

0 65 max 

0 65 max. 

0 40/0 80 

Nl 

0 40 max 

0 40 max. 

0 40 max 

0 40 max 

0 40 max. 

Cr 

2 90/3-50 

2 90/3 50 

1-40/1-80 

1-40/180 

2 50/3-50 

Mo 

0 40/0 70 

0 40/0 70 

010/0 25 

0-10/025 

C-70/120 

,28 

B.S. 970:1955 

BILLETS, FORG1NGS AND DROP FORGINGS-NITRIDING STEELS 

within the limits of ruling section given below. 

V 

— 
—-
— 

010/030 

Al 

_ 

— 
0-90/1-30 

090/1-30 

— , 

S 

0 050 max. 

0 050 max 

0 050 max. 

0 0 5 0 max 

0 050 max. 

P 

0 050 max 

0 050 max 

0 050 max. 

0 050 max 

0 050 max. 

R 

45/55 
tons/ 

sq. In. 
tensile 

in. 

6 

6 

— 

S 

50/60 
Ions/ 

sq. In. 
tensile 

in. 

6 

4 

— 

T 

55/6S 
tons/ 

sq. In. 
tensile 

in. 

6 

VA 

— 

V 

60/70 
tons/ 

sq In. 
tensile 

in. 

6 

— 

— 

-

85 tons/ 
sq. In 
mln. 

tensile 

in. 

2K 
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: 1955 
TABLE 6. TENSILE STRENGTHS OF THE 

(Tested on 1^ m. 

Specific
ation 

En32A 

En32B 

En32C 

En32M 

En 202 

En 37 

En 201 

En 33 

En 34 

En 351 

En 361 

En 35 

En36A 

En 325 

En 352 

En 362 

En36B 

En36C 

En 38 

En 353 

En 363 

En 354 

En39A 

En39B 

En 355 

Typo of steel 

Carbon 

Carbon 

Carbon 

Carbon (semi-free cutting) 

Carbon-manganese (semi-free cutting) 

5 per cent nickel 

Carbon-manganese 

3 per cent nickel 

2 per cent nickel-molybdenum (lower 
carbon) 

% per cent nickel-chromium 

' 15' carbon low alloy 

2 per cent nickel-molybdenum (higher 
carbon) 

3 per cent nickel-chromium 

Low mckel-chromium-molybdcnum 

1 per cent nickel-chromium 

' 20' carbon low alloy 

3 per cent nickel-chromium 

3 per cent nickel-chromium-molybdenum 

5 per cent nickel-molybdenum 

1M per cent nickel-cbromium 

' 2b' carbon low alloy 

1% per cent nickel-chromium-
molybdenum 

Vj& per cent nickel-chromium 

454 per cent nickel-chromium- -
molybdenum 

2 per cent mckel-chromium-
molybdenum (low chromium) 

Chemical 

C 

P15 max. 

010/018 

010/018 

010/018 

0 18 max. 

016 max. 

0 1 8 max 

0 10/0 15 

014 /020 

0 20 max. 

0-13/0-17 

0 20/0-28 

015 max. 

0 22 max. 

020 max. 

018/0 23 

012/018 

0-12/018 

0 1 6 max. 

0 20 max. 

022/0-26 

0 2 0 max. 

0-12/0-18 

012/0-18 

0 20 max. 

SI 

0 05/035 

005/0 35 

0 05/035 

0 05/0 35 

0 05/035 

010/0-35 

0 05/035 

010 /035 

010/0 35 

0-35 max. 

0 3 6 max 

010/0 35 

010/0-35 

010/0 35 

0-35 max. 

0 35 max. 

010/0-35 

010/0-35 

0-10/0-35 

0-35 max. 

0 35 max. 

0-35 max. 

0-10/0 35 

010 /035 

0 35 max. 

Mn 

0 40/070 

0 60/1-00 

0 60/1-00 

0 90/1-20 

120/150 

0-45 max. 

110A-50 

030/0 SO 

0 30/060 

O6OA-0O 

0-70/100 

0 30/0 60 

0 30/0 60 

045/0 65 

0 50/1-00 

0 70/1 00 

030 /060 

0 30/060 

0 60 max. 

0-50A-00 

0-70/1-00 

0 50/100 

0 50 max. 

0 50 max. 

040/0 70 

30 

CORES OF CASE-HARDENED STfcELS 
diameter bars) 

B S 970 :1955 

composition, 

Nl 

— 

— 
— 
_ 
— 

4 50/5 20 

— 
2 75/3 50 

1-50/200 

0 60/100 

0-40/0 70 

150/200 

3 00/3 75 

150/2 00 

085/125 

040/0 70 

3 00/3 75 

3 00/3-75 

4-50/5-50 

100/1-50 

0 40/0 70 

150/200 

3 80/4-50 

3 80/4-50 

180/2 20 

per cent 

Cr 

— 

— 
— 
— 
— 

0-30 max. 

— 
0 30 max. 

— 

0 4 0 / 0 8 0 

0-55/0 80 

— 

0 60/140 

0-40/0 60 

0 60/100 

0-55/080 

060/1-10 

0-60/1-10 

0 30 max. 

0-75A-25 

0 55/080 

0 75/1-25 

100/1-40 

1-O0A4O 

14OA-70 

Mo 

— 

— 
— 
— 
— 
— 
— 
— 

0 20/0 30 

0 1 0 max 

008 /015 

0 20/030 

— 
0-20/030 

0 1 0 max. 

0 08/015 

— 
010 /025 

015/0 30 

008 /015 

008/0-15 

0-10/0-20 

— 
0-15/0 35 

0-15/0-2S 

S 

0 050 max 

0 070 max. 

0 050 max. 

010 /015 

0 1 0 / 0 1 8 

0-050 max. 

0 050 max. 

0 050 max. 

0 050 max 

0050 max 

0 050 max. 

0 050 max. 

0 050 max. 

0 050 max. 

0 0 5 0 max. 

0 0 5 0 max. 

0 050 max. 

0 050 max. 

0 050 max. 

0 050 max 

0 050 max 

0 050 max 

0 050 max. 

0 050 max 

0-050 max 

1 P 

0 050 max. 

0 050 max 

0050 max. 

0 050 max 

0 050 max 

0 050 max. 

0 050 max. 

0-050 max 

0 050 max 

0 050 max 

0 050 max. 

0 050 max. 

0050 max 

0 050 max. 

0 050 max 

0 050 max. 

0050 max. 

0050 max. 

0 050 max 

0050 max 

0050 max 

0 050 max. 

0 050 max. 

0 050 max. 

0-050 max. 

TcnsUo 
strength, 

tons/sq. in. 

32 

32 

32 

32 

38 

40 

40 

45 

45 

45 

45 

55 

55 

55 

55 

55 

65 

65 

65 

65 

65 

75 

85 

85 

85 

value, 
mln, 

ft lb. 
40 

40 

40 

40 

30 

50 

40 

40 

40 

30 

25 

22 

35 

30 

20 

15 

30 

30 

30 

20 

— 
20 

25 

25 

25 

31 

Copyright British Standards Institution 
Provided by IHS under license with BSI - Uncontrolled Copy 

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



BS. 970:1955 
TABLE 7. SUMMARY OF SPRING STEEL BARS 

Speclflc-
atlou 

En 42 

En 43 

En 44 

En 45 

En45A 

En 46 

En 47 

En 48 

En48A 

l>pe of steel 

Carbon—for oil 
hard ning 

Carbon—for water 
hardening 

Carbon (higher carbon) 
—for oil hardening 

Silicon-manganese 
—for oil hardening 

Silicon-manganese 
—for oil hardening 

Silicon-manganese 
—for wafer hardening 

1 per cent chromium-
vanadium—for oil 
hardening 

1 per cent chromium 
—for oil hardening 

Silicon-chromium 
—for oil hardening 

Chemical composition, per cent 

C 

0 70/ 
085 

0 45/ 
0 6 0 

090/ 
1-20 

0-50/ 
0 6 0 

0-55/ 
065 

035 / 
0-45 

0 45/ 
0-55 

0-45/ 
055 

0 50/ 
0 6 0 

SI 

010/ 
0 4 0 

010/ 
0 40 

0 30 
max. 

1-50/ 
2 0 0 

1-70/ 
2 0 0 

1-50/ 
2 0 0 

0 50 
max. 

010 / 
0 50 

1-35/ 
165 

Mn 

0 55 
0 75 

0 60/ 
0 8 0 

0 45/ 
0 7 0 

0-70/ 
100 

0-70/ 
1 0 0 

0 70/ 
1-00 

050 / 
0 8 0 

0-50/ 
0 8 0 

0 60/ 
0 9 0 

Cr 

— 

— 

— 

— 

— 

— 

0 8 0 / 
1 2 0 

100 / 
1 4 0 

0-55/ 
0 8 5 

V 

— 

— 

— 

— 

— 

— 

0 1 5 
min. 

— 

— 

S 

0 050 
max. 

0 050 
max. 

0-050 
max. 

0 050 
max. 

0 050 
max. 

0 050 
max. 

0-050 
max. 

0 050 
max 

0050 
max. 

P 

0 050 
max. 

0 050 
max. 

0050 
max. 

0 050 
max. 

0050 
max. 

0 050 
max 

0 050 
max. 

0 050 
max 

0050 
max. 
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EnlA 
As aimed 
Feb . 19SS 

PART 2 

SPECIFIC REQUIREMENTS 

FREE CUTTING STEEL FOR MACHINING 

BARS AND BUJJETS FOR FORGING 
FORCINGS AND PROP-FORG1NGS 

BARS FOR MACHINING 

Chemical composition. The steel shall contain : 

Element 

Carbon 
Silicon 
Manganese 
Sulphur 
Phosphorus 

Percent 

roin. 

007 

0 80 
0-20 

max. 

015 
0 1 0 
120 
0 3 0 
0 070 

Condition or material on delivery. The material shall be delivered in the 
as rolled or forged condition, unless the order states otherwise. 

Mechanical properties. The mechanical properties obtained from the 
test pieces selected and prepared as stated in the appropriate general 
clauses shall be as follows :— 

AS ROLLED, NORMALISED OR BRIGH1 CIN , .Q: IED (OTHER THAN 
COLD ROLLED OR COLD DRAWN) 

Limiting ruling section, in. 4 
Tensile strength, tons/sq. in., min. 23 
Elongation, per cent, min. 26 

34 

EnlA 

COLD ROLLED OR COLD DRAWN 

Property 

Tensile strength, 
tons/sq in , mm. 

EIongatic/1, per cent., min. 

Si/c (diameter or width across (lots). In. 

% or 
less 

32 
10 

Over *%2 
I O H A 

28 
14 

Over 1 i/j 
W21A 

25 
14 

Orer2Vi 
to 4 

23 
14 

This steel is supplied as a free cutting steet Tor machining. It is not supplied Tor 
caso hardening and this requirement does not form part of the specification For 
guidance only, a core strength of approximately 28 lons/sq in should be expected 
if this steel is heat treated in accordance with the requirements of En32A 

B» 

35 

Copyright British Standards Institution 
Provided by IHS under license with BSI - Uncontrolled Copy 

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



En 1F< 
FREE CUTTING STEEL BARS FOR MACHINING 

(HIGHER SULPHUR) 

Chemical composition. The steel shall contain : 

iibl 

Percent 

mln. 

007 

100 
0 30 

mux. 

015 
0 1 0 
140 
060 
0060 

Condition of material on delivery. Bars shall be delivered in the as rolled 
condition, unless the order states otherwise. 

Mechanical properties. The mechanical properties obtained from test 
pieces selected and prepared as stated in the appropriate general clauses 
shall be as follows :— 

AS ROLLED OR BRIGHT FINISHED (OTHER THAN COLD ROLLED 
OR COLD DRAWN) 

Limiting ruling section, in. 2% 
Tensile strength, tons/sq. in., min. 23 
Elongation, per cent, min. 24 

COLD ROLLED OR COLD DRAWN 

Tensile strength, tons/sq. in., min. 

Elongation, per cent., min. 

Size (diameter or width 
across Bats) in. 

less 

27 

10 

Over "Ai 
tolVt 

25 

12 

OrertiA 
to 2% 

23 

12 

This steel Is supplied as a free cutting sled for machining. It is not supplied for 
At altered case hardening, and this requirement does net form part of the specification For 
Feb. 1963 guidance only, a core strength of approximately 28 tons/sq. in. should be expected 

if this steel is heat treated in accordance with me requirements of En32A. 

36 

En 2 

GENERAL PURPOSE COLD FORMING STEEL 

BARS AND BILLETS FOR FORGING 
FORCINGS AND DROP-FORCINGS 

BARS FOR MACHINING 

Chemical composition. The steel shall contain : 

Carbon 0 20 per cent max. 
Manganese 0-80 per cent max. 
Sulphur 0 060 per cent max. 
Phosphorus 0 060 per cent max. 

Condition of material on delivery. The material shall be delivered in 
the as rolled or forged condition, unless the order states otherwise. 

Mechanical properties. The following mechanical properties shall be 
obtained from the test pieces selected and prepared a? stated in the 
appropriate general clauses. Alternatively, for bars 1 in diameter and 
under, by agreement between purchaser and manufacturer, tensile 
tests may be carried out on the full section of the bar and in such cases 
the elongation shall be measured on a gauge length equal to four times 
the square root of the area of cross section of the bar. 

Limiting ruling section, in. 6 
Tensile strength, tons/sq. in., min. 20 
Elongation, per cent, min. 28 
Bend test* (180°) r *= % t 

NOTE When required in the form ofplalc, sheet and 'trip the steel should be ordered 
to B.S. 1449, ' Steel plate, sheet and strip *. when the limits for manganese, sulphur 
and phosphorus do not apply. 

* Applicable only to bars rolled or forged to a minor sectional dimension not greater 
than i/i in For further information see B.S. 1639,' Notes on ".he simple bend test'. 

37 
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En2A,2A/I,2B, 2C, 2D 
SPECIAL PURPOSE COLD FORMING STEELS 

BARS AND BILLETS FOR FORGING 
roRcmcs AND DROP-FORCINGS 

BARS FOR MACHINING 

Steel of the En 2 type may be required for special applications when it 
should be ordered to specification number En 2A, En 2A./1, En 2B, 
En 2C or En 2D. It is desirable to consult the steelmaker regarding the 
most satisfactory specification for the purpose. 
Chemical composition. The chemical composition shall be as follows : 

Element 

Carbon 
Manganese 
Sulphur 
Phosphorus 

EnIA/1 

(rtr cent 
max. 

0 1 0 
^50 
0040 
OWO 

En2A 

percent 
max. 

0 1 2 
0 5 0 
0 050 
0 050 

En2B 

per cent 
max. 

0 1 5 
0 5 0 
0050 
0050 

EnZC 

per cent 

rain. 

,0-15 
0 4 0 

max. 

0 2 S 
&60 
0-050 
0050 

Eo2D 

percent 

mfa. 

0 1 5 
0 40 

max. 

0 3 0 
0 70 
0O50 
0 050 

Condition of material on delivery. The material shall be delivered in the 
as rolled or forged condition, unless the order states otherwise. 

Mechanical properties. If required, mechanical properties shall be agreed 
between purchaser and manufacturer. 

NOTE. When required in the form of plate, sheet and strip for deep, drawing and 
other cold forming operations, the steels should be ordered to B S 1449-,' Steel plate, 
sheet and strip' 

38 

COLD FORMING STEEL (FULLY KILLED) 

BARS AND DiLLETS FOR FORCING 
FORGINGS AND DROP-FORCINGS 

BARS FOR MACHIN1NGS 

Chemical composition. The steel shall contain : 

Element 

Carbon 
Silicon 
Manganese 
Sulphur 
Phosphorus 

Per cent 

mln. 

0 1 0 

max. 

0 1 5 
035 
0 5 0 
0 050 
0050 

Condition of material on delivery. The material shall be delivered in th; 
as rolled or forged condition, unless the order states otherwise. 

Mechanical properties. The following mechanical properties shall be 
obtained from Jie test pieces selected and prepared as stated in the 
appropriate general clauses. Alternatively, for bars 1 in diameter and 
under, by agreement between purchaser and manufacturer, tensile tests 
may be carried out on the full section of the bar, and in such" cases the 
elongation per cent shall be measured on a gauge length equal to four 
times the square root of the area of cross section of the bar. 

Limiting ruling section, in. 6 
Tensile strength, tons/sq in., min 20 
Elongation, per cent, min. 28 
Drinetl hardness number, max. 120 

Hardening test. When specified on the order, a test piece not exceeding 
J6 in. ruling section, selected as stated in the general clauses, shall be 
oil quenched from 1000° C The Brinell hardness number of the 
quenched test piece shall not exceed 160. 

39 
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En3 
• 20' CARBON STEEL (HOT ROLLED OR FORGED) 

BARS AND BILLETS FOR FORGING 
FORCINGS AND DROP-FORCINGS 

BARS FOR MACHINING 

Suitable for a tensile range of 25/35 tons/sq. in. 

Chemical composition. The steel shall contain : 

Carbon 
Silicon 
Manganese 
Sulphur 
Phosphorus 

Percent 

mln. 

005 

max. 

025 
0 35 
100 
0060 
0060 

Condition of material on delivery. The material shall be delivered in the 
as rolled or forged condition, unless the order states otherwise. 

Mechanical properties. The following mechanical properties shall be 
obtained from the test pieces selected and prepared as stated in the 
appropriate general clauses. Alternatively, for bars of 1 in. diameter and 
under, by agreement between purchaser and manufacturer, tensile tests 
may be carried out on the full section of the bar, and in such cases the 
elongation per cent shall be measured on a gauge length equal to four 
times the square root of the area of cross section of the bar. 

Limiting ruling section, in. 6 
Tensile strength, tons/sq. in. min. 25 

max. 35 
Elongation, per cent, min. 25 
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En 3A,3C 

' 20' CARBON STEEL (HOT ROLLED OR NORMALISED) 
En3C Is Intended for special applications only 

BARS AND BILLETS FOR FORGING 
FORGING AND MOP-FORCINGS 
BRIGHT BARS FOR MACHINING 

Suitable for a tensile range of 28/33 tons/sq. in. The purchaser should 
state on the order the condition in which the material is required. 

Chemical composition. The steel shall contain : 

Element 

Carbon 
Silicon 
Manganese 
Sulphur 
Phosphorus 

EnSA 

per cent 
min. 

015 
005 
040 
— 
*~" 

max. 

0 25 
0 35 
090 
0060 
0060 

Eo3C 

per cent 
min. 

017 
005 
0-60 
— 
— 

max. 

0-23 
0 35 
100 
0050 
0 050 

Condition of material on delivery, a. Bars and billets for forging shall be 
delivered as rolled or forged, unless the order states otherwise. 
b. Forgings and drop-forgings shall be delivered in the finally heal 
treated condition, unless the order states otherwise. 
c. Bars for machining shall be delivered in one of the following conditions 
as the order shall state :— 

(i) Hot rolled—as rolled condition. 
(ii) Hot rolled and normalised. 
(iii) Bright finish (other than cold drawn)—as rolled condition. 
(iv) Bright drawn finished-normalised. 

Heat treatment. The heat treatment to be given, where appropriate, to 
the test bars selected as stated in Clause 7, and to material supplied 
in the finally heat treated condition, shall be as follows :— 
Normalise at a temperature of 880/910° C. 

Mechanical properties. The mechanical properties obtained from the test 
pieces selected and prepared as stated in the appropriate general clauses 
shall be as follows :— 

Limiting ruling section, in. 6 
Tensile strength, tons/sq. in , mm. 28 
Elongation, per cent, mil). 25 
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En3B 
' 20' CARBON STEEL (COLD DRAWN) 

BRIGHT BARS FOR MACHINING 

Chemical composition. The steel shall contain : 
Carbon 0-25 per cent max. 
Silicon 0-35 per cent max 
Manganese I 00 per cent max. 
Sulphur 0 060 per cent max. 
Phosphorus 0 060 per cent max. 

When so stated on the order the carbon content for bars up to and 
including 2*6 in. diameter or width across flats shall not exceed 0-20 
per cent. 

Condition of material on delivery. Bars shall bo delivered in the cold 
drawn condition. 

Mechanical properties. The mechanical properties obtained from the test 
pieces selected and prepared as stated in the appropriate general clauses 
shall be as follows :— 

Tensile strength, tons/sq. in., min. 28 
Elongation, per cent, min. 17 

42 

• 20' CARBON STEEL (COLD DRAWN—HIGHER TENSILE) 
BRICJIT BARS FOB MACHINING 

Chemical composition. The steel shall contain : 

Element 

Carbon 
Silicon 
Manganese 
Sulphur 
Phosphorus 

Per cent 

mill. 

015 
0 05 
0 6 0 

max. 

025 
0 35 
100 
0-060 
0060 

Condition of material on delivery. Bars shall be delivered in the cold 
drawn condition. 

Mechanical properties. The mechanical properties obtained from the test 
pieces selected and prepared as stated in the appropriate general clauses 
shall be as follows :— 

Property 

Tensile strength, tons/sq in , min. 

Elongation, per cent, min. 

Size (diameter or width 
across Mats), In. 

I 'A or 
less 

35 

15 

Over I % 
to 2 ft 

30 

15 

Over 2% 

28 

15 
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En 4 
4 25 * CARBON STEEL (NORMALISED) 

BARS ANT) BILLETS f OR FORCING 
FORC1KSS AND DHOPFORGINCS 

BARS FOR MACHINING 
BRIGHT BARS (EXCLUDING COLD DRAWW BARS) 

Suitable for a tensile range ov 28/38 tons/sq. In. 

Chemical composition. The steel shall contain : 

Carton 
Silicon 
Manganese 
Sulpbur 
Phosphorus 

Per cent 

min. 

005 

max. 

0-30 
035 
100 
0060 
0060 

Condition of material on delivery, a. Bars and billets for forging shall be 
delivered as rolled or forged, unless the order states otherwise. 

b. Forgings and drop-forgings shall be delivered in the finally heat 
treated condition, unless the order stales otherwise. 

c. Bars for machining and bright bars shall be delivered in the finally 
heat treated condition, unless the order states otherwise. 

Heat treatment. The heat treatment (o be given to the test bars se'ecied 
as stated in Clause 7, and to material supplied in the finally heat treated 
condition, shall be as follows : — 

Normalise at a temperature of 850/900° C. 

44 

En 4 
Mechanical properties. The following mechanical properties shall be 
obtained from the test pieces selected and prepared as stated in the 
appropriate general clauses. Alternatively, for bars of 1 in, diameter and 
under, by agreement between purchaser and manufacturer, tensile tests 
may be carried out on the full section of the bar, and in such cases the 
elongation per cent shall be measured on a gauge length equal to four 
times the square root ol the area of cross section of the bar. 

Limiting ruling section, in. 
Tensile strength, tons/sq. in 
Elongation, per cent, min, 

Izod impact valuo, ft. lb, mm. 
Brlntll hardness number 

6 
28 min , 38 max 

25 

126JI79 

28 min , 38 max 
25 

20 
J 261179 
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! 25' CARBON STEEL (COLD DRAWN) 
BRIGHT BARS FOR MACHININC 

Chemical composition. The steel shall contain : 

Element 

Carbon 
Silicon 
Manganese 
Sulphur 
Phosphorus 

Condition of material on delivery. Bars shall be delivered in the cold 
drawn condition. 

Mechanical properties. The following mechanical properties shall be 
obtained f ror the test pieces selected and prepared as stated in the 
appropriate general clauses: 

Maximum size (diameter or width 
across fiats;, in. 2 

Tensile strength, tons/sq. in., mm. 32 
max. 42 

Elongation, per cent, min. 12 

Alternatively, acceptance shall be on a normalised test piece when the 
heat treatment and mechanical properties,specified for En 4 shall apply. 

En4A 
At atltrtd 
Fek, 19SS 

Per cent 

mtn. 

005 
— 
— 
— 

max. 

030 
035 
100 
0060 
0-060 
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En5,5K,5A,5B,5C 
• 30 * CARBON STEEL 

Eii 5K is intended for special applications only 
BARS AND BILLETS FOR FORCING 
FORG1NCS AND DROP-FORCINGS 

BARS FOR MACHINING 
BRIGHT BARS (EXCLUDING COLD DRAWN BARS) 

En 5, 5K 
Suitable, in the hardened and tempered condition, for tensile ranges of 
'5/45 (P) 40/50 (Q) and 45/55 (R) tons/sq. in. The purchaser should 
state on the order the condition, normalised or hardened and tempered, 
P, Q or R, for which the matei.j' 3 n > '-•>/ required. 

Chemical composition. The steel shall Cv/i.uin : 

Element 

Carbon 
Silicon 
Manganese 
Sulphur 
Phosphorus 

En 5 

Percent 

min. 

0 25 
0 0 5 
OGO 

max. 

0 35 
0 3 5 
1 0 0 
0 0 6 0 
0 0 6 0 

E n 5 K 

Per cent 

min. 

0 25 
0 0 5 
0 6 0 

max. 

0 3 5 
0-35 
1 0 0 
0 0 5 0 
0 0 5 0 

Condition of material on delivery, a. Bars and billets for lorging shall be 
delivered as rolled or forged, unless the order states otherwise. 
b. Forgings and drop forgings shall be delivered in the finally heat treated 
condition, unless the order states otherwise. 
c. Bars for machining and bright bars shall be delivered in the finally heat 
treated condition, unless the order states otherwise. 

Heat treatment. The heat treatment to be given to the test bars selected 
as stated in Clause 7 and to material supplied in the finally heat treated 
condition shall be as follows •— 

a. Material required in the normalised condition: 
Normalise at a temperature of 860/8°0°C. 

b. Material required In the hardened and tempered condition : 
Harden in oil or water from a temperature of 86O/890°C. 
Temper at a suitable temperaturo between 550°C. and 660°C. 
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En 5, 5K, 5A, 5B, 5C 

Mechanical properties. The mechanical properties obtained from the 
test pieces selected and prepared as stated in the appropriate general 
clauses shall be as follows :— 

Property 

U m i t i n g ruling sect ion, in. 
Tensi le strength, 

tons /sq . i r . , m m . 

Yield stress, tonslsq. In., min 

Elongat ion , per cent , min. 

Izod impact value, ft. lb . , m m . 

Brinell hardness number 

Normalised 

32 

16 

25 
20 

1431193 

Condition 

Hardened ard tempered 

P 

m 
35 

22 

22 
2 0 

1521207 

o 

* 

4 0 

2i 

20 
20 

179/229 

R 

3,4 

45 

32 

20 
40 

2011255 

NOTE I Steel to En SK shall comply with the following requirements when proof 
stress tests are specifically requested in the enquiry and order:— 

-
Property 

Proof stress (0 2 per cent) 
tons/sq. in., mm. 

Condition 

P 

20 

Q 

26 

R 

30 

NOTE 2. When steel to En 5 is required in the form of plate, sheet and strip it should 
be ordered to B S. 1449,' Steel plate, sheet and strip'. 

For special applications steel of this type may be ordered to specifications En 3A En 5A, 
En SB or En 5C, when it will be supplied to a specified composition only, the limits 5 1 u » s c 

of which are shown below. Mechanical properties are not port of the contractual 
obligations of speciflcaUons En SA, En 50 and En 5C. 

1 

Element 

Carbon 
Silicon 
Manganese 
Su lp iur ' ' 
Phosphorus 

EnSA 

Per cent 

mlo. 

0-25 
0-05 
0-70 

*HM. 

0 30 
0-35 
0 90 
0 060 
0 060 

En SB 

Per cent 

DUO. 

0-28 
0 0 5 
0 70 

max. 

0 33 
0-35 
0 90 
"060 
0 060 

EoSC 

Per ceot 

nun. 

0 3 0 
0 0 5 
0-70 

max. 

0 3 5 
0 3 5 
0 90 
O'OSO 
0 060 
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' 3 0 ' CARBON STEEL (HARDENED, TEMPERED, AND BRIGHT 
DRAWNj 

BARS FOR MACHINING 

Chemical composition. The steel slmll contain : 

Element 

Carbon 
Silicon 
Manganese 
Sulphur 
Phosphorus 

min. 

025 
0 0 5 
0 6 0 

— 
— 

max. 

035 
0 3 5 
1 0 0 
0-060 
0060 

Condition of material on delivery. Bars shall be delivered in the hardened 
tempered and bright drawn condition. 

Mechanical properties. The mechanical properties obtained from the 
test pieces selected and prepared as stated in the appropriate general 
clauses shall be as follows :— 

Size (diameter or width across Bats), In. 

Property 

Tensile strength, 
ti>ns/sq. in , min. 

ElongaUor., per cent, min. 
Izod impact value, ft lb., mm. 
Brine!! hardness number, max. 

Uior 
less 

45 
20 
40 

255 

Over Vi 
10 ¥4 

40 
IB 
20 

229 

Over V4 ' 
to HA 

35 
15 
15 

229 

Over 1 V» 
loZVi 

35 
IS 
10 

229 

50 

BRIGHT CARBON STEEL 
En 6Kls Intended for special applications only 

BARS FOR MACHINING 

Chemical composition. The steel shall contain • 

Element 

Carbon 
Silicon 
Manganese 
Sulphur 
Phosphorus 

En 6 

Percent 

roln. 

0 05 
0 50 

max. 

040* 
0 3 5 
0 9 0 
0060 
0060 

En6K 

Per 

m)n. 

0 05 
050 

cent 

max. 

0 40* 
0 35 
090 
0 050 
0 050 

En 6, 6TC, 6A 

En 6, 6K 

•For bars supplied in the cold drawn condition the carbon content 
shall not exceed 0 35 per cent 

Condition of material on delivery. The bars shall be delivered in the told 
rolled, drawn, giound o- achined condition. They may, however, at 
the option of the manufaciu.er, be reheated before or after cold working 
—in the latter case to a temperature not exceeding 620" C *. 
• For this material which is supplied in tre cold-rolled or cold-drawn condition, some 
lack of uniformity In hardness may be expected across the bar, a harder condition 
existing near the surface: such differences are minimised if the heat treatment 
mentioned is applied after cold working. 

Mechanical properties. The mechanical properties obtained from the 
test pieces selected and prepared as stated m the appropriate general 
clauses shall be as follows :— 

Property 

Tensile strength, tons/sq. in., 
mm 
max. 

Elongation, per cent, mm. 
Izod impact value, ft. lb., mm. 

Size (diameter or width across flats), In. 

ill or 
less 

35 
45 
12 
20 

Over ¥4 
to 11/4 

35 
45 
12 
15 

Over 11/4 
t0 2'/2 

35 
45 
12 
10 

Over 2% 

32 
45 
15 
10 

A1 altered 
feb Iff} 

When this steel is required without any special Izod impact values, En 6A 
En 6A should be specified. The material supplied will be identical in 
composition and mechanical properties with En 6 except for the omission 
of the Izod impact value. 
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En7 
SEMI-FREE CUTTING CARBON STEEL 

{Not recommended for case hardening) 

BRIG1" * BARS FCW MACHINING 

This is a semi-free cutting modification of En 6, for certain restricted 

applications. 

Chemical composition. The steci shall contain: 

At altered 
Feb 1963 

Carbon 
Silicon 
Manganese 
Sulphur 
Phosphorus 

Percent 

t&ln. 

0 1 0 

— 
1 0 
0 1 0 

—. 

max. 

030 
025 
1-30 
018 
0060 

Condition of material on delivery. The bars shall be delivered in the cold 
drawn condition. They may, however, at the manufacturer's option, 
be reheated before or after cold working, in the latter case to a temperature 
not exceeding 620° C*. 

Mechanical properties. The mechanical properties obtained from the 
test pieces selected and prepared as stated in the appropriate general 
clauses shall be as follows :— 

Property 

Tensile strength, tous/sq in,. 
mm. 
max. 

Elongation, per cent, mm. 
Iiod impact value, ft lb., min. 

Size (diameter 

'A or 
less 

40 
50 
15 

— 

Over 'A 
to ft 

35 
15 
15 
20 

jr width across Rats) 

Orer ¥< 
to t 14 

35 v 

45 
15 
15 

Orer 1 '4' 
toIVi 

35 
15 
15 
10 

In. 

OverlVi 
to 2i/i 

30 
10 
12 
10 

* For this material which b supplied in the cold drawn condition, some lack of 
uniformity in hardness may be expected across the section or the bar, a harder 
condition existing near the surface; such differences aro minimised if the heat 
treatment mentioned is applied after cold working. 
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SEMI-FREE CUTTING • 15 » CARBON STEEL 
BRIGHT BARS FOR MACHINING 

Chemical composition. The steel shall contain 

Carbon 
Silicon 
Manganese 
Sulphur 
Phosphorus 

Percent 

min. 

012 

— 
1 0 0 
010 

— 

max. 

018 
025 
150 
018 
0060 

Condition of material on delivery. Unless otherwise agreed the bars shall 
be delivered in the cold drawn condition. They may, however, at the 
manufacturer's option, be re-heated before or after cold working, in the 
latter case to a temperature not exceeding 620° C*. 

Mechanical properties. The mechanical properties obtained from the 
test pieces r. 'ected and prepared as stated in the appropriate general 
clauses shall be as follows :— 

HOT ROLLED OR NORMALISED 

Limiting ruling section, in. 6 
Tensile strength tons/sq. in , min. 28 
Elongation, per cent, min. 25 

COLD DRAWN 

5I» (diameter or width 
across flats), to. 

Property 

Tensile strength, tons/sq. in., min. 
max 

Elongation, per cent, mm. 
hod impact value, ft lb., mm. 

V<or 
lets 

35 
15 
15 
20 

Ora « 
lot'A 

I 

OTer 1 ft 
to 2'A 

35 ] 30 
15 ! 10 
15 ! 15 
15 ! 10 

• For this material which Is supplied in the cold drawn condition, some lack of 
uniformity in hardness may be expected across the bar, a harder condition existing 
near the surface; tuch dilTcrcnccs are minimised ir the heat treatment mcnlioned 
is applied after cold working 

53 

Copyright British Standards Institution 
Provided by IHS under license with BSI - Uncontrolled Copy 

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



En 8, 8A, 8B, 8C, 8D, 8E 
' 40 • CARBON STEEL 

BARS AND BOi-CTS FOR FORGING 
FORGINGS AND DROP-FORGINGS 

BARS FOR MACHINING 
BRIGHT BARS 

En 8 Suitable in the hardened and tempered condit ion for tensile ranges of 
40/50 (Q), and 4S/55 (R) tons/sq. in. , according to the ruling section 
o f the part. The purchaser should state o n the order the condi t ion , 
normalised, co ld drawn, or hardened a n d tempered, Q or R , for which 
the material is ultimately required. 

Chemical composition. The steel shall contain : 

Carbon 
Silicon 
Manganese 
Sulphur 
Phosphorus 

Percent 

mln. 

035 
0 0 5 
060 

max. 

0-45 
0-35 
100 
0060 
0060 

Condition or material on delrrery. a. Bars a n d billets for forging shall be 
delivered as rolled or forged unless the order states otherwise . 

b. Forgtngs and drop-forgings shall b e delivered in the finally hea t 
treated condition, unless the order states otherwise. 

c. Bars for machining shall be delivered in the finally heat treated 
condition, unless the order states otherwise 

As altered d Bright bars shall be delivered in accordance with the tables 
Feb 19S3 _ 

Heat treatment. The heat treatment to be given to the test bars selected 
as stated in Clause 7 (other than those from material to be used in the 
cold drawn condition), and to material supplied in the finally heat treated 
condition, shall be as follows:— 

a Material required in the normalised condition : 

Normalise at a temperature of 830/860"C. 

b. Material required in the hardened and tempered condition : 
Harden in oil from a temperature of 830/86O°C. 
Temper at a suitable temperature between 550°C. arid 660°C. 
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En 8, 8A, 8B, 8C, 8D, 8E 

Mechanical properties. The mechanical properties obtained from the test 
pieces selected and prepared as slated in the appropriate general clauses 
shall be as follows :— 

NGC 1. FINALLY NORMALISED OR HARDENED AND TEMPERED Aiohm^ 
(WITHOUT GRAIN SIZE CONTROL) **• IX) 

Properly 

Limiting ruling section, in. 
Tensile strength, tons/sq. in , mm 
Yield stress, tons/so. in,, mill. 

Elongation, per cent, min. 
Irod impact value, ft. lb., min 
Brmell hardness number 

Condition 

^•onna l lSc•ilH a:d c , M < , ^ n d" ! , n , , < ; ^ c , , 

6 
35 
AS 

20 

152/207 

40 
23 

22 
10 

179/229 

% 
45 
32 

20 
10 

2011255 

NGC 2 NORMALISED OR HARDENED AND TEMPERED AND 
FINALLY BRIGHT DRAWN (WITHOUT GRAIN SIZE CONTROL) 

Properly 

Limiting ruling section, in 
Tensile strength, tons/sq. in , mm. 
Yield stress, tons/so. in., min 

Elongadon, per cent, min 
Brinell hardness'number 

Normalised 

6 
35 
If 

17 
152/207 

Condition 

i Hardened and tempered 

l _ _ 2 _ 
! 2% * 

40 1 
< 2S I 

17 
; 1791229 

R 

% 
45 
U 

17 
Ml/255 

G C . l CONTROLLED GRAIN' FINALLY NORMALISED OR 
H A R D E N F D AND TEMPERED 

Property 

Limiting ruling section, in. 
Tensile strength, tons/sq. in , 

min 
Yield stress, tonsjsq. in , min. 

Elongation, per cent, mm. 
Izod impact value, ft. lb., min. 
Brinell hardness number 

Norm 

4 

35 
IS 

20 
20 

1521207 

allsed 

6 

35 
IS 

20 
15 

152/207 

Hardened and tempered 

2V4 

40 
2S 

22 
25 

1791229 

R 

% 

45 
32 

20 
40 

2011255 

% 

45 
32 

20 
25 

2011255 

* Controlled grain steel to this •specification shall possess a McQuaid-Ehn 6'"'" SI7C 

of 5-8. 
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En 8, 8A, 8B, 8C, 8D, 8E 
As alttrtd 
Feb WM 

G C 2 . CONTROLLED GRAIN* NORMALISED OR H ^ E N E D 
A N D TEMPERED A N D FINALLY B R I G H T DKAWiN 

Property 

Limiting ruling section, in. 
Tensile strength, tons/sq. in. , rain. 
Yield stress, tonslsq. in, min. 

Elongation, per cent, min . 
Izod impact value, ft. lb. , min. 
Brmell hardness number 

Condition 

Normal
ised 

6 
35 
18 

17 

t 
1521207 

Hardened and tempered 

Q 

in 
40 
28 

17 
25 

1791229 

2te 
40 
28 

17 "* 
15 

1791229 

R 

% 
45 
32 

17 
25 

201/255 

•Controlled gram steel to this specification shall possess a McQuaid-Ehn gram 
size of 5-8 

t An Izod impact value of 10 ft lb minimum is specified where the carbon content 
does not exceed 0 40 per cent 

COLD D R A W N (FOLLOWING HOT ROLLING, i e. N O T H A R D E N E D 
A N D TEMPERED) 

Property 

Tensile strength, tons/sq. in. , min. 
Elongation, per cent, mm. 
Brlnell hardness number 

Size (diameter or widlh across Rats), In. 

IVior 
less 

42 
10 

241 max 

Orer 11/4 
to 2'A 

39 
10 

229 max. 

Orer 2 % 

37 

10 

229 ma\. 

Co 8A, For special applications steel of this type may be ordered to specification En 8A, 
8B, 8 C , En 8B, En 8C, En 8D, or En 8E, when it will be supplied to a specified composition, 
8 D , 8 E the limits of which are shown below. Mechanical properties are not part of the con-

Ai alund iractual obligations of specifications En 8A, En 8B, En 8C, En 8 D and En 8E, but they 
Ftb, 1963 may be negotiated between tbo purchaser and the supplier. 

Eltm«i<t 

Carbon 
Silicon 
Manganese 
Sulphur 
Phosphorus 

EoIA 

percent 

mlo. 

0 33 
005 
0-70 

mas. 

038 
035 
090 
0 060 
0-060 

E a l B 

per cent 

mla. 

0-35 
0 05 
0 70 

max. 

0-40 
035 
0-90 
0060 
0 060 

EnSC 

pvcc&t 

nun. 

0 38 
005 
0 70 

max. 

0 43 
035 
090 
0060 
0 060 

EnBD 

« I MM 

tain. 

0-40 
005 
0-70 

-

m*r. 

0 45 
035 
0-90 
0060 
0060 

EoSE 

per cent 

mln. 

035 
005 
090 

max. 

0-40 
0-35 
110 
OOSO 
0 060 
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«40 ' CARBON STEEL (FOR SPECIAL APPLICATIONS) 

DARS AND MULCTS FOR FORGING 
FORCINGS AND DROP-FORCINGS 

BARS FOR MACHINING 
BRIGHT BARS 

Suitable in the hardened and tempered condition for a tensile range of 
40/50 (Q) tons/sq. in. The purchaser should state on the order the 
condition, normalised ot htrdened and tempered, for which the material 
is ultimately required. 

Chemical composition. The steel shall contain : 

Element 

Carbon 
Silicon 
Manganese 
Sulphur 
Phosphorus 

Per cent 

min. 

0 3 5 
0 0 5 
0 6 0 

— 
— 

max. 

0 45 
0-35 
1 0 0 
0-050 
0050 

Condition of material on delivery, a. Bars and billets for forging shall 
be delivered as rolled or forged, unless the order states otherwise. 
6. Forgings and drop forgtngs shall be delivered in the finally heat 
treated condition, unless the order states otherwise. 

c. Bars for machining and bright bars shall be delivered in the finally heat 
treated condition, unless the order states otherwise. 

Heat treatment. The heat treatment to be given to the test bars, selected 
as stated in Clause 7, and to material supplied in the finally heat treated 
condition, shall be as follows :— 
a. Material required in the normalised condition . 

Normalise at a temperature of 830/360°C. 
b. Material required in the hardened and tempered condition • 

Harden in oil from a temperature of 830/860°C. 
Temper at a suitable temperature between 550°C. and 660"C. 
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Mechanical properties. The mechanical properties obtained from the 
test pieces selected and pmpared as stated in the appropriate general 
clauses shall be as follows :— 

Condition 

Property 

Limiting ruling section, in. 
Tensile strcngih, tons/sq. in,, min. 
Yield stress, tonslsq in., ruin. 

Elongation, per cent, min 
Izod impact value, ft. lb , mm 
Brinell hardness number 

NOTE When proof stress tests are specifically requested in the enquiry and order, 
(he values shall be as follows :— 

Vropertj 

Proof stress (0 2 per cent), tons/sq in , mm 

Condition 

Normalised 

17 

Hardened 
and 

tempered Q 

25 , 

58 

En 8M, SAM, 8BM, 8CM, 8DM 

«40 ' CARBON STEEU-FREE CUTTING 

BARS AND BILLETS FOR FOHGING 
FORCINGS AND DROP-FORCINGS 

OARS FOR MACHINING 
BRIGHT BARS 

Suitable in the hardened and tempered condition for tensile ranges of 
40/50 (Q), and 45/55 (R) tons/sq. in., according io Ihe ruling section of 
the part. The purchaser should state on the order the condition, 
normalised, cold drawn, or hardened and tempered, Q or R, for which the 
material is ultimately required. 

Chemical composition. The steel shall contain : 

Carbon 
Silicon 
Manganese 
Sulphur 
Phosphorus 

Per cent 

min. 

0 35 

1 0 
012 
— 

max. 

0 45 
025 
130 
020 
0060 

Condition of material on delivery, a. Bars and billets for forging shall be 
delivered as rolled or forged, unless the order states otherwise. 
6. Forgings and drop-forgings shall be delivered in the finally heat 
treated condition, unless the order states otherwise. 

c. Bars for' machining shall be delivered in the finally heat treated con
dition, unless the order states otherwise 

d. Bright bars shall be delivered in the finally heat treated condition, 
heat treatment being given either before or after any cold work at the 
option of the manufacturer, unless the order states otherwise. 

Heat treatment. The heat treatment to be given to the test bars selected 
as stated in Clause 7 (other than those from material to be used in the cold 
drawn condition), and to material supplied in the finally heat treated 
condition, shall be as follows :— 

a. Material required in the normalised condition : 
Normalise at a temperature of S30/860°C. 

b. Material required in the hardened and tempered condition : 
Harden in oil from a temperature of 830/860°C. 

" Temper at a suitable temperature between 550°C. and 660°C. 
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En 8M, 8AM, 8BM, 8CM, 8DM 

Mechanical properties. The mechanical properties obtained from the test 
pieces selected and prepared as stated in the appropriate general clauses 
shall be as follows :— 

NORMALISED OR HARDENED AND TEMPERED 

Property 

Limiting ruling section, in 
Tensile strength, tons/sq in., min. 
Yield stress, tonsjsq. In., mln. 

Elongation, per cent, mm. 
Izod impact value, ft lb , mm 
Brlnell hardness number 

Condition 

Normalised 

6 
35 
18 

20 

1521207 

Hardened aai tempered 

Q 

2 
40 
28 

22 
25 

1791229 

R 

45 
32 

20 
40 

2011255 

NOTE. When pfoor stress tests are specifically requested in the enquiry and order, 
the values shall be as follows •— 

Property 

Proof stress (0-2 per cent), tons/sq in , mm 

Hardened and 
tempered condition 

25 30 

COLD DRAWN 
Maximum size (diameter or width across flats), in. 
Tensile strength, tons/sq. in., min. 
Elongation, per cent, min. 
Brlnell hardness number, max. 

1VS 
38 
12 

229 
ir ««», For special applications steel of this type may be ordered to specifications En 8AM, 
«HM E n 8 B M> E n ° C M o r E n SDM.when it «ill be supplied to a specified composition 
?2?:» the limits or -which are shown below. Mechanical properties are not part of the con

tractual obligations of specifications En 8AM, En 8BM, En 8CM and En 8DM 
but they may be negotiated between the purchaser and the supplier. 

8CM 
8DM 

AI atttrca \ 
Feb 1963 En 8AM 

Element { per cent 

1 min. 

Carbon , 0 33 
Silicon — 
Manganese 0 90 
Sulphur 012 
Phosphorus — 

max. 

0-38 
0-25 
1-30 
0-20 
0-060 

EoSBM 

per cent 

min. 

0-35 

o-To 
0-12 

max. 

0 40 
0 25 
1-30 
0-2Q 
0060 

En8CM 

per cent 

min. 

0 38 

0-90 
0-12 

max. 

0-43 
025 
1-30 
0-20 
0-060 

En 8DM 

per cent 

mln. 

0-40 

0̂ 90 
0-12 

max. 

0 45 
0-25 
1-30 
0-20 
0-060 

60 

' 55 ' CARBON STEEL 
En 9K Is intended for special applications only 

BARS AND BILLETS FOR FORCING 
FORCINGS AND DROP-FORCINGS 

BARS FOR MACHINING 
BRIGHT BARS 

Suitable in the hardened and tempered condition for tensile ranges of 
45/55 (R), 50/60 (S) and 55/65 CD tons/sq. in. The purchaser should state 
on the order the condition, normalised, cold drawn, or hardened and 
tempered, R, S or T, for which the material is ultimately required. 

Chemical composition. The steel shall contain : 

Element 

Carbon 
Silicon 
Manganese 
Sulphur 
Phosphorus 

En 9 

Per cent 

mln. 

0 5 0 
0-05 
0 5 0 

— 
~— 

max. 

0 6 0 
0 3 5 
0 8 0 
0 0 6 0 
0060 

En9K 

Per cent 

mln. 

0 5 0 
0 05 
0 5 0 

— 

max. 

0 6 0 
0 35 
0 8 0 
0 050 
G050 

Condition of material on delivery, a. Bars and billets for forgings shall 
be delivered as rolled or forged, unless the order states otherwise. 
b. Forgings and drop-forgings shall be delivered in the finally heat treated 
condition, unless the order states otherwise. 

c. Bars for machining shall be delivered in the finally heat treated con
dition, unless the order states otherwise. 
d. Bright bars shall be delivered in the finally heat treated condition, 
heat treatment being given either before or after any cold work at the 
option of the manufacturer, unless the oroer states otherwise. 

Heat treatment. The heat treatment to be given to the test bars selected 
as stated in Clause 7 (other than those from material to be used in the cold 
drawn condition), and to material supplied in the finally heat treated 
condition, shall be as follows :— 
u. Material required in the normalised condition : 

Normalise at a temperature of 810/840°C. 
b. Material required In the hardened and tempered condition : 

Harden in oil from a temperature of 810/840°C. 
Temper at a suitable temperature between 550°C. and 660"C. 
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En9,9K 
Mechanical properties. The mechanical properties obtained from the test 
pieces selected and prepared as stated in the appropriate gtneral clauses 
shall be as follows :— 

NORMALISED OR HARDENED AND TEMPERED 

Property 

Limiting ruling section, in. 
Tensile strength, 

tons/sq. in, min 
Yield stress, tans/sg. in , min. 

Elongation, per cem, mm. 
Bnmll hardness number 

Condition 

Normalised 

45 
23 

18 
20112SS 

Hardened and tempered 

45 
30 

18 
2011235 

1VS 

50 
33" 

18 
2231277 

55 
36 

15 
248/302 

NOTB. Steel to En 9K shall comply with the following requirements when proof 
stress tests are specifically requested in the enquiry and order :— 

Property 

Prool" stress (0 2 per cent), tons/ 
sq in., min 

Hardened and tempered condition 

28 31 J4 

COLD DRAWN 

Maximum size (diameter or width across flats), in. 2 
Tensile strength, tons/sq. in., min. 50 

max. 65 
Elongation, per cent, min. 12 
Brlnell hardness number 223/302 

62 

' 55 ' CARBON, % PER CENT NICKEL STEEL 
BARS AND BILLETS FOR FORGING 
FORCINGS AND DROP-FORCINGS 

BARS FOR MACHINING 
BRIGHT BARS 

This steel is used to a limited extent for special applications and will be 
supplied to a specified composition, the limits of which are as follows: 

Chemical composition. The steel shall contain: 

Element 

Carbon 
Silicon 
Manganese 
Nickel 
Sulphur 
Phosphorus 

Per cent 

mln. 

0 50 
0'05 
0 50 
0 50 
— 
— 

mpx. 

0 6 0 
035 
0 8 0 
0 8 0 
0050 
0060 

Condition of material on dclhcry. a. Bars and billets for forgings shall 
be delivered as rolled or forged, unless the order states otherwise. 
b. Forgings and drop-forgings shall be delivered in the finally heat 
treated condition, unless the order states otherwise. 
c. Bars for machining shall be delivered in the finally heat treated 
condition, unless the order states otherwise. 
d. Bright bars shall be delivered in the finally heat treated condition, 
heat treatment being given either before or after cold work at the option 
of the manufacturer, unless the order states otherwise 

Heat treatment. The heat treatment to be given to this steel shall bo 
agreed between the purchaser and manufacturer. 
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En 11 

' 60 * CARBON-CHROMIUM STEEL 

BASS AND BILLETS FOR FORGING 
FORCINGS AND DROP-FORGINGS 

BARS FOR MACHINING 
BRIGHT SAKS 

Suitable for tensile ranges of 55/65 (T) and 65/75 (V) tons/sq. in. The 
purchaser should stale on the order, the condition, T or V, for which the 
material is ultimately required. 

Chemical composition. The steel shall contain : 

Element 

Carbon 
Silicon 
Manganese 
Chromium 
Sulphur 
Phosphorus 

Percent 

rain. 

OSO 
0 1 0 
0-50 
0 5 0 
— 
— 

max. 

0-70 
035 
0 8 0 
0-80 
0050 
0050 

Condition of material on delivery, a. Bars and billets for forging shall 
be delivered as rolled or forged, unless the order states otherwise. 

b. Forgings and drop-forgings shall be delivered in the finally heat treated 
condition, unless the order states otherwise. 

c. Bars for machining shall be delivered in the finally heat treated con
dition, unless the order states otherwise. 

d. Bright bars shall be delivered in the finally heat treated condition, 
heat treatment being given either before or after any cold work at the 
option of the manufacturer, unless the order states otherwise 

Heat treatment. The heat treatment to be given to the test bars, selected 
as stated in Clause 7, and to material supplied in the finally heat treated 
condition, shall be as follows:— 

Harden in oil from a temperature of 8OO/850°C. 
Temper at a suitable temperature between 500"C and 700°C. 

64 

En 11 

Mechanical properties. The mechanical properties obtained from test 
pieces selected and prepared as stated in the appropriate general clauses 
shall be as follows :— 

Property 

Limiting ruling section, in. 
Tensile strength, tons/sq. in , mm. 
Yield stress, tonslsq. In., mln 

Elongation, per cent, mm. 
Izod impact value, ft. lb , mm. 
Brlntll hardness number 

Hardened and 
tempered condition 

T 

55 
40 

15 
25 

248/302 

V 

2K 
65 
48 

12 
12 

2931341 

Cl 
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Ea 12,12A, 12B, 12C 
1 PER CENT NICKEL STEEL 
BARS AND HnXBTS FOR FORGING 
FORGINGS AND DROr-FOItGlNGS 

BARS FOR MACHINING 
BRIGHT BAHS 

Suitable in the hardened and tempered condition for a tensile range of 
40/50 (Q) tons/sq. in. The purchaser should state on the order the 
condition, normalised, or hardened and tempered, for which the material 
is ultimately required. 

Chemical composition. The steel shall contain : 

Carbon 
Silicon 
Manganese 
Nickel 
Sulphur 
Phosphorus 

Per wot 

mln. 

0 3 0 
0 3 , 

0 60 

... 

max. 

0 4 5 

0 3 5 
1 5 0 
1 0 0 
0 0 5 0 
0 050 

Condition of material on delrrery. a. Ban and billets for forging shall 
be delivered as rolled or forged, unless the order states otherwise. 

b. Forgings and drop-forgings snail be delivered in the finally heat 
treated condition, unless the order slates otherwise. 

c. Bars for machining shall be delivered in the finally heat treated con
dition, unless the order states otherwise. 

d. Bright bars shall be delivered in the finally heat treated condition, 
beat treatment being given either before or after any cold work at the 
option of the mar.irfacturer, unless the order states, otherwise. 

Heat treatment The heat treatment to be given to the test ban, selected 
as stated in Clause 7, and to material supplied in the finally heat treated 
condition, shall be as follows :— 

a. Material required m the normalised condition : 
Normalise at a temperature of 830/860°C. 

b, Material required in the hardened and tempered condition : 
Harden in oil from a temperature of 830/860°C. 
Temper at a suitable temperature between 550°C. and 660°C. 

66 

En 12,12A, 12B, 12C 

Mechanical propertied. The mechanical properties obtained from the test 
pieces selected and prepared as stated in the appropriate general clauses 
shall be as follows :— 

Property 

Limiting ruling s e u i o n , in. 
Tensile strength. 

lons/sq in , min 
Yield stress, lonsfcq in., mln. 

Elonga'ion, per l e n t , min 
I?od impact value, ft. lb , min. 
Bnnell hardness number 

Condition 

Normalised 

6 

35 
20 

20 
15 

152/207 

4 

35 
20 

20 
2 0 

1521207 

Hardened oud 
tempered, Q 

6 

4 0 
30 

22 
75 

17< 1229 

4 

4 0 
30 

22 
35 

1791229 

NOTE When proof stress tests are specifically requested In the enquiry and order 
the value for En I2Q shall be as follows :— 

Proof stress (0 2 per cent) lons/sq in , mln 2? 

For special applications steel of this type may be ordered to specifications En I2A. En t2A, 
En 12D or En I2C. when it will bo supplied to specified composition, the limits ofI2B, C12 
which aro shown below. Mechanical properties are not part of ihc contractual obliga
tions or specifications En I2A, En 12B and En 12C but they may be negotiated l-'r'.^S'! 
between the purchaser and the supplier. *'* ,V0J 

Element 

Carbon 
Silicon 
Manganese 
Nickel 
Sulphur 
Phosphorus 

EnUA 

p«r cent 

mln. 

0-30 
0 1 0 
0-10 
0 60 

max. 

0-35 
0 35 
0 90 
1 0 0 
0-050 
0-050 

Eol lU 

per cent 

mla 

0-35 
0-10 
0 70 
0 60 

max. 

0 40 
0-35 
0-90 
1 0 0 
0 050 
0 050 

E a H C 

per cent 

mln. 

0 40 
0 1 0 
0-70 
0-CO 

= 

max 

0-45 
0-35 
0 90 
1 00 
0-050 
0 050 
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MANGANES&NICKEL-M0LVBDE1VUM STEEL 

BARS AND BIIXETS FOR FORGING 
FORGINCS AND DROP-FORCINGS 

BARS FOR MACHINING 
BRIGHT BARS 

Suitable for a tensile strength of 40/50 (Q) tons/sq in. 

Chemical composition. The steel shall contain : 

K M 

max. 

0-25 
0 35 
180 
0-70 
015 
0050 
0 050 

Condition of material on delivery, a. Bars and billets for forging shall 
be delivered as rolled or forged, unless the order states otherwise. 

b. Forgings and drop-forgings shall be delivered in the finally heat 
treated condition, unless the order states otherwise. 
c. Bars for machining shall be delivered in the finally heat treated 
condition, unless the order states otherwise. 

d. Bright bars shall be delivered in the finally beat treated condition, 
heat treatment being given either before or after any cold work at the 
option of the manufacturer, unless the order states otherwise. 

Heat treatment. The heat treatment to be gwen to the test bars, selected 
as stated in Clause 7, and to material supplied in the finally heat treated 
condition, shall be as follows •— 

Harden in oil from a temperature of 850/890'C. 
Temper at a suitable temperature between 550°C. and 660°C. 

Per 
Element 

Carbon 
Silicon 
Manganese 
Nickel 
Molybdenum 
Sulphur 
Phosphorus 

1 mio. 

j 
1 015 j 010 
j 140 
! 040 
J 015 
| -
I 

68 

Mechanical properties. The mechanical properties obtained from the test 
pieces selected and prepared as stated in tlw appropriate general clauses 
shall be as follows •— 

Condition Hardened and tempered, Q 
Limiting ruling section, in. 6 
Tensile strength, tons/sq. In., min. 40 
Yield stress, Ions per sq. in,, min. 30 
Elongation, per cent, min. 22 
Izod impact value, ft. lb., min. 40 
Brineil hardness number 1791229 

NOTE When proof stress tests are specifically requested in the enquiry and order, 
the value for En I3Q shall be as follows :— 

Proof stress (0-2 per cent) tons/sq In , min 27 

c*l 
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CARBON-MANGANESE STEEL 

3ARS AND DILLBTS FOR FORGING 
FORCINGS AND DROP-FORGING!. 

BARB FOR MACHINING 
ImlCHT BARS 

Suitable in the hardened and tempered condition for tensile ranges of 
40/50 (Q) and 45/55 (R) tons/sq. in. according to the ruling section of 
th- part Thi purchaser should state on the order the conditionf 
normalised, cold drawn or hardened and tempered, Q or R, for which 
the material is ultimaiely required. 
Chemical composition. The steel shall contain : 

Element 

Carbon 
Silicon 
Manganese 
Nickel 
Chromium 
Sulphur 
rtiosphorus 

Per cent 

min 

0 15 
010 
V30 

— 
— 
— 
— 

max. 

025 
0 35 
1-70 
0 4 0 
025 
0-060 
f>060 

Condition of material on delivery, a. Bars and billets for forging shall be 
delivered as rolled or forged, unless the order states otherwise. 
b. Forgings and drop-forgings shall be delivered in the finally heat treated 
condition, unless the order states otherwise 
c Cars for machining shall be delivered in the finally heat treated 
condition, unless the order states otherwise. 
d. Bright bars shall be delivered in the finally heat treated condition, 
heat treatment being given either before or after any cold work at the option 
of the manufacturer, unless the order states otherwise. 

Heat treatment. The heat treatment to be given to the test bars, selected 
as stated in Clause 7, other than those from material to be used in cold 
drawn conditions, and to material supplied in the finally beat treated 
condition, shall be as follows •— 
a. Material required m the normalised condition: 

Normalise at a temperature of 860/900°C. 
b Material required In the hardened and tempered condition : 

Harden in oil or water from a temperature of 860,90O°C. 
Temper at a suitable temperature between 550°C. and 660*C. 

70 

EoMA 
Mechanical properties.'The mechanical properties obtained from the 
test pieces selected and prepared as stated iri tho appropriate general 
clauses shall be as follows :-— 

NORMALISED OR HARDENED AND TEMPERED 

Property >_ 

Limiting ruling section, in. 
Tensile strength, tons/sq. in , min. 
Held stress, tonslsq. in , min 

El'ingat-.ij, per cent., min. 
Izod impact value, ft. l b , mm. 
Brinelt hardness number 

Condition 

Normalised 

6 
35 
21 

20 
15* 

152/207 

Hardened and 
tempered 

Q 

4 
40 
28 

20 
30 

179J229 

R 

45 
32 

20 
25 

20>'2SS 

* 30 for controlled grain slecl 

NOTB. When proof stress tests are specifically requested in the enqul y and order, 
the values shall be as follows :— 

Proof stress (0 2 per cent), tons/sq in , nun 

Hardened ami tempered 
condition 

Q 

26 

R 

30 

As allertd 
Feb 1963 

COLD DRAWN 
Maximum size (diameter or width across flats), m 2 
Tensile strength, tons,'sq. in., min. 45 
Elongation per cent, min. 15 
Izod impact valuP, ft. lb., min. 15 

NOTE. When Otis steel is required in the form of piste, shc;t and strip it should be 
ordered to D S 1449,' Steot'plate, sheet and strip'. 
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En MA/1 
CARBON-MANGANESE STEEL (FOR SPECIAL APPLICATIONS) 

BARS AND BILLETS FOR FORGING 
FORCINGS AND DROP-FORGINGS 

BARS FOR MACHINING 

The purchaser should state on the order the condition, hot rolled or 
normalised, for which the material is ultimately required. 

Chemical composition. The steel shall contain : 

Element 

Carbon 
Silicon 
Manganese 
Copper (optional) 
Sulphur 
Phosphorus 

Per cent 

mln. 

005 
120 
— 
— 

max 

0'23 
0 35 
• 

060 
0050 
0060 

* Manganese plus residual nickel, chromium and molybdenum shall not exceed 
2 0 per cent 

Condition of material on delivery, a. Bars and billets for forging shall be 
delivered as rolled or forged, unless the order states otherwise. 

t Forgings and drop-forgings shall be delivered in the normalised 
condition, unless the order states otherwise. 

c. Bars for machining shall be delivorcd in the normalised condition, 
unless the order states otherwise. 

Heat treatment. The heat treatment to be given, where appropriate, to 
the test bars selected as stated in Clause 7 and to material supplied in the 
normalised condition shall be as follows :—• 

Normalise at a temperature of 86O/900°C. 

72-

Mechanical properties. The mechanical properties obtained from tru 
pieces selected and prepared as stated in the appropriate general clau 
shall be as follows :— 

HOT ROLLED OR NORMALISED 

En I4A/i 

Limiting ruling section, in. 
Tensile strength, tons/sq. in., min. 

max. 
Elongation, per cent, mm. 

1% 
35 
41 
18 

2*5 
33 
39 
18 

NOTE When proof strew tests are specifically lequested In the enquiry and order 
the values shall be as follows :— 

Tensile strength, tons/sq. Ii.. 
Proof stress (0 2 per cent), tons/sq. in , min 

35/41 
21 

33/39 
19 
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CARBON-MANGANESE STEEL 

BARS AND BILLETS JFOR FORGING 
FOHGENGS AND DROP-FORGINGS 

BARS FOR MACHINING 
BRIGHT BARS 

Suitable in the hardened and tempered condition for tensile ranges of 
40/50 (Q) and 45/55 (R) tons/sq. in. according to the ruling section of the 
part The purchaser should state on the order the condition, normalised, 
cold'drawn or hardened and tempered, Q or R for which the material is 
ultimately required. 

Chemical composition. The steel shall contain : 

Carbon 
Silicon 
Manganese 
Nickel 
Sulphur 
Phosphorus 

Per cent 

020 
010 
130 

max. 

0 30 
035 
170 
0 40 
0060 
0060 

Condition of material on delivery, a. Bars and billets for forging shall 
be delivered as rolled or forged, unless the order states otherwise. 
6. Forgings and drop-forgings shall be delivered in the finally heat 
treated condition, unless the order states otherwise. 
c. Bars for machining shall be delivered in the finally heat treated 
condition, unless the order states otherwise. 
d. Bright bars shall be delivered in the finally heat treated condition, 
heat treatment being given either before or after any cold work at the 
option of the manufacturer, unless the order states otherwise. 

Heat treatment. The heat treatment to be given to the test bars, selected 
as stated in Clause 7 (other than those from steel to be used in the cold 
drawn condition), and to material supplied in the finally heat treated 
condition, shall bo as follows :— 
a. Material required In the normalised condition .-

Normalise at a temperature of 840/880oC. 
b. Material required In the hardened and tempered condition : 

Harden in oil or water from a temperature of 840/880°C. 
Temper at a suitable temperature between 550°C. and 660°C. 

74 

Mechanical properties. The mechanical properties obtained from the 
test pieces selected and prepared as stated in the appropriate general 
clauses rial! be as follows :— 

NORMALISED OR HARDENED AND TEMPERED 

En MB 

Property 

Limiting ruling section, in. 
Tensile strength, tons/sq. in., mm. 
Yield stress, lons/sg. In., mln. 

Elongation, per cent, min. 
tzod impact value, ft. l b , min. 
Biinell hardness lumber 

As altered 
Feb 1963 

* 30 for controlled grain steel. 

NOTE. When proof stress tests are specifically requested in the enquiry and order, 
the values shall be as follows :— 

Property 

Proof stress (0 2 per cent), tons/sq in , mm 

Hardened and tempered 
condition 

26 30 

COLD DRAWN 

Maximum size (diameter or width across flats), in. 2 
Tensile strength, tons/sq. in.," min. 45 
Elongation, per cent, min. 15 
Izod impact value, ft. lb. min. 15 
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ED 15 

CARBON-MANGANESE STEEL (HIGHER TENSILE) 

DARS AND ML1J5TS FOR FORGING 
FORCINGS AND DROF-FORGINGS 

BARS FOR MACHINING 
BRIGHT BARS 

Suitable for tensile ranges of 40/50 (Q), 45/55 (R), and 50/60 (S) 
tons/sq. in. according to the ruling section of the part The purchaser 
should state on the order the condition, Q, R or S, for which the 
material is ultimately required. 

Chemical composition. The steel shall contain : 

Elemcn* 

Carbon 
Silicoo 
Manganese 
Sulphur 
Phosphorus 

Percent 

mln. 

030 
010 
1-30 
— 
~~" 

max. 

0 40 
0-35 
170 
0050 
0 050 

Condition of material on delivery, a. Bars and billets for forging shall 
be delivered as rolled or forged, unless the order states otherwise. 

b. Forgings and drop-forgings shall be delivered in the finally heat treated 
condition, unless the order states otherwise. 

c. Bars for machining shall be delivered in the finally heat treated con
dition, unless the order states otherwise. 

d. Bright bars shall be delivered in the finally heat treated condition, 
heat treatment being given either before or after any cold work at the 
option of the manufacturer, unless the order states otherwise. 

Heat treatment The heat treatment to be given to the test bars, selected 
as stated in Clause 7, and to material supplied in the finally heat treated 
condition, shall be as follows :— 

Harden in oil from a temperature of 840/870°C. 
Temper at a suitable temperature between 550°C. and 660°C. 

76 

Mechanical properties. The mechimcal properties obtained (torn the 

Z^Zut^mLlrZaKd as s,ated m thB apprapriate 6enera] 

Property 

Limiting ruling section, in. 
Tensile strength, 

tons/sq. in., min. 
Yield stress, tons/sq. in., mln. 
Elongation, per cent, mm. 
Izod impact value, ft. lb., mm 
Brtnell hardness number 

Hardened and tempered condition 

6 

40 
28 
22 
25 

179/229 

3 

4 

40 
28 
22 
35 

179/229 

R 

2 ^ 

45 
34 
20 
30 

201/255 

% 

50 
38 
20 
30 

223/277 

! £ M S ! ll°fj^J^ ^ 5P«ifi«'* -"-*«« '" «" ™**> the valuo shall bo as follows .— and order 

Property 

Proof stress (02 per cent), tons/sq in , 
min 
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Enl5A 
CARBON-MANGANESE STEEL (HIGHER TEMSILE) 

BAIIS AND BOLETS FOR FORGING 
FORCINGS AND DROP-FORGINCS 

BARS FOR MACHINING 
BRIGHT BARS 

Suitable for tensile ranges of 40/50 (Q), 45/55 (R), and 50/60 (S) tons/sq. in. 
according to the ruling section of the part. The purchaser should state 
on the order the condition, Q, R or S, for which the material is ultimately 
required. 

Chemical composition. The steel shall contain : 

Carbon 
Silicon 
Manganese 
Sulphur 
Phosphorus 

Per cent 

mln. 

0-30 
0-05 
1-30 
— 

~ 

max. 

0 40 
0 35 
1-70 
C060 
0060 

Condition of material on delivery, a. Bars and billets for forging shall 
be delivered as "rolled or forged, unless the order states otherwise. 
b. Forging and drop-forgings shall be delivered in tbc finally heat treated 
condition, unless the order states otherwise. 
c. Bars for machining shall be delivered in the finally heat treated con
dition, unless the order states otherwise. 
rf. Bright bars shall be delivered in the finally heat treated condition, 
heat treatment being given either before or after any cold work at the 
option of the manufacturer, unless the order states otherwise. 

Heat treatment. The heat treatment to be given to the test bars, selected 
as stated in Clause 7, and to materia! supplied in the finally heat treated 
condition, shall be as follows : 

Harden in oil from a temperature of 840/870°C. 
Temper at a suitable temperature between 550°C. and 660"^. 

78 

EnI5A 
Mechanical properties. The mechanical properties obtained from the 
test pieces selected and prepared as stated in the appropriate general 
clauses shall be as follows :— 

Limiting ruling section, in. 
Tensilo strcngth,tons/sq. in, mia. 
Yield stress, tonsjsq. in., mln. 

Elongation, per cent, min. 
Izod impact value, ft. lb., mm. 
Brlnell hardness number 

Hardened and tempered condition 

Q 

4 
40 
28 

22 
25 

179/229 

R 

45 
34 

25 
201/255 

S 

% 
50 
38 

20 
25 

223/277 
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En 15AM 
CARBON-MANGANESE STEEL—FREE CUTTING 

BARS AND BILLCTS FOR FORGING 
FORCINGS AND DROP FORGINGS 

BARS FOR MACHINING 
BRIGHT BARS 

Suitable for a tensile strength of 45/55 (R) tons/sq. in. 

Chemical composition. The steel shall contain: 

Carbon 
Silicon 
Manganese 
Sulphur 
Phosphorus 

Per cent 

mln 

030 

1-30 
012 

max. 

0 40 
025 
1-70 
0 20 
0 060 

Condition of material on delivery, a- Bars and billets for forging shall be 
delivered as rolled or forged, unless the order states otherwise. 
b. Foiging and drop-forgings shall be delivered in the finally heat treated 
condition, unless the order states otherwise. 
c. Bars for machining shall be delivered in the finally heat treated 
condition, unless the order states otherwise. 
d. Bright bars shall be delivered in the finally heat treated condition, 
heat treatment being given either before rr after any cold work at the 
option of the manufacturer, unless the order states otherwise 

Heat treatment. The heat treatment to be given to the test bars, selected 
as stated in Clause 7, and to material supplied in the finally heat treated 
condition, shall be as follows:— 

Harden in oil from a temperature of 840/870°C. 
Temper at a suitable temperature between 550°C. and 660°C. 

80 

En 15AM 

Mechanical properties. The mechanical properties obtained from the test 
pieces selected and prepared as stated in the appropriate general clauses 
shall be as follows:— 

Condition Hardened and tempered, R 
Limiting ruling section, in. 2J£ 
Tensile strength, tons/sq. in , min. 45 
Yield stress, tons/sq. in-, mm. 34 
Elongation, per cent, min. 20 
Izod impact value, ft. lb., min. .25 
Brlnell hardness number 201/255 
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Enl 5B 
CARBON-MANGANESE STEEL (HIGHER TENSILE) 

BARS AND BILLETS FOR FORCING 
FORCINGS AND DROP-FORCINGS 

DARS FOR MACHINING 
BRIGHT BARS 

Suitable for tensile ranges of 40/50 (Q), 45/55 (R), 50/60 (S), and 55/65 (T) 
tons/sq. in. according to the ruling section of the part. The purchaser 
should state on the order the condition, Q, R, S, or T, for which the 
material is ultimately required. 

Chemical composition. The steel shall contain : 

Element 

Carbon 
Silicon 
Manganese 
Sulphur 
Phosphorus 

Per cent 

min. 

0 35 
005 
1-10 
— 

max. 

0 40 
035 
1-30 
0060 
0060 

Condition of material on delivery, a. Bars and billets for fotgings shall 
be delivered as rolled or forged, unless the order states otherwise. 
b. Forgings and drop-forgings shall be delivered in the finally heat 
treated condition, unless the order states otherwise. 
c. Pars for machining shall be delivered in the finally heat treated con
dition, unless the order states otherwise. 
rf. Bright bars shall be delivered in the finally heat treated condition, 
heat treatment being given either before or after any cold work at the 
option of the manufacturer, unless the order states otherwise. 

Heat treatment. The heat treatment to be given to the test bars selected 
as stated in Clause 7, and to material suppled in the finally heat treated 
condition, shall be as follows:— 

Harden in oil from a temperature of 84O/870°C. 
Temper at a suitable temperature between 550°C. and 660oC. 

82 

Mechanical properties. The mechanical properties obtained from the 
test pieces selected and prepared as stated in the appropriate general 
clauses shall be as follows :— 

Property 

Limiting ruling section 
Tensile strength, 

tons/sq, in., min. 
Yield stress, tons/sg. In., min. 

Elongation, per cent, min. 
Izod Impact value, ft. lb., min. 
Brlnell hardness number 

Hardened and tempered condition 

40 
26 

20 
25 

1791229 

2VZ 

45 
32 

20 
25 

2011255 

% 

50 
36 

20 
25 

2231277 

55 
42 

18 
25 

2481302 

83 

Copyright British Standards Institution 
Provided by IHS under license with BSI - Uncontrolled Copy 

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



En 16, 16A, 16B, 16C, 16D 
MANGANESE-MOLYBDENUM STEEL 

BARS AND BILLETS FOR FORCING 
rOBGINGS AND DROP-FORGINGS 

BARS FOR MACHINING 
BRIGHT BARS 

En 16, Suitable for tensile ranges of 45/55 (R), 50/60 (S), 55/65 (T), 60/70 (U) and 
16D 65/75 (V) tons/sq. in, according to the ruling section of the part. The 

purchaser should state on the order the condition, R, S, T, U or V, for 
which the material is ultimately required. 

Chemical composition. The steel shall contain : 

Carbon 
Silicon 
Manganese 
Molybdenum 
Suiphur 
Phosphorus 

Percent 

mis 

030 
0 1 0 
130 
020 
— 
**~ 

mox. 

0 40* 
0 35 
1-80 
0-35 
0 050 
0050 

* For small ruling sections, ot when the steel is to be hardened in water, the carbon 
content by agreement between the purchaser and the manufacturer shall be O-25/0 33 
per cent and the steel wilt be designated as En 16D. 
Condition of material on delifcry. a. Bars and billets for forgixig shall 
be delivered as rolled or forged, unless the order states otherwise. 
b. Forgings and drop-forgings shall be delivered in the dually heal 
treated condition, unless the order states otherwise. 
c. Bars for machining shall be delivered in the finally heat treated con
dition, unless the order states otherwise. 
d. Bright bars shall be delivered in the finally heat treated condition, 
heat treatment being given either before or after any cold work at the 
option of the manufacturer, unless the order states otherwise. 

Heat treatment. The heat treatment to be given to the test bars, selected 
as stated in Clause 7, and to material supplied in the finally heat treated 
condition, shall be as follows:— 

Harden in oilf from a temperature of 830/860°C. 
Temper at a suitable temperature between 550°C. and 660°C. 

Material supplied in the finally heat treated condition may be hardened 
m water if suitable precautions are taken, but it is recommended that in 
such cases the carbon content should not exceed 0-35 per cent. 

t When parts to En 16D are to be water quenched, this shall b« stated on the order 
and the test bars shall be similarly heat treated. 
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En 16,16A, 16B, 16C, 16D 

Mechanical properties. The mechanical properties obtained from the 
test pieces selected and prepared as stated in the appropriate general 
clauses shall be as follows :— 

Limiting ruling section 
Tensile strength, 

tons/sq in., min 
Yield stress, tons/sq. in., niln. 

Elongation, per cent. min. 
Izod impact value, ft. lb , min 
Brinell hardness number 

Hardened and tempered condition 

R 

6 

45 
34 

22 
40 

201/255 

S 

4 

50 
"38 

20 
40 

223/277 

T 

2 # 

55 
44 

18 
40 

248/302 

V 

m 
60 
48 

17 
35 

269/321 

V 

% 

65 
52 

16 
35 

293/34! 

NOTE. When proof stress tests are specifically requested In the enquiry and order, 
the values shall be as follows :— 

Property 

Proof stress (0 2 per cent) tons/ 
sq. in., nun. 

Hsrdened and tempered condition 

K 

32 

5 

36 

T 

41 

U 

46 

V 

50 

For special applications steel of thi< type may be ordered to specification 2n I6A, En 16A, 
En 16B or En 16C, when it wilt be supplied to a specified composition only, the limits 16B, le-C 
of which are sho*n below. Mechanical properties are not part of the contractual 
obligations of specifications En 16A, En 160 and En 16C. 

Clement 

Carbon 
Silicon 
Manganese 
Molybdenum 
Sulphur 
Phosphorus 

En ISA 

Per cent 

min. 

0 25 
0-10 
1-30 
0 20 

max. 

0-30 
0-35 
180 
0-35 
0 050 
0 050 

Enl6B 

Per cent 

ram 

0-30 
010 
1-30 
0 20 

max. 

035 
035 
1-80 
035 
0 050 
0 050 

Enl6C 

Per «nl 

m!n. 

0'35 
010 
130 
0 20 

max. 

0 40 
0 35 
180 
0S5 
0 050 
0 050 
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Enl6M 

MANGANESE-MOLYBDENUM STEEL—FREE CUTTING 
BARS AND BJU.ETS POR FORGING 
FORCINGS AND DROP FORGINGS 

BARS FOR MACHINING 
BRIGHT BARS 

Chemical composition. The itee! shall contain: 

Dement 

Carbon 
Silicon 
Manganese 
Molybdenum 
Sulphur 
Phosphorus 

Per cent 

mis. 

0 30 

— 
1-30 
0 2 0 
0 1 2 

— 

max. 

0-40 
0 2 5 
180 
035 
0-2C 

oo:^ 

Condition of material on delivery, a. Bars and billets for forging shall be 
delivered as rolled or forged, unless the ordf.r states otherwise. 
6. Forgings and drop-forgings shall be delivered in the finally heat treated 
condition, unless the order states otherwise. 
c. Bars for machining shall be.delivered in the finally beat treated 
condition, unless the order states otherwise. 
d. Bright bars shall be delivered in the finally heat treated condition, 
heat treatment being given either before or after any cold work at the 
option of the manufacturer, unlecs the order states otherwise. 

Heat treatment. The heat treatmeui to be given to the test bars, selected 
as stated in Clause 7, and to material supplied in the finally heat treated 
condition, shall be as follows:— 

Harden in od from a temperature of 830/8fiO°C. 
Temper at a suitable temperature between 550°C. and 660°C 

Mechanical properties. If required, mechanical properties shall be agreed 
between the purchaser and the manufacturer. 
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En 17 
MANGANESE-MOLYBDENUM STEEL (HIGHER MOLYBDEr-HJM) 

BARS AND BILLETS FOR FORCING 

FORCINGS AND DROP-FORCINGS 
DARS FOR MACHINING 

BRIGHT BARS 

Suitable for tensile ranges of 45/55 (R), 50/60 (S), 55/65 (Y). 60/70 (U) and 
65/75 (V) tons/sq. in. according to the ruling section of the part. The 
purchaser should state on the order the condition, R, S, T, U or V, for 
which the material is ultimately required. 

Chemical composition. The steel shall contain : 

Element 

Carbon 
Silicon 
Manganese 
Molybdenum 
Sulphur 
Phosphorus 

Per cent 

niln. 

030 
010 
1'30 
0 35 

_ 

max. 

0-40 
0-35 
180 
0 55 
0 050 
0050 

Condition of material on delivery, a. Bars and billets for forging shall 
be delivered as rolled or forged, unless the order states otherwise. 

b. Forgings and drop-forgings shall be delivered in the finally heat 
treated condition, unless the order states otherwise. 

c Bars for machining shall be delivered in the finally heat treated 
condition, unless the order states otherwise. 

d. Bright bars shall be delivered in the finally heat treated condition, 
heat treatment being given either before or after any cold work at the 
option of the manufacturer, unless the order state3 otherwise. 

Heat treatment. The heat treatment to be given to the test bars, selected 
as stated in Clause 7, and to material supplied in the finally heat treated 
condition, shall be as follows :— 

Harden in oil from a temperature of 830/860°C. 
Temper at a suitable temperature between 550°C. and 660°C. 

Material supplied in the finally heat treated condition may be hardened in 
water if suitable precautions are taken, but it is recommended that in 
such cases the carbon content should not exceed 0-35 per cent. 
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En 17 

Mechanical properties. The mechanical properties obtained from the 
test pieces selected and prepared as stated in the appropriate general 
clauses shall be as follows :— 

Property 

Limiting ruling section, In 
Tensile strength, 

tons/sq. i n , min. 
Yield stress, tons/so. In., min. 
Elongation, per cent, min. 
Izod impact value, ft. lb., min. 
Brtnell hardness number 

Hardened and tempered condition 

R 

6 

45 
34 
22 
10 

2011255 

S 

6 

E0 
38 
20 
40 

2231277 

T 

4 

55 
44 
18 
40 

2481302 

V 

z% 

60 
48 
17 
35 

269/321 

V 

1% 

65 
52 
16 
35 

2931341 

NOTE. When proor stress tests are specifically requested in the enquiry and order, 
the values shall be as fotlowi:— 

Prop«rt/ 

Proof stress CO 2 per cent) tons/sq 
in., min. 

Hudcaod u d tampand condition 

it 

32 

S 

36 

T U V 

! i 
41 46 j 50 
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En 18,18A, 18B, 18C, 18D 

1 PER CENT CHROMIUM STEEL 

BARS AND IffliElS FOR FORGING 
FORGINCS AND DROP-FORGINCS 

BARS FOR MACHINING 
BRIGHT BARS 

En 18 Suitable for tensile ranges of 45/55 (R), 50/60 (S) and 55/65 (T) tons/sq. in 
according to the ruling section of the pan. The purchaser should state 
on the order the condition R, S, or T for which the material is ultimately 
required. 

Chemical composition. The steel shall contain : 

Element 

Carbon 
Silicon 
Manganese 
Chromium 
Sulphur 
Phosphorus 

Percent 

rob. 

0-35 
0-10 
0 6 0 
0-85 

— 
— 

max. 

0-45 
035 
0-95 
1-15 
0050 
0 050 

Condition of material on delivery, a. Bars and billets for forging shall be 
delivered as rolled or forged, unless the order states otherwise. 

b. Forgings and drop-forgjuags shall be delivered in the finally heat treated 
condition, unless the order states otherwise. 

c. Bars for machining shall be delivered in the finally heat treated 
condition, unless the order states otherwise. 

d. Bright bars shall be delive-ed in the finally heat treated condition, 
heat treatment being given eidier before or after any cold work at the 
option of the manufacturer, unless the order states otherwise. 

Heat treatment. The heat treatment to be given to the test bars, selected 
as stated in Clause 7, and to material supplied in the finally heat treated 
condition, shall be as follows:— 

Harden in oil or water from a temperature of 850/880°C. 
Temper at a suitable temperature between 550°C. and 700°C. 

Steels in the upper part of the composition range should not be water 
hardened unless special precautions are taken. 
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En 18,18A, 18B, 18C, 18D 

Mechanical properties. The mechanical properties obtained from the test 
pieces selected and prepared as stated in the appropriate general clauses 
shs'I be as follows :— 

Property 

Limiting ruling section, in. 
Tensile strength, 

tons/sq. in., min. 
Yield stress, tons/sq. in , min. 

Elongation, per 'Knt, min. 
Izod impact va'ue, ft. lb., min. 
Brlnell hardness number 

Hardened and tempered condition 

45 
34 

22 
40 

201/255 

50 
38 

20 
40 

223/277 

55 
44 

18 
40 

248/302 

NOTE. When proof stress tests are specifically requested in the enquiry and order, 
tho values shall bo as follows • »»u-». 

Property 

Proof stress (0 2 per «nt), tons/sq In , 
mm. 

Hardened and tempered condition 

R 

For special applications steel of this type may he ordered to specification En ISA, En 18A, 
tn 188, En 18C or En 18D, when it will be supplied to a specified composition only,}§rl

,!8C' 
the limits of which are shown below. Mechanical properties are not part of the18 

contractual oKlgations of specifications En ISA, En 18B, En 18C and En 180. 

Element 

Carbon 
Silicon 
Manganese 
Chromium 
Sulphur 
Phosphorus 

EulSA 

Per cent 

mil. 

0 27 
0-10 
065 
0 85 

max 

0 32 
0 35 
0 80 
M5 
0 050 
0 050 

Pn I8F1 

Per cent 

nun 

0-30 
010 
0 65 
0 85 

mux. 

0-35 
035 
0 80 
116 
0 050 
0 050 

En 

Pet 

<nln. 

0-35 
0-10 
0 65 
0 85 

8C 

cent 

max. 

0 33 
0-35 
OSO 
1-15 
0 050 
0 050 

7a 

Per 

inln 

0 38 
010 
0 65 
0-85 

ISO 

cent 

max 

0 43 
035 
0 80 
M5 
0 050 
0 050 
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En 19 

1 PER CENT CHROMUmi-MOLYBDENUM STEEL 
BARS AND DnXETS FOR FORGING 
FORCINGS AND DROP-FORGINGS 

BARS FOR MACHTHtNG 
BRIGHT BARS 

Suitable for tensile ranges of 45/55 (R), r.0/&) (S), 55/65 (T), 60,70 (U). 
65/75 (V), 70/80 (W) and 80/90 0 0 tons/sq. in. according to the ruling 
section of the part. Ths purchaser should state on the order the condition, 
R, S, T, U, V, W or Y, for which the steel is ultimately required. 

Chemical composition. The steel shall contain : 

Carbon 
Silicon 
Mimranese 
Chromium 
Molybdenum 
Sulphur 
Phosphorus 

Per cent 

mlo. 

035 
010 
050 
£h90 
020 
— 

max. 

045 
0-35 
080 
1-50 
0^0 
0050 
0050 

Condition of material on dcliYery. a. Bars and billets for forging shall 
be delivered as rolled or forged, unless the order states otherwise. 
b. Forgings and drop-forgings shall be delivered in the finally heat 
treated condition, unless the order states otherwise. 
c. Bars for machining shall be delivered in the finally heat treated 
condition, unless the order states otherwise. 
d. Bright bars shall be delivered in the finally heat treated condition, 
heat treatment being given either before or after any co/d work at the 
option of the manufacturer, unless the order states otherwise. 

Heat treatment. The heat treatment to be given to the test bars, selected 
as stated in Clause 7, and to material supplied in the finally heat treated 
condition, shall be as follows :— 

Harden in oil from a temperature of 850/880°C. 
Temper at a suitable temperature between 550°C. and 720*C. 
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En W 
Mcclmnical properties. The mechanical properties obtained from the 
test pieces selected and prepared as stated in the appropriate general 
clauses shall be as follows :— 

Property 

Limiting ruling section, in. 
Tensile strength, 

tons/sq. in., min. 
Yield stress, lonsjsq in., min. 

Elongation, per cent, min. 
Izod impact value, ft. l b , 

min. 
Brlnell hardness number 

45 
34 

22 
40 

2011 
2SS 

Hardened and tempered condition 

S 

50 
38 

20 
40 

2231 
277 

2J4| 

55 
44 

18 
40 

2481 
302 

V 

60 
48 

17 
35 

2691 
321 

I H 

65 
52 

16 
35 

2931 
341 

W 

70 
58 

15 
30 

3111 
375 

80 
68 

10 
10 

3631 
413 

NOTE 1. When proof stress tests ate speclOcally requested In the enquiry and 
order, lbs values shall be as follows :— 

Property 

Proof stress (O-Z per cent) 
tons/sq in. min. 

14 

Hardened nod tempered condition 

S 

56 n 

v 
16 50 

Y 

ri 

NOTE 2. In cases where the higher tensile ranges aro not required or the ruling 
section is smaller, the steel may be'ordered to specification En I9A 
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En 19A, 19B and 19C 

1 PER CENT CHROMIUM-MOLYBDENUM STEEL 

BARS Atfl) BILLETS FOR FORGING 
FORGINGS AND DEW-FORCINGS 

BARS FOR MAClfNING 
BRIGHT BAR& 

En 19A Suitable for tensile ranges of 45/55 (R), 50/60 (S), 55/65 (T), 60/70 (U) and 
65/75 (V) tons/sq. in. according to the ruling section of the part. The 
purchaser should state on the order the condition, R, S, T,-U or V, for 
which the material is ultimately required. 

Chemical composition. The steel sSialt contain : 

Carbon 
Silicon 
Manganes; 
Chromium 
Molybdenum 
Sulphur 
Phosphorus 

Per cent 

mm. 

035 
010 
050 
090 
020 

— — 

max. 

0-45 
035 
0-80 
120 
0-35 
0050 
0050 

Condition of material on delivery, a. Bars and billets for foiging shall 
be delivered m rolled or forged, unless the order states otherwise. 
b Forgiogs and drop-torgings shall be delivered in the finally heat treated 
condition, unless the order states otherwise. 

c. Bars for machining shall be delivered in the finally heat treated 
condition, UOIPSS the order states otherwise. 

d. Bright bars shall be d:livtred in the finally heat treated condition, 
heat treatment being given either before or after any cold'work at the 
option of the manufacturer, unless the orr?jr states otherwise. 

Heat treatment. The heat treatment to be given to the test bars selected 
as stated in Clause 7, and to material supplied in the fically heat treated 
condition, shall be as follows :— 

Harden in oil from a temperature of 850/880°C. 
Temper at a suitable temperature between 550°C and 720°C. 
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En 19A, 19B and 19C 
Mechanical properties. The mechanical properties obtained from the test 
pieces selected and prepared as stated in the appropriate general clauses 
shall be as follows :— 

-

Limiting ruling section, in. 
Tensile strength 

tons/sq. in., min. 
Yield stress, tons! sq. If., min. 

Elongation, per cent, min. 
Izod imp;.' t value, ft. lb., mio. 
Brincll hardness number 

Hardened and tempered condition 

R 

6 

45 
34 

22 
40 

2011255 

S 

4 

50 
38 

20 
40 

223)277 

T 

2*4 

55 
44 

18 
40 

248J302 

U 

CO 
48 

17 
35 

2691321 

V 

% 

65 
52 

16 
35 

293/341 

NOTE. When proof stress teats are specifically requested in the enquiry ami ™iCr 
the values shall be as follows •— "' 

Proof stress (0-2 per cent) tons/ 
sq. in., min. 

R 

32 

ffnrdencd and tempered condition 

S 

36 

T 

41 

U 

45 

V 

50 

For special applications steel oT this type may be ordered to specification En 19D or 
En 19C, when it will be supplied to a specified composition only, limits of which are 
shown below. Mechanical properties are not part of the contractual obligation] of 
specifications En 19B and En I9C. 

Element 

Carbon 
Silicon 
Manganese 
Chromium 
Molybdenum 
Sulphur 
Phosphorus 

SpecutcaUro 

EnI9B 

Per ceot 

win. 

035 
010 
0 50 
090 
0-20 

mix. 

0 40 
0 35 
080 
1-20 
035 
0 050 
0-050 

EnI9C 

Per ceot 

ndn. 

0 40 
010 
0 50 
0 90 
0 20 

n u 

0 45 
0-35 
0 80 
1-20 
035 

-0-050 
0-050 
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En 20A, ZOB 

1 PER CENT CHROMIUM-MOLYBDENUM STEEL 
(HIGHER MOLYBDENUM) 

FOR HIGH TEMPERATURE BOLTS 
BARS AND DnXETS FOR FORGING 
rORGINGS AND DROP-FORGINGS 

BARS FOR MACHINING 
BRIGHT BARS 

Suitable for tensile ranges of 55/65 (T), 60/65 (IS), and 65/75 (V) tons/sq.in. 
according to the ruling section of the part. The purchaser should state on 
tha order the condition, T, U or V, for which the material is ultimately 

required. 

Chemical composition. The steel shall contain : 

Flement 

Carbon 
Silicon 
Manganese 
Chromium 
Molybdenum 
Sulphur 
Phosphorus 

EoIOA 

Per «ut 

min. 

0 20 
010 
040 
050 
0-50 
— 
*—— 

max. 

0 30 
0-35 
0 70 
100 
0 80 
0050 
0-050 

En 208 

Per cent 

min. 

0 35 
010 
040 
100 
050 
— 

"" 

max. 

0 45 
0-35 
0 70 
1-50 
090 
0050 
n-050 

Condition of material an delivery, a. Bars and billeU for forging shall 
be delivered as rolled or forged, unless the order states otherwise." 

b. Forgings and drop-forgings shall be delivered in the finally heat 
treated condition, unless the order states otherwise. 

c. Bars for machining shall be delivered in the finally heat treated con
dition, unless the order states otherwise. 

d. Bright bars shall be delivered in the finally heat treated condition, 
heat treatment being given either before or after any cold work at the 
option of the manufacturer, unless the order states otherwise. 

Heat treatment. The heat treatment to be given to the test bars, selected 
as stated in Clause 7, and to matenal supplied in the finally heat treated 
condition, chall be as follows :— 

Harden in oil or water from a temperature of 850/900°C. 
Temper at a suitable temperature between 550°C. and 720°C. 

96 

En 20A, 20B 
The water hardening treatment is more suitable for En 20A and the oil 
hardening treatment is more suitable for En 20B. 

Mechanical properties. The mechanical properties obtained from the test 
pieces selected and prepared as stated in the appropriate general clauses 
shall be as follows :— 

Property 

Limiting ruling section, in. 
Tensile strength, tons/sq. in., min. 
Yield stress, tonsjsq. In., mlr„ 

Elongation, per ceo Mn. 
Izod impact value, ft. lb.,r>in, 
Brlnetl hardness number 

Hardened and tempered condition 

T 

zy* 
55 
44 

18 
40 

2481302 

V 

2% 
60 
48 

17 
35 

2691321 

V 

1% 
65 
52 

16 
35 

2931341 

NOTE. When proof strew tests are specifically requested in th 
tho values shall be as follows:— e enquiry and order, 

Property 

Proof stress (0-2 per cent) 
tons/sq In" min. 

Hardened and tempered condition 

41 46 50 
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En 21, 21A 
3 PER CENT NICKFL STEEL 

BAR3 UTO BILLETS FOR FORCING 
FORCINGS AND DROP-FOKGINCS 

BARS FOR MACHINING 
BRIGHT BARS 

En 21 Suitable for tensile ranges of 45/55 (R) and 50/60 (S) tons/sq. in , according 
io the ruling section of the part. The purchaser should state on the order 
the condition, R or S, for which the steel is ultimately required. 

Chemical composition. The stee! shall contain : 

Element 

Carbon 
Silicon 
Manganese 
Nickel 
Chromium 
Sulphur 
Phosphorus 

Percent 

mln. 

025 
010 
0 35 
275 
— 
— 

max. 

035 
0-35 
0-75 
325 
0-30 
0050 
0050 

Condition of material on delivery, a. Bars and billets for forging shall 
be delivered as rotted or forged, unless the order states,otherwise. 
b. Forgings and drop-forgings shall be delivered in the finally heat treated 
condition, unless the order states otherwise. 

Bars for machining shall be delivered in the finally heat treated con
dition, unless the order states otherwise. 
d. Bright bars shall be delivered in the finally heat treated condition, 
heat treatment being given either before or after any cold work at the 
option of tho manufacturer, unless the order states otherwise. 

Heat treatment. The heat treatment to be given to the test bars, selected 
as stated in Clause 7, and to material supplied in the finally heat treated 
condition, shall be as follovvs :— 

Harden in oil or water from a temperature of SSO/SWC 
Temper at a suitablo temperature between 5JO°C. and 650"C. 

98 

Mechanical properties. The mechanical properties obtained from the test 
pieces selected and prepared as stated in the appropriate general clauses 
shall be as Follows :— 

En21,2lA 

Property 

Limiting ruling section, in. 
Tensile strength, tons/sq. in., nun 
Yield stress, tons\sq. In., inin. 

Elongation, per cent, mm. 
Izotl impact, ft. lb . min. 
Brlnell hardness number 

Hardened and 
tempered condition 

It 

4 
45 
32 

22 
40 

2011255 

S 

2W 
50 
38 

20 
40 

223P77 

t\'OTE When proof stress testa are specifically requested in the enquiry and order, 
tbt voli'ss shall be as follows :— 

Property 

Proof stress (0 2 per cent) tons/so, in., rain. 

r 
Hardened and 

tempffed eooilitiuD 

R S 

33 36 

Steel of this type may also be required in the lorm of plate and sheet En 2IA 
(see B.S. 1449, ' Steel plate, sheet and strip •) , the chemical composition 
of this steel is as follows .— 

Carbon 
Silicon 
Manganese 
Nickel 
Sulphur 
Phosphorus 

Percent 

nan. 

... . 
0 20 010 
— 
250 
— 
— 

max. 

030 
035 
060 
350 
0 050 
0 050 
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3W PER CEtfr NICKEL STEEL 

HARS AND BIU'.KTS FOR FORGING 
FORG1NGS AND DROP-FORGINGS 

BARS FOR MACHINING 
BRIGHT BARS 

Suitable for tensile ranges of 50/60 (S) and 55/65 (T) tons/sq. in., accoiding 
to the ruling section of the part. The purchaser should state on the order 
the condition, S or T, for which the steel is ultimately required. 

Chemical composition. The steel shall contain : 

Carbon 
Silicon 
Manganese 
Nickel 
Chromium 
Sulphur 
Phosphorus 

Per cent 

mm 

035 
010 
050 
325 

— 

max. 

045 
0-35 
0 80 
3-75 
030 
0050 
0050 

Condition of material on delhery. a. Bars and billeti for forging shall 
be delivered as rolled or forged, unless the order states otherwise 
6. Forgings and drop-ioigings shall be delivere 1 in the finally heat treated 
condition, unless the order states otherwise 
c. Bars for machining shall be deiiused in the finalN heat treated con
dition, unless the order states otherwise. 
d. Bright bars shall be delivered in the finally heat treated condition, 
heat treatment being given either before or after any cold work at the 
option of the manufacturer, unless the order states otherwise. 

Heat treatment. The heat treatment to be given to tha test bars, "selected 
as stated in Clause 7, and to material supplied in the finally heat treated 
condition, shall be as follows :— 

Harden in oil from a temperature of 830/860°C. 
Temper at a suitable temperature between 550°C and 650°C. 

100 

J S T S T 1 P , r o p e ? t e \ T h o «»«*anlcal properties obtained from the 

S ^ T a n t a s l o n l ^ 3 ^ ^ S , 3 t £ d " t h ° • " " * * * ^ e r a l 

En 22 

Properly 

Limiting ruling section, in. 
Tensile strength, tons/sq. in., min 
Yield stress, tons/sg. In, mln. 

Hardened and 
tempered condition 

4 
50 
38 

Elongation, per cent, mill. ] 20 
Tzod impact value, ft. lb., min. [ 40 
Brtnell hardness number j 223J277 

55 
44 

18 
40 

, 248/302 

X ^ s Z l T J ^ T l a ' e SPKifiCa"y "*"»««»in ** «*«*> «»d order, 

Property 

Proof stress (0 2 per cent) tons/sq. in., mln. 

Hardened ami 
tempeml condition 

36 41 
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En 23 

3 PER CENT NICKEL-CHROMIUM STEEL 
BARS AND BILLETS FOR FORCING 
FORCINGS AND DROP-FORGiNGS 

BARS TOR MACHINING 
BRIGHT BARS 

Suitable for tensile ranges or 50/60 (S), 55/65 (T), 60/70 (U) or 65/75 (V) 
tons/sq. in., according to the ruling section of the part. The purchaser 
should stale on the order the condition, S, T, U or V, for which the 
material is ultimately required. 

Chemical composition. The steel shall contain . 

Llcmcnt 

Carbon 
Silicon 
Manganese 
Nickel 
Chromium 
Molybdenum 

(optional*) 
Sulphur 
Phosphorus 

inin. 

0 25 
0 1 0 
0 45 
2-75 
050 

— 
— 
— 

max. 

0 35 
0 3 5 
070 
3 5 0 
100 

065 
0050 
0050 

Condition of material on delivery, a. Bars and billets for forging shall 
be delivered as rolled or forged, unless the order states otherwise. 
b. Forgings and drop-forgings shall be delivered in the finally heat 
treated condition, unless the order states otherwise. 
c Bars for machining shall be delivered in the fl-ally heat treated con
dition, unless the order states otherwise 
rf. Bright bars shall be delivered in the finally heat treated condition, 
heat treatment being given either before or after any cold work at the 
option of the manufacturer, unless the order states otherwise 

Heat treatment. The heat treatment to be given to the test bars, selected 
a- staled in Clause 7, and to material supplied in the finally heat treated 
condition, shall be as follows :— 

Harden in oil from a temperature of 820/850°C. 
Temper at a suitable temperature between 550°C. and 660°C. 

NOTE Ifsj) adequile conlem of molybdenum is noi present it is preferable lo cool 
in oil or vfilcr after tempering. 

• See Cta«e 4 c. 
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Mechanical properties. The mechanical properties obtained from the 
test pieces selected and prepared as stated in the general clauses shall be 
as follows.— 

Property 

Limiting ruling section 
Tensile strength, 

tons/sq. in , mm 
Vteltt stress, lons/sq. in., nun 

TJongation, per cent, mm 
l«xl impact value, ft. lb , mm 
llnncll Imrdnefj number 

lia 

S 

6 

50 
3S 

20 
40 

2231277 

rdened and tempered eund'lior. 

T 

6 

55 
44 

18 
40 

24S/302 

V 

6 

60 
48 

17 
35 

2691321 

V 

2*5 

65 
52 

16 
35 

293/341 

When supplied in the softened condition the materia! shall have a Brinell 
hardness number not exceeding 269. 

NO TC When proof stress tcsls i-re specifically requested in Ihe enquiry and order, 
the values shall be as follows :— 

Property 

Proor stress (0 2 per cent) 
lons/sq in , mm 

Hardened RD<1 tempered condition 

36 

T 

4! 

U 

46 

V 

5U 
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En 24 

\H PER CENT NtCKEL-CHROMIUM-MOLYBDENUM STEEL 

UAHS ANO DIU-ETS FOR TOUTING 
FORCINGS AND DROP-FORCINGS 

BARE TOR MACMNINR 
UIUGIir OARS 

Suitable for tensile ranges of 50/60 (S), 55/65 (T). 60/70 (U), 65/75 (V), 
70/80 (W), 75/85 (X), 80/90 (Y), and 100 (Z) tons/sq. in. according to the 
ruling section of the part. The purchaser should state on tho order the 
condition, S, T, U, V, W, X, Y or Z, for which the material is ultimately 
required. 

Chemical composition. The steel shall contain : 

Element 
Per cent 

mln. 

Carbon 
Silicon 
Manganese 
Nickel 
Chromium 
Molybdenum 
Sulphur 
Phosphorus 

0 35 
0 1 0 
04b 
1-30 
090 
0 2 0 

— 

0 4 5 
0-35 
0 70 

. 1 8 0 
1-40 
0 3 5 
0050 
0 050 

Condition of material on delivery, a. Bars and billets for forging shall 
be delivered as rolled or forged, unless the order states otherwise. 

b. Forgings and drop-forgings shall be delivered in the finally heat 
treated condition, unless the order states otherwise. 

c. Bars for machining shall be delivered in the softened condition, unless 
the order states otherwise. 

d. Bright bars shall be delivered in the finally heat treated condition, 
heat treatment being given either before or after any cold work- at !\c 
option of the manufacturer, unless the order states otherwise. 

Heat trtatment. The heat treatment to be given to the test bars, selected 
as stated in Clause 7, and to material supplied in the finally heat treated 
condition, shall be as follows :— 

Harden in oil from a temperature of 820/850°C. 
Temper at a suitable temperature not exceeding 600"C. 
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En 24 

Mechanical properties. The mechanical properties obtained from the l e t 
pieces selected and prepared as stated in the appropriate general clauses 
shall be as follows •— 

Properly 

Limiting ruling 
section, in 

Tensile ilrenglh. 
ton? sq in , min 

Yield s trust. 
tonslsq. in., min 

Elongation, 
per cent, mm 

Izod impact value, 
ft lb., min 

Brinell hardness 
numbers 

S 

6 

50 

3S 

20 

40 

223/ 
277 

Hardened and tempered condition 

T 

6 

55 

44 

18 

40 

243/ 
302 

V 

4 

60 

.48 

17 

35 

269/ 
321 

V 

2M 

65 

52 

*-
35 

293/ 
341 

W 

m 
70 

58 

15 

30 

311/ 
375 

X 

VA 

75 

63 

14 

25 

341/ 
,388 

Y 

m 
80 

68 

14 

22 

3631 
415 

7. 

1% 

100 

85 

8 

8 

444 
min 

When supplied in the softened condition the material shall have a Brinell 
hardness number not exceeding 277. 

NOTE. When p.oof stress tests are specifically requested in the enquiry and order, 
the values shall be as follows :— 

> 
Property 

Proof slress (0 2 per cent), 
tons/sq in , mm 

" s " 

36 

T 

41 

Hardened aod tempered condition 

V 

46' 

V 

50 

' W X 

55 59 

V 

64 

z 

,80 
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t.n 25 
2% PFR CFNT N1CKEL-CHROM1UM-MOI.YBDENUM STEEL 

(MEDIUM CARBON) 

BARS AND BIIXETS FOR FORCING 
IORGINGS AND DROP-FORGINCS 

BARS FOR MACHINING 
BRIGHT BAKS 

Suitable for (ensile ranges of 55/65 (T), 60/70 (U), 65/75 (\), 70/80 (W), 
75/85 (X), 80/90 (Y), and 100 (Z) tons/sq. in. according to the ruling 
section of the part The purchaser should state on the order the condition, 
T, TJ. V, W, X, Y or Z, for which the mateiial is ultimately required. 

Chemical composition. The steel shall contain : 

Element 

Carbon 
Silicon 
Manganese 
Nickel 
Chromium 
Molybdenum 
Sulphur 
Phosphorus 

Per cent 

min. 

" 
0 27 
0 1 0 
0-50 
2-30 
0-50 
0 4 0 

— 

~ 

max. 

0 35 
035 
0 7 0 
2 8 0 
0 8 0 
0 70 
0050 
0 050 

Condition of material on delivery. "• Bars and billets forTorging shall 
be delivered as rolled or forged, unless the ordei states otherwise. 
6. Forgings and drop-forgings shall be delivered in the finally heat 
treated condition, unless the order slates otherwise 

c. Bars for machining shall be delivered in the softened condition, unless 
the order states otherwise. 

d. Bright bars shall be delivered in the finally heat treated condition, 
heat treatment being given either before or after any cold work at the 
option of the manufacturer, unless the order states otherwise'.' 

Heat treatment. The treatment to bo given to the tcsuhars, selected as 
stated in Clause 7, arid to material supplied in the finaiiy heat'treated 
cop'lition, shall be as follows:— 

Harden in oil from a temperature of 820/850°C. 
Temper at a suitable temperature not exceeding 660°C 
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Mcchanicnl properties. The mechanical properties obtained from the lest 
piece* selected and prepared a1- stated in ihc appropriate general clauses 
shall be as follows :— 

F J I 2 5 

Property 

Limiting ruling 
section, in. 

Tensile strength. 
tons/sq. in., mm 

Yield stress. 
tons[sq. in , min. 

Elongation, 
per cent, min 

Izod impact value, 
ft l b , mm. 

Brlnell hardness 
number 

T 

6 

55 

44 

18 

40 

248/ 
302 

Hardened and tempered condition 

U 

6 

60 

48 

17 

35 

2691 
321 

V 

6 

65 

52 

14 

35 

293/ 
341 

-

4 

65 

52 

16 

35 

2931 
341 

W 

4 

70 

58 

15 

30 

3111 
375 

' 1 

X 

2 & 

75 

V 

2H 

80 

63 • • 68 

14 

25 

341/ 
38S 

14 

25 

363/ 
415 

Z 

—.— 

2VS 

100 

S5 

JO 

10 

444 
mm 

When supplied in the softened condition the material shall have a Brinell 
hardness number not exceeding 277. 

NOTP When proof stress tests are specifically requested in Hie enquiry anil order, 
the values shall be as Tallows .— 

-

Proof slress (0 2 per cent), 
, lons/sq. in , min 

T 

41 

Hardened and tempered condition 

V 

46 

v 

50 

W 

55 

X 

59 

Y 

64 

7. 

80 
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2W PER CENT NICKFX-CHRO^UM-MOLYBDENUM STEEL 

(HIGH CARBON) 

BAHS AND BUXETS TOR FORCING 
FORCINGS ANP DnOP-FOnGlNCS 

BARS FOR MACHINING 
BRIGHT BARS 

Suitable for tens.le ranges of 60/70 (U). 65/75 (V), 70/80 (W). 75/85 (X), 
80/90 <Y) and 100 (Z) tons/sq. in accord.ng to the ruling section of the 
part The purchaser should state on the order the condition, U, V, W, 
X, Y or Z, for which the material is ultimately required. 

Chemical composition. The steel shall contain : 

Element 

Carbon 
Silicon 
Manganese 
Nickel 
Chromium 
Molybdenum 
Sulphur 
Phosphorus 

Tcr cent 

mln 

0 36 
010 
050 
2 3 0 
0 50 
0 40 

— 

~ 

max. 

0 44 
035 
0 70 
2 8 0 
0 8 0 
0 70 
0 050 
0050 

Condition of material on delivery, a. Bars and billets for forging shall be 
delivered as rolled or forged, unless the order states otherwise. 

b. Forgings and drop-forgings shall be delivered in the Pnally heat treated 
condition, unless the order states otherwise. 

c. Bars for machining shall be delivered in the softened condition, unless 
the order states otherwise. 

d. Bright bars shall be delivered in the finally heat treated condition, 
heat treatment being given either before or after any cold work at the 
opt. .: of the manufacturer, unless the order states otherwise. 

Heat treatment. The heat treatment to be given to "the test bars, selected 
as stated in Clause 7, and to material supplied in the finally heat treated 
condition, shall be as follows :— 

Harden in oil from a temperature of 820/850*0. 
Temper at a suitable temperature not exceeding 660°C. 

Mechanical properties. The mechanical properties obtained from the test 
pieces selected and prepared as stated in the appropriate genera! clauses 
shall be as follows •— 

Lnaiting ruling _ 
section >s. 

Tensile strength, 
tons/sq in , mm 

Yield stress, 
tonslsq. tn., min 

Elongation, 
per cent, mm 

Izod impact value, 
ft. lb., min. 

Brlnell hardness 
number ! 

U 

6 

60 

48 

17 

35 

269/ 
321 

Hardened and tempered condition 

V 

' 
6 

65 

52 

14 

35 

2931 
341 

4 

65 

52 

16 

35 

2931 
341 

I 

W 

6 

70 

58 

13 

30 

3111 
375 

4 ' 

70 

58 

15 

30 

3111 
375 

X 

6 

75 

63 

12 

25 

341/ 
388 

4 

75 

63 

14 

25 

341/ 
388 

Y 

S 

80 

68 

12 

25 

3631 
415 

4 

80 

68 

14 

25 

3631 
415 

1 

Z 

~"~" 

4 

100 

tj 

10 

30 

444 
mln 

When supplied in the softened condition the material shall have a Bnneil 
hardness number not exceeding 277. 

NOTE When proof stress tests are specifically requested in the enquiry and order, 
the values shall be as follows .— 

Proof stress (0-2 per cenv), 
tons/sq. in , mm 

U 

46 

Hardened and tempered condition 

V , W 

50 55 , 

X 

59 

Y 

64 

2 

80 

108 109 
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En 27 
3 PER CENT NICKF.L-CHROMIUM-MOLYBDENUM STEEL 

BARS AND BltLETS FOR FORGING 
FORGINGS AND DROP-FORGINGS 

BARS FOR MACHINING 
BRtGHT BARS 

Smtablefortensi lerangesof55/65CD.60/70(U),65/75(V) and70/8Cl(W) 
tons/sq. in. according to the ruling section of the part The purchaser 
shouldI state on the orde. the condition, T, U, V or W. for which the 
material is ultimately required. 

Chemical composition The steel shall contain . 

Element 

Carbon 
Silicon 
Manganese 
Nickel 
Chromium 
Molybdenum 
Sulphur0 -
Phosphorus 

Per cent 

min 

025 
010 

— 
300 
0 50 
020 

— 

-
nut. 

0 35 
035 
0 70 
3 75 
1 3 0 
065 
0050 
0-050 

Conrlitlun of material on delhery. a. Bars and billets for forging shall 
be delivered as rolled or forged, unless the order states otherwise. 

6. Forgiiigs and drop-forgings shall be delivered in the finally heat treated 
condition, unless the order sth'es otherwise. 

c. Bars for machining shall be delivered in the finally heat treated 
condition, unless the order states otherwise. 

tl. Bright bars shall be delivered in the finally heat treated, condition, 
heat treatment being given cither before or after any cold work at the 
option of the manufacturer, unless the order states otherwise. 

Heat rrcatmera. The henl treatment to be given to the test bars, selected 
as stated in Clause 7. ano ;<> material supphed in the finally heat treated 
condition, shall be as follows :— 

Harden in oil from a temperature of 820/850°C. 
Temper at a suitable temperature between SSO'C. and 660?C 

110 

Mechanical properties. The mechanical properties obtained from the test 
pieces selected and prepared as slated in the appropriate general clauses 
shall be as follows :— 

Property 
Hardened and tempered londilion 

Limning ruling sectior. in. 
Tensile strength, 

tons/sq. in , min 
Yield stress, fons/sg In, min 
Elongai'on, per cent, min 
Izod impact value, ft. lb., mm. 
Urine/I hardness number 

55 
44 
18 
40 

24SJ302 

60 
48 
17 
35 

65 
12 
14 
35 

G5 
52 
16 
35 

W 

70 
58 
IS 
30 

26913211 293/341 29*1341 \ 3111375 

When supplied in the softened condition the material shall have a Brinell 
hardness number not exceeding 277. 

NOTE When proof stress tests ore specifically requested in the enquiry and order, 
the values shall be as follows •— 

Properly 

Proof stress (0 2 pe/ccnl), 
lons/sq in., mm. 

Hardened and tempered condition 

41 46 50 55 

En 27 

I I I 
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En 28 

3M PER CENT NICKEL-CHUOMIUM-MOLYBDENUM STEEL 
BARS AND B1U.EVS FOR I-OKG1NC 
FOnClKGS AND DROP-FORCINGS 

BARS FOR MACHINING 
BRIGHT BARS 

Suitable for tensile ranges of 60/70 <U), 65/75 (V), 70/80 (W) and 80/90 (Y) 
tons/sq in, according to the ruling section of the part. The purchaser 
should state on the order the condition, U, V, VV or Y, for which tha 
material is ultimately required. 

Chemical composition. The steel shall contain : 

Flement 

Carbon 
Silicon 
Manganese 
Nickel 
Chromium 
Molybdenum 
Sulphur 
Phosphorus 

Per cent 

mlD. 

0-25 
010 

300 
0 75 
0-20 

0 40 
035 • 

,0 70 
4 50 
150 
065 
0050 
0 050 

Condition of material on delivery, a. Bars and billets for forging shall 
be delivered as rolled or forged, unless the order states otherwise. 

h. Forgings and drop-forgings shall be delivered in the finally heat 
treated condition, unless the order states otherwise. 

c. Bars for machining shall be delivered in the finally heat treated con
dition, unless the order states otherwise, except when required for con
dition Y, when the bars shall be supplied softened. 

d. Bright bars shall be delivered in the finally heat treated condition, 
heat treatment being given either before or after any cold work at the 
option of the manufacturer, unless the order states otherwise. 

Heat treatment. The heat treatment to be given to the test bars, selected 
as stated in Clause 7, and to material supplied in the finally heat treated 
condition, shall be as follows :— 

Harden in oil from a temperature of 82O/850°C. 
Temper at a suitable tempora'ure between 500"C. and 660°C 

U2 

En 28 
Mcchnnical properties. The mechanical properties obtained from the test 
pieces selected and prepared as stated in the appropriate general clauses 
shall be as follows .— 

Property 

. • — 

Limiting ruling section, in. 
Tensile strength, 

tons/sq. in., min. 
Yield stress, tons/sq. In., mm 
Elongation, per cent, min. 
Izod impact value, 1. lb., mm 
Brlnelt hardness number 

Hardened and tempered condition 
, : 
u 

,— 
6 

60 
48 
17 
35 

269)321 

V | W 

6 

65 
52 
14 
35 

293)341 

A 4 
, 

65 70 
S2 
16 
35 

2931341 

58 
15 
30 

3111375 

Y 
.__—.- _ 

2J4 

80 
6S 
14 
25 

363/415 

When supplied in the softened condition the material shall have a Brinell 
hardness number not exceeding 277. 

MOTE. When proof stress tests are specifically requested in the enquiry and older, 
the values shall be as follows :— 

Property 

Proof stress (0 2 per cent), 
tons/sq. in., mm 

Hardened and tempered conditfftn „ 

45 

V 

so 

w 

55 

V 

64 

113 
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En 29A, 29B 

3 PER CENT CHROMIUM-MOLYBDENUM STEEL 
iFor particulars of this '„teel as a nitriding steel sec En 40A and En 40B) 

BARS AND BULLETS FOR FORGING 
FORCINGS AND DROP-FORCINGS 

BARS FOR MACHINING 
BRIGHT BARS 

Suitable for tensile ranges or 45/55 (R), 50/60 (S), 55/65 (T), 60/70 (U), 
65/75 (V), 70/80 (W) and 100 (?) tons/sq. in , according to the ruling 
section of the part. The purchaser should state on the order the condition, 
R, S, T, U, Y, W or Z, for which the material is ultimate'^ required. 
The selection of En 29A or En 29B will be governed by the tensile range 

required. 

Chemical composition. The steel shall contain : 

Eluiicnl 

Carbon 
Silicon 
Manganese 
Nickel 
Chromium 
Molybdenum 
Sulphur 
Phosphorus 

En2M 
Per conl 

min. 

015 
010 

— 
— 

2 50 
0 30 

— 

max 

025 
0 35 
065 
0 4 0 
3 50 
070 
0050 
0050 

En29D 
Per cent. 

min. 

025 
010 

— 
— 

2 50 
0 3 0 

— 
~~" 

max. 

0 35 
0 35 
065 
0 4 0 
3 5 0 
0 70 
0050 
0 0 5 0 

Condition of material on delivery, a. Bars and billets for forging shall 
be delivered as rolled or forged, unless the order states otherwise. 
b. Forgings and drop-forgings shall be delivered in the finally heat treated 
condition, unless the order states otherwise. 

c Bars for mpchining shall be delivered in the finally heat treated con
dition, unless the order states otherwise, except when required for 
cond'tion Z, when the bars shall be supplied softened. 
d. Bright bars shall be delivered in the finally heat tiesteu-condition, 
heat treatment being given either before or after any cold work at the 
option of the manufacturer, unless the order states otherwise. 

Heat treatment. The heat treatment lo be given to the test bars, selected 
as stated in Clause 7, and to material supplied in the finally heat treated 
condition, shall be as follows •— 

Harden in oil or still air from a temperature of 880,9I0°C. 
Temper at a suitable temperature not exceeding 750°C. 

114 

Mechanical properties. The mechanical properties obtained from the test 
pieces selected and prepared as stated in the appropria.e ee.ieral clauses 
shall be as follows .— 

En 29A,29B 

Properly 

Limiting ruling section, in. 
Tensile strength, 

tons/sq in, mm 
Yield stress, tonslsq. In., inln 
Elongation, per cent, min 
Izod impact value, 

ft lb, nun. 
Drincll hardness number 

Hardened and tempered londilfon 

45 
34 
22 

40 
2011 
255 

50 
38 
20 

40 
2ni 
27/ 

I 

55 
44 
18 

40 
2481 
302 

60 
48 
17 

35 
2691 
321 

V 

4 

65 
52 
16 

35 
2931 
341 

W 

4 

70 
58 
15 

30 
3111 
3/5 

2'A 

100 
85 
10 

JO 

444 
nun 

When supplied in the softened condition the material shall huvc a Brincll 
hardness number not exceeding 269. 

NOTE. When proof siress tests are specifically requested m 'he enquiry and order, 
(lie values shall be as follows :— 

Property 

Proof stress ( 0 1 per cent), 
lons/sq In., nun 

11 

32 

Hardened and tempered condition 

S 

36 

T 

41 

U V 

1 

46 1 50 
i 

w 

55 

z 

80 

115 
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En 30A, 30B 

4M I'ER CENT NICKEL-CHROMIUM STEEL 

(WITH OR WITHOUT MOLYBDENUM) 

BARS AND BILLETS FOR FORCING 
FORCINGS AND DROP-FORCINGS 

BARS FOR MACHiNINC 

Suitable lor a tensile strength of 100 tons/sq. in. rain. 

Chemical u>mpos!tion. The steel shall contain : 

Element 

Carbon 
Silicon 
Manganese 
Nickel 
Chromium 
Molybdenum 
Sulphur 
Phosphorus 

En30A 

Per cent 

mill. 

0 2 6 
0 1 0 . 
0 40 

max. 

0-34 
0 3 5 
0 6 0 

3 90 j 4 3 0 
110 i 1 4 0 

\ 
— ; 0050 
— 0050 

En30B 

Per cent 

coin. 

0-26 
0 1 0 
0 40 
3 9 0 
1 1 0 
0 2 0 

— 
— 

max. 

0-34 
0-35 
0 6 0 
4-30 
1-40 
0 4 0 
0-050 
0050 

Condition of material on delivery, a. Bars and billets for forging shall be 
delivered as rolled or forged, unless the order slates otherwise. 

b. Forgings and drop-forgings shall be delivered in the softened condition, 
unless the order states otherwise. 

c. Bars for machining shall be delivered in the softened condition, untesi 
the order states otherwise. 

Heat treatment. The heat treatment to be given to the test pieces, selected 
and prepared as stated in Clause 7, and to material required in the finally 
heat treated condition, shall be as follows .— 

Harden in air (or in oil for larger masses*) from a temperature of 
810/830°C. 

Temper, if desired, at a suitable temperature not exceeding 250°C. 

• Tor purls with ruliug sections up to 2V5* in. the properties suited can be obtained 
by air hardening and this treatment is preferable, but for larger sizes up to a ruling 
section of 6 in oil hardening is necessary. 

116 

En 30A, 30B 
Mechanical properties. The mechanical properties obtained from samnles 
selected and prepared as stated in the appropriate general clauses and a. 
hardened and tempered m test piece size shall be as follows . _ 

Property 

Tensile strength, tons/sq. in , mm 
Yield stress, tonsjsq. In., inlii. 
Elongation, per cent, min. 

Izod impact value, ft. lb , mm. 
Brlnell hardness number 

When supplied in the softened condition the material shall have a Brinell 
hardness number not exceeding 285. 

NOTE. When proof stress tests are specifically requested in the enquiry and order, 
the value shall be as follows ;— 

Proof stress (0 2 per cent), tons/sq. In., miu. 80 

117 
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En 31 

I !>ER CENT CARBON-CHROMILM STEEL 

BARS AND BILLKTS FOR FOHGINC 
FORCINGS AND DROP-1'ORGINGS 

BARS FOR MACHINING 

buitabfe for parts of maximum hardness 

Chemical composition. The steel shall contain . 

Element 
Per cent 

mln. ' max 

Carbon i 090 , 120 
Silicon > 010 I 035 
Manganese I 0-30 i 0 75 
Chromium 100 1 &0 
Sulphur — 0 050 
Pho'-'-orus i — 0 050 

I 

Condition of material on delivery, a. Bars and billets for forging shall 
be delivered as rolled or forged, unless the order states otherwise. 

b. Forgmgs and drop-forging* shall be delivered in the softened condition, 
unless the order states otherwise 

r Bars for machining shall be delivered in the softened condition, unless 
the order states otherwise 

Heat treatment. The heat treatment recommended for this steel is .is 
follows :— 

Harden in oil or water from a temperature of 8O0/84O"C 
Hardened parts may be lightly tempered at a temperature of 130/180'C., 
but tempering at temperatures in eveess of 2000C. may lead to an undue 
loss of hardness. 

Mechanical properties. When supplied in the softened condition the 
material shall have a Blind! hardness number not exceeding 229. 

1!8 

CARBON CASE-HARDENING STEEL 
BARS AND BILLETS FOR FORCING 
FORGINGS AND UROP-rORGINCS 

BARS FOR MACHINING 
BRIGHT BARS 

Recommended for limiting ruling sections of % in. and below. 

Chemical composition. The steel shall contain : 

En32A 

Carbon 
Silicon 
Manganese 
Sulphur 
Phosphorus 

Per 

mln. 

— 
005 
0 40 
— 
— 

ct'll! 

max. 

015 
0 35 
0 70 
0 050 
0 050 

Condition of material on delivery, a. Bars and billets for forging shall 
be delivered as rolled or forged, unless the order states otherwise. 
b. Forging?, and drop-forgings shall be delivered as forged, unless the 
order states otherwise. 

c. Bars for machining shall be delivered as rolled, unless the order state* 
otherwise. 

tl. Bright bars shall be delivered in the cold worked or bright machined 
condition, unless the order states otherwise. 

Heat treatment.* f The heat treatment to be given to the test bars selected 
as stated in Clause 7, and to material required in the finally heal treated 
condition, shall be as follows :— 

Blank carbuxise at a temperature between 880°C. and 930°C. 
Refine at a temperature of 870/°00°C., cool in air, oil, or water 
Harden in water from a-temperature of 760/78CC. 

Mechanical properties. The mechanical properties obtained from the 
test pieces selected and prepared as stated in the appropriate geneul 
clauses shall be as follows :— 

Tensile strength, lons/sq. in., min 32 
Elongation, per cent, mln. 20 
Izori impact value, ft. lb., min. 40 

* S'ec Appendix A for (̂illJlc quench IrcilnieiH 
t Uy arrangement'with the purchaser lite lesU iruy be tarried out on samples Ituni 
which the blank cnrburism^ trcalmc.nl hat b«n. omitted, or modified let a. shoil healing 
period. 
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En 32B, 32C 

CARBON CASE-HARDENING STEEL 

BARS AND BILLETS FOR FORGING 
FORCINGS AND DROP-FORCINGS 

BARS FOR MACHINING 
BRIGHT BARS 

Recommended for limiting ruling sections over J4 in. 

Chemical composition. The steel shall contain : 

Element 

Carbon 
Silicon 
Manganese 
Sulphur 
Phosphorus 

Eo32B 
, ~. Percent 

mtii. 

010 
0 05 
060 
— 
— 

max. 

0'18 
0 35 
100 
0070f 
0 050 

En32C 
— • 

Per cent 
min. 

010 
0 05 
060 
— 
— 

max. 

018 
0 35 
100 
0 050 
0050 

Condition of material on delivery, a. Bars and billets for forging shall be 
deliveted as rolled or forged, unless the order states otherwise. 

b. Forgings and drop-forgings shall be delivered as forged, unless the 
order states otherwise. 
<r. Bars for machining shall be delivered as rolled, unless the order states 
otherwise. 

d. Bright bars shall be delivered in the cold worked or bright machined 
condition, unless the older states otherwise. 

Heat treatment,*! The heat treatment to be given to the 1 % in. diameter 
test bars, selected as stated in Clause 7, and to material required in the 
finally heat treated condition, shall be as follows :— 

Blank carburise at a temperature between 880°C. and 930°C. 
Refine at a temperature of 870/900^., cool in air, oil or water. 
Harden in water from a temperature of 760/780°C. 

Mechanical properties. The mechanical properties obtained from the 
test pieces selected and prepared as stated in the appropriate general 
clauses shall be as follows :— 

Tensile strength, tons/sq. in., nun. 32 
Elongation, per cent, mm. 20 
Izod impact value, ft. lb , mm. 40 

t The higher sulphur content is to assist raachinabilily. 
• See Appendix A for * single quench ' treatment. 
X By arrengemenl with tho purchaser the tests may be carried out on samples from 
which (he blank carbuusing treatment has been omitted, or modilled to a short heating 
period 

120 

CARRON CASE-HARDENING STEEL 
(SLMI-FREE CUTTING) 

11 AllS AND UILIE'IS lOlt TORCING 
FORCINGS AND DROr-FORCINGS 

BARS TOR MACHINING 
BRIGHT BARS 

Chcrricnl composition. The steel shall contain . 

Element 

Carbon 
Silicon 
Manganese! 
Sulphurt 
Phosphorus 

rain. 

0-10 
005 
090 
0-10 
— 

max. 

018 
035 
1-20 
015 
0050 

Condition of material on delirery. a. Bars and billets for forging shall be 
delivered as rolled or forged, unless the order states otherwise. 
6. Forgings and drop-forgings shall be delivered as forged, unless the 
order states otherwise. 

c. Bars for machining shall be delivered as rolled, unless the order 
states otherwise. 

d. Bright bars shall be delivered in the cold worked, or bright machined 
condition, unless the order states otherwise. 

Heat treatment.*^ The heat treatment to be given to the 1V6 in. diameter 
test bars, selected as stated in Clause 7, and to material required in the 
finally heat treated condition, shall be as follows :— 

, Blank carburise at a temperature between 880°C. and 930°C. 
Refine at a temperature of 870/900°C, cool in air, oil or water. 
Harden in water from a temperature of 760/780°C. 

Mechanical properties. The mechanical properties obtained from the 
test pieces selected and prepared as stated in the appropriate general 
cla'uscs' shall be as follows :— 

Tensile strength, tons/sq in., min 32 
Elongation, per cent, min. 20 
bod impact value, ft. lb., mm 40 

t The high sulphur and manganese contents are for increased machinability. 
* See Appendix A for ' singlo quench * treatment. 
1 By arrangement with the purchaser the tests may be earned out on samples from 
which the blank carburising treatment has been omitted, or modified lo ashor' healing 
period. 
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3 PER CENT NICKEI, CASK-HARDENING S'lFKl. 

BARS AND BILLETS F03 FORCING 
1 ORRINGS AND DROP-FORCINGS 

BARS FOR MACHINING 
BRIGHT BARS 

Suitable for a tensile strength of 45 tons/sq. in. min. 

Chemical composition. The steel shall contain : 

Element 

Carbon 
Silicon 
Manganese 
Nickel 
Chromium 
Sulphur 
Phosphorus 

Per cent 

mln. 

010 
010 
0 30 
2 75 
— 
— 

~ 

max. 

015 
035 
060 
350 
0-30 
0050 
0050 

Condition or material on delivery, a Bars and billets for forging shall be 
delivered as rolled or forged, unless the order states otherwise. 

b. Forgings and drop-forgings shall be delivered as forged, unless the 
order states otherwise. 
c. Bars for machining shall be delivered as rolled, unless the order states 
otherwise. 
./ Bright bars shall be delivered, unless the order states otherwise, in 
the cold worked condit'on suitable for machining, and the maximum 
Brinell hardness number may be agreed between purchaser and . 
manufacturer 

Heat treatment.'t The heat treatment to be given to the 1 % in. diameter 
test bars selected as stated in Clause 7, and to material required in the 
finally heat treated condition, shall be as follows :— 

Blank carburise at a temperature between 880°C. and 930°C. 
Refine at a temperature of 850/880°C., cool in air, oil or water. 
Harden in water from a temperature of IffopSWC. 

• See Appendix A Tor ' single quench' treatment. 
t By arrangement with the purchaser the tests may he carried out on samples from 
which the blank carburlsing treatment has been omitted, or modified to a short healing 
period. 

sr?sir utsss s:r
nch par,s m —• - - «— 

shall be a, follows L P " " * '" ' h e aPProP™te general clause 

Tensile strength, tons/sq. in , mm. 45 
Elongation, per cent, mm. tg 
Izod impact value, ft. lb , min. 40 

U'n>3 

,123 
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2 PER CENT NICKEL-MOLYBDENUM CASE-HARDENING 
STEEL (LOWER CARBON) 

IURS AND BILLETS FOR FORGING 
FORCINGS AND DROP-FOBGINCS 

BARS FOR MACHINING 
BRIGHT BARS 

Suitable for a tensile strength of 45 lons/sq. in. min. 

Chemical composition. The steel shall contain : 

Element 

Carbon 
Silicon 
Manganese 
Nickel 
Molybdenum 
Sulphur 
Phosphorus 

Per cent 

rain. 

014 
010 
0 30 
1-50 
020 
— 
—-* 

max. 

020 
0-35 
060 
200 
0-30 
0050 
0050 

Condition of material on delivery, a. Bars and billets for forging shall be 
delivered as rolled or forged, unless the order states otherwise. 
b Forgings and drop-forgings shall be delivered as forged, unless the 
order states otherwise. 
c. Bars for machining shall be delivered as rolled, unless the ordjr states 
otherwise 
d. Bright bars shall be delivered, unless the order states otherwise, in the 
cold worked condition suitable for machining, and the maximum Brinell 
hardness number may be agreed between purchaser and manufacturer. 

Heat trcatment.'f The heat treatment to be given to the 1H in. diameter 
test bars selected as stated in Clause 7, and to material required in the 
finally heat treated condition, shall be as follows :— 

Blank carburise at a temperature between 880°C. and 930°C. 
Refine at a temperature of 850/880°C, cool in air, oil or water. 
Harden in oil from a temperature of 76O/780°C. 

• See Appendix A for ' single quench' treatment. 
i By arrangement with the purchaser the tests may be carried out on samples from 
which the blank carburislng treatment has been omitted, or modified to a short healing 
penod. 
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En .n 
Mechanical properties. The mechanical properties obtained from the ««, 

S e t t „ o w s f - T ^ " S 'a ,Cd !" " " " W " " - * * » ' * £ 

Tensile strength, lons/sq. in , mm 45 
Elongation, per cent, min. \g 
Izod impact value, ft lb., min. 40 
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En 35, 35A and 35B 
2 PER CENT NICKEI^MOLVnDENUM CASE-HARDENING 

STEEI. (HIGHER CARBON; 

BARS AND BJIXKTS FOR TORGINC 
FORCINGS AND DROP-FORCINGS 

BARS FOR MACHINING 
BRIGHT BARS 

En 35 Suitable for a tensile strength of 55 tons/sq. in. min 

Chemical composition. The steel shall contain • 

Element 

Carbon 
Silicon 
Manganese 
NuAel 
Molybdenum 
Sulphur 
Phosphorus 

Per cent 

min. 

0-20 
0 1 0 
0-30 
150 
0 20 

— 

~ 

max. 

0 2 8 
0-35 
0 6 0 
2 0 0 
0-30 
0 050 
0 050 

Condition of material on delivery, a. Bars and billets for forging shall be 
delivered as rolled or forged, unless the order states otherwise. 

b. Forgings and drop-forgings shall be delivered as forged, unless the 
order states otherwise. 
c. Bars for machining shall be delivered as rolled unless the order states 
otherwise. 
d. Bright bars shall be delivered, unless the order states otherwise, in the 
cold worked condition suitable for machining, and the maximum Brinell 
hardness number may be agreed between purchaser and manufacturer. 

Heat treatment.*! The heat treatment to be given to the 1 % in. diameter 
test bars, selected as stated in Clause 7, and to material required m the 
finally heat treated condition, shall be as follows :— 

Blank carburisc at a temperature between 880*C. and 930°C. 
Refine at a temperature of 850/880°C, cool in air, oil or water. 
Harden in oil from a temperature of 760/780'C. 

• See Appendix for ' jingle quench' treatment 
t By arrangement with the purchaser the tests may be carried out on samples from 
which the blank carburising treatment has been omitted, or modified to a short heating 
period 
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En 35, 35A nntl 35H 
Mechanical properties. The mechanical properties obtained rrom l h e l c „ 

Tensile strength, tons/sq in., min. 
Elongation, per cent., min. 
Izod impact value, ft lb., min. 

55 
15 
22 

For specml applications steel of h,s type may be n.dercd to specification Fn 1M 

, £ > ?, t Wue"u " W " " e S"Pf" icd '° a i<*cifi'*1 companion S » ' only, the I.mUs of which are shown below. Mechanical property ar" 
not part of the contractual obligations of specification. En 35A and 
En 35B, 

I'li-menl 

Carbon 
Silicon 
Manganese 
Nickel 
Molybdenum 
Sulphur 
Phosphorus 

En35A 

—.. , 
Ptr cent 

min. 

0-20 
0 1 0 

max. 

0-25 
0 3 5 

0 3 0 0 6 0 
1 5 0 | 2 0 0 
0 20 ' 0 30 

— 0050 
0050 

En35u 

Per rem 

min. 

023 
010 
030 
150 
0-20 

— 

max. 

028 
0 35 
060 
200 
030 
0050 
0050 
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En 36A, 36B, 36C 

3 PER CENT NICKEL-CHROMIUM AND NICKEL-CHROMIUM-

MOLYBDLNUM CASE-HARDENING STBEL 

nARS AND BILLETS FOB rORGING 
FORCLNCS AND DROP-FORCtNCS 

BARS FOR MACHINING 
BRIGHT BARS 

Suitable for tensile strengths or 55 (En 36A) and 65 (En 36B and En 3fiC) 
tons/sq. in. min. 

Chemical composition. The steel shall contain : 

Element 

Carbon 
Silicon 
Manganese 
Nickel 
Chromium 
Molybdcnimi 
Sulphi r 
Phosphorus 

En36A 

Per cent: 

nila. 

0 1 0 
0^30 
3 0 0 
0 6 0 

— 
— 

max. 

015 
035 
0-60 
3 75 
110 

— 
0 050 
0 050 

En 361) 

Per cent 

niln. 

012 
0 1 0 
0 30 
3 0 0 
060 

— 
— 

max 

0 1 8 
035 
0 6 0 
3 75 
1 1 0 

— 
0050 
0-050 

En36C 

Per cent 

rain. 

0 1 2 
0 1 0 . 
0 3 0 
3 0 0 . 
0-60 
0 1 0 

— 
— 

max. 

018 
0 3 5 
0 6 0 
3 75 
110 
025 
0050 
0 050 

Condition of material on delivery, a. Bars and billets shall be delivered 
as rolled or forged, unless the order states otherwise. 

b Forgings and drop-forgings shall be delivered as forged, unless the 
order states otherwise. 

c. Bars for machining shall be delivered as rolled, unless the order staies 
otherwise. 

il. Bright bars shall be delivered, unless the order states otherwise, in the 
cold worked condition suitable for machining, and the maximum Brinell 
hardness number may be agreed between purchaser and manufacturer. 
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En 36A, 36B 3«r 
HeaUrcatment.'t The heat treatment to be gwen to the 1U i „• 
test bars, selected as stated m Clanw 7 „ L , . A ln- dmn>et« 
finally heat treated c o n d i t i ^ S t Is Sows"- ** " q u t o d ta "* 

Blank carburiso at a temperature between 880°C. and 930°C 
Refine a a temperature 850/880'C, cool >n air, oil or wate^ 
Harden in o.l from a temperature of 76O/780°C 

Mechanical properties. 1 he mechanical properties nhiam-.i r ... 
pieces selected and prepared as i t n w s i . Yu obta,™=<l from the test 
shall be as follows : - P M " * * m t h e aPP">P^te general clauses 

Property 

Tensile strength, tons/sq. in., mm. 
Elongation, per cent, min. 
Izod impact value, ft. lb., min. 

* Sec Appendix A Tor' single quench ' treatment 
t By arrangement with the purchaser the tests may be carried out on samples from 
which the blank carburlsmg treatment has been omitted, or modified to a short 
heating period. 
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En 37 

5 PER CENT NICKEL CASE-HARDENING STEEL 

BARS AND BILLETS FOR FOIlGlf»G 
FORCINGS AND DROP-FORCINGS 

BARS FOR MACHINING 
BRIGHT BARS 

Suitable for a tensile strength of 40 tons/sq. in. min. 

Chomieal composition. The steel shall contain : 

Element 

Carbon 
Silicon 
Manganese 
NnAcI 
Chromium 
Sulphur 
Phosphorus 

Per cent 

rnhj. 

__ 
010 

— 
4 50 

— 
— 

~ 

max. 

016 
0 35 
045 
5 20 
0 30 
0050 
0 050 

Condition of materia! on delivery- a. Bar and billets for forging shall be 
delivered as rolled or forged, unless the order states otherwise. 
b Forgings and drop-forgings shall be delivered as forged, unless die 
order states otherwise. 

c Bars for machining shall be delivered as rolled, unless (he order states 
otherwise 

(I. Bright bars shall be delivered, unless the order states otherwise, in the 
cold worked condition suitable for machining, and the maximum Brinell 
hardness number may be agreed between purchaser and manufacturer. 

Heat trcatroent.'t The heat treatment to be given to the 1% in. diameter 
test bars, selected as stated in Clause 7, and to material required in the 
finally heat treated condition, shall be as follows :— 

Blank carburise at a temperature between 880° and 930°C. 
Refine at a temperature of 850/880°C. cool in air, oil or water. 
Harden in oil from a temperature of 750/780°C. 

• See Appendix A for' single quem.lt' treatment 
t By arrangement Willi the purchaser the tests may be carried out on samples from 
which the blank t.irhunsing treatment has been omitlcJ, or modified to ,i short 
healing period 
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Mechanical properties. The mechaiucol properties obtained from the (est 

Tensile strength, tons/sq in., mm. 40 
Elongation, per cent, min 20 
Izod impact value, ft. lb., mm. 50 
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En 38 

5 PER CENT NICKEL MOLYBDENUM CASE-HARDENING STEEL 
BARS AND BILLET!. FOR FORGING 
FORGINGS AND DROP-FORGINGS 

BARS FOR MACHINING 
BRIGHT BARS 

Suttable for a tensile strength of 65 tons/sq. in mm. 

Chemical composition. The steel shall contain : 

Element 

Carbon 
Silicon 
Manganese 
Nickel 
Chromium 
Molybdenum 
Sulphur 
Phosphorus 

Per cent 

mln. 

010 
— 
4 50 
— 
015 
— 
• 

max. 

016 
0-35 
060 
5 50 
030 
0 30 
0 050 
0 050 

Condition of material on delivery. .< Bars and billets for forging shall be 
delivered as rolled or forged, unless the order states otherwise. 
b. Forgings and drop-forgings shall be delivered as forged, unless the 
order states otherwise. 
e. Bars for machining shall be delivered as rolled, unless the order states 
otherwise. 
d Bright bars shall be delivered, unless the order states otherwise, in the 
cold worked condition suitable for machining, and the maximum Brinell 
hardness number may be agreed between purchaser and manufacturer. 

Heat treatmcnt.*t The heat treatment to be given to the 1 i& in. diameter 
test bars, selected as stated in Clause 7, and to material required in the 
finally heat treated condition, shall be as follows:— 

Blank carburise at a temperature between 880°C. and 930°C. 
Refine at a temperature of 850/880oC., cool in air or oil. 
Harden in oil from a temperature of 750/780°C. 

* See Appendix A for' single quench ' treatment. 
t By arrangement with the purchaser the tests may be carried out on samples from 
which the blank carbunsing treatment has beea omitted, or modified to a short 
heating period 

132 

Mechanical properties. The mechanical proocrtiM r.M»; A , 
pieces selected and prepared as stated i f . T n n e d f r ° m , h o t M t 

shall be as follows : - " t h e aPPr°P™<° general clauses 

En 38 

Tensile strength, tons/sq in, 65 
Elongation, per cent, min. 13 
Izod impact value, ft. lb., nun. 30 
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Fn3°A.35>0 

4!4 PER CENT NICKEL-CHROMIUM AND NICKEL-CHROMIUM-

MOLYBDENUM CASE-HARDENING STEEL 

BARS AND BUXETS FOR FORGING 
FORCINGS AND DROP-FORGINGS 

1IARS FOR MACHINING 
BRIGHT BARS 

Suitable for a tensile strength of 85 tons/sq. in. nun 

Chemical composition. The steel shall contain : 

hlemcol 

Carbon 
Silicon 
Manganese 
Nickel 
Chromium 
Molybdenum 
Sulphur 
Phosphorus 

En3»A 

Percent 

mio. 

012 
0 1 0 

— 
3 8 0 
1 0 0 

— 
— 

max. 

018 
0 35 
0 50 
1 5 0 
1 4 0 

— 
0 050 
0050 

Eu39B 

Per cent 

mln. 

012 
0-10 

— 
3 60 
1 0 0 
0 1 5 

— 

~ 

max. 

0 1 8 
0 35 
0 50 
4 50 
1'40 
0 3 5 
0-050 
0050 

Condition of material oo delivery, a. Bars and billets for forging shall be 
delivered as rolled or forged, unless the order states otherwise. 

b Forgings and drop-forgings shall be delivered in the softened condition, 
unless the order states otherwise. 

c. Bars for machining shall be delivered in the softened condition, unless 
the order states otherwise. 
rf. Bright bars shall be delivered, unless the order states otherwise, in the 
cold worked condition suitable for machining, and the maximum Brinell 
hardness number may be agreed between purchaser and manufacturer. 

13* 

En 39A, 39B 

Heal trcalmcnt.*t The heat treatment to be given to the lest pieces, 
selected and prepared as stated in Clause 7, and to material required in 
the finally heat treated condition, shall be as follows .— 

niank carburise at a temperature between 880°C. and WC. 
Refine at a temperature of 85J/880°C, cool in air or oil. 
Harden in oil from a temperature of 760/780*C. 
Temper at a temperature not exceeding 200°C. 

Mechanical properties, a The mechanical properties obtained from 
samples selected and prepared as stated in ihc appropnaie general clauses 
and treated in test piece size shall be as follows :— 

Tensile strength, tons/sq in , mm, 85 
Elongation, per cent, min. !2 
Izod impact value, ft. lb. min. 25 

b. In the softened condition the material shall have a Bnnell hardness 
number not exceeding 277. 

• Sec Appendix A for • jingle qu-nch ' treatment. 
t By arrangement with the purchaser, the tests may be enrned out on samples from 
which the blank carbunsmg treatment lias been omitted, or modified to a short 
heating period. 
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CHROMIUM-MOLYBDENUM NITB1DING STEEL 
BARS AND BILLETS FOR FORCING 
FORCINGS AND DROP-FORGINOS 

BARS FOR MACHINING 
BRIGHT BARS 

Suitable for tensile ranges of 45/55(R), 50/601S), 55/650") and 60/70(U) 
tons/sq. in. The purchaser should state on the order the condition, R, S, 
T or U, for which die material is ultimately required 
The selection of En 40A or En 40D will be governed by the tensile range 
required, 

Chemical composition. The steel shall contain : 

Element 

Carbon 
Silicon 
Manganese 
Nickel 
Chromium 
Molybdenum 
Sulphur 
Phosphorus 

En40A 

Per cent 

mln. 

0 1 0 
0 1 0 
0 4 0 

— 
2 9 0 
0 4 0 

— 
— 

max. 

0 2 0 

0 3 5 
0 6 5 
0 40 
3 5 0 
0 7 0 
0-050 
0050 

Eo40B 

Percent 

mln. 

0 2 0 
0 1 0 
0 4 0 

— 
2-90 
0-40 

— 

max. 

0-30 
0 35 
065 
0 4 0 
3 5 0 
0-70 
0-050 
0050 

Condition of material on delivery, a. Bars and billets for forging shall be 
delivered as rolled or forged, unless the order states otherwise. 

b. Forgings and drop forgings shall be delivered in the hardened and 
tempered condition, unless the order states otherwise 
c. Bars for machining shall be delivered in the hardened and tempered 
condition, unless the order states otherwise. 

d. Bright bars shall oe delivered in the finally heat treated condition, heat 
treatment being given either before or after any cold work at the 
option of the manufacturer, unless the order states otherwise, 

Heat treatment The heat treatment to be given to the test bars, selected 
as stated in Clause 7, and to material supplied in the finally heat treated 
condition, shall be as follows :— 

Harden in oil from a temperature of 880/9 W C . 
Temper at a suitable temperature between 570°C. and 750°C. 

En 40A, 40B 

3 PER CENT 
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En 40A, 40B 

When so required by the purchaser, this is to be followed by a stabilising 
treatment, after rough machining, at a temperature not lower than 520°C, 
and afterwards the parts shall be nitrogen hardened by an approved 
process. 

Mechanical properties. The mechanical properties obtained from the test 
pieces selected and prepared as stated in the appropriate general clauses 
shall be tested either in the hardened and tempered condition, or, by 
arrangement with the purchaser, may be tested either after a stabilising 
treatment or after a blank nitriding treatment. 

The mechanical properties then obtained shall be as follows :— 

Property 

Limiting ruling section, in. 
Tensile slrength, 

tons/sq. i n , mm. 
Yield stress, tonsjsq. In , mln 

Elongation, per cent, min. 
Izod impact value, it. lb., min, 
Brlnell hardness number 

Hardened and tempered condition 

R 

6 

45 
34 

22 
40 

2011255 

S 

6 

50 
38 

20 
40 

223/277 

T 

6 

55 
44 

18 
40 

248J302 

U 

6 

60 
48 

17 
35 

269132) 

NOTE. When proof stress lesls are specifically requested in the enquiry and order, 
ll«e values shali be as follows :— 

Prop«,-ty 

Proot slress (0 2 per cent), 
toris/sq. in., min 

Hardened and temper condition 

R 

32 

S 

36 

T 

41 

U 

46 
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En40C 

3 PER CENT CIIROMIUM-MOLYBDENUM-VANAOIUM 
NTTR1DING STEEL (HIGHER TENSILE) 

BARS AND DILLbTS FOR FORGING 
FORCINGS AND DROP-FORCINGS 

BARS FOR MACHININC 
ORIGHT BARS 

This steel is suitable where a higher core strength is required for nitriding 
than is provided by En 40B, and the purchaser is recommended to consult 
the manufacturer regarding the use of this steel. 

Chemical composition. The steel shall contain • 

Percent 
Plement 

1 
1 

Carbon 
Silicon 
Manganese 
Nickel 
Chromium 
Molybdenum ] 
Vanadium | 
Sulphur j 
Phosphorus i 

min. i 
I 

0 3 0 1 
0 1 0 i 
0 4 0 
— ] 

2 5 0 , 
0 70 
0-10 , 

— 
- 1 

roajt 

0 5 0 
035 
0 8 0 
0 40 
3 5 0 
120 
0 3 0 
0-050 
0050 

Condition of material on delivery, a. Bars and billets for forging shall be 
delivered as rolled or forged, unless the order states otherwise. 

b. Forgings and drop forgings shall be delivered in the softened condition, 
unless the order states otherwise 
c. Bars for machining shall be delivered in the softened condition, unless 
Ihe order states otherwise. 

d. Bright bars shall be delivered in the finally heat treated condition, heat 
treatment being given either before or after any cold work at the option 
of the manufacturer, unless the order states otherwise. 

Heat treatment. The heat treatment to bo given to the test pieces, selected 
and prepared as stated in CJause 7, and to material required in the finally 
heat treated condition, shall be as follows :— 

Harden in oil from a temperature of 900/940°C. 
Temper at a suitable temperature between 570°C. and 6.WC. 

138 

When so required by the purchaser, this is to be followed by a stabilising 
treatment, after rough machining, at a temperature not lower than 520°C , 
and afterwards the pari'; shall be nitrogen hardened by an approved 
process. 

Mechanical properties. The mechanical properties obtained from the test 
pieces selected and prepared as stated in the appropriate general clauses 
shall be tested either in the hardened and tempered condition, or, by 
arrangement with the purchaser, may be tested either after a stabilising 
treatment or after a blank nitriding treatment. 
The mechanical properties then obtained shall be as follows :— 

Limiting ruling section in. 2V4 
Tensile strength, tons/sq. in , min. 85 
Yield slrcis, tons/sq. In., min. 72 

Elongation, per cent, min 10 
Izod impact value, ft. lb., min. 15 
Brlnell hardness number 3751444 

NOTE. When proof itress lesu are specillcally reoiicsled In the enquiry and order, 
Ihe value shall b« u follows :— 

Proof itrest (0 2 per cent) lonl/jq In., mm 68 
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En 41 A, 41B 

1*4 PER CENT CHROMIUM-ALUMINrUM-MOLYDDENUM 

NITRIDING STEEL 

BARS AND BILLETS FOR FORCING 
FORCINGS AND DROP-FORCINCS 

BARS FOR MACHINING 
BRIGHT BARS 

Suitable for tensile ranges of 45/55(R), 50/60(S) and 55/65(1") tons/sq. in. 
The purchaser should state on the order the condition, R, S or T, for 
which the material is ultimately required 
The selection of En 41A or En 4tB will be governed by the tensile range 
required. 

Chemical composition. The steel shall contain : 

Element 

Carbon 
Silicon 
Manganese 
Nickel 
Chromium 
Molybdenum 
Aluminium 
Sulphur 
Phosphorus 

En41A 

Per cent 

mln. 

025 
010 

— 

1 4 0 
0 1 0 
0 9 0 

— 
— 

max. 

0-35 
0 45 
0 65 
0-40 
1 8 0 
025 
1-30 
0050 
0050 

En41B 

Per cent 

i 

rnln. I max 

0 35 ' 0 45 
0 1 0 | 0 45 
— ! 065 
— ! 0 4 0 
140 | 180 
0 1 0 i 025 
0 9 0 i 1 3 0 
— 0050 
— I 0050 

I 

Condition of material on delivery, a Bars and billets for forging shall be 
delivered as rolled or forged, unless the order states otherwise. 

b. Forgings and drop-forgings shall be delivered in the hardened and 
tempered condition, unless the order states otherwise. 

c Bars for machining shall be delivered in the hardened and tempered 
condition, unless the order states otherwise. 

d. Bright bars shall be delivered in the finally heat treated condition, 
heat treatment being given either before or after any cold work at.the 
option of the manufacturer, unless the order states otherwise. 
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En 41 A, 41U 
Heat treatment. The heat treatment to be given to the test bars, selected 
as stated in Clause 7, and to material supplied in the finally heat treated 
condition, shall be as follows :— 

Harden in oil from a temperature of 880/910°C. 
Temper nt a suitable temperature between 550°C. and 120'C. 

When so required by the purchaser, this is to be followed by a stabilising 
treatment, after rough machining, at a temperature not lower than 520*C, 
and afterwards the parts shall be nitrogen hardened by an approved 
process. 

Mechanical properties. The mechanical properties obtained from the test 
pieces selected and prepared as stated in the appropriate general clauses 
shall be tested either in the hardened and tempered condition, or by 
arrangement with the purchaser, may be tested after either a stabilising 
treatment or after a blank nitriding treatment. The mechanical properties 
are as follows:— 

Property 

Limiting ruling section, in 
Tensile, strength, tons/sq in., mm 
Yield stress, tonsjsq. In , min. 

Elongation, per cent, min. 
liod impact value, ft. lb , min. 
Brlnell hardness number 

Hardened and tempered condition 

R 

6 
45 
34 

20 
40 

201/255 

S 

4 
50 
3S 

19 
40 

2231277 

T 

2% 
55 
44 

17 
35 

243J302 

NOTE. When proof siiess tests are specifically requested In the enquiry and order, 
the values shall be as follows •— 

Property 

Proof stress (0 2 per ccnl), 
tons/sq in . min 

Hardened and ter^rred condition 

It 

32 

S T 

3 « 
1 
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En 42. 42B, 42C, 42D, 42E, 
42F,42G,42J 

CARBON SPRING STEEL 

BARS FOR Oil. lUROfcNING AND TEMPHRING 

En 42 Chemical composition. The steel shall contain : 

ucmmi 

Carbon 
Silicon 
Manganese 
Sulphur 
Pnosphorus 

min. 

0 70 
0 1 0 
0-55 

— 
. 

max 

0-85 
0 4 0 
0 75 
0-050 
0050 

Dimensions. Laminated spring plates to this speciHcalion shall conform 
to the dimensional requirements in Appendix C. 

En 42B Steel of this type may be required in the form of wire for oil-hardened 
42c and tempered springs (see B.S. 1429, 'Annealed steel, wire for oil-
42jj hardened and tempered springs'). The compositions of these steels are 

as follows:— 

Llement 

Carbon 
Silicon 
Manganese 
Sulphur 
Phosphorus 

Eo42B 

Per rent 

min. 

0 6 0 

0 55 

max. 

070 
0 35 
0-80 
0050 
0050 

En42C 

Percent 

mln. 

0-70 

0-55 

max. 

0 8 0 
0-35 
0-80 
0050 
0-050 

En42D 

Percent' 

min. . 

0 8 0 

0 55 

max 

0 9 0 
0 3 5 
0 8 0 
r>050 
0050 
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En 42, 42B, 42C, 42D, 42E, 
42F, 42G, 42J 

^ f ° f TF? may ̂  reqUired iD , h° f0rm ° f C0!d 'oUed sinP and ««t En 42E 

2£ m? g a n - d , e r a p e r i n g ( s e e B S - ' ^ ' s t e e I P , a t e . * " < * < « « « 5 F 
strip ). The composite,* of these steels are as follows:- 2G 

— 42j ' 

atllfj J, U K 

Ktcmeot 

Carbon 
Silicon 
Manganese 
Sulphur 
Phosphorus 

; vuuip^ >smr,rs 

En42K 

Per 

rain. 

060 

0 30 

cent 

j max. 

' 0 75 
0 35 
0 6 0 
0-050 
0050 

01 these steels a r e a s fo 

Eo42F 

Per cent 

mm. 

0 6 0 

0 6 0 

max. 

075 
0 35 
0-90 
0050 
0-050 

Hows:— 

En42G 

Per cent 

min 

0 75 

0 3 0 

max. 

090 
0-35 
0 6 0 
0050 
0-050 

Kn42J 

Percent 

min 

0 75 

0 6 0 

max. 

090 
0 35 
0 9 0 
0 050 
0050 
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En 43. 43G, 43J 
CARBON SPRING STEEL 

BARS FOR WATER HARDENING AND TEMPERING 

Chemical composition. The steel shall contain : p_ »-i 

Element 

Carbon 
Silicon 
Manganese 
Sulphur 
Phosphorus 

Per cent 

mln 

0 45 
0 1 0 
060 

__ 
— 

, 
max. 

060 
0 40 
080 
0050 
0050 

Dimensions. Laminated spring plates to this specification shall conform 
to the dimensional requirements in Appendix C. 

Steel of this type may be required in the form of cold rolled strip and flat En 43G, 
wire for hardening and tempering (see B.S 1449,' Steel plate, sheet and 43J 
strip '). The compositions of these steels are as follows:— 

Element 

Carbon 
Silicon' 
Manganese 
Sulphur 
Phosphorus 

Ea43G 

mln. 

0 45 

— 
0-30 

— 
— 

max. 

0 6 0 
0 3 5 
OSO , 
0 050 
0050 

En4U 

min. 

045 

— 
0 6 0 

— 

tzsr-

0-60 
035 
090 
0050 
0050 
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6.H 43A, 43B, 43C, 43D, 43E 

' SO ' CARBON STEEL 

BARS AND BILLETS FOR FORCING 
FORGINGS AND DROP-FORGINGS 

BARS FOR MACHINING 
•WIGHT DARS 

En 43A Suitable in the hardened and tempered condition for tensile ranges 
of 45/55(R) and 50/60(S) tons/sq. in. according to the ruling section 
of the part. The purchaser should state on the order the conditions, 
normalised, cold drawn, or hardened and tempered, R or S, for which 
the material is ultimately required. 

Chemical composition. The steel shall contain : 

Carbon 
Silicon 
Manganese 
Sulphur 
Phosphorus 

mta. j 

0 45 ' 
005 \ 
0 70 j 

- ! 
- ! 

max. 

0-55 
055 
100 
0060 
0060 

j ! 

Condition of material on delivery, a. Bars and billets for forging shall be 
delivered as rolled or forged, unless the order states otherwise. 

b. Forgings and drop-forgings shall be delivered in the finally heat 
treated condition, unless the order states otherwise. 

c. Bars for machining shall be delivered in the condition stated on the 
order 

(I. Bright bars shall be delivered in the condition stated on the order. 

Heat treatment. The heat treatment to be given to the test bars, selected 
as stated in Clause 7, and to material supplied in the finally heat treated 
condition, shall be as follows :— 

a Material required in the normalised condition • 

Normalise at a temperature of SIO/S**)^. 

b. Material required m the hardened and tempered condition . 

Harden in oil from a temperature of 810/840'C, 
Temper at a temperature o f 550/660°C. 

I<I6 

En 43A, 4311, 43C, 43D, 43k 

Mechanical properties. The mechanical properties obtained from the ten 

SSTbctST ^pared as s,aled m th6 •»"***«~* * •» 
NORMALISED OR HARDENED / N D fEMi'ERLT) 

Comliiiuu 

lardcne 
tempered 

Properly i Hardened and 

Normalised | -

I i 
i | 

Limiting ruling section, in j l i£ I 2 I 1% 
Tensile strength, tons/sq. in., min 40 j 45 50 
Yield stress, tons/sq. In, linn \ 21 I 30 \ 33 

Elongation, per cent, min. - i 18 j 18 '' 13 
Brinett hardness number , 1791229 j 2011255 ' 223\277 

NOTE. When proof stress tests are specifically requested in the enquiry and order, 
the value shall be as follows :— 

1 Hardentd and 
[ (ffmptted coaditioa 

Properly 

Proof stress (0 2 per cent), tons/sq in . mm j 28 j 31 

COLD DRAWN _ 

Maximum size (diameter or width across flats) in. 2 
Tensile strength, tons/sq. in. min 45 

max 60 
Elongation, per cent, min. 12 
Brlnell hardness number 2011277 
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En 43A, 43B, 43C, 43D, 43E 

En 43D, Steel of this type may be ordered to specification En 43B, En 43C, En 43D 
43C, or En 43E, when it will be Supplied to a specified composition only, the 
)3D, limits of which are shown below. Mechanical properties arc not part of 
43E the contractual obligations of specifications En 43B, En 43C, En 43D smd 

En 43E. 

Element 

Carbon 
Silicon 
Manganese 
Sulphur 
Phosphorus 

En4]B 

Per c m 

mm 

0 45 
005 
0-70 

mu. 

0 50 
0J5 
1-00 
0 060 
0060 

En*JC 

P«r «nl 

— 

0 50 
005 
0 70 

~ 

n o t 

0 55 
035 
100 
0 060 
0060 

En43D 

,"ur cent 

min. 

0 60 
005 
0-»0 

tOAX 

0-65 
0-35 
0 60 
COSO 
0 060 

Eo43E 

Per ceot 

IDIOU 

065 
005 
0 70 

mix. 

0 70 
0 55 
0 90 
0060 
0060 
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En 44, 44B, 44C, 44D, 44E 

CARBON SPRING STEEL (HIGHER CARBON CONTENT) 
BARS FOB OIL HARDENING AND TEMrFRINd 

En 44 Chemical composition. The steel shall contain : 

l£!entent 

Carbon 
Silicon 
Manganese 
Sulphur 
Phosphorus 

Per cent 

inln. 

0 9 0 

— 
045 

— 

max. 

120 
0 3 0 
070 
0 050 
0 050 

En 44B, Steel of this type may be required in the form of wire for oil-hardened 
44C and tempered springs (see B.S.; •'U9.' Annealed steel wire for oil-hardened 

and tempered springs ')• 
The compositions of these steels are as follows :— 

Fitment 

Carbon 
Silicon 
Manganese 
Sulphur 
Phosphorus 

ED 440 

Per cent 

mln. 

0-90 

— 
0 4 0 

— 

max. 

100 
035 
0 7 0 
0050 

— | 0050 

1 

En44C 

Per cent 

miD. 

1 0 0 
— 

0 40 
— 
~"" 

max 

1 2 0 
0 3 5 
0 70 
0050 
0050 

150 

En 44,4-<B, 44C, 44D, 441-J 
Steel of this type may be requiml m the form of cold roiled strip and En 440 
fiat wire for hardening and tempering (see B.S. 1449, 'Stcc! plate sheet 441: 
and strip ). The compositions of the-e steels are as follows .— ' 

tlenienl 

Carbon 
Silicon 
Manganese 
Sulphur 
Phosphonis 

En4-ID 

Per cent 

! mln. 

j — 
0 9 0 ; 

0-30 | 

-max. 

105 
035 
0 70 
0-050 
0 050 

Ln44E 

Per 

, ~— 
mln 

105 

0 30 

cent 

—, . 1 
| max 
t 

; 125 
1 0 J5 
: 0 70 
' 0-050 

0050 
1 
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En 45, 45A 

SILICON-MANGANESE SPRING STEEL 

BAKS FOR OIL HARDENING AND TEMPERING 

Chemical composition. The steel shall contain : 

Fitment 

Carbon 
Silicon 
Manganese 
Sulphur 
Phosphorus 

En 45 

Percent 

min. 

0-50 
150 
0 7 0 

— 
— 

uuuc. 

0 6 0 
2 0 0 
100 
0050 
0050 

Cd45A 

Per cent 

rata. 

0 55 

no 
0 70 

— 
— 

max 

065 ' 
2 0 0 
1 0 0 
0050 
0050 

Dimensions. Laminated spring plates to tills specification shall confonn 
to the dimensional requirements in Appendix C. Steel of this type may 
also be required in the form of wire for oil-hardened and tempered springs 
(see B.S. 1429, 'Annealed steel wire for oil-hardened and tempered 
springs'). 

En 46 SLTJCON-MANGANESE SPRING STEEL 
BARS FOR WATER HARDENING AND TEMPERING 

Chemical composition. The steel shall contain : 

Percent 
Element 

Carbon 
Silicon 
Manganese 
Sulphur 
Phosphorus 

mm. 

035 
150 
0 70 

— 
— 

max. 

0-45 
2 0 0 
1 0 0 
0050 
0050 

Dimensions. Laminated spring plates to this specification shall conform 
to the dimensional requirements in Appendix C. 
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1 PER CENT CHROMIUM-VANADIUM SPRING STEEL 
BARS TOR OIL HARDENING AND TEMPERING 

Chemical composition. The steel shall contain . 

Element 

Carbon 
Silicon 
Manganese 
Chromium 
Vanadium 
Sulphur 
Phosphorus 

Per cent 

.—.-min. 

0 4 5 

— 
0 5 0 
0 8 0 
0-15 

— 
• 

r — — 

max. 

0-55 
0-50 
080 
1'20 

— 
0 050 
0050 

Dimensions. Laminated spring plates to this specification shall conform 
to the dimensional requirements in Appendix C. 
Steel or this type may also be required in the form of wire for o\l-hardened 
and tempered springs (see B.S. 1429, * Annealed steel wire for oil-hardened 
and tempered springs *)• 

1 PER CENT CHROMIUM SPRING STEEL 

BARS FOR OIL HARDENING AND TEMPERING 

Chemical composition. The steel shall contain . 

En 

Carbon 
Silicon 
Manganese 
Chromium 
Sulphur 
Phosphorus 

Per cent 

mm. 1 
1 

045 j 
0 1 0 
0 5 0 , 
100 I 

1 

max. 

0 55 
050 
080 
140 
0-050 
0-050 

Dimensions. Laminated spring plates to this specification shall conform 
to the dimensional requirements in Appendix C. 

153 

Copyright British Standards Institution 
Provided by IHS under license with BSI - Uncontrolled Copy 

Not for ResaleNo reproduction or networking permitted without license from IHS

--`,,```,,,,````-`-`,,`,,`,`,,`---



En48A 
SILICON-CHROMIUM SPRING STEEL 

BARS FOR OIL HARDENING ANU TEMPERING 

Chemical composition. The steel shall contain : 

JJemenl 

Carbon 
Silicon 
Manganese 
Chromium 
Sulphur 
Phosphorus 

P«r cent 

i 

min ' 

1 
0-50 
135 ; 
0 6 0 I 
055 j 

max. 

0 6 0 
1-65 
(V90 
085 
0050 
0-050 

Dimensions. Laminated spring plates to this specification shall conform 
to the dimensional requirements in Appendix C. 

En49A, CARBON STEELS FOR HARD DRAWN WIRE 
49B, 
49C, These steels are required in the form of hard drawn wire for springs and 
49D are covered in B.S. 1408, ' Hard drawn steel wire for springs.' The 

compositions are as follows :— 

Element 

Carbon 
Silicon 
Manganese 
Sulphur 
Phosphorus 

En49A 

Per cent 

mill. 

0 4 0 

— 
— 
— 
— 

max. 

0 8 5 
0-30 
1 0 0 
0050 
0050 

En 49b 

Per cent 

mln. 

0 45 

— 
-

max. 

085 
0 3 0 
100 
0050 
0050 

En 49C j En 49R 

Percent 

min. 

f>55 

— 
— 
— 
— 

max. 

0 8 5 
0 3 0 
0 7 5 | 
0 040 
0040 

Per ceot 

mln. 

0 6 5 

— 
— 

max. 

0-85 
0 3 0 
0-75 
0-040* 
0040* 

• By agreement between puahaser and manufacturer steel to En 49D may be supplied 
with sulphur and phosphorus contents each 0 030 per cent max. 
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ICii 50 

CHROMIUM-VANADIUM STEEL FOR WIRE FOR 

VALVE SPRINGS 

This steel is required in the form of annealed wire for oil-hardened and 
tempered springs and is covered in B.S. 1429, "Annealed steel wire for 
oil-hardened and tempered springs.* The composition is as follows.— 

Carbon 
Silicon 
Manganese 
Chromium 
Vanadium 
Sulphur 
Phosphorus 

mil). j 

0 40 ' 
0 1 0 
0 50 | 
100 ! 
0-15 | 

~ I 
- 1 

max. 

050 
035 
0 70 
1-50 

— 
0040 
0-040 
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En 51 
3 PER CENT, NICKEL VALVE STEEL 

BARS AND BILLETS TOR FORCING 
FORGINCS AND DROP-FORGINGS 

BARS FOR MACMNI1NG 

BRIGHT BARS 

Chemical composition. The steel shall contain : 

Per cent 
Clement i •; 

roin. j max. 
' I . 

I 

Carbon , 025 ' 035 
Silicon 010 ] 035 
Manganese 035 i 0 75 
Nickel , 2-75 I 3-25 
Chromium • — , 0 3 0 
Sulphur j — 0 050 
Phosphorus j — I 0 050 

Condition of material on delivery, a. Bars for forging shall be delivered as 
rolled or forged, unless the order states otherwise. 
b. Forgmgs and drop-forgings shall be delivered in the finally heal 
treated condition, unless the order states otherwise. 

c. Bars for machining shall be delivered in the finally heat treated 
condition, unless the order states otherwise. 

d. Bright bars shall be delivered in the condition stated on the order. 

Heat treatment. The heat treatment to be given to the test bars, selected 
as stated in Clause 7, and to material supplied in the finally heat treated 
condition, shall be as follows :— 

Harden in oil or water from a temperature of 830/860°C. 
Temper at a suitable temperature between 550°C. and 650°C-

Mechanical properties. The test samples from bars and billets for forging 
over 1 % in. diameter shall be forged or machined to 1 % in. diameter 
and heat treated in that size, and bars of 1 % in. diameter and under shall 
be heat treated in the futt size. 
The test pieces from forgings and drop-forgings and from bars for 
machining shall be selected and prepared as stated in the appropriate 
general clauses. 
The mechanical properties shall be as follows :— 

Izod impact value, ft. lb., rnin. 40 
Bnnell hardness number, max. 229 
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En 52 

SILICON-CHROMIUM VALVE STEEL 

BARS AND BUXETIS FOR FORGING 
FORGINGS AND DROP FORGING!. 

BARS FOR MACHINING 
BRIGHT BARS 

Chemical composition. The steel shall contain : 

J Per cent 
Fitment | 

i mln. max. 

Carbon 
Silicon 
Manganese 
Nickel 
Chromium 
Sulphur 
Phosphorus 

l 

| 040 
| 300 

030 

7-50 
I — 
] — 

Condition of nuiterial on delivery, a. Bars and billets for forging shall be 
delivered as rolled or forged, unless the order states otherwise. 

b. Forgings and drop-forgings shall be delivered in the finally heat treated 
condition, unless the order states otherwise. 

e. Bars for machining shall be delivered in the finally hent treated con
dition, unless the order states otherwise. 
d. Bright bars shall be delivered in the condition slated un the order. 

Hent treatment. The heat treatment to be given to the test bars, selected 
as stated in Clause 7, and to material supplied in the finally heat treated 
condition, shall be as follows :— 

Harden in oil or air from n temperature of 1000/I050°C. 
Temper at a suitable temperature between 650°C. and 850°C 

Mechanical properties. The mechanical properties shall be as follows :— 

Brincll hardness number 255/293 

0-50 
3-75 
060 
0S0 
950 
0 040 
0040 
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Eli S3 

SIMCON-CIIROMIUM VALVE SIKKI. 
IIARS AND BILI.RTS FOR FOkCINO 
FORCINGS AND DROP-FOHGJNGS 

BARS FOR MACHINING 
DRIGIIT BAnS 

Chemical composition. The steel shall contain . 

Per cent 
Element j — jucment 

Carbon 
Silicon 
Manganese 
Nickel 
Chromium 
Sulphur 
Phosphorus 

—,— 
mln. 

055 
1'10 
030 
— 
5 75 
— 
— 

, 
max. 

065 
1-70 
0-60 
050 
6 75 
0050 
0050 

Condition of material on delivery, a. Bars and billets for forging shall be 
delivered as rolled or forged, unless the order states otherwise. 
b. Forgings and drop-forgings shall be delivered in the finally heat treated 
condition, unless the order states otherwise 
c. Bars for machining shall be delivered in the finally heat treated 
condition, unless the order states otherwise. 
(I. Bright bars shall be delivered in the condition stated on the order. 

Heat treatment. The heat treatment to be given to the test bars, selected 
as stated in Clause 7, and to material supplied in the finally heat treated 
condition, shall be as follows :— 

- Harden in oil or air from a temperature of 950/1000*C. 
Temper at a suitable temperature between 720°C. and 800'C. 

Mechanical properties. The test samples from bars and billets for forging 
over IU in. diameter shall be forged or machined to 1 % in. diameter and 
heat treated in that size, and bars of 1 Vk in. diameter and under shall be 
heat treated in the full size. 
The test pieces from forgings and drop-forgings and from bars for 
machining shall be selected and prepared as suited in the appropriate 
general clauses. The mechanical properties shall be as follows .— 

Izod impact value, ft. lb., min. 12 
Brinell hardness number 235/285 
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En 54, 54A 

HIGH MCKEL-CHROMIUM-TUNGSTEN VALVE STEEL 

BARS AND BILLETS FOR FORGING 
FORCINGS AND DROP-FORGINGS 

BARS FOR MACHINING 
BRIGHT BARS 

Chemical composition. The steel shall contain : 

Element 

En 54 En54A 

Per cent Per cent 

1 

Carboo 
Silicon 
Manganese 
Nickel 
Chromium 
Tungsten 
Molybdenum (if specified) 
Niobium (if specified) 
Sulphur 
Phosphorus 

mln. 

0-35 
100 

1 0 0 
1200 

2 0 0 

— 
— 
— 
• — 

max. 

0-50 
2-50 
1-50 

— 
16 0 

4 0 0 

— 
0045 
0045 

mil). 

037 
, 100 

0-50 
13 0 

1 13 0 
1 2 2 

0 40 
016 

1 
1 

! 

max. 

0-47 
2 0 0 
0 8 0 

15 0 
15 0 

3 0 
060 
0>22 

. 0045 
0045 

Condition of material on delivery, a. Bars and billets for forging shall be 
delivered as rolled or forged, unless the order states otherwise. 

b. Forgings and drop-forgings shall be delivered in the finally heat treated 
condition, unless the order states otherwise 

c. Bars for machining shall be delivered in the finally heat treated 
condition, unless the order states otherwise. 

d. Bright bars shall be delivered in the condition stated on the order. 

Heat treatment. The heat treatment to be given to the test bars, selected 
as stated in Clause 7, and to material supplied in the finally heat treated 
condition, shall be as follows :— 

Soften by cooling freely in air or quenching in oil or water (at the 
option of the manufacturer) from a temperature of 950/1020"C. 

Mechanical properties. The test samples from bars and billets for forging 
over 114 in. diameter stall be forged or machined to 1 % in. diameter and 
heat treated in that size, and bars of IH in. diameter and under shall be 
heat treated in the full size 

160 

En54,54A 

The test pieces from forgings and drop-forgings and from bars for 
machining shall be selected and prepared as stated in the appropriate 
general clauses. 
The mechanical properties shall be as follows :— 

Property 

Izod impact value, ft lb , mm. 
Drinell hardness number, max. 

En 54 A. 

15 
269 
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En 55 

HIGH CHROMIUM-NICKEL-TUJSGSTEN VALVE STEEL 
n,\RS AND BILLETS FOR IORGLNC 
FORCINGS AND DIIOP-PORCINCS 

BARS FOB MVCHININC 

omcitT .lAns 

Chemical composition. The steel shall contain : 
Per cent 

Element \ r 

. 

Carbon 
Silicon 
Manganese 
Nickel 
Chromium 
Tungsten 
Sulphur 
Phosphorus 

min 

018 
100 
— 
600 
17 0 
200 
— 
— 

max 

0 45 
250 
100 
12 0 
— 
4 00 
0045 
0M5 

Condition or material on delivery, a. Bars and billets for forging shall 
be delivered as rolled or forged, unless the order states otherwise. 
b. Forgings and drop-forgings shall be delivered in tho finally heat treated 
condition, unless the order states otherwise. 
c Bars for machining shall be delivered in the Anally heat treated 
condition, unless the order states otherwise. 
tl. Bright bars shall be delivered in the condition staled on the order. 

Heat treatment. The heat treatment to be given to the test bars, selected 
as stated in Clause 7, and to material supplied in the finally heat treated 
condition, shall be as follows :— 

Soften by cooling freely in a!r or quenching in oil or water (at the 
option of tho manufacturer) from a temperature of 95O/]O20"C. 

Mechanical properties. Tho test samples from bars and billets for forging 
over 1JS in. diameter shall be forged or machined to 1H in. diameter 
and heat treated in that size, and bars of 1H in. diameter and under shall 
be heat treated in the full size. The test pieces from forgings and drop-
forgings and from bars for machining shall be selected and prepared as 
stated in the appropriate general clauses. 
The mechanical properties shall bo as follows :— 

Izod impact value, ft. lb., min. 20 
Bnnell hardness number, max. 302 
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En 56, 56k, S6B, 56C, 56D 

CHROMIUM RUST-RESISTING STEEL 

BARS AND BIULKTS FOR FORGING 
FORCINGS AND DROP-FORGINGS 

BARS FOR MACHINING 
BRIGHT BARS 

As 
uttered 
June, 
IDSS 

En 56. The range of composition of En 56 which is sub-divided into 
Grades En 56A, En 56B, En 56C, Eu 56D is suitable for tensile ranges 
of 35/45 (P), 45/55 (R), 50/60 (S), 55/65 (T) and 75/85 (X) tons/sq.in 
The purchaser should state on the order the condition P, R, S, T, or X 
for which the material is ultimately required and the ruling section at 
(he time of heat treatment The selection of En 56A, En 56B, En 56C 
or En 56D will be governed by the ruling section and the tensile range 
required, and unless otherwise agreed will be at the discretion of the 
steel maker. 

Chemical composition. The steel shall contain : 

Element 

Carbon 
Silicon 
Manganese 
Nickel 
Chromium 
Sulphur 
Phosphorus 

En56A 

Percent 

mb. j max. 

— 
— 
— 

12 0 

— 
— 

0-12 
100 
100 
100 

140 
0 045 
0045 

Eu56B 

Per cent 

mlo. 

012 
— 
— 

120 

— 

m u . 

0 1 8 
1-00 
1 0 0 
100 

14 0 
0 045 
0045 

EnS6C 

Percent 

nun. 

018 

— 
— 
— 

12 0 

— 

max. 

025 
1-00 
100 
100 

14 0 
0-045 
0045 

En56D 

Per cent 

mln. 

0-25 

— 
— 
— 

120 

— 

max. 

0 3 5 
1 0 0 
1 0 0 
1 0 0 

14 0 
0 045 
0-045 

Condition of material on delivery, a. Bars and billets for forging shall 
be delivered as rolled or forged, unless the order states otherwise. 
b. Forgings and drop-forgings shall be delivered in the finally heat treated 
condition, unless the order states otherwise. 
e Bars for machining shall be delivered in the finally heat treated 
condition, unless the order states otherwise. 
d. Bright bars shall be delivered in the finally heat treated condition, 
heat treatment being given either before or after any cold work at the 
option of the manufacturer, unless the order states otherwise. 
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En 56, 56A, 56B, 56C, 56D 
Heat treatment. The heat treatment to He g.vca to the test bars, selected 
as stated in Clause 7, and to material supplied in the finally heat treated 
condition, shall be as follows :— 

Harden in oil or air from a temperature of 950/1020°C 
Temper at a suitable temperature not exceeding 750°C. 

Mechanical properties. The mechanical properties obtained from the test 
pieces selected and prepared as stated in the appropriate general clauses 
shall be as follows :— 

Properly 

Limiting ruling 
section, in 

Tensile strength, 
tons/sq in., mln. 

Yield stress,' 
tonslsq. In., mlii. 

Elongation, 
per cent, min. 

I/od impact value, 
ft. lb., mm 

Brlnell hardness 
number 

Hardened and tempered condition 

P 

_ 

6 

35 

25 

25 

25 

1521 
207 

2 

35 

25 

R 

6 

45 

34 

25 ' fcO 

45 

1321 
207 

20 

2011 
255 

2 

45 

34 

20 

25 

2011 
255 

S 

4 

50 

38 

16 

10 

2231 
277 

2 

50 

38 

16 

20 

2231 
277 

T 

2 

55 

44 

12 

10 

2481 
302 

X 

m 
75 

63 

0 

341 
mtn. 

NOTE. When proof stress tests ore specifically requested in the enquiry and order, 
the values shall be as follows :— 

Propetty 

Proof stress (0-2 per cent), 
tons/sq. in, mm. 

Hardened mad tempered condition 

P 

23 

R 

32 

S j T 

36 1 41 

X 

59 

NOTE. When these steels ore required in the form of plate, sheet and strip, they 
should be ordered to B S. 1449,' Steel plate, sheet and strip '. When they are required 
in the form of wire they should be ordered to U S. 1S54,' Rust, acid and heat resisting 
steel wire' or B.S 2056, * Rust, acid and heat resisting steel wire for springs' as 
appropriate 
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En 56AM, 56BM, 56CM, 56DM 
CHROMIUM RUST-RESISTING STEEL 

(FREE MACHINING) 

BARS AND BILLETS FOR FORGING 
FORCINGS AND BROP-FORGINCS ' 

BARS FOR MACHINING 
BRIGHT BART 

These free machining modifications of En *",.;.-.,'56B, 56C and 56D are 
suitable for tensile ranges of 35/45 (P), 45/j', j<) and 50/60 (S) tons./sq. in. 
The purchaser should state on the order the condition, P, R or-S,- for 
which the material is ultimately required. 
The selection of En 56AM, En 56BM, En 56CM or En 56DM will be 
governed by the tensile range required. 

Chemical composition. The steel shall contain : 

Element 

Carbon 
Silicon 
Manganese 
Nickel 
Chromium 
Molyb

denum* 
Sulphur 
Selenium* 
Zirconium* 
Lead* 
Phosphorus 

En 56AM 

Per cent 

mln. 

— 
— 
— 

12 0 

— 
— 
— 
— 
— 
— 

max. 

012 
1-00 
150 
100 

140 

0 6 0 
0-75 
060 
060 
035 
0 045 

En 56BM 

Percent 

•jln 

012 

— 
— 
— 

12 0 

— 
— 
— 
— 
— 
~* 

max. 

018 
100 
150 
100 

14 0 

0 6 0 
0-75 
0 6 0 
0 6 0 
035 
0-045 

EnS6CM 

Per cent 

mln. 

0 1 8 

— 
— 
— 

12 0 

— 
— 
— 
— 
— 
— 

max. 

0 2 5 
100 
1 5 0 
1 0 0 

14-0 

0 60 
0 75 
0 6 0 
0 6 0 
0-35 
0 045 

Eo56DM 

Per cent ' 

rain, 

025 

— 
— 
— 

12 0 

— 
— 
— 
— 
— 
— 

max. 

0-35 
100 
150 
1-00 

14 0 

0 6 0 
0-75 
0-60 
0-60 
0 3 5 
0045 

* Total 1-00 per cent max 
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En 56AM, 56BM, 56CM, 56DM 
Condition of material on delivery, a. Bars and billets for forging shall be 
delivered as rolled or forged, unless the order states otherwise. 
b. Forgings and drop-forgings shall be delivered in the finally heat 
treated condition, unless the order states otherwise. 

c. Bars for machining shall be delivered in the finally heat treated 
condition, unless the order states otherwise. 

d. Bright bars shall be delivered in the finally heat treated condition, 
heat treatment being given either before or after any cold work at th: 
option of the manufacturer, unless the order states otherwise. 

Heat treatment. The heat treatment to be given to the test bars, selected 
as stated in Clause 7, and to material supplied in the finally heat treated 
condition, shall be as follows :— 

Harden in oil or air from a temperature of 950/1020°C 
Temper at a suitable temperature not exceeding 750°C. 

Mechanical properties. The mechanical properties obtained from the 
test pieces as stated in the appropriate general clauses shall be as follows-— 

Limiting ruling section, in 
Tensile strength, tons/sq. in , min. 
Elongation, per cent, nun. 

Izod impact value, ft lb , min. 
Brinell hardness number 

Hardened and tempered condition 

P 

6 
35 
20 

25 
1S2/207 

R 

6 
45 
15 

20 
201/25} 

S 

4 
50 
12 

2231277 

NOTE. When these steels are required in the form of plate, sheet and strip they should 
be ordered to B S 1449,' Steel plale, sheet and strip \ When they are required in the 
form or wire they should be ordered to B S. 1554,' Rust, acid aid heat resisting steel 
wire \ 

F* 
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MARTENSITIC CHROMIUM-NICKEL RUST RESISTING 

STEEL 

BARS AND BILLETS FOR FORGING 
FORGBXGS AND DROP-FORGINGS 

BARS FOR MACHINING 
BRIGHT BARS 

Suitable for a tensile strength of 55 tons/sq. in. min. 

Chemical imposition. The steel shall contain : 

-
Element 

Carbon 
Silicon 
Manganese 
Nickel 
Chromium 
Sulphur 
Phosphorus 

Per cent 

Juln. 

010 
— 
100 

15 5 
— 
— 

max. 

025 
100 
100 
300 

20 0 
0 045 
0 045 

Condition of materia! on delivery, a. Bars and billets for forging shall 
be delivered as rolled or forged, unless the order states otherwise 

b. Forgtngs and drop-forgings shall be delivered in the finally heat 
treated condition, unless the order states otherwise. 

c. Bars for machining shall be delivered in the finally heat treated 
condition, unless the order states otherwise. 

d. Bright bars shall be delivered in the finally heat treated condition, 
heat treatment being given either before or after any cold work at the 
option of the manufacturer, unless the order states otherwise. 

Heat treatment. The heat treatment tc bo given to the test bars, selected 
as stated in Clause 7, and to matenal supplied in the finally heat treated 
condition, shall be as follows :— 

Harden in oil or air from a temperature of 950/1020°C. 
Temper at a suitable temperature between 550°C. and 650°C. 
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Mechanical properties. The mechanical properties obtained from test 
pieces selected and tested as stated in the appropriate general clauses 
shall be as follows :— 

En 57 

Limiting ruling section, in 
Tensile strength, tons/sq. in , min 
Yield stress, ronsjsq. In, min 

Elongation, per cent, mm 
Izod impact value, ft: lb., min. 
Brlnell hardness number, min. 

6 
55 
44 

15 
15 

248 

2& 
55 

| 44 

j 15 
25 

! 248 

NOTE 1. When proof stress tests are specifically requested in the enquiry and order, 
the value shall be as follows •— 

Proof slress (0 2 per cent), lons/sq in, mm. 41 
NOTE 2 When this steel is required in the form of plate, sheet and strip it should 
be ordered to B S 1449, ' Steel plate, sheet and stnp'. When it is required in the 
form of wire it should be ordered to B,"3.~ iJSd ' Rust, sad and heat resisting steel 
wire" or B S. 2056, * Rust, acid and heat resisting steel wire foi springs' as appro',...'ate. 
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En 58A, 58B, 58C, 58D, S8E, 
S8F, 58G, 58H, S8J, 58M 

AUSTENITIC CHROMIUM-NICKEL RUST, 
ACID AND HEAT RESISTING STEEL 

BASS AND BHXETS FOB. FORCING 
FORCINGS AND DRGP.FORGINGS 

BARS FOR MACHINING 
BRIGHT BARS 

Suitable for a tensile strength of 35 tons/sq. in., min. 

En 58A, Chemical composition. The steel shall contain : 

58B, 
58C, 
58E, 
S8F, 
S8G, 
58H, 
58J 

Element 

Carbon 
Silicon 
Manganese 
Nickel 
Chromium 
Titanium 
Sulphur 
Phosphorus 

En58A 

Per cent 

mill. 

0-20 

— 
7 0* 

17 0* 

— 
— 
— 

max. 

016 

— 
2-00 

10-0 
2 0 0 

— 
0-045 
0 045 

E D S S B 

per 

niin. 

0 2 0 

— 
7 0* 

17 0* 

t 
— 
— 

cent 

max. 

015 

— 
2C0 

100 
2 0 0 

— 
0 045 
0045 

En58C 

Per cent 

mla. 

0 20 

— 
9 0 

17 0 

t 
— 
— 

max. 

015 

— 
2 0 0 

1 2 0 
2 0 0 

— 
0 045 
0045 

En58E 

Percent 

min. 

_ 
0 2 0 

— 
8 0 

17 5 

— 
— 
-*~ 

max. 

0-08 

— 
2 0 0 

11.0 
2f>0 

— 
0 045 
0045 

Element 

Carbon 
Silicon 
Manganese 
Nickel 
Chromium 
Molyb

denum 
Titanium 
Niobium 
Sulphur 
Phosphorus 

ErtS8F 

Per cent 

min. 

0 20 
_ 

7 0* 
17 0* 

— 
— 
t 

— 

max. 

015 

— 
2 0 0 

10 0 
2 0 0 

— 
— 
— 

0045 
0 045 

En58G 

Per cent 

mln. 

0 2 0 

— 
9 0 

170 

— 
— 
t 
— 

max. 

0 1 5 

— 
2 0 0 

120 
20 0 

— 
— 
— 

0 045 
0045 

En58H 

Percent 

mlo. 

0 2 0 

— 
8 0 

17 0 

1 5 0 

5 
5 
— 
— 

max. 

0 1 2 

— 
2 0 0 

1 2 0 
2 0 0 

2 50 

— 
— 

0045 
0 0 4 5 

1 

En 58 J 

Per cent 

min. 

0 2 0 

— 
8 0 

17 0 

2-50 

5 
§ 

— 
— 

mux. 

0-12 

— 
2 0 0 

1 2 0 
2 0 0 

3 50 

— 
— 

0 045 
0045 

* The sum of the nickel and chromium contents shall be not less than 25 0 per cent. 
7 Not less than four tiroes the carbon content. 
; Not less than eight times the carbon content 
J These elements may be present at the option of the manufacturer. 
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En 58A, 58B, 58C, 58D, 58E, 
58F, S8G, 58H, 58J, 58M 

Condition of material on delivery. 

a. Bars and billets for forging shall be delivered as rolled or forged, unless 
the order states otherwise. 

b. Forgings and drop-forgings shall be delivered in the finally heat 
treated condition, •-•''ess the order states otherwise. 

c. Bars for mach'uu.ig shall be delivered in the finally heat treated 
condition, unless the order states otherwise. 

d. Bright bars shall be delivered in the finally heat treated condition, 
heat treatment being given either before or after any cold work at the 
option of the manufacturer, unless the order states otherwise. 

Heat treatment The heat treatment to be given to the test pieces, selected 
and prepared as stated in Clause 7, shall be as follows :— 

Soften by cooling freely in air or quenching in oil or water (at the 
option of the manufacturer) from a temperature of 950/1150°C. 

Mechanical properties. The mechanical properties obtained from the 
test pieces, selected and prepared as stated in the appropriate general 
clauses, shall be as follows :— 

Limiting ruling section, in. 6 
Tensile strength, tons/sq. in., min. 35 
Yield stress, lons/sg. in, mm. 12 

Elongation, per cent, inin. 30 
Izod impact value, ft. lb., min. 50 

Material to specifications En 58B, 58C, 58F and 58G, and to specifications 
En 58H and 58J when stabilized with titanium or niobium, shall satisfy 
a special ringing and bend test, which shall be carried out as follows :— 

Each bend test piece shall be not larger than % in. diameter or 
thickness. 
The test piece shall be heated for 30 minutes at a temperature of 
<550°C. and cooled in air and shall then be immersed for 72 hours 
in a boding solution having the following composition:— 

111 grammes copper sulphate (Cu S0 4 • 5HaO) 
98 grammes sulphuric acid (sp. gr. 1-84) 

made up to 1 litre with distilled water. 
Precautions should be taken during boiling to prevent concentration 
due to evaporation. 
Each test piece shall then be dropped on a metal or stone surface 
and must emit a clear metallic ring. The test pieces shall then be 
bent through 90" over a radius of three times the diameter or thick
ness of the test piece and shall withstand this treatment withou' 
cracking. 
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En 58A, 58B, S8C, S8D, 58E. 
58F, 58G, 58H, 58J, 58M 

En S8D When the steel is required for deep drawing or spinning purposes ii 
may be ordered to En 58D when the steel shall contain : 

Element 

Carbon 
Silicon 
Manganese 
Nickel' 
Chromium, 

Sulphur 
Phosphorus 

Per cent 

m!n. 

0 20 

— 
110 
11-0 

— 

max. 

0 1 6 

— 
2 0 0 

14-0 
M 0 
0 045 
0 045 

* The sum of the nickel and chromium 
contents shall be notlessthan23 0percent 

En 58M Free machining modifications are obtainable in certain of these grades 
of austcnitic chromium-nickel steels. When the material is required for 
free machining, it should be ordered to En 58M and steel will be supplied 
to a composition agreed between the purchaser and the sapplier. 

NOTE. When steels of the En 58 series a -e required In the form of plate, sheet ond 
strip they should be ordered to B S. 1449, ' Steel plate, sheet nnd strip '. When ihcy 
are required in tl,c form of wire they should be ordered to D S 1554,' Rust, acid and 
heat reiisting steel wire' or I) S 2056 ' Rust, acid and heat resisting steel wire for 
springs • as appropriate 
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CMROMIUM-NICKEL-SIUCON VALVE STEEL 

BARS AND BILLETS FOR FORGING 
FORCINGS AND DROP-FORGINGS 

BARS FOR MACHINING 
BRIGHT BARS 

Chemical composition. The steel shall contain ; 

Carbon 
Silicon 
Manganese 
Nickel 
Chromium 
Sulphur 
Phosphorus 

Percent 

mln. 

0 74 
1 7 5 
0 2 0 
1-15 

190 

— 
— 

max. 

0-84 
Z2S 
0-60 
165 

20 5 
0030 
0030 

Condiiion of material on delivv.y. a. Bars and billets for forging shall 
be delivered as roiled or forged, unless the order states otherwise. 
b. Forgings and drop-forgtngs shall be delivered in the finally heat 
treated condition, unless the order states otherwise. 
c. Bars for machining shall be delivered in the finally heat treated con
dition, unless the order states otherwise. 

d. Bright bars shall be delivereu in the condition stated on the order. 

Heat treatment. The heat treatment jecommended for this steel is as 
follows:— 

Harden in oil or air from a temperature of 1050/1080°C 
Temper at a suitable temperature between 700°C. and 750"C. 

Mechanical properties. The steel shall bo capable of local hardening by oil 
quenching to a Rockwell C hardness of not less than 47 or the equivalent 
Vickers hardness number.* 

• The equivalent Vickers hardness number recommended in B S 860, • Approximate 
comparison of hardness scales' Is 480. 
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En 60,61 
FERRITIC CHROMIUM RUST-RESISTING STEEL 

(17 AND 20 PER CENT CHROMIUM) 

BARS AND BnXBTS FOR FORGING 
FORGINGS AND DROPI'OHGINCS 

BARS FOR MACinMNG 
BRIGHT BARS 

Chemical composition. The steel shall contain . 

Element 

Carbon 
Silicon 
Manganese 
Nickel 

Chromium 
Sulphur 
Phosphorus 

En 60 

Per cent 

min. 

_ 
— 
— 
— 

16 0 

_ 
— 

max. 

on 
1-00 
1 0 0 

050 
18 0 
0-045 
0045 

En 61 

Per cent 

mto. 

— 
— 
— 

20 0 

— 
— 

max. 

0 1 2 
100 
1-00 
0-50 

220 
0 045 
0045 

Condition of material on delivery, a. Bars and billets for forging shall 
be delivered as rolled or forged, unless the order states otherwise. 
b. Forgings and drop-forgings shall be delivered in the finally heat treated 
condition, unless the order states otherwise. 
c. Bars for machining shall be delivered in the finally heat treated condition, 
unless the order states otherwise. 
d. Bright bars shall be delivered in the finally heat treated condition, 
heat treatment being given either before or after any cold work at the 
option of the manufacturer, unless the order states otherwise. 

Heat treatment. The heat treatment recommended for the steel is as 
follows:— 

Soften by cooling freely in air from a temperature of 700/780'C. 

N O T E When these sleels are required in the form of plate, sheet and strip they ihould 
be ordered to B S 1449. ' Steel plate, sheet and strip . 
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En JOO, 100A, 100B, 100C, IOOD, 100E 

LOW ALLOY STEEL 

BARS AND BtU-ETS FOR FORGING 
FORCINGS AND DROP-FORCINGi 

BARS FOR MACHINING 
BRIGHT BARS 

Suitable for tensile ranges of 45/55 (R), 50/60 (S), 55/65 (T), 60/70 (U) and 
65/75 (V) tons/sq. in. according to the ruling section of the part The 
purchaser should state on the order the condition, R, S, T, U or V, for 
which the material is ultimately required. 
The material covered by this specification is capable of meeting the test 
requirements of specifications En 16 and En 19, except where these are 
used for special purposes. 

Chemical composition. The steel shall contain : 

Element 

Carbon* 
Silicon 
Manganese 
Nickel 
Chromium 
Molybdenum 
Sulphur 
Phosphorus 

Per cent 

rnlo. 

0 35 

— 
1-20 
0-50 
0 3 0 
015 

— 
— 

max. 

0 45 
0 50 
150 
1 0 0 
0-60 
0-25 
0050 
0050 

• For small ruling sections or lower tensile ranges, or when Die steel is to be hardened 
in water, the carbon content, by agreement between the purchaser and the manu
facturer, shall be 0-25/0 35 per cent and the stect wilt bo designated as En 100E. 

Condition of material on delivery, a. Bars and billets for forging shall be 
delivered as rolled or forged, unless the order states otherwise. 
6. Forgings and drop-forgings shall be delivered in the finally heat treated 
condition, unless the order states otherwise. 

c. Bars for machining shall be delivered in thermally heat treated condition, 
unless the order states otherwise. 

d. Bright bars shall be delivered in the finally heat treated condition, 
heat treatment being given either before or after any cold work at the 
option of the manufacturer, unless the order states otherwise. 
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En 100, 300A, 1MB, 100C, 100D, 100E 
Heat treatment. The heat treatment to be given to the test bars, selected 
as stated in Clause 7, and to material supplied in the finally heat treatc 
condition, shall be as follows '— 

Harden in oil* from a temperature of 830/860'C. 
Temper at a suitable temperature between 550°C. and 660'C. 

Steel to En 100E may be hardened in water if suitable precautions are 
taken. 

Mechanical properties. The mechanical properties obtained from test 
pieces selected and prepared as staled in the appropriate general clauses 
shall be as follows :— 

Property 

Limiting ruling section, in. 
Tensile strength, tons/sq. in., 

min. 
Yield stress, tons/sq. In., min 

Elongation, per cent, min 
Izod impact value, ft. l b , min. 
Brlnell hardness number 

Hardened and tempered condition 

* 

0 

45 
34 

22 
40 

2011255 

S 

4 

50 
38 

20 
40 

223/277 

1 

2U 

55 
44 

18 
40 

248/302 

V 

Hi 

60 
48 

17 
35 

2691321 

V 

1% 

65 
52 

16 
35 

2931341 

NOTE, When proof stress tests arc spcciflcalJy requested in the enquiry and order, 
the values shall be as follows *.— 

Proof stress (0-2 per cent), 
tons/sq in . min. 

R 

32 

Hardened and tempered cooditlDD 

S 

36 

T 

•11 

V 

46 

V 

50 

• When parts to En IO0E are to be water quenched, this shall be stated on the order 
'and the test bars shall be similarly heal treated. 
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En 103,100A, 1Q0B, 100C, 1000,100E 

En lOOA, For special applications the steel may be ordered to specification En 100A, En 10OB, 
JOOB, En 100C or En 100D, when it will be supplied to a specified composition only, ihe 
ionn limits of which are given below. Mechanical properties are not part of the contractua 

obligations of specifications En 100A, En 100B, En 100C and En 100D 

Element 

Carbon 
Silicon 
Manganese 
Nickel 
Chromium 
Molybdenum 
Sulphur 
Phosphorus 

ED I00A 

Per cent 

miQ. 

0 25 
0 1 0 
1 2 0 
0 50 
0 30 
0-15 

max. 

0 30 
0 50 
1 5 0 
1 0 0 
0 60 
0 2 5 
0 050 
0 050 

BnlOOB 

Per cent 

min. 

0 30 
0 1 0 
1-20 
0 50 
0 30 
0 1 5 

max. 

0 35 
0 50 
1-50 
1 0 0 
0 6 0 
0-25 
0-050 
0 050 

EolOOC 

Per cent 

mio. 

0 3 5 
0 1 0 
1 2 0 
0 50 
0 30 
0 1 5 

max 

0-40 
0 50 
1 5 0 ' 
1 0 0 
0 60 
0 25 
0 050 
0 050 

EnlOOD 

Per cent 

mm 

0 40 
0 1 0 
1 2 0 
0 50 
0 30 
0 1 5 

max. 

0 45 
0 5 0 
1 5 0 
1 0 0 
0 60 
0 2 5 
0 050 
0 050 
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LOW NICKEL-CHROMIUM-MOLYBDENUM STEEL 
BARS AND BILLETS FOR FORCING 
FORCINGS AND DROP-FORGINCS 

BARS FOR MACHINING 
BRIGHT BARS 

Suitable for tensile ranges of 50/60 (S), 55/65 (T), 60/70 (U), 65/75 (V) 
and 70/80 (W) tons/sq. in. according to the ruling section of the part. 
The purchaser should state on the order the condition, S, T, U, V or 
W, for which the material is ultimately required. 
The material covered by this specification is capable of meeting the test 
requirements of specifications En 16, En 17, and En 19. 

Chemical composition. The steel shall contain : 

Element 

Carbon 
Silicon 
Manganese 
Nickel 
Chromium 
Molybdenum 
Sulphur 
Phosphorus 

Per cent 

mln. 

035 
010 
040 
1-20 
090 
010 
— 

~ 

max. 

0 45 
035 
080 
160 
140 
020 
0-050 
0050 

Condition of material on delivery, a. Bars and billets for forging shall be 
delivered as rolled or forged, unless the order states otherwise. 
6. Forgings and drop-forgings shall be delivered in the finally heat treated 
condition, unless the order states otherwise. 
c. Bars for machining shall be delivered in the finally heat treated condition, 
unless the order sta'es otherwise. 
u. Bright bars shall be delivered in the finally heat treated condition, 
heat treatment being given either before or after Bny cold work at the 
option of the manufacturer, unless the order states otherwise. 

Heat treatment. The heat treatment to be given to the test bars, selected 
as stated in Clause 7, and to material supplied in the finally heat treated 
condition, shall be as follows :— 

Harden in oil from a temperature of 820/850"C 
Temper at a suitable temperature between 550"C. and 660°C. 

180 

Mechanical properties. The mechanical properties obtained from the test 
pieces selected and prepared as stated in the appropriate general clauses 
shall be as follows :— 

Propcr!> 

Limiting ruling section, in. 
Tensile strength, tons/sq. in., 

min. 
Yield stress, tons/sti In., mln. 

Elongation, per cent. mm. 
Izod impact value ft. lb, min. 
Brlntll hardness number 

Hardened and (empcrcd condition 

S 

6 

50 
38 

20 
40 

223/277 

! T 

i 
( 4 
i 

| 55 
[ 44 

\ 18 
40 

2481302 

v 

VA 

60 
48 

17 
35 

2691321 

V 

VA 

65 
52 

W 

m 
70 
58 

16 i 15 
35 30 

293)3411 3111375 

When supplied in the softened condition the material shall have a BrweH 
hardness number not exceeding 269. 

NOTB. When proof stress tests are specifically requested in the enquiry and order, 
Ihe values shall be as follows :— 

Property 

Proof stress (0 2 per cent), 
tons/sq. in., min 

S 

36 

Iferdtoed and temp«ffd coodilioc 

T 

41 

u 

46 

V 

50 

W 

55 
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En 111, IUA 
LOW NICKEL-CHROMIUM STEEL 

DARS AND BILLETS FOR TORGINC 
FORCINGS AND DROP-FORCINGS 

BARS FOR MACHrNTNQ 
BH'GHT BARS 

En 111 Suitable for tensile ranges of 45/S5 (R), 50/60 (S), 55/65 (T). and 60/70 (U) 
tons/sq. in. according to the ruling section of the part. The purchaser 
should state on the order the condition, R, S, T or U, for which the 
material is ultimately required. 

Chemical composition. The steel shall contain : 

Element 

Carbon 
Silicon 
Manganese 
Nickel 
Chromium 
Sulphur 
Phosphorus 

Percent 

rain. 

0 3 0 
0 1 0 
0 6 0 
1 0 0 
0 45 

_ 
— 

max. 

0 40 
0-35 
O90 
1-50 
0-75 
0-050 
0-050 

Condition of material on delivery, a. Bars and billets for forging shall be 
delivered as rolled or forged, unless the order states otherwise; 

b. Forgings and drop-fbrgings sbal] bo delivered in Ore finally heat treated 
condition, unless the order states otherwise. 

c. Bars for machining shall be delivered in the finally heat treated condition, 
unless the order states otherwise. 

d Bright bars shall be delivered in the finally heat treated condition, 
heat treatment being given either before or after any cold work at the 
option of the manufacturer, unless the order states otherwise. 

Heat treatment. The heat treatment to be given to the test bars, selected 
as stated in Clause 7, and to material supplied in the finally heat treated 
condition, shall be as follows :— 

Harden in oil or water from a temperature of 820/850°C. 
Temper at a suitable temperature between 550"C. and 660°C. 

182 

En 111, i m 
Mechanical properties. The mechanical properties obtained r™m ,u . 

Property 

Limiting ruling section, in. 
Tensile strength, tons/sq. in , 

min. 
Yield stress, tonsjsq. in., mln. 

Elongation, per cent, min 
Izod impact value, ft. lb., min. 
Brlnell hardness number 

Hardened and tempered condlllon 

45 
34 

22 
40 

2011255 

50 
38 

20 
40 

223/277 

2% 

55 
44 

18 
40 

248)302 

1H 

60 
48 

17 
35 

269/321 

NOTE. When proor stress tuts are specifically requested in Ihe enquiry and order. 
(he values shall be as follows -— 

Proptrtr 

Proof stress (0 2 per cent), 
toru/sq in , mln. 

HirdiDOd and ttmptitd condition 

R 

32 

s 

36 

T 

41 

IJ 

46 

For special applications Ihe steel may be ordered to specification En III A, when it En II1A 
will be supplied to a specified composition only, the limits of which are shown below. 
Mechanical properties are not part or the contractual obligations of specification 
E n l t I A , 

Element 

Carbon 
Silicon 
Manganese 
Nickel 
Chromium 
Sulphur 
Phosphorus 

Per cent 

mln. 

. 0-33 
010 
0 60 
100 
0 45 
— 
— 

mu. 

0-3J 
035 
0 90 
150 
0 75 
0 050 
0050 
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ED 160,160A 
2 PER CENT NICKEL MOLYBDENUM STEEL 

BARS AND BHXOTS FOR FORGING 
FORGMGS AND DROP-FORCINGS 

BARS FOR MACHINING 
BRIGHT BARS 

En 160 Suitable for tensile ranges of 45/55 (R), 50/60 (S). 55/65 (I) and 60/70 CU) 
tons/sq. in. according to the ruling section of the part. The purchaser 
should state on the order the condition, R, S, T or U, for which the 
material is ultimately required. 

Chemical composition. The steel shall contain : 

Element 

Carbon 
Silicon 
Manganese 
Nickel 
Molybdenum 
Sulphur 
Phosphorus 

Per cent 

tnln. 

0 3 5 
0 1 0 
0 3 0 
1-50 
0 2 0 

— 
" 

max. 

0 45 
0 3 5 
0 6 0 
2 0 0 
0 3 5 
0 0 5 0 
0-050 

Condition of material an delivery, a. Bars and billets for forging shall be 
delivered as rolled or forged, unless the order states otherwise^; 

b. Forgings and drop-forgings shall be delivered in the finally heat treated 
condition, unless the order states otherwise. 

c. Bars for machining shall be delivered in the finally heat treated condition, 
unless the order states otherwise. 

d. Bright bars shall be delivered in the finally heat treated condition, 
heat treatment being given either before or after any cold work at the 
option of the manufacturer, unless the order states otherwise. 

Heat treatment. The heat treatment to be given to the test bars, selected 
as stated in Clause 7, and to material supplied in the finally heat treated 
condition, shall be as follows :— 

Harden in oil or water from a temperature of 830/860°C. 
Temper at a suitable temperature between 550°C. and 660°C. 

184 

. * • . , . E n , 6 0 . N50A 
Mechanical properties. The mechanical properties ohmin,H r 
pieces selected and prepared as stated in VhV? f r o m l h e , e s t 

hall be as follows £ 'hC aPProPriat0 general clause, 

Property 

Limiting ruling section, in. 
Tensile strength, tons/sq. in., 

min. 
Yield stress, tons/sq. in, min. 

Elongation, per cent, min. 
Izod Impact value, ft. lb., min. 
Brlnelt hardness number 

Hardened and tempered condition 

S 

NOTE. When proof stress tests »ra specifically requested in the enquiry and order' 
the values shall be as follow}:— 

Proof stress (0-2 per cent), 
tons/sq. in , mfn. 

Harifaied *fld (empared cpadlHoa 

R 

32 

S 

36 

T 

41 

V 

46 

For special applications the steel may be ordered to specification En I60A, when it En 160A 
will be supplied to a specified composition only, the limits or which arc shown below. 
Mediates! properties are not purl of the contractual obligations of specification 
En 160A. 

Carbon 
Silicon 
Manganese 
Nickel 
Molybdenum 
Sulnhrr 
Phosphorus 

Pwctnt 

mlit. 

0 38 
010 
0-30 
1'50 
0 20 

o n , 

0 43 
0 35 
0 60 
200 
0 35 
0 050 
0 050 
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CARBON-MANGANESE CASE-HARDENING STEEL 

BARS AND BILLETS FOR FORGING 
FORGINCS AND DROP-FORGINCS 

BARS FOR MACHINING 
BRIGHT BARS 

Suitable for a tensile strength of 40 tons/sq. in. min. 

Chemical composition. The steel shall contain : 

I Per wnt 

Element 

Carbon 
Silicon 
Manganese 
Sulphur 
Phosphorus 

Condition of material on delivery, a. Bars and billets for forging shall be 
delivered as rolled or forged, unless the order states otherwise. 

b. Forgings and drop-forgings shall be delivered as forged, unless (he 
order states otherwise. 
e. Bars for machining shall be delivered as rolled, unless the order states 
otherwise. 
d. Bright bars shall be delivered in the cold worked or bright machined 
condition, unless the order states otherwise. 

Heat treatment.*! The heal treatment to be given to the 1H in. diameter 
test bars selected as stated !n Clause 7, and to material required in the 
finally heat treated condition, shall be as follows :— 

Blank carburise at a temperature between 880°C. and 930°C. 
Refine at a temperature of 870/900°C. and cool in air, oil or water. 
Harden in oil or water from a temperature of 770/790°C. 

Mechanical properties. The mechanical properties obtained from the test 
pieces selected and prepared as stated in the appropriate general clauses 
shall be as follows :— 

Tensile strength, tons/sq. in., min. 40 
Elongation, per cent, mm 20 
Izod impact value, ft. lb., min. 40 

• See Appendix A for "single quench ' treatment. 
t By arrangement with the purchaser the tests nvty be carried, out on samples from 
which the blank carburising Lwuroent has been omitted, or modified to a short 
healing period 

min. 

005 
110 

— 

max. 

018 
035 
150 
0050 
0 050 

186 

CARBON-MANGANESE CASE-HARDENING STEEL 
(SEMMWEE CUTTING) 

BARS AND BILLETS FOR FORGING 
FORCINGS AND DROP-FORCINGS 

OARS FOR MACHININC 
BRIGHT BARS 

(For this type of steel in the cold drawn condition sec En 7A) 

Chemical composition. The steel shall contain : 

Carbon 
Silicon 
Manganese 
Sulphur 
Phosphorus 

Per 

mJn. 

005 
1-20 
010 
— 

cent 

max. 

018 
035 
150 
018 
0050 

Condition of material on delivery, a. Bars and billets for forging shall 
be delivered as rolled or forged, unless the order slates otherwise. 
6. Forgings and drop-forgings shall be delivered as forged, unless the 
order states otherwise. 

c. Bars for machining shall be delivered as rolled, unless the order slates 
otherwise. 

d. Bright bars shall be del ivei id in the cold worked or bright machined 
condition, unless the order states otherwise. 

Heat treatmcnt.*t The heat treatment to be given to the i\i in. diameter 
test bars, selected as stated in Clause 7, and to material required in the 
finally heat treated condition, shall be a<t follows :— 

Blank carburise at a temperature between 8S0°C. and 930°C. 
Refine at a temperature of 870/900°C, cool in air, oil or water. 
Harden In oil or water from a temperature of 770/790"C. 

Mechanical properties. The mechanical properties obtained from the test 
pieces selected and prepared as stated in the appropriate general clauses 
shall be as follows :— 

Tensile strength, tons/sq. in., min. 38 
Elongation, per cent, mm. 20 
Izod Impact, f t lb., min. 30 

* See Appendix A for "single quench ' Irealment. 
t By arrangement with the purchaser the tests may be carried out on s»™PleJ <">m 

*'hlco the blank carburising treatment hns been omitted or modified to a shorl nesting 
period. 
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LOW CHROMIUM CASE-HAJRDENING STEEL 

BARS AND BILLETS FOR FORCING 
FORCINGS AND r/ROP-FORGlNGS 

BARS FOR MAanNTNG 
BRIGHT BARS 

This steel is used to a limited extent for special applications,, where a 
hard case is esssntial and the mechanical • properties of the core are of 
minor importance. The steel will be supplied to a specified composition 
only, the limits of which are as follows:— 
Chemical composition. The steel shall contain : 

Element 

Carbon 
Silicon 
Manganese 
Chromium 
Sulphur 
Phosphorus 

IVrccGt 

rata. 

0-12 
010 
OSO 
0-30 

— 

max. 

017 
035 
050 
050 
0-050 
0050 

Condition of material on delivery, a. Bars and billets for forging shall be 
delivered as rolled or forged, unless the order states otherwise. 
6. Forgings and drop-forgings shall be delivered as forged, unless the 
order states otherwise. 
c. Bars for machining shall be delivered as rolled, unless the order states 
otherwise. 

d. Bright bars shall be delivered, unless the order states otherwise, in the 
cold worked condition suitable for machining, and the maximum Brinell 
hardness number may be agreed between purchaser and manufacturer. 

Heat treatment.* The heat treatment recommended for this steel is as 
follows :— 

Blank carburise at a temperature between 880°C. and 930°C. 
Refine at a temperature of 870/900°C, cool in air, oil or water. 
Harden in water from a temperature of ItiQjlWC. 

* See Appendix A for' single quench' treatment. 

Ifc8 

LOW CHROMIUM CASE-HARDENING STEEL 

BARS AND BILLETS TOR FORCING 
. FORGINGS AND DROP-FORCINGS 

BARS FOR MACHINING 
BRIGHT BARS 

This steel is used to a limited extent for special applications, where a hard 
case is essential and the mechanical properties of the core are or minor 
importance. The steel will bo supplied to a specified composition only 
the limits of which are as follows :— 

Chemical composition. The steel shall contain : 

Carbon 
Silicon 
Manganese 
Chrcmium 
Sulphur 
Phosphorus 

Per cent 

tnlu. 

0-16 
0-10 
060 
060 
— 
— 

max. 

021 
035 
080 
080 
0050 
0050 

Condition of material on delhery. a. Bars and billets for forging shall 
be delivered as rolled or forged, unless the order states otherwise. 
b. Forgings and drop-forgings shall be delivered as forged, unless the 
order states otherwise. 
c. Bars for machining shall be delivered as rolled, unless the order stales 
ochenvise. 
d. Bright bars shall be delivered, unless the order states otherwise, in 
the cold worked condition suitable for machining, and the maximum 
Brinell hardness number may be agreed between purchaser and manu
facturer. 

Heat treatment.* The heat treatment recommended for this steel Is as 
follows:— 

Blank carburise at a temperature between 880°C. and 930*0. 
Refine at a temperature of 87O/900°G, cool in air, oil or water. 
Harden in water from a temperature of 760/780°G! 

* See Appendix A for * tingle quench' treatment. 
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LOW NICKEL-CHROMIUM-MOLYBDENUM 
CASE-HARDENING STEEL 

BARS AND BILLETS FOR TORCINC 
FORGINCS AND DROP-FORGINGS 

BARS FOR M4CHJNTNG 
BRIGHT OARS 

Suitable for a tensile strength of 55 tons/sq. in. min. 

Chemical vomposiUon. The steel shall contain : 

Element 

Carbon 
Silicon 
Manganese 
Nickel 
Chromium 
Molybdenum 
Sulphur 
Phosphorus 

Per cent 

tain. 

010 
0-45 
150 
0 40 
020 
— 
— 

max. 

0-22 
035 
065 
200 
060 
0-30 
0050 
0050 

Condition of material on delivery, a. Bars and billets for forging shall 
be delivered as rolled or forged, unless the order states otherwise. 
6. Forgings and drop-forgiogs shall be delivered as forged, unless the 
order states otherwise. 

c. Bars for machining shall be delivered as rolled, 6'Cess the order states 
otherwise. 

d. Bright bars shall be delivered, ,'aless the order states otherwise, in the 
cold worked condition suitable lor machining, and the maximum Brinell 
hardness number may be agreed between purchaser and manufacturer. 

Heat treatment.*! The heat treatment to be given to the X% in. diameter 
test bars, selected as slated in Clause 1, and to material required in the 
finally heat treated condition, shall be as follows :— 

Blank carburise at a temperature between 880°C. and M0°C. 
Refine at a temperature of 850/880°C, cool in air, oil or water. 
Harden in oil from a temperature or 770/800°C. 

• See. Appendix A. for • single quench' treatment. 
t By arrangement with the purchaser the tests may be made on samples from which 
the blank carburising treatment has been omitted, or modified to a short heating 
period. 

190 

En 325 
Mechanical properties. The mechanical properties obtained from the test 
pieces selected and prepared as stated in the appropriaic general clauses 
shall be as follows :— ° 

Tensile strength, tons/sq. in., min. 55 
Elongation, per cent, min. 15 
Izod impact value, ft lb., min 30 
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y4 PER CENT NICKEL-CHROMIUM OSE-HARDENING STEEL 
DARS AND BILLETS FOR FORCING 
FORGINGS AND DROP FORGINCS 

DARS FOR MACHINING 
BRIGHT BARS 

Suitable for a tensile strength of 45 tons/sq. in. min. 

Chemical composition. The steel shall contain: 

Element 

Carton 
Silicon 
Manganese 
Nickel 
Chromium 
Molybdenum 
Sulphur 
Phosphorus 

Per cent 

mln. 

— 
0 60 
0 60 
040 
— 
— 
— 

max. 

020 
0-35 
l'OO 
100 
080 
010 
0050 
0 050 

Condition of material on delivery, a. Bars and billets for forging shall be 
delivered as rolled or forged, unless the order states otherwise. 
b. Forgings and drop-forgtngs shall be delivered as forged, unless the 
order states otherwise. 

c. Bars for machining shall be delivered as rolled, unless the order states 
otherwise. 
d. Bright bars shall be delivered, unless the order states otherwise, in the 
cold worked condition suitable for machining, and the maximum Brinel! 
hardness number may be agreed between purchaser and manufacturer. 

Heat trcatmcnt.*t The heat treatment to be given to the \\& in. diameter 
test bars selected as stated in Clause 7, and to material required in the 
finally heat-treated condition, shall be as foltows. 

Blank carburise at a temperature between 880°C. and 930°C. 
Refine at a temperature of 850/880oC, cool in air, oil or water. 
Harden in oil from a temperature of 780/820°C. 

• Sec Appendix A for" single quench * treatment. 

t By arrangement wiih the purchaser the tests may be carried out on sai-.'»*» from 
which the blank carburising treatment has been omitted, or modified io:s short 
heating period. 
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Mechanical properties. The mechanical properties oblained from the test 

Tensile strength, tons/sq in., min. 45 
Elongation, per cent, min jg 
Izod impact value, ft, lb., min. 30 
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i PER CENT NICKEL-CHROMIUM CASE-HARDENING STEEL 
BARS AND BILLETS FOR FORGING 
FORCINGS AND DROP FORCINGS 

BARS FOR MACHINING 
BRIGHT BARS 

Suitable for a tensile strength of 55 tons/sq. in. min. 

Chemical composition. The steel shall contain: 

Carbon 
Silicon 
Manganese 
Nickel 
Chromium 
Molybdenum 
Sulphur 
Phosphorus 

Per cent 

mln. 

— 
050 
085 
060 
— 
— 
—** 

max 

0 20 
0-35 
1-00 
125 
100 
010 
0050 
0 050 

Condition of material on delivery, a. Bars and billets for forging shall be 
delivered as rolled or forged, unless the order states otherwise. 
6. Forgings and drop-forgings shall be delivered as forged, unless the 
order states otherwise. 
c. Bars for machining shall be delivered as rolled, unless the order states 
otherwise 
d Bright bars shall be delivered, unless the order states otherwise, in the 
cold worked condition suitable for machining, and the maximum Brinell 
hardness number may be agreed between purchaser and manufacturer. 

Heat treatment.*! The heat treatment to be given to the 1 % in. diameter 
lest bars selected as stated in Clause 7, and to material required in the 
finally heat-treated condition, shall be as follows:— 

Blank carburise at a temperature between 880°C. and 930°C. 
Refine at a temperature of 850/S80°C, cool in air, oil or"water. 
Harden in oil from a temperature of 780/820°C. 

* See Appendix A for' single quench' treatment. 
t By arrangement with the purchaser the tests may be carried out on samples from 
which the blank carbunsing treatment has been omitted, or modified to a short 
heating period, * 
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Mechanical properties. The mechanical nroDeriie* „ H , : „ „ J e 

Tensile strength, ti. WSq. in., min. 55 
Elongation, per cent, min. 15 
Izod impact value, ft. lb., min 20 

195 

Copyright British Standards Institution 
Provided by IHS under license with BSI - Uncontrolled Copy 

Not for ResaleNo reproduction or networking permitted without license from IHS

--`,,```,,,,````-`-`,,`,,`,`,,`---



1% PER CENT NICKEL-CHROMIUM CASE-HAltDENING STEEL 

BARS AND BILLCTS FOR 1 ORCINC 
FOBGJNCS A.1U DROF FORGING!. 

BARS FOR MACHINING 
BRIGHT BARS 

Suitable for a tensile strength of 65 tons/sq. in. mm. 

Chemical composition. The steel shall contain: 

Element 

Carbon 
Silicon 
Manganese 
Nickel 
Chromium 
Molybdenum 
Sulphur 
Phosphorus 

Per cent 

__ 
mlu. 

_ j 

0 50 , 
1 0 0 J 
0-75 j 
0 0 8 J 

- i 
< 

~ i 
1 

_ 
max. 

020 
035 
100 
1-50 
125 
015 
0050 
0050 

Condition of material on delivery, a. Bars and billets tot forging shall be 
delivered as rolled or forged, unless the order blpies otherwise. 

b. Forgings and drop-forgings shall be delivered as forged, unless the 
order states otherwise, 

c. Bars for machining shall be delivered as rolled, unless the order states 
otherwise. 

d. Bright bars shall be delivered, unless the order states otherwise,,in the 
cold worked condition suitable for machining, and the maximum Brinell 
hard icss number may be agreed between purchaser and manufacturer. 

Heat trealmcnt.*t The he«t treatment to be given to the 1% in. diameter 
test bars selected as stated in Clause 7, and to material required in the 
finally heat-treated condition, shall be as follows:— 

Blank carburise at a temperature between 880°C. and 930"C 
Refine at a temperature of 850/880°C, cool in air or oil. 
Harden in oilfrom a temperature of 780/820°C. 

* See Appendix A. for ' single quench * treaune-u. 
t By arrangement with the purchaser the tests may be carried out on samples from 
which the blank caibunsing treatment has been omitted, or modified to a short 
heating period. 
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En 353 
Mechanical properties. The mechanical properties obtained from the test 

s t a " £ S £ : p-repared as sfated ,n the appro"™te *— * « : 
Tensile strength, tons/sq. in , min. 65 
Elongation, per cent, min. \2 
lzod impact value, ft. ib, min. 20 
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m PER CENT NICKEL-CHROMIUM-MOLYBDENUM 
CASE-HARDENING STEEL 

BARS AND BILLETS FOR FORGING 
FORGtNGS AND DROP FORGING1? 

BARS FOR MACHINING 
BRIGHT BARS 

Suitable for a tensile strength of 75 toos/sq. in. min. 

Chemical composition. The steel shall contain: 

Element 

Carbon 
Silicon 
Manganese 
Nickel 
Chromium 
Molybdenum 
Sulphur 
Phosphorus 

Per cent 

. min. | 

1 I 

0-50 J 
1-50 1 
0 75 I 
010 

— 
" J 

max. 

0 20 
0 3 5 , 
10&' 
200 
1-25 
020 
0050 
0050 

Condition of mateiial on delivery, a. Bars and billets for forging shall be 
delivered as rolled or forged, unless the order states otherwise. 
b. Forgings and drop-forgings shall be delivered in the softened condition, 
unless the order states otherwise 
c. Bars for machining shall be delivered in the softened condition, unless 
the order states otherwise 
d. Bright bars shall be delivered, unless :he order states otherwise, in the 
cold worked condition suitable for macht ting, and the maximum Brinell 
hardness number may be agreed between {.urchaser and manufacturer. 

Heat treatment.*t The heat treatment to be given to the 1M in. diameter 
test bars selected as stated in Clause 7, and to material required in tho 
finally heat-treated condition, shall be as follows:— 

Blank carburise at a temperature between 880°C. and 930CC. 
Refine at a temperature of 850/880°C, cool in air or oil. 
Harden in oil from a temperature of 780/820°C. 

• Sec Appendix A for ' single quench ' treatment. 
t By arrangement with the purchaser the tests may be earned out on samples from 
which the blank carburising treatment has been omitted, or modified to a short 
heaung period 
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En 354 
Mechanical properties, a The mechanical properties obtained from the 
test pieces selected and prepared as stated in tfje appropriate general 
clauses shall be as follows.— 

Tensile strength, tons/sq. in.. :nin. 75 
Elongation, per cent, min. 12 
Izod impact value, ft lb, rrjn. 20 

b. In the softened condition, the iflaterial shall have a Bnnell hardness 
number not exceeding 277. 

a 
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En 355 
2 PER CENT NICKEL-CHROMKJM-MOLYBDENUM 

CASE-HARDENING STEEL (LOW CHROMIUM) 
BARS AND BILLETS FOR FOIICING 
l'ORGINGS AND DROP FORGINGS 

BATtS FOR MACHINING 
BRIGHT BARS 

Suitable for a tensile strength of 85 tons/sq. in. min. 

Chemical composition. The steel shall contain; 

Element 

Carbon 
Silicon 
Manganese 
Nickel 
Chromium 
Molybdenum 
Sulphur 
Phosphorus 

Per cent 

min. 

-

040 
180 
140 
015 
— 
— 

max. 

. 
020 
0-35 
0-70 
220 
1-70 
025 
0050 
0050 

Condition of material on delivery, a. Bars and billets for forging sliall be 
delivered as rolled or forged, unless the order stales otherwise. 
b. Forgings and drop-forgings shall be delivered in the softened condition, 
unless the order states otherwise. 
e. Bars for machining shall be delivered in Ihe softened condition, unless 
the order states otherwise. 
d. Bright bars shall bo delivered, unless the order states otherwise, in the 
cold worked condition suitable for machining, and the maximum Brinell 
hardness number may be agreed between purchaser and manufacturer. 

Heat treatnicnt.*t The heat treatment to be given to the test pieces 
selected and prepared as stated in Clause 7, and to the material required 
in the finally heat-treated condition, shall be as follows:— 

Blank carburise at a temperature between 880°C. and 930oC. 
Refine at a temperature of 850/880°C., cool in air or oil. 
Harden in oil from a temperature of 780/820°C. 
Temper at a temperature not exceeding 200°C. 

• See Appendix A for' single quench' treatment. 
t By arrangement with the purchaser tho tests may be carried out on samples from 
which the blank carburising treatment has been omitted, or modilled to a short 
healing period. 
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En 355 
Mechanical properties, a. The mechanical properties obtained from the 
samples selected and prepared as stated in the appropriate general clauses, 
and treated in test piece size, shall be as follows*— 

Tensile strength, tons/sq. in , min. 85 
Elongation, per cent, min. 12 
Izod impact value, ft lb., min 25 

b. In the softened condition, the material shall have a Brinell hardness 
number not exceeding 277. 

201 

Copyright British Standards Institution 
Provided by IHS under license with BSI - Uncontrolled Copy 

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



• 15' CARBON LOW ALLOY CASE-HARDENING STEEL 
BARS AND BILLETS FOR FORCING 
FORGINGS AND DROP FORGINGS 

BARS FOR MACHINING 
BRIGHT BARS 

Suitable for a tensile strength of 45 tons/sq in min. 

Chemical composition. The steel shall contain: 

Element 

Carbon 
Silicon 
Manganese 
Nickel 
Chromium 
Molybdenum 
Sulphur 
Phosphorus 

Per cent 

min. 

Oli 

— 
0 70 
0 40 
0 55 
0 0 8 

— 

max. 

017 
0 35 
1 0 0 
0 70 
0-80 
0 1 5 
0 050 
0 0 5 0 

Condition of material on delivery, a Bars and billets for forging shall be 
delivered as rolled or forged, unless the order states otherwise. 
b Forgings and drop-forgings shall be delivered as forged, unless the 
order states otherwise. 
e. Bars for machining shall be delivered as rolled, unless the order states 
otherwise. 
d. Bright bars shall be delivered, unless the order states otherwise, in the 
cold worked condition suitable for machining, and the maximum Brinell 
hardness number may be agreed between purchaser and manufacturer. 

Heat treatment.* t The heat treatment to be given to the test bars selected 
as stated in Clause 7, and to material required in the finally heat-treated 
condition, shall be as follows:— 

Blank carburise at a temperature between 880°C. and 930°C. 
Refine at a temperature of 850/880°G, cool in air, oil or water. 
Harden in oil from a temperature of 780/820°C. 

• See Appendix A for' single quench' treatment. 
t By arrangement with the purchaser the tests may be carried out on samples from 
which tho Want carburising treatment has been omitted, or modified to a short 
heating period. 
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En 361 
Metr ica l properties. The mechanical properties obtained from the test 

Tensile strength, tons/sq. in., min. 45 
Elongation, per cent, mm. 18 
Izod impact value, ft. lb., mm. 25 
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•20 ' CARBON LOW ALLOY CASE-HARDENING STEEL 
BARS ANT> BILLETS FOR FORCING 
FORCINGS AND DROP FOSCtNGS 

BARS FOR MACHINING 
BRIGHT DARS 

Suitable for a tensile strength of 55 tons/sq. in. mm, 

Chemical composition. The steel shall contain: 

Element 
Per cent 

rain. max. 

Carbon 
Silicon 
Manganese 
Nickel 
Chromium 
Molybdenum 
Sulphur 
Phosphorus j 

018 
— 

0 70 
010 
0 55 
008 
— 
"~ 

023 
0 35 
100 
0-70 
0-80 
015 
0O50 
0 050 

I 

Condition of material on delivery, a. Bars and billets for forging shall be 
delivered as rolled or forged, unless the order states otherwise. 
b. Forgings and drop-forgings shall be delivered as forged, unless the 
order states otherwise. 
c. Bars for machining shall be delivered as rolled, unless the order states 
otherwise. 
d. Bright bars shall be delivered, unless the order stales otherwise, in the 
cold worked condition suitable for machining, and the maximum Brinell 
hardness number may be agreed between purchaser and manufacturer 

Heat treatment.*! The heat treatment to be given to the test bars selected 
as slated in Clause 7, and to material required in the finally heat-treated 
condition, shall be as follows:— 

Blank carburise at a temperature between 880°C, and 930°C. 
Refine at a temperature of 850/880°C, cool in air, oil or water. 
Harden in oil from a temperature of 780/320°C. 

• See Appendix A for' single quench • treatment. 
t By arrangement with the purchaser Ihe tests may be carried out on samples from 
which the blank carburismg treatment has been omilted, or modified to a short 
heating period 
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En 362 
Mechanical properties. The mechanical properties obtained from the lest 
pieces selected and prepared as stated in the appropriate general clauses 
shall be as follows:— 

Tensile strength, tons/sq. in , mm. 55 
Elongation, per cent, min. 15 
Izod impact value, ft. lb, min. 15 
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En 363 
' 25 ' CARBON LOW ALLOY CASE-HARDENING STEEL 

BARS AND BILLETS FOR FORGING 
FORGINGS AND DROP FORGINGS 

BARS FOR MACHINING 
BRIGHT BARS 

Suitable for a tensile strength of 65 tons/sq. in. min. 
The steel shall be supplied on tensile strength only or, by special arrange
ment between the purchaser and manufacturer, on analysis only. 

Chemical composition. The steel shall contain: 

Element 

Percent 

min. 

Carbon 
Silicon 
Manganese 
Nickel 
Chromium 
Molybdenum 
Sulphur 
Phosphorus 

022 
_ 

0-70 
0 40 
0 55 
008 
— 
— 

0-26 
0 35 
100 
070 
080 
0-15 
0-050 
0050 

Condition of material on delivery, a. Bars and billets for forging shall be 
delivered as rolled or forged, unless the order states otherwise. 

6. Forgings and drop-forgings shall be delivered as forged, unless the 
order states otherwise. 

c. Bars for machining shall be delivered as rolled, unless the order states 
otherwise. 

d. Bnght bars shall be delivered, unless the order states otherwise, in the 
cold worked condition suitable for machining, and the maximum Brinell 
hardness number may be agreed between purchaser and manufacturer. 
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Heat treatment.*! The heat treatment to be given to the test bars selected 
as stated in Clause 7, and to material required in the finally heat-treated 
condition, shall be as follows:— 

Blank carburise at a temperature between 880°C. and 930°C 
Refine at a temperature of 850/880°G, cool in air or oil. 
Harden in oil from a temperature of 78O/820°C. 

Mechanical properties. If the steel, is supplied on the basis of tensile 
strength, the tensile strength obtained from the '.-• pieces selected and 
prepared as stated in the appropriate general clause 3hall be not less than 
65 tons/sq.in. 

* See Appendix A for ' single quench' treatment. 
t By arrangement with the purchaser the tests may be carried out on samples from 
which the blank carbunsing treatmert has been omitted, or modified to a short 
heating period. 
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B S 970 : 1955 
APPENDIX A 

ALTERNATIVE TREATMENT FOR CASE-HARDENING STEELS 
Bv suitable selection of composition and method or manufacture it is 
possible to omit the refining treatment after carbunsing some types of 
Lse-hardening steels. In such cases the treatment after <»Aurwn||J.s to 
reheat the material to the final hardening temperature, usually 760/800 C 
and quench in oil or water according to the type of steel employed. Such 
treatment is referred to as the' single quench • treatment. It is nor recom
mended that the single quench treatment should ba employed except by 
arrangement with the manufacturer of the steel who would in that case 
supply a grade of steel suitable for such treatment. 
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B.S. 970 : 1955 

APPENDIX B 

TABLE 8. BIUTISH STANDARD BRIGHT STEEL BARS FOR THE 
PRODUCTION OF MACHINED PARTS 

ROUN»_INCH SIZES 
All tolerances + 0 000 inch 

Tolerance 
(minus) 

in. 

0002 
0O03 
0003 

0003 
0003 
0003 

0003 
0003 
0003 

0003 
0003 
0003 

0-003 
0003 
0004 

0004 
0004 
0004 

0004 
0004 
f>004 

0-O04 
0004 
0004 

0004 
0004 
0004 

Diameter 

in. 
1% 

1 % 
1% -
Wie 

2 
2VS 

2% 

m 
2% 
2% 
3 

3% 

3*; 

4 
4M 
4 & 

4?i 
5 
5M 

Above SyA in. and 
increasing in steps 

oTH in. 

Tolerance 
(minus) 

in. 
0004 
0004 
0-004 

0004 
0004 
0004 

0004 
0005 
0005 

0005 
0-005 
0005 

0005 
0005 
0005 

0005 
0-005 
0005 

0005 
0-006 
0-006 

0-005 
0-006 
0 007 

0007 

• 

NOTE. The tolerances given in this table are, those acceptable Tor most uses. 
For any special application covered by a British Standard the tolerances given in M alimit 

thai Standard should apply. If a special application is not covered by a British *'* • , 9 i i 

Standard the tolerances may be as agreed between Uie purchaser and supplier 
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B.S. 970 : 1955 
TABLE 9. BRITISH STANDARD BRIGHT STEEL BARS FOR THE 

PRODUCTION OF MACHINED PARTS 
ROUND—METRIC SIZES 

All tolerances 4- 000 mm. 

Diameter 

mm, 
14 
15 
18 

20 
22 
25 

28 
30 
32 

35 
38 
40 

45 
50 
55 

60 
65 
70 

75 
80 
90 

100 
110 
125 

140 
160 

in. (see note) 
0-5512 
05906 
0 7087 

0 7874 
0-8661 
0 9843 

J 1024 
11811 
12598 

I 3780 
1-4961 
1-5748 

1-7717 
1-9685 
2-1654 

2 3622 
2 5591 
2-7559 

29528 
3-1496 
3-5433 

3-9370 
4-3307 
4-9213 

5-5118 
6 2992 

Tolerance 
(minus) 

mm. 

0 08 (,0 00315 In), 
0 0 8 
0 0 8 

0 0 8 
0 0 8 
0 1 0 (0 0039 in) 

0 1 0 
0 1 0 
0 1 0 

0 1 0 
0 1 0 
0 1 0 

0 1 0 
0 1 0 
0 1 3 (0 0051 In ) 

0 1 3 
0 1 3 
0 1 3 

0 1 3 
0 1 3 
0 1 3 

0-13 
015 (0 0059 In.) 
0-15 

0 1 8 (0 0077 In.) 
0 1 8 

__ 

As alttrtd 
Feb, 19SS 

NOTE. Inch equivalents are given for information only. For the purposes of, this 
table, the metric dimensions are to be regarded as standard 

The tolerances given in this table are those acceptable for most uses. 
For any special application covered by a British Standard the tolerances given in 

that Standard should apply. If a special application is not covered by n British 
Standard the tolerances may be as agreed between the purchaser and supplier. 
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B.S. 970 ; 1955 
TABLE 10. -BRITISH STANDARD BRIGHT STEEL BARS FOR THE 

PRODUCTION OF MACHINED PARTS 

SQUARE-INCH SIZES 

All tolerances + 0000 in, 

Width 

• ' in. 

Tolerance 
(minus) 

in. 

. beiow \i 
Y* to Via 

%8 
% 
aKo 

% 

me 
1 

2 
2M 

2JS 
3 

!!! 
0004 
0004 
0004 

0004 
0004 
0004 

6-005 
0-005 
0-005 

0005 
0005 
0-005 

0005 
0005 
0005 

0-005 
.0 006 
0006 

0006 
O006 

NOTE. The tolerances given in this table are those acceptable for most uses. 
For any special application covered by a British Standard the tolerances given in Feb", isis 

that Standard should apply. If a special application is not covered by n British 
Standard the tolerances may be as agreed between the purchaser and supplier. 
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B.S. 970 : 19SS 
TABLE 11. BRITISH STANDARD BRIGHT STEEL BARS FOR THE 

PRODUCTION OF MACHINED PARTS 
SQUARE—METRIC SIZES 

All tolerances + 0-00 mm. 

mm. 
13 
14 
15 

16 
17 
18 

19 
20 
22 

24 
25 
27 

30 
32 
35 

36 
40 
41 

45 
46 
50 

55 
60 
65 

70 
75 
80 

Width 

in. (sec note) 
05118 
0-5512 
0-5906 

0 6299 
0-6693 
0-7087 

0 7480 
0-7874 
0-8661 

0-9449 
0-9843 
10630 

11811 
12598 
1-3780 

14173 
15748 
16142 

1-7717 
1-8110 
1-9685 

2 1654 
2 3622 
2-5591 

2-7559 
2-9528 
31496 

Tolerance 
(minus) 

mm. 
0-10 (0 0039 In.) 
010 
0-10 

010 
010 
010 

010 
010 
010 

013 (0 0051 in.) 
013 
0-1? 

0-13 
013 
013 

0-13 
0-13 
013 

013 
013 
013 

0-15 (0 0059 In.) 
015 
0-15 

015 
0-15 
Not specified 

As altrrtd 
Ftb., 19SS 

NOTE. Inch equivalents are given for information only. For the purposes of this 
table, the metric dimensions are to be regarded as standard. 

The tolerances given in this table ate those acceptable for most uses. 
For any special applica'»on covered by a British Standard the tolerances given in 

that Standard should apply. If a special application is not covered by a British 
Standard the tolerances mtj he iU .tsreed between the purchaser and supplier. 
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B.S. 970 : 1955 

TABLE 12. BRITISH STANDARD BRIGHT STEEL BARS FOR THE 
PRODUCTION OF MACHINED PARTS 

HEXAGON—INCH SIZES 

All tolerances + 0 000 in. 

Decimal sizes 

in. across flats 

below 0 248 
0 248 
0 282 

0-324 
0-365 
0 413 

,0 445 
0 525 
0 6 0 0 

0 710 
0820 
0920 

1010 
1100 
1200 

1.300 
1390 
1480 

1-575 
1670 
1-860 

2050 
2 220 
2.410 

2 580 
2-760 
3 018 

3-150 
3340 
3 500 

Tolerance 
(minus) 

in. 

0002 
0003 
0003 

0003 
0003 
0003 

0003 
0 00% 
0004 

0004 
0004 
0004 

0005 
0005 
0005 

0005 
0005 
0005 

0 005 
0005 
0005 

0005 
0006 
6-006 

0006 
0006 
0006 

0006 
0-006 
0010 

Fractional sizes 

in. across flats 

below Vt 
Vi to Jia 

VS 

Mo 
% 
' V i 8 

y* 
'Mo 
% 
'Me 

1 
1MB 

IV* 

m 1MB 

m 
lJia 
1V4 

19i 
l ' M e 

1% 
2 
2Vi 

2 M B 
2% 
2V4 

2 « 
3 
3V4 

Tolerance 
(minus) 

in. 

0002 
0 003 
0003 

00O4 
0004 
0004 

0004 
0004 
0004 

0005 
0-005 
0005 

0-005 
0005 
0 005 

0005 
0 005 
0005 

0005 
0005 
0005 

0 005 
0005 
0006 

0006 
0006 
0006 

0006 
0006 
0006 

AM aUtrtH 
Ftb , 1961 

..w.—. . ,w ivivmiivut given in mis ranie are inosc acccptaoie lor most uses. 
For any special application covered by a British Standard the tolerances given in At alumt 

that Standard should apply. If a special application is not covered by a British M •l9!S 

Standard the tolerances may be as agreed between the purchaser and supplier 
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B.S. 970 : t<>55 
TABLE 13. BRITISH STANDARD BRIGHT STEEL BARS FOR THE 

PRODUCTION OF MACHINED PARTS 
HEXAGON—METRIC SIZES 

All tolerances + 000mm. 

Sizo 

mm across flats 

12 
14 
17 

19 
22 
24 

27 
30 
32 

36 
41 
46 

50 
55 
60 

65 
70 
75 

80 

ir.. (see note) 

0-4724 
0 5512 
0 6693 

0 7480 
08661 
0 9449 

1-0630 
MSI I 
12598 

1-4173 
1-6142 
1-8)10 

19685 
21654 
23622 

25591 
2-7559 
29S2S 

3-1496 

Tolerant* 
(minus) 

mm 

0 08 (000315 In ) 
010(0 0039 In.) 
010 

010 
010 
013(0005///).) 

0-13 
013 
013 

013 
013 
0-13 

0-13 
015 (0 0059 In.) 
015 

015 
015 
015 

015 

As altered 
Feb, 1938 

NOTE. Inch equivalents arc given Tor information oily. For the purposes of this 
'able, the metric dimvnstons are regarded as Mandard. 

The tolerances given in this table are thoMs acceptable for most uses. 
For any special application covered by u British Standard the tolerances given ir 

that Standard should apply. If a special application is not covered by a Brilisr 
Standard the tolerances may be as agreed between the purchaser and supplier." 
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B.S.970 :1955 

APPENDIX C 

DIMENSIONAL REQUIREMENTS FOR HOT ROLLED 
LAMINATED SPRING PLATES 

Laminated spring plates shall comply with the following dimensional 
requirements :— 
The sections for the steels for laminated springs shall be of the dimensions 
given in Table 14. 

Both surfaces of the spring plate shall be concave transversely, but the radius 
of curvature shall be such that in a 2}£ inch blade or wider the thickness 
at the centre shall not be less than at the edge by more than 0 015 inch. 

The margins of manufacture shall be as follows ;— 
On width ±0 6 per cent with a minimum of ±0 010 inch. 

—1-5 per cent J 
On thickness +2 per cent . . „ . . „ „ „ 

r > with a minimum of ±0005 inch. 
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B.S. 970 : 1955 
TABLE 14. STANDARD SECTIONS FOR STEELS FOR 

LAMINATED SPRINGS 

Width | 

in. 

1 
1 
1 

w. 
VA 
VA 
VA 
VA 

VA 

v/. 
I K 
VA 
VA 

W, 
W4 
IX 
W 
WA 

2 
2 
2 
2 
2 
2 

2% 
2'A 
2% 
2M 
2'4 
2\i 

Thickness 

in. 

]/B 

Ms 
Mo 

V6 
% 2 

M« 
% 2 

K 

552 
Ma 
% 2 

y, 
%2 

M« 
%a 

« 
% 2 

Ms 

Mo 
% 2 

« 
%2 

Mo 

% 

Mo 
% 2 

X 
%2 

Mo 

« 

Width 

III. 

2V. 
2>A 
2% 
2J4 
2V5 

Thickness 

in. 

Mo 

%o 

Ma 
% 

Ma 
¥l 

3V4 
3 « 
3(4 
3J* 

4 
1 
4 
4 

M B 

% 
yia 
U 

% 
Via 
¥2, 

% 

14 
¥a 
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B.S. 970 : 1955 

APPENDIX D 

DIMENSIONS OF BRITISH STANDARD TEST PIECES 
TEST PIECE C (0 5«4 IN. DIA.) AND SMALLER SUBSIDURY 

STANDARD ROUND TENSILE TEST PIECES • 

'N^ T 
D 

.sr 

—n 
\ 

G 

P / 

Cross-sectional area A = 

Gauge length G =» 

Parallel length P = 

Fig. 1. Subsidiary standard round test pieces 

reD' 
4 ' 

V A = 3-54 D. 

•s G minimum ±"3 98 D minimum. 
8 

G Radius R at shoulder for wrought metals = - minimum. 

(0-88 D minimum.) 

Diameter 
D 

In. 

0-564 
0 424 
0 399 
0 357 
0 282 
0 226 
0159 
0125 

Cross-
sectional 

area 
A 

sq, in. 
0 2493 
01412 
01250 
01000 
0 0625 
0 0401 

0 0199 
0 0123 

Gauge 
length 

in. 

2 0 0 
1-50 
1-41 

1-2C 
1 0 0 
0 8 0 
0 5 6 
n-44 

Parallel 
length 

P 
(minimum) 

In. 
2 2 5 
1-69 
1-58 
1-42 
1-12 
0 9 0 

0 6 3 
0 5 0 

H
 

n 
0 5 0 
0 3 7 
0 3S 

0 31 
0 2 5 
0-20 

014 
0 1 1 

• Abstracted from B.S. 18 • Tensile testing of metals ' 

* i G 

Jiddle 
half" 1 

~-iC-*jiG — 

_GaHga lengthy 
G 

Fig. 2. Sketch Illustrating middle half of gauge length 
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195S 
STANDARD TEST PIECES FOR NOTCHED BAR IMPACT TESTS 

.Hammer Strikes here , 

r-4— 
I 

~r . 1 . 

! ! ! 75mn, . ' 
(._! 1-

iSlnking distinct 
of pendulum. 

Fig. 3. Square test piece with single notch 

4S' 
Z8mm.. 

-4 
JU ilL 

I " l i » ^ included angle 

'included angle h - - 22inm--*l/ 
. . .28mm, ^JJLu,. 28mm .L.> 

is. *_ [ T V 

Y r 

Hamrotr j tnkti ntn 

to; 

( , - j .b -S 130mm. |-->j 

Fig, 4. Alternative square test piece providing for 3 notches 

45"'mclud«d angle^_> , , Flat Nk in wy . 
CZ—11 ins, J/ W 

- 0 4Sin.dta.-v ^__A 

- 3 ins.-

-a 
Fig. 5. Round test piece with single notch 

45'included angler 

irF 
Mint.. 

/ \ _ 

,.— HinsJC]y— ' ' ' n J — \ / 
Flat >4 in. wide 

T — - y 
-0-M'm.iit, 

/ \~- 45 f included angle 
-e 

- 5 Z ins.-

Fig. 6. Alternative roend test piece providing for 3 notches 
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STANDARD NOTCHES FOR NOTCHHD BAR IMPACT TEST PIECES 

Fig. 7. 
22 
• square test piece 

A gauge having an 8 mm. opening shall pass over the test piece at the 
bottom of the notch. 

013 in 

—— )-
t- OlSin.Jia-

Fig. 8. Enlarged f Jew of notch for round test piece 

A gauge having a 0-320 inch opening shall pass over the test piece at the 
bottom of the notch. 

oiz; 

0-53 

1005 in radius 

Fig. 9. Alternative notch for round test piece 

A gauge having a 0-330 inch opening shall pass over the test piece at the 
bottom of the notch. 

NOTE. Thu notch shall be cut by mounting tho specimen in an eccentric mandrel, 
tne centre of the specimen being 0.9 inch from the centre of the mandrel. 
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B.S. 970 : 1955 

APPENDIX E 

INFORMATION ON ' RULING SECTION ' AND 
' EQUIVALENT SECTION ' 

The object of this appendix is to draw attention to the influence of size and 
shape in determining the mechanical properties produced in steel by heat 
treatment The size and shape are the main factors determining the rate of 
cooling during treatment and the rate of cooling, taken in conjunction with 
thecomposition of thesteel, determines the mechanical properties obtained 
It is this interrelation of final properties and size and shape which is com
monly referred to as ' mass effect' 
In selecting a steel, one of the most important considerations is that its 
composition should allow the desired mechanical properties to be 
developed by the heat treatment to be used in the size and shape at 
the heat treatment stage. 

The term ' ruling section' is used in many British Standards, and the 
' limiting ruling section' is always expressed as the maximum diameter of 
round bar in which the specified properties may be produced in the steel 
concerned by the heat treatment specified. Since many parts at the time of 
heat treatment do not even approximate in shape to round bar, it is 
necessary to have some means of relating the rates of cooling of other 
shapes to their' equivalent sections' of round bar. The diameters of roun-J 
bars, the centres of which would cool through a given temperature range at 
the same rate as the centres of rectangular or square sections bars of 
different sizes, have been calculated by the mctbods described in the first 
report of the Alloy Steel Research Committee, Iron and Steel Institute 
Special Report No. 14,1936, page 149. For the purpose of the calculations, 
only the size and shape have been considered and the other factors such as 
specific heat, thermal conductivity and phase changes have been ignored 
The curves and tables which follow should be used, therefore, only for 
comparing sections of the same steel and not for comparing steels of 
different types. 

NOTE The calculations «er- made for cooling in air or oil al 20°C Ihrough the 
range 820*C to 300*C but the results are applicable where the ratio of fall in tempera-
Hire of Hie centre to the feu in temperature of ths su face Is the same as for the 
conditions assumed, i e. where • 

Temper̂ Ujû aLttmUê ofjww-e—-Temperature_of oil (air) 
Initial teniperaiure ofptece —Temperature of oil <alr) , "" 

Moreover, the results apply to any range of temperature wt|',ire the lime of cooling 
is such lhat on'y one term is required in the expansions or the formulae given In the 
reference above 
' h ' Is taken to be 0 8 for oil quenching and 0 03 for air cooling, where : , 
' h ' represents the quantity or heat transferred per unit area of surface per unit u'me 
per degree or temperature difference between the body and tho surrounding medium, 
divided by the (hernial conductivity of the material, all the quantities being expressed 
in the C.G S. system and the temperature in degrees Centigrade 

2~» 

B.S. 970: 1955 

The results of the calculations are given here in the form of tables for 
converting the sizes of plates or rectangular bections into equivalent sizes 
of rounds for oil quenching and for air cooling respectively. For most 
parpens <b= tables.cmng direx:tj;onversion into the ' equivalent round * 
are easier to use but graphs are also proVideaTroiii which can be read a 
factor which, multiplied by the thickness of a rectangular section, will give 
the' equivalent round.' As an example of.how the tables should be used, 
the centre of a square section of 1M in. sides will, when oil quenched, cool 
at the same rate as a round section of 1-60 in. diameter, while the 
' equivalent round ' corresponding to a rectangular section of 1 % in by 
3 in. will, for oil quenching, be 2-10 in. diameter. 

Results sufficiently close for many practical purposes may be obtained by 
noting that over certain ranges of sizes an approximate conversion factor 
may be used. Thus for rectangular sections where the breadth is I Vx times 
the thickness the conversion factor varies little for thicknesses between I in 
and 4 in. and, for oil qioching, multiplying the thickness by 1-28 gives a 
close conversion to the equivalent diameter of round bar. 
Sections other than rounds or rectangles are difficult to treat mathematically 
but close approximations may usually be obtained. Octagonal and hex
agonal parts are intermediate in cooling rate between round and square 
the order of increasing time of cooling being round, octagonal, hexagonal, 
square. The conversion factor (based on dimensions across flats) for 
hexagons and octagons will lie between 1-0 and 1 085 with oi! quenching 
and still closer with air cooling so that no serious errors «-an arise. Oval 
sections with major axis' a 'and minor axis' b ' -vill cool more slowly than 
a round bar of diameter' b ' but faster than a rectangle' a' x ' b '. More 
accurate results may be obtained by converting the oval section to an 
equivalent rectangular section of sides * A ' and ' B * such that the area is 
the same as the oval section and A : B as a • b. 

Careful consideration has to be given to cases where the section varies 
along the length of the part in order to decide which section is to be looked 
on as the controlling section at the time of heat treatment. The importance 
or otherwise of obtaining tl,»full mechanical properties at the section should 
be considered. In the case ol parallel shafts having flanges, collars, or other 
enlarged portions, the length of such enlarged portions in relation to the 
diameter should be taken into account If the ratio of length to diameter 
is great then the diameter of such a portion will be the determining 
dimension, but if this ratio is small the portion may be viewed as a disc or 
plate in which the thickness is the determining feature. For intermediate 
cases the distance from the centre of the enlarged section to the nearest 
point of the external surface will in general decide the ruling dimension. 
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B.S. 970 : 1955 
TABLE 15. CONVERSION OF RECTANGULAR 

SECTIONS AND PLATES INTO EQUIVALENT ROUNDS. 

OIL QUENCHING 

5 -- breadth of section. T = thickness of section. 

- for plate = oo 

" 

T 

in. 

% 
1 

m 
2 
2% 
3 

3H 
4 
4K 

5 
5J£ 

Diameter of equivalent round to Inches (o nearest 0 05 Inch 

1 l 

0 5 0 
1-05 
1 6 0 

215 
270 
325 

380 
435 
490 

5 45 
6 0 0 

B 
T 

l t t 

0 65 
1-30 
1-90 

2-55 
3 2 0 
3 8 5 

4-50 
5-10 
5 75 

X 
X 

2 

0 7 0 
1 4 0 
2-10 

2 8 0 
3 50 
4 20 

4 9 0 
560 

X 

X 
X 

2% 

0 75 
1-50 
2 2 5 

2 95 
3 70 
4'40 

5-10 
5 80 
X 

X 
X 

3 

0 8 0 
1 5 5 
2 3 0 

3 0 5 
3-75 
4'50 

5 2 0 
5 9 0 
X 

X 
X 

CO 

0 8 5 
165 
2-40 

3 1 0 
3 8 5 
4 55 

5-25 
6 0 0 
X 

X 
X 

X = Over 6 in. 
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B.S. 970 : 1955 

TABLE 16. CONVERSION OF RECTANGULAR 

SECTIONS A N 0 PLATES INTO EQUIVALENT ROUNDS. 

AIR COOLING 

B = breadth of section. T => thickness of section 

B 
— for plate = <x> 

Diameter of cqulTalrni round In luches to nearest 0 OS Inch 

I 

i 
i * | 

2 
2J* 
3 

3'/£ 
4 
*H 

5 
5»4 

B 
T 

" 
1 

0 50 
1 0 0 
1-50 

200 
2 55 
305 

3-55 
4 1 0 
460 

l'fc 

0 6 0 
1 2 0 
185 

2 45 
3 05 
365 

4 30 
4-90 
5 55 

,— 
2 

065 
1 3 5 
205 

2 70 
3 40 
4 1 0 

4 80 
5 5 0 

X 

. 
2V» 

0 70 
1 4 5 
2 2 0 

2 W 
3 6 5 
4 40 

5-15 
5-90 
X 

3 

0 75 
155 
2-30 

3-10 
3 8 5 
4 6 5 

3'A 

0 80 
1-60 
2 40 

•5-10 
'5 65 

X 
X 

X 
X 

X 
X 

4 

0 80 
165 
2 45 

3 3 0 3-20 
4 05 | 4-15 
4 85 5-00 

5 40 
X 
X 

X 
X 

565 
X 
X 

x-
X 

5 85 
X 
X 

X 
X 

100 
195 
295 

385 
480 
5-70 

X 
X 
X 

X 
X 

X •» Over 6 in 
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BRITISH STANDARDS INSTITUTION 

Tbe British Standards Institution was founded in 1901 
and incorporated by Royal Charter in 1929. 

The principal objects of the Institution as sot out in 
the charter are to co-ordinate the effoits of producers 
and users for the improvement, standardization and 
simplification of engineering and industrial materials ; 
to simplify production and distribution ; to eliminate 
the waste of time and material involved in the pro
duction of an unnecessary variety of patterns and sizes 
of articles for one and the same purpose; to set up 
standards of quality and dimensions, and to promote 
the general adoption of British Standards. 

In carrying out its work the Institution endeavours 
to ensure adequate representation of all viewpoints. 
Before embarking on any project it must be satisfied 
that there is a strong body of opinion in favour of 
proceeding and that there is a recognized need to be met. 

The Institution is a non-profit-making concern. It 
is financed by subscriptions from firms, trade asso
ciations, professional institutions and other bodies 
interested in its work, by a Government grant and by 
the sale of its publications. The demands on the 
services of the Institution are steadily increasing and 
can only be met if continuing and increased financial 
support is provided. 

Membership of the Institution is open to British 
subjects, companies, technical and trade associations, 
and local and public authorities. 

Prlnudln England by IVaurhw & Son) Limited London, Dwutabk Hyde (12 500/4/64) (334168/D) 
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PD 2971 

Amendment No. 2, published 25 February, 1958 

to B.S. 970 : 1955 

Wrought steels (bar, billets and forgings) 

Revision 

Appendix B. Tables 8 to 13. Add the foUowing note at the foot of 
each table:— 

' NOTE. The tolerances given in this table are those acceptable for most uses 
For any special application covered by a British Standard the tolerances 

given in that standard should apply. If a special application is not covered 
by a British Standard the tolerances may be as agreed between the purchaser 
and supplier." 

P D. 2127 

Amendment No. 1, p u b I i s I l e d M ^ ^ ^ 

to B.S. 970:1955 

Wrought steels (bars, billets and forgings) 

Corrigenda 

PD. 3092 

Amendment No. 3, published 25 June 1958 

to B.S. 970 : 1955 

Wrought steels (bars, billets and forgings) 

Revision 
Pages 164 and 165: En 56A, 56B, 56C, 56D. Add at top of pages ' En 
56.' 

Page 164: Delete first paragragh and substitute the following • 
En 56. The range of composition of En 55 which is sub-divided into 

Grades En 56A, En 56B, En 56C, En 56D is suitable for tensile ranges 
of 35/45 (P), 45/55 (R), 50/60 (S), 55/65 (T) and 75/85 (X) tons/sq in. 
The purchaser should state on »h? onier the condition P, R, S, T, or X 
for which the material is ultimately required and the ruling section at 
the time of heat treatment. The selection of En 56A, En 56B, En J6C 
or En J6D wdl be governed by the ruling section and the tensile range 
required, and unless otherwise agreed will be at the discretion of the 
steel maker. 
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PD 4814 

Amendment No 4, published 27 February, 1963 

to B.S. 970 : 1955 

Wrought steels in the form of bars, billets and forgings 
up to 6 in. ruling section for automobile and 

general engineering purposes 

Revision 

PART 1. GENERAL CLAUSES 

Clause 1. General requirements. Add the following paragraph: 

' In order to assist the supplier, the purchaser is recommended to 
indicate in the enquiry and order thepurpose for which the material is 
to be used. A drawing of the part in question is useful'. 
Clause 3. Freedom from defects. Delete the text and substitute-

" The steel shall be free from piping, harmful segregation and other 
defects and in addition: 

a. Billets and. bars for forgjngs shall be rough machined, chipped, 
ground or otherwise prepared to remove surface defects which might 
produce defects in the bars, forgings or drop forgings made therefrom; 

b. Billets for re-rolling and bars for other than forging purposes shall 
be free from harmful surface defects; 

c. Bars for machining shall be commercially straight, 
d Forgings and drop forgings shall be finished in a workmanlike 

manner and shall be free from flaws and surface defects; 
e. Case hardening steels shall bo capable of being carbunscd and 

heat-treated to give a satisfactory uniform surface hardness *. 

PART 2. SPECIFIC REQUIREMENTS 

Enl A. Free cutting steel for machining. Delete the footnote regarding parts 
which are to be case hardened and substitute: 

' This steel is supplied as a free cutting steel for machining. It is not supplied for 
case hardening and this requirement does not form part of the specification. For 
guidance only, a core strength Of approximately 28 tcs/sq. in. should bo expert ed 
if this steel is heat treated in accordance with the requirements of En32A'. 

EnlB. Free cutting steel bars for machining (higher sulphur). Delete the 
footnote regarding parts which are to be case hardened and substitute: 

* This steel is supplied as a Tree cutting steel Tor machining. It is not supplied Tor 
caso hardening, and this requirement does not form part of the specification. For 
guidance only, a core'strength of approximately 28 tors/sq. in. should be expected 
ir this steel is heat treated in accordance with the requirements of En32A'. 

Copyright British Standards Institution 
Provided by IHS under license with BSI - Uncontrolled Copy 

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



En3A, 3C. ' 20' carbon steel (hot rolled or normalised). In the first 
sentence, delete' in the normalised condition *. 

Condition of material on delivery. Amend Sub-clause c (iv) to read: 
' Bright drawn finished-normalised'. 

En6, €K, 6A. Bright carbon steel. Mechanical properties. Delete properties 
for Yi in size or less (diameter or width across flats) and substitute: 

Tensile strength, tons/sq. in. 
min. 35 
max. 45 

Elongation, per cent, nun. 12 
Izod impact value, ft lb, min 20 

En7. Semi-free cutting carbon steel. Chemical composition. Delete minimum 
percentage manganese content and substitute: '1-0'. 

En8. ' 40 ' carbon steel. Condition of material on delivery. Delete Sub
clause d and substitute: 

' Bright bars shall be delivered in accordance with the tables'. 
Mechanical properties. Delete table entitled ' Normalised or hardened 

and tempered' and substitute: 
• NGC 1 FINALLY NORMALISED OR HARDENED AND TEMPERED 

{WITHOUT GRAIN SIZE CONTROL) 

Property 

Limiting rub,ig section, in. 
Tensile strength, tons/sq. in., min 
Yield stress, tonslsq in, min 

Elongation, per cent, min 
lzod impact value, ft. lb., min. 
Brinell hardness number 

Normalised 

6 
35 
18 

20 

1521207 

Condition 

Hardened and tempered 

Q 

2% 
40 
28 

22 
10 

179/229 

R 

45 
32 

20 
10 

201/255 

NGC 2. NORMALISED OR HARDENED AND TEMPERED AND 
FINALLY BRIGHT DRAWN (WITHOUT GRAIN SIZE CONTROL) 

Property 

Limiting ruling section, in. 
Tensile strength, tons/sq. in., inin. 
Yield stress, tonslsq. in., min. 

Elongation, per cent, min 
Brinell hardness number 

P^mahsed 

6 
35 
18 

17 
152/207 

Condition 

Hardened and tempered 

Q 

2K 
40 
28 

17 
179/229 

R 

% 
45 
32 

17 
201/255 

GC 1. CONTROLLED GRAIN* FINALLY NORMALISED OR 
HARDENED AND TEMPERED 

Property 

Limiting ruling section, in. 
Tensile strength, tons/sq. in., 

min. 
Yield stress, tons/sq. m , min 

Elongation, per cent, min. 
Izod impact value, ft. l b , min 
Brinell hardness number 

Condition 

Normalised 

4 

35 
IS 

20 
20 

752/207 

6 

35 
IS 

20 
15 

152/207 

Hardened and tempered 

Q 

2% 

40 
28 

22 
25 

179/229 

R 

45 
32 

20 
40 

201/255 

% 

45 
32 

20 
25 

20J/255 

• Controlled grain steel to this specification shall possess a McQuaid-Ehn grain 
size of 5-8. 

GC Z CONTROLLED GRAIN* NORMALISED OR HARDENED 
AND TEMPERED AND FINALLY BRIGHT DRAWN 

Properly 

Limiting ruling section, in. 
Tensile strength, tons/sq. in., mm 
Yield stress, tons/sq in., min 

Elongation, per cent, mm 
Izod impact value, ft. lb., min 
Brinell hardness number 

Normal
ised 

6 
35 
18 

17 
t 

152/207 

Condition 

Hardened and tempered 

Q 

m 
40 
28 

17 
25 

179/229 

2X 
40 
28 

17 
15 

179/229 

R 

% 
45 
32 

17 
25 

201/255 

* Controlled grain steel to this specification shall possess a McQuald-Ehn grain size 
of 5-8. 

t An Izod impact value of 10 ft lb minimum is specified where the carbon content 
does not exceed 0-40 per cent. 

Delete title of Table' COLD DRAWN ' and substitute 

' COLD DRAWN (FOLLOWING HOT ROLLING, l e NOT HARDENED 
AND TEMPERED) 
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ED8A, 8B, 8C, 8D, 8E. ' 40 ' carbon steel. 

En8AM, 8BM, 8CM, 8DM. ' 40 ' carbon steel-free cutting. 
Enl2A, 12B, 12C. 1 per cent nickel steel. 

In the second line of the paragraph immediately above tables of 
chemical compositions delete ' only'. Add at the end of the paragraph. 
' but they may be negotiated between the purchaser and the supplier'. 

En8M, 8AM, 8BM/PCM, 8DM.«40 ' carbon stccl-frec cutting. Chemical 
composition. Delete minimum percentage manganese content and substi
tute * 1-0 : 

En14A. Carbon-manganese steel. Mechanical properties, Table. In the 
normalised condition, insert an Izod impact value of" 

• i s l 
and insert a footnote below the table to read: 

' • 30 for controlled grain steel'. 

Enl4B. Carbon-manganese steel. Mechanical properties, Table. In the 
normalised condition, insert an Izod impact value of-

'15*' 

and insert a footnote below the table to read: 
' * 30 for controlled grain steel'. 

Table 12. British Standard bright steel bars for the production of machined 
parts. Add the following: 

Decimal 
sizes 

3-560 

Tolerance 
(minus) 

0 010 
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AMD 415 

Amendment Slip No. 6, published 12 February, 1970 
to B.S. 970 : 1955 

Wrought steels in the form of bars, billets and forgings 
up to 6 in. ruling section for automobile and 

general engineering purposes 
NOTE. This amendment is necessary due to the publication of Part 4 of the revision of 
B S. 970 covering the stainless, heat resisting and valve steels 

Revised text 

Foreword 
Add the following additional paragraph to the cod of the Foreword: 

' For stainless, heat resisting and valve steels refer to BS 970 : Part 4 :1970, 
' Wrought steels in the form of blooms, billets, bars and forgings', Part 4, 
* Stainless heat resisting and valve steels'.' 

Part 2. Specific requirements 
Delete the entries in the specific requirements for the following steels: 

En 51—En 52—En 53—En 54, 54A—En 55—En 56, 56A, 56B, 56C, 56D— 
En 56AM, 56BM, 56CM, 56DM—En 57—En 58A, 58B, S8C, 58D, 58E, 58F, 
58G, 58H, 58J, 58M—En 59—En 60, 61. 

AMD 157 

Amendment Slip No. 5, published 9 December, 1968 

to B.S. 970 : 1955 

Wrought steels in the form of bars, billets and 
forgings up to 6in. ruling section for automobile and 

general engineering purposes 
Correction 

fart 2. Specific requirements 

En 8M, 8AM, 8BM, 8CM, 8DM. In the table giving chemical composi
tion for the steels £n 8 \M, 8BM, 8CM, 8DM, which may be ordered 
for special applications, delete the minimum manganese content of 
*0-90%' and substitute ' l -0%' m each case. 

NOTE This amendment only applies to certain reprinted copies of BS 
970 in which Amendment No. 4, PO 4814, was not correctly incorporated. 

AMD 553 

Amendment Slip No. 7, published 4 September, 1970 
to B.S. 970 : 1955 

Wrought steels in the form of bars, billets and forgings 
up to 6 in. ruling section for automobile and 

general engineering purposes 

NOTE. This amendment is necessary due to the publication of Part 2 of the revision of B.S 
970 covering the direct hardening alloy steels including alloy steels capable of surface 
hardening by ru'tridlng. 

Revised text 
Foreword 

Add the following additional sentence to the beginning of last paragraph of the 
Foreword: 

'For direct hardening alloy steels including alloy steels capable of surface 
hardening by minding refer to B S. 970 • Part 2 : 1970, 'Wrought steels in the 
form of blooms, billets, bars and forgings', Part 2, 'Direct hardening alloy steels 
including alloy steels capable of surface hardening by minding'.' 

Part 1. General clauses 

Table 3. Tensile strengths of hot rolled or normalised bars, billets, forgings and 
drop forg(ngs~-oilier than free-cutting steels. Delete the entry related to En 12. 

Table 4. Tensile strengths of hardened and tempered bars, billets, forgings and 
drop forgings. Delete all entries after and including those for En 12 on pages 24 
to 29 inclusive. 

Table 5. Tensile strengths of hardened and tempered bars, billets, forgings and 
drop forgings—nitriding steels. Delete this table entirely. 

Part 2. Specific requirements 

Delete the entries in the specific requirements for the following steels: 

En 10-En 11-En 12, 12A, 12B, 12C-En 13-En 16, 16A, 16B, 16C, 16D-En 
16M-En IT-En.18, 18A, 18B, 18C, 18D-En 19-En 19A, 19B, 19C-En 20A, 
20B-̂ En 21, 21A-En 22-En 23-En 24-En 25-En 26-En 27-En 28-En 29A, 
29B-En 30A, 30B-En 31-En 40A, 40B-En 40CrEn 41 A, 41B-En 100, 100A, 
loot; 100C, 100D, lOOE-En 110-En 111, 111A-En 160,160A. 
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Amendment Slip No. 8, published 30 July, 1971 

to B.S. 970 : 1955 

Wrought steels in the form of bars, billets and 

forgings up to 6 in. ruling section for automobile 

and general engineering purposes 

NOTE This Amendment is necessary due to the publication of Part 3 of the rcvis'on of B.S. 
970 presently covering alloy steels for case hardening. 

Revised text 

Foreword (as amended by Amendments Nos. 6 and 7) 

Delete the sixth paragraph which commences "The case hardening steels 

Delete the final paragraph (for certain reprinted copies of the standard it will 
be necessary to delete the last two paragraphs) commencing 'For direct harden
ing alloy steels', and substitute the following' 

'For direct hardening alloy steels including alloy steels capable of surface 
hardening by nitrtdmg refer to B S 970: Part 2- 1970, "Wrought steels in the 
form of blooms, billets, bars and forgings'. Part 2, 'Direct hardening alloy steels 
including alloy steels capable of surface hardening by nitriding*. For alloy steels 
for case hardening refer to B S. 970. Part 3:1971, 'Wrought steels in the form of 
blooms, billets, bars and forgings', Part 3, 'Steels for case hardening'. For 
stainless, heat resisting and valve steels refer to B.S 970 Part 4: 1970, 'Wrought 
steels in the form of blooms, billets, bars and forgings', Part 4, 'Stainless, heat 
resisting and valve steels'.' 

Part 1. General clauses 

Clause 7. Provision of material for testing 
Delete '(d) Caseliardenlng steels ' and substitute (d) Carbon and carbon mang
anese case hardening1 steels' 

Table 6 Tensile strengths of the cores of case-hardened steels. Delete the entries 
related to- En37, En33, En34, En35I, En361, En35, En36A, En325, En352, 
En362, En36B, En36C, En38, En353, En363, En354, En39A, En39B, En355! 

Part 2. Specific requirements 

Delete the entries in the specific requirements for the following steels- En33 -
En34 - En35, 35A, 35B - En36A, 36B, 36C - En37 - En38 - En39A, 39B -
En206 - En207 - En325 - En351 - En352 - En353 - En354 - En355 - En36l -
En362-En363. 

Price 10p 
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Amendment Slip No. 9, published 14 February, 1972 
to B.S. 970:1955 

Wrought steels in the form of bars, billets and forgings 
up to 6 in. ruling section for automobile and 

general engineering purposes 
NOTE. This amendment ts necessary doJ to the publication of Part I of the revision of 
B S. 970 covering carbon aad carbon manganese steels including free-cutting steels. 

Revised text 

Foreword. Delete the text of the existing Foreword entirely and substitute the 
following: 

'This 1955 edition of B.S. 970 is presently being revised in five separate parts 
So far four parts of this revision have been published as follows 

B.S. 970 : Part 1 : 1972, 'Wrought steels in the form of blooms, billets, bars 
and forgings', Part 1, 'Carbon and carbon mnnganese steels including free 
cutting steels'. 

B.S. 970 : Part 2 : 1970, "Wrought steels in the form of blooms, billets, bars 
and forgings'. Part 2, 'Direct hardening alloy steels including alloy steels capable 
of surface hardening by nitriding'. 

B.S. 970 : Part 3 • 1971, 'Wrought steels in the form of blooms, billets, bars 
and forgings', Part 3, "Steels for case hardening'. (Presently covering alloy steels 
for case hardening only). 

B.S. 970 : Part 4 : 1970, 'Wrought steels m the form of btooms, billets, bars 
and forgings'. Part 4, 'Stainless, heat resistant and valve steels'. 
Amendments Nos. 6,7,8 and 9 have been published to delete, from this edition of 
B.S. 970, those steel types which are now covered by the above four parts of the 
revision. It is also additionally intended that requirements for carbon and carbon 
manganese steels for case hardening will be added to Part 3, by amendment action, 
and that requirements for steels for the manufacture of hot formed and heat 
treated springs will be published as Part 5 of the revision. Thus, when these are 
published this 1955 edition will be withdrawn Until then it is necessary for it 
to continue in existence so that requirements for carbon and carbon manganese 
steels for case hardening and requirements for steels for the manufacture of 
hot formed and heat treated springs will continue to be covered. 
It should also be noted that, as a result of these changes, certain requirements 
given in the Genera) Clauses of this standard may no longer continue to apply. 
This will be apparent from each of the specific requirements for the steels 
remaining in Part 2 of B.S. 970 : 1955.' 

Price Wp CrO 

Part 1. General clauses 
Insert the following Note between the main heading 'Part I. General clauses' and 
the first paragraph which commences 'Ruling stxtion. In the selection . . . . ' . 

'NOTE. Due to tho publication of Parts 1,2, 3 and 4 of the revision to this standard and ihe 
deletion from this standard of the steels covered by these parts, certain of the requirements 
given in those general clauses may no longer continue to apply (see also the Foreword),' 

Tabic 1. Tensile strengths of cold drawn bars—other than free-cutting steels. 

Delete this table entirely. 
Table 2. Tensile strengths of cold drawn free-cutting bars. Delete this table 

entirely. 
Table 3. Tensile strengths of hot rolled or normalised bars, billets, forgings and 

drop forgings—other than free-cutting steels (as amended by Amendment No. 7). 
Delete this table entirely. 

Table 4. Tensile strengths of hardened and tempered bars, billets, forgings 
and drop forgings (as amended by Amendment No. 7). Delete this table entirely. 

Part 2. Specific requirements 

Delete the entries in the specific requirements for the following steels. 
En lA-En IB-En 2-En 2A, 2A/1, 2B, 2C, 2D-En 2E-£n 3, En 3A, 3C-En 

3B-En 3D-En 4-En 4A-En 5, 5K, 5A, 5B, 5C-En 5D-En 6, 6K, 6A-En 7-En 
7A-En 8, 8A, 8B, 8C, 8D, 8E-En 8K-En 8M, 8AM, 8BM, 8CM, 8DM-En 9, 
9K-En 14A-En 14 A/l-En 14B-En 15-En 15A-En 15AM-En 15B-En 43A, 43B, 
43C, 43D, 43E. 
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Amendment Slip No. 10, published 9 June, 1972 
to B.S. 970:1955 

Wrought steels in the form of bars, billets arid forgings 
up to 6in. ruling section for automobile and 

general engineering purposes 
NOTE. This amendment is necessary due to the publication of Port 5 of the revision of 
B S. 970 covering carbon and alloy stwls for the manufacture of hot formed springs. 

Revised text 
Foreword. Delete the text of the existing Foreword entirely and substitute the 
following-

'This 1955 edition of B S. 970 has been revised in five separate parts as follows: 

B S. 970 Part 1 :1971, 'Wrought steels in the form of blooms, billets, bars 
and forgings', Part 1, 'Carbon and carbon manganese steels including 
free-cutting steels' 

B S 970 • Part 2 1970, 'Wrought steels in the form of blooms, billets, bars 
and forgings', Part 2, 'Direct hardening alloy steels including alloy steels 
capable of surface hardening by nitridmg'. 

B 3. 970 : Part 3 : 1971, 'Wrought steels in the form of blooms, billets, bars 
and forgings'. Part 3, 'Steels for case hardening'. (Presently covering alloy 
steels f"r case hardening only) 

B.S 970 : Part 4 . 1970, 'Wrought steels in the form of blooms, billets, bars 
and forgings'. Part 4, 'Stainless, heat resistant and valve steels'. 

B.S 970 : Part 5 .1972, 'Wrought steels in the form of blooms, billets, ban. 
and forgings', Part 5, 'Carbon and alloy steels for the manufacture of hot 
formed springs' 

Amendments Nos. 6, 7, 8, 9 and 10 have been published to delete, from this 
edition of B.S 970, those steel types which are now covered by the above five 
parts of the revision and it is additionally intended that requirements for carbon 
and carbon manganese steels for case hardening will be added to Part 3 of the 
K-vision, by amendment action. Thus, when this is published, the revision of this 
1955 edition will be complete and it will be withdrawn Until then, it is necessary 
for it to continue in existence so that requirements for carbon and carbon 
manganese steels for case hardening will continue to be covered. 

GrO 

It should also be noted that, as a result of these changes, certain requirements 
given in the General Clauses of this standard may no longer continue to apply. 
This will be apparent from each ofthespecific requirements for thestcels remaining 
in Part 2 of B S. 970 • 1955.' 

Part 1. General clauses (as amended by Amendment No. 9) 

Delete the Note (as inserted according to Amendment No. 9) under the main 
heading 'Part 1. General clauses' and substitute the following: 
•NOTE Due to the publication of Ports 1, 2, 3, 4 and 5 or the revision to this standard and 
tho deletion from this standard of the steels covered by these parts, certain of the requirements 
given in these general clauses may no longer continue to apply (see also the foreword).' 

Table 7. Summary of spring steel bars. Delete this table entirely. 

Part 2. Specific requirement 

Delete the entries in tho specific requirements for the following steels: 
En 42, 42B, 42C, 42D, 42E, 42F, 42G, 42J-En 43, 43G, 43J-En 44, 44B, 44C, 
44D, 44E-En 45, 45A-En 46-En 47-En 48-En 48A-En 49A, 49B 49C 
49D-En 50. 
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