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i d Steel
Tuis ScuEDULE, having been approved by the Iron an
Industry Commuttee and endorsed by the Chairman of the
Engineéring Divisional Council, was published under the
authority of the General Council as a British Standard on

20th January, 1955.

Furst published, July, 1941

First revision, October, {942
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 commuttees 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 refercnce to the following Bnush
Standards :—

B.S. 18  Tensile testing of metals.

BS 131. Forms of notched bar impact test picces.

BS.240 Part 1. Methods and tables for Brincll hardness

testing,
Part 2, Steel %aﬂs Cor Brinell hardness testing

B.5.427 Tables of diamond pyramid hardness numbers,

BS.80. Table of approximate comparison of hardness
scales.

B.S. 1408. Hard drawn steel wire {or springs.

B.b. 1429. Annealed steel wire for oil-hardenced and tempered
springs.

BS 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 resisting steel wire for springs,

B.5. 2094, Glossary of terms relatiag to iron and steel ;
Part 1.

British Standards are revised, when necessary, by the issue
elther 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.1. references relate to the work on this standard —
Commuitee reference 1ISR/31 Draft for comment CO(ISE)4583
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End. 25’ carbon steel {normahsed)
En4A '25" carbon stecl (colc:) drm:/rl)I
5B, 5C. * 30 carbon stce )
gﬂ gbfx"gﬁ‘ carbon steel (hardened, tempered and bright
drawn)
En 6, 6K, 6A. 35/45 ton bright carbon steel
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En 8K. *40° carbon steel (for special applications)
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(medium carbon)
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(high carbon)
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En28 3% per cent nickel-chromium-molybdenum steci
En 29A, 29B. 3 per cent chromum-molybdenum steel
En 30A, 30B. 434 per cent nickel-chromium steel (with or
without molybdenum)
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tempering
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and tempering -
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BRITISH STANDARD SCHEDULE OF
STEELS FOR AUTOMOBILE AND GENERAL
ENGINEERING PURPOSES

FOREWORD

‘The first cdition of this specification was issued in 194.1 not only to replace
B.S. 5005 . 1924, which, until then, was the only spec;ﬁcau?n for wrovght
steel for automobules, but also to provid\; n‘c.omprehenswe schedule of
neral use in the engineering industries.
stee}; f:cr:c%:r‘!eamce with the pglicy o[gthe British S(anda.rds Institution,
revisions were subsequently issued in 1942 and 1947 to bring the sch‘edulc
into line with current practice. This particularly affected the 1947 issue,
which, as a result of discussion with the Socicty of Motor Mmm‘facmrers
and Traders, included the post-war requirements of the melor industry.

The present revision brings the specifications up to date and at.thc
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 thn.t, since
1947, sub-civisions have been introduced into certain specifications to
mect the needs of some users whose heat treatment facilities require
matenal of closely controlled chemical compositien. In these specifications
the parent specification details iimits of composition generally acceptable
as suitable for the particular class of steel as well as the mechanic_al
properties obtainable within the ruling sections stated for the material
wvithin these composition limuts, The sub-divisions of the specification
require some closely controlled limits of compesition, but in such cases
specitied mechanical propertics are not a contractual obligation and the
mater‘al 1s supplied only to the limits of the composition specified.

It has been found possible to mect 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 stcels, 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 will not be so tested.

The case hardening steels of the En 350 and En 360 series, introduced
as Addendum No. 1 in 195} 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 propecties 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

8
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series) * This contains a large amount of vajuable and informative data
to facilitate the task of designers in selecting the most sultable und at the
same time the 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 cdition wilt be published on the basis of this edition of
BS. 970

PART 1. GENERAL CLAUSES

Ruling section. In the selection of a steel one of the most impurtant consider.
ations is whether the mechanical propertles required can be obtained from
the stecl In the size and shape at the time of heat treatment, That portion which
is most important from the polnt of view of the mechanlcal properties obtained
by heat treatment 15 referred to as the ruling section and the ruling section
should alwoys be expressed in terms of the diameter of an equivalent round
bar (see Appendix E)

Sonte of the specifications in Part 2 state the maxinum dlameter of round bar,
i e the limiting rufing section, in which certain mechanical properties can be
obtained, The de« gner should select steel which will give the destred properties
in the actual ri.... 3 section at the ime of heat treatment. When ordering steel
not supplied in the finally heat treated condition the ruling section of the part ot
the time of heat treatment should be stated.

It Is emphasized that the limiting ruling sections stated In the speclficutions

in Part 2 are the muaximum sites in which the specified propertles can be

guaranteed,

GENERAL REQUIREMENTS

f. The steel shall comply with the requirements specificd m 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 supplied to chemical
composition only.

In order to assist the suppher, the purchaser 1s rccommended to
indicate in the enquiry and order the purpose for which the material 1s
to be used. A drawing of the part in question 1s uscful,

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

FREEDOM FROM DEFECTS
3. The stecl shell be free from piping, harmful scgrezation and other
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;

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

9
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1y straight;
. Bars for machining shall be commerciaily 3 ,
;' Forgings and drog forgings shall be finished in a workmanlike
manper and shall be free from flaws and surface defects; ) ‘
e. Case hardening steels shall be capable of being carburised an
heat-treated to give a satisfactory uniform surface hardness.

CHEMICAL ANALYSIS

i sis The specified ranges of chemical composition are
:;sf:;isgrfcg:f:g:gses and oir’n request the n}anufactumr shall supply a
certificate of analysis of the steel for the spf.acrﬁeq elements. Any siubse}
quent analytical checks shall take into consideration the heterogeneity o
the steel. ]

b. Residual elements. For carbon steels elements not quoted in the
relevant specification shall not be intentionally added to the stef:l “'nthcut
the agreement of the purchascr, other than for the purpose of ﬁmshmg the
heat. All reasonable precautions shall be taken to prevent the addition
of such elerments from scrap or other materials used in mnn\{facture.

For alloy stecls percentages of clements up to the following amounts
shalf be considered as incidental *—

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

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

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

d. Lead bearing steels. Lead bearing steels may be supplied only by
agreement between purchaser and supplier, The lead content shall be
015/0-35 per cent, and the steel shall be 1dentifiable by a distinguishing
mark agreed betwecn the purchaser and the suppher.

CONDITION OF MATERIAL OR DELIVERY

5. The noimal conditions of steels on delivery in different forms are
stated in the individual specification 1 Part 2,

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

Bright bars shall be machined, ground, bright reeled, cold drawn, cold
rolted or cold rectified as ordered. The margins of manufacture shall be
1n accordance with those given in Tables 8-13 (Appendix B).

10

No reproduction or networking permitted without license from IHS

Not for Resale

B.S. 970 : 1953

GENERAL DEFINITIONS

8. a Heat treatment and general metallurgical terms. For the purposes
of this British Standard, unless otherwise defined herein, terms shall have

the meanings given in BS 2094. * Glossary of terms relating 1o iron and
stec] ’.

b. Yield stress. Yield stress is the stress (foad 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 uniform rate a sudden permanent increase 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 fl-defined and in such cases the yield stress
shall be interpreted as the 0-5 per cent proof stress.

For the steels covered by the present specifications values for the yleld
stress are quoted in italicy These values are considered to be representative
for the steels concerned but are not to be used as acceptance values ecept
by special arrungement between the purchascr and the manufacturer,

¢, Proof stress. Proof stress is the atress (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 O 5 per cent proof stress.

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

Alterndtively, if the specification requires only a minimum valus of the
proof stress the material shall be decmed to be 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 specificd percentage of the gauge length,

PROVISION OF MATERIAL FOR TESTL T
7. a. Definltions.

(i) Test sample. A test sample is that portion of the material
s2lected for testing.

(ii) Test bar. A test bar is the test sample after preparation for
heat treatment.

{1
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or less and also for parts machined from bar not finaily 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

B.S. 970 : 1955 ,
(ifi) Test piece. A test piece is the test sample or test bar as finally
prepared for testng.

b. Preparation of test bars. Unless otherwise specified, test samples forgiqgs, drop forgirzgs or parts are made. :l'hcy shall be f?rgcd andfor
and t.est bars shall be selected and prepared as loltows :—The test bar shall machincd to the ruling section of the forgings, drop forgings or parts
be of sulicient length to allow of the preparation of the test pieces as and shall be heat treated with the material they represent. The number
specified in Clause 8 and the appropriate heat treatinent shall be carried of tests shall be agreed between the purchaser and the supplier.

out before preparation of the test pieces, exceptwhen the specified rpumm:nﬁ
tensilo strength is 85 tons/sq in. or more. In such cases the test picce sha
be machined to test picce size, plus a grinding f.lllowance il required,
before heat trcatment, and the properties then o.bmmed'are representative
of those of parts heat treated in the same ruling section 2s that of the
test picce and may not represent larger ruling sections.

(iii) Bars for machining supplied in the finally heat treated candition.
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 tenstle strength is 85 tons/sq. in. or more when
test pieces shall be separately prepared as specified in Clause 7(5).

Unless otherwise agreed, the number of tensile and impact tests
er ih o hardenine stecls. on any batch of bars of similar size, from the same cast and heat
¢. Steels other than cas .1 treated together shall be 2 per cent. of the number of bars,

If Brinell 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 cach heat treatment batch.

(d) Case hardening stecls. Where the size of the test sample is greater

(i) Bars or billets for forging and bars for machining not supphed

in the finally heat treated condition. . )

Where the ruhng section of the bars or billets does not differ
appreciably from that of the forgings or parts (o be produced, test bars
may be taken directly from a bar or billet and he:at treated in the
original size. Alternatively, when it is considered cither by the pur-

oot than 136 n. diameter, separate test bars shall be prepared by forging
t
chaser %f‘:’\; th: “’v’::l:“g‘cl:g:";e“:‘:t ::;‘:::33: z:. :‘;‘; [;::z;:rqt;se;nt;::: and/or machtning to that size ; but for smaller sizes the test bar shall be
bar ]odr bel f)t " :don the forgings ol: parts to be produced, test samples heat treated in the full section of the sample. When the test sample is
would be obtain , ! »
shall be forged and/or machined to test bars of a diameter equivalent smaller than 134 . diameter the mecharucal propertics obtained may
to the ruli : section of the forgings or parts at the time of heat treat differ from those stated in the individual specifiv'vlon to an extent which
o the ruling secti - . X
ment. Test bars shall be given the representative heat treatment for can be'd.elerrfuned by comparative tests on the test sample and on a test
. bar 134 in. diameter from the same cast.

theganiisc o‘;;cerxi; agreed, one *ensile test and, if specified, one For bars and billets the test bars shall be carbunsed or blank carburised
impact test. shatl be uxk%n from any baich of bars or billets of similar and then refined and hardened as specified In the individual specification,
ruling section from the same cast and, for the purpose of subsequent except that by agreement between th{ie purchaser and the manufacturer
orders, these tests shall be taken as representing all sizes of bars or c“‘%‘:‘mgool;:x;t Z"‘;‘;L‘:s’;’r:% 2‘3“0 ‘:’s“tﬂ;:]e: (isfc: ':gﬁgd':n‘:)’m et
billets from the same cast where the ruling section of the forgings or B , I 8p 4 P

test, shall be taken from any batch of bars or billets from the same cast

parts does not exceed the ruling section of the test bar already tested. and for the purpose of subsequent orders the tests shall be acceplcs as

(i) Forgings, drop forgings and machined parts. For forgings and representiig all bars or billets from that cast,
drop forgings with a ruling section equivalent to a diameter greater For torgings, drop forgings and parts, carburisation of the test bars
than 1% in., integral test samples may be provided by agreement may be omitted but the heat treatment otherwise shall be carried out
between the purchaser and the supplier, when a prolongation shall be with the forgings, drop forgings or parls they represent. The number of
Ieft on an agreed proportion of forgings or drop forgings. Unless tests shall be agreed between the purchaser and the manufacturer.
otherwise agrecd, the prolongation shall have a diameter approximately
equal to the ruling, section of the forging or drop forging at the time of LOCATION OF TEST PIECES
heat treatment, and it shall not be finally severed until after heat 8. Unless otherwise specified test pieces shall be prepared as follows :—
treatment,

. . . For ruling sections up to and including 134 In, the test pieces shall
Where integral test samples are not required, and for small forgings be ;achi;ed cogaxi ally fronla, ﬂ? eatest bars, g 1% fest p
and drop forgings with ruling section equivalent to a diametér of 134 in.
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b For ruling sections over 134 in. and up to and including 234 in,
the longitudimal axes of the test pieces shall be paraliel to and not less than
9% in. from the surface of the test bars

¢. For ruling sections over 23 in. the longitudinal axes of the test
picces shall lie mudway between the axis and the surface of the test bars.

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

MECHANICAL TESTS

9. a. Tensile test. The tensue test shall be carried out in accordance with
the requ:rements of B.S, (8 * Tensile testing of metals.”

(i) Except as provided in (i1) below tensile test picces shall be
machined from bars, billets, forgings and drop-forgings to the
dimenstons of British Standard test piece C, or if the test bar is too
siall, to the dimensions of the Jargest recominended round subsidiary
test picce 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 5§ in. diameter or width across fiats,
unmachined test pieces with a gauge length equal to four times the
square root of the arca 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),

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

The Brinell hardness rumbers 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 nuriiber 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 Brinell hardness number,

should be used 1 calculate the hardness range equivalent to the desired
tensile range.

d. Transverse properties. The values quoted for mechanical properties
rel'er. to }ongmdmal tests. The elongation and Izod impact values
obtained from transverse tests will be lower to an extent governed by the

14
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size, form and type of steel, Where transverse tests are required, sultable
values should be agreed between the purchaser and the manufacturer

RETESTS

10. Should any of the original test pieccs 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 tcst
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
11. The purchaser or his representative shall have access to the works of

the manufacturer at all reasonable times and shalf be at liberty to inspect
the manufacturc and testing at any stage.

TESTING FACILITIES
12. The manufacturer shall supply free of charge the material required for
testing. and shall, at his own cost, 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 shail bear the cost of carrying out thoe test elsewhere.

REFERENCE SYMBOLS FOR TENSILE RANGES OF
HARDENED AND TEMPERED MATERIAL
The varying tensilo ranges for the diffe. ¢ specifications have been

designated with the letters P to Z so that the sacue letters always represent
the same lower limit of the tensile range. The symbols arc ns follows :—

Referenco  Tensile strength Reference  Teniile strcng)\h

symbol (tonsfsq in) symbol (tonsfsq In
P 35 v 65
Q 40 w 70
R 45 X 75
S 50 Y 80
T 55 Z 100
U 60
15



TABLE . TENSILE STREMGTHS OF COLD DRAWN BARS—OTHER THAN FREE-CUTTING STEELS

§561: 0.6 59

Chemical composition, per cent Tensiie
Specifica- (m Slze (diameter
tron unless a or width
c s Ma Ni o s P range Is 2cross flats)
indlcated)
tons/sq 1w, m,
En 3B 0 25 max. | 0-35 max. | 1-00 max. — —_ 0060 max. | 0060 max. 28 —
En 3D 0-15/0-25 | 0-05/0-35 | 0-60/1 00 — —_ 0060 max. | 0060 max. 35 134 and less
30 Over 134 to 214
a 23 Over 234
En 4A 0-30 max. | 005/035 | 100 max. — — 0 060 max. | 0060 max. 32/42 2 and less
En 5D* 0-25/0-35 | 005/035 { 0-60/1-00 — —_ 0-060 max. | 0060 max. 45 16 and less
40 Qver ¥ to 3%
35 | Over % 10214
Eng 0-35 max. | 005/0-35 | 050/0 90 - — 0060 muax. | 0060 max. 3848 | 3 and less
and 35(45 Over 3 to 234
En 6A - 32/45 | Qver 234
En6K | 0-35max.| 005/035 | 050/090 - - 0:050 max. | 0-050 max 38148 | % aod less
35/45  ; Over ¥ to 2%
32145 | Over 244
} ;
* Hardened and tempered prior to cold drawing.
TABLE 1. TENSILE STRENGTHS OF COLD DRAWN BARS—OTHER THAN FREE-CUTTING STEELS (contd.)
Chemiczl compesition, per cent Tensile
strength
Srecitc- i Size (diameter
c si Mn Ni o 3 P range s scross flais)
indicated)
tonsfsq in. mn.
En8 0 35/0-45 | 0-05/0-35 | 0-60/1 00 —_— —_ 0-060 max. | 0060 max. 42 1% and less
= 39 Over 114 to 23
31 ) Qver 214
En 43A 0-45/0-55 | 0-05/0-35 | 0 70/1 00 — — 0-060 max. | 0060 max. 45/60 : 2 and less
En 14A 0-15/0-25 | 0-10/0-35 | 1 30/1-70 [ 0-40 max. 025 max. | 0060 max | 0060 max. 45 } 2 and less
En 14B 0-20/0-30 | 0-10/0-35 | 130/1-70 | 0-40 max. — 0-060 max. | 0060 max. 45 | 2 2nd less
En9 0501060 | 0-05/0-35 | 050/0 80 —— — 0060 max. | 0060 max. 50/65 ! 2 and less
En 9K 0-50/060 | 005/035 | 0 50/0-80 — — 0050 max. | 0QS0 max. 50/65 [ 2 and less
13
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TABLE 2. TENSILE STRENGTHS OF COLD DRAWN FREE-CUTTING STEEL BARS

Tensil
Speclfic- Chemical composition, per cent ots e_nzt% Shze
c si Mo s P l;:lzsd “lca r::})e across flats)
tons/sq. in in.
En 1A 0-07/0:15 | 010 max. | 0-80/1-20 | 020/0 30 | 0-070 max. 32 1%, and less
28 Over 1% to 134
25 Over 134 to 214
23 Over 214 to 4
En 13 007/015 | 010 max. | 100/1-40 | 030/060 | 0-060 max. 27 1%, and less
25 Over 1%, to 134
23 Over 134 to 2%
En?7 010/0:30 | 025 max, | 0~70/1-30 | 010/01s | 0060 max. +0/50 14 and less
35/45 Over ¥ t0 1%
30/40 Over 1% to 2}4
En7A 0-12/0:18 | 0-25 max. | 100/1-50 { 010/0-18 | 0-060 max. 35/45 134 and less
30/40 Over 134 to 2%
Ea 8M 035/045 | 025max. | 090/L-30 | 0-12/020 | 0-062 max. 38 134 and less

Not for Resale
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TABLE 3. TENSILE STRENGTHS OF HOT ROLLED OR NORMALISED SARS, BILLETS, FORGINGS AND

DROP FORGINGS—OTHER THAN FREE-CUTTING STEELS

SS61:0L6°S'H

Chemical composition, per ceat Texsile
pectiica Limiting *
s = mung s
tion i s ! mgme I section
c Si Mo : Ni Cr | 3 e ls
% tonus/sq. in. in.
En2 020 max. — 080max. | — — | 0:060 max. | 0060 max. 20 6
Er 2E 015 max. | 010/0:35 | 050 max. — —_ 0050 max. | 0050 max. 20 6
£n3 025 max. ; 0-05/0:35 ! 100 max. —_ — 0-060 max. | 0-060 max. 25/35 6
En A 015/025 | 0-05/035 | 040/090 - - 0060 max. | 0060 max. | 28 6
En 3C 017/023 | 005/035 | 060/1-00 - i - 0050 max. | 0-050 max. 28 6
Ené 030 max. | 005/0-35 | 100 max. _ - 0060 max. | 0-060 max. 28/38 6
Eus 0-25/0-35 | 0-05/035 | 060/1:00 — — 0060 max. | 0060 max, 32 214
En 5K 025/035 | 005/035 | 060/100 — - 0050 max. | 0050 max. 2 | 2%
6 040 max. | L<5/035 | 050/050 — _— 0060 max. 0060 max.-| ~ 3848 | %
fnnd oA / / ST 35/45 ot
En 6A 32/45 6
L] o 050/090 | — — 0050 max, : 0050 max. 38/48 ! %
En 5K 0-40 max. 05/0-35 / i ; So/4s E 2 ’2
| 1 32145 | 6
i i

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

Chemlcal composition, pes cent Tensile
38
Sregt: T | s | Uintine
o c si | Ma e s range i section
o N i ! F indicated)
f i e
| : & .
! , tons/sq. in. .
En8 035/045 | 005035 | 0-60/1-00 - — ) 0060 max. | 0-060 max. 35 b
Eu8K | 035/045 | 005/035 | 0-60/1-00 — | —  0050max | 0050 max. 35 6
Enl2 | 030/045 | 010/035 | 150max. | 0507100 —_ 0-050 max. | 0-050 max. 35 6
En14A | 015/025 | 0-10/035 | 1-30/170 | 040 max. | 0-25 max | 0-060 max. | 0060 max. | 35 3
Enlda/l*; 023 max. | 0:05/0-35 120 min. - - 0-060 max. | 0-060 max. |  35/41 134
| - ; i i I 3339 2k
Eal48 | 020030 , 010/035 | 130170 | 040 max. - 0060 max. | 0060max. | 38 | 5
Ead3A | 045055 | 005035 | 070/100 — - 0-060 max. | 0-060 max. 0 13
En9 | 0500060 | 005035 | 050080 = — | 0060 max. | 0080 mac , 45 3
En 9K § 050/0-60 | 005/0:35 | 0-50/0-80 — — | 0050max : 0050 max. | 45 4
| | =
7]
* Cu (opucnal) 060 max. Ma + restdual Ni, Cr and Mo, 20 per cent max. ©
g
o=}
&
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TABLE 4. TENSILE STRENGTHS OF HARDENED AND TEMPERED BARS, BI[jI:B‘lS, FQRGINGS AND DROP FORGINGS
The mechanical propertics specified are obtainable within the himits of ruling section given below,
Chemical composition, per cent” P Q R! S T U v W |X&Y z
X s, - -
Spee. Type of steel 3sis | 40/50 | 4s/55 | s0/60 | 55/65 | 6o/70 | 65175 | Toss0 7:!515
c st Mn Ni Cr Mo tonsf | tons tons/ | tons/ | tons/ | tons/ | toms/ | toms/ | 80/90 | 10D tons/sq. in.
sq. In. | sg. In. | sq.in. | sq. 00, | sq.In, | sq.in. | sq.In. | sq, In. | tons/ i, ténsite
tenslle | tensile | tensile | ¢ tenst e | tenslle | teasile | sq. In.
tensile
n. in. in. in. in. in. in. in. in. 1n
En(S) <30 carbon 025/035{005/035]|0601:00] — — — 24 % ¥ | ~ - N _ _ _
a,
En5K | ‘40 carbon 025/035]005/035|060/100] — — — 2% % % | — _ — S R R -
En8 40" carbon ©035/0 45} 005/0 35 0 60/1 00 — — L — 214 % - — —_ — —_ _ —
(@)
En8K | +40°carbon | 035/045]|005/035{060/1-00 — - - SN RV I I B S IR R R —
En 8M | ©40’ carbon-free{ 0-35/0-45 | 0 25 max.} 0-90/1 30 — _— —_ — 2 14 __ _ — — — — _
()] cutting
En43A |*S0'carbon | 045/055] 0050351070000 — - — — — : —
(@) % - - - - -
Eng |5 carbon  |050/060|005/035|050/080| — — - S B TV Y By B e R —
!
En 8K 55" carbon 0 50/0-60 | 0 05{0 35 | 0 5C{0 80 — — — . _ 2 1 g - — — —
En 14A | Carbon- 015/0 25 { 0 10/0 35 | 1-30/1+70 | 0 40 max | 0 25 max — 4 1 -
(@ manganese - % - - — - e - -
Ea 14B Carbon- 020/0-30{ 0 10/0 35 | 1-30/1 70 { 0 40 max — —_ a 3
(a) manganese - 2% - - — — - - -
Sl ot 0.30/0-40 | 0 05/0 35 | 1-30/1 7
a, mangaiese . (] —_ —_— — .
(higher tensile) / / / - 4 2% % — — - — — -—
En 15AM | Carbon-
()] manganese 030/0 40{ 025 max | 1-30/1L 70 —_ _— —
frec cutting - - 234 — — — — — — —_—
En 158 | Carbon- o
() manganese 035/040}005/0:35} 1-1001 20 - — —
| (higher tensile) - 4 254 % £ —_ - — - -

S 0-050 max. and P 0 050 max in all cases except .
a 8 0-060 max , P 1060 max and
b5 S012/020, P 0060 max.
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TABLE 4. TENSILE STRENGTHS OF HARDENED AND TEMPERED
The mechanical properties specificd are obtainable

BARS, BILLETS, FORGINGS AND DROP FORGINGS fcontd.)
within the limits of ruling section given below

Chemical composition, per cent P Q R s T U v w X&y 4
o 40/50 | 45/55 | 50/60 | $5/65 | 60/70 | 65175 | 70/80 75/%5
Spec. Type ol steet M %ﬁﬁ? tons/ | toms/ | tons/ | toms/ | tons/ | tons/ | tons/ 8'111790 100 tonsfsq, in.
c Si Mn Ni Cr o #q. fo. | sq. 0. | sqoin. | sq. i | sq.fo. | osq.in. | sq. o, | sq.la. | tons) min, tensile
teashle | tensile | tensie | tensile | tensilo | tensile } fensile | fensile | sq. In,
tensile
T in. in. in. in mn ., m. in, m. In.
Carbon-
tn i3 manganesc 030/040]010/035(130/1 70 — — — — 6 214 2% — — _ — - _
(tugher tensile)
En 12 1 per cent nickel | 0 30/0 45 010/0 35 | 1 50 max. -60/1 00 — — —~ 6 — — — — — — . —
Ma ese-
En 13 nicl?eglim 015/025}010/035] 1-40/1 80} 0 40/0 70 — 015/0 35 _— 6 -— — — — — — _ .
molybdenurn )
En 18 1 per cent 0-35/0 45| 010J0 35} 0 60/0 85 — 085/115 — —-— — 4 2% 114 — — — — —
chromium
En 21 3 per cent nickel § 025/0:35| 010/0 35| 0 35/0 75 | 2 75/3 25 | 0 30 max. — — — 4 2y — — — — _ -
En 16 Manganese- 030/040} 010/0 35} 1 30/1-80 — —_ 020/035
d molybdenum — — 6 4 2 1 K — — —
£ 16D Y 0-25/0 35| 010/0-35 | 1-30/1-80} — — |020035 " % %
Enl9A |1 percent
chromium- 0 35/045| 0 10/0 35| 0 50/0 80 —_ 090/1 20} 020/0 35 — — [ 4 214 1% 7% — — —
molybderum
En 100 Low alloy 0-35/0 45} 0 50 max | 1-20/1 50} 0 50/1 00| 0 30,0 60| 0 15/0 25
and — — 6 4 244 114 134 _— -— —
En 100E 0-25/0 35 | 0 50 max.} 1-20/1-50 | 0 50/1-00{ 0 30/0 60| 0 15/0 25
En 111 Low nickel- 0 30/0-40} 010/0-35} 0 60/0 90 | 1-00/1 50} 0 45/0 75 — _— — 6 4 214 114 . — _ .
chromium
En 160 2 per cent mckel- | 0 35/0 451 0 10/0 35 | © 30/0 60| 1-50/2 00 —_ 020/0 35 — — . — R .
molybdenum 6 4 2% 134
En 22 3% per cent 035/045  010/035] 0 50,080} 3 25/3 75 { 0 30 max — - — —_ 4 214 — — — — —
nickel
En 11 ' 80" carbon- 050/0 70| 010/0 35| 0 50/0 80 — 0-50/0 80 — — —
chromium I / - - 2% - 2% - - -
En 17 Ma,n%;nese- 030/040| 010,
molybdenum 0 035 1-30/1 80 — — i0 55 -—
(igher ! / 035/0 - 6 6 4 2% 4 - - -
molybdenum)
]

S 0050 max and P 0050 max 1n all cases,
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TABLE 4. TENSILE STRENGTHS OF HARDENED AND TEMPERED
The mechanical properties specified are obtemnable

BARS, BILLETS, FORGINGS AND DROP FORGINGS (contd.)
within the limits of ruling <ection given below.

Chemlcal composition, per cent P Q R S T u v ‘ WolX&y Z
‘ 75/88 h
3:(45 | 40/50 | 45/55 { S0/60 { S5/65 } 60/70 | €5/75 | 7080 ond
Spec. Type of stecl tad] | tong/ | tons/ | tons/ | tons/ | tons/ | tons/ | tons) | 80/90 | 100 tons/sy in.
C Si Mn Ni Cr Mo sc.in, | .00, | sq.In | sq o | sq.in. | sq.in. | sq In. | sq.In. | tons/ min. fensile
tenshle | tensite | tensile | tensile | tensile | tensile | tenslle | tenslle | sq. In.
tensile
n. M. in. mn, in. in. n, in, in. in,
En 9 ih‘i’ﬁ;ﬁi?é 035/045|010/035{050/080; — | 0901150 020/040 -1 - 16 4 2% L 24 | 1| 1% | 1D —_
molybdenum
1 per cent
En 20A chggmium- 020/0 30| 010/0 35 040/0 70 -— 0 50/1-00] 0 50/0 80
and molybdenum - - - - 2% | 2% | 1% — — —_
En20B | (lgher 0-35/0 45 { 0-10/0 35 0 40/0 70 _ 100/1 50| 0 50/0 S0
molybdenum) .
110 Low nickel-
Ee chromium- 03510 45| 010/0 35 040/0 80| 1 20/1 60| 0 90/1 40| 0 10/0 20 —_ —_— — 6 L) 214 14 1% — .
molybdenum
En 24 1 r cent
m;cékglc-chmmium- 035/0 45| 010/0 35| 0 45/070 | 1 30/1 80} 0 90/1-40| 0 20/0-35 -_ - -— 6 6 4 244 1% 114 | 1% 1f oil
molybdenum hardened
En 23 3 per cent nickel- | 025/0 35 0 10/0 35| 0 45/0 70 | 2-75/3-50 } 0-50/1-00 | O 65 max. - — — 6 6 6 2% —_— — —
chromium {optional)
En 29A | 3 per cent 015/0251{ 0 10/0 35} 0 65 max.| 0-40 max.| 2-50/3-50 | 0 30/0 70
and chromium- - — 6 6 6 6 4 4 — (2K ifol
En 298 | molybdenum 025/0-35| 0 10/0 35} 0 65 max | 0 40 max | 2 50/3 50{ 0 30/0 70 hardencd
En25 2% per cent
nickel-chromium-| 0 27/0 35 ] 0 10/0 35| 0 50/0 70} 2 20/2-80 | 0 50/0 80| 0 40/0 70 — — — — 6 6 6 4 21 | 2% f ol
molybdenum hardened
{medium carbon)
En 27 3 per cent nickel-
chromsume- 0-25/0 35 0:20/0 35| 0 70 max.! 3 00{3 75| 0 50/1:30| 0 20/0 65 — —_ — — 6 6 6 4 - —_
moiybdenum ——— -t
En 28 334 per cent ;
nickel-chromim- 0 25/0 40| 0 10/0 35| 0 70 max | 3:00/4 50| 0 75/1 50| 0 20/0 65 - — —_ —_ —_ 6 6 4 2% —
molybdenum
En 26 214 per cent |
nickel-chromium-| 0 36/0 44 | 010/0 35 | 0 50/0 70| 2 30/2 80 | 0 50/0 80| 0 40/ 70 — - — — — |8 6 6 5 4 if oil
molybdenum hardened
(high carbon) [
4% per oot |
Er:‘ ggA :;‘c‘li(d{lnumlum- 026/0 34 010/0 35| 040/0 60 3-90/4 30] 1 10/1.40 —_
! — — — — —_ — — — — 234 if air
En 30B | 434 per cent  {026/0 34| 010/0 35} 0 40/0 60 | 3-90/4-30 | 1 1071 40| 0 20/0 40 hardened : 6 if
nickel-chromium-| ol bardened
moly bdenum

S 0 050 max. and P G050 max in all cases.
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TABLE 5. TENSILE STRENGTHS OF HARDENED AND TEMPERED BARS
The mechanical properties specified are obtainable

Chemical compositlon, per cont

Spee. Type of steel
’ [ Si Mn Ni Cr Mo
En40A | 3 percent 010/0 20 0 10/0 35 | 0 40/0 65 | 0 40 max 290/3-50| 040/0 70
hromium-
Enaggﬂ fn;%’g:i‘ej:':um 020/0-30{010/035]0 40/0 65 { 0 40 max.} 2 90/3 50| 0 40/0 70
En 41A | 134 per cent 025/0 35| 0-10/0 45 | 0 65 max | 0 40 max | 1-40/1-80) O 10/0 25
and chromum- ’
En4lB | aluminium- 0 35/0 45| 0 10/0 45| 0 65 max.| 0 40 max | 1-40/1 80] 0-10/0 25
molybdenum
0C |3 nt
En ch‘l":lr‘ncifxm- 0-30/0 50| 0 20/0 35 | 0 40/0 80 | 0 40 max.| 2 50/3-50| C-70/1 20
molybdenum-
vanadium
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BILLETS, FORGINGS AND DROP FORGINGS—NITRIDING STEELS

within the limits of ruling section given below.,

R S T U .
v Al S P 45/85 50/60 55/65 60/70 | 85 tons/
sll;)nis‘l‘ slonlxr/' tonis/ “’ﬂi‘i/ 5q. In
» HE. . i sq. in. .
tensile tgmue h?usl?e :gnsl';o t:’n‘stzie
in. in. m, in, in.
—_— — 0 050 max.| 0 050 max
6 6 6 6 _
— — 0 050 max | 0 050 max
— 0-90/1-30 { 0 050 max.} 0 050 max.
6 4 214 — —
—_ 090/1-30 { 8 050 max | 0 050 max
010/0 30 ~— 10050 max.| 0050 max.| - — — — 2%
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B8 701952 TABLE 6. TENSILE STRENGTHS OF THE CORES OF CASE-HARDENED STLELS
(Tested on 134 1n. diameter bars)
Chemical composition, per cent N Tensto 1704 impact
S;;c!ggc- Type of steel c s Mo Ni Cr Mo P e l; — sn:mc%'th, ',?,}3,”'
tons/sq. in, ft b, o
En 32A Carbon c15max. | 005/035 | 040/070 - - - 0050 max | 0050 max. 32 41
En 32B Carbon 010/018 | 005/035 | 060/1-00 -— b — 0070 max. { 0050 max 32 10
in3aC | Carbon 010/018 | 005/035 | 060/1-00 - — - 0050 max. | 0050 max. 32 40
En32M | Carbon (semi-free cutting) 010/018 | 005/035 | 090/1:20 - - — 1 010/015 | 0050 max 32 40
En 202 Carbon-manganese {(scmi-free cutting) 018 max. | 005/035 | 120/150 — - - 010018 | 0050 max 38 30
En 37 5 per cent nickel 016 max. | 010/035 | 045 max. 450/520 | 0-30 max. — 0050 max. | 0050 max, 40 50
En 201 Carbon-manganese 018max | 005/035 | 110/1:50 _ — — 0050 mas. | 0050 max. 40 40
En 33 3 per cent nickel 010/015 | 010/035 | 030/060 275/350 | 030 max, - 0050 max. | 0-050 max 45 40
En 34 2 peb‘(-,";m nickel-molybdenum (lower 014/020 | 010/035 | 030/060 1-50/2:00 - 020030 | 0050 max | 0050 max a5 40
carbon
En 351 34 per cent mickel-chrommum 020 max. | 0-35 max. | 060/1-00 060/100 | 040/080 | 010max | D050 max | 0050 max 45 10
En36l [ *15’ carbon low alloy 0-13/017 | 035 max | 0-70/100 0:40/070 | 0-55/080 | 008/0-15 ; 0050 max. | 0050 max, 45 2
En 35 2 pebg g;nl nickel-molybdenum (hrgher 020/028 | 010/035 | 030/060 1507200 — 020/030 | 0050 max,| 0050 max. 55 2
En 36A ga;er cent nickel-chromwm 015 max. | ©10/035 | 030/060 300/375 | 060/110 — 0050 max. | 0 050 max 55 35
En 325 —Low nickel-chromium-molybdenum 022 max. | 010/035 | 045/065 150200 | 040/060 | 0:20/030 | 0050 max. | 0050 max. 55 30
En 352 1 per cent nickel-chromium 020 max, | 0-35max. } 050/1-00 085125 | 060/100 | 010 max. | 0-050 max. | 0050 max 55 20
£n 362 “20* carbon low alloy 018/023 | 035 max. | 070/100 040/070 | 055/080 | © 08/015 | 0:050 max. | 0 050 max. 55 15
En36B | 3 per cent nickel-chromium 012/018 | 010/0:35 | 030/060 300375 | 060/1.10 — 0050 max. | 0050 max. 65 30
En36C | 3 per cent nickel-chromium-molybdenum{ 0-12/018 | 010/0-35 | 030/060 300/375 | 0-60/110 | 010/025 | 0050 max, | O G50 max, &5 30
En 38 5 per cent nickel-molyhdenum 016 max, | 010/0-35 | 060 max. 450/5-50 | 030max. | 015/030 | 0050 max.| 0050 max 65 30
En 353 134 per cent nickel-chromium G20 max. | 0-35 max. | 0-50/1-00 100/150 | 075125 | 008/015 | 0050 max | 0050 max 65 20
En363 | *257 carbon low alloy 022/026 { 035 max. | 0-70/1-00 040/070 | 055/080 | 008/015 | 0050 max | 0 050 max 65 —_
En3st | 1% per cent. vickel-chromium- 020 max. | 0-35 max, | 050/100 150/200 | 075/1-25 | 0-10/020 | 0050 max | 0050 max. 75 20
En39A | 414 per cent nickel-chromium ©12/0-18 | 020/035 | 050 max. 380/4-50 | 100/1-40 — 0050 max. | 0050 max. 85 25
En 398 ?n%l )?l;li‘ ec;lc‘:xx:‘nickel-chromium- - 012/0:18 | 010/035 | 050 max. 3 80/4'5’0 1-00/140 | 0-15/035 | 0050 max | 0050 max. 85 25
En 355 '2" gf;bc:xuxx‘cggﬁtmmm ) 020 max. { 035 max. | 040/070 180220 | 140170 0-15/0-25 | 0-050 max | 0-050 max. 85 25
30 31
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BS. 970 : 1955
TABLE 7. SUMMARY OF SPRING STEEL BARS

Chemical composition, per cent
Specific- Type of steel
atfon c|st|mMejoc |V |s e
En42 | Carbon—for oil 070/{010/{ 055 | — | — |0050{ 0050
hard ning 085 | 040 {075 max. { max.
En 43 Carbon—for water 045/ 010/ 060/ | — — 0050|0050 .
hardening 060 (040 (080 max. | max,
PART 2
En 44 Carbon (higher carbon) | 090/ { 030 | 045/ -~ — | 0-050| 0050
—for ol hardening 120 | max. | 070 max, { max.
En 45 Silicon-manganese 050/ | 1-50/ | O-T0f | ~ — | 0050|0050 SPECIFIC REQUIREMENTS
—for oil hardening 060 {200 | 100 max. | max.
En 45A | Silicon-manganese 0:55/ | 1'70/ | 0-70/ |} — — 10050} 0050
—for o1l hardening 065 | 200 ;100 max. | max,
En 46 Silicon-manganese 035/} 150/ { 070/ | — — [ 0050 0050
«for wafer hardenung 045 | 200 | 1-00 max. | max
En 47 1 per cent chromium- 045/ 050 | 650/ 080/ | 015 | 0-050! 0 050
vanadium-—for oil 055 | max.{ 080 | 120 | min. | max. | max.
hardening
En48 1 per cent chromium 045/{ 010/ { 050/ 1-00/] —~ | 0050|0050
—~for oil hardening 055 ;050 { 080 { 140 max | max
En 48A | Silicon-chromium 050/} 1-35/|{ 060/ | 0-55]{ — | 0050|0050
—~for oi hardening 060 {165 {090 | 085 max. | max.,
32 ‘aq
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EnlA

A oftered
Feb , 1955

PART 2

SPECIFIC REQUIREMENTS

FREE CUTTING STEEL FOR MACHINING

BARS AND BILLETS FOR FORGING
FORGINGS AND PROP-FEORGINGS
BARS FOR MACHINING

Chemical composition. The steel shall contain :

Per cent
Element S IE—

min. max.
Carbon 007 015
Silicon — 010
Mangancse 080 120
Sulphur 0-20 030
Phosphorus — 0070

Condition of materinl 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 SINISHED (OTHER THAN

COLD ROLLED OR COLD DRAWN)
Limiting ruling section, in. 4
Tensile strength, tons/sq. in,, min. 23

Elongation, per cent, min.

Copyright British Standards Institution
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26

COLD ROLLED OR COLD DRAWN

Size (dlawmeter or width across fats), In.

Property
1% 0r | Over 3% | Over 112 | Over2'2
less to 11z to 2% to 4
Tensile strength,
tonsfsq in, min. 32 28 25 23
Elongatica, per cent., min, 10 14 14 14

This steel 15 supplied as a free cutting steel for machiaing. It 13 not supphed for
caso bardening and this requircment does not form part of the speerfication For
proximately 28 jons/sq 1n should be eapected

idance only, a core strength of a
& 5 (F.mce sith the requirements of En32A

1{ thys steel is hieat treated in accor

Be

Not for Resale
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En 16
FREE CUTTING STEEL BARS FOR MACHINING
(MIGHER SULPHUR)

Chemical composition. The steel shall contain ¢

TPer cent
Element

min. max.
Carbod 007 015
Silicon - 010
Mangancse 100 140
Sulphur 030 0-60
Phosphorus — 0060

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

Mechanical propertles. The mechanical properties thained from test
jeces 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. 234
Tensile strength, tons/sq. in., min. 23
Elongation, per cent, min. 24

COLD ROLLED OR COLD DRAWN

Size {dlameter or width
acrosy flats) o,
Propesty
1%z 0r | Over 1742 | Orer 14
less to1va to 2%h
Tensile strength, tons/sq, in., min. 27 25 23
Elongation, per cent,, min. 10 12 [ 12

This steel is supplied as a free cutting stecl for machuning. It is not supphed for

As aliered case hardcning, and this req does not forae part of the apecification For
Feb. 1963 guidance only, a core strength of app ly 28 tons/sq. in. should be expected

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

36
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GENERAL PURPOSE COLD FORMING STEEL

BARS AND BILLETS FOR FORGING
FORGINGS AND DROP-FORGINGS
BARS FOR MACHINING

Chemical composition, The steel shall contain :

Carbon 0 20 per cent max.
Mangancse  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 propecties shall be
obtained from the 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 manuficturer, 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. 1., min. 20
Elongation, per cent, min. 28 -
Bend test* (180°) re=9%1t

NOTE ‘When required in the form of plate, sheet and strip 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 scctional diraension not greater
than %%21n For further information see B.S. 1639, ‘ Notes on the simple bend test *,
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En 2E
En 24, 2A/1, 2B, 2C, 2D

SPECIAL PURPOSE COLD FORMING STEELS COLD FORMING STEEL (FULLY KILLED)
TLLETS FOR FORGING BARS AND BILLETS YOR FORGING
TroR ‘::ssm DROP-FORGINGS FORGINGS AND DROP-FORGINGS
mmmns FOR MACHINING BARS FOR MACHININGS
Steel of the En 2 type may be required for special apglic;tzl:s \g:ﬂ;; Chemicnl compasition. The steel shall contain ¢
1 i En 2A n » »
ordered to specification number , -
z‘: ;‘g :: En 2D. It is desirable to consult the steelmaker regarding the Per cent
most satisfactory specification for the purpose. Element _..~l _
min, max.
Cheinical composition. The chemical composition shall be as follows :
Carbon — 015
En2A/1} En2A | En2B En2C Fa2D Silicon 010 035
- Manganesc — 050
t per cent
Bement per cent | per cent | per cent per cen Sulphur _ 0050
max. max. max. win. max. mfn. max. Phosphorus _ 0050
15 | 030
010 012 015 |,015 | 025 | O
Sg:o :nese n50 050 050 | 040 | 060 | 0G40 | 070 Condition of material on delivery. The material shall be delivered in ths
Sulpﬁur ooic | 0050 | 0050 | — gg - ggssg as rolled or forged condition, unless the order states otherwise.
0507 0050 | — —
Phosphorus 0040 O

Mechanical propertics, The following mechanical properties shall be
obtained from e test picces 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 scction of the bar, and in such cases the
elongation per cent shall be measured on a gauge length equal to four
tumes the square reot of the area of cross section of the bar.

Condition of material on delivery. The material shall be de.livercd 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.

ip for deep, drawing and Limiting ruling section, in. 6

NO When required 1n the form of plate, sheet and strip d y .
oth;l:%old forming operations, the steels should be ordercd to B'S 1449, * Steel plate, Tenstle strength, tons/sq ., min 20
sheet and strip* Elongation, per cent, min. 28
Brinell hardness number, max. {20

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

38 7 9
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¢20' CARBON STEEL (HOT ROLLED OR FORGED)

PARS AND BILLETS FOR FORGING
FORGINGS AND DROP-FORGINGS
BARS FOR MACHINING

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

Chemlcal composition. The steel shall contain :

Per cent
Element X

min, mAaX,
Carboa — 025
Silicon 005 035
Manganese - 100
Sulphur - 0060
Phosphorus — 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 sha.dl be
obtained from the test pieces selected and preparcd as s{ated in the
appropriate general clauses. Alternatvely, 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.

Limting ruling section, in. 6

Tensile strength, tons/sq. in. min. 25

max. 35

Elongation, per cent, min. 25
40

En 34, 3C

*20° CARBON STEEL (HOT ROLLED OR NORMALISED)
En 3C s intended for spectal applications only

BARS AND BILLETS FOR FORGING
FORGING AND DROP-FORGINGS
BRIGHT BARS FOR MACHINING

Suitable for a tensile range of 28/33 tons/sq. in. The purchaser should
statc on the order the condition 1n which the material is reguired,

Chemicnl composition. The steel shall contain ¢

En 3A En3C
Element
per cent per cent
Carbon 015 025 017 023
Silicon 005 035 005 035
Manganese 040 090 0-60 1.00
Sulphur — 0 060 —_ 0050
Phosphorus — 0060 —_— 0050

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 in the finally heat
treated condition, unless the order states otherwise.
¢. Bars for machining shall be delivered in one of the following conditions
as the order shall state :—

(i) Hot rolled—aus rolied condition.

(i) 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 :—

Normahse at a temperature of 880/910° C,

Mechanical properties. The inechanical 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, tous/sq. 1, min, 28

Elongation, per cent, min. 25
41
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En 3B
20’ CARBON STEEL (COLD DRAWN)

BRIGHT BARS FOR MACHINING

Chemical composition. The steel ghall contain :

Carbon 0-25 per cent max.

Silicon 0-35 per cent max

Manganese | 00 per cent max.

Sulphur 0 060 per cent max.

Phosphorus 0 060 per cent max.

bars up to and

When so stated on the order the carbon content for
including 2% 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 propertics obtaincd from the test
pieces selected and prepared as stated in the appropriate gencral clauses
shall be as follows :—

Tensile strength, tons/sq. in., min, 28
Elongation, per cent, min. 17
42
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En 3D

120 CARBON STEEL (COLD DRAWN—HIGHER TENSILE)

BRIGHT BARS FOR MACHINING
Chemical composition. The steel shall contain :

Per cent
El - -

min. max,
Carbon 015 025
Silicon 005 035
Mangancse 060 100
Sulphur —_— 0-060
Phosphorus — 0060

Conditlon of material on delivery. Bars shall be delivered in the cold

drawn condition.

Mechanical properties. The mechanical properties obtained from the test
pieces sclected and prepared as stated in the appropriate general clauses

shall be as follows :—

Size (diameter or width

across flats), in.
Property
1t or Over 1% | Over 2%
legs to2ip
Tensile strength, tons/sq in , min. 35 30 28
Elongation, per cent, min. 15 15 15

43
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+25° CARBON STEEL (NORMALISED)

BARS AND BILLETS FOR FORGING
FORGINSS AND DROP-FORGINGS
BARS FOR MACHINING
BRIGHT BARS (EXCLUDING COLD DRAWHR BARS)

Suitable for a tensile range o, 28/38 tons/sq. in.

Chemical composition. The steel shall contain :

Per cent
Element

mio, max.
Carton —_ 0-30
Sihcon 005 035
Manganese — 100
Sulpbur ~— 0060
Phosphorus — 0060

Condition of material on delivery. a. Bars and billets for forging shall be
delivered 2s rolled or forged, uniess 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 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 foilows :—

Normalise at a temperature of 856/900° C.

No reproduction or networking permitted without license from IHS

Not for Resale

Mechanical propertics. The following mechanical properties shall be
obtained from the test picces selected and prepared as stated in the
appropriate general clauses. Alternatively, for bars of 1 in, diameter and
under, by agreement between purchascr 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, 6 2%
Tensde strength, tons/sq. in 28 min, 38 max | 28 min, 38 max
Elongation, per cent, min, 25 25
1zod impact valus, ft. b, mun. - 20
Brinell hardness number 126{179 126179
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£25° CARBON STEEL (COLD DRAWN)
BRIGHT BARS FOR MACHINING

Chemical comiposition,” The steel shall contam :

l":lem'ent Per eent
min, max.
Carben — 030
Silicon 005 035
Manganese - 100
Sufpbur — 0080
Phosphorus — 0-060

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

Mechanical properties. The following mechanica! properties shall be
obtained fror- the test pieces selected and prepared as stated in the
appropriate general clauses :

Maximup size (diameter or width

across flats), in. 2
Tensile strength, tons/sq. in., mn. 32
max, 42

Elongation, per cent, min, 12

Alternatively, acceptance shall be on a normalised test piece when the
heat treatment and mechantcal propertics specified for En 4 shall apply.
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En 5, 5K, SA, 5B, 5C

Mcchanical properties. The mechanical properties obtained from the

test pieces selected and prepared as stated in the appropriate general
clauses shali be as follows :—

"En 5, 5K, 5A, 5B, 5C
£30* CARBON STEEL
\
En 5K is intended for special applications only

BARS AND BILLETS FOR FPORGING
FORGINGS AND DROP-FORGINGS

DARS FOR MACHINING Condition
BRIGHT BARS (EXCLUDING COLD DRAWN BARS) _
5, 5K Property Hardeded ard tempered
En 3, Normalised
Suitable, 1n the hardened and tempered condition, for tensile ranges of N S l -
15/45 (P), 40/50 (Q) and 45/55 (R) tons/sq. wn. The purchaser should ~ :
state on the order the condition, normalised or hardened and tempered, Limi x ) ,
ich the matet,s® 3 0 . w3, T uired, imiting ruling section, in. 14 2% % 14
P, Qor R, for which " s Tensile strength,
i tonsfsq. in , oun. 32 35 40 a5
i i all coniain g
Chemical composition. The steel shall cuu Yield stress, tonsisg. i min p » 0 ”
En 5 En SK Elongation, per cent, min, 25 22 20 20
fzod rmpact value, ft. b, min. 20 20 20 40
Element Per cent Per cent Brinell hardness number 143/193 | 152/207 | 179{229 | 201}255
min, max. min. t max.
_ ; NOTE 1 Steel to En 5K shall comply with the following requirements when proof
' l stresa tests are specifically tequested in the enguiry and order :—
Carbon 025 035 025 035 ‘ -
Silicon 005 035 0-05 0-35 ' Condition
Mangancse 060 100 060 100 Property -
Sulphur — 0 060 — 0050 P Q R
Phosphorus — 0060 — 0 050 —
l I Proof stress (0 2 per cent)
tons/sq. 1., min. 20 26 30

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 statcs otherwise.

¢. Bars for machining and bright bars shall be delivered 1n the finally brat
treated condition, unless the order states otherwise.

NOTE 2. When steel to En § is required in the form of plate, sheet and strip t should
be ordered to B S. 1449, * Stcel plate, sheet and strip .

For special applications steel of this type may be ordered to specifications En SA  En 54,
En 5B or En SC, when it will be supplied to o specificd composition only, the limits 53, 5C
of which nre shown below. Mechanical properties are not part of the contractual

obligations of specifications En SA, En 58 and En 5C.

. ' s ) Ea5C
Heat treatment. The heat treatment to be given to the test bars selected R Ea S Esn S
as stated in Clause 7 and to material supplied in the finally heat treated Element Per cent Per cent Per cent
condition shall be as follows —
. . ! . . i
a. Material required in the normalised condition : - . - - - N -
Normalise at a temperature of 860/890°C. Carboa 025 030 098 033 g-gg 0 gg
. . . Sili 0-05 0-35 005 0-35 3 Q-
b. Material required In the hardeneJ and tempered condition : gll:\?;‘:mcse 070 090 070 o 880 670 8 ggo
Harden in ol or water from a temperature of 860/890°C. P‘tlllosm;‘;ifoms - 8328 — 0060 —_ 06050
Temper at a suitable temperaturo between 550°C. and 660°C. -
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£30°* CARBON STEEL (HARDENED, TEMPERED, AND BRIGHT
DRAWN;

BARS FOR MACHINING

Chemical composition. The steel shall contain :

Per ceat
Element R

min. max.
Carbon 025 035
Silicon 005 035
Mangaucse 0€0 100
Sulphur - 0'°§°
Phosphorus - 0050

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

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

‘ Size (dtameter or width across fats), In.
I

Froperty th or Over 4 Over 34 ‘| Over 14
fess to ¥ ta ik to 2%
Tensile strength, ‘
tunsfsg, in, min, 45 40 35 35
Elongatior, per cent, min. 20 18 15 15
Tzod impact value, f 1b., mun, 40 20 15 10
Brineil hardness number, max.| 255 229 229 229
50
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En 6, 6K, 6A

BRIGHT CARBON STEEL
Ln 6K Is intended for special applications only
BARS FOR MACHINING
Chemical composition. The steel shall contain -

En ¢ En 6K

Elenent Per cent Per cent

win, max, min,

Carbon _ 040°* — 040¢
Silicon 005 035 005 035
Manganess ¢ 50 090 050 090
Sulphur — 0060 - 0050
Phosphorus — 0060 - 0050

*For bars supplied in the cold drawn condniion the carbon content

shall not exceed 0 35 per cent
Conditlon of material on delivery. The bars shall be delivered in the cold
rolled, drawn, giound o°  achined corndition. They may, however, at
the option of the manufaci.er, be re-heated before or after cold working
—in the latter case to a temperdture not exceeding 620° C *,
¢ For this material which is supplied in the cold-rolled or cold-druwn condition, some
lack of uniformity in hardness may be expected across the bar, a barder condition

existing neac the surface; such diffc s are minimised if the heat treatment
mentioncd is opplied alter 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 :—

Size (diameter or width across fats), in,

Property

3y or Over 3 | Over 114 | Over 214
less to 1 to 212

Tensile strength, tonsfsq. in.,

En 6, 6K

As alrered

- min 35 35 35 32 Feb 1963

max. 45 45 45 45
Elongation, per cent, min. 12 12 - 12 15
Izod impact vaiue, . 1b., mun. 20 15 10 o -

When this stcel is requited without any special lzod impact values, En 64

En 6A should be specified. The material supplied will be tdentical in
composition and mechanica} properties with En 6 except for the omission
of the Izod impact value.
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SEMI-FREE CUTTING CARBON STEEL
(Not recommended for case hardening)
BRIGI" ~ BARS FOR MACHINING

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

Chemical composition. The steei shall contain ¢

1)

Per cent
Element T T T

win, max.
Carbon 010 030
Silicon — 025
Manganese 10 1-30
Sulphur 010 018
Phosphorus - 0060

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

Mechanical properties. The mechanical properties obtained {rom the
test pieces sclected and prepared as stated in the approprinte general
clauses shall be as follows :—

Size {dlamecter or width across flats), lo.

Property .
thor | Over 4| Over 3% [Over114{Overi¥s
tess 1o | tolth | tof%a § todin
[
Tensile strength, tousfsq ., .
min. | 40 35 5 Y 35 30
max. 50 45 45 't 45 40
Elongation, per cent, oun. 15 15 15 ¢ 15 12
Izod impact value, ft {b., min. —_ 20 15 10 10

* For this material which {s supplied in the cold drawn condition, some lack of
uniformity in hardness mey be expected actoss the section of the bar, a harder
condition existing near the surface ; such differences are minimised i the heat
treatment mentioned is apphicd after cold working.
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SEMI-FREE CUTTING *15' CARBON STEEL
BRIGHT BARS FOR MACHINING

Chemical composition. The steel shall contain :

Per cent
o .

min, max.
Carboan 012 018
Siticon — 025
Manganese 100 150
Sulphur 010 018
Phosphorus — 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 temperaturc not exceeding 620° C.*,

Mechanical propertics. The mechanical properties obtained frem the

test pieces & ‘ected and prepared as stated in the appropiiate general
clauses shall be as follows :—

HOT ROLLED OR NORMALISED

Limiting ruting section, in, )
Tensile strength tons/sq. in , min, 28
Elongaticn, per cent, min, 25
COLD DRAWN
I Size (diameter or width
across flats), In,
Property [ T
pert i Saor Oser 4 | Overig
; less 101t } to2h
- - e e
Tensile strength, tons/sq. in., min, t 35 35 l 30
max | 45 45 i 40
Elongation, per cent, min. | 15 15 | 15
120d jmpact value, ft 1b., mn. i 20 15 : 10

* For this material which s s(:pi)lied in the cold drawn condition, some lack of
umformity in hardness may be expected across the bar, a hatder condition exfstins
aear the susface ; such diffcrences are minimised 1° the heat treatment mentioned
15 appled after cold working
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En 8, 8A, 8B, 8C, 8D, 8E

As altered
Feb 1963

€40’ CARBON STEEL
BARS AND BILLETS FOR FORGING
FORGINGS 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 condltl?n,
normalised, cold drawn, or hardened and tempered, Q or R, for which
the material 1s ultimately required.

Chemical composition. The steel shall contain :

Per ceut
Elcment

min. max.
Carbon 035 G458
Silicon 005 035
Manganese 060 100
Sulphur —_ 0060
Phosphorus — 0060

Condition of material on delwvery. @. 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 Brght bars shall be delivercd in accordance with the tables

Heat treatment. The heat treaument 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 condstion), 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 $30/860°C,
Temper at a suitable temperature between 550°C, and 660°C:
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En 8, 8A, 8B, 8C, 8D, 8E

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

NGC 1. FINALLY NORMALISED OR HARDENED AND TEMEERLD s oliered
Feb. 1963

(WITHOUT GRAIN SIZE CONTROL)

_— Conditlon
Property Nonatisea| HorSened a0 tmpercd
. —l 3.9 | &
Limiting ruling scction, in. 5 214 %
Tensile strength, tons/sq. in, min 35 40 45
Yield stress, tons|sq. in., min, 18 28 32
Flongation, par cent, min, 20 ; 22 20
izod impact value, ft. Ib,, min — 10 10
Brinell hardness number | 1521207 | 179f229 | 201)255

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

t Conditlon

pe ‘ | Hardened and tempered
Property t Normallsed nl -,-:“f__ mi. _cipc:
l

. R i ) ! Q R
Limiting ruling section, in

Tensite strength, tons/sq. m , min. .35 40 i 45
Yield stress, tonssq. in., min :

“
Elongation, per c,énl, min 17 17 17
Brinell hnrlbre:_)' ‘number 1521207 ' 1791229 , 201255

GC.1 CONTROLLED GRAIN®* FINALLY NORMALISED OR
” HARDENFD AND TEMPERED

Conditlon
Property Normatised ! Hardened ang tempered
| Q R B
Limiting ruling section, in. 4 6 I 2% Wi %
Tensile strength, tonsfsq. 1n, !
min 35 35 40 45 l 45
Yield stress, tons|sg. in , min. 18 18 28 32 ‘ 32
! .
Elongation, per cent, min, 20 20 2 20 ‘ 20
Izod impact value, ft. 1b., min. 20 15 25 40 25
Brinell hardness number 1521207 | 152{207 | 179229 | 201{255 l 2011255

“_Csoglm“cd g steel to this specification shalt possess @ McQuard-Lhn grain s17¢
of 5-8.
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En 8, 8A, 8B, 8C, 8D, 8E
tered IN® NORMALISED OR HARDENED
Fes'1563 GC2. oM TR OIARED R FINALLY BRIGHT DRAWN

Conditlon
Property Nopal. |  Hardened and tempered
ised Q R
/
Limiting ruling section, in. 3‘; 4(1)% 4(2]% 45/6
Tensile strength, tonsfsq. in., min. e 28 % 2
Yield stress, tons|sq. in , min. ,
i ; 17 17 17 ° 17
Elongation, per cent, min. + 25 15 25

I1zod impact value, ft. 1b.,, min.

Brinell hardness number 1521207 | 179229 | 179229 | 201]255

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

t An Izod impact value of 10 ft 1b nunimum is speaified where the carbon content
does not exceed 0 40 per cent

COLD DRAWN (FOLLOWING HOT ROLLING, 1 c. NOT HARDENED
AND TEMPERED) )

Size (dinmeter or width across flats), in.
Property
1Y or Over 11/
Tess to 2'/1. Orer 21
Tensile strength, tons/sq. in., oun. 42 39 37
Elongation, per cent, min, 10 10 10
Brinell hardness number 241 max 229 max. 229 max.

Ln BA, For special apphications steel of this type may be ordered to specification En 8A

8B, 8C, En 8B, En 8C, En 8D, or En 8E, when it wall be supplicd to a specified :omposmnn',

8D, 8E the imits of which are shown below. Mechanical properties are not part of the con-
As sltered tractual obhigations of specifizations En 8A, En 8B, En 8C, En 8D and En8E, butthey
Feb, 1953 may be negotratcd between tho purchaser and the suppkher.

Ea 3A En 38 En 8C En 8D En 8E
Element per cent per cent par cent P tevt par cemt
oo, | mox. | mip. | max, | min. | max, | min, | max, | min, | max
Carbon 033 | 038 {035 (040 [ 038 | 043 | 04 ,
Silicon 005 1035 | 005 (035 {005 | 035" Oog 8;2 gg 8gg
Manganeso [ 0-70 | 090 { 070 | 0-90 | 070 | 090 070 {090 {090 {110
Sulphur — {0050 — 10060} — |0060) — {0060} — ) 008D
Phosphorus | — | 0060 — | 0060) — | 00§0| — 0060} — {0060
56

«40* CARBON STEEL (FOR SPECIAL APPLICATIONS)

BARS AND RILLETS FOR FORGING
FORGINGS AND DROP-FORGINGS
BARS FOR MACMINING
BRIGHT BARS

Suitsble in the hardcned 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 herdened and tempered, for which the material
is ultimately required.

Chemical composition. The steel shall contain :

Per cent
Element

min. max.
Carbon 035 045
Silicon (1) G35
Mangancse 080 1.00
Sulppur — 0-050
Phosphorus — 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.

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

Heat freatment. The heat treatment to be given to the test bars, sclected
as stated in Clause 7, and 10 material supplied in the finally heat treated
condition, shall be as follows :—
a. Maierial 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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En 8M., 8AM, 8BM, 8CM, 8DM
En 8K

N ¢ * CARB EEL—FRE UTTIN
Mechanical properties. The mechanical properties obtained from the “ ON ST EC ¢

test picces selected and prepared as stated in the appropriate general DARS AND BILLETS FOR FORGING

FORGINGS AND DROP-FORGINGS
clauses shall be as follows :— DARS FOR MACHINING
BRIGHT BARS

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

. 2
Limiung relg secuolu, ix; . 3§ 32 40% Chemical composition. The steel shall contain :
Tensile strength, tons/sq. in., min.

Yield stress, tons|sq in., win. 18 18 28

Condltion

Per cent
i s z Element

Elongation, per cent, min

Izod impact value, f. b, min 10 15 g,f; 2 — —

Brinell hnrdness nuniber 152/207 | 152207 | 179}

Carbon 035 045
NOTE When proof stress tests are specifically requested in the enquiry and order, Sthicon

. As aliered
the valucs shall be as follows ;— Manganese 10 1.30 s altere

Sulphur 012 020 Feb 19563
Condution Phosphorus — 0060

Property Hardened
Normalised

nn
tempered Q

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
tecated 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 finclly 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.

Proof stress (0 2 per cent), tonsfsq 1, muat 17 25

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 1~
a. Material required in the normalised condution :

Normalise at a temperature of 830/860°C.
b. "Material required in the hardened and tempered condition ;

Harden in oil from a temperature of 830/360°C.

" Temper at a suitable temperature between 550°C. and 660°C.

58 59

Copyright British Standards Institution
Provided by IHS under license with BSI - Uncontrolled Copy Not for Resale
No reproduction or networking permitted without license from IHS



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

Conditlon
Property Haraened and tempered
Normalised |— T
Q R
Limiting ruling section, 1n 6 2 45%
Tensile strength, tonsfsq in., min. 35 40 2
Yield stress, tons|sq. in., min. 8 28
Elongation, per cent, min. 20 ﬁ gg
1zod impact value, ft b, min —
Brinell hardress number 152207 179/229 | 201]255

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

Hardeaed and
tempered condition
Property
Q R
Proof stress (0-2 per cent), tons/sq 10, min 25 30

COLD DRAWN
Maximum size (diameter or width across flats), in. 13

Tensile strength, tons/sq. in., min. 38
Elongation, per cent, min. 12
Brinell hardness number, max. 229

For special applications steel of this type may be ordered to specifications En 8AM,
En 8AM E‘g 8I¥M, EnpspCM or En BDM.whcny ‘n’t will be supplicd to a specified composition
BM, (42 imits of which are shown below. Mcchamical grogcmes are not part of the con-

*  tractual obhgations of specifications En 8AM, En 8BM, En 8CM and En 8DM
8DM e they may be negottated between the purchaser and the suppher.

Av altered ] 1
Feb { En 8AM } Ea 8BM En 8CM En 8DM
Element f per cent per cent per cent per cent
| min. max min, ‘ ‘max. min. l max, min. max.
Carbon 033 038 035 l 040 038 043 0-40 045
Silicon — 025 -— 025 — 025 — 025
Manganese 090 | 130 | 090 1:30 | ¢90 § 1-30 | 090 1-30
Sulphur 012 0-20 012 020 12 20 012 020
Phosphorus ‘ — | oos0] — | 000 — | OGSO| — | 0060
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¢55°' CARBON STEEL
En 9K is intended for special applications onl ly

BARS AND BILLETS FOR FORGING
FORGINGS AND DROP-FORGINGS
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 (T) 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 :

En 9 En 9K
Elemeat
Per cent Per cent
Carbon 050 060 050 060
Silicon 0-05 035 005 035
Manganesce 050 080 050 080
Sulpbur — 0 060 — 0 050
Phosphorus - 0060 — 0050

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 cither before or after any cold work at the
option of the manufacturer, unless the oraer states otherwise.

Heat {reatment. 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 -
w. Naterial required in the normalised condition :

Normalise at a teraperature 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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The mechanical properties obtained from the test

Mechanical propertics. d as stated in the appropriate general clauses

pieces selected and prepare
shall be as follows :—
NORMALISED OR HARDENED AND TEMPERED

Condidon
Property Hardened and tempered
Normalised
R S T
i 1 134
Limiting ruling section, 10. 4 2 b74
Tensile strength,
tons/sq. in , min 45 ;g gg gg
Yield stress, tons[sg. in , min. 23 33
15
Elongation, per cem, mun. 18 _ 18 i 182 - 20z
Brinell hardness number 201255 | 201]255 | 223

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

Hardened and tempered condition
Property . x R .
Proof stress (0 2 per cent), tons/
sJogl..smin ¢ 28 n 34
COLD DRAWN
Maximum size (diameter or width across flats), in. 2
Tensile strength, tons/sq. in., min. 50
max. 65
i i 12
Elongation, per cent, min.
Brinell hardness number 2231302
62.

‘55’ CARBON, % PER CENT NICKEL STEEL

BARS AND BILLETS FOR FORGING
FORGINGS AND DROP-FORGINGS
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:

Per cent
Element T -

min, mex.
Carbon 050 060
Sthicon 0-05 035
Manganese 050 080
Nickel 050 080
Sulphur o 0060
Phosphorus - 0060

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
condition, unless the order states otherwise.

d. Bright bars shall be delivered in the finally heat treated condition,
heat treatment being given cither 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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' 60 ° CARBON-CHROMIUM STEEL

BARS AND BILLETS FOR FORGING
FORGINGS AND DROP-FORGINGS
BARS FOR MACHINING
BRIGHT BARS

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

Chemical composition. The steel shall contain :

Per cent
Element

nin. max,
Carbon 050 070
Silicon 010 035
Manganese 0-50 080
Chromium 050 080
Sulphor — 0050
Phosphorus — 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 staies otherwise,

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

Harden in o1l from a temperature of 800/850°C.,
Tempe: at a suitable temperature between 500°C and 700°C.

No reproduction or networking permitted without license from IHS

Not for Resale

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

Hardened and
tempered condition
Property

T v
Limiting ruling section, in, 234 234
Tensile strength, tons/sq. in , mn, 55 65
Yield stress, tons}sq. in., min 40 48
Elongation, per ccnt, min, 15 12
1zod impact value, ft. Ib, nun, 25 12
Brinell hardness number 248/302 2931341
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Ea 12, 12A, 12B, 12C

1 PER CENT NICKEL STEEL

BARS AND BILLETS FOR FORGING
£ORGINGS AND DROP-FORGINGS

Ln 12, 12A, 128, 12C

Mcchaniml‘pmpeﬂtes, The mechanical properties obtained from the test
pieces selected and prepared as stated in the appropriate gencral clauses
shall be as follows :—

BARS FOR MACHINING

BRIGHT DARS
Condition
Suitable in the hardened and émpered condition for a tensitle range of Property
40/50 (Q) tonsfsq. in. The purchaser should statz on the order tpe Normmlised Hardened aud
condition, normalised, or hardened and tempered, for which the material tempered, @
*
is ultimately required.
Limiting ruling section, 1n, [ 4 6 4
Chemical composition. The steel shall contain : Tensle streagth, i
: tonsfsq 1n, min 35 35 40 40
Per cent Yield stress, tons{sq in,, min. 20 20 30 Jo
Element - A N N
min. max. Elongarion, per cent, 1nin 20 20 22 22
L 1zod impact value, fi. Ib, min, 15 20 e5 35
— Brinell hartiness number 1521207 | 152(207 | 1707229 | 179]229
Carbon 030 045
Silicon R 035
Manganese — 150 NOTE When proof stress fests are specifically re
ested in the eaquiry and ord,
Nickel 060 100 the value for En 12Q shall be as follows 1— v reqs " e caquity anc order
Sulphur — g gg Proof stress (0 2 per cent) tonsfsq in, min 27
Phosphorus e
For special applications steel of this type may be ordered to specifications En 12A, En 12A,

En 128 or En 12C, when 1t will bo supplied to specified composition, the limits of 12B, C12

) . which are shown below, Mechanical properties are not part of th tractua) g

Condition of materinl on delivery. o. Bars and billets for forging shall suns of specifications En 12A, En p121‘3 and En lzocpgtru (’(hcycl;:':r rgg ::gglbx:\llgcad 'If.‘b"’":""
e
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be delivered as rolled or forged, unless the order states otherwise.

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

¢. Bars for machining shall be delvered in the finally heat treated con-
htion, 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 matufacturer, unless the order states otherwise.
Heat treatment. The heat ueatment 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 i the normalised condition :

Normalise at a temperature of 830/860°C.

b, Material required in the hardened and tempered condition :

Harden in o1l from a temperature\ of 830/860°C.
Temper at & suitable temperature between 550°C, and 660°C.
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between the purchaser and the supplier,

En 1ZA Eni128 En 12C
Element per cent per cent per cent
min. max. min ax, min. max
Carbon 0-30 0-35 o35 040 0410 0.
Stlicon 010 035 0-10 035 010 Ogg
Manganese 310 490 070 090 010 030
Nickel 0 60 100 060 100 0-60 100
Sulphur — 0-050 — 0 050 —_ 0-050
Phosphorus —— 0-050 - 0050 e L 0050
67

c*



Copyright British Standards Institution

En 13
MANGANESE-NICKEL-MOLYBDENUM STEEL

BARS AND BILLETS FOR FORGING
FORGINGS AND DROP-FORGINGS
BARS FOR MACHINING
BRIGHT BARS

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

Chemical composition. The steel shalt contain :

Per cent
Elemcat —_
min, mavx.
Carbon 015 0-25
Silicon ! o0 038
Manganese " 140 180
Nickel i 040 070
Molybdenum 015 035
Sulphur —_ 0 050
Phosphorus ’ _— 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 othervise. -

c. Bars for machming 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 1n oil from a temperatute of 850/890°C.,
Temper at a suitable temperature between 550°C. and §60°C.
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En13

Mechanical properties. The mechanical properties obtained from the test

pieces selected and prepared as stated 1n the appropri
Shall be o Tojiong pre > appropriate general clauses

C?ndnlon Hardened and tempered, Q
Limiting ruling section, in. 6
Tensile strength, tons/sq. in., min, 40
Yield stress, tons per sq. in., min. 30
Elongation, per cent, min. 22
Izod impact value, ft. Ib., min. 40

Brinclt hardness number 1791229

NOTE When proof stress tests are s cifically r
the value for En 13Q shalt be as fol!ox t— Y requested in tho enquny and order,

Proof stress (02 per cent) tons/sq In,min 27
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En 14A Eo 14A
CARBON-MANGANESE STEEL

on FORGING Mechanical properties. The mechanical propertics obtamed from the
BARS AND BILLETS

test pieces selected and prepared ss stated in b i
e the appropriate general
PORGINGS ;g: :;or—vﬁgmcb clauses shall be as follows 1~ pprop ¢
BARS CHIN

 AGHT DARS NORMALISED OR HARDENED AND TEMPERED

Suitable m the hardencd and tem.percd con.dxuon for texl\:sllc ranges of Condition
40/50 (Q) and 45/55 (R) tons/sq. in. according to the ruling section of — L
- h hould state on the order the conditionf
the part. Tha purchaser s 6 " Propert Hardencd and
normalised, cold drawn or hardened and tempered, Q or R, for which perty . tempered
the material is ultimaiely required. ormafised) —
. Q R
Chenical composition, The stecl shall contaln 3 ———— o
Per cent Limmting ruling section, in., 6 q 11
Efement |~ e . T_ensﬁe strength, tons/sq. in , min. 35 a0 45
min s, Ficld stress, tonslsq. in , min 27 28 22
e e - - Elsnguiisn, per cent., min. 2n 20 20
Carbon 015 0 ;g Izod 1mpact value, 1. ib , min. 15% 30 25
iﬂn&o;;n i (;;g g-'{O Brinell hardness number 1521207 | 179/229 | 20,7255 5 pltered
Nickel - 040 * 30 for controlled
Chromum — 025 or controlled grain stecl
Sulphur — 0060 WOTE. When proof stress tests are specificall i v
Yhosphorus — 0-060 the values shall be as follows ;— poctically requested In the enqul‘ y and order,
) Hardened and tempered
Condition of material on delivery. a. Bars and billets for forging shall be Property condition
delivered as rolled or forged, unless the order states otherwise, o N
b. Forgings and drop-forgings shall be delivered in the finally heat treated Proof stress (0 2 per ce
. 0, t in,
condition, unless the order states otherwise per cent), tons/sq jn, min 26 30
H i in ¢t cat trcated
Continon, s th e sttes oeragse, COLD DRAWN
co on, . ' - . Maximum size (diameter or widtk across flats), in 2
d. Bright bars shall be delivered in the finally heat treated condition, Tensile strength, tons/sq. in., min. 45
heat treatment being given either before or after any cold work at the option Elongation per cent, min. 15
of the manufacturer, unless the order states otherwise. Izod mmpact value, ft, 1b., min. 15
Heat treatment. The heat treatment to be given to the test bars, selected NOTE. thn~ this slcfl is fequlred in the form of piate, shest and strip 1t should be
A N ordered to BS 1449, * Stesi'plate, sheet and stzip .
as stated m Clause 7, other than those from material to be used in cold
drawn conditions, and to matesial supplied i the finally beat treated
condition, shall be as follows
a. Material required in the normalised condition :
Normalise at a temperature of 860/900°C.
b Material required in the hardened and xémpered condition :
Harden in oil or water from a temperature of 860/900°C.
Temper at a svitable terperature between 550°C, and 660°C.
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En 14A/1
. En14A/.
] NGANESE STEEL (FOR SPECIAL APPLICATIONS) .
CARBON-MA Mechanienl properties. The mechanical properties obtained from tev

DARS AND BILLETS FOR FORGING feces sel . >
FORGINGS AND DROP-FORGINGS ph It b ccted and propared as stated in the appropriate general clau
DARS FOR MACHINING shall be as follows :— -

rder the condition, hot rolled or HOT ROLLED OR NORMALISED

The purchaser should state on the o 3 !
normalised, for which the material 18 ultimately required. ;imlﬁng ruling section, in. 1% p
. . ensile strength, tons/sq. in., min 35
H ition, teel shall contain : q. in., min, 33
Chemical composition, The s tmax. 4 9
Elongation, per cent, mu. 18 18
Per cent
Element Sl -
min. max NOTE When proof stress tests i
I P the values shall bo as rouowxes:—m specifically sequested in the enquiry and order
Carbon — 023 Tensils strenpth, tons/sq. li.
Stlicon 005 035 Proof stress (0 2 per mgl), l'onslsq. in, min 3521141 3‘}’3 9
Mangancse 120 ¢
Copper (optional) — 060
Sulphur - 0050
Phosphorus — 0060

¢ Manganese plus residual nickel, chromim 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.

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

¢. Bars for machining shall be delivered in the normalised condition,
unless the order states otherwise. :

Heat freatment. The heat treatment to be’ given, whgre x}ppropriata, to
the test bars selccted as stated in Clause 7 and to material supplied in the
normalised condition shall be as follows :—

Normalise at a temperature of 860/900°C.
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En 14B En 148

CARBON-MANGANESE STEEL Mechanleal properties. The mechanical properties obtamned from the
DARS AND BILLETS FOR FORGING “;St pn'.::esﬂ~b usets)lected and prepared as stated in the appropriate general
FORGINGS AND DROP-FORGINGS clauses chall be as follows :—

R MACHINING
B riar BARS NORMALISED OR HARDENED AND TEMPERED

Suijtuble in the hardened and tempered condition for tensile ranges of

A Conditlon
40/50 (Q) and 45/55 (R) tons/sq. in. according 10 the ml}r!g section ox_‘ the
part. The purchaser should state on the order the conr:huon, nonnnl_xscc:l, Propert Hardened and
cold drawn or hardened and tempered, Q or R for which the material is perty N . tempered
Y ormalise:
ultimately required.
. Q R
Chemical composition. The stect shall contain :
Limiting ruling section, wn. : 4 234
Per cent Tensile strength, tons/sq. 10., mun. 48 40 45
Element - -3 — Yield stress, tonsfsq. tn., min. 23 28 32
min nax,
et e} e e Elongation, per cent, min. 20 26 a0 s altered
Carbon 020 030 Tzod impact value, . 1, min. | 15* 35 30 Fen 1963
Silicon 010 035 Byinell hardness wumber 1701223 | 179/229 | 201/255
Manganese 130 170
Nickel — 040 * 30 for controlled grain steel,
Sulphur —_— 0060 NOTE. When i
. proof stress tests
Phosphorus - 0060 the values shail be as l’oI!ov.n;e!:;-—m‘e specifcally requested in the enquiry and order,

Hardened gad tempered
candition

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 _
treatcdg::ondition, unless the order states otherwise, Proof stress (0 2 per cen), tons/sq 10, mm 26 30

¢. 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,

Property

COLD DRAWN
Maximum size (diameter or width across flats), n, 2

heat trestment being given either before or after any cold work at the Tensile strength, tons/sq. in.; in, a5
option of the manufacturer, unless the order states otherwise, Elongation, per cent, min, 15
Izod impact valae, ft. Ib, min. 15

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 tho finally heat treated
condition, shall be as follows :—

a. Material required in the normalised condition :
Normalise at a temperature of 840/880°C.

b. Materlal required in the hardened and tempered condition :
Harden in oil or water from a temperature of 340/880°C.
Temper at a suitable temperature between 550°C. and 660°C.

74 3
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En 15
En 15

CARBON-MANGANESE STEEL (HIG SILE) Mechanical properties. The mechancal properties obtained from the
DARS AND BILLETS FOR FORGING test picces selected and prepared i
FORGINGS AND DROP-FORGINGS clauses shall b as followg " E red as stated n the appropriate general
BARS FOR MACHINING ’
BRIGHT BARS
Suitable for tensile ranges of 40/50 Q), 45/55 (R), and 50/60 (S) e Hardencd and tempered condition
tons/sq. in. according to the ruling section of the part. The purchaser roperty —
should state on the order the condition, Q, R or S, for which the - Q R s
material is ultimately xequired. — __ 5
s e Limiting ruling section, 1n. &
Chemical composition. The steel shall contain : Tensile strength, 4 4 2% %
tons/sq. 1., min. 40 40
Per cent Yield stress, tonsfsq. in., r;ﬂn. 28 28 ;3 gg
Element Elongation, per cent, mn, 22 22 20 20
min. max. Tzod impact value, ft. b, min 25 35 30 30
Brinell hardness number 179229 | 179229 | 201255 | 2234277
Carbon 0-30 040
Silicon 010 035 NG
Manganese 130 170 (e vatic hEn proof oo lests are specifically requested in the enquiy and order
Sulphur —_ 0050
I
P hosPhoms - 0050 Herdened ang tempered condition
Property -
.. Q R s
Condition of material on delivery. a. Bars and billets for forging skall Proof stress (03 - — e
be delivered as rolled or forged, unless the order states otherwise. min (02 per cen), tonsfsq 1, 2 " 35
b. Forgings and drop-forgings shall be delivered in the finally heat treated
condition, unless the order states otherwise.
¢. Bars for machuning 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 . 11

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

No reproduction or networking permitted without license from IHS Not for Resale



Copyright British Standards Institution

En 15A

CARBON-MANGANESE STEEL (MIGHER TENXSILE)

BAILS AND BILLETS FOR FORGING
FORGINGS AND DROP-FORGINGS
BARS FOR MACHINING
BRIGHT BARS

Swuitable 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 :

Per cent
Element

min. max.
Carbon 030 040
Silicon 0-05 035
Manganese 1-30 170
Sulphur — C 060
Phosphorus — 0 060

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

b. Forging and drop-fosgings 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 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°C.

.
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Mechanical properties. The mechanical praperties obtained from the

test pieces selected and prepared as stated in the appropriate general
clauses shall be as follows ;—

Hardeoed and tempered condition
Property

Q R S
Limiting ruling section, in, 4 214 %
Tensilo strength,tons/sq. in , min, 40 45 50
Yield stress, tonsfsq. in., min. 28 34 38
Elongation, per cent, min. 22 20 20
Izod impact value, ft. {b., min. 25 25 25
Brinell hardness number 1791229 | 201255 | 2234277

9.
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En 15AM

Copyright British Standards Institution

CARBON-MANGANESE STEEL—FREE CUTTING

BARS AND BILLETS FOR FORGING
FORGINGS AND DROP FORGINGS
BARS FOR MACHINING
DRIGHT BARS

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

Chemical composition. The steel shall contain:

)
Per cent

Element
min max.
Carbon 030 040
Silicon —_ 025
Manganese 1-30 170
Sulphur 012 020
Phosphorus — 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. Fouging 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 rr after any cold work at the
option of the manufacturer, unless the order states otherwise -

Heat freatment. The heat treatment to be given to the test bars, selected
as stated in Clause 7, and to materal 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,
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En 15AM

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

Condition Hardenzd and tempered, R
Limiting ruling section, in. 2%

Tensile strength, tons/sq. in , min. 45

Yield stress, tons/sq. in., min. 3¢

Elongation, per cent, min. 20

Izod impact value, £. Ib., min. .25

Brinell hardness number 201255
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En 15B

Eal 5B
CARBON-MANGANESE STEEL (HIGHER TENSILE) rich,fn;ml plmpe;“cs'd-rhe mechanical properties obtained from the
ETS FOR FORGING cst pleces selected and prepared as stated in th i
BARS AND DIt clauses shall be as follows :_Ii © appropriate general

FORGINGS AND DROP.-FORGINGS
BARS FOR MACHINING
T BARS
BRIGH Hardened end tempered condition
Property

Suitable for tensile ranges of 40/5(? (Q), 45./55 R), 50/60 (S), and 55/65 (T) o - . .
tons/sq. in. according to the ruling section of the part. The pugchaser
should state on the order the coudition, Q, R, S, or T, for which the Lumiting ruling section . » - »

material is ultimately required. Tensile strength,
tonsfsq, in., min, 40 45 50
Yield siress, tonssg, in., min, 26 32 36 ig

Chemical composition. The steel shall contain :

Per cent Elongation, per cent, min. 20 20 20 18
Izod impact value, f1. 1b., min, 25 25 25 25
Brinell hardness number 1791229 | 201255 223277 | 2481302

min. max.

Carbon 035 040
Silicon 005 Q35
Manganese 1-10 1-30
Sulphur -— 0 060
Phosphorus — 0 060

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

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

¢. Bars for niachining shall be delivered in the finally heat treated con-
dition, unless the orde: 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 suppled in the finally heat treated

condition, shall be as follows :—

Harden in oil from a temperature of 846/870°C.
Temper at a smtable temperature between 550°C. and 660°C.
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En 16, 16A, 16B, 16C, 16D

En 16, Suitable for tensile ranges of 45/55 (R), 50/60 (S), 55/65 (T), 60/70 (U) and

16D

MANGANESE-MOLYBDENUM STEEL

BARS AND DILLETS FOR FORGING
TFORGINGS AND DROP-FORGINGS
BARS FOR MACHINING
BRIGHT BARS

65/75 (V) tons/sq. in, according to the ruling section of the part. The
purchaser should state on the order the condition, R, 5, T, U or V, for
which the material is ultimately required.

Chemical composition, The steel shall contain :

‘ Per cent

Element

min max.
Carbon 030 040*
Silicon 010 035
Manganess 130 180
Molybdeaum 020 035
Sulphur — 0050
Phosphorus — 0050

* For small ruling sections, or whea the steel 1s to be bardened in water, the carbon
content by agreement between the p and the facturer shall be 0-25/0 35
per cent and the stecl will be designated as En 16D,

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

b. Forgings and drop-forgings shall be delivered in the fpally 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 otherwiss,

d. Bright bars shall bo 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 830/860°C.

Temper at a suitable temperature between 550°C. and 660°C.

IMaterial supplied in the finally heat treated condition may be hardened
1o water if suitable precautsons are taken, but it is recommended that in
such cases the carbon content should not exceed 0-35 per cent.

+ When parts to En 16D are to be water quenched, thi be stated on the order
and tha lpml bars shall be similarly heat ugateo:.h « this shall Be stated on the
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En 16, 16A, 16B, 16C, 16D

Mechanical properties. The mechanical properties obtained from the

test picces selected and prepared as stated in the appropriate general
clauses shall be as follows —

Hardened and tempered conditlon

Property
1
R S T u \'
Limiting ruling section 6 4 214 114 %
Tensile strength,
tonsfsq in., min 45 50 55 60 65
Yield stress, tons{sq. in., min, 34 8 44 48 52
Blongation, pet cent. min, 22 20 18 17 16
Izod impact value, fi. 1b |, min 40 40 40 35 35
Brinell hardness number 201(255 | 223{277 | 248(302 § 269/321 | 293/341

NOTE. When proof stress 1ests are specifically requesied In the enquiry and order,
the values shall be as follows :—

Hsrdened and tempered condition
Property

R s T U v

Proof stress (02 per cent) tonsf
sq. 0., mun, 32 36 41 46 50

For special applications stecl of this type may be ordered to speafication ’n 16A, En 16A,
En 168 or En 16C, when it will be supplied to a specificd composition only, the hmits 161, 16C

of which are shown below. Mechanical properties are not part of the contractual
obligations of speaifications En 16A, Bn 168 and En 16C.

En 16A En 16B l En 16C
Element Per cent Per cent Per cent
raln, max ma max. min, mMAx,
Carbon 028 Q-30 030 035 0:35 040
Silicon 010 0:35 010 035 c10 035
Manganese 1.30 £0 1-30 1-80 130 180
Molybdenum 020 0-35 020 035 a20 035
Sulphur — 0050 — 0050 — 0050
Phosphorus — 0 050 ! — 0059 — 0050
85



En 16M
MANGANESE-MOLYBDENUM STEEL~FREE CUTTING

BARS AND BILLETS FOR FORGING
FORGINGS AND DROP PORGINGS
BARS FOR MACHINING
BRIGHT BARS

Chemical composition. The steel shall contain:

Per cent
Llement

win, max,
Carbon 030 040
Stlicon — 025
Manganess 130 180
Molybdiaum 020 035
Sulphur 012 020
Phosphorus — oGl

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

6. Forgings and drop-forgings shall be delivired in the finally heat treated
condition, unless the order states otherwize,

c. Bars for machining shall be.dcisvered in the finally beat treated
condition, unless the order stats otherwise,

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

Heat treatmens. The heat treatmen: to be given to the test bars, selected
as stated in Clause 7, and to matersal supplied in the finally heat treated
- - c¢oOndition, shall be as follows:—
Harden in od from a temperature of 830/860°C.
Temper at a suitable temperature between 550°C. and 660°C,

Mechanica) properties. If required, mechanicat properties shall be agreed
between the purchaser and the manufacturer.
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En 17

MANGANESE-MOLYBDENUM STEEL (HIGHER MOLYBDENUM)

BARS AND BILLETS YOR FORGING
FORGINGS AND DROP-FORGINGS
DBARS FOR MACHINING
BRIGHT BARS

Suitable for tensile ranges of 45/55 (R), 50/60 (8), 55/65 (1), 60/70 (U) and
65/75 (V) tonsfsq. in. according to the ruling section of the part. The
purchaser should state on the order the condition, R, 5, T, U or V, for
which the material is ultimately required.

Chemical composition. The steel shall contain :

Per cent
Element

min. mix.
Carbon 030 040
Silicon 010 035
Manganese 1.30 180
Molybdenum Q35 055
Sulphur — 0050
Phosphorus — l 0050

|

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

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

¢ Bars for muchining shall be delivered in the finally heat treated
condition, uniess the order states othenwvise,

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 oll from a temperature of 830/860°C.
Temper at a suitable temperature between 550°C. and 660°C,

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

Hardened and tempered copdition
Property ——
R ] T i} A4
Limiting ruling section, in [ 6 4 2W 14
Tensile strength,
tons/sq. in , min. 45 £0 55 60 65
Yield siress, tonslsq. in., niin. 34 38 44 48 52
Elongation, per cent, min, 22 20 18 17 16
Izod impact value, R, b, min. | 40 40 40 35 35
Brinell hardness number 20112551 2231277 | 248/302 | 269321 | 2931341

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

Hardensd and tampesed condition
Propoerty
3 s T Y] v
| { P
Proof stress (0 2 per cent) tonsfsq 1
., mia, 32 36 41 48 ’ 50
89
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En 18, 18A, 18B, 18C, 18D

1 PER CENT CHROMIUM STEEL

BARS AND BILLE1S YOR FORGING
TORGINGS AND DROFP-FORGINGS

En 18, 18A, 18B, 18C, 18D

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

BARS FOR MACHINING
BRIGHT BARS Hardened and tempered conditlon
En18 Suitable for tensile ranges of 45/55 (R), 50/60 (8) and 55/65 (T) tons/sq. in Property
sccording to the Tuling section of the part. The purchaser shoul.d state R s T
on the order the condition R, S, or T for which the matcrial 13 ultimately
required, Limiting ruling section, in, 4 2 .
. Tensile strength, d 1
Chemical composition. The steel shall contain tons)sq. in., min. 45 50 55
Yield stress, tons|sq. in , min, 34 38 44
Per cent
Element |———— Elongation, per ent, min, 22 20 18
mwin. max. Izod impact va'ue, ft. Ib., min. 40 49 40
Brinell hardncss number 2011255 2231277 | 2481302
Carbon 0-35 045
il 0-10 035 NOTE. When proof stress tests are specifeall .
id::oggnese 060 095 tho values shall be as follows *— © speciically sequested i the enquiry and order,
Chromium 085 115 T "
Sulphur — 0 050 Propert ardened and tempered conditlon
Phosphorus -— 0050 Y -
R s T
. R Proof stress (02 per cent), ) I T
Condition of material on delivery. a. Bars and billets for forging shall be min. (02 per cent), tonsfsq in 3 1 a
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.

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

For special applications stzet of thus type may be ordered to specification En 18A, Ea 18A
En 188, En I8C or En 18D, when it will be supplied to & sp e posstion only, 188,{8C,
the honts of which are shown below. Mechanical propertics are not part of the
contractual obiigations of specifications En 18A, En 188, En 18C and En 18D,

d. Bright bars shall be deliveed in the finally heat treated condition, ‘Eu 184 Fn 188 En 18C 7 18D
heat treatment being given either before or after any cold work at the -~ — —_—
option of the manufacturer, unless the order states otherwise. Element Per cont Per cent Per cent Per ceat
Heat treatarent. The heat treatment to be given to the test bars, selected win | mox | omo | mee | i | e | owie | e
as stated in Clause 7, and to material supplied in the finally heat treated - g: B o1 -
ate e arbon 032 | 030 | 035 | 035 | 033
condition, sh.all be as follows : in{lli’con . o-ég 035 | 010 | 035 | 010 | 035 3% 3%3
Harden in oil or water from a temperature of 850/880°C. Chromium 085 ?-}lus) 832 ﬁg 8 gg g-gg 8gg (1] ‘{2
Temper at a suitable temperature between 550°C. and 700°C. . b s T 9o = | 9%y — |o0s0} — | 0050
. - - - - — | 0050 —
Steels in the upper part of the composition range should not be ysater oo
hardened unless special precautions are taken, )
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En 19

1 PER CENT CHROMIUM-MOLYBDENUM STEEL

DARS AND BDILLETS FOR FORGING
FORGINGS AND DROP-FORGINGS
BARS FOR MACHINING
BRIGHT BARS

En 19

Mechanical propertics. The mechanijcal properties obtained from the

test pieces selected and prepared as stated 1n the appropriate general
clauses shall be as follows :—-

Hardened and tempered condition

Suitable for tensile ranges of 45/55 (R), 50/69 (S), 55/6?' (1), 60/70 (U), Property — - _
65/75 (V), 70/80 (W) and §0/90 (Y} tons/sq. in. according to the r.u'ﬁng L R s T U v w v
section of the part, The purchaser should state on the order the condition, R e — e
R,S, T, U, V, Wor Y, for which the steel is ultimately required. Limiting culing section, in. 6 a 230 214l 16l 14 1
Tensile strength,
Chemienl composition. The stecl shall contain : tons/sq. 1., min, 45 | 50 | 55 | 60 | 65 | 70 | 80
Yield stress, tonsfsq in., min.{ 34 38 44 48 52 58 68
‘ Per cent .
el it A E A A S A
min, mox. min, v 110, 5 35 30 10
- Brinell hardness nusnber 201) | 223] | 248¢ | 269( | 2931 | 3117 | 363/
Carbon 035 045 255 1277 1302 | 321 341 | 375 |45
Siticon 010 0-35
Manganese 050 080
Chromium 090 1-50 NOTE 1. When proof stress tests are specifically requested in the enquiry and
Molybdenum 020 040 order, the values shall be as follows :—
Sulphur — 0050
Phosphorus - 0050 Hardencd and fempered conditfon
Properly R N
R ] sT ] uijlviw } Y
Condition of material on delivery. 4. Bars and billets for forging shall t -
be deltvered a3 rolled or forged, unless the order states otherwise, Proof stress (02 per cent) 3 ! 36 !

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

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

d. Bright bars shall be delivercd in the finally heat treated condition,

heat treatment being given cither before or after any coid 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.

92

tons/sq in. min,

41 k 46 50 55 ‘ L]

NOTE 2. In cascs where the higher tensile ranges sro not required or the suling
section 18 smaller, the steel may be ordered to specification En 19A

93

Copyright British Standards Institution
Provided by IHS under license with BSI - Uncontrolled Copy
No reproduction or networking permitted without license from IHS Not for Resale



Copyright British :Standards Institution
Provided by IHS under license with BSI - Uncontrolled Copy
No reproduction or networking permitted without license from IHS

En 19A, 19B and 19C

1 PER CENT CHROMIUM-MOLYBDENUM STEEL

N -
FARS AND BILLETS FOR FORGING
FORGINGS AND DROY-FORGINGS
BARS FOR MACHNING
BRIGHT BARS

En 19A Suitable for tensile ranges of 45/55 (R), 50760 (8), 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 wtimately required.

Chemical composition. The stecl shalt contain ¢

Per cent
Fiement —

min. plih o
Carbon 035 045
Silicon olo 035
Manganes:> 050 0-80
Chromium 090 120
Molybdenum 020 0-35
Sulphur —_— 0050
Phosphorus - 0050

Condition of material on delivery. 4. Bars and billets for foiging shall
be delivered as rolied or forged, unless the order states otherwisc.

b Forgiogs and drop-torginge shall be delivered in the finally heat treated
condityon, unless the nrder states otherwise, N .

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

d. Bright bars shall be dzlivered in the finally heat treated condition,
heat treatment bemng given either before or after any cold work at the
option of the manufacturer, unless the o:e:r states otherwise,

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

Harden 1n o1l from a tomperature of 850/880°C.

Temper at a suitable temperature between 550°C and 720°C.,

En 19A, 19B and 19C

Mechanical properties. The mechanical properties obtained from the test

‘picces selected and prepared as stated 1n the appropriate general clauses
shall be as follows ;—

Hardencd and tempered condltfon
Property - - :
R S T U v
Limuting ruling section, in. ] 4 2 7
Tensile strength s . %
tons/sq. in., min, 45 50 55 00 65
Yield stress, tons| sq, in., min, 34 78 44 48 52
Elonganou, per cent, min, 22 20 18 17 16
ITzod imp=: ¢ value, f1, Ib., min. 410 40 40 35 35
Brinell hardness number 2011255 | 223]277 | 248/392 269(321| 293)341

NOTE. When proof stress tests are specifically requested in ¢ i ol nrder,
the values shall be as follows *—  seauesied I the enquiry and erdes,

Hardened and tempered condition
Property s
R s T U v

Proof stress (03 per cent) lonsf
q. 1., mia, 32 36 41 458 50

For special applications steel of this type may be ordered to specification En 19D or En 198
En 19C, when it will be supplied to a specified composition only, limits of which are 19C )
shown betow. Mechanical properties are not part of the contractual obligations of
sprcifications Ea 198 and En 19C,

l Specification

Ea 19B En 15C
Element
Por oot Per ceat
win, max, rls. max
Carbon 035 040 040 045
Siticon 010 035 010 035
Manganeso 050 080 050 080
Chromium 090 120 090 1-20
Motybdeaum 030 635 0120 035
Sulphur — 0050 — ~ 0050
Phosphorus - . 0-050 — 0-050
85
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En 20A, 20B

1 PER CENT CHROMIUM-MOLYBDENUM STEEL
(HIGHER MOLYBDENUM)
FOR HIGH TEMPERATURE BOLTS
BARS AND DILLETS FOR FORGING
FORGINGS AND DROP-FORGINGS

BARS FYOR MACHINING
BRIGHT BARS

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

required.

Chentical co.nposition. The stec! shall contain :

Eo 20A En 208
Flement Per cent Pcr cent
min. max, min, max,
Casbon 020 030 035 045
Silicon 010 0-35 010 0-35
Manganese 040 0170 040 070
Chromum 050 100 100 150
Molybdenum 050 080 050 090
Sulphur —_— 0050 — 0050
Phosphorus — 0-050 —_ 0050

Condition of materinl on delivery. 2. Bars and billets for forging shall
be delivered as rolled or forged, unless the order states othenwise. -

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

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

& 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, chall be as follows :— - -

Harden in oil or water from a femperature of 850/900°C.

Temper at a suitable temperature between 550°C. and 720°C.
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En 204, 20B

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

Mechanical prepertics. The mechunical properties obtained from the test

pieces sclected and prepared as stated 1a th i
Bl bo ao fotlcnd P p e appropriate general clauses

Hardened and tempered condition
Property
T U Y
Limiting ruling section, in, 214 234
L , in. 1
Tensilo strength, tons/sq. in., min. 55 : 60 Zﬁs
Yield stress, tonsfsq. in., min. 44 48 52
Elongation, per cen  _ain. 18 17 16
Tzod impact value, f1. Ib.,min, 40 35 35
Brinell hardness number 2481302 | 2691321 2931341

NOTE. When proof stress tests

are speci i
_tho values shall be as follows s | ¥ ifically requested in the cnquiry and ordes,

Hardened and tempered conditinn

Property -
T U v
—_ — |
Proof stress ((~2 per cent) !
tonsfsq Ialt min. - 41 2 46 50

.

!
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En 21, 21A

En 21, 21A
3 PER CENT NICK¥L STEEL Mechaunical properties. The mechanical properties obtained from the test
BAR3 AND BILLETS FOR FORGING picces selected and prepared as stated in the appropriate general clauses
YORGINGS AND DROP-FOEGINGS shall be as follows :—
BARS FOR MACHINING
BRIGHT BARS | . Hnrdfiued »:ﬂd{
N . empe: condit
En21  Suitable for tensie ranges of 45/55 (R) and S0/60 (S) tons/sq in , according Property B ——
w0 the ruling section of the part, The purchaser should state on the order R | g
the condition, R or S, for which the steel is ultimately required.
" .. Limiting ruling section, 1. 4 3
R 1 shall contain : ; 2%
Chemical composition. The stee! sh _ Tensile strength, tons/sq. in., min 45 SL)7
Yield siress, to) . in, N
— ress, tons|sg. in., 1nin 32 38
©l Elongation, per cent, min, 22 20
min, max. Tzod 1mpact, 1t. 1b . min, 40 40
Brinell hardness number 2011255 2231277
Carbon 025 035
Stlicon 010 035 NOTE When proof stress tests are specifically requested in th
Manganese 035 075 the valess shall be as follows i~ guested T the enquiry and order,
Nickel 275 325 Harden
Chromium — ©-30 peied Sondia
Shomi = 0080 Property tempured cordition
Phosphoras — 0050 ) S
Proof stress (0 2 per cent) tons/sq in., min, 33 36
Condition of material on delivery. a. Bars and billets for forging shall

be delivered as rolied 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 shail be delivered in the finally heat treated con- '

Steel of this type may also be rijuired in the form of plate and sheet En 21A
(sce B.S. 1449, * Steel plate, sheet and sfrip’), the chemical composition
of this steel is as follows .— -

dition, unless the order states otherwise, Per cent
d. Bright bars shall be delivered in the finally heat treated condition, El T
heat treatment being given either befora or after any cold work at the mn. max,
option of the manufacturer, unless the order states otherwise, - i
. Carbon 020 030
Heat freatment. The heat treatment to be given to the test bars, selected « Siticon 010 035
as stated in Cluuse 7, and to material supplicd in the finally heat treated Manganese — 060
condition, shall be as follows :— ) Nickel 2:50 350
Harden in oil or water froni a temperature of 830/860°C gﬁ?:“:mm - gggg
Temper at a suitable temperature between 5,0°C. and 650°C, P -
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314 PER CENF NICKEL STEEL

BARS AND BIL!ETS FOR FORGING
FORGINGS AND DROP-FORGINGS
BARS FOR MACHINING
BRIGHT DARS

Suitable for tensile ranges of 50/60 (S) and 55/65 (T) tons/fsq. in., according
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.

Clhemical composition. The steel shall contain :

Per cent
Element T

mn max.
Carbon 035 045
Silicon 010 035
Manganese 050 080
Nickel 325 375
Chromium — 030
Sulphur — 0050
Phosphorus - 0050

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

b. Forgings and drop-io:gings shall be deliverel in the, finally heat treated
condition, unless the order states otherwise

¢. Bars for machining shall be defivsied in the finallv beat 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 manufactarer, unless the order states otherwlse.

Heat treatment. The heat treatment to be given to the test bars, “selected
as sated in Clause 7, and to material supplied in the nally heat treated
condition, shall be as follows :—
Tarden in oil from a temperature of 830/860°C. :
Temper at a suitable temperature between 550°C and 650°C.
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Mech:fnical properties. The mec)
test pieces selecied and prep
clauses shall be as follows :—

hanical properties obtained from the
ared as stated in the appropriate general

Iardened and
tempered condition

Property

—— s T

Limiting ruling section, in,

t 4

Tensile strength, tons/sq. in., min 50 525’é
Yield stress, tonsisq. in , min. 38 43
Elongation, per cent, min

Izod impact value, ft, lb.,.min. 428 :g

Brinell hardness number 2231277 | 2481302

NOTE When proof
stress test .
the values shall be as follows i are specifically requested in the enquiry and order,
!
i

Hardeaed and
Property lcm;{emd cendition
, [ —
L S T
Proof stress (0 2 per cent) tons/sq. in., min. 36 _‘41

1or

En 22
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En 23

3 PER CENT NICKEL-CHROMIUM STEEL

BARS AND BILLETS FOR FORCING
PORGINGS AND DROP-FORGINGS
BARS T'OR MACHINING
SRIGHT BARS
Suutable for tensie ranges of 50/60 (S}, 55/65 (T), 60/70 (U) or 65175 (V)
tons/sq. in., according to the ruling section of the part. The pufchaser
should state on the order the condition, S, T, U or V, for which the

material is ultimately required.

Chemical composition. The steel shall contain .

Per cent
Element - — e
iN, max.
Carbon 025 035
Stlicon 010 035
Manganese 045 070
Nickel ) 275 350
Chromum 050 100
Molybdenum
(optional*) —_ 065
Sulphur — 0050
Phosphorus — 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.

¢ Bars for machining shall be delivered in the fially 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 mauufacturer, unless the order states otherwise

Heat treatment. The heat treatment to be given to the test bars, sclecied
a- stated in Clause 7, and to materinl 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-530°C. and 660°C.

NOIE. If an adequzte content of mofybdenum is not present it is preferable to caol
1 oil or waler afier tesnpering.

® See Clouse 4 ¢.
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Moechanical progperties. The mechanical properties obtained from the

test pirces selected and prepared as stated in the general clauses shall be
as follows .—

Hardened and tempered cunditior.

Property e e
S T U A%
Limuting ruling section 6 6
Tensile strength, ° i
tons/sq. in , min 50 55 60
Yield stress, fons{sq. in., min 38 44 48 .tf;g
Llongation, per cent, nun 20 18
> » * 17
fzod tmpact value, fi. Ib , Min 40 40 35 Zl'ag
Brinell Imrduqu- number 223/277 2481302 2691321 i 293/341
|

When supplied in the softened condition the materi i
aterial shall have a B
hardness number not exceeding 269, rinel

NOTZ When proof stress tests wre specifical
the values shall e oy o 5518 pecifically requested 1n the enquiry and order,

N Hardened and tempered condtion

Peoperty Y
) s i T U v
- ..,l'__. ~ —
Proof stress (0 2 per cent) i
tons/sq i, min 36 41 46 50
|
03



: PER CENT N'CKEL-CHROMIUM-MOLYBDENUM STEEL Mechanieal properties. The mechanical properties obtained from the fest
% NG preces selected and prepared as stated in the appropriate general clauses
BARS AND BILLETS FOR [ORUN shall be as follows *—
FORGINGS AND DROP-FORGINGS
BARE TOR MACHINING
BRIGHT BARS Hardened and tempered condition
~ Property — -
Suitable for tensile ranges of 50/60 (8), 53/65 (T), 60/70 (U), 65/15 (V), s T u Vi W Y z
70/80 (W), 75/85 (X), 80/90 (), and 100 (2) tons/sq. in. according to the D e M e e B e e
ruling section of the part. The purchaser should staic on the order the Limting ruling
condition, S, T, U, V, W, X, Y or Z, for which the material is uitimately section, in 6 6 4 215 14 1l 14l 1%
require d. Tensite strengih,
tons sq in, min } 50 55 60 65 70 (i) 80 1100
. . in: Yield stress.
mical composition. The steel shall contain : .
Chie p tons|sq. n., min 38 44 | .48 52 358 63 68 &5
Py t :
Element _i"'ﬁ‘i___— Elongation,
- per cent, pun 20 18 17 18 15 14 14 8
mim, max. Izod tmpact value, -7
— B b ft ib., min 40 40 35 35 30 25 22 8
i Brinell hardness
35 045
g&;rcb:: | 310 038 numbers 223/ | 248 | 269/ | 2931 | 3111 | 341 | 3631 | 444
Manganess 045 ‘070 277 | 302 | 321 | 341 | 375 | 388 | 415 | min
Nickel 130 |. 180 . . L
Chiromium 090 3;‘5) When supplied n the softened condition the material shall have a Brinell
g‘l:l);}t;t:gcnum 62 0020 hardness number not exceeding 277,
Phozphorus —_ 0050 NOTE. When p.oof stress tests ace specifically requested in the enquury and order,
i the velues shall bo as follows :— ,
] Hardened aod ¢ a
Condition of material on delivery. a. Bare and billets for forging shall Property ‘ .,__I — -
be delivered as rolled or forged, unless the order states othecwise. s T U v i'wlox ¥ z
b. Forgings and drop-forgings shall be delivered in the finally heat Proof stress (0 2 per cent), | - .
treated condition, unless the order states otherwise, tonsfsq in , min 36 | 41 | 46 | 50 | 55 | 59 | &4 8O

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

d. Bught bacs shall be delivered in the finally heat treated condition,
heat treatment being given either before or after any cold work- at t*e
opton of the mancfacturer, unless the order states otherwise.

Heat teeatment. 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 {rom a temperature of 820/850°C.
Temper at & suitable temperature not exceeding €50"C.
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s 28

-MOLYBDENUM STEEL’
'R CENT NICKEL-CHROMIUM:
PA (MEDIUM CARBON)
S§ AND BILLETS FGR YORGING
l;:;‘RGlNGS AND DROP-FORGINGS

PARS FOR MACHINING
BRIGHT BARS

Suitable for tensile ranges of 55/65 (T), 60/70 (U), 65/75 (V), 70/80 (W).

-y H » P
75/85 ‘x’, 80/90 ('), and 100 (b) (Onslsq. mn. accofd“lg to the ruling
CC/tloﬂ Of the {aml The pu‘cllﬂsﬂ[ Shou!d state on the or der the CO“d“lO“,
5

T U.V. W, X, Y or Z, for which the mate.ial is ultimately required.

Chemical composition. The steel shall contain @

Per cent
Element — ——
min. ; max. )
j

035
Carbon 027
Sitheon 0-10 g gg
Manganese 050 o
Nickel 2-30 B
Chromium 0-50 080
Molybdenum 040 070
Sulphur — g ggg
Phosphorus _— o

Condition of material on delivery. @. Bars and billets for‘for.ging shall
be delivered as rolled or forged, unless the orde: states otherwise.

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

d. Bright bars shall be delvered in the finally heat treated condition,

heat treatment being given cither before or after any cold wark at the
option of the manufacturer, unless the order states otherwise.

Heat treatment, The treatment to be given to the icst\:}]grs, selected as
stated in Clause 7, and to material supplied in the finally heat' treated
cordition, shall be is follows :—

Harden in oil fl":cm a temperature of 820/850‘°C. .

Temper at a suilable temperature not exceeding 660°C

106

Mechanteal properties. The mechanical properties obtaned from the test

preces sclected and prepared as stated in the appropriate general clauses
shall be as follows :—

Hardened and tempered condstion
Property —_—

T U v v X Y

N

Limting ruling

section, n, 6 2] 6 4 4 2 2 24
Tensile strength,

tons/sq. in., min 55 60 65 65 70 75 80 | 100
Yield stress,

tonsfsq. in , min. 44 48 52 52 58 63 68 85
Elongation,

per cent, min 18 17 13 16 15 149 14 10
fzod impact value,

ft 1b, min, 40 35 35 35 30 25 25 10
Brinell hardness . ;

number 248 | 269) | 2931 | 293/ | 31 1| 341 | 363 | 444

302 | 321 | 341 | 341 | 37% 383 | 415 | mun

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

NOTE When proof stress tests are specifically requested 1n the enquiry ood order,
the values shall be as follows .—

Mardened a0d ¢ B ool
Property ——— v -~
. T U ’ v | wi x ‘ v 7
e - | e
Proof stress {0 2 per cent), ’
. 10nsfsq. 10, min 41 46 { 50 55 59 64 80
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En 26 .
2% PER CENT NICKEL-CHROMIUM-MOLYBDENUM  STEEL M(‘t‘haniml properties. The mechancal ropectes obtaned fom the tec
(HIGH CARBON) pieces selected and prepared as stated in the appropriate general clauses

shall be as follows *—
BARS AND BILLETS I'OR FORGING

PORGINGS AND DROP-FORGINGS
A O DARS Hardened and tempered condition

BRIGHT BARS Property —
/70 (U), 65/75 (V), 70/80 (W), 75/85 (X),

Suitable for tensile ranges of 60

i to the ruling section of the . : T P S
80/90 (¥) and 100 (Z) tons/sq. in according . Cheartine o
part, The purchaser should state on th? order the gor:’dmon. U, V, W, 1;:::;?; “;'I‘mg el e o !
X, Y or Z, for which the material is ultimately required. Tenstle strongth, a 6 4 i 6 s 4
tons/sq i, min§ 60 | 65 | 65 | 70
Chemical composition. The steel shall contain : Yield stress, 70‘ ] 775 | 80 | 80,100
fonslsg. in, min | 48 | 52| 52 | s8 .
Ter cont Elongation, 3816316368 68| s;
- e e - per cent, mun 17 114116 13| 15
Element . . Izod impact value, 12114 )12]14} 10
- ft. Ib., min. 35135134130 30
e T Brinell hardnesc 25‘ B0
Carbon 036 044 number 209/ 1293 12931 {3111 |311] | 341 | 3411 | 363 | 3631 | 444
Silicon 010 035 321 1341 | 341 375 { 375 | 388 | 388 415 | 415 | min
Manganese 050 070 - ) |
Nickel 230 (2) % wh
Chromium 050 en supplied in the softened condition the material
- shalt b
Molybdenum 040 070 hardness number not excee ding 277. ave a Brine:l
Sulphuc - 005 NOTE When proof stress t
Phosphorus - 0050 the values shall be as follows&.‘is. are specifically requested in the enquiry and order,
. . Hardensd and tempered canditon —
Condition of material on delivery. a. Bars and billets for forging shall be Property S
delivered as rolied or forged, unless the order states otherwise. u v I Cw % Y .
b. Forgings and drop-forgings shall be delivered in the finally heat treated Proaf stress (02 per cent), i | R
condition, unless the order states othenvise, tonsjsq. i, min | a8 50 ; 55 I 59 } 64 80
¢. Bars for machining shall be delivered in the softencd condition, unless
the order states othenwise.
d. Bright bars shall be delivered in the finally heat treated condition,
hear treatmeat being given either before or after any cold work at the
opt. « of the manufacturer, unless the order states otherwise.
Heat treatinent. The heat treatment to be given to ‘the test bars, selected
as stated in Clause 7, and to material supplicd 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 ¢xceeding 660°C.
108 109
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3 PER CENT NICKFL-CHROMIUM-MOLYBDENUM STEEL

BARS ANU BILLETS FOR FORGING
FORGINGS AND DROP-FORGINGS
BARS FOR MACHINING
BRIGHT BARS

s (T), 60/70 (U), 65/75 (V), and 70/80 (W)

ling section of the part The purchaser
T, U, V or W, for which the

Suitable for tensite ranges of 55/6
tons/sq. in. according to the ru S
should state on the order the condition,

material is ultimately required.

Chemical composition. The stee! shall contain .

Per cont
Element - T h
wmin max.
Carbon 025 035
Silicon 010 635
Manganese — 070
Nickel 300 3175
Chromium 050 130
Molybdenum 020 065
Sulphur”™ - - 0050
Phosphorus —_ 0-050
U

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

b. Forgings'and drop-forgings shall be dcflxvercd in the finally heat treated
condition, unless the order stn‘es 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,

Hent treatmers. The heat treatment to be given to the test bars, selected
as stated n Clause 7, ana to material suppbed in the finally heat teeated

conditicn, shall be as follows :—

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

properties obtained from the test

picces selected and prepared as stated n the appropriate general clauscs

shall be as follows :—

j
Property !
|
I

Limating ruling sectior. 1.
Tensile strength,

tons{sq, in , min
Yield stress, tons|sq in > min
Elongation, per cent, min
Izod impact value, f1. 1b., min.
Brinell hardness niumber

Hardened and tempered condition

T v ' v w
S e —— mg _____
6 6] 61 4 4
55 60 % 6 | 65 |
“oom o525 oy
£ IR U 16 i 15
10 3 | 35 . 3 | 30
2451302 | 2691321 | 2931341 294341 | 311/375

I x |

When supplied in the softened
hardness number not exceedin

condition the matenal shall have a Brinell
g 277.

NOTE When proof stress tests are specifically requested n the enquiry and order,

the values shall bo us follows *—

Hardened sod tempered condition

Property —
T U v l v
Proof stress (0 2 per cent), | -
tonsfsq m., mn, ‘i 41 46 50

o
o

i
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32 PER CENT NICKEL-CHROMIUM-MOLYBDENUNM STEEL

BARS AND BILLEYS FOR FORGING
FORGINGS AND DROP-FORGINGS
BARS FOR MACHINING
BRIGHT BARS

Suitable for tensile ranges of §0/70 (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, W or Y, for which the

material ts ultimately required.

Chiemifcal composition, The steel shall contain :

Per cent
Flement e e e
min. max.
{
Carbon 025 I 040
Silicon 010 035
Mangancse — ,070
Nickel 300 4 50
Chromium 075 150
Molybdenum 0-20 065
Sulphur —— 0050
Phosphorus — 0 050

Condition of material on delivery. 4. Bars and billets for forgin'g 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.

¢. 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 o1l from a temperature of 820/850°C,

Temper at a suitable tempecature between 500°C. and 650°C

ti2

Not for Resale

Mechanical properties. The mechanical propertics obtained from the test

preces selected and prepared as stated in the appropriate Icl
shall be as follows .— PPEOP goner’ cluses

Hardened and tempcered condltion
Property ——— . PR— _
U v w Y
Limiting ruling section, in., 6 6 4 | 254
Tensile strength, '
tonsfsq. ., min, 60 65 65 70 80
Yield siress, tonsfsq. b, nun 48 52 52 I 58 65
Elongation, per ceat, min. 17 14 16 15 14
Tzod impact value, M. b, mn 35 35 35 30 25
Brinell hardness number 269321 2931341 | 2931341 | 3111375 l 3631415

When supplied in the softencd condition the raterial shall have a Brinell
hardness number not exceeding 277.

NOTE. When proof stress tests ars specificully requested in th i
the values shall be as follows :— v © enauiny aad order,

t

Hardened and tempered condll;m -
Property
u. v . w A 4
Proof stress (0 2 per cent),
tons/sq. in., min 46 50 55 64
113
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En 294, 298

3 PER CENT CHROMIUM-MOLYBDENUM STEEL

{For particulars of this (teel as a nitriding stecl see En 40A and En 40B)

BARS AND BILLETS FOR FORGING

FORGINGS AND DROP-FORGINGS

BARS FOR MACHINING
BRIGHT BARS

Suitable for tensile ranges of 45/53 (R), 50/60 (8), 55/65 (T), 60j70 (U),
65/75 (V), 70/80 (W) and 100 (Z) tons/sq. n, according to the r‘u‘lmg
section of the part. The purchaser should state on the ardes the Cf)ndmon,
R,S, T, U, ¥V, WorZ, for which the material is ulumately required.
The selection of En 29A or En 29B will be governed by the tensile range
required.

Chemical composition. The stecl shall contain :

En 29A En 293
Per cent Per cont.
Elcnent _ R
min. wmax mim. max.

Carbon 015 025 025 035
Silicon 010 035 010 035
Mangancse - 065 — 065
Nickel — 040 — 040
Chromium 250 350 250 3 50
Molybdenum|{ 030 070 | 030 070
Suiphur —_ 0050 —_ 0050
Phosphorus _— 0050 - 0050

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

0. Forgings and drop-forgings shall be delivered in the finally heat treated
condition, unfess the order states otherwisc.

. Bars for mechining 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 supphed softened.

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

Heat trentment. The heat treatment to be given 1o the test bars, selected
as stated in Clause 7, and to material supplied in the finally heat treated
condition, shall be as follows -—

larden in o or sull air from a temperature of 880,910°C.

Temper at a suitable temperature not exceeding 750°C.

t14
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En ZYA, 290

Mechanical properties. The mechanical properties obtained from the test

preces selected and prepared as stated m the appropriace pe.seral
shall be as follows ,— Ppropriawe geueral clauses

Uardened and tempered condition
Property T N D D N b et
R S T U v W Z

Linmuting ruling section, in. & 6 6 6 q
Tensile strength, ! o
tonsfsq i, nua 45 50 55 60 65 70 | 100
Yield stress, tons|sq. In., min 34 38 44 48 52 58 85
Elongation, per cent, min 22 20 18 17 16 15 i0
1zod impact value,
ft b, nun. | 40 40 40 35 35 30 ¢}
Brinell harduess numiber 200 | 223 | 2484 269/ | 293/ ! MYIRRE
255 277 | 302 | 321 | 34!} 275 | mun

i

When supplied 1n the softened condition the material shall huve a Brinell
hardness number not exceeding 269, ‘

NOTE. When proof stress i i
hoTE M shallpbc of (‘oﬂo\\'scs:’i are specifically requested mn the enquiry and order,

Hardened snd tewpoced condition
Property - T -
r S T U l v v l z
Proof stress (0 2 per ceny), ) l
tonsfsq in,, min 32 36 41 16 50 1 5% 80
! .
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En 304, 30B

Ln 30A, 308
4% PER CENT NICKEL-CHROMIUM STEEL Mechanical propecties. The mecharucal properties obtained from samples
(WITH OR WITHOUT MOLYBDENUM) selected and prepared as stated in the appropriate general clauses and air

hardened and tempered in test piece size shall ___
BARS AND BILLETS FOR FORGING pe p be as follows .

FORGINGS AND DROP-FORGINGS

BARS FOR MACHINING Property Fa 304 Ea 308
Suitable for a tensile strength of 100 tons/sq. in, min. Tensile strength, tons/sq. in , min 100 100
Yield stress, tons{sq. in., min. 85 85
Chemical Lomposition. The steel shall contain : Elongation, per cent, min. 10 10
Izod impact valge, ft. Ib, mmn 10 15
En 30B ! e
Fn 30A n Brinell hardness nurnber 444 444
Element Per cent Per cent
When supplied in the softened condition the material shall have a Brinell
wia. max. min. max. hardness number not exceeding 285.
NOTE. When proof stress tests are specifically requested in th:
Carbon 02 034 026 034 the value shall be as follows ¢ — v reue @ e enquity and order,
Selicon 010 . 035 010 a-35 Proof stress (D 2 per cent), tonsfsq. in., min. 80
Manganese 040 060 040 060
Nickel 390 430 390 4:30
Chromum 110 1 140 110 140
Molybdenum — | — 020 040
S ulphur — ¥ 0050 —— 0-050
Phosphorus — 0050 —— 0050

Condition of material on delivery. 2. 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 otherwisz,

<. Bars for machining shall be delivercd in the softened condition, untess
the order states otherwise.

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

Harder: 1n air (or w1 oil for larger masses*) from a temperature of
810/830°C,

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

* Cor parts with rullug scetions up to 214 151, the propecties stuted can be obtained
by arr hardening and this treatment 18 preferable, but for larger sizes up to a ruling
section of 610 oil hardening 1s necessary.
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En 31

t PER CENT CARBON-CHROMIUM STEEL
BARS AND BILLETS FOR FORGING
FORGINGS AND DROP-FORGINGS
BARS FOR MACHINING
Suitable for parts of maximum hardness

Chemical composition. The stect shall contamn |

' Per cent
Llement i -
l min.  +  max
Hl
o
Carbon i 080 | 120
Sificon I g0 | 035
Manganese | 030 ¢+ 075
Chromium 100 160
Sulphur — 0050
Pho —~*orus ! —_— 0050

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

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

¢ 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 as
follows :-—
Harden in o1l or water from a temperature of 800/840°C

Hardened parts may be lightly tempered at a temperature of 130/{80°C.,
but tempering at temperatures 1n eacess of 200°C. may lead to an undue
loss of hardness.

Mechanical propertics. When supplied in the softened condition the
matersal shall have a Biinel) hardness number not exceeding 229,
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CARBON CASE-HARDENING STEEL

BARS AND BILLETS FOR FORGING
FORGINGS AND DROP-TORGINGS
BARS FOR MACHINING
BRIGHT DARS

Recommended for limiting ruling scctions of 14 in. and helow,

Chemical composition. The stee! shail contamn ¢

Per cont
Element e
min, max
Carbon — | 0I5
Stlicon Q05 | 035
Mangangse 040 ' Q70
Sufphur - 0050
Phosphorus — : 0050

Condition of material on delivery, a. Bars and billets for forging shali
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.

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

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

Heat treatment.*t The heat treatment to be given to the test bars selected
as stated in Clouse 7,-and to material required in the finally heat treated
condition, shall be as {ollows :—

Blank carburise at a temperature between 880°C. and 930°C,
Refine at a temperature of 870/900°C., cool m air, oil, or water
Harden in water from a-temperature of 760/78C°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 32
Elongation, per cent, min. 20
Izod impact value, ft, Ib., min. 40

* See Appendix A for single quench  treatment

t By arrangement’ with the purchaser (he tests may be carried out on samples trom
which the blank ciirbunising treatment has bece, omitted, or madified (o @ short beating
period.
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Ea 32B, 32C
CARBON CASE-HARDENING STEEL

BARS AND BILLETS FOR FORGING
FORGINGS AND DROP-TORGINGS
BARS FOR MACHINING

DRIGKT BARS

Recommended for limiting ruling sections over 34 in.

Chenrical composition, The steel shall contain :

Ea 328 En 32C
Element - -*;‘;;:en! T Per cont
min. max. min, max.
Casbon | 010 018 010 018
Silicon 005 035 005 035
Manganese 080 100 060 100
Sulphur — 00704 — 0050
Phosphorus - 0050 —_ 0050

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

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

¢, Bars for machining shall be delivercd as rolled, unless the order states
otherwise.

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

Heat treatment.*} The heat treatment to be given to the 134 in. diameter
test bass, selecied 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.

Mechapical properties. The mcchamical properties obtained from the

test pieces selected and prepared as stated in the appropriate gencral
clauscs shall be as follows :—

Tensile strength, tonsfsq, in., mn. 32
Elongation, per cent, min. 20
Izod impact value, ft. Ib, mimn. 40

T The tugher sulphur content is to assist machinability.
* Seo Appendix A for * single quench ® treatment.

{ By arrangement with the purchaser the tests may be carried out on samples from
wbnclb the b%auk carburising treatment has been onuited, or moditled to a ahorl heating
penio
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En 32M
CARRON CASE-HARDENING STEEL
(SEMI-FRER CUTTING)
BARS AND BILIES 1-OR FORGING
FORGINGS AND DROP-FORGINGS

BARS TOR MACHINING
BRIGHT BARS

Chemical composition. The steel shall contain .

Per cent

E} -
raln, max,
Carbon 010 018
Silicon 005 035
Manganesct 090 1-20
Sulphurt 010 015

Phosphorus — 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 forped, uniess the
order states otherwise.

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

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

Heat treatment,*} The heat treatment to be given to the 134 in. diameter
test bars, sclected as stated in Clause 7, and to matenal 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 766/780°C.

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

Tensile strength, tons/sq in., min 32

Elongation, per cent, min, 20

Izod impact value, ft. Ib., mn 40

t The high sulphur and manganese contents are for inereased machinabiiity.
* See Appendix A for * single quench * treatment.

{ By arrangement with the purchaser the tests may be carnied out on samples from

whiich the blank carburising treatment has been omitted, or modified (o a shor! healing
period. N
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En 33
3 PER CENT NICKEL CASE-HARDENING STFEL
DARS AND BILLETS FO FORGING
1ORGINGS AND DROP-FORGINGS
BARS FOR MACHINING
BRIGHT BARS

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

Chemical composition, The steef shall contain ¢

Per cent
Element

l mia. max.
Carbon 010 015
Sificon 010 035
Manganese Q30 060
Nickel 2175 350
Chromium - 0-30
Sulphur — 0050
Phosphorus — 0050

Condition of materfal on delivery. a Bars and billets for forging shall be

delivered as roiled or forged, unless the order states otherwise.

b. Forgings and drop-forgings shall be delwered as forged, unless the

order states otherwise.

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

otherwise,

J Bright bars shall be delivered, unless the order states otherwise, in
the cold worked condit'on suitable for machining, and the maximum
Brinel! hardness number may be agreed between purchaser and .

manufacturer

f

Heat treatment.*t The heat treatment to be given to the 134 . 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 760/780°C,

* See Appendix A for * single quench ® treatment,

1 By arrangement with the purchaser the tests may be carried out on samples from
which the blank carburlsing treatment has been omitted, or modified o a short heating

peniod.
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In practice it may be desirable not to

uench part ¢
them 11 ol trom the temper | parts in w

ater, bu
atare slated, t 1o harden

Mechanhal propertics. The mechani
. anical prope: ties obtas
! ned fro d
pieces selected and prepared as stated in the appropriate e test
shall be as follows — P general clauses

Tensile strength, tonsfsq. in , mun.

Elongation, per cent, min, 72
1zod impact value, ft, 1b , min. 40
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2 PER CENT NICKEL-MOLYBDENUM CASE-HARDENING

STEEL (LOWER CARBON)
PARS AND BILLETS FOR FORGING
FORGINGS AND DRUP-FORGINGS
BARS FOR MACHINING
BRIGHT BARS

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

Chemical composition. The steel shall contain :

Per cent
Elcment e —

min, max.
Carbon 014 020
Silicon 010 0-35
Manganese 030 0 €0
Nickel 1:50 200
Molybdenum 020 0-30
Sulphur —_— 0050
Phosphorus — 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 delivercd as forged, unless the
order states otherwise.

¢. Bars for machining shall be delivered as rolled, unless the ordor 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.

Hent treatment.* The heat treatment to be given to the 134 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 temperatuie between 8§80°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 A for *siagle quench ® treatnant.

t By arr with the purch the tests may be carried out on samples from
whic!:’the blank carburising treatment has been omitted, or modified to a short heating _
penod.
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Mechanical properties. The mechanical properties obtained from the test

pieces selected and prepared as stated in the appro
E rate g
shall be as follows :— Peropriate general clatises

‘Tensile strength, tonsfsq. in, min 45
Elongation, per ceat , min, 18
Izod impact value, ft Ib,, min. 40

En 34



En 35, 35A and 35B En 35, 354 and 358

2 PER CENT NICKEL-MOLYBDENUM CASE-HARDENING hilcchmlicul properties. The inechanical properties obtained from the 1
STEEL (HIGHER CARBOM) pieces sclected and prepared as stated i the appropriate general c;:u:::
DBARS AND BILLETS FOR FORGING shall be us follows i <
PORGINGS AND DROP-FORGINGS Tensile strength, tons/sq in., min, 55
BARS FOR MACHINING Elngation, ser et i s

BRIGHT BARS Izod impact value, ft 1b,, min, 2

En3s Cuitable for a tensile strength of 55 tons/sq. in. min o
For special applications steel of this type may be ordered to s

Chemical composition. The steel shall contain * En 35A or En 35B, when it will be supplied to a ipecified cg‘;‘:“:)csi;:;g: ::Sn 154,
only, the lmits of which are shown below, Mechapical Pmpcftlcs are sy
Per cent not part of the contractual obligations of specifications En 35A and
Eleraent - —— En 35B. '
nmin, max.
AU JUNSERNEES — En 35A f En 358
Carbon 0-20 028 . B R S
Sihicon 1 010 035 Viement Per cent Per cont
Manganese 0-30 060 e e
Nickel 150 200 . min, max,
Molybdenum 020 0-30 e I s mn:h: max.
Sulphur — 0050 B
Phosphorus - 0050 Carbon 020 025 023 028
Silicon - 010 035 010 035
Mangancse 030 060 030 060
™ . : forei hall b Nicke! 150 I 200 150 200
Condition of material on delivery. a. Bars and billets for orging shall be Molybdenum 020 + 030 02
delivered as rolled or forged, unless the order states otherwise. Sulphur e o 050 ’ _0 gosgo
b. Forgings and drop-forgings shail be delivered as forged, unless the Phosphorus — 0050 — 0050
order states otherwise. ; g )

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

d. Bright bars shalf be delivered, unless the order states otherwise, in the
cold worked condition suuable for machining, and the maximum Brinell
hardness number may be agreed between purchaser and manufacturer,

Heat treatment.* The heat treatmsnt to be given to the 134 in. diameter
test bars, selected as stated in Clause 7, and to material required n 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 760/780°C.,

* See Appendix for * single quench ® treatment

1 By arrangement with the purchaser the tests may be carried out on samples from
whicl:,the blank carburising treatment has been omitted, or modified to a shott heating
perio

126 127

Copyright British Standards Institution
Provided by IHS under license with BSI - Uncontrolled Copy
No reproduction or networking permitted without license from IHS Not for Resale



Copyright British Standards Institution

En 36A, 36B, 36C

3 PER CENT MICKEL-CHROMIUM AND NICKEL-CHROMIUM-
MOUYBDENUM CASE-HARDENING STEEL

BARS AND BILLETS FOR FORGING
FORGINGS AND DROP-FORGINGS
BARS FOR MACHINING
BRIGHT BARS
Suitable for tensile strengths of 55 (En 36A) and 65 (En 36B and En 36C)

tons/sq. in. min,

Chemical compositron, The steel shall contain @

¥n 36A | En 368 En 36C
Element Per cenc Per cent Per cent

nn, max. min, max ln, max,
Carbon — 015 012 018 012 018
Silicon 010 035 010 035 ‘ 010 . 035
Manganese 0-30 0-60 030 060 030 R 060
Nickel 300 3175 300 375 300 ¢ 375
Chromium 060 110 060 110 0-60 110
Molybdenim — - - — 010 025
Sulphur — 0050 | — 0050 — 0050
Phosphorus —_ 0050 ‘ — 0050 — 0 050

i

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 staes
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.
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En 364, 368, 36C

Heat treatment.*+ The heat treatment to b

€ given ¢ i
test bars, selected as stated 1n Clause 7, nndg to maowthc 1% in
finally heat treated condition, shall be ag follows

Blank carburise at a temperature b

etween 880°C. and 930°
Rcfine At a temperature 850/880°C., cool air, oil or wz?te?
Harden in oil from a temperature of 760/780°C .

) dinmeter
tial required in the

Mechanical propertics. 1he mechanical properties obtamed from the test

pieces selected and prepared a3 stategd in the i
Pl bo s Cotlens P appropriate general clauses

Properly En 365 En 368 En 36C
Tensile strength, tons/sq. in,, min, 55 65 65
Elong.:\lion, per cent, min, 15 13 13
tzod impact value, fi. b, mn. 35 30 30

* See Appendix A for ¢ single quench * treatment

’ By arrangement with the purchaser the te S may be carried out n 8a; es fron
tes 34 i

‘ 0 mples from

which the blank carbur sing treatment has been omitted, or modified to a short

12y
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5 PER CENT NICKEL CASE-HARDENING STEEL
BARS AND BILLETS FOR FORGING
FORGINGS AND DROP-FORGINGS
BARS FOR MACHINING
BRIGHT BARS

Suntable for a tensile strength of 40 tons/sq. . min.

Chemical composition. The steel shall contain @

Ter cont
Element -

i min, max.

t
Carbon - 016
Silicon 0190 035
Mangancse _ 045
Nickel 450 520
Chromum —_ 030
Suiphur — 00350
Phosphorus — 0050

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

b Forgings and drop-forgings shall be delivered as forped, uanless tae
order states otherwise,

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

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

Heat treatment.*f The heat treatment to be given to the 134 1. 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 teruperature between 880° and 930"(5.

Refine at a temperature of 850/880°C., cool in air, oil or water.
Harden i oil from a temperature of 75¢/780°C,

* See Appendx A for * single queach ® treatment

t By arrangement with the purchaser the tests may be carried out on samples from
which the blank carbunising treatment has been omntted, or modified to 4 short
heating period
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i\.lechnnical propertics. The mechanicat
pieces selected and prepared
shall be as follows 1

properties obtamned from the test
as stated In the appropriatc general clauses

Tensile strength, tons/sq in., mun. 40

Elongation, per cent, min 20
Izod 1mpact value, ft. Ib., mn, 30
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5 PER CENT NICKEL MOLYBDENUM CASE-HARDENING STEEL

BARS AND BILLETS FOR FORGING
FORGINGS AND DROP-FORGINGS
BARS FOR MACHINING
BRIGHT BARS

Suitable for a tensile strength of 65 tonsfsq. in mun.

Chemical composition. The steel shall contain :

Per cent
Element e

min. max.
Carbon — 016
Sihicon 010 0-35
Manganese — 060
Nicket 4 50 550
Chromium — 030
Molybdenum 015 030
Sulphur — 0050
Phosphorus — 0050

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.

¢. Bars for machining shall be delivered as rolled, unless the order states
othcrwise,

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 134 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 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 bLlank carbunising treatment has beea omitted, or modified to a short
heating period
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Mcchnnicnl properties. The mechg
pieces selected and prepared as s
shall be as foliows :—

Tc:l.pwpcmes obtained from the test
ated in the appropriate general clauses

Tensile strength, tonsfsy m, 65
Elong.ation, per cent, min, 13
Izod impact value, {t, tb., nun, 30
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En 39A, 398
41 PER CENT NICKEL-CHROMIUM AND NICKEL-CHROMIUM- Heat treatment.*t The heat trentment to be given to the lest preces,
MOLYBDENUM CASE-HARDENING STELL s::le(':.tcd and prepared as stated in Clause 7, and to material required m
the i
BARS AND BILLETS FOR FORGING inally heat trc:ated condition, shall be as follows .—
FORGINGS AND DROP-FORGINGS Plank carburise at a temperature between 880°C, and 930°C.
BARS FOR MACHINING Refine at a temperature of 859/880°C., cool in atr or ol
BRIGHT BARS Harden in oil from a temperature of 760/780°C.

Temper at a temperature not excceding 200°C,
Suitable for a tensile strength of 85 tonsfsq. . mun
Mechanical properties. « The mechanical properties obtaned {rom

ition. steel shall contam : ?
Chemical composition. The samples selected and prepared as stated in the appropriate genersal clauses

and treated 1n test piece size sh —
i o oA Ea 398 p ize shall be as follows :
P Tensile strength, tons/sq 1n, run, 85
poment . Per cent Per cent Elongfitnoﬂ, per cent, min. ) 12
% e Izod impact value, ft. Ib. min. 25
- !
min max. min. max. b. In the softened condition the material shall have a Brinell hardness
. number not exceeding 277,
Carbon 012 018 012 018 * See Appendix A for * single qu-nch * treatment.
Silicon 010 035 010 035 t By arrangement with the purchaser, the tests may be carned out on samples from
Mangancse - 050 _‘ 050 \:hlth the blank carbunising treatment has been omitted, or modified lo a short
Nickel 380 450 360 450 cating perod.
Chromiam 100 140 100 140
Molybdenum — — 015 035
Sulphur — 0050 — 0-050
Phosphorus —_ 0050 — 0050
i

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

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

¢. Bars for machining shall be delivered in the softened condition, 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,
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En 40A, 40B

3 PER CENT CHROMIUM-MOLYBDENUM NITRIDING STEEL

BARS AND BILLETS FOR FORGING
FORGINGS AND DROP-FORGINGS
BARS FOR MACHINING
BRIGHT BARS

Swutable for tensile ranges of 45/55(R), 50/60(S), 55/65(T) an'd_ 60/70(0)
tons/sq. in. The purchaser should statc on the order the condition, R, S,
T or U, for which the material is ultunately required .

The selection of En 40A or En 40D will be governed by the tensile range
required,

Chemical composition. The steel shall contain :

En 40A Eo 40B
Element Per cent Per cent
min. 1Dax. min, max,
Carbon 010 020 020 030
Silicon 010 035 al0 035
Manganese 040 065 040 065
Nickel —_— 040 _— 040
Chromtum 290 350 290 350
Molybdenum 040 070 0-40 70
Sulphur — 0-050 —_ 0-050
Phosphorus —_ 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. Forgmngs 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 conditton, heat
treatment being given eitber 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 1 Clause 7, and to matenal supplied in the finally heat treated
condition, shall be as follows :—

Harden in oil from a temperature of §80/910°C,

Temper at a suitable temperature between 570°C. and 750°C,
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When so required by the purchaser, this is to be followed by a stabihising
treatment, after rough machining, at a temperature not Jower than 520°C,

and afterwards the parts shall be nitrogen hordened by an approved
process.

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

Hardeoed and tempered condition
Property
R S T u
Limiting ruling section, in, ] 6 6 &
‘Tensile strength,
tons/sq. 1n , min. 45 50 55 60
Yield stress, tonslsq. in, min 34 38 44 48
Elongation, per cent, min. 22 20 18 17
Izod impact value, fi. Ib., oun. 490 40 90 35
Brinell hardness number 201255 | 2231277 | 248}302 | 269321

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

Hardened and tempen  tondltion
Propecty —_
R 5 T 1)
Proot stress (0 2 per cent),
tons/sq. ., min 32 36 41 9%
137

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

No reproduction or networking permitted without license from IHS Not for Resale



Copyright British Standards Institution

En 40C

3 PER CENT CHROMIUM-MOLYBDENUM-VANADIUM
NITRIDING STEEL (HIGHER TENSILE)
BARS AND DILLETS FOR FORGING
FORGINGS AND DROP-FORGINGS
BARS FOR MACHINING
BRIGHT BARS

This steel 1s suitable where a higher core strength is required for nitriding
than is provided by En 40B, and the purchaser is recorumended 1o consult
the manufacturer regarding the use of this steel.

Chemical composition, The steel shall contain -

. Per cent
Flement | e
1 win. | max
[, ____H__i R

Carbon " 03 | os0
Silicon 01 ' 035
Manganese 040 , 080
Nickel — {040
Chromium , 250 , 350
Molybdenum | o070 120
Vanadium | 00 , 030
Sulphur ; — 0050
Phosphorus i — | © 050

i i

Condition of material on dclivery. 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 dehivered in the softened condition,
unless the order states otherwise

¢. Bars for machining shall be deltvered 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 treatmont. The heat treatment to bo 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 oil from a temperature of 00/940°C.

Temper at a suitable temperature between 570°C, and 650°C.
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When so required by the purchaser, this is to be followed by a stabiliving
treatment, after rough machiming, at a temperature not lower than 520°C

and afterwards the part: shall be nitrogen hardened by an approved
process,

Mechanicat properties. The mechanical propertics obtained from the test
pieces selected and prepared as stated in the appropriate general clauses
shall be (es‘cd.elther 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 folfows :—

Limiting ruling section in, 23
Tensile strength, tons/sq. in , min. 85
Yield stress, tonsfsq. in., nun, 72
Elongation, per cent, min 10
Izod impact value, ft. ib., min, 15

Brinell hardress number 375/444

NOTE. When proof stress tests are specifically reouested in th
the value shall be as follows :— y siecin fhe enquey and order,

Proof stress (0 2 per cent) tons/sq in., mmn 68

139

En 40C



En 41A,

Copyright British Standards Institution
Provided by IHS under license with BSI - Uncontrolled Copy
No reproduction or networking permitted without license from IHS

4B
1% PER CENT CHROMIUM-ALUMINIUM-MOLYBDENUM
NITRIDING STEEL

BARS AND BILLETS FOR FORGING
FORGINGS AND DROP-FORGINGS

BARS FOR MACHINING
BRIGHT BARS

Suitable for tensile ranges of 45/55(R), 50/60(S) and 5.5/65(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 41B will be governed by the tensile range

required.

Chemical composition. The steel shall contain :

En 41A En 41B
Element Per cent Per cent
min. max. min, i max
Carbon 025 0-35 035 ? 045
Stltcon . 010 045 010 ; 045
Manganese — 065 — : 065
Nickel — 0-40 — : 040
Chromium 140 180 140 | 180
Molybdenum 010 025 010 1+ 025
Aluminium 090 1-30 ; 0% 130
Sulphar - 0050 ] — . 0050
Phosphorus — 0050 | — i 0050
)

Condition of materiat 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 in the hardened and
ternpered condition, unless the order states otherwise,

¢ 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 beng given either befors or after any cold work at_the
option of the tnanufacturer, unless the order states otherwise,

Not for Resale

En 414, 418

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 1
Harden in 0il from a temperature of 880/910°C,
Temper at a suitable temperature between 550°C. and 720°C,
When 50 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 upproved
process.

Mechanical properties. The mechanical properties obtained from the test
preces sclected 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 stabillsing

treatment or after a blank nitriding treatment. The mechanical properties
are as follows:—

Hardened and tempered condition
Property -
R S T
Limiting ruling sectlon, in 6 q 214
Tensilo strength, tons/sq in., min 45 50 55
Yield stress, tons[sg. In , min, kZ] 38 44
Elongation, per cent, min. 20 19 17
Izod impact value, fi. 1b, min, 40 40 35
Brinell hardness number 2011255 | 223|277 | 248{302

NOTE. When proof stress tests are speaifically requested in the enquiry and order,
the valucs shall be as follows *—

Hardeaed and teg-aered condition

Property — [ e e
R 3 \ T
Proof stress (0 2 per cent), !
tons/sq m, min 32 3 41
i
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. 428, 42C, 42D, 2E, :
. :?m%zc 4(;.) En 42, 42B, 42C, 42D, 428,
T 42
CARBON SPRING STEEL F, 42G, 421

BARS FOR OIL HARDENING AND TEMPLRING

En42  Chemical composition. The steel shall contain ¢ Steel of this type may be required in the form of cold rolled stnp and flat En 42E
wh:a {or hardening t{n.d tempering (see B.S.: l:&l)9, ‘ Steel plate, sheet and 421 '
Per cent strip ). The compositir, s of these steels are &3 follows:— 2G,
Elcment - - 42) ’
min, nax En 42E En 42¢ En 42G En 424
Carbon 0170 0-85 Element Per cent Pex cont Per cent Per cent
Stlicon 010 0-40 l _—
Manganese 0-55 075 min. { max. min, max. | min max. | rin masx.
Sulphur _ 0-050 - i .
Prosphorus - 0050 Carbon 060 075 {060 | 075 | 075 | 09 |05 | om0
Silicon — | 035 — 035 — | o35 — oz
5 . . . Manganes 03 : D 0 N
Dimensions. Laminated spring plates to this specification shali conform Sulplfur el oggo 6_0 gggo 030 ggsoo 660 | 050
to the dimensional requirements in Appendix C. Phosphorus| — ! 0050 — | 0oso| — |oosol g :g
. —_ -
i

£in 428, 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-

42D hardoned and tempered springs’). The compositions of these sieels are
as follows:—

Ea 2B En 42C En 420
Element Pcr cent Per cent Per cent’

min. max. min. max. min. | max
Carbon 060 070 0-70 080 080 090
Silicon — 035 — 035 —_ 035
Manganese 055 080 0-55 080 055 080
Sulphur —_ 0050 - 0050 — 0050
Phosphorus — 0050 — 0-050 — 0050
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CARBON SPRING STEEL
BARS FOR WATER HARDENING AND TEMPERING

Chemical composition. The steel shall contain ¢

Per cent
Element

min max.
Carbon 045 060
Silicon 010 040
Manganese 060 080
Sulphur - 0050
Phosphorus — 0050

En 43, 43G, 433

En 43

Dimensious. Larminated spring plates to this specification shail conform
to the dimensional requirements in Appendix C.

Steel of this type may be required in the form of cold rolled strip and flat En43G,
wire for hardening and tempering (sco B.S 1449, * Stecl plate, sheet and 43
stnp "). The compositions of these stecls are as follows:—

En QG En 433
Element

min; max, min, o
1 -
Carbon 045 060 645 060
Silicon' - - 035 —_ 035
Manganese 0-30 050 . 060 090
Sulphur — 0050 — 0050
Phosphorus —_— 0050 —_ 0050
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Ea 43A, 438, 43C, 43D, 43E

*50°' CARBON STEEL

BARS AND BILLEYS FOR FORGING
FORGINGS AND DROP-FORGINGS
BARS FOR MACHINING
BRIGHT BARS

En 43A Suitable in the hardened and tempered condition for tensile ranges

of 45/55(R) and 50/60(S) tons/sq. . according lo the ruling s.e?tlon
of the part, The purchaser should statec on the order the condmo‘ns,
normahsed, cold drawn, or hardened and tempered, R or 8, for which
the material 1s ultimately required.

Chemical compasition. The steel shall contain :

Per cent
Elcmcatl e T
win. | max
Carbon 045 . 055
Stheon 005 ; 035
Manganese 070 | 100
Sulphur — % 0 060
Phosphorus |  — i 0060
!
1

H

|

Condition of material on delivery. a. Bacs 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 othenwisc.

c. Bars for machining shall be delivered in the condition stated on the
order

d. Bright bars shall be delivered in the condition stated on the order.

Heat treatment. The heat treatment to be given lo 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 810/840°C.

b. Materiai required in the hardened and tempered condition .
Harden in oil from a temperature of 810/840°C,
Temper at a temperature of 550/660°C.
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n 43A, 438, 43C, 43D, 43k

Mlechanical properties. The mechanucal properties obtamed from the test
preces selected and prepared as stated i the appropriate general clauses

shall be as follows —

NORMALISED OR HARDENED AND FEMPERLD

Coudition
Property Haordened and -
tempered
Normalised |-  — -
R ‘ s
Ltmifing ruling secuon, 1n 114 2 l 114
Tensile strength, tonsfsq. ., min 40 45 50
Yield stress, tons|sq. in , nun 2/ 0 i 33
Elongation, per cent, min., - 18 ig ! 1
Brinell hardness mumber ¢ 1791229 l 2001255 1 2231277
i

NOTE. When proof stress tests are specifically requested 1n the enquiry and order,

the value shall be as follows :~
3

Hardened and

’ tempeeed

covdition
Praperty — e i e e
TS
- BN S DY SN RSO (AU
Proof stress (0 2 per cent), tons/sq 1n, pun ‘ 28 31
COLD DRAWN
Maxmum size {diameter or width across flats) in, 2
Tenstle strength, tons/sq. in. min 45
max 60
Elongation, per cent, min. 12
Brinell hardness number 2014{277

147



Copyright British Standards Institution

En 43A, 43B, 43C, 43D, 43£

En 43D, Steel of this type may be ordered to specification En 43B, En 43C, En 43D
or En 43E, when it will be supphed to a specified composition only, the
limits of which are shown below. Mechanical properties are not part of
the contractual obligations of spzcifications En 43B, En 43C, En 43D and

43cC,
13D,
43E

En 43E.-
En 43B En 43C En 43D Ea 43E
Elemeat Per cent Per cenl For cent Per ceot
win HmAx. am, max., ! min | max mia, max.
Carbon 045 050 050 053 Q60 0-65 065 070
Silicon 005 035 005 035 0405 035 005 035
Mangancse 070 1.00 010 100 040 060 0170 090
Sulphur — 0060 —_ 0 060 —_— € 060 — 0360
Phosphorus — 0-060 — a-060 — 0060 — 0-060
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En 44, 44B, 44C, 44D, 4E
CARBON SPRING STEEL (HIGHER CARBON CONTENT)
BARS FOR OIL HARDENING AND TEMTERING

En 44 Chemical composition, The steel shall contain :

Per cont
El "

min. max.
Carbon 090 120 '
Silicon —— 030
Manganese 045 070
Sufphur — 0050
Phosphorus — Q050

3

En 44B, Steel of this type may be required in the form of wire for oil-hardened
44C and tempered springs (see B.S. 122, * Annealed steel wire for oil-hardened
and tempered springs °).
The composttions of these steels are as follows :(—

o 448 En 44C
Flement Per cent Per cent
min max. min, max
Carbon 0-90 100 100 120
Silicon —_ 035 — 035
Manganese 040 070 040 070
Sulphur — | 0050 — 0050
Phosphorus — 1 0050 — 0050
i !
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Steel of this type may be required 1n the foem
Nat wire for hardening and tempermg (sce B.S.
and stnp °). The composutions of the

En d4, 448, 44C, 44D, 441

of cold rolled strnp and £n 44D,
1449, * Stee! plate, sheet MFE

e steels are as follows .—.

En HD Lo 44E
Element Per cont Per cent’“ T
min. } max, min ; max
! T T
Carbon 09 . 105 105 | 125
Silicon — i 035 — 1 805
Mangancse 03 | o7 03 ' om
Sulphur — 1 o0s0 — ' 0050
Phosphorus — i 0050 ' — { 0050
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En 45, 45A

SILICON-MANGANESE SPRING STEEL
BARS FOR OIL HARDENING AND TEMPERING

Chemical composition. The steel shall contain :

Lo 45 Cn 45A
Flemeat Per cent Per cent
min. max, min. max
Carbon 50 060 055 065
Sslicon 150 200 170 2-00
Manganese 070 100 (s (4] 100
Sulphur — 0050 —_ 0050
Phosphorus - 0050 — 0050

Dimensions. Laminated spring plates to this specification shall conform
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-hardencd and tempered

spriags ’).

En 46 SILICON-MANGANESE SPRING STEEL
BARS FOR WATER HARDENING AND TEMPERING

Chemical composition. The steel shall contain :

f

Per cent
E} t —_— ——.

min, max.
Carbon 035 045
Stlicon 10 200
Manganese 070 100
Sulphur - 0050
Phosphorus — 03050

Dimensions, Laminated spning plates to this specificatton shall conform

to the dimenstonal requirements in Appeadix C,
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Eu 47
1 PER CENT CHROMIUM-VANADIUM SPRING STEEL
BARS FOR OIL HARDENING AND TEMPEMING
Ciiemical composition. The steel shall contan ,
Per cent
E i
min. max.
Carbon 045 0-55
Siticon ~— 050
Manganese 050 080
Chromium 080 120
Vapadum 015 -
Sulphur — 0050
Phosphorus — 0050
Dimensions. Laminated spring plates to this specification shall conform
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 ).
1 PER ‘CENT CHROMIUM SPRING STEEL En 48

BARS FOR CIL HARDENING AND TEMPERING

Chemical compc;sitlon. The steel shall contain .

Per cont
Elewent '
mfn, | max.
:
Carbon 045 ! 055
Silicon 010 | o050
Manganese 050 , 080
Chromium 100 } 140
Sulphur | ~ 0050
Phosphorus |, ~— 0-050

|

Dimensions. Laminated spring plates to this specification shall conform
to the dimensional requirements in Appendix C.

Not for Resale
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En 48A
SILICON-CHROMIUM SPRING STEEL
WARS FOR OIL HARDENING AND 1EAMPERING
Chemical composition. The steel shall contain :
} Per cent
Llentent e e
‘ min max.
i e —_
Carbon | o050 ; 060
Siticon | 13 ! 165
Manganese ; 080 090
Chromum , 055 085
Sulphur — 0050
Phosphorus — 0050
Dimensions. Laminated spring plates to this specification shall conform
1o the dimensional requirements in Appendix C.
En 49A, CARBON STEELS FOR HARD DRAWN WIRE
498,

49C,  These steels are required in the form of hard drawn wire for springs and
9D are covered in B.S. 1408, ‘ Hard drawn steel wire for springs.” The

compositions are as follows :

}
| En 49A En 498 i En 49C f En 4917
Element i Per cent Per cent Per cent Per cent

‘ min, max. | mia, max. ! min, max, | min oax.

| | i
Carbon ¥ 0« | 085 ' 045 085 | 055 085 @ 065 -85
Silicon — | 030 — | 030 — 030 — 030
Manganeso I o 100 — 1-00 — {075 — [ 075
Sulphur i — | 0050 —_ 0050 — 0040 — | 0-040°
Phosphorus — 1} 0050 — 1 0050 — 0040 i — | 0-040*

¢ By agreement between purchaser and manufacturer steel to En 49D may be supplied
with sulphur and phosphorus contents cach 0 030 per cent max.
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CHROMIUM-VANADIUM STEEL FOR WIRE FOR
VALVE SPRINGS

Tius steel 15 required in the form of anncaled 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 a3 follows .—

i

Per cent
Element e e

mis, | max.
i S
Carbon 04do | 050
Silicon 010 | 035
Manganese 050 ' Q70
Chromium 7 100 | 150
Vanadium 015 | -
Sulphur — I 0040
Phosphorus — 0040

|
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3 PER CENT NICKEL VALVE STEEL

BARS AND BILLETS FOR FORGING
PORGINGS AND DROP-FORGINGS
BARS FOR MACHINING
DRIGHT BARS

Chemical composition. The steel shall contawn :

i Per cent
Element -~

: min, , max.
— !»
Carbon , 025 ' 035
Silicon . 010 5 035
Manganesc 035 | 075
Nickel . 275 ;325
Chromium : —_ 030
Sulphur f — ] 0050
Phosphorus E — | 0050

i

Conditlon of material on delivery. a. Bars for forging shall be delivered as
rofled 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 atherwise,

¢. 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 matcnial supplied in the finally heat treated
condition, shall be as follows i—

Harden in oil or water from a temperature of 830/860°C,

Temper at a suitable temperature between 550°C. and 650°C.

Mechanical propertics. The test samples from bars and billets for forging
over 13 in. diameter shall be forged or machined to 1% in. diameter
and heat treated in that size, and bars of 13 in. diameter and under shal
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 be as follows :—

Izod impact value, fi. Ib,, min, 40
Brinell hardness number, max, 229
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SILICON-CHIROMIUM YALVE STEEL,

BARS AND BILLETS FOR FORGING
FORGINGS AND DROP FORGINGS
BARS I'OR MACHINING
BRIGHT BARS

Chemical composition. The stecl shal'l contain :

f Per cent
Iy t } ’ o
% min, max.
Carbon ;040 ! 050
Silicon i 300 , 375
Manganese } 030 | Of0
Nickel f — , 050
Chromitn 750 | 950
Sulphur [ i 0040
phosphorus } —_ ‘[ 0040

Conditfon of material on delivery. a. Bars and billets for forging shall be
deitvered 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,

¢. 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 condition stated un the order.

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

Harden in oil or air from a temperature of 1000/1050°C,
Temper at a suitable temperature between 650°C. and 850°C

Mcchanical properties. The mechanical properties shall be as follows —
Brinell hardness number 255/293
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SILICON-CHROMIUM VALVE STREL

BARS AND BILLATS FOR FOLGING
FORGINGS ANPD DROP-FORGINGS
BARS POR MACIHINING
DRIGUT BARS

Chemical composition. The steel shall contain .

Per cent
Element e [
wln, raax,
Carbon 055 065
Silicon 140 1-70
Manganese 030 0-60
Nickel — 050
Chromium 575 675
" Sulphur — 0050
Phosphorus — 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 délivered in the condition stated on the order.

Heat treatment. The heat treatment (o be given to the test bars, selected
as stated in Clause 7, and to maierial 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 propertles. The test samples from bars and billets for forging
over 134 in. diameter shall be forged or machined to 114 In. diameter and
heat treated in that size, and bars of 134 . diameter and under shail be
heat treated in the full size.
The test picces from forgings and drop-forgings and from bars for
machining shall be selected and prepared as swuted in the appropriate
general clauses. The mechanical properties shall be as follows .—

1zod impact value, ft. tb,, min. 12

Brinell hardness number 235/285
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En 54, 54A.

En 54, 54A
5 0 L STEE . s
HIGH NICKEL-CHROMIUM-TUNGSTEN VALYE STEEL The test pieces from forgings and drop-forgings and from bars for
BARS AND BILLETS FOR FORGING muchining shall be selected und prepared as statcd in the approprate
FORGINGS AND DROP-FORGINGS gencral clauses.
BA“B&%“%?I e The mechanical propertics shall be as follows :—

Chemical composition. The steel shall contain : Property Eu 54 ‘ En S4A

5 En 54 i En 54A B N

, ! Izod impact value, {t 1b, mun, 15 15

{ ! Brinell hardncss number, max. 302 269

Element . Per cent k Per cent
: i
I min [ max. | min max,
~ -q pou

Carbon 1 0-35 050 | 031 047
Silicon 100 250 100 200
Manganese — 150 0-50 080
Wickel 100 —_ 3¢ 150
Chrominm 1200 | 160 | 130 150
Tungsten 200 400 | 22 30
Molybdenum (f specified) — —_ 040 060
Niobium (if specified) — — 016 022
Sulphur —_— 0045 | —— 0045
Phosphorus — 0045 i — 0045

Conditlon 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

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

d. Bright bars shall be delivered n 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 biilets for forging
over 134 in. diameter shall be forged or machined to 134 in. diameter and

heat treated in that size, and bars of 114 in. diamecter and under shall be
heat treated in the full size )
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En 8%
HIGH CHROMIUM-NICKEL-TUNGSTEN VALVE STEEL

BARS AND BILLETS FOR WORGING
FORGINGS AND DILOP.FORGINGS
BARS FOR MACHINING
BRIGIIT JARS

Cheniical composition. The steel shall contain :

! Per cent
Element "-—“—-m. e e

¢ oun ¢ max
N B
Carbon 018 045
Silicon [ 100 250
Manganese | 100
Nickel © 600 120
Chromium B V1 —
Tungsten 200 400
Sulphur ) — 0045
Phosphorus - 0045

Condition of materinl 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 in the finnlly heat treated
condition, unless the order states otherwise.

¢. 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 {u Clauss 7, and to material supplicd 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 propertics. The test sumples from bars and biltets for forging
over 134 in. diameter shall be forged or machined to 134 in. diameter
and heat treated in that size, and bars of 134 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 sclected and prepared as
stated in the appropriate general clauses.

The mechanical properties shall be as follows :—

Izod impact value, ft. Ib., min, 20
Brinell bardness nuraber, max, 302
163
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En 56, 56A, 568, 56C, 56D

As
wlrered
June,
1958
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CHROMIUM RUST-RESISTING STEEL

BARS AND BILLETS FOR FORGING
FORGINGS AND DROP-FORGINGS
BARS FOR MACHINING
DRIGHT BARS

En 56. The range of composition of En 56 which is sub-divided into
Grades En 56A, En 56B, En 56C, En 56D 1s 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 B, .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 56C
or En 56D will be governed by the ruling section and the tensile range
required, and ualess otherwise agreed will be at the discretion of the
steel maker.

Chemical composition. The steel shall contain :

Eas6A | EaseB { En $6C En 56D
1
Element Per cent Per cent Per ceat Prer cent
min, max. | mio. max. | min, | wax, min. max.
i
Carbon — | 012 012 | 018 018! 025 025| 035
Sthicon — | 100 — { 100 - | 1-00 —_— 100
Manganess — 1 100 — | 100 — ] 100 — | 100
Nickel — [ 100 — 100} — 100 —_ 100
Chromium | 120 {14:0 120 (140 120 1190 120 4o
Sulphur — 1 0045 — | 0045 — | 0045 -~ | Q045
Phosphorus —_ J 0045 — 10 045 e 0045 — 0-045
]

Condition of material on delivery. a. Bars and billcts 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 treatcd

condition, unless the order states otherwise,

¢ Bars for machimng shall be dehivered i the finally héat treated

condition, unless the order states otherwise.

d. Bright bars shall be delivered in the finally heat treated copditidn,
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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Iin 56, 56A, 56B, 56C, 56D

Heat treatment. The hcat treatment to he given to the test bars, selected
as stated in Clause 7, and 10 material supplied in the finally hea;t treated
condition, shall be as follows :—

Harden in oif or zir from » temperature of 950/1020°C

Temper at a suitable temperature not exceeding 750°C,

Mechanieal propertics. The mechanical propertics obtained from the test

preces sclected and prepared as stated in the appropriat
shall be as follows :— PPropriate general clauses

Hardened aad tempered condition

14 R i—s T X

7 e ———

Property

Limiting ruling
scetion, in 6 2 6 2 4 2 1
Tensile strength, 2 v

tons/sq in., min, { 35 35 45 45 50 | 50
Yield stress, 5 ™
tons|sq. in., min. 25 25 34 34 38 38 94 63

Elongation, ! )

per cent, min, 25 25 ; 0 20 16 16 12 8
lzod impact value, ! '

@ b, min 25 45 20 25 10 | 20 100} —
Brinell hardness !

number 1521} 15211 20111 204/ 2231 | 2231 | 248/ | 341

207 | 207 | 255 | 255 | 277 | 277 | 302 | min,
!

NOTE. When proof stress tests are spc;:ii‘ncuﬂy requested in the enquiry and ord
the values shall be as follows :— W e

Hardeoed and § '.' d et

Property
P R s T X
Proof stress (0-2 pec cent),
tons/sq. in, min, 23 32 36 41 59

NUTE. When these steels are required 1n the form of plate, sheet and strip, they
should be ordered to B S. 1449, * Steel plate, sheet and sirip *. When they ate requited
1n the form of wire they should be ordered to B S. 1554, ¢ 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
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, 56BM, 56CM, 56DM
CHROMIUM RUST-RESISTING STEEL,
(FREE MACHINING)
BARS AND BILLETS FOR FORGING
FORGINGS AND DROP-FORGINGS

BARS FOR MACHINING
BRIGHT BARF

i i { fon, d 56D are
These free machining modifications of Ed “c-., s6, 56C an ¥
suitable for tensile ranges of 35/45 (P), 45" R and.S?/6O (S} tons./sq. in.
The purchaser should state on the order the condition, P, R or.§; for

which the material is ultimately requirsd. .
The selecticn of En 56AM, En 56BM, En 56CM or En 56DM will be

governed by the tensile range recuired.

Chemical composition. The stecl shall contain :

.

En 55AM ! En 56BM En S6CM En 56DM -
Elcment Per cent Per cent Per cent Per cent
mia, msx. «aln max, mio. max. min, max.
Carbon - 1012 | 012 | 028 | 018 | 025 | 025 | 035
Silicon — 1-00 — 100 e 100 —_ 1-00
Manganese ~ | 150 — | 150 — 1150 - {150
Nickel — | 100 — {100 - { 100 — { 1:00
Chromium {120 {140 {120 {140 {120 140 (120 140
Molyb- A
donum® ~— 1 060 — | 060 - | 060 —_ 060
Sulphur — | 075 — ' 075 — | 075 - 075
Selenjum* — | 080 — | 060 — | 060 - | 060
Zirconium* ~ | 060 — | 060 — 1 080 — | 060
Lead® — | 035 — 1035 - | 035 - | 035
Phosphorus ~ | 0045 — { 0045 — | 0045 -~ 1 0045

* Tota!l 1-00 per cent max
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En 56AM, 56BM, S6CM, 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,

¢. Bars for machining shall be delivered n 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 cither before or after any cold work at ths
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 supphied in the finally heat treated
condition, shall be as foliows :—

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 obtamed from the
test pieces as stated in the appropriate general clauses shall be as follows

Hardened and tempered condition

Property
P R s
Limiting ruling section, 1n 6 6 4
Tensile strength, tons/fsq. in , min. 35 45 50
Elongation, per cent, mun. 20 15 12
Tzod smpact value, ft 1b, min. 25 20 j—
Brinell hardness number 152/207 | 201j255 | 2231277

NOTE. When these steels arc required in the form of piate, sheet and strip they should
be ordered to B S 1449, * Steel plate, sheet and stp *. When they arc required 1o the
form of wire they should be ordered to B S, 1554, * Rust, acid and heat resisting steel
wire*,
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MARTENSITIC CHROMIUM-NICKEL RUST RESISTING
STEEL

BARS AND BILLETS FOR FORGING
PORGINGS AND DROP-FORGINGS
BARS FOR MACHINING
BRIGHT BARS

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

Chemical ~cmposition. The steel shall contain :

Per ceat
Element

suln, max.
Carbon —_— 025
Silicon 010 100
Manganese — 100
Nickel 100 3-00
Chromium 155 200
Sulphur — 0045
Phosphorus - 0045

Condition of niateria! 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 machinirig 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 tfeatmé;n tc 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 odl or arr from a temperature of 950/1020°C.
Temper at a suitable temperature between 550°C. and 650°C.

No reproduction or networking permitted without license from IHS
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Mechanical properties. The mechanical properties obtained from test

preces selected and tested as stated in the appropriate general clauses
shall be as follows :— pRrop *

Limiting ruling section, in 6 ‘ 214
Tensde strength, tonsfsq. in , min 55 55
Yield siress, tonsfsq. in , min 44 ] 44

;
Elongation, per cent, nun 15 H 15
Tzod impact value, fi; Ih,, min. 15 f 25
Brinell hardness number, min, 248 ‘ 248

NOTE 1. When proof stress tests are specifically requested in the enguiry and order,
the value shalt be as follows *—

Proof stress (0 2 per cent), tonsfsq m, mm, 41
NOTE 2 When thus steel 18 required in the form of plate, sheet and strip it should
be ordered to BS 1449, * Steel plate, sheet and stnip”. When it is required in the
form of wire it should be ordered to B.,‘}.“ 15534 ¢ Pust, acid and heat resisting steel
wire " or B 8, 2056, * Rust, acid and heat reststing stee] wire for springs * as approy.. ate.
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£n 58A, 588, S8C, 58D, S8E,
$8F, 58G, 58H, 587, S8M
AUSTENITIC CHROMIUM-NICKEL RUST,
ACID AND HEAT RESISTING STEEL

En 58A, 58B, 58C, 58D, SSE,

S8F, 58G, S8H, 583, 58M
Condition of material on delivery.

. Bars and billets for forging shall be delivered as rolled or forged, unless

Copyright British Standards Institution

BARS AND BILLETS FOR FORGING
FORGINGS AND DROP.FORGINGS
BARS FOR MACHINING

BRIGHT BARS

Suitable for a tensile strength of 35 tons/sq. 1n., min.

Chemical composition. The steel shall contain :

the order states otherwise,

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

c. Bgrs for machiu.g shall be delvered in the finally heat treated
condition, unless the order states otherwise.

d. Bright bars shali be delivered in the finally heat treated condition,

A . + .
153;‘;53 ' hea_t treatment being given either before or after any cold work at the
58C’ Eo S8A En 55B En 58C En 58E option of the manufacturer, unless the order states otherwise.
»
P t Per ceat Per cent
g’;::n Element Per cent er cen Heat tecatment. The heat treatment to be given to the test picces, selected
58G’ min. | mex. | min | max, | min. | mox, | min. | max. and prepared as stated in Clause 7, shalt be as follows :—
58H’ P N — o _ | o1 — | oos Soffen by cooling freely in air or quenching in o1l or water (at the
pogk ’ Carbo om 2 lom e — o2 _ option of the manufacturer) from a temperature of 950/1150°C.
— .00 — } 200 — 200 — 200 . .
:J[i::g;mcsc i 1(2}0 700 1100 90 l120 so |10 Mechxfniml properties. The mechanical properties obtained from the
Chromium |170% |200 |170s [200 |10 (200 |175 200 test pieces, sclected and prepared as stated in the appropriate general
Tatamum . _ + _ t - — —_ clauses, shall be as follows ;—
Sulphur — |ooas{ — 0045 — |O0O5] — | 0045 Limiting ruling section, in. 6
Phosphorus| - | 0045} — | 0045 — [ 0045]| - | 0045 Tensile strength, tons/sq. 1., min. 35
Yield stress, tonsfsq. in , mm. 12
Elongation, per cent, snin. 30
En 58F En 58G En 58H En 584 Tzod impact value, ft. 1b., min, 50
P t Per cent Per cent Per cent ) .
Element er cen Material to specifications En 58B, 58C, S8F and 58G, and to specifications
mip. | max. { win. | mex. | mis | max. | mia. { max En 58H and 587 when stabilized with titanfum or niobium, shall satisfy
a special ringing and bend test, which shall be carried out as follows :—
Carbon — | 015 — | 015 — {012 — | 012 . . .
Sihcon 020 ™ — o2 — o . Each bend test piece shall bs not larger than % in. diameter or
Manganese g ™ ~lam — | 200 — {200 thickness, ] .
Nickel 70+ l100 g0 (120 g (120 8o 120 The test piece shalt be heated for 30 minutes at a temperature of
Chromium {170¢ [200 {170 (200 |[170 200 170 200 650°C. and cooled in air and shall then be immersed for 72 hours
Molyb- in a boding solution having the following composition:—
denum — — —_ — | 150 | 250 | 2:50 | 350 111 grammes copper sulphate (Cu SO, - 5SH,0)
;\_talx:_xum —i— — —; - g - g - 98 grammes sulphuric acid (sp. gr. 1-84)
iobium — — — - i i
Sulghur P loms. — loos! = looss! — | oo rrmdc up to I litre with (?nsullcd water.
Phosphorus — | oms — { oMs — | ooas -— | 0045 Precautions should be taken during boiling to prevent concentration
due to evaporation.
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* The sum of the nickel and chromium contents shall be not less than 23 0 per cent.
1 Not less than four times the carbon content.
1 Not less than eight times the carbon content.
§ These elements may be preseot at the option of the manufacturer.
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Each test picce shall then be dropped on a metal or stone surface
and must emit a clear metallic ring. The test picces shall then be
bent through 90° over a radius of three times the diamater or thick-
ness of the test piece and shail withstand this treatment withou?
cracking,
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En S8A, 58B, 58C, 58D, 58E, En 59
58F, 58G, 58H, 58J, 58M drawi L. urposes i« CI lROMlUM—NICKEL-SILICON VALVE STEEL
En 58D When the steel is required for deep drawing or smaning p BARS AND BIL
L LET.
may be ordered to En 58D when the steel shall contain : FORGINGS Ans Di gg‘l‘z:}?;‘;lgsﬂ

Per cent
Element -

min. max,
Carbon — 016
Siltcon 020 —
Manganese —_ 200
Nickel* 110 140
Chromium* 110 140
Sulphur — 0045
Phosphorus - 0ms5

* The sum of the nickel and chromivm
conients shall be notless than 23 Qpercent

En §8M Free machining modifications are obtainable 1n certain of these grades

of austenitic chromium-nickel steels. When the material is required for
free machining, it should be ordered to En 58M and stecl will be supplied
to a composition agreed between the purchaser and the sapplier.

NOTE. When stecls of the En 58 series a-e required in the form of plate, sheet ond.

strip they should be ordercd to B S, 1449, * Steel piate, sheet and stop . When they
are requited 1 the form of wire they should be ordered to B S 1554, * Rust, acid and
heat resisting steel wir=® or BS 2056 * Rust, acid and heat resisting steel ware for
springs* as appropnate

BARS FPOR MACHINING
BRIGHT BARS

Chemical composition. The steel shall contain :

Per cent
El —

mia, max,
Carbon 074 084
Silicon 175 225
Manganese 020 0-60
Nicke! 115 165
Chromium 190 205
Sulphur — 0030
Phosphorus — 0-030

Condifion of material on delive.y. o. Bars and billets for forging shall
be delivered as roffed or forged, unless the order states otherwise.

b. Forgings and drop-forgings shall be delivered n 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 delivereu in the condition stated on the order.

Heat treatment. The heat trestment .ecommended 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 propertics. The stcel shall be capable of local hardening by oil
quenching to a Rockwell C hardness of not less than 47 or the equivalent
Vickers hardness number,*

* The cquivalent Vickers hardncss number recommended in B S 860, * Approximnate
comparison of hardness scales ” s 480,

172 173

Copyright British Standards Institution
Provided by IHS under license with BSI - Uncontrolled Copy |
No reproduction or networking permitted without license from IHS Not for Resale



En 60, 61
FERRITIC CHROMIUM RUST-RESISTING STEEIL
{17 AND 20 PER CENT CHROMIUM)

BARS AND BILLETS FOR FORGING
FORGINGS AND DROP-FORGINGS
BARS FOR MACHINING
BRIGHT BARS

Chenilcal composition, The steel shall contatn .

En 60 En 61
Element Per cent Per cent

mip. max. min, max.
Carbon — G012 —_ 012
Silicon — 1-00 —_ 100
Manganese — 100 — 1.00
Nickel — 050 _— 050
Chromium 160 180 200 220
Sulphur — 0-045 —_— 0045
Phosphorus — 0045 _ 0045

Condition of material on delivery, 2. Bars and billels 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 othcrwise.

c. Bars for machiming 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 frecly in air from a temperature of 700/786°C.

NOTE When these stecls are required in the form of plate, sheet and strip they should
be ordered 1o BS 1443, * Steel plate, sheet and stnp .
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En 100, 100A, 1008, 100C, 100D, 100E

LOW ALLOY STECL

BARS AND B{LLETS FOR FORGING
FORGINGS AND DROP-FORGINGS
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, 5, 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 :

Per cent
Elenent em—

mia, max.
Carbon* 035 045
Silicon — 050
Manganese 1-20 150
Nicket 050 100
Chromtum 030 0-60
Molybdenum 015 025
Sulphur - 0050
Phosphorus —_ 0050

* For small ruhing sectrons or lower iensile ranges, or when the steel is to be hardened
m water, the catbon content, by agreement between the purchaser and the manu-
facturer, shall bo 0-25/0 35 per cent and the stecl will 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.

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 condition,
unless the order states otherwise.
d. Bright bars shall be delivered in the finally heat trcated 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 200, 1004, 100B, 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 hardencd in water if suitable precautions are
taken.

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

1 Hfudencd and tempered condition
Property ;
% R \ S 1 U v
i

Limiting ruling section, in. 6 ! 4 ;24 144 14
Tensile strength, tons/sq. in,,

mio, Poas | os0 55 60 65
Yield stress, tonsfsq. in., min X [ 38 44 98 52
Elougation, per nent, min 22 | 20 18 17 16
Izod impact value, ft. b, min, 40 40 40 35 35
Brinell hardness number 2011255 | 2231277 ‘ 2481302 § 269321 | 293]341

NOTE. When proof stress tests are specifically requested 1n the enquiry and order,
the values shall be as follows s

Huzdened aod tempered condition

Property
R s T v v
Proof stress (0-2 per cent, [
tonsfsq in. rm;:): u 32 36 41 46 1 50

* Whea parts to En {00 are to be water quenched, this shall be stated on the order
.and the test bars shall be simjlarly licat treated.
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En 100, 100A, 100B, 100C, 100D, 100E

En lODA, For special applications the steel may be ordered to specification En 100A, En 100D,

En 100C or En 100D, when 1t will be supplied to a specified composition only, the

{%g' fimsts of which arc given below. Mechancal propertics are not part of the contractun
obligations of speaifications En 100A, Bn 100B, Ea 100C and En 100D

Eo 100A En 1008 En 100C En 100D
Element Per cent Per cont Per cent Per cent
mia, max, min. max. mio, max min max,
Carbon 025 030 030 035 035 040 040 045
Silicon 010 050 010 050 010 050 ¢ 010 050
Maonganese 1-20 150 1:20 150 120 150 120 150
Nickel 050 1.00 050 100 050 100 050 100
Chromiuvm 030 0560 030 0860 030 060 030 080
Molybdenum 0-15 025 0156 0-35 015 025 015 025
Salphur -— 0050 —_ 0-050 — 0 050 -— 0 050
Phosphorus - 0050 —_ 0050 — 0 050 — 0 050
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LOW NICKEL-CHROMIUM-MOLYBDENUM STELL

BARS AND BILLETS FOR FORGING
FORGINGS AND DROP-FORGINGS
BARS FOR MACHINING
BRIGUHT BARS

Suitable for tensile ranges of 50/60 (S), 55/65 (1), 60/70 (LD, 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 Tequired.

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 :

Per cent
Element

min. max.
Carbon 035 045
Silicon 010 035
Mapganese 640 080
Nickel 1.20 160
Chromium } 090 140
Molybdenum 010 020
Sulphur e 0-050
Phosphorus —_ 0050

Condition of materinl on delivery. a. Bars and bilets for forging shall be
detivered 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.

¢. Bars for machining shall be delivered in the finally heat tecated condition,
unless the order stares otherwise.

«. 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 820/850°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 preparcd as stated in the appropriate general clauses
shall be as follows i~

Hardened and tempered couditjon
Property s e e - -
s T ‘ U v w
{
. 1
Limiting ruliag section, in. 6 [ 4 | o2y 1 114
Tensile strength, tonsfsq. in., ';
min, 50 55 | 60 65 70
Yield siress, tons{sq in., min. : 38 44 1 48 52 58
|
Elongation, per cent. mn, ! 20 18 2 17 16 15
Izod impact value 1. Ib, min. ! 40 40 1 35 35 30
Brinell hardness number | 223/277 ; 2481302 2691321 | 293(341 | 3111375
i |

When supplied in the softened condition the material shall have a Brinelt
hacdness number not exceeding 269.

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

Hardened and tempered condition
Property -
s 1 T u v w
Proof stress (0 2 per cent),
tons/sq. in., min 36 41 456 50 55
181
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En 111, 1UIA
En 111, 1114

LOW NICKEL-CHROMIUM STEEL -
| propertics obtained from the test-

Mechanical properties. The mechanical

DARS AND DILLETS FOR I'ORGING preces selected and prepared as stated in the appropy; 9
FORGINGS AND DROF-FORGINGS shall be as follows :— ppropriate general clauses
BARS FOR MACHINING
BR*GHT BARS
N " Hardened and tempered conditfon
En 111 Suijtable for tensile ranges of 45/35 (R), 50/60 (8), 55/65 (T), and 60/70 (U) roperty e
tonsfsq. in. according to the ruling section of the part. The purchaser R 5 T u
should state on the order the condition, R, S, T or U, for which the S B 3
ial 1s ultimately required. Limiting ruling scction, in, & 4 2
materi y req Tensile strength, tons/sq. in, % 4
., min. 45 50 5
Chemical composition, The steel shall contain : Yield stress, tons/sq. in., min, 34 38 43 gg
Per cent Elongation, per cent, min 22 20 18 17
Element — Tzod impact value, 1. 1b,, run, 40 40 40 35
cio. max. Brinell hardness number 2011255 | 2234277 2481302 | 269/321
- NOTE. When proof stress tests are specifl alt
g :fc‘::‘n gig ggg the values shall be as follows *— peclicaly requested fn the enquiry and order
})
Mangancse 060 090 Hardenod and tempered conditi
Nickel 100 150 R Property e ronom
Chromium c45 075 n s . "
Sulphur —_ 0-050 _ - - —_
Phosphorus - 0050 Proof stress (0 2 per cent),
tons/sq in, min. 32 36 41 46
Condition of material on delivery, a. Bars and billets for forging shall be 5 ;’I; ;z:i;‘p:!’g’:?:'°m Szedml may ibe ord'mg’ ,u: spectfication En 111A, when it En 1114
LB t cd 1o a specified composition only, the linuts of which are sk below.
delivered as rolled or forged, unless the order states othemse: léie:;l;z:lxcal properties ate not part of the contractual cblignh:ns of s::Ic‘i‘ﬁc:l?:n
. . . n N
b. Forgings and drop-forgings shall be delivered in the finally hieat treated S
condition, unless the order states otherwise, - Per ceat
c. Bars for machining shallbe delivered in the finally heat treated condition, Tement -~ —
unless the order states otherwise,
d Bright bars shall be delivered in the finally heat treated condition, Soroon - 1. 033 938
heat treatment being given cither before or after any cold work at the Mangancse 060 050
option of the manufacturer, unless the order states otherwise. “-Chromium - 045 075
Sulphur — 0050
Phosphorus —_ 0050
Heat treatment, The heat treatment to be given to the test bars, selected e :
as stated in Clause 7, and to material supplied in the finally heat treated
<undition, 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.
183
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60A
En 160, 1 En 160, 160A

NICKEL M ENUM STEEL _

2 PER CENT NICKEL MOLYBDENUM § b;]ccha:ﬁal‘zaogc:lcs. Thodmechamcal propertics obtained from the teqt
eces selected and prepar i

DARS AND DILLETS FOR FORSTS shall be as follows :-—p parec as stated in the appropriate gencral clauses

FORGINGS AND DROP-FORGINGS

BARS FOR MACHINING
BRIGHT BARS
Propert Hardened and tempercd condition
operty —

En 160 Suitable for tensile ranges of 45/53 (R), 50/60 (S), 55/65 (T) and 60/72 W) . —_— _
tons/sq. in. according to the ruling section of the part. The purchaser s T U
should state on the order the condition, R, S, T or U, for which the Limit T e e

terial 18 ultimatel uired. ting ruling section, in. 6 4
mal y req Tensils strength, tonsjsq. in., % b4
i ition. The steel shall contain : S 45 50 55 60
Chemical composition. The s Yield stress, torsisq. in , min, 34 38 44 4
Per cent Elongation, per csnt, min. 22 20 18 17
Element | ——— Tzod impact value, ft, Ib., mia. 40 40 40 35
wiln. max, Brinell hardness number 2011255 | 223/277 | 248/302 2691321
035 045 NOTE, When proof stress tests 5o specificall : R
Sc:l‘l‘:::;" 010 035 the values shall be as follows e+ ) roauested in the enquiry and order
030 060
;vlii::g;anese 150 200 Property Hardened xad tewpered condition
Molybdenum 020 035 R s T
Sulphur - 0050 v
Phosphorus - 0650 Proof stress (0-2 per cent),
tonsfsq. in, m&. 32 36 1 16
Condition of materil on delivery. a. Bars and billets for forging shall e For special applications the steel may be ordered to specification E
N el & 160A, wh
delivered as rolled or forged, unless the order states otherwise. ; . will be supplicd to a specified composition only, the le;:x lor wt‘:l):h arr‘c shownv;:c‘;g&f Em 1604
. i . - ., Mecha.lca! properties are not part of the contractual obligations of specification
b. Forgings and drop-forgings shall be delivered in the finally heat treated En 160A,
condition, unless the order states otherwisc. —
€Y can
¢. Bars for machining shall be delivered in the finally heat treated condition, Element
unless the order states otherwise, mie, ax,
d. Bright bars shall be delivered in the finally heat treated condition, Carbon 038 043
heat treatment being given either before or after any cold work at the Mol s ok 03
option of the manufacturer, unless the order states otherwise. Nickel 1:50 200
Molybdanum 020 035
ls';xlln vr — 0050
Heat treatment. The heat treatment to be given to the test bars, selected osphorn3 ~ | 000
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.
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En 201
CARBON-MANGANESE CASE-HARDENING STEEL
ETS FOR FORGING
BFAO“:GAI:(?S BAle;) DROP-FORGINGS

BARS FOR MACHINING
BRIGHT BARS

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

Chemical composition. The steel shall contain :

l Per cent
Element - T

min. max.
Carbon —_ 018
Silicon 005 035
Manganess 110 150
Sulphur — 0050
Phosphorus — 0050

Condition of material on dclivery. . Bars and billets for forging shall be

delivered as rolled or forged, unless the order states otherwise.

5. Forgings and drop-forgings shall be delivered as forged, unless the

order states otherwise.

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

otherwise.

d. Bright bars shall be delivered 1n the cold worked or bright machined

condition, unless the order states otherwise.

Heat trentment.*$ The heat treatment to be given to the 134 in. diameter
test bars selected as stated in Clause 7, and to matenal required in the

finally heat treated condition, shall be as follows :—
Blank carburise at a temperature between 830°C. and 930°C.

Refine at a temperature of 870/906°C. and cool in air, oil or water.

Harden in oil or water from a temperature of 770/790°C,

Mechaniceal 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. min 20
Izod tmpact value, ft. Ib., min. 40

® See Appendix A for ‘single quench ' treatment.

t By arrangement with the pucchaser the tests may be carned out on samples from
which the blank carburising Leatment has been omitted, or modified to a short

heating period
186

CARBON-MANCANESE CASE-HARDENING STEEL
(SEMI-FREE CUTTING)
BARS AND BILLETS FOR FORGING
FORGINGS AND DROP-FORGINGS

BARB FOR MACHINING
BRIGHT BARS

(For this type of steel in the cold drawn condition see En 7A)
Chemical composition. The steel shall contain ;

Per cent
Element s —

min, max.
Carbon —_— 018
Silicon 005 035
Manganese 120 150
Sulphur 010 018
Phosphorus - 0050

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

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

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

d. Bright bara shall be delivefzsd in the cold worked or bright macliined
condition, unless the order states otharwise.

Heat treatment,*t The heat treatment to be given to the 134 . diameter
test bars, selected as stated in Clause 7, and to matenal required in the
finally heat treated condition, shall be as follows :—

Blank carburise at a temperature between 850°C. and 930°C.

Refine at a temperature of 870/900°C., cool in air, oil or water,

Harden in o1l or water from a temperature of 770/790°C,

Mechanical properties. The mechanical propertics obtained from the test
pieces selected and prepared as stated 1n the appropniate general clanses
shall be a3 follows :—

Tensile strength, tons/sq. in., min. 38
Elongation, per cent, min. 20
Izod impact, ft. Ib., min, 30

* See Appendix A for *single quench * treatment.

t By arrangement with the purchaser the tests may be cartied out on samples from
"hi‘;l; the blank carburising treatment hos been omitted or modified to a short heating
period,
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LOW CHROMIUM CASE-HARDENING STEEL -

BARS AND BILLETS FOR FORGING
PORGINGS AND DROP-FORGINGS
BARS FOR MACHINING
BRIGHT BARS

This steel is used to a limited extent for special applications, where a
hard case is essantial and the mechanical- propertics of the core arc 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 :

r Ter cent
Element

min. max.
Carbon 012 017
Silicon 010 035
Manganese (AR 0
Chromium 0:30 050
Suiphur — 0-050
Phosphorus - 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.

¢. Bars for machining shall be dehvered 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 760/780°C,

* See Appendix A for *single quench * treatment,
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LOW CHROMIUM CASE-HARDENING STEEL

BARS AND BILLETS FOR FORGING
+ FORGINGS AND DROP-FORGINGS
DARS FOR MACHINING
BRIGHT RANRS

This steel is used to a limited extent for special applications, whese a hurd
case is essential and the mechanical properties of the core are of minor

importance, The stecl will be supplicd to  specified composition only,
the limits of which are as follows :—

Chemical composition. The steel shall contain :

Per cent
i
milu, \ max,
!

Carbon 016 021
Siticon 010 035
Manganese 060 080
Chremium 060 080
Sulphur —— 0050
Phosphorus — ’ 0050

Condition of material on delivery. «. Bars and billets for forging shall
be delivered as rolled or forged, unless the ordec states othervise,

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

¢, Bars for mnchining shall be delivered as rolled, unless the order states
sherwise,

d. Bright bars shall be delivered, unless the order states otherwise, in
the cold worked condition suitabls for machining, and the maximuant

Brinell hardness fumber may be agreed between purchaser and manu-
facturer,

Heat treatment,* The heat treatment recommendad for this steel s as
follows :—

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

* See Appendix A for *single quench® treatment,
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LOW NICKEL-CHROMIUM-MOLYBDENUM
CASE-HARDENING STEEL
BARS AND BILLETS FOR FORGING
FORGINGS AND DROP-FORGINGS
BARS FOR MACHINING
BRIGHT BARS

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

Chemical vomposition, The steel shall contain :

Per cent
Eleroent

win, max.
Carbon — 022
Sdicon 610 035
Manganess 0-45 065
Nickel 150 200
Chromium 040 060
Molybdenum 020 0-30
Sulphur — 0050
Phosphorus —_ 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, uoless the
order states otherwise.

¢. Bars for machining shall be delivered as rolled, ¢aess the order states
otherwise.

d. Bright bars shall be delivered, _aless the order states otherwise, in the
cold worked condition suitable tor machining, and the maximum Erinell
hardness number may be agreed between purchaser and manuafacturer.

Heat treatment.*} The heat trcatment to be given to the 114 in. diameter
test bats, selected as stated in Clause 7, and to malerial 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 ol from a temperature of 770/800°C.

* See Appendix A for * aingle quench ® treatment.

t By arrangement with the purchaser the tests may be made on smnples from which
the blank carburising treatment has teen omitted, or modified to & short heating
period.
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Mechanienl properties. The mechanic
pieces selected and prepared as state
shall be as [otlows :—

Tensile strength, tons/sq. in,, min, 55

al'properties obtained from the test
d in the appropriate general clauses

Elongation, per cent, min. 15
Tzod impact value, ft 1b., min 30
1%
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3, PER CENT NICKEL-CHROMIUM CASE-HARDENING STEEL

BARS AND BILLETS FOR FORGING
FORGINGS AND DROP FORGINGS
BARS FOR MACHINING
BRIGHT BARS

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

Chemical compositlon, The steel shall contain:

Per ceat
Element

min, mox.
Cartan - | 0
Silicon = 0:35
Manganese 0606 | 100
Nicke! 060 | 100
Chromum 040 , 080
Moelybdenum _ t 010
Sulphur — { 0050
Phosphorus — ’ 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 otherwiss.

¢. 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 sutable for machining, and the mazimum Brinel!
hardness number may be agreed between purchaser and manufacturer.

Heat treatment.*t The heat treatment to be given to the 134 in. diameter
test bars selected as stated in Clause 7, and to materiat 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 850/880°C,, 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 with the purchaser the tests may be carried out on sai iues from
which the blank carburising treatment has been omitted, or modified ooz short
heating pesiod.,
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Mechanical properties. The mechhnical propertics obt
picces selected and prepared as stated in the
shall be as follows;—

ained from the test
appropriate general clauses

.

Tensile strength, tons/sq ., min. 45

Elongati_on, per cent, min 18
1zod impact value, ft, ib., min. 30
193
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1 PER CENT NICKEL-CHROMIUM CASE-HARDENING STEEL

BARS AND BILLETS FOR FORGING
FORGINGS AND DROP FORGINGS
BARS FOR MACHINING
BRIGHT DARS

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

Chemieat composition. The steel shall contain:

Per cent
E '
min. max
Curbon — 020
Silicon —_ 035
Manganese 050 1-00
Nickel 085 125
Chromm Q60 100
Molybdenum —_ 010
Sulphur — 0050
Phosphorus — 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.

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

¢. 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 134 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/§80°C., cool in air, oil or water,
Harden in oil from a temperature of 780/820°C.

* Sea Appendix A for * single quench ’ treatment.

t By arr with the p the tests may be carried out on samples from
which ths blank carburising treatment has been amitied, or modified to a short
heating period, : N
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Mechanical properties. The mechanica} properties obtained from the test

ared ted § .
shall be as follows:— P as stated in the appropriate gencral clauses

Tensile strength, t. '+{5q. in,, min, 5§

Elong.au'on, per ¢ent, min, 15
Izod impact value, . Ib., min 20
195
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1Y% PER CENT NICKEL-CHROMIUM CASE-HARDENING STEEL

BARS AND BILLETS FOR 10RGING
FORGINGS AND DROP FORGINGS
BARS FOR MACHINING
SRIGHT BARS

Suntable for a tensile strength of 65 tons/sq. in. nun.

Chemical composition. The steel shall contain:

Per cent
Element T

i min. ' max.

! i
Carbon ] 020
Silicon ] — ' 03
Manganese : 050 1-00
Nickel 100 150
Chromium | 05 1 125
Molybdenum | 008 | 015
Sulphur i~ | 0050
Phosphorus g — i 0050

' |

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

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

¢. Bars for machining shall be delivered as rolled, unless-the order states
otherwiss.

«. Bright bars shall be dalivered, unless the order states otherwise, in the
cold worked condition suitable for machining, and the maximum Brinell
hardess number may be agreed between purchaser and manufaciurer.

Heat treatment.*t The heat treatment to be given to the 134 in. 'diamcter
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 betwecn 880°C, and 930°C.

Refine at a temperature of 850/880°C., cool in air or oil.

Harden in oil.from a temperature of 780/820°C,

* Sece Appendix A for * single quench ' treatment,

t By urrangement 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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Mechanlceal properties. The mechanical properties obtained from the test

pieces selected and prepared as stated n the a
o bo 2 ollowtr ppropniate general clauses

Teosile strength, tons/sq. in, min, 65

E'ongation, per cent, mun. 12
Izod impact value, It. Ib, min. 20
{y7
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1% PER CENT NICKEL-CHROMIUM-MOLYBDENUM
CASE-HARDENING STEEL

BARS AND BILLETS FOR FORGING
FORGINGS AND DROP FORGINGS
BARS FOR MACHINING
BRIGHT BARS

Suitable for a tensile strength of 75 tousfsq. in. min.

Chemicsl composition. The steel shall contain:

Per cent
Element

min. max.
Carbon — 020
Silicon — 035,
Manganese 0-50 105
Nickel 150 200
Chromium 075 125
Molybdenum ol0 020
Sulphur - 0050
Phosphorns — 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 detivered in the softened condition,
unless the order states otherwise

¢. Bars for machiniog shall be delivered in the softened condition, unless
the order states otherwise

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

Heat treatment.*} The heat treatment to be given to the 134 in. diameter
test bars selected as stated in Clause 7, and o 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 oil from a remperature of 780/820°C.

* Sec Appendix A for * single quench ® treatment.

t By arrangement with the purchaser the tests may be carnied out on samples from
which the blank carbunsing treatment has been omitted, or modified to a short
heaung period
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Meclu!niml properties. @ The mechanical propertics obtained from the
test picces sclected and prepared as stated in the appropriate general
clauses shall be as follows.—

Tensile strength, tons/fsq. in.. :nin. 75

Elongation, per cent, min. 12

Izod impact value, {t b, pun. 20

b. In the softened condition, the inaterial shali have a Brinell hardness
aumber not exceeding 277.
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2 PER CENT NICKEL-CHROMIUM-MOLYBDENUM
CASE-HARDENING STEEL (LOW CHROMIUM)

BARS AND DILLETS FOR FORGING
YORGINGS AND DROP FORGINGS
BATtS FOR MACHINING
DRIGHT BARS

Suitable for a tensile strenpth of 85 tons/sq. in. min.

Chemical composition. The steel shall contain:

Per cent
Elcraent mm—— —
min. { max
Carbon — l 020
Silicon —_ 1 035
Manganese 040 L 070
Nickel 180 t 220
Chromium 140 1-70
Molybdenum 015 025
Sulphur -— 0050
Phosphorus — I 0050

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

5. Forgings and drop-forgings shall be dehivered in the softened coundition,
unless the order states otherwise.

¢. Bars for machimng shall be delivered in the softened condition, unless
the order states otherwise.

d. Bright bars shall be delivered, unless the order states otherwiss, in the

cold worked condition suitable for machining, and the maximum Brinelt
hardness number may be agreed between purchaser and manufacturer,

Heat treatment.*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 830°C. and 930°C.
Refine at a tcmperature of 850/880°C., coo!l 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 trcatment has been omitted, or modified to & short
heating period.
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En 355
Mecchanical properties. a. The mechanical properties obtained from the
samples se]cf:led and prepared as stated in the appropriate general clauses,
and treated in test piece size, shall be as follows*—
Tensile strength, tons/sq. i, min. 85
Elongation, per cent, min, 12
Izod impact value, ft {b., min 25

b. In the softened condition, the material shall have a Brinell hardness
number not exceeding 277.
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+15° CARBON LOW ALLOY CASE-HARDENING STEEL

BARS AND BILLETS FOR FORGING
FORGINGS AND DROP PORGINGS
BARS FOR MACHINING
BRIGHT BARS

Suitable for a tensile strength of 45 tonsfsq 1 min.

Chemical composition. The steel shall contain:

Per cent
Element

min. max.
Carbon 013 017
Silicon — 035
Mangancse 070 100
Mickel 040 070
Chromium 055 0-80
Molybdenum 008 015
Suiphur — 0050
Phosphorus — 0050

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 dehivered as forged, unless the
order states otherwise.

¢. Bars {or 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 smtable for machining, and the maximum Brinel)
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 carourise 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 780/820°C.

* See Appeondix A for * single quench * treatment.

1 By arrangement with the purchaser the tests may be carried out on samples from
which the blank carburising treatment has been omitied, or modified to a short
heating period.
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Mechanical properties. The mechanical properties obtained from the test

pieces selected and prepared as stated i
Pl b e e f- p stated in the appropriate general clauses

Tensile strength, tons/sq. 1n., min, 45

Elongation, per cent, nun, 18
Izod impact value, ft, ib., min, 25
203

En 363



Copyright British Standards Institution

En 362
¢20° CARBON LOW ALLOY CASE-HARDENING STEEL

BARS AND BILLLTS FOR FORGING
FORGINGS AND DROP FORGINGS
BARS FOR MACHINING
BRIGHT BARS

Suttable for a tensile strength of 35 tons/sq. m. mun,

Chemical composition. The steel shall contain:

Per ceat
B +
min, ‘ mnx,
!
Carbon 018 | 023
Siticon — i 035
Manganese o710 : 100
Nickel 040 | 070
Chromium 055 0-80
Molybdenum 008 015
Sulphur — 0-050
Phosphorus — i 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,

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

d. Bright bars shall be delivered, unless the order states otherwse, in the
cold worked condition suitable for machining, and the maximum Brinell
hardness number may bc 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°C.,, cool in air, oil or water.
Harden in oil from a temperature of 780/320°C.

* See Appendix A for * single quench * treatment,

1 By arrangement with the purchaser the tests may be carricd aut on samples from
which the blank carburising treatmont has been omutted, or modificd to a short
heating period
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Mechanical propertics, The mechanical properti En 362
pieces selected and prep properties obtained from the test

ared a .
shall be as follows-.. s stated 1n the appropriate general clauses

Tensile strength, tons/sq. in , min, 55

Elonsation, Per cent, min. 15

Izod impact value, ft. Ib , mig, 15
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«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 tensilo strength only or, by §pecial arrange-
ment between the purchaser and manufacturer, on analysis only.

Chemical composition. The steel shall contain:

Per cent
Elcmcnt‘

min. max.
Carbon 022 026
Silicon — 035
Manganese 070 100
Nickel 040 070
Chromiuum 055 080
Molybdenum 008 015
Sulphur - 0050
Phosphorus — 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.

¢. 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.
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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°C., cool in air or oil.
Harden in o1l from a temperature of 780/820°C.

Mechanical propertics. If the steel is supphed on the basis of tensile

strength, the tensile strength obtained from the * .- picces sclected and

prepared as stated in the appropriate general clause shall be not less than
65 tons/sq.in.

* Sce Appendix A for* single quench” treatmeni:

t By arrangement with the purchaser the tests may be carried out on samples from

which the blank carburising treatmert has been omitt
heating mopoyar ed, or modificd to a short
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BS 970 ; 1955 KA APPENDIX B
APPEND TABLE 8. BRITISH STANDARD BRIGHT STEEL BARS FOR THE
. TEELS PRODUCTION OF MACHINED PARTS
MENT FOR CASE-HARDENING §
ALTERNATIVE TREAT ROUND—INCH SIZES

. oo ¢ manufacture it is
By suitable selection of composition and method of m All tolerances -+ 0 000 inch

t the refining treatment after carburising some types of

possible to omi s the treatment after carburising is to Tol, T
. ing steets. In such cases the trea " Dinmet olerance D olerance
‘r::lsx:;a&?::t%:rial to the final hardening temperature, us‘ually l760/§0(; C; eter (minus) tameter finlous)
in o ding to the type of steel employed. Suc - - -
and quench in oil or water a¢cor "treatment. It is not recom- fo. . in, in,
is referred to as the * single quench ’ trea . e
eied i e sinle quench ratment should b employed expt by below 3 002 1% 000s
: 1 who would in that case 4 a
arrangement with the maqufacturer of the stee! ) 1% 0003 1% 0004
supply a grade of steel suitable for such treatment.
%o 0003 13¥4¢ 0004
%2 0003 1% . 0004
173 0003 1%e 0004
2182 0003 2 0004
14e 0003 21 0005
2%z 0003 24 0005
3% 0003 2% 0005
254, 0003 214 0-005
13 0003 256 0005
2752 0-003 2% 0005
% 0003 2% 0005
2%4a 0004 3 0005
1546 0004 3% 0005
3Y42 0004 3% 0-005
1 0004 3% 0005
14s 0004 4 0005
1Yy 0004 444 0-006
1%4e 0004 434 0006
1Y% 0-004 434 0-005
1%4e 0004 5 0-006
134 0004 514 0007
1%s 0002 Above 514 in, and 0007
134 0004 tncreasing in steps
Ma 0004 of 34 in.

NOTE. The tolerances given 1n this table are those acceptable for most uses.

For any special application covered by a Brtish Standard the tolerances given in  ds altered
that Sundard should apply. If a special application 15 not covered by a Brmsh Feb, 195
Standard the tolerances may be as agreed between the purchaser and supplier
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B.S. 970 ; 1955
B.S. 970 : 1955 TABLE 10.-BRITISH STANDARD BRIGHT STEEL BARS FOR THE

TABLE 9. BRITISH STANDARD BRIGHT STEEL BARS FOR THE PRODUCTION OF MACHINED FARTS
PRODUCTION OF MACHINED PARTS SQUARE—INCH SIZES
ROUND—METRIC SIZES

All tolerances + 0-00 mm. - All tolerances + 0-000 in.
(u]
Diameter T(‘:f‘cvm) ) Width T(?xl:el:mnfe
mm, in, (see note) mm. . in. in.
14 0-5512 008 (000315 im),
15 0 5906 008 - below Y4 0-002
18 07087 008 YKtoWKe - 0003
Y4 0003 -
20 07874 oo8 _—
22 08661 008 %o -
25 09843 010 {0 0032 in) 54 0008
T 14 - 00
28 1-1024 010 . - .
30 11811 010 34 0004
32 12598 010 - 134, 0004
. % 0004
35 7 3780 010 L '
a8 1-4961 o1lo < %a 0005
40 1-5748 010 1 0-005
14 0-005
45 1-7717 0l0
50 19685 010 144 0905
55 21654 01300051 in) 1% 0005
ik 0005
60 23622 013
65 25591 013 15 0005
70 27559 013 1% 0005
1% 0005
5 29528 013
80 31496 013 2 0005
% 35433 013 2 0006
2% 0006
100 39370 013
110 43307 015 (0 0059 in.) 2¥ 0008
125 49213 0-15 3 0-006
140 55118 018 (0 0071 In.)
160 62992 018 NOTE. The tolerances given in this table are those acceptable for most uses. s altered
For any special application covered by a British Standard the tolerances given in rz’ba. 'l??a
NOTE. Inch equivalents are given for information only. For the purposes of, this that Stundard should apply. If a special application is not covered by n British
table, the metric dimensions are to be regarded ns standard Standard the tolerances may be as agreed between the purchaser and supplicr.

’;:bah;;';.ls The tolerances given in this table are thoss acceptable for most uscs.

For any special application covered by a British Standard the tolerances given in
that Standard should apply. If a specinl application is not covered by a Briush
Standard the tolerances may be as agreed between the purchaser and supplier. 211
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FOR THE TABLE 12. BRITISH STANDARD BRIGHT STEEL BARS FOR THE
STANDARD BRIGHT ﬁfﬁffgﬂs PRODUCTION OF MACHINED PARTS
CTION OF MACHIN HEXAGON—INCH SIZES

All tolerances + 0000 in.

B.S. 970 : 1955

TABLE 11. BRITISH
PRODU
SQUARE—METRIC SIZES

All tolerances -+ 0:00 mm.

Declmal sizes Toterance Fractiona! si i Tokrance
Width T{’J&L"JS‘ (mims) 1 sizes l (minus)
mm. . (sec note) mm. 1n, across flats in. n, across flats } in.
13 05118 0-10 (0 0039 in.) |
14 0-5512 010 below 0 248 0002 below 14 | 0002
15 0-5906 0-10 0248 0003 % to e | 0003
0282 0003 4 | 0003
16 06299 g ig 0324 ; 0003 %o ! 0004
17 06693 0 0365 . oo0s % L oo
18 07087 0413 | 0003 %, 1 0 008
i
19 07480 010 .0 445 I o003 % {0004
20 0:7874 010 0525 I oom T {0004
22 0-8661 010 0600 . 0004 % | 0004
24 0-9449 013 (0 0051 in.) 0710 ; 9004 1!;»45 | 0005
25 0-9843 013 0820 } 00 "y ; 0-005
21 1-0630 0-13 0920 :, 0004 [ ‘ 0005
. ! L4 0005
32 12598 013 1200 © 0005 1546 ! 0005
35 1-3780 013 [ ;
1,300 0005 %% I 0005
i 14173 013 1300 1 0005 1Ne i 0005
a0 15748 g-ii 1480 . 0005 134 t 0005
16142
" 1-575 0005 ii‘ % gx
a5 17717 013 1670 0005 % | oos
46 1-8110 013 1-860 0005 ‘
K 13
50 1-9685 0 2050 5005 ; 7% ;‘ g x
55 21654 0-15 (0 0059 In.) 2220 0006 214 i 0006
60 23622 015 2.410 i 0-006
65 2:5:91 015 2580 | 0006 :;2 s g g
2760 0006
0 2:7559 015 s 214 0006
75 l 2:9528 015 0 006 2-% 0006
80 | 31496 Not specified 3150 0006 2 0008
= 3340 0-006 3% 0006
NOTE. Inch cquivalents arc given for mformation only. For the purposes of "this 3550 0010 4 e
table, the metric dimensions are to be regarded as standard. s alered
The tolcrances given in ths table ot those acceptable for most uses. . NOTE. The tolerances glven in this table are those acceptable for most uses,
;:balt;;j‘g For any special applicat~on coyered by a British Standard the tolerances given in For any special application covered by a British Standard the folerances atven i As wered
” that Standard should apply. If a speclal apphcation is not covered by a British that Standard should apply. If a-special application is not covered by a Briush Feb, 1938
Standard the tolerances mzy e a3 agreed between the purchaser and supplier. Standard the tolerances may be as agreed between the purchaser and suppliec
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i
TABLE 13, BRITISH STANDARD BRIGHT STEEL BARS FOR THE

PRODUCTION OF MACHINED PARTS
HEXAGON—METRIC SIZES
All tolerances -+ 0-00 mm.’

Toleranie
Sizo (mlnos)

mm across flats ic. (see note) mm

12 04724 008 (000315 in)

1a 05512 010 (00039 in.)

17 06693 010

19 0 7480 010

22 08661 010

24 09449 013 (00051 in.)

27 {-0630 13

30 11811 013

32 12598 013

36 14173 013

41 16142 013

46 18110 013

50 1 9685 013

55 21654 015 (0 0059 in.)

60 23622 015

65 25591 015

70 2-7559 015

75 29528 015

a0 3-1496 015

1

NOTE. Inch equivalents arc given for information oaly. For the purposes of thit

table, the metnic dimvostons are regarded s rtandard.

As altered

The tolerances given 1 this table are those acceptable for most uses.
Feb, 1938 For any special application covered by x British Standard the tolerances given ir
that Standard should apply. If a special application 15 not covered by a Britist

Standard the tolerances may be as agreed between the purchaser and supplier.
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APPENDIX C

DIMENSIONAL REQUIREMENTS FOR HOT ROLLED
LAMINATED SPRING PLATES
Laminated spring plates chall comply with the following dimensional
requirements :—
The sections for the stecls 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 shali be such that in a 234 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.
On thickness  +2 per cent . - :
—15 per cent with a minimum of -£0 005 inch,
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TABLE 14. STANDARD SECTIONS FOR STEELS FOR
LAMINATED SPRINGS

Width Thickness
in, i,
1 Vb
1 552
1 316
1y Y
1Y %42
134 Ao
1Y Yz
1Y% W
114 352
1% 18
134 %2
13 2
1% %2
13 He
13 a2
134 Y
13 Y2
1% Hs
2 HKea
2 Yo
2 4
2 %a
2 %46
2 3%
214 Heo
21 Vsa
24 %
2% %2
2Y% %46
2% 34
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APPENDIX D
DIMENSIONS OF BRITISH STANDARD TEST PIECES

B.S. 970

TEST PIECE C (0 564 IN, DIA,) AND SMALLER SUBSIDIARY
Width Thickness STANDARD ROUND TENSILE TEST PIECES®
e B e A
In. in. ! ‘f .‘
2% W ! -—D :
214 %2 ’ & )
234 %a } :
2% % P—— G R e
214 Ne \ P /
O - e Fig. 1. Subsidiary standard round test picces
]
g ;{:: Cross-sectional area A = "—D—
g 7?2 Gauge length G = 44/A =354 D.
3 % Parallel length P = 2— G minimum 13 98 D minimum,
T . . G ..
% 84 Radius R at siioulder for wrought metals = 7 Minimum.
% % (0-38 D minimum.)
3 P Cross. ! Paraltel Radius at
1% 2l
3} % Diameter sectional ﬁ:"[‘"; lengﬁex shealder
D area é P R
A {mlnimum) (minimom)
@: ;ﬁ in sq, in, in, in. n
. 3 0564 02498 200 225 050
4 54 0424 01412 1-50 1-69 037
0399 0:1250 141 1-58 Q35
- 0357 0 1000 128 } 142 031
434 Va 0282 0 0625 100 i 112 025
4y, W 0226 00401 080 09 ; 020
414 0159 00199 056 063 014
0125 00123 044 050 011
5 ¥ * Abstracted {rom B.S. 18 * Teastle ‘esting of metals *
5 84 Middle
° ) - msr"'
TN T
+ 4 +
[ 4G 16 —{1G =~
:\ ..... '/ K \'— v oot
'___Gavge length
G

Fig. 2. Sketch illustrating middie half of gauge length
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B % 970 : 1955
STANDARD TEST PIECES FOR ROTCHED BAR IMPACT TESTS STANDARD NOTCHES FOR NOTCHED BAR IMPACT TEST PINCES

Hammer Strrhes here |
M ’

:.\'.,'. 2B :-‘—::w{’-‘QS' included "ng'. ‘-'2!"_.:
' Y I
wenes ]

.‘,_—-' 10mm

. } R
H —r _: 725mm -“'
s St e

',;‘. .g;:’?s;;; Fig. 7. Enlarged view of notch for square test piece

1UIMAY

of pendulum, . .
Fig. 3. Sguare test piece with single notch A gauge having an 8 mm. opening shall pass over the test piece at the
bottom of the notch,
45%%included angle |a-- 2me--0‘?amm" strikes hees ‘—0:‘3-3\

k_--zsmm._._,‘..jsmm. ..’.F:...Zﬁmm Ly -\(Im'ui -

H M) Y -
. } 1 oeafis

i LV o diee] 032
S T TON ! T
R 4 | |
PO + IY ad
Fig. 4. Alternative square test piece providing for 3 notches F—045in.dia
Fig. 8. Eniarged view of aotch for round test picce

A gauge having a 0-320 inch opening shall pass over the test picce at the

a5%includad angle™~ .. Flat W in wide bottom of the notch,
\ P—! lmu.—-—-—d/
’ !/

I A B2
[ S - in d1a e~ T
] N~

3 ins,

Fig. 5. Round test pfece with single notch

1-005 in.radivs

Flat 14 in, wide,

45%included angle-—= .,
o e X+ NP Fig. 9. Alternative notch for round test plece
- : £ A havi ing '
T . L _ gauge having a 0-330 inch opening shall pass over the test piece at the
] SO bottom of the notch.

A} ., : .
{ = 45* included angle i gOTb,- Thus notch shall be cut by mounting the specimen in an ecceatric mandre!,
¢ centee of the specimen being 0.9 inch from the centre of the mandrel.

5 2ins: |

Fig. 6. Alternative rornd test plece providing for 3 notches
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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 10 determining the mechanical properties produced in stecl by heat
treatment The size and shape are the ma:n factors determining the rate of
cooling during treatment and the rate of couling, taken in conjunction with
the composition of the steel, determines the mechanical properties obtained
1t is thus interrelation of final propertics 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
* inuting ruling section * 1s always eapressed as the maximum diameter of
round bar in which the specified properties may be produced in the steet
concerned by the heat treatment speaified. 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 roung
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 s1zes, have been calculated by the metbods 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
companng Sictions of the same steel and not for comparing stecls of
different types.

NOTE The calculattons wer~ made {or couling in air or oif at 20°C through the
range 820°C 10 300°C but the results are applicable where the ratio of fall in tempera-
1ure of the centre to the fall in temperature of the su face is the same as for the
conditions assumed, t e, where *
Temperature at centre of piere—Temperature of oil (a1)
Initial temperaiure of picce -——~Temperature of oif (air) , = © 5
Morcover, the results apply to any range of temperature whgn're the time of cooling
s such that on'y one term 1s required in the expansions of the formulae given in the
reference above
*h'ls taken to be 0 8 for o quenching and 0 03 for air cooling, where ¢ |
* ' represents the quantity of heat transferred per umit arca of surface per unit time
per degree of temperature difference between the body and the surrounding medium,
divided by the thermal conductivity of the material, all the quantities being exprested
1o the C.G 8. system and the temperature in degrees Centigrade

Vi)
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The results of the calculations are given here in the form of tables for
converting the swes of plates or rectangular sections into equivalent sizes
of rounds for oil quenching and for air cooling respectively. For most
paspeses the tables_giving direct conversion into the ‘ equivalent round *
are easier to use but graphs are also provided from which can be read a
factor which, multiplied by the thickness of a rectangular section, will give
the * equivalent round.’ As an example ol.how the tables should be used,
the centre of a square section of 134 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 purpeses 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 15 134 times
the thickness the conversion factor varies little for thicknesses between | in
and 4 . and, for oil i ching, 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 betwecn 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 oif quenching
and still closer with air cooling so that no senous errors can arise, Oval
sections with major axis * 2 * and minor axis * b’ «vill cool more slowly than
a round bar of diameter * b ' but faster than a tectangle *a* X *b’. More
accurate results may be obtained by converting the oval section to an
cquivalent rectangular section of sides * A * and * B * such that the area is
the same as the oval sectonand A :Basa " b,

Careful consideration has to be given to cases where the section varics
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 I, » full mechanical properties at the section should
be considered. In the case o1 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 theratio of length to diameter
is great then the diameter of such a portion will be the determining
dimension, buu if the 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
potnt of the external surface will in general decide the ruling dimension.
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TABLE 15. CONVERSION OF RECTANGULAR
SECTIONS AND PLATES INTO EQUIVALENT ROUNDS.
OlL QUENCHING

5 = breadth of section. T = thickness of section.

B for plate = o > =
T - L
o o
~ 4 )
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B.S. 970 : 1955
TABLE 16. CONVERSION OF RECTANGULAR
SECTIONS AND PLATES INTO EQUIVALENT ROUNDS.

AIR COOLING
B = breadth of section. T = thickness of section

B >
= for plate = o ? v
T + ]
& >
Diameier of equivalent round In Inches to nearest 8 05 inch \é/ < '§ - _‘_.\(: o < o,
e e e e o~ _ o. = o
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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 following 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 Brtish Standard the tolerances
given in that standard should apply. If 8 special application 1s not covered
by a British Standard the tolerances may be as agreed between the purchaser

and supplier.”

rb. 2127
Amendment No. 1, published 23 February, 1955
to B.S. 970 : 1955

Wrought steels (bars, billets and forgings)

Corrigenda

P
age 34. Top left hand corner, Delete heading *En 4A°

‘En 1A

Delete headin
‘En4A:,

and substityte

Page 47. Top right b
. and corner.
: 8 'En 1A’ and substinys,
e
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PD. 3092

Amendment No. 3, published 25 June 1958
to B.S. 970 : 1955
Wrought steels (bars, billets and forgings)

Reyvision

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 composttion of En <8 which Is sub-divided into
Grades En 564, 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 the order the condition P, R, S, T, or X
for which the matenal is uitimately required and the rubing section at
the time of heat treatment. The selection of En 56A, En 56B, En 56C
or En 36D 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.
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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 the-purpose 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 forgings shall be rough machined, chipped,
ground or otherwise prenared to rcmove surface defects which might
produce defects in the bars, forgings or dron 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 straght,

d Forgings and drop forgings shall be finished in a workmanlike
manner and shall be free from flaws and surface defects;

e. Case halrdemng steels shall be capable of being carburised and
heat-treated to give a satisfactory uniform surface hardness *.

PART 2. SPECIFIC REQUIREMENTS

Enl1A. Free cufting steel for machining, Delete the footnote regarding parts
which are to be case hardened and substitute:

“ 'This steel is supplied as & free cuttiag steel for hiniag. It is not supphed for
case hardening and this requirement does not form part of the specification. For

gutdance only, & core streagth of approximately 28 tons/sq. in. should bo expecied
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 sicel 1s supphed as a free cutting steel for machining. It is not supplied for
caso hardening, and this requirement does not form part of the specification. For
guwidance only, a core'strength of approximately 28 tonsfsq. . should be expected
17 this steel is heat treated in accordance with the requirements of En32A .
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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 ¢ (iv) to read:
* Bright drawn finished-normalised *.
En6, 6K, 6A. Bright carbon steel. Mechanical properties. Delete properties
for ¥ in size or less (diameter or width across flats) and substitute:
Tensile strength, tons/sq. in.

min, 35
max. a5
Elongation, per cent, mun, 12

Tzod impact value, {t Ib, min 20

En7. Semi-frec cutting carbon steel, Chertical composition. Delete minimum
percentage manganese content and substitute: “ 1-0°,

En8. *40* carbon steel. Condition of material on delivery. Delete Sub-
clause 4 and substitute:
* Bright bars shall be delivered in accordance with the tables °.

Mechunical properties. Delete table entitled * Normalised or hardened
and tempered * and substitute:

“NGC | FINALLY NORMALISED OR HARDENED AND TEMPERED
(WITHOUT GRAIN SIZE CONTROL)

Conditlon
Property Hardened and tempered
Normnlised 1

Q i R
Linmuting rubiag section, tn 6 214 %
Tensile strength, tonsfsq. ., min 35 40 45
Yield stress, 1onslsqg In, min 18 28 32
Elongation, per cent, min 20 22 20
1zod impact value, ft. Ib,, min. — 10 10
Brinell hardness number 1521207 | 179229 | 201)255

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

GC 1. CONTROLLED GRAIN* FINALLY NORMALISED OR
HARDENED AND TEMPERED

“Condition
Property - _ Hardened nod tempered
Q R )
J.imiting ruiing section, in 4 6 2% ¥ %
Tensile strength, tons/sq. in.,
min. 35 35 40 a5 45
Yield stress, tonsfsq. i1 , min 18 18 28 32 32
Elongation, per cent, min. 20 20 22 20 20
1zod impact value, ft. 1b, min 20 15 25 40 25
Brinell hardness number 1521207 } 1521207 | 179)229 | 201255 | 201255
* Controlled grain steel to this fi shall p a McQnaid-Ehn gram

size of 5-8,

GC 2. CONTROLLED GRAIN* NORMALISED OR HARDENED
AND TEMPERED AND FINALLY BRIGHT DRAWN

Condition
Property Normal- Hardened and tempered
ised
Q R
Limuiting ruling section, 1n, 6 1% 2% %
Tensile strength, tonsfsq. in., mw 35 40 a0 45
Yield stress, tonslsq ., min 18 28 28 32
Elongation, per cent, min 17 17 17 17
Izod impact value, ft. Ib., min t 25 15 25
Brinell hardness number 152207 | 179)229 ! 17912291 201/255
i

* Controlied grain steel to this specification shall possess a McQuaid-Ehn groin size

of 5-8.

Condition
Property Hardened and tempered
P omatsed

Q R
Limiting ruling section, in. 6 2y %
Tenste strength, tons/sq. in., min. 35 40 a5
Yield stress, tons|sg. in., min. 18 28 32
Elongation, per cent, min 17 17 17
Brinell hardness number 152{207 179229 2011255

Not for Resale

1 An Izod impact value of 10 ft b mimimum 13 specified where the carbon content
dots not exceed 0-40 per cent.

Delete title of Table ¢ coLb DRAWN ’ and subshitute

‘COLD DRAWN (FOLLOWING HOT ROLLING, 1¢ NOT HARDENED
AND TEMPERED)



En8A, 8B, 8C, 8D, 8E. 40’ carbon steel,
En8AM, 8BM, 8CM, 8DM. ‘40 ° carbon steel—free cutting.
Enl2A, 12B, 12C. 1 per ceat nickel steel.

In the second line of the paragraph jmmediately above tables of
chemical compositions delete ‘ only °. Add at the end of the paragraph.
* but they may be negotiated between the purchaser and the suppher ',

En8M, 8AM, 8BM, 2CM, 8DM. ¢ 40 * carbon steel —frec cutting. Chemical
composition. Delete minimum percentags manganese content and substi-
tute * 1-0°,

Enld4A. Carbon-mangancse steel. Mechianical properties, Table. In the
normalised condition, insert an Jzod impact value of-

L] 15' A
and nsert 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 controiicd grain steel ’.

Table 12, British Standard bright stecl bars for the production of machined
paris. Add the following:

Decimal | Tolernnce
sizes (minys)

3-560 0010
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AMD 415

Amendment Slip No, 6, published 12 February, 1970
to B.S. 970 : 1955

Wreonght 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 reusting and valve steels

Revised text

Foreword
Add the following additional paragraph to the end 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
Delcte the entries in the specific requirements for the following steels:

En 51—En 52—En 53—En 54, 54A—En 55—Bn 56, 56A, 56B, 56C, S6D—
En 56AM, 56BM, 56CM, 56DM-—En 57—En 58A, 58B, 58C, 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
furt 2. Specific requirements

Ea 8M, 8AM, 8BM, SCM, 8DM. In the table giving_ chemical composi-
tion for the stecls 1in 8AM, 8BM, 8CM, 8DM, which may be ordered
for special applications, delete the munimum manganese content of
‘0-90%" and substitute *1.0%4’ in each case.

WNOTE This amendment only applies to certnin reprinted coples of BS
970 in which Amendment No. 4, PD 4814, was not correctly incorporated.
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AMD 553

Amendment SIip 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 15 necessary due 10 the pubhcation of Part 2 of the revision of B.S
970 covering the direct hardening elloy steels includng alloy steels capiuble of surface
hardening by nitnding.

Revised text
Foveword

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 nitriding refer to B S. 970 * Part 2 : 1970, *Wrought stecls in the
form of blooms, billets, bars and forgings®, Part 2, ‘Durect hardening alloy steels
including alloy steels capable of surface hardening by mitriding”.’

Part 1. General clauses

Table 3. Tensile strengths of hot rolled or normalised bars, billets, forgings and
drop forgings—other than frce-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 o pages 24
to 29 inctusive.

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, 124, 12B, 12C-En 13-En 16, 16A, 16B, 16C, 16D-En
16M-En 17-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 40C En 41A, 41B-En 100, 100A,
1005, 100C, 100D, 100E-En 110-En 111, 111A—En 160, 160A.



Copyright British Standards Institution

AMD 757

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

NQTE This Amendment 15 necessary due to the publication of Part 3 of the revision 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 stcels

Delete the final paragraph (for certain reprinted copies of the standard it wall
be necessary to delcte the last two paragraphs) commencing ‘For direct harden-
1ng alloy steels’, and substitute the following*

*For dwect hardening alloy steels including alloy steels capable of surface
hardening by nitniding refer to BS 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 tn the form of blooms, bullets, bars and forgings®, Part 4, ‘Stainless, heat
resisting and valve steels'.

Part 1. Genernl clauses

Clause 7. Provisiou of material for testing
Delete ‘(d) Casehardening steels * and substitute (d) Carbon and carbon mang-
anese case harderning steels’ -

Table 6 Tensile strengths of the cores of case-hardened steels. Delete the entries
related to' En37, En33, En34, En351, En36l, En35, En36A, En325, En3§2,
En362, En36B, En36C, En38, Enl53, En363, En354, En39A, En39B, En3s5.

Part 2. Specific requirements B

Delete the entries in the specific requircrucnts for the following steels® En33 —
En34 — En35, 35A, 35B - En36A, 368, 36C — En37 - En38 ~ En39A, 398 —
En206 — En207 — En325 — En351 - En352 ~ En353 — En354 - Enl55 - En361 —
En362 - Enl63,

Price 10p
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AMD 842

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 13 necossary duw to the publication of Part 1 of the revision of
B S, 970 covermg carbon and carbon manganese steels including free-cutting steels.

Revised text

Foreword, Delete the text of the existing Foreword cntirely 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 stcels in the form of blooms, billets, bars
and forgings’, Part 1, ‘Carbon and carbon manganese stecls including free
cutting steels’.

B.8. 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, ‘Stecls for case hardening’. (Presently covering alloy steels
for case haedening only).

B.S. 970 : Part 4 : 1970, ‘Wrought steels in the form of blooms, billets, bars
and forgings®, Part 4, ‘Stainless, heat rcsistant and valve steels’.
Amendments Nos. 6, 7, 8 and 9 have been published to delete, from ths 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 casc hardening will be added 1o 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 reviston. Thus, when these ace
published this 1955 edition will be withdrawn Uatil then it 1s necessary for 1t
to coptinue in existence so that requirements for carbon and carbon manganese
stecls for case hardeming 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 General Clauses of ths 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 10p Gr O
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Part 1. Geoeral clauses '
Insert the following Note between the main heading ‘Part 1. General clauses’ and

)

the first paragraph which commences ‘Ruling seuiion. In the selection .. .. .

i fandard and the
N B. Dus to tho publication of Patts 1, 2, 3 and 4 of the revision to this s
t}zlce};{i'on frora this s?ﬂndnrd of the stecls covered by these parts, certmn of the rcquuzeTcnts
given in those general clauses may no longor continue to apply (seu also the Foreword).

Table 1. Tensile strengths of cold drawn bars——other than free-cutting stecls.

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 stecls (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 1n the specific requirements for the following steels.

En 1A-En 1B-En 2-En 2A, 2A[1, 2B, 2C, 2D-En 2E-En 3, En 3A, 3C-En
3B-En 3D-En 4-Bn 4A-En §, 5K, 5A, 5B, 5C-En 5D-En 6, 6K, 6A-En 7-En
7A-En 8, 8A, 8B, 8C, 8D, S8E-En 8K-En 8M, 8AM, 8BM, 8CM, 8DM-En 9,
OK-En 14A-En 14 A/1-En 14B-En 15-En 15A-En 15AM-En 15B-En 43A, 43B,
43C, 43D, 43B.

Not for Resale
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AMD 981

Amendment Slip No. 10, published 9 June, 1972
to B.S. 970:1955

Wrought steels in the form of bars, billets and forgings
up to 61n. ruling section for automobile and
general engineering purposes

NOTE. This amendment 1s necessary due to the publication of Part 5 of the revision of
B S. 970 covering carbon and afloy stecls 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 scparate parts as follows:

BS. 970 Part 1:197!, *Wrought steels 1n the form of blooms, billets, bars
and forgings’, Part 1, ‘Carbon and carbon manganese stecls including
free-cutting steels’

BS 970 - Part 2 1970, ‘Wrought steels in the form of blooms, billets, bars
and forgings’, Part 2, ‘Direct hardeming 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 1n the form of blooms, billets, bars
and forgings’, Part 4, 'Stainless, heat resistant and valve steels’

B.S 970 : Part 5. 1972, ‘W rought steels in the form of blooms, hiilets, bars
and forgings’, Part 5, “Carbon and alloy stecls for the manufacture of hot
formed springs ’

Amendments Nos. 6, 7, 8, 9 and 10 have been published to dclete, from this
edition of B.S 970, those steel types which are now covered by the above five
parts of the revision and it 1s additionally intended that requirements for carbon
and carbon manganese stecls for case hardening will be added to Part 3 of the
revision, by amendment action. Thus, when this 1s published, the revision of this
1955 ecition 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

manganesc steels for case hardening will continue to be covered.
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It should also be noted that, as a resuit 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 of the specific requirements for the steels remalning
in Part 2 of B S. 970 * 1955.’

Part 1. Genern} clauses (as amended by Amendment No, 9)

Delete the Note (as inserted according to Amendment No. 9) under the man
heading *Part 1, General clauses’ and substitute the following:

‘NOTE Due to the publication of Parts 1, 2, 3, 4 and 5 of the rovision to this standard and
tho deletion from this standard of the steels covered by thesc parts, certain of the requirements
given i these gencral clauses may no longer continue to apply (see also the Foreword)."

Table 7. Summary of spring stecl bars. Delete this table entirely.
Part 2. Specific requirements

Delete the entries in the specific requirements for the following steels:

En 42, 428, 42C, 42D, 42E, 42F, 42G, 42]-En 43, 43G, 43J-En 44, 44B, 44C,
44D, 44E-En 45, 45A-En 46-En 47-En 48-En 48A-En 49A, 498, 49C,
49D-En 50,



