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ADDENDUM.

The following values are not subject to the|]
relaxations quoted on page 10:

| B.S.971. 1944,
Page 40. En.24 Z. lzod Value. . Complementary to
y» 46. En.42? and En.50. Maximum stress. B.S.970. 1942,
»» 46. En.51 to En.55. Brinell and lzod value.

,» 48. Emn.536. Maximum stress and fzod value.
.» 48. En.37 lzod value.
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Obituary

It is with feelings of deep and sincere regret that
we record the death on the 17th October, 1943, of Dr.
W. H. Hatfield, F.R.S., who was Chairman of the
Technical Advisory Committee from its Inception.
Whatever has been achieved owes much to his energy
and effort, which he gave unsparingly to this work.

Some months earlier, the Committee had suffered a
serious loss through the death of its Secretary, Mr. George
Stanfield, on the 20th November, 1942. The Members
wish to pay tribute to the skill and efficiency which he
applied to the preparation of documents and Minutes.

The Technical Advisory Committee was called into
being at the instigation of the Ministry of Aircraft
Production, and its work was greatly facilitated by the
manner in which Mr. W. H. Dyson, who died on the
25th May, 1943, gave practical effect to the recom-
mendations of the Committee.

The Members wish to record here their deep sense
of the losses sustained in these three men, who had served
so faithfully and to such good effect in this work, as well
as their feelings of personal loss of three esteemed
colleagues in the metallurgical world.
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Special and Alloy Steels Committee

Revised Personnel
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Mr. H. H. Burton* . .. English Steel Corporation Ltd..
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Mr. G. R. Bolsover i .. Samuel Fox & Co. Ltd.
Mr. H. Buill . .. Brown-Bayley’s Steelworks Lid.
Mr. W. E. C00pcr .. .+ Society of British Aircraft Constructors.
Mr. E.R. Gadd .. .. .. Society of British Aircraft Constructors.
Mr. P. Good .. . .. British Standards Institution.
Dr. R. Genders .. - .. Ministry of Supply, S.T.A.M.
Mr. W. E. Goodrich .. .. Wm. Beardmore & Co. Ltd.
Mr. E. W. Hague . .. Thos. Firth & John Brown Lud.
Mr. D. W, Hammond .. .« Wm. Jessop & Sons Ltd.
Mr. P. B. Henshaw o .. Kayser Ellison & Co. Ltd.
Dr. R. Hunter .. . .. The Clyde Alloy Steel Co., Lid.
Mr. F. A, Hurst .. =4 .. Samuel Osborn & Co., Ltd.
Mr. N. Tsaacs .. . .. Ministry of Supply.
Mr. T. Jolly . . .. Guest, Keen & Baldwins Iron & Steel Co. Ltd.
Mr. F. L. Levy .. .. .. Ministry of Supply.
Mr, K. Marshall . .. Ministry of Supply, S.T.A.M,
Mr. G, Meikle .. . .. Ministry of Aircraft Production.
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*Execunve

Special Panel.
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Mr. H. Bull . .. .. Brown-Bayley’s Steelworks Ltd.
Mr. I H. Burton S .. English Steel Corporation Ltd.
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Mr, W. E. Bardgett &= .. The United Steel Companies Ltd.
Mr. W. Barr . = .. Colvilles Ltd.

Dr. W. T. Griffiths ™ .. The Mond Nickel Co., Ltd.

Mr. H. Kitkby .. .. .. Thos. Firth & John Brown Ltd.
Mr. J. Pashley .. i .. Kayser Ellison & Co. Lid.

Mr. T. F. Russell e .. English Steel Corporation Ltd.
Mr, G. Wood .. .. Hadfields Ltd.

Dr. W. Steven (Secretary) .. Wm. Jessop & Sons Ltd.
General Secretary.

Miss M. K. Walshaw ., .. Brown Firth Research Laboratories.
Technical Secretary,

Mr, 8, Barraclough ; .. The United Steel Companies Ltd.

Mr. J. S. Bristow who had carried out much detaited tabulation of data, etc., resigned his position
with the T.A.C. in December, 1943, on taking up other duties. The thanks of the T A.C. are due to him

for a great deal of painstaking work. Documents
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A Schedule of
Special and Alloy Steels

covering
Billets, Bars and Light Forgings
up to and including 6 Ruling Section’

FOREWORD.

URING the two or three years preceding the outbreak of War several concerted
D efforts were made to rationalise stecl specifications for the automobile and aircraft

industries, but these were not brought to the point of issue. War conditions have
emphasised the necessity for rationalising steel specifications with the first objective
of making a very substantial reduction in the number of such specifications and,
at the same time, ensuring the provision of a schedule of special and alloy steels
calculated to cover the whole of the requirements of the fighting services and/or
industrial usage. The task of preparing this schedule was undertaken by the
Technical Advisory Committee of the Aircraft Special and Alloy Steels Committee
which was inaugurated by Lord Beaverbrook under the chairmanship of Sir Arthur
Matthews and subsequently extended to cover the requirements of the other Services
as well as those of the Air Ministry. This Committee has had the advantage of direct
co-operation with accredited representatives of the Services, and the schedule of steels
which follows has their approval.

The basic principle upon which steel specifications have successfully been
based in this country has been to specify the mechanical properties to be obtained
on a representative sample heat treated in a specified manner having due regard to
the mass of the test sample. Beyond placing a limit on the Sulphur and Phosphorus
contents and stating the type (e.g. Ni, NiCr, NiCrMo, MnMo, etc.) in fairly wide
terms, latitude has been permitted to the steelmaker to select the most suitable
composition within which he could best satisfy the purpose for which the steel is to
be used. =

An alternative method is to specify the range of analysis, and to indicate for
idance only the mechanical properties to be expected with a given heat treatment.
his method is not favoured.

It has, however, been suggested that it might be possible to specify such
narrow ranges of composition as to make it possible for all steelmakers to deliver
to a common stock to given specifications and for users to withdraw therefrom without
regard to individual casts or suppliers, and to obtain the desired properties by using
standardised heat treatments.

The following items were excluded from this consideration of the Commitiee :—

Pressed and haminer forgings, armout, steel castings, ordinary sheet and plate production, railway and mariie
requirements except as regards special and alloy steel within the sizes mentioned, and bulk production of general engineering
structural steels.

* Agtention is drawn to the supplementary.booklet, B.S.971A, dealing with a new series of low alloy
steels, En, 100, etc. See also page 95 of this publication.
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'The Committee have given very careful consideration to this fundamenta]
matter and are unanimous in advising against the latter procedure, for the following
reasons :

(@) The main objective of this work is to facilitate the supply of special and alloy
steels.

(6) A certain range of composition is essential in steelmaking and the ranges
necessary, if production is not to be hampered very seriously, would not
permit the really satisfactory application of this principle.

(¢) Any attempt to lay down the narrow limits of composition necessary to get
maximum production of satisfactory parts would inevitably result in such
a list of specifications as to vitiate the whole objective of the Committee.

(d) From the users’ standpoint there is diversity in methods of production
which necessitate close co-operation between user and supplier to ensure
the best results.

Therefore the Committee commend the schedules contained herein as repre-
senting the best selection of stecls having due regard to all the factors concerned,
maintaining the principle stated in the opening paragraph of this note.

It is to be understood, nevertheless, that the purchaser, or group of purchasers,
whether for immediate use or for the purpose of creating a reserve stock, is at liberty
to arrange the precise range of composition desired, and that the steelmakers will do
their utmost to comply with all reasonable demands.

For guidance in selecting the range of analysis for any particular application of
a type of steel, where for any reason such as considerations of heat-treatment operations
or stocking of such steels it is desired that the composition should be within a Jairly close
range, 1t should be noted that for a working range in the manufacture of the steel, limits

closer than the following are in general not practicable.

Carbon .. for .5% and under .04%,
over .5% + .05%,
Manganese .. for 19, and under + 1%,
over 1%, * -159%
Silicon .. for .59 and under L15%,
over .59, + LI15%
Nickel .. for1.5% and under + .15%,
over 1.5Y%, + .29%,
Chromium .. for 1.5% and under <+ .15%
over 1.5%, + 2%
Molybdenum for 1%, and under + 1%

In order to ensure that this work will achieve the whole of the benefits
envisaged by its promoters, it is important that designers on the one hand and
steelmakers on the other, should do their utmost to confine requirements to the
recommended steels. Machinery is available whereby any important development
can readily be introduced into this schedule, but, on the other hand, it is considered
that the present schedule represents the principal steels essential to production
without any sacrifice in the achievement of the desired service within the stated scope
of the schedule.

The types of steel and mechanical test requirements set out in this schedule
are based on selected existing specifications.
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The schedule also includes alternative steels to facilitate supply.

The information contained in the schedule does not purport to cover the test
and inspection requirements, for which the supplier and user must refer to the com-
plete specification cited in the schedule. (Certain exceptions will be found, however,
where the T.A.C. steel is not yet covered by a British Standard or other well known
Specification).

The creation, however, of this T.A.C. schedule made readily practicable: the
preparation of a new B.S. Publication No. 970 which contained a series of 58
specifications for special and alloy steels for General Engineering purposes.

In 1942, B.S.970 was revised and certain modifications made in the light of
further experience in the use of these steels. In the present issue of B.S.971 account
has been taken of these revisions, and the schedule of steels is based on the En. series
in B.S.970, 1942.

The two publications, B.S.970, 1942, and B.S.971, 1944, are issued as comple-
mentary documents, and the former is regarded as the practical application of the
T.A.C. Schedule for General Engineering purposes,

Since the first edition of B.S. 971 was issued the British Standards Institution
has published a Services’ Schedule of Carbon and Alloy Steels for Armaments and
Vehicles, B.S./S.T.A.5, based on B.S. 970, 1942, and incorporating the W.V. Schedule.

The composition ranges of the En. series and other steels in the T.A.C.
Schedule have, in some cases, been widened in order to cover relagations already
made and put into operation with regard to composition and also to leave to the
steelmaker some latitude within which he can select narrower melting ranges to suit
his own particular conditions, as well as to permit some modifications when dealing
with a variety of sizes. Certain of the modifications consisted in merging closely
similar specifications, or the improvement of existing ones.

Some additional information is included, e.g., data concerning proof stresses.
These wvalues are for information purposes only. It is to be emphasised that the
information in the column headed ‘‘Existing standard specifications and near
equivalents,” is indicative of the type of steel only, and for details the actual
specification should be consulted in each case. In cases where the steel given in the
schedule is not covered by any existing specification, and the T.A.C. number is
quoted, it is important that only the tests actually required to be made by the
Inspector or steelmaker, should be referred to in the order or contract.

A very important feature of this schedule is the statement of the limit of thick-
ness or ruling section up to which the mechanical properties quoted can be obtained
from the respective types of steel and it is regrettable that the publication B.S.
5005/1924 has occasionally been misused through lack of attention to this point.
"This matter cannot be too strongly emphasised and is dealt with fully on pages 15
to 19 of this introduction.
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THE MECHANICAL TEST VALUES GIVEN IN THE COMMENTARIES
AS COMPARED WITH THOSE IN THE SCHEDULE.

It has been explained that the values given in the Schedule are based upon
current specifications, and as everyone knows specifications consist of figures which
by common consent are deemed reasonable. They must apply within all the con-
ditions laid down. In the commentaries are found figures actually obtained by
the investigator in each case under the conditions in which he was operating. In
all cases the figures have been carefully scrutinised by the Committee and it is desired
that in no case shall figures in the commentaries be used to query the figures in the
schedule, or in existing specifications.

THE SPECIAL AND ALLOY STEELS IN THE SCHEDULE.

A careful study of the steels in the schedule will disclose that full advantage
is taken of the use of special elements in conferring the properties required. This
simple report cannot accord the space which would be necessary to discuss at length
special steel metallurgy, but the following table indicates the alloying metals and
elements whose influence in modifying the properties is being employed in the
Recommended Steels :—

Carbon steels.

Carbon manganese steels.

Carbon manganese silicon steels.

Carbon manganese molybdenum steels.
Carbon nicke] steels.

Carbon chromium steels.

Carbon nickel chromium steels.

Carbon nicke! molybdenum.

Carbon chromium molybdenum steels.
Carbon nickel chromium molybdenum steels.
Carbon nickel chromium tungsten steels.
Carbon nickel chromium titanium steels.
Carbon chromium vanadium steels.

Carbon chromium silicon steels.

Carbon chromium aluminium steels.

Carbon manganese nickel chromium steels.
Carbon manganese nickel chromium molybdenum steels.

‘The different elements are sometimes added in small proportions but at times
constitute a substantial percentage of the total weight of the steel. It has been the
object of the Committee to indicate alternative compositions where such exist for a
specific application. In a large number of cases however, it will be found that the
effect of the particular combination of elements is unique and it does not need the
Committee to emphasize that such alloy steels should only be employed during the
emergency for those essential purposes permitted by the relative availability.

RELAXATIONS IN REGARD TO SPECIFICATIONS.

The Technical Advisory Committee of the Special and Alloy Steels Com-
mittee has made a number of general relaxations to existing steel specifications, and
has also introduced certain modifications to particular specifications. These
decisions covered all steels to Ministry of Aircraft Production inspection during the
emergency period, the termination of which will be notified,

8
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For those purposes where the Ministry of Aircraft Production spectfications
have been quoted in contracts for Admiralty supplies, the relaxations have been
approved by Admiralty,

The details approved are as follows :

(1) Valve Steels, Valve Spring Wire, Stainless Steel Cables and Aerial
Wire. No relaxatons are permitted in specifications governing these materials,
so that the following specifications are maintained without modification :—

D.T.D.4A. D.T.D.13B. D.T.D.236.
D.T.D.sA. D.T.D.49B. D.T.D.282.
D.T.D.6A, D.T.D.181A. D.T.D.311.

(2) Chemical Composition. Discretionary powers are vested in the Steel-
works Approved Metallurgist to release material slightly outside the specified limits
of analysis. The relevant facts are to be recorded on the release note.

(3) Silicon Content. Where 0.309%, max. is specified as the maximum value
this shall be raised to 0.35%.

The silicon content of specifications $.80, D.T.D.6oB, 146A, 163A, 168,
I185A, 199, 225 and 301 shall be raised to 1.0%, max. instead of Q.5Y%,.

(4) Sulphur and Phosphorus Content. In carbon stecls where the specified
maximum for sulphur and phosphorus is 0.05%, up to 0.06%, may be accepted ;
where the specified maximum is 0.04%, up to 0.05%, may be accepted.

(5) Nickel Content. 0.30%, max. to be permitted in specifications :

D.T.D.124A. D.T.D.138A. 2S.14. T.35.
D.T.D.126A. D.T.D.305. 3S.21. T.45.
D.T.D.137A.
0.409, max. to be permirted in specifications :
D.T.D.87A. D.T.D.306.
D.T.D.286A. D.T.D.317A..

(6) Chromium Content. The minimum chromium content of specifications
S.80, D.T.D.60B, 1464, 163A, 168, 1854, 199, 225 and 301 shall be 15.5%, instead
of 16.0%,.

(7) Lead Content. Lead may be present to an amount not exceeding 0.30Y%,
in specifications :
3S.1. 28.14. S.24. 28.76. B.S.32. D.T.D.188A.
3S.6. 3S.21. S.71. S.77. D.T.D.126A.

(8) Maximum Stress. A value 219 below the specified minimum or 239
above the specified maximum will be accepted.

Exceptions are S.61, S.62, S.65, 28.81, S.82, D.T.D.166B and D.T.D.228,
for details of which see the relaxations to individual specifications on page 10,

(9) Proof Stress, A value 219, below the specified minimum will be ‘accepted,
except in the case of D.T.D.166B.

(o) Elongation. A reduction of 15% of the specified value will be accepted ;
€.g., 17% elongation will be accepted where 20%, is specified.

Exceptions are S.61, S.62, S.65 and 28.81, for details of which see the
relaxations to individual specifications on page 10.

9
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(11) Reduction of Area reed not be determined.

(12)  Izod Impact Value. A reduction of 20%, of the specified value will be
accepted.

Exceptions are 3S.1, 3S.6, S.61, S.62 and 28.76. Core tests will not be
required.
(13) Brinell Hardness Test. Where a relaxation is permitted in maximum
stress values, a corresponding relaxation in Brinell Hardness numbers will also be
permitted.

Bars from the same cast and heat-treated together shall be grouped in batches.
For bars £ inch diameter and under, only 10%, of the bars need be tested, and for bars
over § inch up to and including 1 inch diameter, 509, need be tested. For sizes
over I inch diameter, all the bars shall be tested.
(14) Nicked Fracture Test. For bars up to and including 2 inch diameter,
only 10%, of a batch need be tested. Over 2 inch diameter, all the bars shall be
tested.

This relaxation does not apply to forgings.
(15) Sulphur Printing (if done) and other Critical Examination. This type of
inspection is to be carried out at the place of manufacture of the steel without
forwarding to the constructor’s works.

(16) Relaxations to Individual Specifications.

3S.1. The maximum manganese to be 1.75%, instead of 0.9%.
Izod values will be accepted :

Bars §” diameter and under not less than 20 ft. [b.
Bars over £” up to and

including 11" diameter not less than 15 ft. 1b.
Bars over 11" diameter not less than 10 ft. Ib.

38.6. The minimum carbon to be 0.30%, instead of 0.35%,.
The Izod value must be not less than 10 ft. 1b.

S.61. The maximum stress to be from 35 to 48 tons per square inch, instead
of from 35 to 45 tons per square inch.
The minimum elongation to be 20%, instead of 25%.
The minimim Izod value to be 35 ft. Ib. instead of 45 ft. Ib.
'The Brinell hardness number to be not less than 152 nor more than 217,
mstead of 152 to 207.

S.62. The maximum stress to be from 45 to 55 tons per square inch, instead

of from 46 to 52 tons per square inch.

The elongation to be not less than 20Y%, as at present.

The minimum Izod value to be 25 ft. Ib., instead of 35 ft. lb.

The Brinell hardness number to be not less than 202 nor more than 248,
instead of 207 to 235.

S.65. The maximum stress to be from 65 to 75 tons per square inch, instead
of from 65 to 70 tons per square inch. (The 249, relaxation may be
applied to the lower limit.)

The minimum elongation to be 16%,, instead of 17%, except that on
bars of 4 inch diameter and over, the minimum value shall be 14%.

The Brinell hardness number to be not less than 293 nor more than 341,
instead of 293 to 32I.

10
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S.67. The maximum manganese content to be 0.45%, instead of 0.35%.
The maximum chromium content to be 0.20%, instead of 0.10%,.
2S8.76. The minimum carbon content to be 0.30%, instead of 0.35%,.
For bars of 4 inch diameter and over, the minimum Izod value to be
25 ft. 1b., instead of 35 ft. Ib.
28.81. The values accepted for S.65 shall apply.
S.82. The maximum stress to be not less than 8o tons per square inch, instead
of 85 tons per square inch.
T.2. The range of carbon content to be 0.20%, to 0.35%.
D.T.D.60B. The Brinell hardness number for sheets thicker than 12 s.w.g.
supplied in the softened condition to be not more than 245, instead of
235.
.T.D.82. The maximum carbon content to be 0.12%,, instead of ©.10%,.
.T.D.166B. The proof stress to be from 38 to 54 tons per square inch, instead
of 40 to 50 tons per square inch.
The maximum stress to be from 50 to 73 tons per square inch, instead
of 52 to 70 tons per square inch. ‘
D.T.D.228." The 219, relaxation on maximum stress applies only to the lower
limit and not to the upper limit.
D.T.D.254. The range of carbon content to be 0.20%, t0 0.35%,.

D
D

(17) Marking. Sheets may be marked by stencilling, instead of painting, if
desired, Bars may be painted on one side only, or on approximately one quarter of
the circumference, instead of all round. Bars and strips up to and including 1 inch
major sectional dimension may be bundled and the identification marks stamped on
a tag attached to each bundle.

(18) Use of Open Hearth Steel. With the consent of the purchaser, the
steelmaker may supply open hearth steel in place of electric steel.

(19) Alternative Steels. Whenever possible, the steelmaker will endeavour
to supply steel to the specification quoted on the order, but in certain circumstances
the particular steel required may not be readily available. In such instances, the
steelmaker is permitted to offer steel of an alternative chemical composition, provided
that the purchaser agrees to an alternative being supplied and provided that the
mechanical test requirements of the specification ordered are complied with.

USE OF T.A.C. REFERENCE NUMBERS.

These are not to be quoted in enquiries and contracts, but the appropriate
Ministry of Aircraft Production or other Service, British Standard, or other specifica-
tion numbers must still be employed. The T.A.C. reference numbers are for cross
reference for steelmakers’ use only. The steelmaker will supply to the Air Ministry
or other Service specification quoted or to the approved recommended steel. In
ordering Billets or Bars for drop stampings the purchaser should state the
largest ruling heat-treated section, as it is this section and not the billet
section which determines the selection of the steel analysis.

It is important that the full requirements laid down in Air Ministry and other
specifications should not be called for unless these are known to be essential, and
it is preferable in all such cases that the B.S.970 En series of specifications should
be employed. o

11
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GENERAL PROPERTIES AND THEIR CONSIDERATION IN RELATION

TO DESIGN.

The selection of the type of steel for a given application should be
based on consideration of the particular conditions of service to which the steel
and the component part into which it is made are to be subjected. The conditions
of service involve many varying features. Those which usually receive first con-
sideration are : the nature and intensity of stress to which the partis to be subjected ;
the conditions with regard to structural rigidity (or alternatively with regard to the
flexibility or resilience) ; conditions as regards abrasion from various causes, including
sliding contacts necessitating consideration of surface pressures, lubrication and
the relative importance of resisting changes of dimensions by wear ; conditions with
regard to shock and other causes of accidental or abnormal over-stressing; the
importance in certain cases of minimising the weight of the particular component ;
the relationship and importance of the component to the complete unit of which it
forms a part.

Apart from mechanical features other conditions of service need consideration,
such as temperature and variations in temperature to which the part is to be sub-
jected ; the importance in special cases of controlling the amount of thermal expansion
and contraction which such changes of temperature involve ; and the conditions of
exposure of the part to corrosive and/or oxidising influences and whether the
resistance to such influence is of fundamental importance for the part concerned.

Other not less important factors in the selection of material for a particular
part are those which affect the fabrication of that part. Such features are for example,
machinability, forgeability, weldability, response to heat treatment, response Lo various
forming operations cold or hot, and response to cleaning, grinding, polishing and
other finishing operations.

In view of all these varying factors affecting the manufacture of the part and
affecting service conditions and the very wide variations which exist in the duties
to which the parts are subjected, it is not surprising that a wide variety of materials
to give the required properties in various combinations should have come into being.
In spite of attempts to reduce the varieties of steel employed a large number of
varieties still remain, most of which are fully justified by their special characteristics.

It is the duty of the designer to have sufficient appreciation of the properties
of the various materials available to enable him not only to select the material most
suitable for any particular part, but also to arrive at such a disposition,
shape and proportioning of the part as to make good economic use of the material

employed.

From a glance at the various sub-divisions in the schedule it will be seen
that the materials to a large degree group themselves in relation to the factors
enumerated above.

Referring particularly to mechanical properties, the data given comprise
proof stress values, ultimate tensile strength, elongation per cent., and Izod impact
value. The proof stress values quoted (which it should be re-emphasised are only
given as typical values and must not, except by special agreement, form the basis
of specifications), are given corresponding to three amounts of permanent set—
0.I per cent., 0.2 per cent., and 0.5 per cent. This has been done to meet the
variations in practice followed in different industries and by different designers.
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The Elongation per cent. serves as an indication of the ductility
of the material whilst the Izod Impact figure serves as an indication of the notch
toughness, i.e., the resistance to fracture of a notched specimen, the toughness under
these conditions of testing, varying between the different materials quite independently
from the toughness determined in the absence of notches. Reduction of area per
cent., as frequently determined in the tensile test has not been quoted in the tables,
and in present times it is notincluded in most specification requirements. No direct use
is made in design of any of these measures of toughness and ductility, although
indirectly they are employed as a safeguard against premature failure, and against
failure under conditions of abnormal loading. These latter include accidental or
incalculable causes, local concentrations of stress, and shock or other conditions
leading to abnormal deformation. ‘

Where the stresses to be withstood can be determined with reasonable
accuracy it is possible to design, with safety, to quite high working stresses and make
advantageous use of high tensile steels. The greater the danger of shock and local
deformation the more important is it to provide toughness, and since in general
ductility and toughness decrease as hardness and tensile strength increase, the choice
of tensile properties to be specified in a given part is usually a compromise, based on
the degree to which it is necessary to provide against the contingencies mentioned,
as well as by the magnitude of the estimated normal working stresses.

For a given tensile strength there are various orders of toughness obtainable and
a good “ quality ”* of steel is necessary to give a good combination of these properties,
whether dealing with high, low or medium tensile steels. Quality in this sense
depends not only on the selection of composition, but on the method of manufacture,
methods of working, and methods of heat-treatment, of which cleanness and structure
give some indication.

A certain heterogeneity within a mass of steel has also to be recognised. Efforts
are made to keep this to a minimum but the difficulties increase with size of the ingot.
In addition there are directional differences, the ductility measured across the direction
of working in the wrought condition being appreciably lower than that in the
longitudinal direction. This feature should be recognised both in the mechanical
test requirements and in design of parts. Special attention is directed to the fact
that the Elongation and Impact values quoted in the schedule correspond to
longitudinal tests.

On the question of design stresses there are different methods of approach
and various conceptions as to what should be done. It is clearly necessary that if a
part is subjected principally to alternating stresses, the resistance to alternating
stresses should be the basis of design. If the stresses are unidirectional the Yield
or Proof stress may be the basis. In exceptional cases, the Limit of Proportionality
may be employed, but this should only be applied if the circumstances are such that
the slightest permanent change in dimensions—of a much lower order than that used
in proof tests—would lead to scrious trouble in service.

The above remarks apply whether dealing with direct stresses or shear stresses.
It is customary and wise that the working stresses should be somewhat less than the
Proof, Yield, or Fatigue Limit whichever is taken as the criterion of strength, the
“ margin ” being allowed to provide against contingencies. How much this margin
should be calls for very careful judgment, One difficulty which designers have to
face is that their calculations of stress are often based on insufficient or inaccurate
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data and further, that the calculations themselves may be too complicated for accurate
solution. A “ factor of safety ** has ‘o be assumed, and it is only by experience that
reasonable factors of safety are arrived at.

Where conditions are fairly accurately known and where it is important to
minimise weight, etc., by employing the highest safe stresses, a working stress of
two-thirds of the 0.19, Proof Stress (or of the Fatigue Limir for alternating stresses)
should be practicable. Many designers prefer a ratio of a half or a F.S. of 2 : 1 on
proof stress, whilst others take a similar factor on yield point. In either case for
ordinary carbon steels, this means a F.S. in the region of 4 : 1 based on ultimate
tensile strength. As already mentioned the possibility of special shocks or other
abnormalities may necessitate an increase in the factor of safety, The use of heat-~
treated alloy steels which give generally a fairly high ratio of proof stress to maximum
stress permits higher working stresses with such steels if dealt with on a proof stress
basis.

For alternating stresses under conditions of cqual and opposite limits of stress,
the fatigue limits are round about 50%, of the ultimate tensile for the lower tensile
materials and a little over 40%, for the higher tensile materials (except where brittleness
intervenes) and thus a 2 : 1 margin between working stress and fatigue limit would
correspond to 4:1 or §5:1 F.S. on Maximum Stress. For many purposes higher
working stresses are permiissible, but this again depends on the unknown con-
tingencies. For systems of combined alternating stress recently published work has

indicated a method of assessing the effect.

Bearing pressures for sliding surfaces are not determined by strength con-
siderations ; they must take into account speeds, lubrication and nature of bearing,
and working values for various conditions have been reached as a result of experience.

Case hardened parts and parts surface hardened by nitrogen treatment
whilst having advantages in resisting wear also have greater strength for resisting
bending and torsional stresses than the same materials not so hardened.

For parts working at elevated temperatures the strength at the temperature
should be considered.  “ Creep ” strength should be considered if working
temperatures above about 400°C. are in question.

The ultimate test of any design is experience in service, correlated with actual
working stresses so far as they are known.

It is essential when selecting the type of steel to be used that the designer
should satisfy himself that the desired properties can be obtained in the secrions
dealt with, For any particular item being produced from the billet, bar, or forging
supplied, that part which is most important from the point of view of the mechanical -
properties obtained after heat treatment is characterised as the ruling section and
the ruling section should always be referenced to its equivalent in the form of round
bar.

SUPPLEMENTARY DOCUMENT.

A new series of steels is being formulated with 2 view to utilising to the greatest
advantage the alloy content of steel scrap.  Specifications for two such steels have
already ‘been issued in an addendum to B.S.970, 1942, viz., En.100 and En.I10.
The series also includes new case-hardening steels and En.26x1 and En.202 (originally
En.101 and En. 102) are also catered for in addenda to B.S.970, for carbon-
manganese case-hardening steels having a minimum specified tensile strength of
40 tons per sq. inch.
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Particulars of these steels are given in a supplement to this publication,
B.S.971A, pages 95 to 98, to which data will be added on further steels, at present
under consideration, as they are developed.

“RULING” SECTION, “EQUIVALENT” SECTION AND SO-CALLED
“MASS EFFECT.”

In the selection of a steel for a particular article, one of the most important
considerations is whether the mechanical properties required can be obtained, after
suitable heat treatment, in the size and shape of the article in question. That the
effects of size and shape upon the mechanical properties resulting from a particular
heat treatment are often not fully recognised can be seen by anyone familiar with the
many mis-applications of B.S.I. Specifications which are encountered ar the present
time,

One of the chief objects of the present publication is to draw attention to
the influence of size and shape in determining the properties which may be obtained
in steels of the types listed in the new B.S. En Specifications.

- The term ‘““Mass Effect” is commonly employed by metallurgists to signify
the effect of size and shape during heat-treatment, but though convenient, it is not
strictly correct and may be misleading unless it is understood that it is the Rate of
Cooling of a piece of steel which determines the properties resulting from a hardening
or quenching process. The term ““Mass Effect” is, therefore, correct only in the
sense that a piece of steel 6" in diameter may be said to be more ‘‘massive’ than
one of the same length, but only 3” in diameter. During a quenching process the
former would obviously cool, over the same range of temperature, much more slowly

than the latter.

At this point, it is necessary, perhaps, to state that the rate of cooling of a
piece of steel depends upon various factors other than the ‘‘massiveness’ of the
section, as illustrated in the preceding paragraph. Specific heat, thermal con-
ductivity, and the incidence of phase changes all have an influence, but for the purpose
of this portion of the report such factors must necessarily be left out of account,
and attention concentrated upon the effect of size and shape upon the rate of cooling
of steels which are similar in their general physical (not necessarily mechanical}
properties.

The term ““Ruling Section,” is referred to in many B.S. Specifications, and all the
figures given in the schedules for the permissible size of bar corresponding to a particular
range of mechanical properties refer to the diameters of parts of circular cross section.
Since many parts at the time of heat treatment may be rectangular or of other form in
cross section, however, it is most desirable that there should be some means of relatmg
the rate of coohng for, say, a rectangular section with that of its ‘‘equivalent” section
in the form of a round. To do this experimentally would involve a colossal number
of experiments, and for our present purpose a mathematical method has been
adopted for finding the diameters of round bars, the centres of which would cool
through a given range of temperature in the same time as the centres of rectangular or
square bars of different sizes. The methods employed are fully described in the
first report of the Alloy Steels Research Committee, Iron and Steel Institute, Special

Report No. 14, 1936, page 149.

* Although the calculations were made for cooling from 820° to 300°C. in air
or oil at 20°C.,, the results are equally applicable to any range of temperature where
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the drop in temperature at the centre has the same ratio to the original temperature
(relative to the surrounding medium) as for the conditions assumed, i.e., where :—

Temp. at centre of piece —Temp. of Oil (Air)

=0.35

Initial Temp. of piece — Temp. of Oil (Air)
Moreover, the results apply to any range of temperature where the time of cooling
is such that only one term in the expansions of formulae given is required—see
reference above,

For oil quenching “h”* is taken to be 0.8,

For air cooling ““h” is taken to be 0.03 ; this is slightly high, but the results
are approximately the same for all values of “h” between 0.015 and 0.03.

The results of these calculations are given here in the form of tables for con-
verting plates or rectangular sections into equivalent rounds for oil quenching and
air cooling respectively. For most purposes a table giving direct conversion into the
“‘equivalent round” is the simplest to use, but for those who prefer to employ a
factor, two graphs are also included, from which it is possible to read the factor by
which the side of a square section, or the thickness of a rectangular section must be
multiplied in order to arrive at the “‘equivalent round.” As an example of how the
table should be used, a point at the centre of a square section of 1}” sides will cool
over the range of temperature covered in the tables in the same time as a round
section of 1.620" in diameter, whilst the “‘equivalent round” for a rectangular section,
having sides 14" and 3" respectively, will be 2.124" diameter, and so on.

The curves and tables must only be used to compare sections of the same
steel. They must not be used for comparing, say, a pearlitic steel with an austenitic
steel, or even two different pearlitic steels having different critical cooling speeds.

For those who wish to employ a still rougher approximation for conversion
into ‘‘equivalent round,” it will be evident from the graphs that over certain ranges
of thickness, an approximate factor may be employed for a number of sizes, which
will give results sufficiently. close for many practical purposes.

Thus, for rectangular sections, where the breadth js 14 times the thickness,
it will be seen that for thicknesses between 1” and 4" the rectangular section may be
converted to its equivalent round by multiplying the figure for the thickness by 1.28.

Sections other than rounds or rectangles are difficult to treat mathematically,
but close approximations may usually be obtained,

Of the simpler sections which are likely to be encountered, octagonal and
hexagonal parts are intermediate in cooling rate between round and square sections,
the order of increasing time of cooling being as follows :—

Round, Octagonal, Hexagonal, Square.

Refererice to the graphs shows that for oil quenching, the conversion factor (based
in this case upon the dimensions of the octagon or hexagon across the flats), will be

* “h* represents the quantity of heat transferred per unit area 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 involved are assumed to be expressed in C.G.S. units and temperatures in degrees
Centigrade.
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EQUIVALENT __ROUNDS ror RECTANGULAR SECTIONS & PLATES. |
DIAMETER OF ROUND = FACTOR X THICKNESS (INCHES) |
o0 Qi QUENCHING.

|
-7 | | M I (o
(IS5 e, " | S | =
v 11 1 1 \x |- il ‘
o C L T T— ——— - L [
E 15 | T ."‘ﬁqh-‘-—_‘ %-“t 2 pLPTEl |
Q 1 —— | 1 =
4 / ! | | : ' ¥-3 |
: -4 | — |- T $ee
7 T i
Y . | B S S S = =
A o e i s o
' i
| HEEEEEN HEREEE

2 5 r
THICKNESS OF SECTION IN _INCHES.

Table :.
Table for Converting Plates or Rectangular Sections into Equivalent Rounds.
Oil Quenching.

B—EBreadth of Section. T==Thickness of Section. ?:zx for Plate.
DIAMETER OF ROUND GIVEN [N INCHES.

B

T
T 1 | L 2 24 3 _ o |
¥ 52 630 706 762 797 863 |
1 1070 1-280 1424 o1t | 1572 1-636
1y 1-620 1.922 2124 | 2-250 2322 L 2.382
2 2160 2.560 2-824 2.970 3-052 3-104
24" 2-705 3200 3-520 3-685 3-770 3-830
s | 3252 3-840 42 4392 | 448 L 4esa8
sy | 379 | 4480 | 4.900 5096 5194 5-264
& 4336 5120 558 5-784  5-904 5976
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FACTOR.

2-0

EQUIVALENT RounDS For RECTANGULAR SECTIONS & PLATES.

DIAMETER OF ROUND = FACTOR x THICKNESS (NCHES)
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Table 2.
Table for Conversion of Plates or Rectangular Sections into Equivalent Rounds.
Air Cooling,
B--Breadth of Section. T=Thickness of Section.. -%-:oc for Plate.

DIAMETER OF ROUND GIVEN IN INCHES,

B

=
T 1 | 4 2 |z 3 34 4 o
v -503 -603 672 | 720 758 | 787 -810 990
17 T8 | 1212 | 1350 | 1-448 1.528 1-585 | 1632 1-962
1y | 1515 187 | 208 | 218 2-307 2:400 | 2-466 2:926
2’ 2022 | 2:440 | 2716 | 2924 | 3092 3-220 3-310 3-864
27 | 2535 | 3055 | 3405 | 3-663 3-870 4035 4-153 4-800
¥ 3-048 3-672 | 4098 | 4-404_ 4644 4-842 | 4-992 5-718
3y | 3563 4-295 4799 | 5-145 5-418 5653 | 5-828 6-622
& 4-078 4920 5492 ’ 5-884 6192 | 6460 5660 | 7.504
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somewhere between 1.0 and 1.085, so that if the factor is estimated intelligently,
no serious error can be introduced. For air cooling the variation between the factors
for square and round sections is still less, so the results for octagons and hexagons
can be estimated still more closely.

For oval sections with major axis ‘‘a” and minor axis ‘‘b,” the centre will
cool more slowly than that of a round of diameter “‘b,” but more quickly than that of
a rectangle a x b. More accurate results may be obtained by converting an oval
section to its equivalent rectangular section having sides of dimensions ‘“‘A” and ‘B,”
such that the area of the rectangle is equal to the area of the oval section and A : B as
a:b. Careful consideration must be given to those cases where the *‘section” varies
along the length of a forging or other part, in order to decide which section is to be
looked upon as the controlling section at the time of heat-treatment. In the case of
parallel shafts having flanges, collars or other enlarged portions, the length of such
enlarged portion in relation to the diameter should be taken into account. If the
ratio of length to diameter is great then the ‘‘diameter” of such portion will naturally
be the determining dimension, and if the ratio is small the part may be viewed as a disc
or plate in which the thickness is the determining feature. For intermediate cases the
distance from the centre of the enlarged section to the nearest point of the external
surface will in general decide the ruling dimension. At the same time the importance
or otherwise of the properties necessary at the portion in question must be considered.

WELDABILITY.

These notes relate essentially to metallic arc welding and do not claim to be
more than a very general guide in assessing the weldability of various types of steel.
It is not intended to discuss the merits of different types of electrodes. It is well-
known, however, that the quality and type of electrode, as well as its size and the
we{ding technique employed, are all of importance in producing a sound and reliable
weld.

Considering, however, the metal to be welded, it may be stated broadly that
weldability is influenced profoundly by the carbon content, and it is generally
accepted that about 0.3%, of carbon, with other constituents normal, represents the
limit of easy weldability in constructional steels substantially free from alloys.

A recent publication by the Institute of Welding, Reference T2, surveys
the subject of welding high tensile structural steels, from which the following notes
are abstracted :— -

“The weldability of a high tensile steel is inversely related to the percentage of
carbon and other alloying elements which it contains—the effect of carbon
being the most important and far greater than that of the other elements.
The greater the amount of carbon, manganese, nickel, chromium, molybdenum,
copper, etc., present in the steel, the harder will the weld junction tend to
become, and the greater will be the tendency for the formation of cracks in
the hardened zone.

In general, a Iow carbon high alloy steel will be more readily weldable than a
high carbon low alloy steel. The designer should choose the steel with such
composition as to give the best weldability for the mechanical properties
required. In general the thicker the plate the higher must the carbon be kept
to maintain a given mechanical strength. The hardening of the weld junction
results from the sudden cooling of the metal, and since thick plate gives a
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quicker cooling rate the hardness of the junction increases with plate thickness.
As the thickness increases the potential difficulties increase, particularly the
danger of cracking when welding restrained joints.

For a given steel the hardness of the hardened zone can be kept down by
reducing the cooling rate of the weld and adjacent plate. This can be done
by increasing the size of the electrode and of the run weld metal, both of which
increase the concentration of heat put into the plate.

A study of the welding hardness induced in various steels when subjected
to a test giving conditions of extreme restraint on a fillet weld (Reeve cracking
test) indicates that, below a certain value of hardness in the hardened zone,
there appears to be no tendency for the formation of cracks. When ordinary
mild steel or high tensile electrodes are used it has been found that no cracking
occurs with hardened zones of up to 350Hd. Above this limit the tendency
to crack increases with increase in hardness. With special types of mild steel
electrode the tendency to crack is reduced, and hardnesses up to 450Hd. are
possible without cracking, and, with certain types of austenitic electrodes the
limit may be as high as about 6ooHd., and the deposit from such electrodes
is immune from cracking, whatever the size of the weld or the composition of
the high tensile steel plate within wide limits. The presence of the hard zone
must, however, be taken into account in considering the use of the finished
article.” '

The memorandum gives specific instructions for welding, with particular
reference to the type of electrode used, minimum fillet sizes required to prevent
cracking, and a note on pre-heating or post heating, gas cutting, etc. These specific
recommendations apply more particularly to stecls not exceeding 45 tons tensile in
the rolled (or normalised) condition, and with a total alloy content not exceeding say
3%. In the welding of the more highly alloyed steels, i.¢., having strong air harden-
ing properties, the problem of producing crack free welds is more difficult, and the
present recommendation is to use an austenitic type of weld rod. A further publica-
tion by the Institute of Welding relating to the more highly alloyed steels is expected
very shortly.

For the fabrication of vehicle structures by welding, weldable alloy steels giving
a yield point (0.2%, proof stress) of up to 28 tons (e.g. En. 13) are available
and may be used up to a thickness of about § inch with mild steel electrodes in good
welding practice, preferably, however, with austenitic electrodes for the final joints.
: Steels are available for minimum design yields of lower values, e.g., 21/23 tons/sq.
¢ inch. For the present, steels having yields higher than 28 tons per square inch
: are not recommended for large welded structures except in very special cases,

There is no difficulty in the production of the medium and high tensile steels
in forms suitable for welding fabrication, and where under present circumstances,
supplies may not be readily forthcoming, this is generally due to the potential demand
being unknown.

- Where the welding of alloy steels is concerned, designers and engineers are
advised to consult their respective steel suppliers and/or welding experts in the
selection of the most suitable steel and welding technique.

The metallurgical principles involved in spot welding are similar to those outlined
above. The hardening characteristics apply to an even greater extent as a result of the
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sudden cooling. It is important therefore that carbon (and alloying elements having
quench hardening tendencies) should be limited, precise limits being dependent

upon the thickness to be welded. Austenitic steels and austenitic stainless steels

spot weld readily.

Research work is continuing on the welding of steel of higher alloy content
and a number of further valuable memoranda have been prepared and issued by the
Institute of Welding. 'The suggestion has been made that the “weldable” steels
in the appended schedules should be indicated, but a little consideration will show
that it is impossible so to classify these steels without a full consideration of the
thickness involved, type of joint and final properties required. Close liaison is
maintained with the Institute of Welding on this subject and a suitable joint
memorandum will be issued when deemed opportune.
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Classification of Steels in the Schedule.
Bars, Billets, Stampings and Light Forgings.

T.A.C. 1 to 6. Carbon Steels

Pages 26 to 28

En.9

End ...
En.dA

En.2 ..
En.2A

En3 ...
Eng ..
En5 ...
Ené ...
En7 ...
En.7A

En8 ...

En.10 ..,

TAC1A

TAC.1B
TAC.2B and TAC.3D1
TAC.2A
TAC.3A and TAC.3D2
TAC.3B

TAC.3C1 and C2
TAC.4

TAC.4NA

TAC.4NB

TAC.5
TAC.6A1 and A2

TAC.6B1 and B2

T.A.C. 7 to 16. Alloy Steels 40—100 tons/sq. inch tensile strength .. Pages 28 to 40

CONDITION
Q R ‘ 5 T U v ‘ X Y z
40/50  45/55 | 50/60 | 55/65 | 60/70  65;75  70/80 } 75/85  80/90 100
tons tons | tons tens tons tons tons | tons tons min.
©TAC) TAC/ |
En.11 - - - 7A - 7B - | = _ _
TAC/ | ‘
En.12 BA — b — _ — _ — — _ i}
TAC/ ; ! |
En.13 88 — | — i — — — — —_ - —
TAC/ | TAC[ | :
Endi  8WB | BWC & — — — — —_ — I = _
TAC/ | TAC/ TAC/ .
Enis . 8C ‘ 98 | 10AA  — = — S . _ —
‘ TAC/ . TAC/ TAC/ - TAC/ TAC/
En.16 — 9A1 - 10A1 | 11A1 - 12A1  13Bd — — _ _
_‘ | TAC/ TAC!  TAC/ TAC/ TAC/
En.i7 9AZ  10AZ @ 11AZ  12A2  13B2 " - - .
TAC] TAC| | TAC/
En.18 - 9C 108 1B - | - — — _ -
TAC/ TAC/ | TAC/ TAC/ TAC/ TAC/
En.19 — 9D 10C 11C 128 13C 14E — — -
TAC/ " TACT |
En20 | —  — — 1Y — 13y S _ —
TAC/ | TAC/ | )
En.2{ — 9E  10D1 . — - - — — _ _
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T.A.C. 7 to 16 Alloy Steels, 40—100 tons/sq. inch tensile strength .. Pages 28 to 40

I
; CONDITION,
‘ Q | R | s T u [ Vv [ w X Y z
\ 40/50 | 45/55  50/60  S55/65 | 60;70 = 65/75 = 70/80 | 75/85 ' 80/90 | 100
| tons tons i tons tons | tons tons tons | tons ‘ tons min,
o | TAC/ TAC) !
En22 | — — 10Dz ' 11D — - — — — —
TAC/ | TAC/ | TAC/ | TAC/ _
En23 | — — 10F 11F 12E 1 13D - — — —
TAC/ | TAC/ : TAC; | TAC/ | TAac/ | TAC; | TAac/ | TAC)
En.24 — — 10E 1ME | 12C | 13A | 14A | 14XA | 15A | 16A
: TAC/ | TAC/ = TAC/ | TAC/ | TAC/ | TAC/ | TAC/
En.25 — | =1 = 191G | 12D1 | 13E 14B | 14XB | 15B | 16B
' _ TAC/ | TAC/ | TAC/ | TAC/ | TAC/ | TAC/
En2 « — | — — — | 12D2 | 18F | 14C | 14XC | 15C | 16C
TAC/ TAC/ | TAC/ | TAC/
En.27 - | - — 1 12F | 13G | 14D — | - =
‘ TAC/ | TAC! | TAC/ . TAC/
En.28 — iy — — — 12G 131 14F — 15D —
| TAG/ | TAC/ | TAC/ =~ TAC/ TAC/ TAC) . TAC/
En.29 — 9F | 10G : 111 | 12H  13H  14G — — 16E
_ | _‘ TAC/
En.30 = l - | = — — — — — — 16D
T.A.C. 17. Ball Race Steel, En, 31 .. R . 7 2. .. Page 40
T.A.C. 18 to 21. Case Hardening Steels. ‘s o . .. Pages 40 to 43
CORE STRENGTH.
32 tons. 45 tons ao;s 65 tons 85 tons
En.a32 TACHS — - - —
En.33 = TAC/19A = - —
En34 = TACHE ~ — — —
En.35 . — TAC/20C . —
En.36 — — TAC/20A1 TAC/20A2 —
En37 — TAC/19C — — —
En.38 - — — TAC/20B —
En39 — _— — — TAC/21
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T.A.C. 22 to 24. Nitriding Steels Page 44
CORE STRENGTH
35 tons 45 tons [ 50tons 55 tons 40 tons
End0 — TAC/228 | TAC[23Ct TAC/23C2 TAC,24
En.41 TAC/22A1 TAC/22A2 — ‘ TAC/23A | —
DTD 228 — — — TAC/23B —
DTD 286A - — = Taco —
T.A.C. 25 & 26. Spring Steels = . Page 46
En.42 TAC.25A0
En.43 TAC.25AW
En.44 TAC.25AC
En.45 TAC.25B0
En.46 TAC.25BW
En.&7 TAC.25CV
En.48 TAC.25C
En.49 TAC.26A
En.50 TAC.26B
T.A.C. 27 & 28. High and Low Expansion Steels Page 46
T.A.C. 29. Engine Valve Steels Page 46
En.51 TAC.29A
En.52 TAC.29B1
En.53 TAC.29B2
En.54 TAC.29C
En.55 TAC:29D
T.A.C. 30 to 33. Rust, Acid and Heat-Resisting Steels Pages 48 to 51
En56A TAC.30A
En.56A1 TAC.30B
En.56A-M TAC.30C
EnSé TAC31A
En.56M TAC.31C
En.57 ... TAC.32
En.58 ... TAC.33A1
En.58A TAC.33A2
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While it is intended that the En. steels should form
the basis of post-war specifications, the selection of
“recommended ” and  alternative ” steels must of
necessity, meantime, take into account war time condi-
tions. This document being a companion to B.S.970
has therefore been revised to correspond with the latest
issue of B.S.970.

It is emphasised, however, the use of steels quoted
in these documents is governed by * directions * issued
from time to time by the Steel Control, the current
issue being 970 C.
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N

BARS, BILLETS, STAMPINGS and LIGHT

Corresponding MECHANICA|
. En I
L Specifications Proof stress value ==
TAC D t d T - h
weden S I o e
No. Applications. Steel. (as regards /5910 M.5. ‘ El |
composition 0-59; | tons/ |
only). 019, | 0-29, Proof | 9. .
Proof | Proof or Y.P. i
TACH | FREE-CUTTING STEEL for low duty | o
bolts, nuts, studs, etc. | ikt
i)
""I'I.'}'
26
milny
TAC/2 | MILD STEEL for very lightly stressed ).
details of all descriptions. ‘ A
8
min
IEh.
TAC/3 | ‘20’ to *30° CARBON STEEL for air- 25
" | craft sockets, tube plug ends, lightly mia
stressed brackets, levers, bolts, nuts, 9%
studs, etc. mif
25
rriti
25
mif
5
mips
 Ir
il
- — —
TAC/4 | 35/45 ton BRIGHT CARBON STEEL 15
for machined details. | mim
TAC/ | 35/45 ton BRIGHT CARBON STEEL 15
4N for nuts only. mify
15
mins
)
TAC/5 | ‘40’ CARBON STEEL for bolts & M/c 20
details in general, motor connecting i
rods and crankshafts and parts re- '
quiring strength and wear resistance
without specially high impact |
strength. ‘ |
|
nfarmatiog
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“ORGINGS up to 6" ruling section.

PROPERTIES. COMPOSITION PER CENT. Mechanical
Properties
— - = B specified are
woilt:tf?rlnn?:mee L?r?1||');s Condition.
lzod C. Si. Mn. Ni. Cr. Mo, S. p. of Thickness or
ft.lbs. Ruling Section
! given below.
20 | 10 60/ — = — |20/ 10 Cold drawn.
max. | max. 1-20 30 max.
Other finishes.
07/ | 10 | -80; — —_ = 20 07 Cold drawn.
15 | max. 1-20 30 max.
Other finishes.
20 15 .80 - — — 06 04 Hot rolled or
max. | max. | max. max. max. normalised.
Annealed.
15/ .05/ | -40/ — - — 06 | 06 Hot rolled or
25 | <20 -80 max. | max. normalised.
-25 ¢/ 1.0 - — — 06 06 All sizes. As rolled,
max. 35  max. max. max.
min. 30 10/ 1-20 — — — 06 04 All sizes. Normalised.
max, -35 | max. max. max,
min, {up to 24" -25/ 10/ | -50f — — — 06 | 04 H. and T.
35 35 11-20 max. | max.
min. (up to 21") 25/, 107 ! 50/ | — — | — 06 | -06 H. and T.
-35 35 120 max. | max.
A5/ 05/ -40; — — — D& | 06 Up to 14", Cold drawn.
-25 20 -80 max. | rnax.
25 | 10/ §-0 — — — | 06 | 06 Cold drawn.
max. | -35  max, max. | max.
A5/ | -16/ 50/ - — — | 06 | .06 All sizes, Bars  supplied
min. (3" & under) | | 40 | 35 .90 | max.  max. drawn or treat-
" ed to specified
min, (over 3" to | mechanical pro-
) 10/ | 10/ -50/ — - — 10/ | 06 Up to 27, perties,
-30 35 175 -30 | max.
min. {over 11" A2/ | 25 10/ - — | — | D8 | 06 Up to 2.
N ‘18 | max. 1-50 15 | max.
min. N =30/ | 10/ 150 10 — — .06 06 All sizes. Normalised.
-45 235 max. | max. max. max.
| (opt.)

|

use of ** recommended ** and * alternative ' steels see page 7. Recommended steels are printed in red.
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BARS, BILLETS, STAMPINGS and LIGH

Corresponding MECHAN ICAL
En N == .
orla® Specifications Proof stress value |
TAC Description and Type . ;
Ref. Examples of Code. of E:‘Z?v;:;rts for information only |
No. Applications. Steel. (as regards tons/SQL':l- . MS. &
‘ composition ‘ © 0-50; | tons/
only), 0-19% ‘ 029 = Proof | 59-In.
Proof | Proof. ior Y.P. |
TAC/6 | ‘55 CARBON STEEL suitable for 1
cylinders, gears, machine tools, nis
-hard parts not required to be deeply 128
hardened such as rifle barrels and iy
certain detalls of small arms, breech 18
mechanism. THiM)
13
i
TAC/7 | ‘60" CARBON CHROMIUM STEEL !
Direct hardening steel for strength i
and wear resistance, e.g. heavy gears. '
T
TAC/8 | 40/50 ton CARBON OR ALLOY i
STEEL for motor axles, axle-shafts, f
connecting rods, crankshafts, bolts,
steering levers, aircraft machine fit- i
tings, gun jackets, breech blocks, n
rings, bushes and screws.
M
TAC/ | 40/50 ton ALLOY STEEL for WELD- 20
8w ING. A
Y -
20
TAC/9 | 45/55 ton ALLOY STEEL for similar
duty to TAC/8 above, i
A2 | Mn.Mo. En ITR (34) (35) (36) 45 22
DTD.188A min,  mim
26
lll
22
i
-~|.I'l-
E 3%, Ni. En 2IR {34) (35 (36) 45 2 _
50057401 min.,  ming
F |39 Cr.Mo. En 29R (34) (35 (36) 45 X
DTD.306 ‘ min.  mik
& 317A ' —
i EhE
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