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Tis BRITISH STANDARD, having been approved by the Iron

and Steel Industry Standards Committee, was published
under the authority of the Exccutive Board on 12 Febiuary
1971

@ British Standards Institution, 1971
SBN: 580 06226 0

The Institution desires to call attention to the fact that this
T British Standard does not purport to include all the necessary
provisions of a contracl.

In order 1o keep abreast of progress in the indusiries con-
cerned, British Stapdards are subiect to periodical review.
Suggestions for improvements will be recorded and in duc
course brought to the notice of the commiltees charged with
the revision of the standards to which they refer.

A complete list of British Standards, numbering over 5000,

ro fully indexed and with a note of the contents of each, will be
found in the British Standards Yearbook, price £1.50, The
BS Yearbook may be consulted in many public libraries and
similar institutions.

This standard makes reference o the following British

Standards:
". ' BS 240.  Method for Brinell hardness test.
o BS 427. Method for Vickers hardness test.

BS 1837. Methods for the sampling of iron, stecl, permanent
magnet alloys and ferro-alioys.

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

The following BSI references relate to the work on this standard:
Commiltee reference 1SE/67  Drafts for comment 68/20348, 68/28860
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CO-OPERATING ORGANIZATIONS

The Iron and Stech Industry Standards Commitlee, under whose
supervision this_ British Standard was prepared, consists of
representatives from the following Government departments
and scientific and industrial organizations:

Board of Trade

British Cast Iron Research Association

British Constructional Steelwork Assaciution

*British Electrical and Allied Manufacturers’ Associution
British Ironfounders’ Association

British Mechanical Engincering Confederation

*British Steel Industry

Council of Tronfoundry Associations

Council of Iron Praducers

Crown Agents for Oversed Governments and Administrations
Depariment of Employment and Productivity

(.M. Fuctory Inspecterale)

Engincering Equipment Users' Associalion

Federation of Civil Engincering Contractors

Institute of British Foundrymen

Institute of Lron and Steel Wire Manufucturers

Instituic of Marine Engineers

Institution of Civil Engineers

Institution of Mechanical Enginecrs (Automobile Division)
Institution of Production Engineers

Institutioa of Structural Engincers

Joint Iron Council

Lloyd's Register of Shipping
*Ministry of Defence (Army)

Ministry of Defence (Navy)

Nelional Association of Drop Forgers and Stampers
National Physical Laboratory (Ministry of Technotogy)
Oil Companies Materials Associikion

Royu! Institute of British Architects ,
Shipbuilders and Repairers National Association
sSocicty of British Acrospace Companies Lid.
*Socicly of Molot Manulacturers and Tradcrs Ltd.
Stninless Steel Development Association

Steel Castings Rescarch and Trade Association

Tank and Industrial Plont Assoclation

Tin Research Institute

Water-tube Boilermakers Association

The Government department and scientific and industrial organi-
zations marked with an asterisk in the above list, iogether with
the following, were directly represented on Lhe commitiee entrus-
ted with the preparation of this British Standard:

British Bolt, Nut, Screw and Rivet Federation

British Gear Manufacturers’ Association

British independent stegl producers

British Plastics IFederation

Machine Tool Trades Associstion

Ministry of Technology (Materials Division)

National Federation of Engineers’ Tool Manufacturers

Silver Steel Association
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BRITISH STANDARD SPLECIFICATION FOR

TOOQL STEELS

FOREWORD

The preparation of this British Standard for tool stecls was authorized by the
Iron and Steel Industry Standards Commitiee in response 1o a request by users
and with the co-operation of tool steel manufaciurers,

The tool stecls have been grouped inlo six lypes, i.c. high specd, hot work,
cold work, shock resisting, special purpose and water hardening. The desig-
nations adopted for the various 1ypes of tool sieel are those adopied by the
Amecrican Lron and Steel institule, except that in all cases this letler has been
preceded by the letter B. Thus, BT designates high speed tool steels of tungsten
grades. The grades standardized are those which are most commonly used.

The standard gives reccommended heat treatment temperature ranges for all
materials and specifies that, when heat treated in accordance with these recom-
mendations they shall ineet & minimum requirement for hardness.

In the case of high speed steel and high carbon high ¢hromivm cold work
tool steel, photomicrographs illustrate typical carbide distribution. These
photomicrographs may be used to define the degree of pecmissible carbide
segregalion. ‘

Al

N

SPECIFICATION
1. GENERAL REQUIREMENTS
1.1 3COPE

This British Standard specifies requirements for six types of tool skecl, in the
form of black rolled bar, round or flat section; hot rolled coil; ground rolled
bar; machined, ground or drawn barand rod; sheet or strip; forgings; forged bar.

Scction 1 deals with general requirements, whilst Scctions 2 wo 7 cover
specific requircments lor chemicai composition and hardness.

1.2 INFORMATION TO BE SUPPLIED BY THE PURCHIASER

The following information shall be stated on the enquiry and order: a drawing
of the part to be made may be useful in appropriate cascs.

(1) The grade and Corm with which the material shall comply. .
(2) Whether the dimensional lolerance and decarburization shall be Class |
or 2 (see §.7). '
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{3) For high speed stecl and high carbon chromium steei the degree of
perniissible carbide segregation (sce Figs. 3-12).

(4) The condition in which the material is to be supplicd if not in the annealed
condition. ’

{5) Whether a lree-cutting gradc is required (sce 1.5)

(6) Whether a certificate ol analysis and/or results of inspection are required
(see 1,110},

1.3 STEELMAKING PROCESS

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

1.4 TESTING PROCEDURE

The manufacturer shall carry ot adequitte testing to ensure that the material
complics with the requirements of this standard.

1.5 CHEMICAL COMPOSITION

The material as delivered to the purchaser shall be within the appropriale range
of chemical composition specified for the material, Where a certificate of analysis
is required this shall be based on the cast analysis.
In case of dispute any sumples taken for analysis shall be prepared in iaccor-
dance with BS 1837*. .
Except when required for the purpose of finishing the heat, clements nol
quoted in the appropriate tables of chemical composition shafl nct be intention-
ally added to the stecl without the ugreement of the purchaser, All reasonable ..
precautions shall be taken (o prevent the addition of such elements from scrap
or other materials used in manufacture.

Where the clement is not specified the following maxima ure acceplable:

Nickel 0-40 %, max.
Tin 0:05 % max.
Copper 020 pAHES
Sulphur 0-035 9%, max.
Phosphorus  0-035 U MaX.

IM sulphur is udded to give freemuchining properlics the content shall be
between 009 % and 0-15 %, Other clements such us selenium or lezad may be
added as alternatives by agreement between the purchaser and the supplicr.

* BS 1837, * Methods for the sampling of iron, steel, permanent-magnet alloys and ferro-
ulloys ",

-t
bl
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1.6 FREEBOM FROM DEFECTS
The steel shall be free from harmful defects such as piping, bursls, excessive
parosity, gross inclusions, from laps or other surface or sub-surface defects and
from ingotism und excessive banding. Carbides shall be apheroidized and con-
linuous carbide networks shall be absent. Escessive segregation of primary
carbides or large carbide particle size may be u cause for rejection..
1n the event of uny malerial proving defective during subsequent machining
or manufacture, such material shall be deemed not to comply with the reguire-
ments of this British Standard, notwithstanding any previous certificate of
sutisfuctory testing, providing the material has not been impmpcrly treated after
delivery.
. By agrecment between the purchaser and the supplier the following Lests
! & may be made:
. Magnetic particle inspection.
Ultrasonic inspection,

‘ Deep macro-etching of dises cut {from representutive positions.

..\ ' 17 LINITS FOR DECARBURIZATION OR CARBURIZATION
Do C AND DIMENSIONAL TOLERANCES

Unless othenwise agreed between the purchaser and the supplicr decarburization
shull be measured by microscopical examination at 100 diameters magnilication
of annealed transverse sections, suitably mounted 10 protect the edges, polished
and ciched. At no posilion on the circumference of the scction shall there be
clective decarburization or carburization to a depth exceeding the amount
specified in 1.7.1 10 1.7.7.
In casc of dispute the sample shall be hardened and tempered in salt baths in

- accordance with the temperature ranges given in the appropriate tables ol recom-
- ’ mended heat treatment. .

' The eflective depth of decarburization is the leasl depth at which the hard-
ness is not less than the minimum value specified in the hardened and tempered
condition. Where no value is specified the hardness at the eflcctive depth of
decarburization shall be within § % of the hardness midway tetween the axis
and the surface of the section.

1.7.1 Black rofled bar (symmetrical about axis). Limits of eifective decarburizi-
tion and dimensional tolerances shall be within hose specified in Table 1.
. Ovality stall. be within the limiis of the dimensional lolerance, By agreement
between the purchaser and the supplier (olerances may be all plus (e.g. a black
rolled bar of 28 mm diameler may be supplied with a Class | dimensional

o i
i tolerance of —0 --0.40 mm). ‘ .
¥ E 1.7.2 Hot rolled coil. Limits of effective decarburization and dimensional
R S E tolerance shall be within that specified in Table 2,
! 4 Ovality shall be within the limits of the dimensional tolerance,
2 10
i' 4 ‘'
. HE
3 i l
i -

I
e s
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1.7.3 Machined, ground or drawn har and rod, Dimensional tolerances shall be
within thosc specified in Table 3.
. Unless otherwise specified, ground bar and drawn rod will be supplied to
' Class | and machined bar to Class 2 dimensional tolerances. By agreement,
cither form may be supplied Lo closer or wider tolerances.

: Steel ordered with a machined or ground finish shall be free from cifective
’ decarburization, unless otherwise agreed between purchuser and supplier.
1.7.4 Hot rolled sheet and strip. Limits of effective decarburization and dimen- .
s . sional tolerances shall be within those specified in Table 4. )
o For special applications smiller amounts of decurburization and closer .

dimensional tolerances may be spcciﬁcd by agreement between the purchaser
and the supplicr. '

1.7.5 Flat rolled sections. The depth of effective decurburization or carburization
. on any face of a Mat rolled section shall be not greater than that permitied for 2
i bar of dizmeter equal to the width of the adjucent face of the flat. The meas-
e urement of this carburization or decarburization shall be made on a fuce within
R the limits set by the decarburization or carburization allowunce for the adjacent
faces, as shown in Fig. 1. : )

il . A ' B

A S L
. \ 1
D C———--y-—
D. ) "C

Fig. 1. Lifective decarburization limiits for (Iat rolled sections

If A B C D represents the Mat rolled section and A’ B’ C* P’ represents the
maximum allowable decarburization or curburization then the measurement of
the decarburization on face BC shall be macie within the limits x and y where v
h is the intercept of A’B" produced to cut BC und y is the intercept of D°C” pro-

duced to cut BC. 3, ‘

1.7.6 Sizc tolerance. 1he dimensional tolerances for any face of a fat rolled
section shall be within those for a bar of diameter equal to the width of that face, !
as shown in Fig. 2. '

)
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A

/
. | R

Fig. 2. Dimensional tolerances for flat rolled sections

1)

Using this criterion and producing a maximum and minimum section, i.c.

ABCD and A7 B C 1) respectively, the secuion of the flay must lic wholly in
the shaded area.

1.7.7 Forgings and forged bars. The maximum depth of effective decarburization
or carburization and dimensional tolerances shall be agreed between the pur-
~chaser and the supplier,

Hardness testing shall be carried out on a surface free from decarburization and
in accordance with BS 240* (using where applicable, a 10 mm diameter ball and
o loud of 3000 kgf) or BS 427t. Other methods of hardness testing may be used
where agreed Letween the purchaser and the supplier, but in case of dispute, the
matter shall be settled by reference o cither the Brinell or Vickers method, as
appropriate. '

1.9 HEAT 'l'RIjI;\'I’.\'IIE.\"I'

1.9.1 Recommended (emperatures. In the scctions dealing with specific COmposi--
tions, heat treatment temperalures arc recommended for the user's guidance,
However, for certain applications it is possible that tool performance may be
improved by using temperatures outside the recommended ranges. {

1.9.2 Hardening response. The recommended heat Lreatment (emperatures are
also used 1o test whether the tool steel is capable of a satisfactory hardening
response. When hardened and tempered within the wemperature ranges recom-
mended for the specific 100! steel composition, the hardness shall be not less
than the minimum value specified for that steel. In order 1o oblain the requircd
hardness any temperature within the recommended ranges may be chesen.

* R[S 240, * Method for Brincil hardness test '
t B 429, Method for Vickers hardness 1est “
12
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1.10 CONDITION OF MATERIAL ON DELIVERY

Unless otherwise agreed, the material shall be in the annealed condition and the
hiardness shall be not greater than the maximum annealed hardness specified in
the appropriate tables,

Drill rod of 10 mm diameter and smaller can be expected 1o have reccived a
certain amount of cold work, and therefore the hardness will, in general, become
grealer as the size becomes smaller. The maximum annealed hardness values
quoted clsewhere in the standard may be expecied to be increased by up to 45HB
numbers when this form of material is examined.

1.11 MANUFACTURER'S CERTIFICATE

If required by the order, the manulacturer shatll supply a certificate stating the
cast analysis and/or the results of any tesis carried out. !

1.12 MARKING

Each piece of iool steel shall be legibly marked with the number of this British
Standard and the material designation together with the manufacturetr’s name or
trade mark, except that in the case of such bars and small picces as are sceurely

TABLE 1. MAXIMUM DEPTH OF EFFECTIVE DECARBURIZATION
OR CARBURIZATION AND DIMENSIONAL TOLERANCES FOR
BLACK ROLLED BAR

Diameter of” ) Aaximum depth of . ‘
dimension across b cfiective decarburization ' Dimensional tolerance
tluts ar carlsirization i

Over | l{ﬁ;:::dmg - Class 1 | Class 2 : Class 1 " Class 2

mm | mm mm !

mm , nim mm
— 0 04 05 ¢ 4015 -010 02
10 24 . 05 0-6 405 010 03
4 40 0B 07 | 1030010 104

w0 6. 1 07 09 . 4050 —010 " 506
65 . 8 | 08 10 4056 =010 | 07
80 . 100 i 1-0 o 15 065 ~.0-10 08

120 - By agreement 5 By agreement

| L |

o . 10 12 | 20 , +0B80-0:10 1.0

‘
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bundled, a metal tag attached to cach bundle and marked as above will be sufli-
cient. Where a certificate of analysis is called for each bar or bundle shall be

marked with the cast identity.

TABLE 2. MAXIMUM DEPTH OF EFFECTIVE DECARBURIZATION
OR CARBURIZATION AND DIMENSIONAL TOLERANCE FOR HOT
ROLLED COIL

: l \\In_ximum depth of
Diameter i effective decarburization Dimensional tolerance
i of ¢arburization |
|
r
I

3-14 mm 0:15 mm ‘ L 0-30 mm --0-15 mm

B TABLE 3. DIMENSIONAL TOLERANCES FOR MACHINED, GROUND
' OR DRAWN BAR AND ROD

u‘i . Diameter ‘ Dimensional tolerance
' Up to ; :
Over and : Class 1 i Class 2
o including ! |
t ey — .
. ,’: ) mm | mm ‘l mm . mm
. i : . :
d | ‘ 1 ! 3 . 40 0025 40 —0:060
\'! ‘ ‘ 3 1 6 1 40 ~0-030 ; 40 —0075
| \i\ 6 | 10 40 —00% | -0 -0:090
L - : ; i i S
Y Ny 4 10 Lo .18 ! 40 —0-043 ‘ 4-0 —~0-110
g RN ‘ 18 1 3 ¢ 0 002 1 -0 0130
: " 3 | 50 i +0 -0062 : |0 —0160
so | 8 -0 -0074 | 30 —01%0
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