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Foreword

This British Standard was prepared under the direction of
the Iron and Steel Standards Committee (ISM/-). It is a
revision of BS 4437 : 1969, which is withdrawn, and is
based on 1SO 642-1979, published by the International
Organization for Standardization (1SO). Details based on
the inch system, which were included in the previous
edition of BS 4437, have been deleted.

The main differences between this British Standard and
ISO 642 are that this standard gives details of two alterna-
tive standard test pieces compared with one alternative in
I1SO 642 and includes, in appendix A, details of subsidiary
test pieces which can be used where the product size
precludes the use of the standard test piece. Appendix A
also describes the apparatus to be used with the subsidiary
test pieces. This revision allows the use of cast test pieces.
and alternative methods of presenting the results in line
with 1SO 642.

This edition also includes an appendix B which gives
guidance on additional information which may be thought
useful to supplement the test report.

It was assumed in the drafting of this British Standard that
the execution of its provisions would be entrusted to
appropriately qualified and experienced people.

Compliance with a British Standard does not of itself
confer immunity from legal obligations.
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Method

1 Scope

This British Standard describes the method for determining
the hardenability of steel by end quenching (Jominy test).
Procedures are described by which the method is suitable
for both deep and shallow hardening steels.

NOTE. The titles of the publications referred to in this standard are
listed on the inside back cover.

2 Symbols

The symbols used in this British Standard are given in
table 1.

Table 1. Symbols

Symbol Description

d Distar.ce, in millimetres, from quenched
end to points where hardness is measured

J..-d Jominy hardenability index at distance
d mm, in Rockwell HRC

JHV ...-d | Jominy hardenability index at distance

d mm, in Vickers HV 30

0 Temperature of points on the surface
of the Jominy test piece, in degrees
Celsius, situated at certain distances
from the quenched end

N Austenitizing temperature of the Jominy
test piece, in degrees Celsius

3 Principle

A cylindrical test piece is heated to a specified temperature
in the austenitic range for a specified period. The test piece
is then quenched by spraying water on one of its ends and
the hardness at given points is measured on longitudinal
flats made on the test piece. The hardenability of the test
piece is expressed in several ways and is determined from the

relationship of hardness to distance from the quenched end.

4 Apparatus

4.1 Quenching device. The quenching device shown in
figure 1 consists essentially of a means of fixing and
positioning the test piece vertically and centrally above the
end of the water supply pipe, which contains both a quick-

action tap and a system to adjust the flow rate of the water.

The straight length of the water supply pipe downstream
from the tap shall be at least 50 mm in order to ensure
non-turbulent water flow. The device can also incorporate
a disc allowing the water jet to be released and cut off
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rapidly. The height of the water jet above the end of the
supply pipe without the test piece in position shall be

65 + 10 mm (see figure 2). The test piece support shall
allow precise positioning of the end of the test piece
centrally above the end of the water supply pipe at a
distance of 12.5 + 0.5 mm and it shall allow the test piece
to be held in position during spraying.

The hardening device shall be protected from draughts
and the test piece support shall be kept dry.

NOTE. The details of the quenching device when used with
subsidiary test pieces are given in appendix A.

4.2 Hardness measuring apparatus. The apparatus used for
Vickers hardness tests and Rockwell hardness tests shall
comply with BS 427 : Part 1 and BS 891 : Part 1
respectively.

The device for moving the test piece on the hardness
testing machine shall allow accurate positioning of the flat
centrally under the indenter.

5 Sampling and preparation of test pieces

5.1 Sampling

The method of sampling and the position of the test piece
shall comply with the product standard.

NOTE 1. In the absence of specific requirements in the product
standard the method of sampling and the position of the test piece
should be agreed between the manufacturer and the purchaser,

or, in the absence of such agreement, at the discretion of the
manufacturer.

NOTE 2. The sampling method may vary according to the
dimensions of the product as follows.

(a) For diameters < 40 mm, the test piece is normally obtained

by machining.

(b) For diameters > 40 mm, forging down to smaller diameters

is preferred to minimize the effect that segregation has on

hardenability although either of the two sampling methods given

below may be applied.
(1) The rough bar may be forged to a diameter of 35 mm.
(2) A longitudinal section may be cut from the outside
surface of the product of sufficient size to allow the test
piece to be machined from the section such that the axis of
the test piece is 20 mm below the surface of the product; in
this case, the flats specified in 7.1 can then be made so that
the hardness determinations are sited at approximately the
same distance below the surface of the product as the axis
of the test piece (see figure 3).

NOTE 3. The test piece may be obtained by casting, subject to
agreement between the manufacturer and the purchaser. However,
where possible, preparation of the test piece by forging is preferred.

5.2 Dimensions of the test pieces

NOTE. The test piece should, if necessary, be marked (on the
opposite end to the end to be quenched) to enable its position to
be identified in relation to the original bar.

5.2.1 The dimensions of the standard Jominy test piece
shall be as shown in figure 4.
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The end of the test piece that will not be quenched shall

be 32 mm or 25 mm in diameter, depending upon whether
the test piece has a flange or an undercut (to permit rapid
centring and fitting in position, for the quenching operation,
by means of an appropriate support) (see figure 4).

NOTE. Figure 4(a) shows the preferred test piece.

5.2.2 |If the form of supply precludes the use of the
standard Jominy test piece (see 5.2.1), either:

(a) make the standard Jominy test piece from the
nearest semi-finished product from which the product
will be made; or

(b) use one of the subsidiary test pieces given in
appendix A.

5.3 Heat treatment

NOTE. The test pieces should be normalized before final machining
but non-heat treated test pieces or test pieces given other heat
treatments may be used subject to agreement between the manu-
facturer and the purchaser.

5.3.1 The normalizing conditions shall be as specified in
the product standard.

NOTE. In the absence of specific requirements in the product
standard the normalizing conditions are at the manufacturer’s
discretion.

5.3.2 Record the thermal history of the test piece.

NOTE. If the test piece in the normalized condition is too hard
for machining, subsequent tempering is permissible.

5.4 Machining

5.4.1 Machine the cylindrical surface of the test piece by
fine turning, grinding or polishing with a fine file or emery
paper.

NOTE. The end of the test piece to be hardened should have a fine
finish, preferably produced by grinding.

5.4.2 Take precautions to avoid overheating.

NOTE. Sufficient machining should be carried out at all stages in
the preparation of the test piece to ensure that the finished test
piece is free from decarburization.

6 Heating and quenching of the test piece

6.1 Heating

Heat the test piece quickly (see note 2) and uniformly to
the hardening temperature specified in the product
standard for the steel being tested and maintain it at that
temperature for 30 £ 5 min.

Take precautions to avoid carburization or decarburization
and keep scaling to a minimum by either:

(a) using a controlled atmosphere; or

(b) placing the test piece in a suitable container of the
type shown in figure 5; when placed in the container the
test piece should preferably be in a vertical position

and resting on a graphite plate or cast iron borings.

NOTE 1. If not specified in the product standard, heat treatment
conditions should be agreed between the manufacturer and the
purchaser.
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NOTE 2. For particular types of furnaces, the period of heating can
be determined as a result of previous experience in establishing the
minimum time necessary for the centre of the test piece to reach the
desired temperature, and the correct temperature and time can be
established using a thermocouple inserted in a hole drilled along the
axis of a test piece at the head end.

6.2 Quenching

6.2.1 The time between the removal of the test piece from
the furnace and the commencement of spraying shall not
exceed 5 s.

6.2.2 The temperature of the water shall be between 5 °C
and 30 °C.

6.2.3 Avoid splashing the sides of the test piece during
quenching.

6.2.4 Open the quick-action tap rapidly. The time of spray-
ing shall be at least 10 min. The cooling of the test piece
can then be completed by immersing it in cold water.

7 Preparation for, and measurements of,
hardness after quenching

7.1 Preparation

Grind two diametrically opposed flats, 0.4 mm to 0.5 mm
deep, parallel to the axis, for measuring the hardness on the
surface of the test piece. The surface condition after grind-
ing shall be consistent with good hardness testing practice.
In the case of test pieces prepared by machining, the two
flats shall be at the same distance from the product surface
(see figure 3). Grind the flats using an abundant supply of
coolant to avoid any heating likely to modify the micro-
structure of the test piece. To verify that temper softening
has not occurred, etch the test piece by immersing it in a

5 % (V/V) solution of nitric acid in water until it is
completely blackened. After washing the test piece in hot
water, immerse it in a 50 % (V/V) solution of hydrochloric
acid in water for 2 s to 3 s, rewash it in hot water and dry
it in an air blast. The resulting colour of the test piece shall
be uniform. If any darkened areas, indicating tempered
zones, are present then grind two new flats and repeat

the etching.

7.2 Measurement of hardness

7.2.1 General. Measure hardness using either method 1

(see 7.2.2) or method 2 (see 7.2.3). Guidance on the choice
of method 1 or 2 is given in note 2 to 7.2.3. Carry out the
Vickers hardness tests in accordance with BS 427 : Part 1
and the Rockwell hardness tests in accordance with

BS 891 : Part 1. However, in both cases any provision in
those standards for the distance between hardness impres-
sions shall not apply but the distance between impressions
shall be such that they do not interfere with each other.

Take precautions to ensure that the test piece is well-
supported and rigidly held during hardness testing. Obtain
two sets of results by conducting hardness determinations
along the axis of each of the ground flats.
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