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Powder metallurgical materials and products

Part 2. Methods of sampling and testing metallic powders
Section 2.7 Determination of dimensional changes associated with compacting and sintering,

excluding powders for hardmetals

Matiéres premiéres et produits de la métallurgie des poudres

Partie 2. Méthodes d’échantillonnage et d’essai des poudres métalliques
Section 2.7 Détermination des modifications dimensionnelles entrainées
par le compactage et le frittage (poudres de métaux-durs exclues)

Pulvermetallurgische Werkstoffe und Erzeugnisse

Teil 2. Verfahren zur Probenahme und Priifung von Metallpulver
Abschnitt 2.7 Bestimmung der MaRabweichungen in Verbindung mit Verdichtung

und Sinterung ausgenommen Pulver fiir Hartmetalle

Foreword

This Section of BS 5600 has been prepared under the
direction of the Iron and Steel Standards Committee and
is technically equivalent to 1SO 4492 ‘Metallic powders,
excluding powders for hardmetals — Determination of
dimensional changes associated with compacting and
sintering’ published by the International Organization for
Standardization {ISO).

This Section is one of a series of Sections and Subsections
that comprise BS 6600. The contents of BS 5600 are given
in Section 1.1. Section 1.2 is a glossary of technical terms
that have particular application in the powder metal-
lurgical industry and which are used in the Sections and
Subsections of this British Standard.

Compliance with a British Standard does not of itself
confer immunity from lega! obligations.

1 Scope

This Section of BS 5600 describes a method for the
determination of the dimensional changes associated with
compacting and sintering of metallic powders, excluding
powders for hardmetals, and comparing them with those
of a reference powder when processed under similar
conditions. :

The method applies to the determination of three types of
dimensional changes involved with the processing of
metallic powders, excluding powders for hardmetals.

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

Compaction of a metallic powder or powder mix, with
admixed lubricant to produce a test piece and then sinter-
ing it under controlled conditions. Measurement of the
dimensions of the unloaded die cavity, the green compact
and/or the sintered test piece, depending upon the parti-
cular dimensional change required. Calculation of the
difference between these various measurements as a positive
or negative percentage change of the dimension of the die
cavity or the green compact,

Test pieces are made from the powder under test and from
a reference powder and are processed together. The dimen-
sional changes of the test pieces produced from the two
powders are reported.

3 Test parameters

NOTE 1. The reference powder should be chosen By agreement
between supplier and purchaser and should have a composition
and properties as close as possible to those of the powder to be
tested.

NOTE 2, The density to which the compact should be pressed
should be agreed between supplier and purchaser.

The following three types of dimensional change are dealt
with in this British Standard:

(a) From dje size to green size (spring back). The increase
in dimensions of a compact, measured at right angles to
the direction of pressing, after being ejected from a die.

(b} From green size to sintered size (sintered dimen-
sional change). The change in dimensions of a compact
tha'q occurs as a result of sintering.
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(c) From die size to sintered size (total dimensional
change). The difference between the dimensions of the
die cavity and the sintered test piece.

4 Apparatus

4.1 A tool set that shall produce either cylindrical (see
figure 1), rectangular (see figure 2) or tensile test pieces
in accordance with BS 5600 : Section 3.7, or test pieces
similar to the actual components for which the powder
is required.

4.2 A press which shall be capable of applying the pressures
necessary to achieve the required density.

4.3 A balance which shall be capable of weighing at least
100 g to an accuracy of £ 0.01 g.

4.4 A micrometer or other suitable measuring device
which shall be capable of measuring the dimensions of the
compacts and the die to an accuracy of £ 0.005 mm,

4.5 A sintering furnace which shall be capable of producing
sintering conditions (time-temperature curve and atmos-
phere) as close as possible to those used in industry for the
type of material to be tested.

5 Sampling

Representative quantities of both the test and the reference
powders sufficient to give at least three compacts shall be
taken.

6 Procedure

6.1 Mix the test powder and the reference powder under
the same conditions with the same mass of additives,
including lubricant, each taken from the same batch,

to produce the composition of the sintered components
for which the powder is required,

A test powder supplied ready for pressing shall be tested
in the as-received condition.

NOTE. To avoid the possibility of distortion during sintering it is
recommended that the test pieces should be not less than &6 mm
thick.

6.2 Measure, to the nearest 0.005 mm, the test dimension
{diameter or length) of the die cavity in the unloaded
condition and record the value of dp obtained (see 7.1).

6.3 Press at the agreed density to produce at least three
green compacts from both the test and reference powders
prepared as in 6.1 (see figure 3).
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6.4 Measure, to the nearest 0.005 mm, the test dimension
of the test and reference green compacts and record the
values of dg obtained (see 7.1).

6.5 Sinter the test and reference compacts adjacent to
each other under the conditions of time, temperature and
atmosphere which simulate the production conditions to
be used for the sintered components for which the test
powder is required.

NOTE. The support used for the test pieces to prevent distortion
{i.e. ceramic plate or furnace belt}, the rate of heat-up, the atmos-
phere and the cooling rate may affect the dimensional change
being measured, and should be consistent.

6.6 After cooling to room temperature, measure, to the
nearest 0.005 mm, the test dimension of the sintered test
and reference compacts and record the values of dg
obtained (see 7.1).

The dimensions before and after sintering shall be taken
from the same position on the compacts.

7 Expression of results

7.1 The values of the dimensional changes, expressed as
percentages, are calculated from the following equations:

(a) Green dimensional change {spring back}

dg - d
Adpg = ——= x 100;
D
where
dg is the test dimension of the green compact (in mm);

dp is the test dimension of the unloaded die {(in mm).

(b) Sintered dimensional change (positive or negative)

dg - d
=2 ¢ 100;
do o
where

dg is the test dimension of the sintered compact
(in mm);
dg is the test dimension of the green compact (in mm).

AdGS =

(¢) Total dimensional change (positive or negative)

ds - dp

AdDS = X 100,

D
-where

dg is the test dimension of the sintered compact
{in mm);

dp is the test dimension of the unloaded die (in mm).

7.2 Report the dimensional changes for both the test and
reference powders as the average of at least three deter-
minations, rounded to the nearest 0.01 %.
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8 Testreport

The test report shall include the following information:
(a) a reference to this British Standard,
i.e. BS 5600 : Part 2 : Section 2.7;
{b) all details necessary for the identification of the
test sample;
(c) all details necessary for identification of the
reference powder;
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(d) the type of test piece and its dimensions before
sintering;

(e) the density of the green compact;
(f) the sintering details;
{g) the results obtained;

(h) all operations not specified by this British Standard,
or regarded as optional;

(i) details of any occurrence which may have affected
the result.

All dimensions are in millimetres.
NOTE. Mating parts shall be fitted and lapped.
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Figure 1. Example of tooling to produce a
cylindrical test piece
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