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A STUDY ON FLOW STRESS OF METAL IN
SOLID-LIQUID’S COEXISTING STATE
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1. Introduction

It is well known that flow stress of metal de-
creases as its temperature rises. This property
is applied to various hot prastic workings. Recen-
tly, some working processes are newly being
developed which include metal deformation in the
temperature range over liquidus line, such as
extrusion casting, ACURAD process and conti-
nuous casting in high speed. In order to study
these processes it is very important to get the
basic data on flow stress and flow behavior of
metal in the temperature range over its liquidus
line, very few of which are known.

Fom this viewpoint, the authors made com-
pression tests using a cam-plastometer on the
alloys of Pb-Sn and Al-Cu in their solid-liquid’s
coexisting state, and got some data on their flow

stress,
2. Experimental apparatus and method

Under the test strain rate was fixed and it was
about 0.2/sec.

Test pieces were made from Pb, Sn, Al of
99.9% purity and Cu of 99.99% purity. They
were melted into alloys in a cruisible at about
450°C for Pb-Sn and at about 900°C for Al-Cu
respectively, and each alloy was cast in a metal
mold and finished into prescribed shape under a
lathe. Two kinds of test pieces were used and
their dimensions were 20mm in diameter, 18 mm
in height (for Pb-Sn) and 26mm in diameter,
23.5mm in height (for both alloys). Each end

surface was finished as smooth as possible. The
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dimension error was within 0.05mm for both
diameter and height. The components of Pb-Sn
alloy were Pb; 80.8% and Sn; 19.29, those of
Al-Cu alloy were Al; 94.3% and Cu; 5.7%.

A sub-press was used in order to keep the test
piece in high temperature during the test. It
was made from SUS4Z2 (stainless steel) and its

shape and dimensions were shown in Fig. 1.
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Fig. 1

The procedure of test was as follows. The
test piece was set in the sub-press and heated in
the electric furnace. After having come to the
prescribed temperature, the sub-press and the test
piece contained in it was kept at the temperature
for about 20 minutes, and then they were set in
the cam-plastometer and subjected to the com-
pression test. In whole this process, temperature
of the test piece was measured with a thermo-
couple of chromel-alumel inserted in it through
a hole of 1mm in diameter which reached its
center. The electric furnace was controlled auto-
matically according to the measured temperature

of the container of sub-press.
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The temperature error of the test piece was
assumed within 1°C.

During the process compression force was mea-
sured with a load cell and displacement was

measured with a differential transformer.
3. Results and considerations

3.1 The relationship between temperature (T')
and solid content (¢)

The solid content of tested alloy in solid-liquid’s
coexisting state can be got from the temperature
of the test piece by using the phase diagram of
the alloy. In the phase diagram shown in Fig.
2, the solid content ¢ of X-Y alloy containing
% for metal ¥ can generally be written as,

¢=100(A/B) (%)
Corresponding to Fig. 2,

@=100(To—T)Tu—Ts)/(To—Ts)(Tu—T)

(1)

To=(1—a/B)Tu+(a/AT (2)
From the equations (1), (2) the solid content ¢
(%) at the temperature T is obtained.
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3.2 Relationship between stress and strain
When it is assumed that the volume of the
test piece is kept constant and it deforms into
the shape of column, the following relationship
between its height H and its diameter D can be
obtained,
tDH,=nD*H,

where H, is the initial height and D is the initial

diameter.

Then the mean compression stress,

0=4P[(xD*) = (4/n)(P|Do*)(H[H,),
where P is the compression force.

Here strain means logarithmic strain and is
defined as E=In(H/H).
3.3 Results on Pb-Sn alloy

Some typical examples of compression force-
stroke curves are shown in Fig. 3, where strain
rate is about 0.2/sec. As shown in it, in case of
Pb-Sn alloy, test pieces failure at the strain range
of 3~59% and suddenly flow stress decreases.

This tendency is not affected by the solid content.
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Fig. 4.1 shows the equilibrium phase diagram
of Pb-Sn alloy and Fig. 4.2 shows the relation-
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ship between temperature and solid content for
the alloy. Fig. 5 shows the relationship between
solid content and flow stress corresponding to 4 %
strain. The flow stress in Fig. 5 was obtained
in the test about the specimens of 20x18. Fig.
6 shows the same results about the specimens of
23.5x 20.
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Fig. 5

The flow stress of the alloy with 1009% solid
content that is on the solidus line is about a half
of that at room temperature (4.5kg/mm at 4%
strain). Moreover, the flow stress decreases as
much as 1/5 of that of 1009 solid content alloy
according to the decrease in the solid content
from 100% to 809%.

3.4 Result on Al-Cu alloy

Fig. 7 shows the relationship between flow

stress corresponding to 4 % strain and solid con-

tent. From this result it can be known that the
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flow stress decreases to about 1/4 for the change
in solid content from 1009 to 75%, and that it
decreases no more for farther decrease of solid
content. Fig. 8 shows the change in flow stress
for wider range of temperature, where the flow
stress at melting point (548°C) corresponds that
of 1009% solid content in Fig. 7.
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3.5 Comparison between Pb-Sn and Al-Cu.

In regard to the flow stress of these two alloys
in the solid-liquid’s coexisting state, following
points may be known.

1) According to decrease of solid content from
100% to 75~80% in temperature range over
the melting point, the flow stress decreases to
1/4~1/5 of that at melting point.

2) Over the melting point, both alloys are apt
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to failure in these deformation processes. (Ref.

Fig. 3). Pb-Sn alloy shows the sharper ten-

dency than Al-Cu.
4, Summary

Following results were obtained from the uni-
axial compression test on Pb-Sn and Al-Cu alloys
in solid-liquid’s coexisting state.

1) The relationship between flow stress and solid
content has been clarified.

2) According to decrease of solid content from
1009% to 75~809%, the flow stress decreases
to 1/4~1/5.

3) The alloys in solid-liquid’s coexisting state
failure in the strain range of 3~109 in uni-
axial deformation.

(Manuscript received, October 16, 1973)
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Fig. 2 2485 Quasi-coincidence relationship
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