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The aim of this paper is to analyses the influence of boundary conditions on plastic flow
kinematics during hot extrusion of aluminium alloys. Clay and plasticine have been used as a
substitute material. The shape and distribution of a dead zone, conditions of increasing the
boundary layers and their influence on flow kinematics have been done using the modelling
experiment. Kinematics of plastic flow and especially, range of deformation region allows to
predict stresses distribution on contact surface between the die, container and the extruded
material.

1. INTRODUCTION

In modelling experiments of plastic flow, especially of the metal extrusion
processes, very often plasticine has been used as a substitute material [6]. The
classical extrusion process researches were executed also on real materials (7, 10].
The boundary layer was excluded completely as a result of these investigations.
Moreover, the influence of the boundary layer on plastic flow kinematics was
excluded as well. It took place because the phenomenon of increasing the bound-
ary layer appears under special conditions in the extrusion process. Mostly the
motion of the ram effect has been observed, especially in the vicinity of regions
situated near the ram during the process. The experiments on real aluminium al-
loys and numerical simulations have confirmed the existence of a boundary layer
in hot extrusion processes (8, 9]. The same assumption was made for the physical
model, which has been analysed in the present work. It seems to be important
to prove that the boundary layer occurs using the substitute materials. In this
case the low cost of the experiments and equipment has determined the method-
ology. Therefore, special model experiments using substitute material have been
designed and carried out. To ensure that such model experiments provide useful
information it is essential to select model materials and prepare samples that
would exhibit (preferably at room temperature) similar behaviour and similar
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deformation mechanisms as those present during the actual deformation process
of aluminium alloys. The correct modelling must be conducted using similarity
criteria. From the definition of the modelling follows the function of dependence
of the variables of object and its model. The rules of probability usually have an
application in the case of simple investigations, described by the rules of classi-
cal mechanics. Mechanical properties and characteristics of aluminium and other
alloys in eleveated temperatures are presented in [1, 5, 10, 11, 12].

In this situation several realised criteria of similarity are satisfied. Then the
criteria determine the similarity conditions in quantitative terms. The most im-
portant criterion of the analysed extrusion process is similarity of plastic flow
kinematics, e.g. compatibility of strain velocity fields of the model and real
objects.

2. EXPERIMENTAL STAND

To investigate the effect of the boundary conditions on the deformation of
plastic materials, a special experimental stand has been designed and built. A
cylindrical die and workpiece was cut along a longitudinal plane including the
symmetrical axis of the die holes. On the surface of the partition the tapped
holes were made. In this way, the assembly within the container and plexiglass
plate has been done. Special brackets have been added to avoid cracking failure.
One of the container walls has been made of transparent plastic so that the
material flow and the deformation progress could be observed during the tests.
The extrusion process of substitute materials has been registered by a digital
video camera. The experimental stand is shown in Fig. 1.

Fic. 1. Experimental stand: 1 — ram, 2 - die, 3 - container, 4 — bracket, 5 — bolt,
6 — transparent plate of plexiglass.
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3. PREPARATION OF THE SAMPLES

The major purpose of the experiments was verification of the physical phe-
nomena that are observed in hot extrusion of aluminium alloys. It was necessary
to find substitute material. Its characteristic and material properties were de-
termined by the theory of similarity and knowledge about the plastic flow of
aluminium alloys in elevated temperature. Experiments on two different materi-
als were made. They were clay and plasticine. The material’s curves have been
obtained in classical tests of compression. The Instron machine has been used
for this tests. These curves may be described by the following function:

a) for plasticine:
o; = 120 - ¢}-9%%° [MPs]
b) for clay:
o; = 160 - €-0% [MPa]
where: o; — actuall yield stress, é; — strain velocity [1/s].

Plasticine has been chosen as a major substitute material. Experiments with
clay have been made as well, but the results were different from those expected.
However, the results of these tests have been presented. They may be helpful
during modelling of cold extrusion processes, when the history of deformation
indicates the absence of a boundary layer. Therefore in this case the shape and
distribution of a dead zone may be of interest. The technique of preparing sam-
ples was the same. The samples have been made as half-rounded moulding in
black and white colour (plasticine) and two shades of brown (clay). The samples
were cut into slices and put on the container one after another. The thickness
of the slices was 10 mm. This kind of distribution was important and allows
to investigate the history of deformation describing the above slices (deforming
vertical lines) in the analysed multi-channel extrusion process. Two kinds of plas-
ticine samples have been used. Firstly, the substitute material was not modified.
In the second case, plasticine was mixed with rape oil (10 % oil in volume). The
addition of rape oil has been reduced the friction forces on the contact surface
between container, die and extruded material. The effect of decrease of the yield
point was then observed as well.

4. EXPERIMENTAL TECHNIQUE

To ensure that the modelling process should be similar to the real process,
an additional condition must be fulfilled. The friction on the parting plane of the
samples must be the same as that during the extrusion process using cylindrical
samples. So the friction on the contact surface between sample and plexiglass
plate cannot occur. This condition has been realised by putting the acidless vase-
line on the plate of plexiglass. The accuracy and precision of preparing samples
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(initial pressure) have not allowed to insert lubricants into plasticine slices. It has
been confirmed by the pictures presented that the sticking phenomenon has not
occurred. When the sample of clay was prepared, the contact surface between
the sample and plexiglass plate was moistened with a rape oil film. The sticking
effect did not occur either. All the tests have been carried out at room temper-
ature using a standard Instron 1112 machine. The deformation of the plasticine
and clay layers has been photographed at a number of deformation steps (that is
for several positions of the extrusion punch) and registered using a video camera.
The velocity of the ram was 125 mm/min.

5. DISCUSSION OF THE TEST RESULTS

The extrusion process registered by a video camera was divided into deforma-
tion stages (that is for several positions of the extrusion punch). The time interval
between the pictures was 2 sec. The pictures are presented in Figs. 3, 4, 5. This
way of registration allows to investigate the history of deformation. The analy-
sis of each increased process step is possible as well. First of all, the results of
modelling experiments are satisfied. The basic characteristic of plastic flow of
hot aluminium alloys has been reflected. Three major aspects, e.g. the boundary
layer occurring, the distribution of dead zones and the plastic deformation in
the region close to the die holes have indicated that there were stronger simi-
larities between the plastic flow of real and modelling materials (Fig. 5). At the
beginning of the process the influence of the ram motion was observed. After

F1G. 2. Deformed layers of aluminium alloy (dual — channel extrusion).
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that the boundary layer occurred. In the pictures presented, the increase of the
boundary layer is seen. The velocity of the flow in vicinity of this layer is practi-
cally close to zero. Therefore the lines between black and white plasticine slices
are very densely distributed near the wall of the container. Moreover, a strong
deformation in the vicinity of the die holes has been observed in the pictures
presented. Generally from experimental tests it is seen that the image of plastic
flow is qualitatively consistent with the flow of real material. The experiments
on real aluminium alloy have been made in a special press (Mini—press). The
cylindrical workpiece was cut into several slices. Between these slices silver foil
was placed. After finishing the process, the extruded material was tested by
electrolytic etching. The image of the deformed layers is shown in Fig. 2.

3 4
6 7 8

Fi1G. 3. The images of plastic flow — two colours of clay.
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FiGc. 4. The images of plastic flow — plasticine with rape oil.

In addition, the test results have the same fields of plastic deformation as
the analogous fields of aluminium alloys. Several tests have been made to obtain
this result. The boundary conditions may be modelled by special preparation of
the samples. The addition of rape oil to plasticine has a very strong influence
on plastic flow kinematics and boundary conditions. For example, in Fig. 4 an
identical test of extrusion is shown, where the boundary layer has not appeared.
In Fig. 3 the flow of clay has been presented. In this case the boundary layer
has not occurred either. The pictures in Fig. 5 have shown consecutive phases
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of increasing the boundary layer and plastic deformation of the material in the
vicinity of the die holes. The last picture shows the shape of the dead zone, which
is determined by the geometrical parameters of the die.

1 2 3 4 5

FiG. 5. The images of plastic flow — plasticine. Increasing of boundary layer.

The influence of the boundary conditions on plastic flow kinematics in the
extrusion process in Figs. 6, 7, 8 have been presented. For a given deformation
stage, the distribution of the flow velocities can be evaluated by comparing two
layers obtained for two consecutive punch positions, which have been plotted
respectively in Figs. 6 <+ 8. The vectors of velocity have been located in interesting
cross-sections only, especially on the symmetrical axis of the container, on the
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symmetrical axes of die holes and the near the wall of the container. In the region
of contact of the samples with the wall of the container next to the die holes, the
velocity of plastic flow are almost zero. The largest modules of velocity occur in
the vicinity of the die holes. This is the effect of strong plastic deformation in this
region. The fields of velocity confirmed the correctness of the physical model used.

1 2 3 4
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FiG. 7. Velocity of displacements (plasticine with rape oil).
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FiG. 8. Velocity of displacements — plasticine (boundary layer effect).

During extrusion process of the samples, the effect of bending and twisting
has occurred. It may be observed, when the field of velocities is nonuniform at
the end of the die holes. So the flow control in the vicinity of the die opening is
very important to avoid bending and twisting. There are some ways to get the
uniform velocity fields. Due to effective design, the thick parts of a profile can be
slowed due to the use of longer bearings to match the speed of the thinner parts
with short bearings. The effective bearing length controls the metal flow through
the die. The objective is to make all the profiles emerge from the die at the same
speed. The longer is the bearing length, the greater will be the resistance to
the flow of aluminum and the shorter is the bearing length, the less will be the
resistance to flow.

6. CONCLUDING REMARKS

There are different process parameters illﬂuéncing the material flow during
-extrusion of plastic materials. The test results simply provided the following
results:

e influence of the boundary conditions,

e shape and localization of dead zones,

e the plastic flow in the advanced phase of extrusion.

Boundary conditions have a basic influence on the process. Using two differ-
ent substitute materials such as plasticine and clay, different results have been
obtained. The sticking of sample material to the wall of the container cause the
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growth of the boundary layer. It is similar to the extrusion of aluminium alloys
at elevated temperature (Fig. 2). This effect has been obtained using specially
prepared plasticine as a substitute material. It was possible to obtain the effect
of ram motion, where the boundary layer has not occurred (see Fig. 4). The
same way of deformation using clay as a substitute material has been observed.
Application of the described experimental stand enables simple registration and
visualisation of all the processes. Moreover, the tests may be realised in different
cross-sections of the die. Compatibility of the results has been achieved, both
qualitatively and quantitatively, by empirical research on the substitute mate-
rial. The test results on clay have indicated the poor quality of this substitute
material for modelling the plastic flow of aluminium alloys. It does not mean that
clay, as a substitute material, is not useful in modelling the extrusion processes.
Probably the usefulness of clay as a substitute material is determined for cold
extrusion. The changes of kinematic flow as a result of increasing the boundary
layer is very significant. The area of strong plastic deformation is growing up in
this case. It means that the contact stresses distribution depends on increasing
of the boundary layers. It is an important clue to design the dies in extrusion
processes, which is similar to aluminium flow. On the other hand, the knowl-
edge about flow kinematic and deformation range allows to predict the stress
distribution.

The dual-channel extrusion, which is presented in this work is a non-symmetric
process. Bending and twisting of the final product has been also obtained. Dif-
ferent cross-sections of the die holes have determined different speeds of two ex-
truded parts. The solution of this problem, described above (see Sec. 5) require
also optimal disposition of extruded sections on the die surface. Experimental
research is a simple way to recognize the good disposition. Substitute materials,
such as plasticine, have reduced the costs of such experiments.

The most important result of the modelling tests is recognizing the phe-
nomenon of increasing the boundary layer and dead zone distribution. The as-
sumption and methodology of the experiments have been chosen correctly. This
proves the necessity of such kind of experiments in the future. They will give
important clues, very useful for designing the real and multi-channel extrusion
processes.
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