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In this work theoretical and experimental analysis of the backward extrusion with a rotary die of the AZ31 alloy has
been performed. The modification of the classical extrusion was based on the use of a rotary die. The results of
theoretical research have confirmed that the use of the modified backward extrusion causes the appearance of
shear stress in deformed material, which could affects the activation of additional mechanisms of deformation. The
numerical modelling of the rotating extrusion of AZ31 alloy has been conducted by using the computer program
Forge®. The experimental tests were carried out in the conditions of the STD 810 torsion plastometer using newly

designed tools.
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INTRODUCTION

A growing increasing interest in lightweight struc-
tural materials, characterised with high strength while
maintaining good plastic properties and low specific
weight, can be observed nowadays. The processes of
Mg alloys metal forming are of specific nature, and
their proper practical implementation in industrial ap-
plications is often very difficult. An improvement of the
properties of metals being deformed can be achieved,
among others, by means of structure refinement by
means of the Severe Plastic Deformation (SPD) meth-
ods. Numerous metal forming processes, with a signifi-
cantly differing course, can be considered as the SPD
methods, however, the application of severe deforma-
tions to materials in precisely determined conditions is
what they have in common [1-4]. The works [5-7] dem-
onstrate that application of the accumulation of back-
ward extrusion results in high refinement of Mg alloys
structure and increase of their strength. However, in the
work [7], a new backward extrusion method using a ro-
tary tool is presented. Quoted work demonstrates that
an application of a rotary tool (a die in this case) results
in decreasing the extrusion force as compared to the
process without rotation and increasing of the deforma-
tion intensity in the AZ80 alloy being extruded, as com-
pared to the typical backward extrusion process. The
work did not analyse the impact of a rotary tool applica-
tion on the tangential stress values which leads to the
formation of shear bands giving rise to the activation of
deformation mechanisms resulting in the refinement of
the structure of the material being deformed.
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RESEARCH SCOPE AND OBJECTIVE

The objective of the study being performed is to de-
termine the impact of a rotary punch application on the
flow of metal being deformed and to force the increase
of the tangential stress share in the process of backward
extrusion. The research was performed on the AZ31
magnesium alloy in as extruded condition. Numerical
modelling of the extrusion process using the rotary tool
was performed for the parameters of an STD810 tor-
sional plastometer. The theoretical research on the pos-
sibilities of adapting the equipment to extrusion tests
was performed by means of the Forge® application soft-
ware. The viscous-plastic model of the deformed body,
described with the Norton-Hoff principle [8, 9] was
used in the numerical computations.

The computer simulations were performed for two
variants: variant I, representing a typical backward ex-
trusion process, and its modification using the rotary
punch (variant I). In the theoretical research an input
element with a diameter (d) 5 mm and height (h) 5 mm
was used resulting in the ratio d/h = 1. The punch dis-
placement speed for both variants was identical and
amounted to 4 mm/s, whereas the rotational speed of
the punch for variant 11 was 60 rpm. The temperature of
the feedstock and tools was 400 °C. The friction coef-
ficient value, assumed in the computations, was 0,13
[10]. The curves of flow stress for the AZ31 alloy being
analysed were determined experimentally, by means of
the hot compression test [11].

The shape and dimensions of the tools were de-
signed in such a manner that they correspond to the di-
mensions of the sample used in plastometric tests with
use of the STD810 plastometer (Figure 1). In the first

METALURGLJA 60 (2021) 1-2, 36-38



I P SZOTA et al.: THEORETICAL AND EXPERIMENTAL ANALYSIS OF THE BACKWARD EXTRUSION PROCESS WITH...

Lock nut  Die

Punch

Locking screw/ D16

— Specimen

219

a)
smooth punch longitudinally
/ ribbed punch
b) ' c) :

Figure 1 Scheme of assembling dies and specimen used in a
computer simulations - a), shape of punches used in
variants | - b), shape of ribbed punches used in
variants Il - ).

variant, a typical punch was used with a circular cross-
section and chamfered face surface (Figure 1b), while
in the second variant, six longitudinal ribs were formed
around the perimeter of the punch (Figure 1c) in order
to force the material torsion.

ANALYSIS OF THE NUMERICAL MODELLING
RESULTS

The theoretical research conducted it possible to de-
termine the impact of the punch rotation applied on the
possibility of die stamping torsion. Thus, in the first re-
search stage, an analysis of metal flow for both variants
of the backward extrusion process was performed (Fig-
ure 2).

The distribution of velocity vectors obtained for the
conventional backward extrusion is typical for such pro-
cess (Figure 2a). The flow vectors in the cylindrical part
of the die stamping are oriented in parallel and, at the
same time, opposite to the punch movement direction.
However, in the lower part of the die stamping (the bot-
tom part), the vectors are oriented perpendicularly and in
the direction of the punch movement. An entirely differ-

a) b)

Figure 2 Distribution of velocity vectors: a) variant | - the
backward extrusion, b) variant Il - the backward
extrusion with a rotary punch.
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Figure 3 Results of numerical modelling of the backward
extrusion - distribution of: a) v, variant|, b) v _variant
II, ¢ T, variant|, d) T, variant I, (vX— flow component,
7_-tangential stress).

ent character of plastic flow was obtained for variant 11 in
which the rotation of the moving punch was additionally
introduced (Figure 2b). The metal on the entire height of
the cylindrical die stamping displaces circumferentially,
more intensively in relation to the axial direction of the
die stamping. Such distribution of flow velocity vectors
leads to an increase of tangential stress percentage during
deformation, as compared to conventional extrusion.

Within the frameworks of the research, distribution
of the transverse flow velocity component v of the die
stamping was determined for both variants of the extru-
sion process (Figures 3a and 3b). In the conventional
backward extrusion process, metal flowing in the cir-
cumferential direction of the die stamping does not vir-
tually occur on its whole cross-section. The application
of the rotary punch disturbs the distribution of the trans-
verse velocity component v, typical for the backward
extrusion process, the metal on the whole height of the
cylindrical part and, most importantly, also on the wall
cross-section, begins to flow intensely in the circumfer-
ential direction of the die stamping, while the values
obtained for all walls of the die stamping differ by sign,
which testifies for the rotation in the same direction in
relation to the symmetry axis of the die stamping.

The analysis of the tangential stress shown in Figures
3c and 3d demonstrated that, in variant I, the values of the
r, component on the whole cross-section of the die
stamping are low, and differ by sign in relation to the
horizontal axis of the die stamping cylindrical part. How-
ever, for the variant 11, the intended effect was achieved,
resulting from an additional deformation (torsion, Figure
3d) of the die stamping; apart from flowing towards the
height, the entire volume of the cylindrical part walls is
torsioned. The change of flow nature, as compared to the
conventional process, resulted in the additional tangen-
tial stress to occur, which is particularly evident in that
part of the die stamping being in contact with the rotating
punch (the areas of wall with a greater thickness). There-
fore, it can be concluded that the introduction of the
punch rotation into the conventional backward extrusion
process results in the additional tangential stress.

ANALYSIS OF THE PHYSICAL MODELLING
RESULTS

Within frameworks of experimental investigations,
physical modelling of backward extrusion of AZ31 al-
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Figure 4 Experimental test of a backward extrusion: a) tool kit
to the test - 1) die, 2) locking screw at the bottom of
the die, 3) punch, 4) specimen &5 x 5 mm, 5) ejector,
b) assembly of tool kit with the sample inside.

loy samples were performed in the STD810 torsional
plastometer. The tests were carried out for two variants
and parameters as in the theoretical research. The tests
required a special tools (Figure 4).

Figure 4a illustrates the tool kit for tests, and Figure
4b shows the tool kit assembled with the specimen in-
side the die. A thermocouple was connected to the
punch for temperature measurement. The AZ31 alloy
specimen was heated inductively up to 400 °C, by a
controlled heating of the die and punch. The test con-
sisted of heating for 60 s, soaking for 60 s, deformation
for 1 s and cooling for 60 s. The punch displacement
speed was 4 mm/s for both variants. In the variant 2, the
punch rotation at 60 rpm was additionally introduced.

Figure 5 presents the microstructure of individual
specimens in a longitudinal cross-section. The feed-
stock (Figure 5a) is characterised with band structure
and non-uniform grain size. The specimens after extru-
sion according to variant 1 (Figure 5b) exhibit the band
structure of finer grains as compared to the feedstock
material. For variant 2 (Figure 5c), a considerable grain
refinement is evident together with the occurrence of
characteristic bands arranged at some angle to the axis
of specimen. It indicates that shear bands were created
as a result of intense localised deformation. Within the
areas of the bands, fine sub-grains were found which
proves the occurrence of dynamic recrystallisation.

SUMMARY

Based on the theoretical and experimental investiga-
tions carried out it was found that the introduction of the
punch rotation into the conventional process of backward
extrusion results in increasing the share of tangential
stress during the deformation which leads to the activa-
tion of additional deformation mechanisms resulting in
creation of shear bands. Such deformation scheme fos-
ters significant refinement, particularly in Mg alloys,
which was confirmed in the micro structure analysis.
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