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Abstract

Method DRECE (Dual Rolls Equal Channel Extrusion) belongs to a perspective group of technologies utilizing
the process of severe plastic deformations (SPD). Used for forming of metallic materials. On the newly
developed forming device, unlike the rolling technology, the material is significantly strengthening after the
forming process, while maintaining the initial strip sheet dimensions after the first pass through forming device.
We want to achieve a significant increase in mechanical properties in as few passages as possible by the
forming device, in particular increasing the yield strength Rpo2 and the ultimate tensile strength Rm, while
maintaining good formability. The above-described forming method was used to extrude of two types low
carbon steel HC200AM and S235JR. The forming tool, according to the pre-performed experiments, was
chosen with an inclination of 108° in the deformation zone. The mechanical properties obtained after first pass
through the forming device from the tensile tests.

Keywords: Severe plastic deformation process, DRECE method, HC200AM steel, S235JR steel,
mechanical properties

1. INTRODUCTION

Ultra-fine-grained materials (UFG materials) were developed in a number of research projects. Research has
found, that forming methods using severe plastic deformations process are very effective in the field of
production of UFG materials. The SPD methods allow grain sizes of 100 to 200 nm to be achieved [1].
The resulting grain size can be affected by adjusting the forming parameters, for example by increasing the
deformation pressure or by lowering the material temperature during forming [2]. The chemical composition of
the formed material also has a significant effect on the resulting grain size [3]. The patrticle size of the grain
mainly influences the degree of alloying of the formed material by interstitial atoms. Alloys formed by SPD
methods achieve an increase in plasticity, strength or toughness. At UFG alloys also show effect superplasticity
[4-6]. One of the new type of the severe plastic deformation method is called ECAP - Conform. This process
usually consists of ECAP die and rotary pushing tool. The ECAP - Conform die consist of three important
components. The rotating die, stationary die and the abutment. After insertion into the groove of the rotating
die, the sample is pulled by the frictional force between the sample and the die until it hits the abutment.
The ECAP- Conform tool is schematically shown in Figure 1. Another type of the severe plastic deformation
method is called CECAP. The principle of the method consists in inserting a cylindrical sample into the inlet
channel of the matrix. The deformation zone of the CECAP method consists of two parts. In the first part, the
initial cylindrical metal is extruded to reduce its diameter (see Figure 2). The reduced sample reaches the end
of the channel and is sufficient. Then the material is pressed into the angular channel to be laterally extruded.
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The angular portion of the forming die provides the desired back pressure to compress the sample to increase
its diameter to the initial state [8].
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Figure 1 ECAP- Conform [7] Figure 2 CECAP [8]

The paper verifies the mechanical properties of two types of low-carbon steels HC200AM and S235JR (used
in the companies SteelTec.cz, s.r.o. and Kovona systém a.s.). The given steels will be formed by the DRECE
(Dual Rolls Equal Channel Extrusion) method [9], which allows to achieve after the 1st pass through a special
forming device a substantial increase in their mechanical properties, especially the yield strength Re while
maintaining the required plasticity. The DRECE method, unlike the rolling process, preserves the original
dimensions of the sheet metal strip, ie. there is no change in the thickness of the formed sheet metal strip.
The effect of method DRECE on increasing the basic mechanical properties, especially yield strength Rpo.2,
ultimate tensile strength Rm, ductility Aso, determined by tensile test, was tested also from this perspective.
The effectiveness of this method is evaluated by the use of different simulations [10]. The functionality of the
forming device with a new DRECE method by the use of the SPD process has been verified, especially on
non-ferrous metals and mild steels.

2. DRECE METHOD AND INNOVATIVE FORMING EQUIPMENT

Metallic strip with dimensions 58 x 2 x 1000 — 2000 mm (width x thickness x length) is inserted into the device.
During the forming process the main cylinder in synergy with the pressure roller extrude the material through
the forming tool without any change of cross section of the strip. In this way a significant refinement of grain is
achieved by severe plastic deformation. This method is used for various types of metallic materials, non-ferrous
metals and their alloys. The forming equipment is shown in Figure 3.

Figure 3 Forming equipment for DRECE method

Forming process is based on extrusion technology with zero reduction of thickness of the sheet metal with the
ultimate aim - achieving a high degree of deformation in the formed material. Used DRECE method belongs
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to the group of a progressive type of forming processes making use of severe plastic deformation (SPD).
After this processing step in comparison with structure of conventional materials, the materials exhibit
significantly higher mechanical values, especially yield stress and in limited extent also tensile strength.

3. ANALYSIS OF SPD PROCESS INFLUENCE ON MECHANICAL PROPERTIES (CLASSIC TENSILE
TESTS)

Experimentally was carried out 1 pass of steel HC200AM (see Table 1) through the forming device. After pass,
the obtained mechanical properties were evaluated - see Figure 4.

Table 1 Chemical composition of HC200AM steel (in wt. %)
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Figure 4 Influence of SPD process on a mechanical properties of steel HC200AM
a) Yield strength, b) Ultimate tensile strength, c) Ductility, d) Microhardness
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On the basis of the results obtained from the tensile tests of steel HC200AM, it can be stated with respect to
the initial state, that after the 1st pass the yield strength Rpo.2 is increased by 71 % and the ultimate tensile
strength Rm by 14 % (see Figure 4a and Figure 4b). At the same time, there will be a slight decrease in the
ductility by 14 % (see Figure 4c). As itis seen from the Figure 4 the yield strength and ultimate tensile strength
after SPD processing are increased while the elongation Aso is decreased. The ductility value Aso = 26 % is
sufficient after the one pass through forming tool. The development of microhardness in the width of the sheet

metal strip from the steel HC200AM is shown in Figure 4d.

Experimentally was carried out 1 pass of steel S235JR (see Table 2) through the forming device. After pass,

the obtained mechanical properties were evaluated — see Figure 5.

Table 2 Chemical composition of S235JR steel (in wt. %)
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Figure 5 Influence of SPD process on a mechanical properties of steel S235JR
a) Yield strength, b) Ultimate tensile strength, c) Ductility, d) Microhardness
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On the basis of the results obtained from the tensile tests of steel S235JR, it can be stated with respect to the
initial state, that after the 1st pass the yield strength Rpo.2 is increased by 33 % and the ultimate tensile strength
Rm by 13 % (see Figure 5a and Figure 5b). At the same time, there will be a slight decrease in the ductility by
19 %. As it is seen from the Figure 5 the yield strength and ultimate tensile strength after SPD processing are
increased while the elongation Aso is decreased. The ductility value Aso = 15 % is sufficient after the one pass
through forming tool. The development of microhardness in the width of the sheet metal strip from the steel
S235JR is shown in Figure 5d.

From the achieved results of the mechanical properties in the short tensile, it is obvious that according to the
results achieved by the classic tests, the highest reinforcement in the sheet metal after the 1st pass through
the forming tool occurs both in longitudinal, transverse and deflected directions. After the 1st pass, there is a
large build-up of dislocations at the grain boundaries and thus to the intensive strengthening of the steel. At the
same time, the ductility is reduced considerably. An important knowledge of industrial practice is the size of
the steel strengthening after the first passes by the forming device, the achieved ductility value being sufficient
for the further forming of the sheet.

4, MICROSTRUCTURE ANALYSIS

The microstructure analysis of steels HC200AM and S235JR showed a less pronounced effect of the SPD
process on grain refinement. After the 1th pass through the forming tool, there is only very slight refinement of
the structure (see Figure 6 and Figure 7). In the further course of the research, it seems appropriate to carry
out a suitable heat treatment (structure refinement) on the 1th pass in order to reduce the increase in
mechanical properties as the elongation value increases.

i
a) initial state b) after 1th pass (longitudinal direction)
Figure 6 Microstructure of the steel HC200AM

a) initial state b) after 1th pass (longitudinal direction)
Figure 7 Microstructure of the steel S235JR
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5. CONCLUSION

From the results of this experiment, the effect of the SPD process on the quality improvement of the HC200AM
and S235JR steels is obvious. In particular, it is an increase of the yield strength while maintaining the desired
formability after the 1st pass by the forming device. At the same time, there is a considerable reduction of the
formability (ductility). A dislocation-reinforced structure was achieved. In terms of grain refinement, which is
important to maintain the required ductility, it will be desirable to carry out a suitable inter-operative heat
treatment. For the application of prototype equipment in industrial practice, the mechanical properties of the
HC200AM and S235JR steels are very important. After the 1st pass through the forming device, the vyield
strength Rpo.2 is substantially increased, while maintaining the necessary ductility Aso required to further
deformation of the sheet metal. The suitability of using the DRECE method to improve the quality of these
steels on prototype forming equipment has been clearly demonstrated.
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