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ABSTRACT

Purpose: of this paper is realisation of engineering design and manufacture of new type of equipment DRECE 
(Dual Rolling Equal Channel Extrusion), designated for obtaining UFG structure in strip of sheet.
Design/methodology/approach: The equipment enables refinement of grain in strip of sheet by extrusion 
technology without change of cross-section. Special attention is paid to the design of the forming tool in order to 
prevent upsetting of sheet or its undulation during the forming process.
Findings: From the viewpoint of design rate of extrusion has been optimised, range of pressure on pressure rolls 
has been determined, type of lubricant was optimised.
Research limitations/implications: In contradiction to classical ECAP process only “A” and “C” type 
passes can be used. Due to this no shear planes are created in several grid systems and resulting efficiency of SPD 
process is therefore lower. It is, however, much higher than at rolling process.
Practical implications: This equipment can be successfully used in pilot plant and afterwards in industrial 
practice. The first verification trials have confirmed functionality of this equipment.
Originality/value: Development and manufacture of the DRECE equipment were realised at the Technical 
University of Mining and Metallurgy in Ostrava (VSB-TU Ostrava) in collaboration with designing and manufacturing 
company. Very realistic pre-requisite exists for obtaining UFG structure in strip of sheet made of non-ferrous metals 
and their alloys. The development was realised within the frame of the project MPO No. 2A-1TP1/124.
Keywords: Technological devices and equipment; DRECE machinery; UFG structure; Strip of sheet
Reference to this paper should be given in the following way: 
S. Rusz, K. Malanik, J. Dutkiewicz, L. Cizek, T. Donic, J. Kedron, S. Tylsar, New design of the forming equipment DRECE 
for obtaining UFG structure in strip of sheet, Archives of Materials Science and Engineering 42/2 (2010) 111-118.
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1. Introduction 

 
During last two decades great attention was paid to materials 

with grains of diameter smaller than 1 µm. These materials were 

classified as Ultra Fine Grain (UFG) materials with diameter of 
grains of the order of 100 to 1000 nm and nano-materials with 
mean diameters of grains smaller than 50 nm. This research 
concerned the whole production of UFG materials, using Severe 
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Plastic Deformation (SPD). Use of these materials is very 
versatile – either directly as semi-products for subsequent further 
processing with lower number of operations (created structure is 
preserved in final products) or for production of final products 
from semi-products [2].  

Technologies of severe plastic deformation can be defined as 
processes, which create in material high degree of deformation in 
order to achieve grain refinement [3]. These new technologies for 
production of semi-finished products with ultra-fine grained 
structure differ from conventional technologies. While in classical 
technologies change cross-section of the processed material, the 
cross-section of material processes by SPD remains unchanged. 
Several types of SPD technologies serving for production of UFG 
metals was developed already at the beginning of the nineties. 

 
Physical models of UFG materials  

Models of nano-crystalline materials are dual phase 
composites describing their mechanical properties with use of so 
called rule of mixture. Theoretical models are based on concepts 
of traditional dislocation movement of the grid in nano-grain 
cores as dominant deformation mechanism in nano-crystalline 
materials. They describe also plastic flow in nano-crystalline 
materials, which are mostly described with use of deformation 
mechanisms in combination with active involvement of grain 
boundaries. Such deformation mechanisms concern shear in grain 
boundaries, diffusion plastic mechanisms are related to diffusion 
of grain boundaries [1, 4]. 

The following 2 models are mentioned as an example: 

Song’s theoretical model 
Song marked two branches of dependence of the grain 

boundary on yield value [2]. One is realised at large size of grains 
(d > dcr), and it is described by classical Hall-Petch relation (1). 
At small sizes of grains (d < dcr) Song’s model [2] is applied for 
nano-crystalline material behaving as continuous precipitate of 
strengthened dual phase alloy of, in which the phase of grain 
boundaries plays the role of matrix, and each grain settles into 
matrix coherently. Yield point is in this area given by the relation: 

 
 

crf
b~

~ 0

             (1) 

where 
~

marks the matrix yield point (phase of grain boundaries) 
without obstacles (grains), 0 is inter-phase boundary energy, b~ u 
Burger’ vector of magnitude, which characterises dislocation of 
grain boundaries as carrier of plastic flow in the matrix and fcr is 
volume fraction of crystalline grains (playing the role of obstacles 
for dislocations of grain boundaries), which can be described 
approximately in the following manner: 
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where  is effective thickness of grain boundary and d is mean 
grain size. Equations (10) and (11) are responsible for 
experimental data of abnormal Hall-Petch relation at some values 

of parameters of the model [1, 8]. Use of the relation (1), which 
originally described strengthening of consistent precipitate of dual 
phase alloys is, nevertheless, questionable in the case of nano-
crystalline materials, since is is based on the presumption, that 
carriers of plastic flow in the matrix (grain boundaries) and 
cohesively deposited particles of the secondary phase (grains) are 
identical. This assumption is very disputable. Crystalline nano-
grains and structures of grain boundaries are diverse, they contain 
dislocations with principally different properties [1, 5].  

 
Kim’ theoretical model 

Kim’s theoretical model is based on the existence of the grain 
size of nano-crystal dc. This model is based on verity of the Hall-
Petch relation (1). It is valid only for the variant, when d  dc, in 
smaller grain the relation (d  dc) is valid. It does not take into 
account any strengthening effect and mode of ideal plasticity, 
which is realised if micro-hardness is constant and independent of 
grain size, is expressed b y the relation (3) [1, 5, 6]. 
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where H0  is Hall-Petch constant of nano-materials, Hic  is 

inter-crystalline micro-hardness, is Hall-Petch constant of nano-
crystals, I minimum grain size, dpedk is maximum grain size.  

Significant deviations of micro-hardness occur according to 
the Hall-Petch relation (1), as well as decrease in the areas of 
small grain sizes. These instances are explained by peculiarities of 
interaction of dislocation slip along grain boundaries with 
obstacles. Model of diffusion flow was considered as mechanism 
of grain boundaries plasticity [1, 7]. At small grain size the grain 
boundaries diffusion is dominant deformation mechanism.  

 
Technologies for production of UFG materials  

Most frequently used and new developing methods for 
production of UFG materials comprise the following 
technologies:   

ECAP (Equal Channel Angular Pressing) 
CONFORM (Continuous Forming) 
TE (Twist Extrusion) 
CSPD ECAE/P (Continuous Severe Plastic Deformation and 
Equal Channel Angular Extrusion or Pressing) 
 

Technology Conform - ECAP 
Technology for extrusion of aluminium sections Holton-

Conform was developed by the British company Holton 
Machinery Ltd. Figure 1 shows diagram of the method and 
production equipment Holton-Conform 2000. The sample is 
transported into the profiled groove of extrusion wheel of pressure 
roller and it is enclosed in the groove by a sleeve (yellow part in 
the figure), which contains heating elements. Extrusion wheel has 
a retainer in order to prevent winding up of the sample on the 
wheel. Rotation of wheel generates big pressures and reheated 
sample is extruded through the matrix. [5, 9, 10]. 

 

 

 
 

Fig. 1. Production equipment Holton Conform 2000 
 
 
Authors of this method Conform - ECAP combined both 

technologies in such a manner, that they enclosed the extrusion 
wheel into the matrix, which has the same output as ECAP. 
A groove is formed in its fixed part, into which the formed 
material is entered. It is then shifted forward by friction forces 
formed at three contact surface of the groove. These forces must 
force through the full length of the sample through the ECAP tool. 
Principle of this method is similar to that of the original method  
Conform [5, 11, 12]. However, the new system ECAP – Conform 
has been designed in such a manner that it is possible to process 
the sample repeatedly. Material leaves the die under the angle of 
approx. 90°, similarly as in „classical“ ECAP. The process is 
continuous. In this manner it is possible to achieve UFG structure. 

The existing results show that this technology refines grains 
and enhances mechanical properties similarly as „classical“ 
ECAP. The method is designated for continuous creation of ultra-
fine grained materials in the form of bars and strips of sheet. For 
trials with use of commercially pure aluminium an aluminium 
wire with diameter 3.4 mm and length over 1 m was used, and it 
was processed by four passes using the route C. Initial grain size 
was 5–7 µm. Achieved results corresponded to those obtained by 
the standard ECAP, i.e. considerable enhancement of strength 
properties was achieved as well as improved ductility. 

 
 

Comparison of the process of classical rolling with DCAP 
process  

In spite of the fact that deformation is not achieved by perfect 
simple shear, both numerical analyses ands experimental 
observations showed that simple shear is a dominant manner of 
deformation in course of DCAP. Shear deformation input into the 
sample was distributed comparatively uniformly along the full 
width, with the exception of regions close to the lower surface of 
the strip. Experimental results agree completely with the results 
obtained by mathematical analyses with use of finite-element 
method. It is obvious from experimental results that different 
shear deformations occur near the lower surface. This uneven 
deformation occurs at the place, in which the work sample does 
not touch the tool. 

Shear deformation elongates with increasing number of passes 
through the tool. Fibrous micro-structure is created after three 
passes. It was investigated, whether plastic deformation 
influences strip hardness. Hardness in dependence on number of 
passes is first increasing and after the fourth pass it begins to 
decrease mildly. Important increment of hardness was observed 
after two passes.  

Characteristics of mechanical strengthening according to 
DCAP were compared with those of cold rolling. Hardness of the 
rolled strips has not changed significantly.  

Equation (4) gives an efficient deformation obtained from 
DCAP, which is expressed in dependence on number of passes 
(N), relation of thicknesses (K). On the other hand equation (3) 
represents rolling expressed in relation to the reduction ratio (R). 
Investigation of changes of hardness in dependence on efficient 
deformation established slightly lower hardness in the sample 
after DCAP than in the sample after cold rolling.  

 
     = 2N/ 3 . K2 cot ( /2)             (for DCAP)           (4)                   

  = 2/ 3 . / ln (1-R)                   (for rolling)  
 
In the case of rolling hardness was an increment of increasing 

deformation to ~2, which is equal to 83% reduction of thickness. 
Hardness of the rolled samples was constant with the exception of 
the strain exceeding ~2. In the case of DCAP process hardness is 
increasing with increasing deformation up to  ~2 (equal to the 3rd  
and 4th pass through the tool with  = 120 and K = 0.935). 
Maximum measured hardness achieved by ECAP was 94% of 
hardness of the rolled sample. Hardness decreased down to 83% 
of the maximum hardness of the cold rolled sample with the 
exception of deformation exceeding  ~2 [5, 13 ]. 
 
 
2. Drece machinery 
 

During 2009 a prototype of this equipment was put into trial 
operation at the working site of the VŠB-TUO. Figs. 2, 3, 4 gives 
an overall view of the prototype of this equipment. It consists of 
the following main parts: gear of the type Nord with electric 
drive, disc clutch, feed roller and pressure rollers with regulation 
of thrust, forming tool made of the steel grade Dievar. Strip of 
sheet with dimensions 58 x 2 x 1000 mm (see Fig. 4) fed into the 
working space and it is pushed by the feed roller with help of 
pressure rollers through the forming tool without change of its 
cross section. Repeated plastic deformation realised in this 
manner brings substantial refinement of structure. During the trial 
operation first experiments were made followed by their 
evaluation. On the basis of these works some modifications of 
design were proposed. It is not possible to publish more detailed 
technical data as this equipment is patent protected [2]. 

 

      
Fig. 2. Diagram of DRECE process 
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of grain boundaries [1, 4]. 
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boundary on yield value [2]. One is realised at large size of grains 
(d > dcr), and it is described by classical Hall-Petch relation (1). 
At small sizes of grains (d < dcr) Song’s model [2] is applied for 
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boundaries plays the role of matrix, and each grain settles into 
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where H0  is Hall-Petch constant of nano-materials, Hic  is 

inter-crystalline micro-hardness, is Hall-Petch constant of nano-
crystals, I minimum grain size, dpedk is maximum grain size.  
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working space and it is pushed by the feed roller with help of 
pressure rollers through the forming tool without change of its 
cross section. Repeated plastic deformation realised in this 
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a) b) 
 

                                        
 
c)                     d) 
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Fig. 3. Prototype equipment DRECE for extrusion of strip sheet metal a) lateral view of the equipment b) front view, c) detail of tool, 
d) back view, e) general view 

 
 
Another important structural elements of the DRECE machine 

consisted in designing of the suitable relation of size of the feed 
roller and pressure rollers, determination of guides between the 
inlet of strip of sheet into the tool (top part of the tool) and at inlet 
of strip of sheet into the deformation zone (lower part of the tool). 
Both parts of the tool were made of special refractory tool steel of 

the type HOTVAR [14, 15, 16]. Another independent issue was 
designing of appropriate power unit and gearbox (see Figs. 3 a, b, 
c, d, e). All these elements influence substantially the whole 
design of the DRECE machine from the viewpoint of its 
functionality. Specimens of strip sheet up extrusion process we 
observe on the Fig. 5. It was necessary to pay great attention to 

 

the design of these most important parts of the DRECE machine 
(see Fig. 4). 

 
  

 
 

Fig. 4. DRECE tool used for mathematical simulation 
 

 
 
Fig. 5. Specimens of strip sheet through DRECE machinery after 
3rd pass  

 
 

3. Mathematical simulation of the drece 
process 

 
Main objective consisted in an analysis of mathematical 

modelling of passage through the tool channel of the DRECE 
technology (see Fig. 2) with respect to achievement of high 
degree of stress and strain intensity in extruded sample. The 
machine DRECE for mathematical simulation (see Fig. 6) has the 
following basic geometrical parameters: rounding radii  
R1 = 2.4 mm and R2 = 0.2 mm, tool angles  = 120° and  = 30°, 
friction coefficient (between the feed roller and material, as well 
as between pressure rollers and material) f =1, friction in the 
forming tool itself f = 0.04-0.1 – it is very important factor 
influencing substantially the forming process. During the trials the 
feed roller and pressure rollers have special surface finish in order 
to increase friction and pressure force. 

Initial simulation of 8 passes of the strip of sheet (99.5 Al) 
through the DRECE tool was made, when edge conditions were 
defined only approximately due to the experiments as such. 

At the parameters of the channel angle  = 120°, angle of 
external rounding  = 0°, with radii R1 = 2.4 mm a R2 = 0.2 mm 
the stress intensity achieves the maximum values i = 194.28 and 
deformation intensity  i = 0.3407 MPa after first pass and  
 i = 0.7305, i = 335.79 MPa after third passes and  i = 2.273,  
i = 405.31 MPa after eight passes (see Tables 1, 2, 3, 4, 5, 6 and 

Figs. 6, 7, 8, 9, 10, 11). 

Table 1. 
Forming parameters achieved after the first pass through the 
DRECE tool for the alloy AlMn1Cu 

Stress intensity 
max [MPa] 

Deformation intensity  
max [-] 

194.28 0.3407 
 

             
   

Fig. 6. Magnitude of deformation intensity after the first pass 
 
 
Table 2. 
Forming parameters achieved after the third passes through the 
DRECE tool 

Stress intensity 
max [MPa] 

Deformation intensity  
max  [-] 

335.79 0.7305 
 

         
 

Fig. 7. Magnitude of deformation intensity after third passes 
 
 
Table 3.  
Forming parameters achieved after fifth passes  

Stress intensity 
max [MPa] 

Deformation intensity  
max[-] 

385.79 1.211 
 

          
 

Fig. 8. Magnitude of deformation intensity after fifth passes 
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through the DRECE tool was made, when edge conditions were 
defined only approximately due to the experiments as such. 

At the parameters of the channel angle  = 120°, angle of 
external rounding  = 0°, with radii R1 = 2.4 mm a R2 = 0.2 mm 
the stress intensity achieves the maximum values i = 194.28 and 
deformation intensity  i = 0.3407 MPa after first pass and  
 i = 0.7305, i = 335.79 MPa after third passes and  i = 2.273,  
i = 405.31 MPa after eight passes (see Tables 1, 2, 3, 4, 5, 6 and 

Figs. 6, 7, 8, 9, 10, 11). 

Table 1. 
Forming parameters achieved after the first pass through the 
DRECE tool for the alloy AlMn1Cu 

Stress intensity 
max [MPa] 

Deformation intensity  
max [-] 

194.28 0.3407 
 

             
   

Fig. 6. Magnitude of deformation intensity after the first pass 
 
 
Table 2. 
Forming parameters achieved after the third passes through the 
DRECE tool 

Stress intensity 
max [MPa] 

Deformation intensity  
max  [-] 

335.79 0.7305 
 

         
 

Fig. 7. Magnitude of deformation intensity after third passes 
 
 
Table 3.  
Forming parameters achieved after fifth passes  

Stress intensity 
max [MPa] 

Deformation intensity  
max[-] 

385.79 1.211 
 

          
 

Fig. 8. Magnitude of deformation intensity after fifth passes 

3.  Mathematical simulation of the drece 
process
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Table 4.  
Forming parameters achieved after six passes 

Stress intensity 
max [MPa] 

Deformation intensity  
max [-] 

391.87 1.5541 
 

         
 

Fig. 9. Magnitude of deformation intensity after six passes 
 
Table 5.  
Forming parameters achieved after seven passes 

Stress intensity 
max [MPa] 

Deformation intensity  
max [-] 

402.26 1.9500 
 
 

       
 

Fig. 10. Magnitude of deformation intensity after seven passes 
 
Table 6.  
Forming parameters achieved after eight passes  

Stress intensity 
max [MPa] 

Deformation intensity  
max [-] 

405.31 2.273 
 

       
 

Fig. 11. Magnitude of deformation intensity after eight passes 

An unequivocal conclusion results from mathematical 
simulation that in the case of extrusion of strip of sheet it is 
necessary from the viewpoint of obtaining the sufficient number 
of shear systems (planes) to perform substantially higher number 
of passes for achievement of the necessary magnitude of 
deformation intensity, which enables obtaining of high grain 
refinement [2] in respect to the ECAP process – type of passes 
BC, which is the most efficient. It is impossible to realise this in 
practice type of passes for sheets.  

The results obtained by mathematical simulation will be in 
future works compared with experimental results. 

 
 

4. Metallographic analysis of the sheet 
extruded through the drece tool 

 
Experiments with use of material Al 99.5% were made on the 

DRECE machines in order to achieve grain refinement in the strip 
of sheet with dimensions 58 x 2 x 1 000 mm. For orientational 
information, whether grain was refined preliminary 
metallographic analysis was made on optical microscope 
NEOPHOT 2. Structure was analysed on the surface in 
longitudinal direction in respect to direction of rolling, and also in 
cross section an d longitudinal section. Altogether 3 passes were 
made through the DRECE tool. Comparison was made for initial 
state and for the state after the third pass. Due to the fact that 
process of etching of pure Al for optical microscope is very 
difficult, it will be necessary to make more precise evaluation on 
TEM microscope and by SAED analysis. Figures 12, 13 and 14 
show the obtained results of analysis.  
 
 

 
          a)               b) 

 
Fig. 12. Structure of the sample - direction parallel with direction 
rolling a) initial state, b) 3rd pass  (at magnification 100 x) 
 
 
 

        
a)                b) 

 
Fig. 13. Structure of the sample – cross section of strip sheet   
a) initial state b) 3rd pass (at magnification 100 x) 

 

 
            a)                b) 
 
Fig. 14. Structure of the sample – longitudinal section of strip 
sheet a) initial state b) 3rd pass (at magnification 100 x) 
 
 

According it is possible to state that during the process of 
extrusion of strip of sheet through the DRECE tool the material is 
changed, but it is not considerable [2]. This is an initial analysis, 
when degree of deformation achieves after the 3rd pass the 
magnitude  ~ 0.73. 

More significant change occurs after 10-12 passes through the 
DRECE tool. In this case the route “C” was used, when the strip of 
sheet is turned by 180° between individual passes through the 
DRECE tool, which significantly limits number of occurrences of 
shear planes with various orientations contrary to the process 
ECAP, when the semis can be turned by 90° between individual 
passes (pass of the type “Bc”). High degree of deformation 
influencing the achieved grain size and homogeneity of structure is 
achieved much more quickly. The equipment DRECE is at the stage 
of verification and future works will verify influence of 
technological parameters on increase of efficiency of SPD process 
for obtaining of UFG structure in non-ferrous metals. 
 
 

5.  Conclusions  
 
The newly designed equipment DRECE is at the stage of 

functional verification. It has been designed as prototype 
equipment for production of UFG structure in strip of sheet made 
of non-ferrous metals with subsequent possibility of deformation 
also of steel sheets with thickness 1.7 and 2 mm. This process 
involves primarily creation of sufficient number of shear systems 
with different orientation in crystallographic lattice. Contrary to 
technologies ECAP and CCDC (Cyclic Channel Die 
Compression) degree of deformation achieved during individual 
passes through the forming tool - as the main forming factor 
influencing efficiency of SPD process and thus obtaining of the 
required grain refinement – is not so high. Creation of UFG 
structure in strip of sheet is closely connected to the design of 
suitable geometry of forming tool, appropriately dimensioned 
power unit and control system enabling setting of various values 
of peripheral velocities. It is also necessary to optimise the 
pressure force and thus also pressure on pressure rollers so that 
only extrusion occurs, but not the rolling. Another factor 
influencing this deformation process is assurance of lubrication 
only in the zone of deformation in such a manner that lubricant 
does not adhere on the feed roller and thus does not decrease the 
friction (extrusion) force. In the opposite case the material would 

slip and it would remain in the tool extruded only partly. Last but 
not least is the issue of precise determination of all the allowances 
in the whole forming equipment DRECE. From the viewpoint of 
forming parameters higher number of passes will bring 
considerable strengthening of the formed material, which will 
have to be compensated by an increase in magnitude of forces in 
pressure rollers with simultaneous adjustment of corresponding 
rate of feed of strip of sheet (i.e. also rate of forming). 

According to the degree of the obtained results of extrusion of 
the sheet made of Al (99.5%) it is possible to state that the 
equipment is fully functional. It is now necessary to adjust some 
of the above mentioned parameters in order to achieve more than 
10 passes through the DRECE tool, when it is already possible to 
consider creation of UFG structure. 
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Table 4.  
Forming parameters achieved after six passes 

Stress intensity 
max [MPa] 

Deformation intensity  
max [-] 
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Fig. 9. Magnitude of deformation intensity after six passes 
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Forming parameters achieved after seven passes 

Stress intensity 
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Deformation intensity  
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Fig. 10. Magnitude of deformation intensity after seven passes 
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Forming parameters achieved after eight passes  
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Fig. 11. Magnitude of deformation intensity after eight passes 

An unequivocal conclusion results from mathematical 
simulation that in the case of extrusion of strip of sheet it is 
necessary from the viewpoint of obtaining the sufficient number 
of shear systems (planes) to perform substantially higher number 
of passes for achievement of the necessary magnitude of 
deformation intensity, which enables obtaining of high grain 
refinement [2] in respect to the ECAP process – type of passes 
BC, which is the most efficient. It is impossible to realise this in 
practice type of passes for sheets.  

The results obtained by mathematical simulation will be in 
future works compared with experimental results. 
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made through the DRECE tool. Comparison was made for initial 
state and for the state after the third pass. Due to the fact that 
process of etching of pure Al for optical microscope is very 
difficult, it will be necessary to make more precise evaluation on 
TEM microscope and by SAED analysis. Figures 12, 13 and 14 
show the obtained results of analysis.  
 
 

 
          a)               b) 

 
Fig. 12. Structure of the sample - direction parallel with direction 
rolling a) initial state, b) 3rd pass  (at magnification 100 x) 
 
 
 

        
a)                b) 

 
Fig. 13. Structure of the sample – cross section of strip sheet   
a) initial state b) 3rd pass (at magnification 100 x) 

 

 
            a)                b) 
 
Fig. 14. Structure of the sample – longitudinal section of strip 
sheet a) initial state b) 3rd pass (at magnification 100 x) 
 
 

According it is possible to state that during the process of 
extrusion of strip of sheet through the DRECE tool the material is 
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passes (pass of the type “Bc”). High degree of deformation 
influencing the achieved grain size and homogeneity of structure is 
achieved much more quickly. The equipment DRECE is at the stage 
of verification and future works will verify influence of 
technological parameters on increase of efficiency of SPD process 
for obtaining of UFG structure in non-ferrous metals. 
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involves primarily creation of sufficient number of shear systems 
with different orientation in crystallographic lattice. Contrary to 
technologies ECAP and CCDC (Cyclic Channel Die 
Compression) degree of deformation achieved during individual 
passes through the forming tool - as the main forming factor 
influencing efficiency of SPD process and thus obtaining of the 
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suitable geometry of forming tool, appropriately dimensioned 
power unit and control system enabling setting of various values 
of peripheral velocities. It is also necessary to optimise the 
pressure force and thus also pressure on pressure rollers so that 
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influencing this deformation process is assurance of lubrication 
only in the zone of deformation in such a manner that lubricant 
does not adhere on the feed roller and thus does not decrease the 
friction (extrusion) force. In the opposite case the material would 

slip and it would remain in the tool extruded only partly. Last but 
not least is the issue of precise determination of all the allowances 
in the whole forming equipment DRECE. From the viewpoint of 
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considerable strengthening of the formed material, which will 
have to be compensated by an increase in magnitude of forces in 
pressure rollers with simultaneous adjustment of corresponding 
rate of feed of strip of sheet (i.e. also rate of forming). 

According to the degree of the obtained results of extrusion of 
the sheet made of Al (99.5%) it is possible to state that the 
equipment is fully functional. It is now necessary to adjust some 
of the above mentioned parameters in order to achieve more than 
10 passes through the DRECE tool, when it is already possible to 
consider creation of UFG structure. 
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