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Abstract: The results of computer simulation and physical experiment on angular pressing AD1 alloy billets are presented. There were 
microstructure and dyurametrix researches to confirm the changes in the structure of the structure and its mechanical properties. 
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1. Introduction. 
Unfortunately, traditional methods of stamping: cold [1]semi hot 
[2, 3], the hot volume [4, 5] and hydromechanical [6], can not 
bring structural changes to the ultrafine grain size, despite 
significant accumulated strain received by metal. Fragments with 
low-angle misorientation are obtained mainly these kinds of 
plastic processing [7]. Equal channel angular pressing is one of 
popular in the industry and one of perspective ways of severe 
plastic deformation. This method can generate a deformation of 
ultrafine-grained structure and improve the mechanical properties 
of bulk structural metals. Equal channel angular pressing (ECAP) 
[8-12] occurs with a predominance of mechanical deformation 
scheme, this corresponds to a simple shift. 

Dislocation slip is the main mechanism of new grain 
boundaries and dominant at the initial stage of restructuring. 
However, larger values of accumulated deformation lead to some 
saturation grain size as well as on the hardening of the treated 
metal. It leads to the predominance of non-crystallographic grain 
boundary shifts. Shifts cause angular misorientation boundaries 
increase. The more shear strain more accumulated  is and  the 
less structural fragments are, the more intense characteristics of 
subjected to angular pressing metal change [13]. 

 
2. Preconditions and means to solve the 

problem. 
The research is aimed to confirm these theoretical 

propositions about the relationship of accumulated deformations 
and basic geometric characteristics of the channels structure of 
metallic materials and their properties [14]. For this purpose we 
use our models [15-17] and need to study the influence of process 
parameters on the kinematics of the metal flow and energy-power 
conditions angular pressing [18-20] and to conduct physical 
simulation [21] to obtain the blanks with shredded structure 
models.  

 
3. Results of computer simulation. 
Software QFORM 3D was adopted as a simulation tool. As 

a tool for simulation of dependence of influence of conjugation 
radius at the intersection of channels on angular pressing force 
parameters was obtained (Fig. 1). Analysis of the results showed 
a plastic deformation forces decreased with increasing of radius 
of conjugation channel. Angle of conjugation of the channels is 
the second process parameter influencing magnitude of the forces 
pressing. The graph in Fig. 2 illustrates the decrease forces of 
deformation with increasing angle of conjugation channels.  

 
 

Fig.1. Dependence of pressing force on the stroke of the punch 

when combined radiuses conjugation channels; D - 
characteristic dimension of channel cross section. 

 
Fig.2. The pressing force dependence on the angle of crossing 
channels  
The work deformation increases in the course punch and it also 
affects the value of the radius of the channel conjugation (Fig. 3). 

Fig.3. Dependence of the plastic deformation of the punch stroke 
at different combinations and not equal to each conjugation 
radius channels r, R 
 

Analysis of simulation results allowed to design stamping 
tooling [22, 23] with rational radius conjugation channels and 
angles of intersection of the channels. 

4. Physical simulation. 
Fig. 4 shows a universal stamp for angular pressing with the 

possibility of crossing the channel changeover angles in the range 
90 ° ≤ θ ≤ 135 ° c implementations pressing schemes with one 
and two foci of deformation [24]. First we pressed components 
samples of lead with the reference grid with scheme of a 
traditional ECAP with foci of deformation, angle crossing the 
channels 90 º and the conjugation radius: external - 5 mm; 
internal - 2 mm. After we had verified the stamping tooling 
operability, we moved to research pressing AD1 alloy 
workpieces. All results relate to the angular pressed workpieces 
with square cross section of 16 × 16 mm and a length of 100. 
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Fig. 4. Stamping snap for angular pressing 
Changing the grid and Lagrangian lines in computer simulations 
are the same (Fig. 5). 
 

 

 
Fig.5. Experimental and theoretical distribution of the grid lines 
in the workpieces. a) - an experiment; b) - computational 
simulation. 

 
Comparison of angular pressing forces of in the simulation 

based on the known dependence and the results of the experiment 
is shown in Figure 6. Experimental curve corresponds to a 
smooth increase pressing force and a slightly larger punch stroke. 

 Fig. 
6. Comparison forces of angular pressing  
 
Results of microstructural analysis after one and two passes 
through the workpieces the deformation foci are shown in (Fig. 
7) to confirm the changes of the alloy AD1 structure 
Microhardness distribution over the cross section after pressing 
the workpiece shown in Fig. 8 The hardness increases with the 
increasing number of  the workpiece passes through the channels. 
It indicates that the workpiece material is hardening.  
 

  
a) b) 

  
c) d) 

  
e) f) 

Fig. 7. Dynamics of changes in the microstructure during 
ECAP: a) - longitudinal ground joint initial billet; b) - 
transverse section of the initial billet; c) - longitudinal 
ground joint, 1 cycle ECAP; d) - the cross-sections 
ground joint, 1 cycle ECAP; e) - longitudinal ground 
joint, 2 cycle ECAP; f) - the cross-sections ground joint, 2 
cycles of ECAP. 
 

 

а) 

b) 
Fig. 8. Microhardness distribution over the cross section 
microsections at different number of cycles of ECAP: a) - 
longitudinal microsections; b) - the cross-sections. 

5. Summary / Conclusions. 
1. The identity of the experimental results distribution grid 

lines in the composite workpiece with the results of computer 
simulation is installed. This suggests that the data on the flow 
kinematics and deformed state workpieces are valid. 

2. When analyzing the hardening curves revealed that the 
implementation of two loops ECAP flow stress level values are 
increased by 60% compared with the initial workpiece and by 
50% compared with the workpiece, after one cycle of the ECAP. 
This confirms the increase in mechanical properties as a result of 
hardening. 
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3. After one cycle ECAP microhardness increased by 30-
50%, especially in the longitudinal microsections, and after two 
cycles ECAP by 40-60% compared to the original workpiece 
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