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ABSTRACT 
Applying SPD on metalic materials in order to 

form a nanochrystal structure has been the 

subject of many recent researches. 

Researches show that nanochrystal structure 

improves mechanical properties such as 

yielding strength and wear resistance against 

abrasion. 

Among SPD methods, HPT and ECAP 

methods have been more popular. 

Irrespective of the different geometry of the 

parts produced through each of these 

processes, studying the amount of plastic 

deformation as well as the method of applying 

it could be useful in each of these processes, 

when it comes to comparing and choosing the 

more effective process. 

In this article, the results of finite element 

analysis of the HPT and ECAP processes on 

pure commercial is provided and the rate of 

success of each one in applying the SPD to the 

part is studied. 

As a result of the high pressure in the HPT 

process and the constant circular deformation 

that is applied, the amount of plastic 

deformation applied in the HPT process is 

more than that of the ECAP process. 

Therefore it could be said that more grain 

refinement could be obtained in metals through 

the HPT process. 

According to the results of simulation and in 

accordance with the existing experimental 

reports, as the process continues and the 

number of rotations is increased, the plastic 

deformation at/on any point of the disc is 

constantly increased.  

          Since increasing the number of rotations in the HPT 

process is much easier than repeating the                             

          passes in the ECAP process, it could be said that 

applying plastic deformation in the HPT    

          process is much easier and faster than in the ECAP 

process.   
 

 

KEYWORDS 

HTP, ECAP, nanochrystal, finite element, plastic deformation, 
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Introduction 
The grain size in polycrystalline materials plays a very 

important role in mechanical strength and wear 

resistance. In general, a fine grained material has many 

advantages compared to coarse grain structure and 

besides the improving mechanical properties, the 

possibility of applying  superplastic deep drowing 

processes is increased as well. Such structures in 

polycrystalline materials are known as Ultra Fine 

Grained (UFG). UFG materials are divided into 

microcrystal and nanocrystal groups, in the latter group 

the size of the grains is reduced to 200mm. The two 

main methods for making UFG are the bottom-up and 

the top-down methods [1]. In the bottom-up method, 

the bulk is made through the merge of atoms or solid 

nanometric particles. Like inert gas condensation and 

electro deposition methods. these methods too, have the 

ability to produce materials with desired grain 

refinement, but they have their own disadvantages and 

flaws as well.  on one hand the risk of pollution 

infiltration is high, and on the other hand in these 

methods, residue porosity is inevitable. But in top-down 

methods, there are no problems of pollution and 

porosity. In these methods, the initial workpieces with 

coarse grains are received and after applying the related 

process, the desired grain refinement is achieved. There 

are several methods in this category, and all of them are 

based on imposing high deformation upon the material. 

These methods are known as sever plastic deformation 

(SPD). 

 

2. The SPD processes 

 
The SPD is a process in which the formation of metal is 

achieved through applying high hydrostatic pressure. 

The metal is placed under high deformation and thus 

the desired grain refinement is achieved, without 

changing in the general sizes of the initial workpiece. 

Among SPD methods, more attention has been paid to 

the HPT and ECAP processes [2]. 

 

2.1. The ECAP process 
 
Researchers have so far done many useful researches on 

the ECAP process. in figure (1), principles of the ECAP 

process are shown [3].  

 
Fig 1: The schematic principles of the ECAP process 

In this figure the conduit angle   and the bend angle  

are shown. Both of the angles play an important role in 

the process. The workpiece in this process is a rod or a 

wire that placed in the conduit and then sent into the die 

with the help of a punch by a press. The workpiece 

deformation type is a simple shear strain, that is acure 

when the workpiece passes the edges of the die. In 

practice for simplifying the process, the angle of 

conduit is set at 90 degrees. The bend angle has less 

effect on the amount of the applied deformation, and in 

separable dies it could be disregarded. But in 

inseparable dies, some angle of  is inevitable. Although, 

severe plastic deformation is applied while the 

workpiece passes through the shear surface, the sample 

leaves the die without any changes on its cross 

sectioned surface. Therefore, it could be placed within 

the die again and the next pass of process could be 

applied on it. In practice the application of several 

passes is popular, in order to increase applied plastic 

deformation. Therefore, in each pass, in comparison to 

the previous one, the samples have a rotation of 90 to 

180 degrees, around the vertically placed axis on the 

cross sectioned surface. 

 

2.2 The HPT process 
 

In this method, while the workpiece is under high 

pressure, it is subjected to a moment as well, so a 

severe shear strain is applied to the structure. This 

deformation would finally lead to grain refinement at 

nanometric scale. In figure (2), a scheme of this process 

is shown [1]. 
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 Fig 2: schematic principle of HPT process 

In figure (2.a), the workpiece does not adhere to the 

edges and can flow. it can be used in some cases, where 

relatively lower pressure and rotation is needed. 

Hydrostatic pressure is very low in these dies and is 

caused as a result of the friction between the surface of 

the workpiece and the die. When higher grain 

refinement is required and the workpiece is under high 

pressure and requires numerous rotations, the following 

two methods are more effective. In figure (2.b), the 

workpiece is placed within the cavity of the bottom 

anvil and is fully constrained. In figure (2.c), the the 

semi-constrained workpiece is placed within the die, 

and during the process, parts of the workpiece metal 

leaves the die through its parting line as flash. The 

friction between the flash and the surface of the die, 

creates the required hydrostatic pressure [1,2]. 

Nanometric grain refinement in metals improves 

mechanical properties. The Hall-Petch relation 

approves this fact through relating the shear strength of 

metal to the mean size of grains [1]. 

2

1


 dkyoys
                                                                                                                            

(1) 

 where  o  is a friction stress, yk   is a constant of 

yielding and d is the grain size. 

Due to this relation , it becomes clear that the yield 

stress of the materials resulting from the HPT, are at a 

high level, because the grain is refined at nanometric 

levels as a result of this process. In the HPT process, 

hydrostatic pressure is increased up to 5Gpa and even 

to 7Gpa in some reports. Due to such a high pressure, 

workpieces producible in the HPT method are relatively 

small and also due to the nature of the process, they 

have an axisymmetrical geometry. The HPT process is 

used more in producing discs with a diameter of about 

10 mm and a thickness of 1mm and rings with an equal 

surface area. In figure 3, the geometry of the workpiece 

is shown, with the angle of applying deformation and 

the parameters for calculating the deformation.  

 
Fig 3: Angle of applying deformation and the 

parameters for calculating the deformation 

Due to the axisymmetrical nature of the HPT process, 

the applied deformation in radial across is not 

homogeneous and fpllows the relation 2: 

t

nr
r




2
)( 

                                                                                                                                     
(2)                                                                                                                                                                             

In this relation, t is the thickness of the workpiece, r is 

the radial position and n is the number of all completed 

rotations applied to the work piece.  

As a result of this nonhomogeneous deformation, the 

nanostructure and the final hardness of the workpiece, 

vary according to the radial position at different points. 

The relative nonhomogeneousness in the HPT disc 

structure has been approved by referring to the results 

of scientific tests in various reports. In figure (4), the 

results of hardness measurement for a disc as a function 

of  the radial position are shown[6].  

 
Fig 4: the results of hardness measurement for a disc as 

a function of the radial position 

In the HPT process, one of the main challenges for 

researchers is to overcome the nonhomogeneous 

structure. Increased pressure and the number of 

completed rotations lead to the improvement of  

homogeneousness in these workpieces [6]. 

 

3. Finite element simulation 
 

When it comes to the geometry and dimensions of 

workpieces the ECAP process is more variable than the 

HPT process. In this article, a cylinder with a diameter 

of 20mm and a length of 10cm for an ECAP workpiece 

and a disc with a diameter of 20mm and a height of 

5mm were used in order to simulate the HPT process. 

The finite element analysis was carried out by the 

commercial finite element software “DEFORM 3D” 

and triangular elements were used to simulate both 

processes. Both workpieces were made of pure 

commercial aluminum. Meshed workpieces are shown 

in figure 5. 
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Fig 5: Meshed workpieces for simulation ECAP and 

HPT processes 

 

 

3.1.   The ECAP process simulation 
 

In order to simulate ECAP process a die with a conduit 

angle of 90 degrees and a torsion angle of 0 degree 

were used. The punch movement speed within the 

conduit was . The workpiece is placed under one ECAP 

pass and the simulation process is stopped, once the 

whole of the workpiece passes by the angle of conduit. 

The result of the simulation for the ECAP process is 

shown in figure 6. Changes in the amount of effective 

strain in the workpiece as the ECAP process continues 

is shown in 6-A to 6-D. In figure 6-A, only a small 

portion of the workpiece has passed the conduit angle 

and in picture 6-D the whole of the workpiece has 

experienced one ECAP pass. As shown in this figure, 

plastic deformation is applied as the workpiece passes 

by the angle of conduit. After passing through this area, 

deformation remains almost contant at every point of 

the workpiece. Although, as a result of the friction with 

the conduit wall, a small amount of strain may be 

applied to the workpiece surface as it moves through 

the conduit, but this amount of strain could be 

disregarded. In the results of this simulation, The strain 

amount resulting from one ECAP pass is about 1/5, and 

in order to increase the amount of effective strain, the 

workpiece must be placed within the conduit again and 

the process must be repeated. 
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Fig 6: The result of the simulation for the ECAP 

process 

 

3.2 the HPT process simulation 
 

The HPT process simulation is carried out on a semi-

constrained workpiece. Figure 7 shows the deformation 

of the workpiece during the process as well as the 

amount of the effective strain at any point of the 

workpiece. 
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Fig 7: deformation of the workpiece during the HPT 

process 

 

As shown in figure 7 some flash is formed in the die 

parting line, and it increases as the process continues. 

According to the results of simulation and in 

accordance with the existing experimental reports, as 

the process continues and the number of rotations is 

increased, the plastic deformation at/on any point of the 

disc is continuously increased. In figure 7, the existing 

deformation gradient on the HPT workpiece is obvious 

and it could be seen that the points closest to the outer 

edge of the workpiece are always receiving more plastic 

deformation.The other important point that could be 

obtained from the results of this simulation is that the 

amount of effective strain obtained after 4 rotations in 

HPT process, 2.5 on the outer edge of the workpiece, is 

higher than the effective strain, resulting from the 

ECAP process after one pass. In this simulation, a 

vertical pressure of 2Gpa has been used to apply to the 

workpiece in HTP process, and the rotation is applied 

in the lower holder, with a speed of 1rpm. Since 

increasing the number of rotations in the HTP process 

is much easier than repeating the passes in the ECAP 

process, it could be said that applying plastic 

deformation in the HPT process is much easier and 

faster than in the ECAP process. On the other hand, if 

the flashes production could be controlled so that anvils 

don’t rub against each other as a result of high pressure, 

obtaining more deformations would be easier. In order 

to avoid the rubbing of holders, the pressure did not 

exceed 2Gpa, in this research. The other point in the 

HPT process that must be noticed is the difference 

between the amount of deformation resulting from the 

relation (2) and the amount of actual deformation at the 

end of the process, as this difference is quite obvious in 

the results of simulation. So that in practice the amount 

of deformation is much less than guessed in theory. The 

reason for this difference must be searched in the 

phenomena of  relative slipping of  the workpiece and 

the pressure surface of the die. Indeed, what happens in 

practice is a sliding friction, which results in the 

transfer of only a part of the total rotations of the die to 

the workpiece. 

4. conclusion 
According to the results of finite element simulation, 

the HPT and ECAP processes could be compared to 

one another from three aspects: 

 

1) The amount of plastic deformation: 
 

As a result of the high pressure in the HPT process and 

the continues circular deformation that is applied, the 

amount of plastic deformation applied in the HPT 

process is more than that of the ECAP process. 

Therefore it could be said that more grain refinement 

could be obtained in metals through the HPT process. 

 

2) The easiness of applying the process  

 
In the ECAP process, we have to repeat the process and 

the workpiece must be placed in a conduit once again 

and experience another pass, in order to increase the 

amount of plastic deformation applied to the part. 

While the increase in the amount of deformation in the 

HPT process is simply obtained by increasing the 

number of rotations. Therefore, increasing the amount 

of deformation in the HPT process is easier than that of 

the ECAP process. 

 

3) Geometry and dimensions of parts:   

 
When it comes to geometrical form and dimensions of 

parts, a much larger area is included in the ECAP 

process, compared to the HPT process. These 
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 workpieces could be thin rods, cylindrical parts with a 

diameter of 20mm or even workpieces with square 

section. But the HPT process has its limitations, since; 

it is obtained through a pressure of several Gpa on the 

surface of the workpiece. Therefore, researchers usually 

use small workpieces, in order to create such a pressure. 

On the other hand, as a result of the axisymmetrical 

nature of the HPT process, the parts produced through 

this process have a axisymmetrical form which includes 

discs and rings. 
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