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Abstract. In the manufacturing of axisymmetric parts made of high-strength alloys, slow hot 

deformation is widely used, which makes it possible to increase significantly the plasticity 

properties of the material and to reduce the deformation force, as well as to achieve greater 

deformation. However, currently there are few studies discussing the issues of high-strength 

materials formation theory. This article considers the isothermal upsetting of cylindrical 

workpieces made of hard-to-deform alloys in the viscous-plasticity mode. The article 

introduces isothermal upsetting models regarding the short-term creep mode. The article 

reveals the influence of technological parameters and friction conditions existing on the contact 

surfaces of the working tool and workpiece on the material flow kinematics, stressed and 

deformed states, and the force conditions. The results obtained during their development can be 

used to create design methods for innovative, science-intensive, competitive technological 

processes of next generation for manufacturing axisymmetric geometrically-complex parts by 

means of isothermal deformation methods. 

1.  Introduction 

The main problem facing engineering nowadays is to increase the efficiency and competitiveness of 

products manufacturing of high-strength metals and alloys by pressure-processing methods that 

provide the maximum possible performance characteristics. In the manufacturing of axisymmetric 

parts from high-strength alloys, slow hot deformation is widely used, which makes it possible to 

increase significantly the plasticity properties of the material and to reduce the deformation force, as 

well as to achieve greater deformation. The pressure processing of hard-to-deform alloys in the short-

term creep mode opens great prospects for the creation of new technological processes. Despite the 

large number of works devoted to theoretical and experimental studies of isothermal die forging of bar 

stocks, the problems of high-strength materials forming theory in short-term creep mode have not been 

fully discussed at present. 

2.  Materials and methods 

Upsetting is a typical operation for the processing of metals by pressure [1]. The upsetting of high-

strength materials workpiece is carried out under isothermal conditions on hydro-press equipment. The 

forging modes are determined by the temperature-speed conditions, as along as with deformation 

hardening of the material, there is a creep condition, depending on the processing speed [2,3]. In 

addition, the upsetting is non-stationary, which also affects the technology in terms of operating 
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pressure and the limiting degree of deformation. Thereupon let's consider a variant of upsetting 

properties calculation. We will use the energy calculation method based on the upper bound theorem 

of plasticity theory with respect to the discontinuous axisymmetric displacement velocity field [4]. 

Figure 1 schematically shows the upsetting process. The scheme also demonstrates the displacements 

velocity field, consisting of hard blocks "0" and a block of deformations "1". The blocks represent the 

rotation factors and the limited surfaces of discontinuity velocity. 

      
                                        a)                                                    b) 

Figure 1. Upsetting scheme, field (a) and velocity plan (b) 

3.  Results and Discussion 

 

The velocity field is non-stationary, because it changes during the upsetting (shown in dotted lines). 

The line "01" rotates relative to "no". The lines "01", "12" move along the coordinate axes "x", "y" 

respectively, which causes additional normal velocities on discontinuity velocity surfaces. The 

deformations occur on these surfaces and in the deformation block.  

Equivalent stresses are expressed on the basis of the equality of the state of the material being 

deformed. On the surface of the discontinuity velocity is 
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Expressions (1) and (2) take into account the stress relaxation in connection with creep. The power of 

the internal forces on the surface of the velocity discontinuity is expressed using ,
1
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where э  are the equivalent stresses (9); V - tangential velocities; S - velocity discontinuity areas. 

We obtain the following expressions: 
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In the deformation block, the powers are determined using expressions (4) and (5) by the following 

equation: 
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Here w- is the power of the deformation block;  H.Ty  is the ordinate of block’s longitudinal section on 

the velocities’ plan (triangular ones with sides х=0, 01y , 12y ). Upsetting pressure at any stage follows 

from the balance equation for the powers of the upper and internal forces. Using the expressions (3) - 

(6), we obtain 

  ./2 0
2

1021201 VrNNNNq                                                     (7) 

The pressure depends on the initial workpiece dimensions, upsetting degree, its speed and 

deformation’s non-stationarity. It can be calculated for any stage of the operation for a given Δh. The 

lower value of the upper bounded pressure is determined by minimizing expression (7) with respect to 

angle α. When forging on crank presses, creep does not appear in formula (7) n = 0 as well. 

The calculated and technological results are obtained with reference to the upsetting of cylindrical 

workpieces with dimensions 2r=50 mm, h0 – 40 mm made of aluminum alloys at 450 ° C and titanium 

alloys at 950 ° C. Upsetting pressure, as follows from the table and figure 2, decreases with increasing 

operation time.  

 

Figure 2. Dependence of the specific upsetting pressure from the deformation time: 1 - AMg6 alloy;  

2 - alloy VT14 

Therefore, for one group of materials the upsetting degree can be increased by increasing the duration 

of the operation. For another group, there is no such dependence. Taking into account the non-

stationary nature of the process during the calculations corrects the deformation values, surface 

stresses and, consequently, affects the pressure estimates and the critical degree of deformation.  

In order to take into account the influence of the deformation rate, friction and workpiece dimensions 

on the quality of the products obtained, strain and deformation forces, this process was studied with 

the QFORM software. Its use is justified by the qualitative compliance of the results obtained in the 

course of the study based on the upper boundary plasticity theorem with the results obtained in the 

QFORM studies. Studies were carried out for the titanium alloy VT14, since its deformation is the 

most difficult one. For a more complete picture of the study, workpieces with a length of 40; 60; 80 

mm and with a diameter of 40 mm were used. The proportions of these sizes are 1; 1.5 and 2, 

respectively. Friction varied in the range between 0.1 and 0.3, which corresponds to the real type of 

lubrication, that is to the liquid glass (with friction coefficient value being 0.1), as well as a mixture of 

graphite and oil (in this case the friction coefficient is 0.3).  

Figure 3 shows the dependence of the change in the force during the upsetting on the deformation rate 

for different dimensions of workpieces at 1,0 . 



ISPCIET’2018

IOP Conf. Series: Materials Science and Engineering441 (2018) 012026

IOP Publishing

doi:10.1088/1757-899X/441/1/012026

4

 

Figure 3. Dependence of forces under isothermal upsetting from deformation rate ( mmDb 40 ; 

1,0 ): 1 - mmHb 40 ; 2 -  mmHb 60 ; 3 - mmHb 80  

Figure 4 shows the dependence of the change in the force during the upsetting from the deformation 

rate for different dimensions of the workpieces at 3,0 . 

 

Figure 4. Dependence of forces during isothermal upsetting from deformation rate ( mmDb 40 ; 

3,0 ): 1 - mmHb 40 ; 2 -  mmHb 60 ; 3 - mmHb 80  

According to the analysis of the dependencies presented in fig. 3 and 4 we can see that together with 

the increase of the deformation rate the force is also increasing, but the greatest intensity of force 

growth is achieved in the velocity intervals between 0 and 1 mm/s. Changes in the height of the 

workpiece with its constant diameter do not affect the force growth greatly. However, we can say that 

the smaller the ratio of the height of the workpiece to its diameter, with the same stroke of the punch, 

the greater the force is. An increase in the friction value from 0.1 to 0.3 evenly increases the force 

values by 10%. 

Figure 5 shows the dependence of the change in the force during the upsetting from the deformation 

rate for different workpiece dimensions. 
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Figure 5. Dependence of forces during the isothermal upsetting from the friction coefficient  

( mmDb 40 ; mmHb 40 ):1 - sec/01,0 mmV  ; 2 -  sec/1,0 mmV  ; 3 - sec/10 mmV   

According to the analysis of the dependence shown in fig. 5 it is seen that the force increases with 

increasing deformation rate. The increase in the friction value leads to an even growth of the force 

value. 

It has been established that during the upsetting, a defect arises for all workpieces, depending on the 

deformation rate, which manifests itself in the form of barrel or cavity formation in the central section 

of the part. In this connection, we carried out a study, the purpose of which was to determine the rate 

of deformation, at which such a defect does not arise. It can be seen that for workpieces made of 

titanium alloy at the deformation temperature С900  the best value of the deformation rates for the 

height mmHb 40  is sec/2,0 mmV  ; for height mmHb 60  is sec/5,0 mmV  ; for height 

mmHb 80  is sec/7,0 mmV  . According to the obtained data, we can construct the diagram 

shown in Fig. 6. 

 

 

Figure 6. The diagram, estimating the rational deformation rate 

4.  Conclusion 

It can be concluded that for the design of technological processes of isothermal forging, with upsetting 

being the main deformation scheme, the isothermal upsetting occurs under strain hardening conditions 

and stress relaxation in connection with the development of creep of the material being processed. 

This fact affects the punching mode; the operation pressure decreases as the upsetting rate decreases. 

At the same time, workpiece material damage is accumulated; for some materials the less the speed of 

the operation is, the less is the final damageability for a given upsetting degree, for other materials, the 

dependence from speed (time) does not appear; taking into account the non-stationarity of the 
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upsetting approximates the pressure estimation and the critical degrees of deformation to the actual 

ones. As a result, recommendations to ensure a defect-free upsetting in a viscous-plastic flow mode 

without barrel or cavity formation were provided. 
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