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Abstract. In the article provided the results of studies the optimization of energy-saving 

technologies in mechanical engineering using modern methods of simulation modeling 

is becoming an urgent area for the informatization of engineering production on the 

process of cold asymmetric rolling of metal sheets is accompanied by an 

inhomogeneous stress-strain state. 

The research considers the noncanonical areas of strain, an approach is proposed for 

determining the optimal technological parameters and studying the stress state of the 

cold rolling process using asymmetric rolling technology in the active zone of 

elastoplastic strains based on simulation using the application software LS-DYNA by 

LS-PrePost (R) version V4.6.1. To optimize energy-saving for rolling technologies, 

considered a stationary regime of symmetrical rolling, the kinetic energy does not 

change over time, and the potential energy in the active zone of elastic-plastic strains 

tends to increase. For the case of asymmetric rolling, a high level of kinetic energy is 

observed, and there is a fluctuation over time, explained by different coverage of 

asymmetric rollers in the zone of active elastic-plastic strains, as a result of which the 

stationary nature of the metal sheet rolling mode is violated. 

 

1. Introduction 

The investigation on the plastic behaviors, mechanical properties, and formability at the microscale to 

design, fabricate, and enhance the reliability of microsystems technology is in the focal point of 

scientific society for the last decade. The issues of developing optimal energy-saving technologies for 

the cold rolling of metal strips, accompanied by elastoplastic strains, are urgent tasks of modern 

engineering [1, 2, 3, 4]. The geometry of the cross-section in the active zone of the elastoplastic strain 

of metal strips is a curved trapezoid, therefore, the computational domain becomes a no canonical one 

[5]. The effect of speed ratio and offset distance on the variation of corresponding strain and shear 

strain in asymmetric rolling have been studied by Zhang [6] and Ji [7]. Li [8] and Jiang [9] conducted 

the experiment of asymmetrical rolling and studied the relationship between microstructure and 

mechanical properties of the plate. For the last years, simulation and modeling of the crystal plasticity 

have been widely developed to investigate the plastic deformation behavior of the single and 

polycrystal theoretically and experimentally [10 – 19]. The aim of this work is to compare symmetric 

and asymmetric sheet metal rolling via finite element model applying Tresca and von Mises theory in 

each element of the deformed part of the metal, by application of software LS-DYNA by LS-PrePost 
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(R) version V4.6.1, material plastic deformation behavior in the symmetric and asymmetric rolling of 

a strip. 

2. Methods 

The part of material under consideration is a metal sheet with a thickness of h, a width of b and a 

length of l, located in the Cartesian coordinate system Oxуz (here Oxy is located in the median plane of 

the metal sheet), which, under asymmetric rolling, at a constant speed v experiences an elastic-plastic 

strain in the active zone (figure 1, 2). The thickness decreases from h to hk. Here, the length of the 

sample l is 105 cm, the thickness h is 3 cm, the width b is 20 cm, the radius of the rolling roller is R = 

18 cm, the rotation speed of the roller is ω = 15 rpm, the friction coefficient between the roller and the 

sample is r1 = 0.2, and r2 = 0.6. The speed of the metal strippassage is c = 10 meters/min. 

Implementation of the given statement of the problem was performed using the LS-DYNA by LS-

PrePost (R) software package version V4.6.1 [20, 21]. 

3. Discussion 

According to the proposed scheme, 2.62 mm compression occurs between asymmetric rollers - on the 

front planes of the metal sheet (figure 2). The maximum value of the stress tensor intensity arises in 

the active zone of elastoplastic strains between symmetrical rollers. In the remaining parts, passive 

stress-strain states arise with determinant residual plastic stresses. As the results show, the normal 

components of the resulting stress-strain state prevail between the symmetric and asymmetric rollers, 

while the tangential components of the stress and strain tensors are small, so, the lines that are straight 

before strain remain close to each other after metal sheets rolling (figure 3). 

 

  

Figure 1. Scheme of sheet rolling in asymmetric technology of cold 

rolling of metal sheets 

 

 
Figure 2. Active elastic-plastic strain region in symmetric 

technology of cold rolling of metal sheets 
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Figure 3. Distribution pattern of normal stress σуу 

 

 
 

а)                                                                b) 

Figure 4. Distribution pattern of stress intensity according to the theory 

of Tresca - a) and von Mises - b) 

 

The results obtained on various theories of plasticity show that the qualitative patterns of their 

distribution differ. So, according to the Tresca theory, the formed plastic strains in the passive zone of 

sheet cold rolling are taken into account. According to the von Mises theory, the strains in the active 

zone of rolling are considered, i.e. these theories in a certain sense complement each other (figure 4). 

 

 
 а)                                                                   

 
 b) 

Figure 5. Qualitative pattern of changes in the values of length - a) and thickness –b) of a 

steel metal strip 

        

In the active zone of rolling, the total decrease in strip thickness along the normal coordinate, after 

passing through the second pair of rollers, is – 13.8 mm (Figure 5 - a). Here, a longitudinal elongation 

of the metal strip occurs, the maximum value of which is 135.5 sm (figure 5 – b). Thus, in the sample 
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under consideration, the maximum decrease from the initial thickness is 34.5% and the elongation is 

30%. 

In the process of cold rolling of metal strips in the active zone of elastoplastic strains, transverse and 

longitudinal stresses arise. The maximum value of the compression stress is 855 kgf/sm2 Pa (figure 5 - 

b), and the maximum value of the longitudinal stress is 363 kgf/cm2 (figure 5 – a). The range of 

acceptable values for plastic stresses is from 250 kgf/sm2 to 960 kgf/sm2. In this case, the tensile 

strength for steel is 780 kgf/m2. 

 

 
а)                                                                   

 
b) 

Figure 6. The pattern of changes in kinetic - a) and potential - b) energy over time in the 

process of symmetric rolling 

 

 
а) 

 
b) 

Figure 7. Pattern of changes in kinetic – a) and potential – b) energy over time in the 

process of asymmetric rolling 

 

4. Conclusions 

The competitiveness of finished products, among other things, is largely dependent on energy-

saving technologies. To optimize energy-saving technologies (symmetric and asymmetric ones) 

for cold rolling, the need arises to study kinetic and potential energies. For the considered 

stationary regime of symmetrical rolling, the kinetic energy does not change over time, and the 

potential energy in the active zone of elastic-plastic strains tends to increase. For the case of 

asymmetric technology, a high level of kinetic energy is observed, and there is a fluctuation over 

time, explained by different coverage of asymmetric rollers in the zone of active elastic-plastic 

strains, as a result of which the stationary nature of the metal sheet rolling mode is violated. The 

qualitative pattern of potential energy for asymmetric technology coincides with symmetric 

technology. At the same time, the amount of kinetic energy is an order of magnitude higher; for 

potential energy, a three-time decrease is observed with asymmetric technology compared to 

symmetric one. Thus, for the case of asymmetric technology in metal sheets rolling, productivity 

is an order of magnitude higher, and the energy costs are three times less compared to symmetric 

technology. 
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