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Abstract: The report presents the design of a 13-roll leveler for straightening sheet blanks of complex configuration. The roll leveler is 
equipped with a mechanism for controlling the roll gap, which during the levelling process compensates for the elastic deformation of the 

housing and maintains the specified levelling conditions. The levelling process was analyzed using the finite element method (FEM) with the 
determination of forces acting on the rollers during levelling of sheet blanks up to 50 mm thick. 
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1. Introduction 
 

Sheet blanks are widely used in industrial production. For their 

cutting, laser and plasma cutting is often used. After that, sheet 
blanks often have insufficient geometric accuracy (flatness). To 

improve the geometric accuracy of sheet blanks various methods 
can be used, including roller levelling. 

Roller levelling is a technological process of metal forming, 
used to minimize the flatness of sheet blanks and reduce the level of 

residual stresses. When levelling, the workpiece is subjected to 
cyclic alternating bending with decreasing amplitude. In this case, 

the penetration depth of deformation should be at least 0.7 of the 

thickness of the workpiece [1]. 
The existing experience of the world's leading manufacturers 

of process equipment (ARKU, KOHLER, etc.) shows the feasibility 
of using multi-roll levelers both for straightening piece sheet parts 

and for integrating levelers into existing and planned automated 
lines for the production of piece sheet blanks of a wide range for 

machine-building, petrochemical, aerospace and other branches of 
industrial production. 

Multi-roll levelers are used for cold straightening of steel sheet 

blanks and blanks of non-ferrous alloys up to 50 mm thick and up to 
5000 mm wide. Hot straightening of steel sheet blanks is carried out 

at temperatures of 500-700 °C, mainly immediately after leaving 
the working stand of the rolling mill. Hot straightening cannot 

provide a sufficiently even surface of the blanks, since they undergo 
buckling during the cooling process. Sheets with a thickness of over 

40 - 50 mm are usually straightened in a cold state under presses. 

At present, there is a demand for versatile and productive 
equipment for levelling sheet blanks with complex contours. These 

requirements are met by multi-roll levelers. 
 

2. Components of the roll leveler 
 

Roll leveler mainly composed of 6 parts (fig. 1): 
- Upper and lower roll frames. They include upper and lower 

leveling rolls, which are used for cyclic alternating bending of sheet 
blanks. The roll frames also contain back up rolls which are 

designed to prevent excessive bending of the leveling rolls under 

operating loads. 
- Upper and lower frames. 

- Mechanisms for adjusting the inlet and outlet inter-roll gap. 
Used for the initial setting of the roll leveler for straightening blanks 

of a certain thickness. 
- Drive unit. The leveling rolls are driven by a drive unit. It 

consists of electric motors and reducers. 
- Compensation mechanisms. Serve to compensate for the 

elastic deformation of the elements of the roll leveler under the 

working load. 
- Mechanical means for moving blanks. 

The roll leveler is designed for straightening blanks with a 
thickness of 6 to 50 mm with a maximum width of up to 2000 mm. 

It is equipped with 13 leveling rolls with a diameter of 200 mm and 
15 back up rolls. The distance between rolls is 205 mm (Fig. 2). In 

the roll leveler, a roll arrangement is used, in which the upper frame 
of rolls is located at an angle to the lower one, which ensures cyclic 

bending with decreasing amplitude of the billet. The levelling speed 

is in the range from 3 to 12 m/min. 

 

 
Fig. 1. Components of the roll leveler 

1 – upper roll frame; 2 – lower roll frame; 3 – upper frame; 4 – 
lower frame; 5 – mechanisms for adjusting inlet and outlet inter-roll 

gap; 6 – drive unit; 7 – compensation mechanisms 
 

 
Fig. 2. Roll arrangement 
s – inlet inter-roll gap; s+Δt – outlet inter-roll gap 

 
Using the finite element method, the straightening force of a 

sheet blank 50 mm thick and 650 mm wide was determined. The 
following characteristics of the material were used: Young's 

modulus 210000 MPa, Poisson's ratio 0.3, density 7850 kg/m³, yield 

strength σt=390 MPa, tensile strength 530 MPa, relative elongation 
δ=19 %. With these parameters, the force on the most loaded 

leveling roll reaches 5 MN, the total force during leveling is 30 MN. 
The total power of the drive unit is 115 kW. Electric motors 

with a total capacity of 15 kW are also installed to adjust the roll 
leveler (moving the upper frame and operation of the compensation 

mechanisms). 
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When leveling under the influence of the working load, elastic 
deformation of the roll leveler structure occurs. Back up rolls are 

used to prevent leveling rolls from bending. Upper and lower 
frames have a cellular structure. Stretching and bending of the 

pillars of the roll leveler (leveler has 4 pillars with a diameter of 300 
mm) connecting the upper and lower frames are controlled using 

four inductive sensors. During the straightening process, the 

deformation of the pillars is constantly monitored and, based on 
these data, the roll gap is corrected using a compensation 

mechanism. The maximum elastic deformation of the pillars is 4 
mm. 

 

3. Conclusion 
 

When developing sheet-straightening mills, it is necessary to take 

into account many phenomena occurring in metal subjected to 
alternating loading with decreasing amplitude (interaction of elastic 

and plastic deformation, the Bauschinger effect, etc.). In this 
process, there are conditions that make straightening difficult 

(hardening) and facilitating (Bauschinger effect). All this can give 
rather large differences in the results of calculations performed by 

different methods. For various materials over the entire range of 
thicknesses, setting up the leveling rolls can vary significantly. 

Therefore, for any leveler, it is required to create a correct computer 

model, taking into account as many necessary parameters as 
possible. 
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