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The work presents the results of numerical investigations of AZ31 magnesium alloy bars obtaining by the rolling 
process in a three high skew rolling mill. An analysis of impact the magnitude of inflicted deformation on tempera-
ture distribution in the material was made. The calculations were made using Finite Element Method (FEM) for 3D 
deformation state taking into account thermal phenomena that occur during applied deformation scheme. Theo-
retical investigations were made for two variants of deformation, one temperature of the process that equals 400 C 
and four rolling rates of 25, 75 and 100 rev/min.
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INTRODUCTION

D emand for magnesium alloys products causes the 
interest in new technologies of its plastic working. Due 
to its properties such as high strength and good fluidity, 
these alloys are used to make structural components in 
the automotive, aerospace and electronics [1-5]. There 
is also an increased interest in this type of alloys in 
medicine [6]. Magnesium alloys subjected to large plas-
tic deformation can be used for hydrogen storage [7]. 

Appropriate designing of plastic working process al-
lows to obtain products with high strength properties and 
low weight, what is significant advantage of modern and 
more frequently used lightweight constructional materi-
als. Process of selection the process parameters of plastic 
working is widely and theoretically analyzed for each 
strain variant, as it allows to reduce the costs of technol-
ogy implementation. Numerical investigations are suc-
cessfully applied during deformation of steel, light alloys 
in a variety of plastic working processes [8-10].

Change in the pattern of deformation significantly 
improves the mechanical properties of the finished 
product. To the methods that combine different patterns 
of deformation process also includes the process of roll-
ing bars or tubes in a three high skew rolling mill. How-
ever propose a new technology for obtaining bars from 
a particular material requires a detailed analysis of the 
plastic working conditions. 

TESTING MATERIAL AND METHODOLOGY 

Test were carried out for AZ31 magnesium alloy 
with chemical composition as given in Table 1.
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Table 1 Chemical composition of the investigated alloy

Component contents / wt %
Mg Al Mn Nd Sb Zn Fe Si

AZ31 96,284 2,58 0,12 0,005 0,017 0,99 0,002 0,02

Numerical investigations of the rolling process in a 
three high skew rolling mill were made using following 
input parameters: ingot temperature of 400 °C, rotation-
al speed of rolls – 25 rev/min, 75 rev/min and 100 rev/
min, friction coefficient: 0,4; friction factor 0,8; thermal 
conductivity coefficient for heat transfer between strip 
and rolls 20 000 W/m2K. Applied tools, rolls reflect the 
real conditions of the deformation process. 

Analyzed diameter of starting material was 30 mm. 
The rolling process of a magnesium alloy bar was car-
ried out in two variants. The first involved the realiza-
tion of the deformation in two passes, there was reduc-
tion of ingot diameter from 30 mm to 26 mm and then 
to 24 mm. The second variant related to the rolling pro-
cess in a single pass, as shown in Table 2.
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Figure 1  Scheme of the process of rolling in three high skew 
rolling mill
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Table 2  Parameters of the rolling process in a three high 

skew rolling mill 

Variant Real strain Elongation factor

I ε1 = 0,14
ε2 = 0,08

λ1 = 1,33
λ2 = 1,17

II ε2 = 0,08 λ1 = 1,56

Theoretical analysis was made on the base of the re-
sults obtained from computer simulations carried out in 
Forge3D program.

Due to the axisymmetric character of the process the 
calculations were carried out in a plane state of strain. In 
the work the analysis of rotational speed impact on tem-
perature distribution in cross-section of rolled bar was 
presented. The analysis was carried out for the three 
planes as shown in Figure 2. The first of the planes is 
located in 1/3 of the length of the rolling gap, the second 
in 2/3 of the length of the rolling gap and the last one in 
the plane of the bar exit from the rolling gap.

TESTING RESULTS

The paper presents an analysis carried out for two 
variants of assumed deformation. It concerns the influ-
ence of rotational speed of the rolls on the temperature 
distribution over the cross section of the rolled bar. Fig-
ure 3 shows the results of numerical investigations of 
the temperature distribution in the cross-section of the 
bar for rotational speed of 25, 75 and 100 rev/min when 

the material was heating to temperature of 400 °C for 
the bar rolled with reduction of the diameter from 30 
mm to 26 mm. Figure 4 shows the temperature distribu-
tion in the same conditions of the process and for the 
next stage of the diameter reduction. Whereas, Figure 5 
presents the temperature distribution during the rolling 
process realized in a single pass.

Figure 2  The cross-sections in which the temperature 
distributions in deformed bars were analyzed

Figure 3  Temperature distributions in cross-sections of the 
rolled bar during the rolling of ingot with diameter 
of  30 mm to the bar with diameter of  26 mm with 
temperature of 400 °C and rotational speed of the 
rolls of: a) nw = 25 rev/min, b) nw = 75 rev/min, 
c) nw = 100 rev/min

Figure 4  Temperature distributions in cross-sections of the 
rolled bar during the rolling of ingot with diameter 
of  26 mm to the bar with diameter of  24 mm with 
temperature of 400 °C and rotational speed of the 
rolls of: a) nw = 25 rev/min, b) nw = 75 rev/min, 
c) nw = 100 rev/min
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From the data presented in Figure 3 results that the 
highest value of temperature during the reduction in di-
ameter from  30 mm to  26 mm in the rolling process 
has been observed on the surface of the bar and equals 
approx. 441 °C for the bar rolled at a rotational speed of 
rolls of nw 75 and 100 rev/min.

Further performing of the rolling process caused an 
increase of temperature in all analyzed cases. The high-
est value of temperature in the roller axis was observed 
for the bar rolled at a speed of 25 rev/min. Whereas, at 
higher rolling rates the temperature increase on the sur-
face of the bar was observed (Figure 4). 

Using the same strain in a single pass resulted in a 
significant increase in the temperature accumulated in 
material. When the rolling rate was the lowest the ac-
cumulation was observed in the axis of the bar, whereas 
at rotation speed of 100 rev/min it appeared in the sub-
surface layer (Figure 5). 

SUMMARY

Theoretical analysis carried out showed that the 
largest increase of temperature occurs in the superficial 
zone of the bar while the material exits from the rolling 
gap, for all analyzed rolling cases. The temperature 
growth and increase of the rolling rate result in rising 
the area of higher temperature, that among others comes 
from the cumulation of strain energy.

Application of temperature of 400 °C and rotational 
speed 100 rev/min during the rolling of bars causes uni-
form heating of the subsurface layer to 460 °C.
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Figure 5  Temperature distributions in cross-sections of the 
rolled bar during the rolling of ingot with diameter 
of  30 mm to the bar with diameter of  24 mm with 
temperature of 400 °C and rotational speed of the 
rolls of: a) nw = 25 rev/min, b) nw = 75 rev/min, 
c) nw = 100 rev/min


