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Numerical Analysis of Twin-Roll Casting of Strips With Profiled Cross-Section
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The relatively high production costs of innovative materials with tailored properties such as 
Tailor Welded Blanks, Patchwork Blanks, Tailor Heat Treated Blanks and Tailor Rolled Blanks 
are responsible for a growing interest in new cost-effective production methods. One of the 
promising energy-saving and environmental friendly technologies for the production of tailored 
blanks is twin-roll casting. In the study a new alternative method for twin-roll casting of strips 
with profiled cross-section is proposed, which uses one or more preloaded endless steel strips 
with an antiadhesive coating for profiling of the formed strip on a pair of the common cylindrical 
shells. As a primary stage for the practical process design, numerical simulation of the process 
using the finite element software package ANSYS is realized. In this way, dependencies of the 
strip elements outlet temperature, deformation zone length and elements outlet speed on the 
varied strips thickness and total solidification-deformation zone length are established. Based 
on the simulation results, a procedure for the twin-roll casting process design is suggested.
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1. Introduction

Nowadays, the application of lightweight materials 
and optimized lightweight products is one of the promising 
ways of enhancements in different industrial branches such 
as transport, building or aerospace. The implementation of 
lightweight materials, for example for car body components, 
reduces the fuel consumption and, consequently, the amount 
of emitted pollutants. Another way to decrease the weight 
of constructions using common materials lies in their smart 
design: The properties of a part have to be inhomogeneous 
and fitted to the load path in response to applied forces.

This approach has been already implemented in bulk 
production of sheet metal products for the automotive industry 
using different technologies such as application of Tailor 
Welded Blanks (TWB), Patchwork Blanks (PB), Tailor Heat 
Treated Blanks (THTB) and Tailor Rolled Blanks (TRB)1-2.

The TWB are produced by butt welding two or 
more strips of different thickness and/or steel grades 
together. The production method for the PB is similar 
to the previous one, but in this case one strip overlaps 
another and locally reinforces the initial strip of a constant 
thickness. However, the heat from a welding source 
affects the microstructure and mechanical properties of 
TWB and PB in the heat affected zones. Due to the fact, 
an additional heat treatment of TWB and PB is required.

The THTB are produced using special equipment 
that allows variations in heat treatment modes on the 
different strips elements. It enables adjustment of tailored 
mechanical properties in strips with a constant thickness3. 
However, the necessity to use the special equipment in 

the production of THTB results in a growth of production 
costs and in a high price of corresponding products.

The TRB are manufactured by means of plastic deformation 
of sheets in special rolling mills. During this process strips 
of the same material with variable thicknesses along the 
rolling direction or across the width are formed4. The last 
type of TRB cannot be produced in a single pass due to an 
inhomogeneous metal flow that results in a non-controllable 
distortion of the part. The need to apply the incremental 
forming operations with low deformation per a pass results 
in a high duration and a low productivity of the technology.

All disadvantages of the mentioned above manufacturing 
methods restrict the application of tailored blanks in bulk 
production in spite of a high industrial demand on such 
constructive elements. The main issue for today is the search 
for a technology to manufacture innovative products with 
tailored properties and with reduced production costs. This 
production method must additionally correspond to the 
growing demand of decreased pollution and reduced energy 
consumption at metal processing. Such a technology will 
significantly increase the competitiveness of the tailored 
sheet products in the world market.

One of the environmental friendly technologies that 
allows production of sheets of steel or light metals as 
well, with reduced energy consumption and decreased 
manufacturing costs is direct thin strip casting by means 
of twin-roll units5. Over the past decades, this technology 
has also been proven to produce steel-steel6, aluminum-
steel7-8 or magnesium-aluminum9 clad strips. That's why 
twin-roll casting is a good alternative to rolling10 for the 
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production of thin strips with profiled cross-section, 
which are a class of the Tailor Rolled Blanks.

In 2011, Daamen et al first described the possibility of 
profiled steel strips manufacturing on a laboratory scale by 
means of the twin-roll casting11. The strips of an austenitic 
steel 1.4301 with a thickness difference in thick and thin 
elements amounted to 1.0 mm were successfully produced 
directly from the melt. Thus, the thickness of the thick and 
thin strip elements was 2.7 mm and 1.7 mm, respectively. 
Two water-cooled on the inside rolls with corresponding 
profiled shells were used as the tool for the tailored strip 
formation. However, the proposed manufacturing method 
requires application of individual tool sets for every variation 
of the strip cross-section shape. Due to high costs of the 
shells, which are made of a special high-strength copper 
alloy with a relatively thick nickel coating, an industrial 
implementation of the technology is restricted.

The twin-roll casting process is quite complicated, 
therefore for analyzing of its conditions FE-simulation is 
widely applied. In 2009, Ju et al investigated the influence 
of the process parameters on the deformation zone length 
and, consequently, on the roll separating force using 
modeling with the finite element (FE) software package 
ANSYS13. The study was carried out to determine the 
influence of the plastic straining at twin-roll casting on 
the probability of crack formation in the near-surface 
regions of strips of the magnesium alloy AZ31. It has been 
established that the stress caused by the plastic reduction of 
material has a greater influence on the quality of the strip 
than the thermal stress. It has been proven that continuous 
monitoring and controlling of the roll separating force 
during the process can significantly improve the quality 
of the strip and help to avoid crack formation.

Sahoo et al described and investigated the effect of 
casting rate and melt superheat in the twin-roll casting of 
an Al-33Cu alloy on conditions of the strip formation using 
the same software14. It has been shown that increasing of 
these parameters reduces the deformation zone length, 
because the time needed for solidification of the strip 
becomes longer. Such conclusions were made by analyzing 
the microstructures of the strips obtained at different values 
of investigated parameters. Kang and Kim15 used ANSYS 
to numerically analyze the influence of the twin-roll 
casting parameters on the stress state of the casting rolls. 
The data obtained in the framework of the study allowed 
determination of an optimal range of process parameters 
to extend the service life of the tool. Stolbchenko et al, 
aided by the same software, carried out a theoretical study 
of the twin-roll casting parameters influence, such as melt 
temperature, casting rate, strip thickness and length of 
the solidification-deformation zone, on the plastic strain 
and temperature of a strip of an aluminum alloy EN AW-
6082 at the roll caster outlet16. A correlation analysis of 
the obtained data regarding to temperature distribution in 

the solidification-deformation zone and position of the 
solidification front shape allowed to develop an empirical 
approach for a layout of  the process parameters in order to 
achieve a desired plastic strain of the metal. Presented data 
demonstrates symmetrical conditions of the strip forming 
that is typical for vertical twin-roll casting. This fact is 
explained by identical cooling conditions on both shells.

Another work of Stolbchenko et al was devoted to 
numerical analysis of the twin-roll casting of aluminum-
steel clad strips by means of the software ANSYS17. In this 
continuous process, a thin solid steel strip is fed from an 
uncoiler into the roll gap together with aluminum melt7. 
The product of the process is an aluminum-steel clad 
strip with a high adhesive strength due to formation on 
the interface between steel and aluminum of a continuous 
and thin layer of intermetallic phases of a thickness about 
3 µm. The presence of the solid steel strip pressed to the 
surface of one of the rolls creates an additional thermal 
resistance between the aluminum melt and the tool. This 
feature has been taken into account during modeling of the 
process. It has been shown that the kissing point is moving 
from the centerline of the solidification-deformation zone 
in direction of the fed steel strip. The conditions of clad 
strip formation become asymmetric.

It should be mentioned that software packages other than 
ANSYS are also used for the numerical analysis of twin-
roll casting. For example, Lee et al realized the simulation 
of the processing of strips of an aluminum alloy AA7075 
by means of the FE software Deform18. The corresponding 
study proved that the roll separating force decreases with an 
increasing casting rate and with higher melt temperatures. The 
influence of the parameters on the strip outlet temperature has 
a backwards character. Summarized, it has been concluded 
that the kissing point at such conditions is moving closer to 
the outlet from the roll gap. It results in a decreasing amount 
of the plastic reduction of metal in the deformation zone.

Vidoni et al also used numerical simulation to 
analyze the temperature distribution over the width of 
the profiled strip of an austenitic steel 1.4301 in the 
twin-roll casting process19. Variation of the thickness of 
the nickel coating layer on the shells has been considered 
in order to homogenize the temperature of the strip's 
elements of different thickness. The implementation of 
the established results for practical roll design allows to 
obtain a more homogeneous microstructure of material 
through the cross-section of the strip.

In this paper, an alternative method for profiling of 
the shell's surface is considered. It's suggested to use a 
device, which uses one or more preloaded endless steel 
strips with an antiadhesive coating for the profiling of 
the formed strip on a pair of the common cylindrical 
shells 12. This solution has been shown schematically 
in Fig. 1 , with F as an indication for the preloading 
tension force.
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metal flow in liquid and solid state using the same theoretical 
approach. For the calculation of the material properties in 
semi-solid state, between liquidus and solidus temperatures, 
the rule of mixture has been applied.

Figure 1. Scheme of the tool for twin-roll casting of profiled strips 
using cylindrical shells

Due to the complexity of the practical realization 
of twin-roll casting, caused by a combination of rapid 
solidification and following deformation of metal in one 
production step, the approach with an initial analysis of 
the process by using numerical simulation is widely used. 
The most important and often analyzed parameters, which 
effect the stability of the process and the resulting strip 
quality, are plastic strain of the metal and temperature 
of the strip at the outlet from the roll gap.

The research results described above show that the 
numerical simulation of the twin-roll casting process in its 
different variants is a powerful tool for the determination 
of optimal process parameters, which can help to improve 
the interaction of the conditions between the shells and the 
processed metal and the quality of the strips as well. Thus, 
getting an estimation of the optimal combination of parameters 
using FE-simulation of the new twin-roll casting process that 
allows manufacturing of strips with profiled cross-sections 
directly from the melt is the main goal of this study.

2. Numerical modeling of the new twin-roll 
casting method

In the same manner as it has been realized in works13- 18, 
the modeling has been provided by means of the FE software 
package ANSYS. Besides the already mentioned publications, 
this software has also been successfully used to simulate 
twin-roll casting of strips of aluminum and aluminum alloys20, 
various steels21-22 and magnesium alloys23.

The developed model considers the material as a viscous 
incompressible fluid with variable properties. Due to the 
fact that the first practical experimental trial on twin-roll 
casting of strips with profiled cross-sections is planned to 
bedone using a technical pure aluminum EN AW-1050, 
which is well-known in twin-roll casting of flat strips, this 
material has been chosen for the first series of theoretical 
investigations, too. Used for the simulation relevant metal 
properties of the aluminum alloy EN AW-1050 are specified 
in Table 1. The considered dependence of the material's 
viscosity on its aggregate state enables simulation of the 

Table 1. Properties of the aluminum alloy EN AW-1050 used in 
the model
  Liquid state Solid state
Density, kg/m3 2300 2700
Thermal conductivity, W/m∙K 80 200-400
Viscosity, Pa∙s 0,012 100
Threshold temperatures, ºС 657 (liquidus) 646 (solidus)

The tool geometry in the model corresponds to the parameters 
of the experimental twin-roll casting unit described in24. The 
diameter of the internally water-cooled roll shells is 370 mm, 
the length of the roll's barrel is 200 mm. The thickness of the 
shells, made of X38CrMoV5-6 steel, amounts to 15 mm.

To simplify the model and reduce the calculation time, 
the internally water-cooled roll shells, the profiling strip 
and the solidification-deformation zone are represented 
as two-dimensional. The heat and mass transfer in the 
transversal direction along the roll barrel were neglected. 
The tool, solidification-deformation zone and strip were 
considered as sections of different profiled elements. The 
heat transfer coefficient between the metal and the profiling 
strip has been chosen on the basis of own experimental 
data and amounts to 3000 W/m2∙K. The heat transfer 
coefficient between the metal and the water-cooled shells 
amounts, for a strip thickness of 2 mm to 17800 W/m2∙K, 
for a strip thickness of 3 mm to 15000 W/m2∙K and for 
a strip thickness of 4 mm to 13100 W/m2∙K. The heat 
transfer coefficient on the inner water-cooled surface of 
the internally water-cooled roll shells is 10000 W/m2∙K. 
The temperature of the coolant was set equal to 20 °C25.

The shape of profiled in the cross-section strip, 
which was selected for numerical analysis, is depicted 
in Figure 2. The unchanged twin-roll casting parameters 
used for the simulation were a casting rate of 3.25 m/
min, a thickness of the steel profiling strip of 0.5 mm 
(s. Fig. 1) and a melt temperature of 660 °C (933 K). 
The combinations of the parameters, which have been 
varied in the study's framework, are shown in Table 2.

Figure 2. Schematic visualization of strip with profiled cross-section 
used for the simulation
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Table 2. Values of varied twin-roll casting parameters for simulation of profiled strips manufacturing.
Parameters set № 1 2 3 4 5 6
Thickness of thin element (h'), mm 0.5 1.0 1.5 2.0 2.5 3.0
Thickness of thick elements (h), mm 1.0 1.5 2.0 2.5 3.0 3.5
Length of the solidification-deformation zone, mm 25, 35, 60

Figure 3. Overall arrangement and boundary conditions in the twin-roll casting model for thin element of the profiled strip

Figure 4. Temperature distribution in the thin element of the twin-roll 
cast profiled aluminum strip, established by a numerical simulation

The following boundary conditions in the FE-model 
were arranged (s. Fig. 3): Cooling on the inner side 
of internally water-cooled roll shells occurs by forced 
convections. The outside of roll shells and the strip 
surface after its outlet from the roll gap are cooled by free 
convection. The melt temperature on the surface of the 
solidification-deformation zone is constant. Cooling of 
the metal in the solidification-deformation zone occurs by 
forced convection between the metal and the roll shells and 
by thermal conductivity corresponding to Fourier's law.

3. Results of numerical simulation

At the numerical simulation of profiled strip twin-roll 
casting in the section of the thinner element of the strip, 
the previously described phenomenon of an asymmetric 
strip formation was also observed. The kissing point moves 
from the centerline of the solidification-deformation zone 
into the direction of the profiling steel strip (s. Fig. 4). This 
section of the melt pool corresponds to the section of the 
profiled strip's element with the thickness h` (s. Fig. 2). 
Such calculated temperature distributions for different 
elements of profiled strips and for varied twin-roll casting 
conditions allow to identify the location of the kissing point, 
the corresponding lengths of solidification and deformation 

zones and the mean temperature of the strip outlet from 
the roll gap. Besides, data about velocity of the strip outlet 
for the different profiled elements have been analyzed.

The generalized results obtained by numerical simulation 
are shown in the form of graphs in Fig. 5 and in Fig. 6. 
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Figure 5. Dependences of the strip element outlet temperature (a), specific deformation zone length (b) and 
element's outlet speed (c) on the thickness of the thick element of the strip

Figure 6. Dependences of the strip element outlet temperature (a), specific deformation zone length (b) and 
element's outlet speed (c) on the thickness of the thin element of the strip
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The data shows that increasing the strip elements' thickness 
leads to increasing of strip outlet temperature for these 
elements (Fig. 5a, Fig. 6a). This dependence is observed 
in the whole range of the solidification-deformation 
zone length used in the numerical simulation. It can be 
explained by an increasing of the melt volume in the 
space between the rolls and a necessity to remove more 
heat from the melt for the solidification of the metal. 
This effect also causes a decreasing of the deformation 
zone length. This is confirmed by the generalized data 
of specific deformation zone length dependence on the 
thickness of the strip elements (Fig. 5b, Fig. 6b).

The specific length of the deformation zone represents 
the ratio of the deformation zone length to the total length 
of the solidification-deformation zone. Thus, the maximum 
value of the specific deformation zone length corresponds 
to the minimal thickness of thick and thin elements of the 
profiled strip (1.0 mm and 0.5 mm, respectively).

Besides, simulation results show decreasing of 
the strip element outlet velocity with increasing of its 
thickness (Fig. 5c and Fig. 6c). This can be explained 
by the reduction of the deformation zone length and 
decreasing of plastic metal strain, respectively.

4. Process design for twin-roll casting of 
profiled strips

The applied approach for the simulation of twin-roll 
casting of strips with profiled cross-section using a two-
dimensional process model allows to characterize the 
conditions of strip formation on the elements of different 
thicknesses. However, in the real three-dimensional process, 
there is an interaction between the solidified strip's elements 
during their deformation, which can result in an appearance 

of tensile stress in the transition strip areas. This stress can 
cause distortion or even cracking of the strip.

The same problem is well-known at hot extrusion 
of complex aluminum shapes with elements of different 
thickness. In the case of hot extrusion, a general principle 
of the equal outlet velocity ensuring for all of elements 
of a profile is used26-28. The adjustment of the outlet 
velocities for different shaped elements is reached by 
corresponding calibration of bearing length and setting 
of pre-chamber configuration in the stage of extrusion 
die design. Sticking to the rule enables manufacturing of 
very complex aluminum shapes without profile distortion. 
This fact is proven by the longtime industrial practice.

In a similar manner, this approach can be implemented 
for the twin-roll casting of profiled strips. Homogenization 
of the strip elements outlet velocities for each profile element 
independently, has to result in minimization of tensile stress 
in transition strip areas. The main process parameter, that 
enables a flexible adjustment of strip elements velocities 
in a wide range, is the solidification-deformation zone 
length (s. Fig. 5b, Fig. 6b). The individual setting of this 
parameter for each element of a profiled strip is possible, 
when nozzles with corresponding shaped tips are used.

In Fig. 7 an example of determination of the optimal 
solidification-deformation zone length for twin-roll casting 
of a strip with thick-thin-thick-cross-section (s. Fig. 2) with 
elements thicknesses of 1.5 mm-1.0 mm-1.5 mm at a roll's 
revolving speed of  3.25 m/min is presented. The horizontal dot 
and dash lines in the diagram mark predicted outlet velocities 
of the thin strip elements for three different variants of the 
solidification-deformation zone lengths, while the solid line 
corresponds to dependence of the outlet velocity of the thick 
strip elements on the solidification-deformation zone length. 
The intersections between horizontal dot and dash lines and 

Figure 7. Determination of the optimal solidification-deformation zone length for thin and thick elements of a strip with profiled cross-
section for the rolls speed of  3.25 m/min
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the solid line give information about possible combinations 
of solidification-deformation zone lengths for thick and thin 
strip elements, which enable a straight outlet of the profiled 
strip from the roll gap. In the following way, the solidification 
deformation zone length of the thin element of 25 mm 
corresponds a solidification deformation zone length of the 
thick elements of 31 mm. The outlet velocities' balance is also 
possible at a combination of the solidification-deformation 
zone lengths of 35 mm and 41 mm, respectively.

An interesting situation occurs at the solidification-
deformation zone length of 60 mm: The outlet velocities 
on different strip elements become equal at the same 
value of the solidification-deformation zone lengths for 
both thick and thin strip elements. This parameter could 
be seen as the best possible, due to a simplification of the 
nozzle tip design. However, there is a relatively high plastic 
reduction of metal at the long solidification-deformation 
zone. It reaches 89 % for the thick and 88.5 % for the thin 
elements of the strip. Accordingly, provoked increasing of 
the roll separating force and the loads on the tool have to 
be taken into account at the technological process design.

In practice, individual value of solidification-deformation 
zone length for the elements of profiled strip can be achieved 
through the use of a nozzle with a shaped tip. This nozzle 
should have a stepped tip that corresponds to the shape 
of steel profiling strip. The nozzle tip has to be in a direct 
contact with the rolls and profiling steel strip surfaces. In 
such a manner the solidification-deformation zone length 
can be adjusted individually for all profiled strip elements.

5. Conclusions

Twin-roll casting technology is a reasonable alternative 
for the production of strips with profiled cross-section. 
The application of the technology will enable energy 
saving and ecological improvements. In this work, a new 
manufacturing method for twin-roll casting of profiled strips 
is suggested, which uses one or more preloaded endless 
steel strips with an antiadhesive coating for profiling of the 
formed strip on a pair of the common cylindrical shells. 
The study on the two-dimensional numerical simulation 
of the considered manufacturing method provides data 
about dependencies of the strip element outlet temperature, 
deformation zone length and elements outlet velocity on 
the thickness of the strip elements and on the length of 
the solidification-deformation zone at twin-roll casting 
of an aluminum alloy of technical purity.

It is suggested to use the principle of the equal 
outlet velocities for all of the elements of a profiled 
strip for the technological process design, which enables 
manufacturing of strips without shape distortion. The 
flexible adjustment of strip elements velocities in a 
wide range is achievable by an individual setting of 
the solidification-deformation zone length, which can 

be technically realized using nozzles with a shaped tip. 
Based on the numerical simulation results, an example 
of optimal parameter selection for twin-roll casting of 
profiled strips with thicknesses of 1.5 mm in thick elements 
and of 1.0 mm in thin elements is described in detail.
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