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Abstract: Based on the analysis of bending deformation and thermal expansion
of the roll, the preset-up models of the roll gap curves in twin-roll strip casting
are investigated by using finite element analysis and experimental data.

Taking typical cast-rolling roll as an example, the roll gap curves under
different casting rolling pressure and temperature are simulated according to the
measured value of thermocouple in the casting rolling zone and the infrared
thermometer near the casting roll product. The change rules of cast-rolling roll
gap curve at the middle and edge marked points under different cast-rolling
pressure and temperature are expressed by cubic polynomial and linear
equations respectively. The preset-up models of roll gap curves can be obtained
from these equations, which can help to control the thickness and flatness of
cast-rolling strip.
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1 Introduction

Twin roll strip casting has been widely used to fabricate stainless steel, aluminum
and magnesium alloys, and clad strip in recent years. It can save up to 70% equipment
investment and 30-40% production cost compared with conventional process
including continuously casting, hot rolling and cold rolling!*-4l. However, twin roll
strip casting is a very complicated process. In the process, the molten metal is fed
through a nozzle into the gap of the two rotating rolls, and then the flowing melt is
cooled while the heat transferred from the melt to the roll is removed by a suitable roll
cooling systemf in which the heat transfer, solidification and plastic deformationl®7]
can be completed in less than 1s. The temperature of pouring zone between the melt
metal and the roll is rapidly cooled from 973 K(900°C)®! to 50°C[l. With rapidly
coupled change of temperature and rolling force, Frequent bending deformation and
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thermal expansion and contraction of roll sleeve have an enormous effect on the shape
of roll gap. There are still several practical difficulties to get the satisfied thickness
and flatness quality of products. Since 1994, many attentions are paid to the thermal
flow and the material solidification behaviors in the twin strip casting process! %4,
and the effort of temperature or strain rate on the flow stress behavior*?, only a few
results are related to the roll™*4! and the roll sleeve>7,

Many preliminary study on roll force, casting temperature and casting speed and
process parameters have been carried out, the modeling method is widely used to
describe the quantitative relationships of the important control parameters, such as the
roll speed, height of pool region, outlet size of nozzle, solidification profile and the
final point of solidification and discover the effect of the casting speed, pouring
temperature of melt, and roll gap on the flow and temperature field in a twin roll strip
casting. A sticking mode against the roll shell based on Coulomb friction law is
proposed to calculate the rolling force and forward slip™®l. Neural networks based on
feed forward training algorithm in Bayesian regularization are introduced to establish
he position model of kiss points ', Some thermal modelst*'17-?2 of the thin strip
casting process have been established to evaluate or predict the casting temperature.
However, few attentions are focused on the effect of roll deformation behavior on the
quality of twin roll strip.

In the cast-rolling process, the profile curve of cast-rolling roll, namely the outside
surface geometrical shape of cast-rolling roll, is effected greatly on casting pressure
and cast-rolling thermal expansion. The larger cast-rolling pressure, the larger
bending deformation of rolls, and the higher casting temperature, the larger thermal
expansion. The overlap between the casting rolling pressure and the temperature field
leads to deviations in product thickness and flatness. Therefore, the study of the
thickness and convexity setting model based on roll bending deformation and thermal
expansion is of great significance to the thickness and flatness control during roll
casting.

In this paper, a typical cast-rolling roll is taken as an example. The casting rolling
pressure and temperature are obtained by experiments. The change rules of the cast-
rolling roll profile under different cast-rolling pressure and temperature are simulated
by FEM. The change rules of cast-rolling roll profile in the middle, edge marked point
and edge under different cast-rolling pressure and temperature are respectively
expressed by cube polynomial equations, these equations can be taken as the
prediction models of thickness and flatness of cast-rolling plate and strip and provide
the basis for the control of thickness and flatness of cast-rolling strip.

2 Structure description of cast-rolling mill and rolls

A twin-roll strip cast-rolling mill is shown in Fig.1(a). Roll gap is shown in
Fig.1(b). Fig.1(c) is a top view of twin-roll strip cast-rolling mill. In Fig.1, cast-rolling
rolls are assembled in a frame and roll gap is sealed by two side dams. Two cast-
rolling rolls are respectively driven by the reducer through two connecting shafts. A
motor is taken as the power source. Fig.1(d) indicates that two rolls rotate in opposite

ISSN 2572-4975 (Print), 2572-4991 (Online) 149


../../Administrator/AppData/Local/youdao/dict/Application/6.3.69.8341/resultui/frame/javascript:void(0);
../../Administrator/AppData/Local/youdao/dict/Application/6.3.69.8341/resultui/frame/javascript:void(0);

International Journal of Smart Engineering, VVolume 1, Issue 2, 2017

directions. The left roll can move under the push of the hydraulic cylinder. The cast-
rolling pressure can be measured by force sensor at the side of the cylinder. The posi-
tion of two side dams can be adjusted by two hydraulic cylinders.

Force

sensor L Rolls

ATl

\LIT

Housing  Side dam

|
(c)Top view of twin roll strip cast-rolling mill (d) Front and top view of rolls and gap

Fig. 1. Twin roll strip casting mill

A cast-rolling roll is shown in Fig. 2(a). It contains a roll sleeve shown in Fig.2(b)
and a roll core shown in Fig.2(c). The roll core can be divided into two sections, roll
core body and roll neck shown in Fig.2(d). There are some water channels shown in
Fig.2(e) in the roll core body and neck for cooling the roll to increase the temperature
of the roll while cast-rolling.

(a) Roll
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(b) Roll sleeve (c) Roll core
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(d) Inner of Roll (e) Left view of roll

Fig. 2. The structure of a cast-rolling roll

During cast-rolling process, the molten liquid metal is poured into the roll gap.
Generally, the level of liquid metal is 70~100mm height from the axis plane of two
rolls, as shown in Fig.3(a). The cast-rolling roll gap curve is defined as the outer
circle generatrix of roll sleeve located on the bottom of roll gap. Normally, the roll
gap curve is the overlay or sum of bending deformation shown in Fig.3(b) produced
by cast-rolling force and thermal expansion shown in Fig.3(c) caused by higher and
uneven temperature distribution on the roll conducted from molted metal. The thermal
expansion in the middle part of the roll is larger than those in the two ends of roll due
to the different heat dissipation rate.

As shown in Fig.4. The shape of roll gap curve can have a serious impact on the
thickness ho (Intima-media thickness) and flatness (crown, the difference of thickness
in the middle hoand that in the edge h. marked point, ho-h) of cast-rolling product.
The change rules of intima-media thickness and edge marked point can be obtained
by FE simulation. Therefore, the effect of casting rolling pressure and temperature on
thickness and flatness can be predicted.
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(a) Height of melt pool (b) Bending deformation of roll  (c) Thermal expansion of roll

Fig. 3. Schematic diagram of cast-rolling zone and roll profiles

Fig. 4. The thickness and flatness of cast-rolling plate

3 Finite element modeling of a cast-rolling roll

A cast-rolling roll is taken as an example to simulated the effect of casting rolling
pressure and roll rolling temperature on roll gap curve. The structure parameters of
the cast-rolling roll are shown in Table 1.

Table 1. The parameters of a cast-rolling roll

External radius Internal radium  Length

(mm) (mm) (mm) Material
Roll sleeve 300 275 600 CuCrZr alloy
Roll core body 275 — 600 40Cr
Roll neck 110 — 300 40Cr

3.1  Meshing

A 3D finite element model of roll is established by using of the element type of
Solid45 on the ANSYS software platform. The cast-rolling zone are meshed zoom-in
much because of its large deformation due to the contacting with melted metal and
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higher temperature. The total number of elements of the roll finite element model is
15456, shown as Fig.5.

Fig. 5. 3D FE model of the cast-rolling roll

3.2 Boundary conditions

When the interference value of shrink is contracted between roll core is 0.3-
0.6mm, the equivalent stress of the outer surface of roll sleeve changes slightly[*3l,
Therefore, the roll body and roll sleeve are taken as a whole entity when simulating
the casting roll profile. After meshing, each roll end surface is completely con-
strained.

3.2.1 Cast-rolling pressure

The casting rolling force in the experiment is measured by the sensor. The casting
rolling pressure is determined by the casting rolling force divided by the number of
nodes in the casting rolling zone

3.2.2 Cast-rolling temperature

The temperature field applying on the sleeve is also measured by measurement
directly, which is measured by a thermocouple in the cast-rolling zone and an infrared
thermometer near the cast-rolling product. Moreover, the cooling water temperature
can be measured with a thermometer.

The temperature distribution of roll sleeve is related to the rotation speed of roll.
Cast-rolling velocity is usually 20-30m/min. The actual temperature distribution of
the roll sleeve considering the effort of roll rotating speed is shown as Fig.6. This
result is the same as in the literature [5]. The circumferential temperature values along
the outer surface of roll sleeve considering the effort of roll rotating speed are drawn
as shown in Fig.7.
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Fig. 6. Temperature distribution of the roll Fig. 7. The temperature values of roll
sleeve with a rotate speed sleeve along outer surface

4 Simulation results of cast-rolling roll gap curve

Based on the above FEM, a group of roll gap curves are obtained by numerical
simulation under different cast-rolling pressure and different temperature distributions
of the sleeve.

4.1 Pressure profile curves

A group of different cast-rolling pressures 0.64, 1, 0.5, 1.5, 2, 2.5, 3, 3.5, 4, 4.5 and
5MPa under cast-rolling temperature 510°C are shown in Fig.8.
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Fig. 8. Bending deformation of roll under different cast-rolling pressures

As shown in figure 8. The results show that the bending deformation of the roll has
similar shape at different pressures, and the deformation of the rolls increases with the
increase of the casting rolling pressure. The displacement in the middle of the roll
sleeve is greater than the displacement at the edge. The displacements difference
between two adjacent cast-rolling pressure decreases, and the displacements
difference between the middle part and edge increases as the cast-rolling pressure

154 ISSN 2572-4975 (Print), 2572-4991 (Online)



International Journal of Smart Engineering, VVolume 1, Issue 2, 2017

increases. In the left edge from Omm to 40mm and right edge from 560mm to 600mm,
the displacement, compared with that in the middle of roll, has a sudden growth. The
sudden change of the roll edges displacements may be caused by the sudden change
of diameter from roll neck to roll body. For the roll with the length of 600mm, the
width of edge should be 40mm to the end, and the edge marked point should be at
120mm. The thickness of product should be the thickness in the middle, 300mm to
the end. The crown should be the difference of thickness in the 300mm and that in the
120mm.

The displacements of the roll middle (300mm) under different cast-rolling
pressures Yypsoo can be fitted to pressure x, by a cube polynomial curve and a cube
polynomial equation as following equation (1).

Yp300 = -2.3561%,° + 4.5316x,2 + 119x,+ 185.52 (1)

In the same way, the thickness in the roll edge marked point yp120 can also be fitted
to pressure x, by cube polynomial equations as followings equation (2).

Yp120=-2.371%,°+5.596 1x,%+109.96x,+191.3 2

4.2 Thermal profile curves

Ten groups thermal profile curves under different cast-rolling temperatures of
510°C ,520 °C ,530 °C ,540 C, 550 C ,560 C ,570 °C ,580 °C ,590 °C, and 600 °C are
simulated and shown in Fig.9(a). It illustrates that these thermal profile curves are in
the same shape under different temperatures, but displacement increases as the cast-
rolling temperature increases. The displacements in the middle part of the roll sleeve
are larger than those of the edge. The displacements difference between two adjacent
cast-rolling temperature decreases, and the displacements difference between the
middle part and edge increases as the cast-rolling temperature increases. In the left
edge from Omm to 40mm and right edge from 560mm to 600mm, the displacement,
compared with that in the middle of roll, has a sudden growth. The sudden
displacements change in the edges of roll may caused by the sudden expansion of
outer surface within cast-rolling zone along the axis direction of roll. This
phenomenon can be seen from the displacement contour under casting temperature
600°C, as shown in Fig.9(b).

) (b)

Fig. 9. The thermal profile curves of the cast-rolling roll and the displacement contour under
casting temperature 600°C
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The displacements of the roll middle (300mm) yrs00 can be fitted to temperature xr
by a straight line and a linear equation as following equation (3).

Yr300= -0.2521x7 - 195.67 (3)

In the same way, the displacements of the roll edge marked point yri20 can also be
fitted to temperature by linear equation as following equation (4).

Yr120= -0.2515x7 - 187.31 4)

5 Discussion and Prediction of profile curves of the cast-rolling
roll

The thickness deviation Ahsg of cast-rolling products can be predicted by the sum
of equation (1) and equation (3), that is shown as following equation (5).

A h300:y3oo:yp3oo+y'rgoo:-2.3561Xp3+4.5316Xp2+l19Xp-0.2521XT-10.15 (5)

The crown (ho-h1) can be predicted by the sum of equation (2) and equation (4),
that is shown as following equation (6).

C=Ahsoo-Ah120=0.0149%,3-1.0645x,2+9.04X,-0.0006x1-14.14 6)

For example, if a product is cast-rolled at pressure 5MPa with cast-rolling
temperature 600°C, its predicted thickness deviation can be calculated by eq.(5) is -
11.56um. The crown predicted by equation (6) is 5.95um . Of course, there are other
factors that affect the thickness deviation and flatness of cast-rolling strip else. The
above models are helpful to predict the the thickness deviation and flatness of
products, and further studies and experiments should be carried out gradually.

6 Conclusions

(1) The roll profiles change sharply in the edge of product both under cast-rolling
pressure and temperature. For two roll strip cast-rolling mill with a roll of 600mm
length, the edge can be determined at 40mm to the end, and should be cut off finally
for bad thickness and flatness.

(2) For two roll strip cast-rolling mill with a roll of 600mm length, the thickness
and flatness of the section between left edge marked point, 120mm to the left end, and
right edge marked point, 480mm to the right end is satisfied.

(3) The thickness deviation and flatness (crown) before cast rolling can be
predicted by models developed by FE simulation and fitting.

156 ISSN 2572-4975 (Print), 2572-4991 (Online)



International Journal of Smart Engineering, VVolume 1, Issue 2, 2017

Acknowledgement

This work is financially supported by the project of Development of Equipment

and Technology for Magnesium Thin Plate with High Speed Continuously Cast-
rolling from Anshan government in Liaoning Province of China.

References

1.

2.

10.

11.

12.

13.

14.

15.

N Zapuskalov, Comparison of continuous strip casting with conventional technology, 1S1J
International 43 (2003) 1115-1127.

AA Kaya, O Duygulu, S Ucuncuoglu, et al, Production of 150 cm wide AZ31 magnesium
sheet by twin roll casting, Transactions of Nonferrous Metals Society of China 18 (2008)
185-188.

T Haga, H Watari, S Kumai, High speed roll casting of Mg alloy strip by a vertical type
twin roll caster, Journal of Achievements in Materials and Manufacturing Engineering
15 (2006) 186-192.

. CR Killmore, KR Carpenter, HR Kaul, et al, Development of low carbon microalloyed

high strength ultra-thin cast strip products produced by the Castrip process with excellent
strength-ductility properties, Journal of Iron and Steel Research International 18 (2011)
846-850.

YH Kang, Analysis of flow and heat transfer in twin-roll strip casting by finite element
method, Journal of engineering for industry 117 (1995) 304-315.

G Lesoult, CA Gandin, NT Niane, Segregation during solidification with spongy defor-
mation of the mushy zone, Acta Materialia 51 (2003) 5263-5283.

A Hunter, M Ferry, Phase formation during solidification of AISI 304 austenitic stainless
steel, Scripta Materialia 46(2002) 253-258.

M Chen, XD Hu, B Han, et al, Study on the microstructural evolution of AZ31 magnesium
alloy in a vertical twin-roll casting process, Applied Physics A 122 (2016) 1-10.

S Hu, W Ma, L Du, et al, Thermal contact conductance at continuous roll-casting interface,
Journal of Central South University of Technology 14 (2007) 374-379.

X Hu, D Ju, H Zhao, Thermal flow simulation of twin-roll casting magnesium alloy,
Journal of Shanghai Jiaotong University (Science) 17 (2012) 479-483.

YC Miao, XM Zhang, HS Di, et al, Numerical simulation of the fluid flow, heat transfer,
and solidification of twin-roll strip casting, Journal of materials processing technology
174 (2006) 7-13.

F Berge, L Kriger, H Ouaziz, et al, Influence of temperature and strain rate on flow stress
behavior of twin-roll cast, rolled and heat-treated AZ31 magnesium alloys, Transactions
of Nonferrous Metals Society of China 25 (2015) 1-13.

CG Kang, YD Kim, A thermal elastic-plastic finite-element analysis to roll-life prediction
on the twin roll strip continuous casting process, Metallurgical and Materials Transac-
tions B 28 (1997) 1213-1225.

YG Xiong, YY Liu, KL Chen, et al, Numerical simulation of cast-rolling roll elastic de-
formation based thermal coupling, Journal of Central South University (Science and
Technology) 40 (2009) 969-972.

LP Wang, PS Sun, HY Zhao, Study the distribution of the steel core cast rolls of thermal
stress on the study of the copper sleeve coupling effected by the amount of interference,
Journal of Wuhan University of Technology 35 (2013) 140-143.

ISSN 2572-4975 (Print), 2572-4991 (Online) 157



International Journal of Smart Engineering, VVolume 1, Issue 2, 2017

16.

17.

18.

19.

20.

21.

22.

23.

Y Zhu LP Wang, HY Zhao, XD. Hu, Influence of Temperature and Roll cast-rolling roll
sleeve jacket thickness on stress field, Journal of University of Science and Technology
Liaoning 35 (2012) 572-574.

X Du, BY Sun, B Wang, HY Han, Continuous cast-rolling roll sleeve thermal model anal-
ysis under different conditions, Journal of Taiyuan University of Science and Technolo-
gy 30 (2009) 325-327.

D Mortensen, HG Fjaer, D Lindholm, et al, Modelling of the twin roll casting process in-
cluding friction, Light Metals 2015, Springer International Publishing, (2015).

GM Cao, CG Li, GP Zhou, et al, Rolling force prediction for strip casting using theoretical
model and artificial intelligence, Journal of Central South University of Technology 17
(2010) 795-800.

GW Li, BG Thomas, Transient thermal model of the continuous single-wheel thin-strip
casting process, Metallurgical and Materials transactions B 27 (1996) 509-525.

WS Kim, DS Kim, AV Kuznetsov, Simulation of coupled turbulent flow and heat transfer
in the wedge-shaped pool of a twin-roll strip casting process, International journal of
heat and mass transfer 43 (2000) 3811-3822.

JW Bae, CG Kang, SB Kang, Mathematical model for the twin roll type strip continuous
casting of magnesium alloy considering thermal flow phenomena, Journal of Materials
Processing Technology 191 (2007) 251-255.

XM Zhang, ZY Jiang, LM Yang, et al, Modeling of coupling flow and temperature fields
in molten pool during twin-roll strip casting process, Journal of Materials Processing
Technology 187 (2007) 339-343.

158 ISSN 2572-4975 (Print), 2572-4991 (Online)



