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A Cooling Roll Design and Prediction of Initial Conditions for Direct
Rolling Process of Molten Metal

Chung-Gil Kang and Young-Do Kim
Abstract

Rolling force in the direct rolling{or twin-roll strip continuous casting) process
of semi-solid material has been computed using rigid-viscoplastic finite element
method. Temperature distributions for calculations of rolling force and roll
deformation are obtained from thermofluid analysis. Three dimensional roll
deformation analysis has also been performed by using commercial package
ANSYS. From the results, behavior of metal flow, rolling force and roll deforma-
tion have been investigated according to the process conditions of semi-solid
direct rolling.
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Fig. 1 Schematic representation of direct rolling
process
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Fig. 2 Control of roll nip gap for (a) initial state and (b) steady state
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Table 1 Calculation conditions of direct rolling

Parmeters Values
Roll diameter 750(mm)
Roll nip gap 3.2(mm)
Roll width 350(mm)
Roll material Cu alloy(sleeve 5| 55 mm)

Carbon steel(shaft)
30(degree)
1(Sticking)

0, 15 and 30(%)

Contact angle
Frictional shear factor
Solid fraction

P g 0% A4Aen

i

67°~6.701E-37 +2.11135

Ts< T< T,

C(T)= —0.06204x%§—2
+0.06205(kgf/mm?)

m(T)=0.25

T>T.d

C(T)=1.0E — 5(kgf/mm?)

m(T)=0.25
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1399°C o]t} Table 12 74k A3
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Fig. 3 Mesh system and boundary conditions for rigid-viscoplastic

finite element analysis of direct rolling
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Fig. 4 Temperature distributions for (a) fs=0%, w= 2 rad/s and

w=>5rad/s after 10 revolutions(unit: C)

Table 2 Results of uniaxial tensile test of cu alloy
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Temperature 0.2% offset yield Elastic modulus Plastic modulus
(c) stress(kgf/mm?) (kgf/mm? (kgf/mm?
RT 46.18 13554 117.4
100 44.65 12406 91.7
200 42.92 11620 66.1
300 37.72 10956 40.6
400 37.61 9487 21.0
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Table 3 Mechanical properties of roll material

Parameters Cu alloy Carbon steel
Elastic modulus(kgf/mm? See Table 2 20800
Poisson’s ratio 0.3 0.3
Thermal expansion(mm,/mm‘C) 0.185E—4 0.111E—4
Density(kgf/mm?) 0.888E—5 0.761E—5
Aol uket ghol dAsAl 7tATE 4 £ 30%, w=5rad/seli o] 103 HsIeS
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Fig. 11 Roll defomiation in the r-direction for f;=30% and w= 5rad/s
after 10 revolutions of roll(unit : mm)
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