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Table 1 Parameters for simulation

Item Value
Temperature gradient of alloy/'C 1000
Density of alloy/kg m™ 7200
Specific heat of alloy/ kJ {kg -C)™ 0.5633
Latent heat of fusion of alloy/kJ g™ 494
Width of ribbon/m 0.22
Thickness of ribbon/m 0. 00003
Thermal conductivity q{ cooling 180
roll/W {m -C)
Width of cooling roll/m 0.5

Convection coefficient/W {m?-C)*  2.5x10*~4.4=10*

I_[_l_lﬂl_l_l_rl Roll body Roll end face
- ¥
"
Symmetry face h, T,

KI5 e hadn 5 A TR 1 JUART AR Y
Fig.1 Model with specified boundary conditions (g-heat flux,

h-convection coefficient, Ti;-ambient temperature)
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Fig.2 Temperature (a) and total heat flux (b) of the roll (D=1000
mm, T=10 mm, S=30 m/s)
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Fig.3 Maximum temperature of roll’s surfaces under

different roll diameters D
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Fig.4 Maximum temperature of roll’s surfaces under

different roll thickness T
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Fig.5 Maximum temperature of roll’s surfaces under different

roll casting speeds S
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Table 2 Factors levels

Eactors lever Roll diameter, Roll thickness,  Roll casting1
D/mm T/mm speed, S/m s

2 1000 10 30

4 1400 20 40

Temperature/ 'C
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Temperature/'C
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Fig.6 Outside surface’s maximum temperature (a) and the inside
surface’s maximum temperature (b) of the roll with

different thickness T and casting speed S (D=800 mm)
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Fig.7 Outside surface’s maximum temperature (a) and the inside
surface’s maximum temperature (b) of the roll with

different thickness T and casting speed S (D=1000 mm)
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Fig.8 Outside surface’s maximum temperature (a) and the inside
surface’s maximum temperature (b) of the roll with different

thickness T and casting speed S (D=1200 mm)
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Fig.9 Outside surface’s maximum temperature (a) and the inside
surface’s maximum temperature (b) of the roll with

different thickness T and casting speed S (D=1400 mm)
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Thermal Analysis for Cooling Rolls in Planar-flow Melt Spinning

Guo Xi, Yan Mi
(Zhejiang University, Hangzhou 310027, China)

Abstract: A steady-state thermal analysis for cooling rolls in planar-flow melt spinning (PFMS) was carried out using finite element
analysis. The effects of the roll diameter, the roll thickness and the roll casting speed on the temperature of cooling roll were investigated.
Results show that the temperature of the cooling roll can be decreased by increasing the roll diameter, decreasing the roll thickness and
reducing the roll casting speed. Based on the orthogonal process analysis, the roll thickness is the main influence factor of outside surface
temperature of the roll, followed by the casting speed and the roll diameter. The roll casting speed has the most obvious influence on inside
surface temperature of the roll while the effects of the roll diameter and the roll thickness are less remarkable. Finally by considering
various important indexes including mechanical strength, control stability as well as thermal requirements, the parameter optimization
design to keep the surface temperature of the cooling roll in the specific range was obtained.

Key words: finite element analysis; numerical simulation; temperature field; cooling roll; parameters design
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