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Nonlinear heat transfer analysis of die during liquid-solid extruding
composites considering preheating and its experimental verification

QI Le-hua, ZHOU Ji-ming, WANG Yu-shan, SU Li-zheng

(School of Mechatronics, Northwestern Polytechnical University, Xi’an 710072)

Abstract: The model of non-linear temperature field of the die for liquid-solid extruding composites process is
established, which considers the preheating, the heat radiation and the contacting heat transfer between the die and other
media. By combining the numerical analysis with experimental testing, the radiation heating and extruding process are
simulated using the commercial finite element code MARC. On the basis of researching the heat transfer characteristics,
the initial distribution of temperature field of the die and the effect on the shaping process are obtained. Through
comparing the simulation results considering the preheating with the stationary temperature field, it concludes that the
former approaches to actual forming process. The simulation results are in good agreement with experimental
measurements. The research of this paper found the base for designing the technology parameters properly of liquid-solid
extrusion composites process.
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4 Table 3 Processing parameters for two simulated conditions
By=102.040 8 MPa n=6.06 A4=1.022 28><10" Pouri Dwell Preheating
=217.157 kJ/mol Process ouring owe temperature of
0 . mo temperature/ time/s .
female die/
Simulation 730 30 200-350
2 ALOs/LY12 . .
Simulation 730 30 300
Table 2 Thermal-physical properties of Al,O;s/ LY 12
i i i Preheating Temperature Extruded
Temperature Densn};/ Specific Heat conductivity Process temperature of ) p " o -
(kgm™) heat/(Jkg ) /(W-m- ) shaping die/ of punc velocity/(mm-s )
3 3
3 3
592-622  2.576><10° 1.043><10 88.80 Simulation 250 100 25
622 2.565<10° 1.072><10 74.32
570 2
2
MARC
1 1
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Fig.9 Temperature field of billet and die during pressure

maintaining process (¢ = 30 s)
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