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Extrusion Process Analysis for Al Condenser
Tube with Multi Hole

J. H. Bae, J. M. Lee and B. M. Kim

Abstract

This paper describes the analysis of extrusion process and integrity for a condenser tube which is a component of the
heat exchanger in automobile and air conditioning apparatus. Recently, according to the development of analysis method
using the computer, the numerical simulation have been applied to the 3-dimensional hot extrusion process with complex
section area of the non-steady statement and then results of the analysis have been applied to optimal die design and
process design. In this paper, firstly, the die design was performed for a condenser tube with a multi-hole section and the
rigid-plasticity FE analysis performed of extrusion process. Secondly, we estimated metal flow of billet, extrusion load,
welding pressure in chamber etc. and evaluated the pressure and elastic strain of the die land and mandrel tooth profile
through a stress analysis of the die. Finally, the extrusion test was performed to estimate the validity of FE analysis. This
paper confirmed that the designed extrusion die of the research is satisfactorily designed for integrity of condenser tube.
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Fig. 1 A diagram showing the development process
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Fig. 2 Section of condenser tube
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Fig. 4 Construction of porthole die
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Fig.5 Initial mesh system

Table 1 Conditions of simulation

Extrusion condition value
Material of billet Al1100
Material of tools AISI H13(STD61)

Ram speed 7 mm/s
Initial Temperature of tools 500 °C
Initial Temperature of billet 480 °C
Friction factor (m) 0.6
Dimension of billet ¢ 152 x h150 mm
Total Extrusion ratio 1243
Heat transfer coefficient 11
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(a) Die holder (b) Backer
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(c) Displacement of Y axis Fig. 15 Photographs of manufactured porthole die

Fig. 13 Results of stress analysis at forming stage
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Table 201 ¥ HPAl ALL" WA HE-E Y}
WAL Table 3 Akl U&2HE 21& e
Wit
Table 2 Chemical compositions of A11100
Comp. Al Cu Mn
% 99 0.05-0.2 Max 0.05
Comp. Sit+Fe Zn Other, total
% Max 0.95 0.1 Max 0.15

Table 3 Extrusion conditions

Main pressure 1600ton
Material of billet Al1100
Material of tools AISTH13(STD61)

Ram speed 7 mm/s
Preheating temperature of die 500 °C
Preheating temperature of billet 480 °C
Temperature of container 450°C
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Fig. 18 SEM observations (x200)
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