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Die stress and Process of Analysis for Condenser Tube Extrusion
by using a Porthole Die

J. M. Lee, S. K. Lee(Precision Mech. Eng. Dept., PKU), B. M. Kim(ERC for NSDM, PNU)
H. H. Jo, H. Jo(KITECH, Inchon)

ABSTRACT

In this study , it is important that we have an understanding of the metal flow for manufacturing condenser tube
in porthole die extrusion, because this need to provide for household appliances market that is expected to grow into
the major market of the cooling system hereafter. Condenser tube is mainly manufactured by conform extrusion.
However, this method was not satisfied a series of the needs for manufacturing condenser tube as compared with
porthole die extrusion. The deforming skill recently is required high-productivity, high-accuracy and reducing
lead-time, thus it is essential to substitute conform extrusion by porthole die extrusion. Porthole die extrusion has
many advantages such as improvement of productivity, reduction of production cost etc. In general, the porthole die
extrusion process consists of three stages(dividing, welding and forming stages). In order to obtain the detailed
mechanics, to assist in the design of proper die shapes and sizes, and to improve the quality of products, porthole
die extrusion should be analyzed in as non-steady state as possible during the entire process to evaluate detailed
metal flow, temperature distribution, welding pressure and extrusion load, and then stress analysis was practiced to
obtain effective stress and elastic deformation value. A analytical results provide useful information the optimal
design of the porthole die for condenser tube.

Key Words : Porthole die extrusion (X EZ t}o] %&), Non-steady state analysis (8] 33 E] 3]4), Metal flow
(BE%F), Welding pressure (] 3#), Extrusion load (&% 3}%), Stress analysis (=34)
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T, = Thickness of inner shell of condenser tube
T, = Thickness of outer shell of condenser tube
W, = Thickness of inner teeth of mandrel
W, = Thickness of outer teeth of mandrel
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(a) 3D shape (b) Cross section
Fig. 1 Condenser Tube
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Fig. 2 Structure of Porthole die for condenser tube
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(a) Dividing stage
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(c) Forming stage
Fig. 3 Each stage of porthole die extrusion
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Table 1 Extrusion condition for condenser tube

Extrusion conditions Value
Material of billet Al1050
Material of tools SKD61

Initial -temperature ‘of :billet(C) 550

Initial temperature of ‘tools('C) 465
Extrusion  velocity(mm/s) 833(exit velocity)
Reduction Bridge 75.36
in area(%) Exit 93.47
Dimension. of billet(mm) ¢ 71 Xh200

Temperature 6f environment(C) 20

Friction factor(m) 0.6
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Fig. 5 Dead metal zone on welding plane
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Fig. 6 Maximum deformation die and mandrel
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Fig. 7 Stroke-load curve
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(a) Distribution of von-mises stress in the die
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(b) Distribution of displacement in the die
Fig. 8 Result of stress analysis in the die
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