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Design of Porthole Extrusion Die for Improving the Welding Pressure in
Welding Chamber by using the FE Analysis and Taguchi Method
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Abstract

The porthole extrusion process is a classic metal forming process to produce complex cross-section shaped aluminum
profile. It is very difficult to design porthole die and extrusion process because of the complex shape of extrusion die and
internal metal flow. The main variables in this process are ram speed, initial billet and tool temperature, and die shape. In
general, the metal flow of porthole extrusion process can be divided into two steps. During the first step, the billet is divided
into several parts in the porthole die bridge. During the second step, the divided billets are welded in the welding chamber.
In the welding chamber, the level of welding pressure is very important for the quality of the final product. The purpose of
this study is to increase the welding pressure in the welding chamber by using a two stage welding chamber. The porthole
extrusion die was designed by using the Taguchi method with orthogonal array. The effectiveness of the optimized porthole

die was verified by using the finite element analysis.
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Table 1 Design variables of double welding chamber

Variables Level 1 Level 2 Level 3
A (mm) 10 30 50
B (mm) 2 6 10
C (mm) 4 7 10

Table 2 Design of Ls(3%) orthogonal array

No. A (mm) B (mm) C (mm)

1 10 2 4
2 10 6 7
3 10 10 10
4 30 2 7
5 30 6 10
6 30 10 4
7 50 2 10
8 50

9 50 10 7

Table 3 Conditions for FE-analysis

Condition Value
Billet material Al6063
Die material STD 61
Initial billet temperature 480TC
Initial die temperature 450C
Billet diameter 76.2
Friction factor(m) 0.6
Ram speed 1mm/s
Heat transfer coefficient .
between billet and die 1LO N/s/mm/C
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Table 5 Analyzed die stress

Effective stress
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