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A Theoretical and Experimental Study on the
Plastic Flow in Porthole Extrusion

C. H. Han and H. J. Lim

Abstract

The paper is concerned with plastic flow in the port and welding chamber of rectangular hollow
section extrusion through the porthole die. The extrusion process is analyzed by numerical simulation
and experiments in the unsteady state. The effects of types of inlet with and without taper on the flow
and extrusion load are mainly discussed and compared by FEA and experiments. Experiments are carried
out by using the plasticine as a model material at room temperature. To visualize the plastic flow in the
extrusion process, some split dies and punches are designed and manufactured by EDM. The theoretical
predictions by FEM are reasonable agreements with experimental results on the deformed configurations

and welding lines.
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Fig. 1 Schematic description of a porthole die for the
tube extrusion process
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Fig. 3 A quarter section of 3D model of porthole die
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@ (b)

Fig. 4 A quarter section of 3D model of porthole die
extrusion process

Table 1 Condition of simulation

. UPPER HOLDER %

. PRESSURE PLATE
. RAM FIXTURE

. PUNCH

. DUMMY BLOCK %?
. BILLET /

. CONTAINER

&OOO\]Q‘JCT‘J;LOL\DI—‘

10 PORTHOLE DIE
11.DIE BACKER
12. SUPPORT RING

RAM

DIE HOLDER

Fig. 5 Experimental apparatus for extrusion

Table 2 Extrusion condition

Condition Value

Billet size ¢ 39.5 X H40 mm

Ram speed 1.6 mm/s

Ist ext. ratio 2.74

2nd ext. ratio 9.62

Total ext. ratio 26.35

Product size 18X7.9%1.0 mm

Mesh no. Surface 4000 mesh

Mesh type Tetrahedral mesh
3.4 ¢

Term Condition
Billet material Plasticine($39.5 X H40mm)
Temperature. 201 T
Ram speed 1.6 mm/s
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Fig. 6 Load curve of FEM analysis

(b) Type 2
Fig. 7 Experimental grid distortion
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Fig. 8 Plastic flow by experiments
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Designed welding lines
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Fig. 11 Effective stress distribution [MPa]

Fig. 10 Effective strain distribtion [mm/mm]
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