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Development of Direct Extrusion Process on Al 1050 Condenser Tube
by using Porthole Die
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ABSTRACT

Condenser tube which is used for a cooling system of automobiles is mainly manufactured by conform
extrusion. However, direct extrusion using porthole die in comparison with conform extrusion has many
advantages such as improvement of productivity, reduction of production cost etc. In general, the porthole die
extrusion process is useful for manufacturing long tubes with hollow sections and consists of three
stages(dividing, welding and forming stages). Especially, Porthole die for producing condenser tube is very
complex. Thus, 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. This paper describes FE analysis of non-steady state porthole die extrusion for producing condenser
tube with multi-hole through 3D simulation in the non-steady state during the entire process to evaluate detailed
metal flow, temperature distribution, welding pressure and extrusion load. Also to validate FE simulation of
porthole die extrusion, a comparison of simulation and experiment results was presented in this paper.

Key Words : Porthole die extrusion (E£EE t}o] &), Non-state analysis (H]Z34E] 314]), Welding
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Fig. 1 Schematic drawing of condenser tube
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No. Names No. Names

1 Housing 6 Die insert
2 Jaw 7 Mandrel insert
3 Mandrel case 8 Die case

4 Mandrel support 9 Slip retainer
5 Retainer

Fig. 2 Constructions of dies for condenser tube
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Fig. 3 Structure of porthole die for condenser tube

Fig. 2 & A7 A" XTEE tho]o &
% e Aot Aoz AWA Ry AEL
A% FEEZ tho|g TR FA the] FE7 W=



LTS A2 Al TR

AA o Ao M=
1= A&S gobslr] 43 Fig 37 ol
dHgdoz 3p 2ddy 3Rk 3D

A 34 (welding chamben)2 743
Fo ABE 98 ZEE Dol
FTEFA ALE YT TEEZ tholn
& Sttt 53 Fig. 13 &2 ot
< A7) 43l Fig 3014 BX
o 2% R W= AN

22 HEYARIHE HM=H

£ d7dME ddA 3
Taad % HEdE, ¢ < #H7ket7) el
dige] HFHE AarAFILAHY Z=
DEFORM 3D'E AH8-3t3iTt iAol ALgd e
A FE9 AE2 gol o] &= Al 10502
e, delolu, Aug Y= E3F T3
STD 61% AY&HA the]} WA 27|eE+e
Zbz} 450, 420C 2 ARG APHA =z
& Table 19 YERHATH

o ARYEF 7}
=

E
=
=
=

[0 ]E’.

}.

Jo

Table 1 Extrusion condition for condenser tube

Extrusion conditions Value
Material of billet Al1050
Material of tools STD6!

Initial temperature of billet(C) 450

Initial temperature of tools(C) 420
Extrusion velocity(mm/s) 833(exit velocity)
Reduction Bridge 75.36
in area(%) Exit 93.47
Dimension of billet(mm) ®71xh200

Temperature of environment(C) 20

Friction factor(m) 0.6
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Fig. 4 Initial mesh system of porthole die extrusion
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Fig. 5 Each stage of porthole die extrusion
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(b) Welding stage
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Fig. 9 Metal flow in mandrel and die bearing part
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Fig. 11 Normal pressure at welding plane
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Fig. 12 Boundary conditions for die stress analysis
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(b) Distribution of displacement in the die
Fig. 13 Result of stress analysis in the die
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Table 2 Chemical Compositions of Al 1050

Comp. Si Fe Cu Mn | Mg
% 0.25 0.4 0.05 0.05 0.05

Comp. Cr Zn Ti Zr Al
% 0 0.05 0.03 0 99.12

Fig. 15 Equipment of extrusion

Table 3 Specification of equipment

Capacity 400ton Extrusion press

Type Horizontal type

Container size 704%400 mn

Heating element Firmax

Container

Setting temp. Type370~480T

heating part

Electric capacity | 12EAx2.0Kw=24Kw

Control P.C.B control panel
Main Closing 11.8mm/sec
. Stroke 1,100mn/sec
cylinder part -
Working pressure 210kg/cr
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Table 4 Experimental condition of extrusion

Extrusion conditions Value
Ram speed 9.45 mm/s
Extrusion temp. 430°C
Preheating temp. of billet 450C
Preheating temp. of die 350C
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Fig. 16 Photographs of manufactured porthole die
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(a) A section of condenser tube

(b) A surface of condenser tube
Fig. 18 Shapes of extruded condenser tube
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