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Process Analysis and Die Design for A13003
Condenser Tube Extrusion with 12 Cell

Sang Ho Lee’, Jung Min Lee’, Hyung Ho Jo™, Hoon Jo ™', Mun Bae Kim""" and Byung Min Kim"

ABSTRACT

Condenser tubes are mainly produced by precision extrusion with a porthole die and are used in the flow pass of
refrigerant cooling systems in automobiles. The recent technical trend of condenser tube requires the tube to be of more
multi cellizing, high strength and small size, and to increase the heat transfer area and heat efficiency. Hence, this paper
is shown that the results of FE-simulation are in good agreement with the experimental ones. Finally, the extrusion die
shape is proposed through analysis of FE-simulation and performance of trial extrusion. Chamber shape dimension and
initial temperatures of die is adjusted analysis results. And the possibility of extrusion is estimated that forming load,
welding pressure and stress analysis of die in this paper. The validity of simulated results was verified into extrusion
experiments on the condenser tubes.
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Fig. 1 Shape of section area and required dimension
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Fig. 4 Initial mesh system
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Table 1 Condition of FE-simulation

Extrusion condition Value
Material of billet Al3003
Material of tools Mandrel- WC
Others-AISI H13(STD61)
Ram speed 1 mm/s
ol | o
Friction factor (m) 0.6
Dimension of billet ¢ 152 x h150 mm
Reduction area(exit) 99.9%

Fig. 5 Metal flow at mandrel section
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Fig. 8 Distribution of velocity in the bottom of chamber
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D=0.341E-03
E=0.231E-03
F=0.122E-03
G=0.119E-04
H=-0.979E-03
1=-0.208E-03
J=0.317E-03

(a) Y-direction displacement

mm
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D=0.001351
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H=0.450E-03
1=0.225E-03
J=0

(c) Von mises stress

Mpa
A=117
B=104.02
C=91.04
D=79.05
E=65.07
F=52,09
G=39.11
H=28.12
1=18.14
J=0.157

Fig. 11 Results of stress analysis (Mandrel)
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(a) Existing die

(b) Redesigned die
Fig. 12 Camber shape of dies

Table 2 Result of FE-simulation

Radius Initial Ram |Outer| Normal
Load
Case| of temp.(C) | speed {temp.| pressure (ton)
on

chamber| gijjet| Die |(MmVs)| (T) | (Mpa)
1 3 1.0 | 520 | 190~285 | 1600
2 1.0 420 | 100~200 920

— 510 | 500

3 35 0.1 | 410 | 94~206 | 1400
4 02 | 445 | 111~222 | 990
mm Mpa
Drozin o6
C=0.177664 C=1152
D=0.153008 D=1046
E=0.128347 E=94032
F=0.979030 P=E34.4

Displacement von Mises stress

(a) Case 1

mm
A=0,132077
B-0.117603
©w0.103300
D0.085912
Em0.074524
0060138
C=0.845747
H~0.031352
10.016370

Displacement von Mises stress

(b) Case 2

Displacement

von Mises stress
(c) Case 3
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mm
A=3.140606
B=0.125178
C=0.109948
D=0.094615
E=0.079228
F=0.063955
G=0,048628
He0.033295
1=0.017965

H=249.473
=129.834

Displacement von Mises stress

(d) Case 4
Fig. 13 Result of die strength analysis
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Table 3 Experimental condition of extrusion

Extrusion conditions Value
Ram speed 0.2mm/sec
Extrusion temp. 450C
Reheating temp. of Billet 510T
Reheating temp. of Die 500C
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(a) Section (b) Surface
Fig. 17 Extruded condenser tube before stress analysis
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Fig. 18 Shape of extruded A13003 Condenser tube

(a) Equipment of extrusion
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(b) Porthole die

Fig. 14 Photographs of extruder and manufactured o T
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