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Development of Porthole Die on Aluminum Extrusion
for the Automobile Control Arm
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ABSTRACT

The characteristic properties of aluminum, high strength stiffness to weight ratio, good formability, good corrosion
resistence, and recycling potential make it the ideal candidate to replace heavier materials in the car to respond to the
weight reduction demand within the automotive industry. In this paper, FE simulation was carried out to design an
appropriate extrusion die for the automobile control arm. Based on the FE simulation result, a new die design has been
proposed for uniform material flow in the cross section of extruded product. And then the welding pressure, extrusion
load, and the tendency of mandrel deflection were estimated to verify high quality. In the extrusion experiment, it was
possible to produce sound product without defects.
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Table 1 Chemical compositions of A6082

Comp Si Fe Cu Mn Mg
Wt(%) | 0.7~1.3 | 0.5 0.1 | 04~1.0 ] 0.6~1.2
Comp Cr Zn Ti Al -
Wt(%) | 0.25 0.2 0.1 Rem -
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Fig. 1 Effective stress-strain curve of A6082
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Fig. 2 Dimension and section of contro} arm
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Fig. 3 Structure of porthole die for control arm
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Fig. 4 Mesh system of porthole die extrusion
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Table 2 Condition of FE simulation

Extrusion condition Value
Material of billet A6082
Material of tools SKD61
Initial temperature of billet(C) 460
Initial temperature of tools(C) 460
Punch speed (mmny/s) 3
Friction factor (m) 0.6
Dimension of billet (mm) ©279.4 xh 700

Table 3 Condition of heat transfer

Material A6082 | SKD 61
Heat i

eat capacity 243 40
N/(mm2-TC)
Th ductivi

ermal conductivity 160 24
N/(sec:C)

Interface heat transfer coefficient

11 11
N/(sec-mm-C)

Emissivity ' 0.3 0.7

Convection Coefficient

. 0.02 0.02
N/(sec-mm- C)

Room temperature( C) 25
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The shape of extruded control arm using the
existing die

Fig. 8 Velocity at the exit of the existing die
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(b) Change of bearing shape
Fig. 9 Modification of die
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Fig. 10 Velocity at the exit of the redesigned die
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Fig. 11 Extrusion load-stroke curve
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Fig. 12 Position of welding plane
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Fig. 13 Normal pressure at welding plane
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Table 4 Mechanical properties of die
Mechanical Properties Value
Young’s modulus (GPa) at 500°C 165
Poisson ratio 0.3
Density (kg/m’) 7700

Dlsplncemmt B C (x,%,2) Displacement B.C (y)

Fig.14 Boundary condition
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Fig.15 Effective stress of die
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(b) Y-axis displacement
Fig. 16 Elastic displacement of die
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Fig. 17 The shape of extruded control arm using the

redesigned die
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