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An Analysis on the Forging Processes for 6061
Aluminum Alloy Wheel

Young-Hoon Kim, Tae-Kon Ryou and Beong-Bok Hwang

Abstract

The metal forming processes of aluminum alloy wheel forging at elevated temperatures are analyzed
by the finite element method. A coupled thermo-mechanical model for analysis of plastic deformation
and heat transfer is adapted in the finite element formulation. In order to consider the strain-rate
effects on material properties and the flow stress dependence on temperatures, rigid-viscoplasticity is
introduced in this formulation. In this paper, several process conditions were applied to the simulation
such as die speed, rib thickness, and depth of die cavity. Simulation results are compared, and dis-
cussed with each case. Metal flow, die pressure distributions, temperature distributions, velocity fields
and forging loads are summarized as basic data for process design and selection of a proper press equip—
ment.

Key Words : Thermo-Viscoplastic Finite Element Analysis, Coupled Thermo-Mechanical
Model, Wheel Forging, 6061 Aluminum Alloy
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Fig. 1 Flowchart of the coupled analysis and the decou-
pled analysis
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Fig. 2 Initial workpiece shape and tooling geometry used
in the pre-analysis of 6061 aluminum alloy wheel
forging processes
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Fig. 3 Finite element meshes for the workpiece and tools
used in the pre-analysis of 6061 aluminum alloy
wheel forging processes
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Fig. 5 Final wheel shape obtained in the forging process of
6061 aluminum alloy
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Fig. 6 Finite element meshes for workpiece and tools used
in the main analysis of 6061 aluminum alloy wheel
forging processes
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Table1 Thermal properties used in the forging analysis

Material Workpiece | Punch/Die
Items (6061) (H13)
Conductivity(N/sec/K) 240 28.4
Density*Heat Capacity (N/mm?/K) 2.8 3.676
Heat Transfer Coef. to Environment(N/sec/mm/K) 0.007
Heat Transfer Coef. of the Lubricant(N/sec/mm/K) 36.02
Radiation Coef.*Boltzman Constant{N/sec/mm/K) 85x10"

Table2 Process conditions used in the forging analysis

Analysis Type | Simplified Main
Conditions Pre-Analysis Analysis
Friction Factor 0.2 0.2
Initial Billet Temperature 450T 450C
Initial Punch and Die Temperature; 200C 200C
Environment Temperature 21T 27¢
Punch Speed 0.03m/s 0.2m/s 0.1m/s
Rib Thickness 6mm | 7mm |8.5mm| 7mm |8.5mm
Depth of Die Cavity 30mm  |60mm| 90mm 90mm
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Fig. 7 Comparison of the measured press load with the
predicted one obtained in the simplified model
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Fig. 8 Punch and die pressure distributions for punch
speed 0.1m/s, rib thickness 7mm(left side), rib
thickness 8.5mm(right side)
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Fig. 9 Punch and die pressure distributions for punch

speed 0.2m/s, rib thickness 7mm(left side), rib
thickness 8.Smm(right side)

Table 3 Comparison of maximum die pressures(MPa)

Punch Speed, Rib Thickness Maximum Value
0.2m/s, Tmm Rib 970
0.2m/s, 8.5mm Rib 841
0.1m/s, Tmm Rib 924
0.1m/s, 8.5mm Rib 932
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Fig. 10 Velocity fields for punch speed 0.2 m/s, rib thickness
7 mm
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Fig. 11 Temperature distributions of workpiece, punch
and die for punch speed 0.1 m/s, rib thickness
7 mm
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Fig. 12 Temperature distributions of workpiece, punch
and die for punch speed 0.2 m/s, rib thickness
8.5 mm
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Fig. 13 Temperature distributions of workpiece for punch
speed 0.1 m/s, rib thickness 8.5 mm
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Fig. 14 Temperature distributions of workpiece for punch
speed 0.2 m/s, rib thickness 7 mm
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Table4 Comparison of limit temperatures(C)

Punch Speed, Rib Thickness ‘ \‘T orkpiec Punch Die
(Min. Value)| (Max. Value) | (Max. Value)
0.2m/s, Tmm Rib 382 225 236
0.2m/s, 8.5mm Rib 377 222 234
0.1m/s, Tmm Rib 361 241 257
0.1m/s, 8.5mm Rib 363 243 255
8000
-~ p s.=0.2m/sec, rt.=8.5mm B8
~CO—p.s.=0.1misec, r1.=7.0mm \
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Fig. 15 Comparison of press stroke-load curves among all
analysis cases
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Table 5 Comparison of Maximum press loads and energies

Punch Speed, Rib Thickness Load(tonf) Energy(kJ)
0.2m/s, 7mm Rib 7196.20 829.99
0.2m/s, 8.5mm Rib 5870.32 732.32
0.1m/s, 7mm Rib 5961.69 757.09
0.1m/s, 8.5mm Rib 5628.30 680.97
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