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Owing to high oil prices and environmental issues, the automobile industry

Received 6 March 2013 has conducted considerable research and made large investments to manufacture

Revised 27 May 2013 a high-efficiency automobiles. In the case of automobile wheels in which

Accepted 7 June 2013 a lightweight material is used to increase the fuel efficiency a mold is used
to increase the production efficiency; however, the use of the molding

Keywords: . . . .

Aluminum wheel methpd for this purpose is Velty expensive. Ther.efore an autor.noblle whef:l

Rim consists of two parts. In this study a two-piece automobile wheel is

. . . manufactured by the friction stir welding(FSW) of Al6061-T6 to reduce the

Friction stir welding . ) .

FEM manufacturing cost and process complexity. The FSW welding tool geometry
and rotational speed, and the feed rate are key factors that significantly affect
the weld strength. Therefore tensile tests were conducted on specimens
produced using various welding conditions, and the optimal FSW welding
conditions were applied to manufacture aluminum wheels. To ensure reliability,
prototype aluminum wheels were manufactured and their mechanical reliability
and safety were evaluated using a durability test, fatigue durability test, and
impact test. Through this study, aluminum wheel production was made
possible using the FSW method.
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Fig. 1 Principle of friction stir welding (FSW)
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(a) FSW machine

(b) FSW process
Fig. 2 Photography of FSW process used in this work
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Fig. 3 Rotation tool used in this work

Table 1 FSW conditions for Al6061-T6

change in conditions
- Spec. ID
RPM Feed Rate (mm/min)
300 A-1
1,000 270 A-2
330 A-3
300 B-1
900 270 B-2
330 B-3
300 C-1
1,100 270 C-2
330 C3

Tension tester

CAPACITY: 100KN(22,5001b)
Load cell Speed : Smm/min

Fig. 5 Tensile machine used in this work
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Fig. 6 Load and extension diagrams (ID A-2)

Table 2 Results of tensile test

Spec. ID Tensile Stress (N/mmz) Tensile Strain (%)
A-1 212.18 20.09
A-2 213.14 20.11
A-3 208.54 23.20
B-1 203.28 23.93
B-2 203.58 22.93
B-3 208.03 22.49
C-1 201.86 24.17
C-2 196.56 23.70
C3 207.05 22.86
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Fig. 7 Wheel production process using the FSW

Fig. 8 Cylindrical bending machines
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Fig. 9 Wheel designed by catia VS and tetra mesh

Table 3 Material properties (Aluminum 6061-T6)

Property Value Unit
Density 2.849E-06 kg/mm’
Young's Modulus 703.074 Kgf/em®
Poisson's Ratio 0.33 -
Yield Stress 2814.42 Kef/em’
Tensile Stress 3161.12 Kgf/cm2
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(c) Impact test

Fig. 10 Analysis of 2 piece al wheel
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Fig. 11 Durability tests and penetrating tests
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Table 5 Parameter of the durability test

Mileage 1000000 CY
Tire size 235/65R/18
Tire pressure 45 Psi
Test load 1,700 Kgf
Drum outsource speed 60 Km/h
Wheel Net voting torque 12 Kg.m
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Fig. 12 Comering fatigue test and penetrating tests

Table 6 Parameter of the comering fatigue test

Moment 3332 N'm
Cycle 120,000 Cy
Wheel Net voting torque 12 Kg.m

705

Fig. 13 Impact test

Table 7 Parameter of the impact test

Tire pressure 29 Psi
Tire size 215/45R/18
Pendulum drop height 230 mm
Pendulum weight 694 Kg
Impact location 1.Air Valve 2.Spoke
Wheel Net voting torque 12 Kg'm
Impact angle 13°
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Fig. 14 Sampling part for x-ray inspection

Fig. 15 Result of x-ray test
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