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Abstract : The usage of Friction Stir Welding(FSW) technology has been increasing in order to reduce the weight in
automobile industries. Previous studies that investigated on the FSW have focused on the aluminum alloy. In this study,
A16061-T6 alloy plates having 5 mm of thickness were welded under nine different conditions from three tool rotation
speeds: 900, 1000 and 1100 rpm, and three feed rates: 270, 300 and 330 mm/min. Specimen size of Micro Shear
Punch(MSP) test was 10x10x0.5 mm. The mechanical properties were evaluated by MSP test and Analysis of Variance
(ANOVA). The specimens were classified by advancing side(AS), retreating side(RS), and center(C) of width of tool
shoulder. The optimal welding condition of FSW based on micro strengh was obtained when the tool rotation speed was
1100 rpm and the feed rate was 300 mm/min. The maximum load measured AS, RS, and C in the weldment was
measured 554.7 N, 642.9 N, and 579.2 N, respectively.
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Table 1 Chemical compositions of A16061 (Wt.%)
Mg | Si Cu | Cr | Fe | Zn Ti | Mn | Al

08 | 04 |0.15 | 0.04
~ ~ ~ ~ 0.7 | 0.25 | 0.15 | 0.15 | Bal
12 | 0.8 | 04 |0.35

Table 2 Mechanical properties of AlI6061-T6

. . Heat
:i;:(i Elt(i)zﬁa_ T;?:;le conduction | Density E
3
0 coff. (kg/mm”) | (MPa)
(MPa) (%) (MPa) K(W/m-k)
55 25 240 0.40 2.7710° | 693.3
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Fig. 1 Photograph of rotation tool used in friction stir welding

Table 3 Specification of the friction stir welding tool

Name Property Unit (mm)
Shoulder Diameter 18
Length 4.8
Probe -
Diameter 5
Tilting angle 0°
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Table 4 Friction stir welding conditions for Al6061-T6
Tool rotation speed (RPM)
900
270 1000
1100
900
300 1000
1100
900
330 1000
1100

Feed rate (mm/min)

Fig. 2 Photograph of friction stir welding
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Fig. 3 Schematic illustration of cutting specimen in friction
stir welded
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Fig. 4 Schematic diagram of the detailed MSP-jig (mm)
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6 The general deformation characteristics and fracture
process in MSP specimen
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Fig. 7 The maximum load for each conditions : (a) advancing
side, (b) center, (c) retreating side
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Table 5 Results of two-way ANOVA with respect to mean
strength
Two—way ANOVA: P versus TRS(RPM), FR(mm/min)

Source OF S3 MS F P
TRS(RPM) 2 1050.14 525.070 9.55 0.030
FR(mm/min) 2 284.01 142,004 2.58 0.190
Error 4 21 54.957

Total 8 1553.97

$=7.413 R-5q=085.858 R-Sg(adj) = 71.71%

Boxplot of P
530
580
& 570
560
550
FR{mm/min) 270 300 330 270 300 330 270 300 330
TRS(RPM) 900 1000 1100

Fig. 8 Boxplot of mean strenth by two-way ANOVA
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Table 6 Results of two-way ANOVA with respect to mean
strength
One-way ANOVA: P versus TRS(RPM)
Source  OF 33 MS F P
TRS(RPM) 2 1050.1 525.1 6.25 0.034
Error 6 503.8 84.0
Total § 1554.0
$=9.164 R-Sq =67.58% R-Sa{adj) = 56.77%

Individual 958 Cls For Mean Based on
Pooled StDev

Level N Mean StDev

3 85719 7.30 (------- ERETEREES )
1000 3 575.49 9.70 (=== hmm e )
1100 3 582.89 10.22 (=== e )
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