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Evaluation on Tensile Characteristics of Extruded Aluminum Panel
Joints by Friction Stir Welding Parameters
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Abstract The changes in the mechanical properties according to the width of the tool shoulder, rotation speed and
moving speed in friction stir welding (FSW) are evaluated using Al 6061-T6. The results indicated that the tensile
strength value increases with increasing rotation speed. The higher the moving speed of the tool shoulder, the lower
the tensile strength, regardless of the tool type. A higher tensile strength value was generally obtained with a tool
shoulder diameter of 12mm (TSD12) than with 8mm. When the moving and rotation speeds exceed a limiting value,
a stabilization stage is reached, in which (the tool shoulder diameter?) no longer affects the material properties. At
a tool shoulder diameter of 8mm (TSDS), the material properties are decreased and the mixture of material in the
welding area is incomplete in comparison with the tool type of TSDI12. The tensile strength value is decreased at
a rotation speed of 1500 rpm. As a result, a rotation speed higher than the threshold value is needed in order for
and the transition temperature to be reached, which allows the complete mixing of the material in the welding area.
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Table 1. Mechanical characteristics of base metal

Yield strength (MPa) Tensile strength (MPa) Elongation (%) Hardness (Hv)
Al 6061-T6 =335 =359 =10 =125
Table 2. Chemical compositions of base metal and filler metal [wt%]
Si Mn Mg Cu Cr Fe Al
Al 6061-T6 0.58 0.12 1.1 0.22 0.20 0.35 Bal.

o] wfg- Eolxar ti1]. wREuHHEH(Friction T Fig. 2+ 271419 & Shape] A|ZH=w-S YERNS]
Stir Welding, FSW)ol&t A FEl2] E7](probe) S th FSW 349 HE Wl we} AAA S F35}7]

e WA T (oo)E 1EeE FAAIUA  $lale] KS B 0801 550l upel A $HS A&ttt v}
S AEAG Qs Brek 3 AARre] Asrkae]  Auukggel B AQA A4 542 B 9l
ofsf do] wAstH, o]efdt nlatdel o3 T FWe  Instron 4206 1Y A B71E AMHESEY Imm/ming] Al
ANme Asten Fe] gt of sk AFe AfFE0 SR AIAFE Pkt

2 AW PE| ARGl FAHOR P
3 HFAe] &30l o] FolAE A& L2
ool tigt tjeko & FFAle| wlste] v}t
stol o& 17t s, 3
Ao Sl #4247 golsta A
7hsete] 37 ARl AR R dFvlE de
Ae] R sl el A v
7)ol Bt AT & A9 2 T
F2 o|FolA ghort, ATEo] HYH
Sqolut 24 54 Fol Be @
[3114]. v} o} A7) b 83
B de 37 A A7 5

= 2A r= O]:;G_Qi \3%—2.

I

rr

T & e o

HW
L o
-1 oo o oo HE ox & M o

fo ot X i

o

?ii«l

e
o

Oll
li]

2

o

1_,

é

ml R

)

e
&

e TS

N
-

)

XS
=

Fig. 1. Tool shape of FSW
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Fig. 2. Two types of tool shape
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Table 3. TSDI12 Moving Speed Y-Axle 50rpm Condition - Tensile Strength

pm Tensile Test Results (MPa)

Trial 1 Trial 2 Trial 3 Avg.
1500 103 135 105 1143
1800 164.7 163.6 156.2 161.5
2000 155 175.5 184.3 171.6
2300 167.5 159.1 152.9 159.8
2500 202.1 195.3 193.6 197.0

Table 4. Tensile Test Result Of Tool Rotating Speed 2600rpm & Different Moving Speed

speed TSDI12 Tensile Test Results (MPa) TSD8 Tensile Test Results (MPa)
(rpm) Trial 1 Trial 2 Trial 3 Avg. Trial 1 Trial 2 Trial 3 Avg.
250 202.2 183.4 201.11 195.6 171.7 167.8 174.6 171.4
300 194.5 180.9 181.3 185.6 161.4 180.2 172.6 171.4
350 182.5 179.6 191.8 184.6 174.3 172.2 162 169.5
400 149.7 174.4 184.8 169.6 116 98 152 122.0
Table 5. Tensile Strength Of Moving Speed 350rpm & Different Tool Rotating Speed Tool
speed TSD12 Tensile Test Results (MPa) TSDS8 Tensile Test Results (MPa)
(rpm) Trial 1 Trial 2 Trial 3 Avg. Trial 1 Trial 2 Trial 3 Avg.
2600 182.5 179.6 191.8 184.6 174.3 172.2 162 169.5
2800 170.8 198.7 196 188.5 155 177 187 173.0
Table 6. Tensile Strength Of Moving Speed 400rpm & Different Tool Rotating Speed Tool
7 RPM TSD12 Tensile Test Results (MPa) TSDS8 Tensile Test Results (MPa)
Trial 1 Trial 2 Trial 3 Avg. Trial 1 Trial 2 Trial 3 Avg.
2600 149.7 174.4 184.8 169.6 116 98 152 122.0
2800 160.4 172.2 189 173.9 184.7 188.9 181.7 185.1
Table 7. Tool Rotating Speed 1500rpm & Different Moving Speed
TSDI12 Tensile Test Results (MP:
¥ RPM : S ensile Test Results ( L a)
Trial 1 Trial 2 Trial 3 Avg.
50 103 135 105 114.3
70 116.4 122.4 112.6 117.1
100 90 80.8 135.7 102.2
120 94 110 72 92.0
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