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Abstract: The purpose of this study was to analyze the change in tensile strength characteristics of the weld when the 
welding speed and rotational speed of the tool, which are representative variables of the friction stir welding process. The 
equipment used in the experiment was Machining Center No. 5. The material used in the experiment is an AA6061-T6 
alloy, and a rolled plate with a thickness of 2mm was used. Two experimental variables were selected, the welding speed 
of the tool and the rotational speed of the tool. The experimental conditions were selected in the range in which a healthy 
weld could be obtained through a preliminary experiment. The welding speed of the tool was increased to 100mm/min, 
200mm/min, and 300mm/min, and the rotational speed of the tool was increased to 1000rpm, 2000rpm, and 3000rpm. As 
a result of the experiment, the tensile strength increased as the rotational speed of the tool changed at each tool welding 
speed. In addition, as the welding speed of the tool increased, the tensile strength of the weld was increased. The condition 
with the highest tensile strength of the weld was found to be a tool feed speed of 300 mm/min and a tool rotation speed 
of 3000rpm.
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Factor
Experimental conditions

Level 1 Level 2 Level 3

Welding speed
(mm/min), (A) 100 200 300

Rotation speed
(rpm), (B) 1000 2000 3000

Fig. 1
. AA6061-T6 

MCT(Machining Center Tooling 
System, : VX500)

, 
.

Fig. 2
. 
STD61 

CNC
. 

Table 2
, 

, 16.0 mm, 
4.0 mm, 1.5 

mm . 

Item Tool

Shoulder diameter (mm) 16.0

Pin root diameter (mm) 4.0

Pin length (mm) 1.5

Material STD61 (tool steel)

AA6061-T6 

, Mg Si
, Mn, Cr, 
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Cu 6000 Al-Mg-Si 
. 

Table 3 AA6061-T6 
, Table 4 .

2.0 mm
100 mm, 150 mm , 

.

Al Cr Ti Mn Fe Si Cu Mg

bal. 0.35 0.15 0.15 0.70 0.4 0.15 1.2

Tensile strength
(MPa)

Yield strength
(MPa)

Hardness
(Hv)

Elongation
(%)

310 276 107 17

Fig. 3
. 

. 
0.3 

mm .

(Advancing Side)
(Retreating Side)

, (Burr)
.

Fig. 4
. 

0.3 mm 
, 4 , Table 1

 100mm 
.

9
, 

3 . 

Case 3 Fig. 5
. 

27

.

Fig. 6
ASTM E8 standard 

, 

.
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(A)       (B)
R/s (rpm)

1000 2000 3000

W/s
(mm/
min)

100

200

300

Fig. 7
. 

Advancing Side(AS)
Retreating Side(RS) , 

AS .  
AS RS

.

Table 5 Fig. 8 27
. 

, 70 ~ 90% 
.

No.
Factors Tensile strength(MPa)

W/S
(mm/min), (A)

R/S
(rpm), (B) Case1 Case2 Case3

1 100 1000 242.62 233.43 248.55 

2 100 2000 246.17 227.05 240.90 

3 100 3000 254.53 249.85 255.67 

4 200 1000 267.14 261.88 269.22 

5 200 2000 276.65 269.83 281.61 

6 200 3000 280.23 279.71 282.77 

7 300 1000 281.55 276.49 270.27 

8 300 2000 287.85 281.65 291.15 

9 300 3000 280.37 291.04 291.19 

Fig. 9
. 

, 
. 

, 
. 



- 50 -

- 5 -

No.
Factors

Weld section
(A) (B)

1 100 1000

2 100 2000

3 100 3000

4 200 1000

5 200 2000

6 200 3000

7 300 1000

8 300 2000

9 300 3000

AA6061-T6 d

, 
.  

1) 100 mm/min, 200 
mm/min, 300 mm/min 
1000 rpm, 2000 rpm, 3000 rpm 

.
2) 100 mm/min, 200 

mm/min, 300 mm/min 
1000 rpm, 2000 rpm, 3000 rpm 

. 
3) 300 mm/min 

3000 rpm 
291.19 MPa , 

94 % .  
4) 

(Advancing Side)
, AS

RS
.

5) 
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.

.

1) H. T. Kim, S. C. Kil, “Recent Research Trend of 
Friction Stir Welding Process”, Spring Conference 
of The Korean Welding and Joining Society, Vol. 
49, p. 77, 2008.

2) James, M. N, Hattingh, D. G. and Bradley, G. R., 
“Weld Tool Travel Speed Effects on Fatigue Life of 
Friction Stir Welds in 5083Aluminum”, 
International Journal of Fatigues, No. 25, pp. 
1389-1398, 2003.

3) H. S. Park, Y. H. Lee, W. D. Choi, J. B. Ko, “A 
Study on the Effect that Pin Shape and Welding 
Speed have an Influence on Mechanical Strength in 
Friction Stir Welding Al6061-T6”, Journal of The 
Korean Society of Manufacturing Technology 
Engineers, Vol. 17, No. 4. pp. 22-28, 8. 2008. 

4) S. K. Jang, M. S. Han, J. I. Jeon, “Effects of Tool 
Rotation and Transition Speed during Friction Stir 
Welding of Al 7075-T651 Alloy”, Journal of The 
Korean Society of Mechanical Engineers(A), Vol. 
11, No. 4, pp. 532-539, 2007. 

5) S. K. Jang and S. H. Shin, “A Development of 
Optimizing Tools for Friction Stir Welding with 
2mm Thick Aluminum using a Milling Machine”, 
Journal of The Korean Society of Marine 
Engineering, Vol. 25, No. 4, pp. 91-96.

6) Won, S. T., Kim, W. K. and Goo, B. C., 



- 51 -

- 6 -

“Mechanical Properties of Joints according to Welding 
Methods and Sensitivity Analysis of FSW’s 
Welding Variables for A6005 Extruded Alloy of 
Rolling Stock,” Journal of The Korean Society for 
Railway, Vol 13, No. 2, pp. 131-138.

7) S. W. Kim, W. B. Lee, D. W. Kim, Y. M. Yeon 
and S. B. Jeong, “The Joints Properties of Friction 
Stir Welded 5052Al Alloy”, KWS 2003-Autumn, 
pp. 69-71, 2003.

2019 3 ~ : 
.

( )

< >

 2012 2 : ( )

 2019 3 : 

< >

Chun-Kyu Lee
2014 8 : 

( )
2010 3 2016 12 : 

2016 12 2018 3 : 

2018 4 : 
  

< >




