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Table 1  Chemical composition of 7075-O aluminum alloy (ω/%) 

Zn Mg Cu Mn Si Fe Cr Ti Al 

5.1~6.1 2.1~2.9 1.2~2.0 0.30 0.40 0.50 0.18~0.28 0.20 Bal. 
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Table 2  Properties of 7075-O aluminum alloy 

Tensile strength/ 

MPa 

Yield strength/ 

MPa

 

Elongation/ 

% 

Hardness, HV/ 

�10 MPa 

Solidus 

temperature/� 

Liquidus 

temperature/� 

225 112 17 70 520 630 
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Fig.1  Thermal infrared camera (a), schematic of welding (b), 

setup of friction-stir welding (c), and tool of welding (d) 
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Fig.2  Peak temperature versus various moments (1200 r/min) 
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Table 3  Peak temperature at different rotational speeds 

n/r·min

-1

 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 

T

p

/� 430 425 439 434 451 443 455 460 473 476 484 490 481 496 495 483 485 495 481 490 

 

 

 

 

 

 

 

 

 

 

� 3  �#=;>������-�#./0123 (1200 r/min) ?�#@�A������BCD 

Fig.3  Peak temperature in range of traveling versus various moments (1200 r/min) (a) and effect of tool rotational speed 

on the peak temperature of joints (b) 
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Table 4  Parameters used for calculation of the peak 

temperature 

T

s

/� T

r 

/� r/m k α β 

520 25 6×10

-3 

0.90051 0.00974 –0.16218 
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Fig.4  Peak temperature as a function of tool rotary speed (a) and 

comparison of the experimentally measured peak tempe- 

rature of joint with literature function (b) 
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Table 5  Values of coefficient of friction under different welding conditions 

n/r·min

-1

 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 

T

p

/� 430 425 439 434 451 443 455 460 473 476 484 490 481 496 495 483 485 495 481 490 

µ 1.09 1.12 1.01 1.08 0.95 0.98 0.92 0.90 0.82 0.79 0.73 0.62 0.74 0.60 0.60 0.73 0.71 0.61 0.74 0.62 
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Fig.5  Exponential relationship between the friction coefficient and tool rotational speed (a); peak temperature and friction coefficient as 

functions of tool rotational speed (b) 
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Table 6  Pertinent parameters for calculation analysis 
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Fig.6  Appearance of joints and cross-section macrostructures 

obtained in different welding conditions (a~j is at the 

speed of 1000~1900 r/min, respectively) 
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Thermal Model and Peak Temperature in High-Travel Velocity 

Friction Stir Welding of Aluminum Alloy 
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Abstract: 7075-O aluminum alloy rolled plates of 3 mm thickness were friction stir butt welded at a constant high-travel speed of 1000 

mm/min and various tool rotary speeds (1000~1900 r/min). The peak temperature of the joint was measured by a thermal infrared camera. 

Effects of tool rotary speed on peak temperature and appearance and cross-sections microstructures of FSW joints were investigated. The 

results show that peak temperature of the joint increases gradually with increasing the tool rotary speed till 1600 r/min and reaches the 

maximum at 1600 r/min, approximately 500 °C. Increase of rotation speed higher than 1600 r/min brings about fluctuation of peak 

temperature from 480 °C to 495 °C and slightly decreasing tendency. This is not consistent with the previous thermal modeling and peak 

temperature function of welding parameters. With an emphasis on weld quality, the experimental results of cross-sections microstructures 

indicate that the optimum tool rotary speeds are 1400, 1500, and 1600 r/min. Based on the mechanism analysis of heat generation about 

friction, an analytical thermal model of high-travel FSW was developed to estimate the function of the peak temperature in which a 

variable of friction coefficient was created in the thermal model. 

Key words: friction stir welding; high-travel velocity; variable of friction coefficient; thermal modeling; function of peak temperature 
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