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The Effects of Welding Conditions on the Joint
Characteristics of Friction Stir Welded Aluminum 3003 Alloy
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Abstract : Two-way factorial design method was applied to evaluate the joint strength of friction stir
welded aluminum 3003 alloy in this study. The welding factors and levels were the tool rotation speeds of
1,300, 1,800, 2,300, and 2,800 rpm and the tool travel speeds of 150, 250, 350, and 450 mm/min under
the shoulder diameter of 18 mm and pin diameter of 4 mm. The uniaxial tension tests were carried out for
varience analysis of tensile strength of welded part, and micro-structure observations were also performed
with hardness measurements at welded part. From the results, the variance analysis revealed that the
contributions of welding factors on the tensile strength of the weld part were the rotation speed of 67.9%
and the travel speed of 31.8%. The optimum condition for FSW was predicted the welding speed of 450
mm/min and rotating speed of 1,300 rpm, and the presumption range of tensile strength at optimal
condition of reliability 95% was estimated to 135.53 + 1.11 MPa. In addition, the lower the rotation speed
and the higher the travel speed, the higher the tensile strength. Finally the hardness and grain size of

optimal condition was higher and finer than that of lowest condition at weld part.
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Table 1 Mechanical properties of AA3003-H14

N ooo ol 12 ox

Parameter Value Unit
Tensile strength 150 MPa
Yield strength 137 MPa
Elongation 8 %
Hardness 54 HV

Table 2 Chemical elements of AA3003-H14 (wt%)

Alloy Mn Si Fe Cu Zn Al
A3003-H14| 1.19 | 0.11 | 0.41 | 0.07 | 0.005 | Bal.
\\\ 1.
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Fig. 1 The tool for FSW

Table 3 Tool measurement used in FSW

Parameter Value Unit
Shoulder diameter 18 mm
Pin root diament 4 mm
Pin length 1.5 mm
Material SKD61 (tool steel)
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2.2 dExA Conditions Welding part
Table 4= AL 918 SAF WFES & o [
F 5= Yehd ot .
Q1A uhame] dyEas Agss we | 10|
At BT WA SUAEH Aol e || Back
AEE O3 o)$4E § Be AUt oy side
of FolAH BT HH&ESh olFLEst 53 Front
F2% A7}k Hol BT LR olEEE | 450 | side
e WER FI UARL Fo) AWAEE | 300 [ puge |_
20e AR ol sl STATE 18 o H
mmol Al I ALEEE 1,300~2,800 pm, °|EEEE=
150~450 mm/minoll A ZH7F W4E 4Zo)A] A Fig. 3 As-welded surface after joining

Pol Age PIAA] SlalA w33 WA

@ ISET
M 2SET
A3SET

sho] % 483)9] WPE FASFAC PHEaW Y
e wriy] PHolm, BHEINEY FTE BE .
AN AAGFOR A3k 18 mm P

130

]
o

orm

>
>
e »

Table 4 Factor and each level for experiment

Tensile strength(MPa)

rem
2]

Factor |level 1 |level 2 |level 3 |level 4| Unit 0
Rotation »

1,300 | 1,800 | 2,300 | 2,800 | rpm

speed ) us
Feed Rotation speed(rpm) e@ @§ ,‘)§ ¢’§ §’§ ‘? _{‘,@ 6’" Q§ @v? ,9§ 0§ ¢§ QQ ,P@ 00
speed 150 250 350 450 |mm/min Travel Speed(mmnin) ) X K] )

Shoulder diameter : 18 mm Fig. 4 Tensile strengths vs. welding conditions
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Table 5 Welding conditions of FSW

Factors Feed spF:ed Rotation ]S)lilgrllle(iz

(mm/min) |speed (rpm) (mm)

AB; 150 1,300

AB; 150 1,800

AB3 150 2,300

AiBy 150 2,800

AsB, 250 1,300

AB; 250 1,800

A,Bs 250 2,300

ABy 250 2,800 13

A3B, 350 1,300

A;B, 350 1,800

A;B; 350 2,300

A;By 350 2,800

A4B; 450 1,300

A4B; 450 1,800

A4B3 450 2,300

A4By 450 2,800
2 A gl APAGUS HFHGH, 3 mmis
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Table 6 Two-way ANOVA results (a=0.05) for

Tensile strength before pooling

S %) V F P
A 317.22| 3 105.74 | 127.24 0.000
B 678.01| 3 226.00 | 271.96 0.000
AxB 1392 9 1.55 1.86 0.095
E 26.59 | 32 0.83

T 1035.74 | 47

Tensile strength(MPa), o = 0.05

Factor
A Travel Speed(mm/min)
B Rotation speed(zpm)

Standardized effect

Fig. 5 Pareto chart of standardized effects
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Table 7 Two-way ANOVA results (a=0.05) for

Tensile strength after pooling

S %] Vv F P
A 31722 | 3 105.74 | 107.01 | 0.000
B 678.01 | 3 226.00 | 228.72 | 0.000
E 40.51 | 41 0.99
T 1035.74 | 47
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Fig. 9 Material collection for hardness test



Hardness (Ev)

Displacement(mm)

Fig. 10 Hardness results of welding part
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