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Friction Stir Welding Characteristics of AI5052 Aluminium
Alloy by Design of Experiment

2oyer - FEY

Dae-Min Kang® and Jin-Suk Jang***

(Received 16 January 2015, Revision received 21 July 2015, Accepted 21 July 2015)

Abstract: Welding is very popular method for joining two or more metals. In this paper, the three-way
factorial design was adopted for obtaining the optimum friction stir welding conditions of Al 5052 alloy.
Tools of shoulder diameter of 9, 12, 15 mm and pin length of 1.5 mm were used. Also the material’s
dimension for welding was 100x100x2 mm, and the tensile specimens were worked by water-jet technique.
Welding variables were shoulder diameter, rotating speed of tool and welding speed. As far as this work
is concerned, optimum condition for friction stir joint of Al 5052 alloy was predicted as the shoulder
diameter of 15 mm, welding speed of 500mm/min and rotating speed of 1000 rpm. In addition, the
presumed range of tensile strength under the optimal conditions is estimated to be 208.3+5.7 MPa with
99% reliability.

Key Words : Friction stir welding, Al 5052 alloy, Three-way factorial design, Tensile strength,
Weldingvariables
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B =FAE 5052 ¢FulF =9 vpant
HA Fo3 SHAF T £EHAE, B2

NH& s SHEEE ANZ Sl oldT WY
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Hg mgoz Ao §4 34 208 =23
4 Fe,
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Table 1 Chemical composition of Al 5052 alloy (Wt.%)

ol o3t AI5052 2R0|E 22

Al | Ct | Ti |[Mn | Fe Zn Si Cu | Mg

bal. 10.17{0.01]0.04| 0.31 | 0.00 | 0.17 | 0.02 |2.43

Table 2 Tool measurement used in experiment

Ttem Tool
Shouldet diameter (mm) 9,12,15
Pin root diameter (mm) 4
Pin length (mm) 1.5
Shoulder angle (9) 3
Shoulder-tool R (mm) 0.5
Pin taper angle (°) 10
Material SKH51(tool steel)

12 o237 |AIseYX] M9 M4=, 20154 8¥

=]
M
El
T
olo
el
am
%

Table 1, 2& 27 Al 5052 ¢FuH A9
stz v RbE g AFEE T X4
2 ALDE JeRIT Fig 1S Ao ALHAA
FTTY A =W 9 Jhg ¥4S YERATh

Shoulder diameter
Pin length Pin di

S€
0e
—

)
I
i
i
T
28 Ho

[=

Fig. 1 Geometry of the tool
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Table 3 Factors and each levels for experiment
Factors Level 1 Level 2 Level 3
Shoulder diameter
9 12 15
(mm), (A)
Travels speed
1
(mm/min), (B) 00 300 500
Roati
otation specd 1000 1500 | 2000
(rpm), (€)
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Fig. 3 Dimensions of tensile specimen

Fig. 5 Tensile testing machine(KDMT-120)
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Fig. 6 Tensile specimen of FSW AYBE BAghe wEoR o Zibwe At
olt}. &J7|A EE 23}, T= A, B, B9 &, SS&=
() >= = [e] = o =90
Table 4 Tensile strengths of FSW at various AAe] WE, o= AE, MSE e WEs
conditions AFEZ e &, FOE MSE 28 U @ 5
P T S Yehdg, B8N 747 AL EAX
ensile stren,
Run  f—————— opay S B TET W] bt e A Fe o
2 9 100 1500 185.20 HEoz 7k AAge] MFS Yo EHE
i g ;88 fggg iggzg Tegth B4R Aol & F UKol FT
5 9 300 1500 185'10 9 &0 AEH olF £E9 nsAE, &4 AE
6 9 300 | 2000 181.20 I3 o] wEAE, olF £x9 3 S5
7 9 500 1000 200.10 o wEALEL g2 xS Hde HE WHE
3 g 288 ;333 fgﬁ;ﬁ S JeE Zo® Hel %Fny T niz
10 12 | 100 | 1000 195.50 WA WEERte) weAge 4w A%
11 12 100 1500 205.20 FE EAdol mX= d3Fo] A2 AoE AddAn
12 12 100 2000 194.58
ii 3 igg 1288 38241:71 Table 5 Results of variance analysis
15 12 300 2000 185.12 Factors SS %] MS Fo F0.05 | Fo.on
16 | 12 | 500 | 1000 21025 A | 41951 | 2 | 20975 [ 2425 | 446 | 8.65
17 12 500 1500 206.25
T B 00 3000 194.58 B | 57079 | 2 | 28540 |33.00| 4.46 | 8.65
19 15 100 1000 195.20 C 39433 | 2 197.17 | 22.80 | 4.46 | 8.65
20 15 100 1500 190.68 AxB | 111.74 | 4 | 2793 | 323 | 3.84 | 7.01
Z 15 ;gg ?888 ;gg;g AxC | 9725 | 4 | 2431 | 281 | 3.84 | 7.01
15 .
% s 300 1500 198.47 BxC | 111.14 | 4 | 27.78 | 321 | 3.84 | 7.01
24 15 300 2000 187.00 e 69.18 | 8 | 8.65
25 15 500 1000 205.20 T |[1773.94] 26
26 15 500 1500 202.36
27 15 500 2000 195.00
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j = [e} A~ ]_ Ex] [e]
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