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ABSTRACT

In this paper, the finite element method was used for the flow and strength analysis of aluminum alloy under
friction stir welding. The simulations were carried out using Sysweld s/w, and the modeling of the sheet was
executed using Unigraphics NX6 s/w. The welding variables for the analysis were the shoulder diameter, rotating
speed, and welding speed of the tool. Additionally, a three-way factorial design method was applied to confirm
the effect of the welding variables on the flow and strength analysis with variance analysis. From these results,
the rotating speed had the greatest influence on the maximum temperature, and the maximum temperature was
578.84+12.72 at a confidence interval of 99%. The greater the rotating speed and shoulder diameter, the greater
the difference between maximum and minimum temperature. Furthermore, the shoulder diameter had the largest
influence on von Mises stress, and the von Mises stress was 184.54+12.62 at a confidence interval of 99%. In
addition to the increased shoulder diameter, welding speed, and rotating speed of the tool increased the von
Mises stress.

Key words : Friction Stir Welding(OFE I EFEH), Aluminium Alloy(2F0|& =), Welding Variable(Z%] ¥
), Variance Analysis(Z24H241), Three-way Factorial Design Method({é.w._J HY x| &)

1. M & s AYH T Yok 58 v, {7, G 5ol
Ae A AusE BB Qv I & A
A ZZ e EAE st ¢l

= e A olo mE =4
D @A) AFstel oA AefEAlzE o

# Corresponding Author
Tel:+82-51-629-6134

: dmkang@pknu.ac.kr

A FH g =2] TWI(The welding of institute)°ll 4 1991
HUA A5a &3], dEAE, A9 5 4% 5 UMz Es 299 02 un £47)28 A8AA,
71719 AEIE S 71E NEo] Il A S RERARESEeI3> %_24 ZAH o7 AEA} T, 24

B2 FE/AALYE EEAS, ESITAY &

%ﬂHEﬂ%ﬂiaﬁk%mﬂH Al Abge] 2
Qe BAZ Q18] AP AFe] o] of el & B

Copyright © The Korean Society of Manufacturing Process Engineers. This is an Open-Access article distributed under the terms of the Creative Commons Attribution-Noncommercial 3.0 License
(CC BY-NC 3.0 http://creativecommons. org/licenses/by-nc/3.0) which permits urvestricted non-commercial use, distrioution, and reproduction in any medium, provided the original work is properly cited.



o, HA4%E, Al :

=7 A7FE 8 A A48, AsE

Aol e, H ol S. K. Jang¥! o] &4 T2 A
& 3 Aol &R0 A5 WA AT Al el
vt 84S AR SR A3
A8t ARAEE AR vEs vhEant
o 8 =S Brkske ATE Sl E=E S
on T& mpunt 8HE A= AFE A6005
Aol 71A A e FdE A% HA 3 A
ATE 3421 B. C. Gool & nhztmul &
HEd] frtas md ol Wi A9} Al6061-T6
Ao v aRkEA 3D F38 4 o Aol A3 AT
dhs & Wl rhEunkg A ZlE o] A7t
A A I QLo v ¢ B R Aotk

2 =l s dEAel A8 Z=0
2l A=Y E(Sysweld) AZE ]S o] &3l Al
grEdA el v mRt A o] EUAE, 2
E59} o] FEHE WSt Bt 2x9} §Y S T

i ok,

Z

ox

e =

r

-

o = oop i S
Z
)

it

5]

= &3 ke NS
g T2 AN 2=dEF o] 83
Ak A 2dE 22O 7

of et A dlolH2RE d-ofgs RE2X 2%

2.1 2 E

Fig. 1> wtEuRkgd #F3as A4S 9
Unigraphics NX6& ©]-&3t 77 2 mmo] ¥ ¢} &
To 2dF FAo|tt npEugt £HA I FA
o} HEF3te] nfFE & YNNI BER FT9] &1 3
G Ay ey Wo g malget gy 7Y 44
7]+ Table 1] YEFA AT Fig. 2+ 57 Fo 2

Fig. 1 Sheet and tool for FSW
Table 1 Tool dimensions

Item Dimension
Shoulder diameter (727) 9,12,15
Pin root diameter (27) 3

Pin length (#22) 1.5
Shoulder-tool R (#27) 0.5
Pin taper angle (°) 10
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Fig. 3 Temperature results of welding factors
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Table 3 The analysis results of three-way factorial

design
Factors Temperature | Von Mises
Run
A B C ‘o stress(Mpa)

1 9 100 | 1000 148.14 76.24
2 9 100 | 1500 215.08 115.79
3 9 100 | 2000 302.74 132.88
4 9 | 300 | 1000 175.25 89.69
5 9 | 300 | 1500 237.07 121.00
6 9 | 300 | 2000 314.05 141.86
7 9 | 500 | 1000 199.65 101.15
8 9 | 500 | 1500 257.07 122.13
9 9 | 500 | 2000 324.49 151.75
10 12 | 100 | 1000 200.75 120.59
11 12 | 100 | 1500 317.89 175.33
12 12 | 100 | 2000 476.91 174.53
13 12 | 300 | 1000 220.49 122.71
14 12 | 300 | 1500 319.46 181.36
15 12 | 300 | 2000 465.86 173.31
16 12 | 500 | 1000 238.47 123.66
17 12 | 500 | 1500 323.36 189.85
18 12 | 500 | 2000 456.06 174.97
19 15 | 100 | 1000 279.07 145.24
20 15 | 100 | 1500 491.87 172.93
21 15 | 100 | 2000 607.30 169.84
22 15 | 300 | 1000 278.84 147.71
23 15 | 300 | 1500 485.75 173.51
24 15 | 300 | 2000 590.92 171.67
25 15 | 500 | 1000 283.62 154.03
26 15 | 500 | 1500 477.73 172.52
27 15 | 500 | 2000 582.20 194.10

Table 4 ANOVA of maximum temperature

Factors SS g MS Fo Foi0 | Foos| Foon
A |202165.6| 2/101082.82|4948.53 | 3.11 |4.46 | 8.65
B 58898 | 2| 29449 | 1442 | 3.11 |4.46|8.65
C  |244352.2| 2|122176.13. | 5981.15 | 3.11 |4.46 | 8.65

AxB | 1917.66 | 4| 479.41 | 23.47 | 2.81 |3.84|7.01
AxC |28573.78| 4|7143.45| 349.71 | 2.81 |3.84|7.01
BxC | 1162.53 | 4| 290.63 | 14.23 | 2.81 |3.84|7.01
E 163.41 8| 2043
T 478924.2| 26231487.36
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Table 5 Estimated temperature for each factors

Factors |Point estimation | Confidence interval + -
Al 241.52 7.05 248.52 |234.46
A2 335.47 7.05 342.53 (328.42
A3 453.03 7.05 460.09 |445.98
Bl 337.75 7.05 344.80 |330.70
B2 343.09 7.05 350.14 |336.06
B3 349.18 7.05 356.24 (342.13
Cl 224.92 7.05 231.97 |217.87
Cc2 347.25 7.05 354.31 |340.20
C3 457.85 7.05 464.90 |450.80
90% 578.84 7.05 585.90 |571.79
95% 578.84 8.74 587.59 [570.10
99% 578.84 12.72 591.56 |566.12

Temperature

CH
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Fig. 4 Contribution on temperature of welding

factors
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Fig. 5 Temperature distribution under various
rotation
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Fig. 6 Temperature distribution under various
shoulder diameter
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Fig. 7 Von-mises stress distribution under various

travel speed

Table 6 ANOVA of von Mises stress

Factors SS g MS Fo Fo.10) |F(0.05)| Foon
A [13083.31| 2| 6541.66 | 188.36 | 3.11 | 4.46 | 8.65
B 573.12 | 2| 286.57 | 825 | 3.11 |446|8.65
C [10545.56| 2|5272.78 | 151.82 | 3.11 | 4.46 | 8.65
AxB | 108.70 | 4| 27.17 0.78 | 2.81 [3.84|7.01
AxC | 1546.74 | 4| 386.68 | 11.13 | 2.81 |3.84|7.01
BxC | 71.85 | 4| 17.96 0.52 | 2.81 [3.84|7.01
E 277.84 | 8| 34.73
T [26207.14| 2§ 12567.56
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Table 7 Estimated von Mises stress for each factors

Factors | Point estimation | Confidence interval | + -
Al 116.94 7.00 123.94 1109.95
A2 159.59 7.00 166.59 |152.59
A3 166.84 7.00 173.84 1159.84
B1 142.60 7.00 149.59 |135.60
B2 146.98 7.00 153.98 |139.98
B3 153.79 7.00 160.79 |146.80
Cl 120.11 7.00 127.11 |113.12
C2 158.27 7.00 165.27 |151.27
C3 164.99 7.00 171.99 |157.99
90% 184.54 7.00 191.54 |177.54
95% 184.54 8.67 193.22 |175.87
99% 184.54 12.62 197.16 |171.92

13000 180 18000

o] / 16000 15000 /
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Fig. 8 Von Mises stress results of welding

factors
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