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Abstract  Friction Stir Welding (FSW) is a solid-state joining process involving the frictional heat between the
materials and tools. The amount of heat conducted into the workpiece determines the quality of the welded zone.
Excessive heat input is the cause of oxides and porosity defects, and insufficient heat input can cause problems, such
as tunnel defects. Therefore, analyzing the temperature history and distribution at the center of the Friction Stir
Welded zone is very important. In this study, the temperature distribution of the friction stir welding region of an
AZ61 magnesium alloy was investigated. To achieve this goal, the temperature and metal flow was predicted using
the finite element method. In FE analysis, the welding tool was simplified and the friction condition was optimized.
Moreover, the temperature measuring test at the center of the welding region was performed to verify the FE results.
In this study, the tool rotation speed was a more dominant factor than the welding speed. In addition, the predicted
temperature at the center of the welding region showed good agreement with the measurement results within the error
range of 5.4% - 7.7%.
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2. OHE MBI N XA

Al Cu Fe Ni
6.75 0.97 0.0049 0.0008
Mn Zn Si Mg
0.23 0.97 0.018 remains

Table 2. workpiece dimensions for the experiments

Extruded magnesium alloy plate

With [mm] 55
Length [mm] 145
Thickness [mm] 5

Table 3. FSW conditions

Welding speed, Ws Rotation speed, Rs
Case [mnymin] [rpm]
A 300 800
B 300 400
C 100 400
Table 4. The details of FSW tool
Material SKD61
Shoulder diameter 18mm
Pin shape Taper
Pin upper diameter 6mm
Pin lower diameter 1.8mm
Pin length 4.5mm
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Fig. 2. Friction stir welding experiment
: (A) Friction stir welding device
(B) Details of specimen

)

;q_Eog A sk AxKMesh)7F A= 7]

& Aol ule- felsle vz, dd, E,
smsmoﬂ Hgek 2z Egoolth 314
d A AHgEE AR BRES Aol
B) ¢ $dshA 29y shola, A mdat o
w3l7) 9lske] s14 mle] sRlelel Ui
4%@}9114. A gl A 3 v
melo] A UApALS Aetste] sj8S
A5k, ﬂ}:nﬂ* Fael SHE mAE 13 48

APRA L AE AMEEFE o, o] @4 4+ 85,000

X

lﬂ = 1
P = o{N

w o 2
fo nZ Mo

)
= it

> o
i

3l

ﬂllﬂl o oy B
Jﬂ?ﬁ

oY

PN lo
.
>

.

- mlo
i1t
i

f£

g

o

oo 0X

2
i
[N
2

Loz

N
%

m
Jhe
4
FN
o,

o
o
o,
i
—n

B
2
=,

>
jins

)

27
ofl
e
s

finj



A 8 fHaLES ol Thdg UF HENg Y 2w 54 B}

Ak olol fEasAHoA WRLS £ QU0 o4 §HE ALSE vhE 2714 Case No. 2 7+ A
Sl AAg} WAl 4} & A0 A W & A% B fAS iz Ao Buslo] vhETuE
qg + Qe faasdde ddaut. 2 @ 34 a4 Sl qean
shmNed ¥4 2 BAE S Qe o2 34 22
o = = 51 > ° = . .
S A7) flste] ddvibRzs) uzxS ALSet Table 5. Contact conditions of the FSW analysis
of M FHR4 WS FAAT, AL A

a . n o o Case N Shoulder Friction
v 213 HE 29 A 7sS AR AT ase Ro. plunge depths conditions

ol A AdulEe polAut MY 2 S 1 0.lmm Sticking
/\]._Q_{g}-O:] w11 17‘(:,-% ﬂtﬂ sk a1, HE 2 oA 7)s 2 0.Imm Shear friction

= &

H S

N = ]

A B3 5= 9l W okito] AL BE 7} Fig. 3. Analysls results to chqose the contact

- = . B ‘_ condition of the FSW simulation

skt 84 = &Y HAE el Burs s (A : Case No. I, B : Case No. 2)

WS gkelel 4= 919t Fig. 3 (B) i Case No. 2 ¢

ZF—;‘(];‘;‘H)H QT’I'O]E]' Case No. 1 "’]'T: E]'—E—]'” %@l %‘9] 3.3 ul.;;lv }_g_ﬂ _g_x°-| 5?_"% 3“*—1

ool AASIOlE £ AR 8 FA HF FU g gimg g s e oA A

PR @ fAsn g AE AR ML o 0y anesy F92 99 I S92

opAlo. = o)z orolo

B Case No. | ﬂr_” OIS el BT Bur (rapre 3 312) 9} $shl AgeAT: HASwA o

& Fo] o o] TSI, # G wus] A B olFSEA DAL
Qo M fale s X A3 84 & &9 A RCESNEY ‘g_;g}_a(case A B)-T'Jr ol&&Ed] o8

Aol AR (Plunge depths)°] 0.lmmol R, 5 E2 - qyqpg qrelus) sishd 5 SASEI ol 4w

437



FFAS & =B AT ATE, 2016

Case A
(Ws=300mm/min,
Rs=800rpm) Velocity(mm/sec)
0.0 75 150 225 300 375 450 525 600
| I
(E)
Case B
(Ws=300mm/min,
Rs=400rpm) .
Velocity(mm/sec
0.0 37 75 13 150 188 225 263 300
[ I
(F)
Case C
(Ws=100mm/min,
Rs~400rpm) Velocity(mm/sec)
0.0 37 75 113 150 188 225 263 300
] I
Fig. 4. Metal flows in the friction stir welding process
SR S 2 Case B, )] A3HE Arughh 5 T
A4 Az 4% ol 23S Fig. 40l LhER >4 0 as RS
otk &4 B3 455 A GelA SEo] e} 475
b, 4 B & bgAesh 45 Qi PRl 410
Gl 7bg 27 vehdeh 84 Bel st 2 s45
7Kl mhet o] SR westel Skt glon -
£5 B9 ol$&Ee M 14 Wske wv|g Ao
= gelH . 213
Chen et al.[7] < vP2udrE3 8 A] w¥HY(Str 150
Zone, SZ)W-ol MR AFE 2455 Sl 23 sso €
d4d 4 vt B4 waas. ol +Aa4L § 20.0 © WL MmaFS001°C
&5 Anst dnstel 4w, o g 2YHE S e AS s
& WA Qo o545 g Fol A mep g o O enee dumbuion of A3 an
L5 Fole o] Agke F8e=d ¢ a3¥Y A (a) Case A, (b) Case B, (c) Case C
o7 Alg¥t)
3% dwdne] £Ee] Aol Fig 4 (D), (B), 2 B, FF AToN 2R 292 2F £
(F) oAl s =nkel o] & o7t gl A4S A AP v Fas wgeE ags)or &
ot AA] NS A SHRAA WS & Ao Alaud,
5ol Felet fAR Ao o dHr). AR 4] Y. H. Yau et al[8] & PRambgH 24 5 84 9
A o] 7iaste 83 E 9 Rdy FAelM AF o)y} sjake] AUX|8l= Advancing side(AS)
Ako] AT ol AA AFTH= olsk S RS s} £4 Bl ol M) W2 Retreating

438



7t

%

3

wjr

AR 2=

ol

Fobls S uh

X
<r

o1&

S
=

©)

(B)

(A)

g
e
2o N ® = o ¥ ©
f o 90 4 © 9 o v
g ¥ ¥ o & o -
k]

¢ Il [
fo 0o o w @ w © o ©
Fe R 28828 2 2
W544322182
&

— 2
+ -
= =
« <
S S
= =
< <
= =
< (=4
= =
- -
= =
< <
= =
= =
< =
= =
(=4 (=4
S mm ]
g9 9 9 9 2 g g g ©
£33 8 83 8 § 8 8 38 g3
g8 B 8 ¢ 3R 22 g
g

Fig. 6. Maximum temperatures under different welding conditions
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Fig. 7. Temperature history measured in the experiment

Table. 6. Peak temperature comparison between FE

analysis and test

Welding Peak Temp. Peak Temp. Abs.
conditions (Exp.) (FEM) Error (%)
Case A 493.4°C 515.7°C 54
Case B 448.4°C 413.8°C 7.7
Case C 474.0°C 443.5°C 6.4
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