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Abstract Friction stir welding is one of the interesting welding methods for titanium and its alloy which pro-
ceeds with plastic flow due to thermo-mechanical stirring and friction heat. Solid-state welding can solve severe
problems such as high-temperature oxidation, interstitial oxygen diffusion and grain coarsening by liquid-state
welding. Dynamic recrystallization and grain refinement can vary significantly with the plunging load and rota-
tional speed of tool during friction stir welding, and suitable process conditions must be optimized to obtain micro-
structure and better mechanical characteristics. Suitable FSW conditions were 1000 kg of plunging load and 200
rpm of rotational speed and it showed YS 270 MPa, UTS 332.1 MPa, and El 17.3%, which were very similar to

those of wrought titanium sheet.
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Table 1. FSW conditions of different samples
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FSW Condition
Samples - - p :
Plunging load (kg) Rotation speed (rpm) Traveling speed (mm/min)
Sample 1 1000 200 100
Sample 2 1000 400 100
Sample 3 2000 200 100
_ = o = Plunging load
7 E7 ol2g W=7} T5o] o] 54 A Welding direction
74o] o} LR e 2512 4 3lchl. Rotational
tool .
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Fig. 1. Schematic image of FSW process.
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Fig. 2. OM images of the welded joint for each samples; (a), (b) Sample 1, (c), (d) Sample 2, and (e), (f) Sample 3.

(@), (¢), (e) BM, and (b), (d), (f) TMAZ of the samples.
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Fig. 3. SEM images of the SZ region for each samples;
(a) Sample 1, (b) Sample 2, and (c) Sample 3.
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Fig. 4. Vickers hardness profiles on the cross-section of
the welded zone according to welding conditions.
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Table 2. Tensile properties of the FSWed samples

Tensile properties
Samples
UTS (MPa) YS (MPa) El (%)
Sample 1 3321 270.0 17.3
Sample 2 275.1 246.0 13.3
Sample 3 340.0 294.0 4.9
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Fig. 5. Fractography of the FSWed samples after tensile test; (a)-(c) Sample 1, (d)-(f) Sample 2, and (g)-(i) Sample 3.

IWFESE MIASAERE gl 7HAs

ﬂF
o
ook
filo
T
=

Z} v 37 230 wE BE A g
AFEAS HIIsE A7 Table 20 UERASIT
Sample 1~Sample 32] ¥E7}%(yield strength,
YS) = Z+Zt 270 MPa, 246 MPa, 294 MPa o 2
Sample 1] HI3] Sample 27} & FEAEZLS
YeRl=H, o]3l2 Sk AHgl vle} o] A4
A T AAHAAG g AFHEstE Hall-
Petch 2ol w} EAE7F 7HA81917] wi#oloh.
U3} o]F-E HAAal&(elongation)2] 7395 Sample

27} Sample 1H.t} $& 133%E ZHAl = H,
Sample 39] 74-%- FWYo=z A3t nfZEXo|E Z3]
< ZH) HoZM 4.9%2] 7Y v Ae-S el
WAtk ASTM F679] 74l w=m 8584 &
S ARF Gr2 ¥Al9 FEAL, IR, AulsS
Z}¥z}t 275MPa, 345MPa, 20%22, Table 2] v}
2wt 8438 Sample 1 E43 fAlsle] w9
5 v ok 84 58S 2 RS 4 4 3
At 7 AEe] AIHES FEASE A3, Sample
13} Sample 2= dimple E4S zH= AEZQ A
A2 EAJS Holu}, Sample 32| 73$+= vl=ElA}

A



6 o8 - Hd=H - ol5E
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Fig. 6. Observation of DIC during tensile testing of the
FSWed samples.
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