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Butt weld friction stir welding of steel sheets with thicknesses of less than 1 mm has been known as one
of the most important challenges in recent years. In this work, butt weld friction stir welding of IF
(Interstitial free) steel with the thickness of 0.7 mm is studied experimentally. For this purpose the
effects of rotational and travel speeds of the tool on the strength and hardness of welded joints is
investigated. Mechanical strength of the joints is evaluated with uniaxial tensile test. Also, in this paper
the microstructure evolutions of welded joints of IF steel sheets with the thickness of 0.7 mm are
studied. The results show that with increasing rotational speed and decrease in travel speed of the tool,
the tensile strength of welded joints will be increased. In addition, with increase in rotational and travel
speeds of the tool, the hardness of welded zone is increased. The results of microstructural
investigations show that the microstructure of welded zone is improved with increase in rotational and
travel speeds of the tool. The results of EBSD analysis show that no significant changes have occurred
in the left side of stir zone in comparison to center of stir zone. Also, it is shown that the fraction of high
angle grain boundaries in the center of stir zone has been increased rather than the left side of stir zone
(from 25 % up to 48 %).
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Fig. 1 The used tool for butt weld friction stir welding
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Fig. 2 The used fixture in the but weld frictionstir weldin of IF steel
with thickness of 0.7 mm
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Fig.3 The welded specimen with rotational speed of 1000 rpm and feed
rate of 12 mm/min
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Table 1. Chemical composition and mechanical properties of IF steel
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Fig.5 The hardness profile of welded specimen with rotational speed of
1000 rpm and feed rate of 12 mm/min
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Fig.6 The microstructure cross section of welded specimen obtained by
optical microscope for rotational speed of 1000 rpm and feed rate of 12
mm/min

625 wswg See | ol ol (6 Kdgz iges alabe gl Sl 6 S5

12 mm/min g5 &y 5 1000 rpm - Jlyg0 c s sl

® Scanning electron microscope (SEM)

5 oplaids 17 095 1396 3l o (o0 Suilfo wdise

Fig.4 The fracture of base metal in uniaxial tensile test of friction stir
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Fig.8 Inverse pole figures associated with characteristics of grains
crystallographic orientation, a- The left side of stir zone (inside the joint
area), b- The center of stir zone
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Fig.9 The grains morphology, a-The left side of stir zone, b-The center
of stir zone

a3 50 () 5 4l plazd] aml Cor canns () Loals (g5s)s8 50 9 JSUS
wily plesel

73

SEMTV 100KV WO 1048 mm TsooR WD 1
View fleld: 1083 ym  Del: BSE 20pm 7 Viewfeld: 1052pm  Det: Bt 20pm 4
SEMMAG 200k Dategmi: 101 wosTl  seumac 206k Dty 1nans rostl

(<) ()

Fig.7 The scanning electron microscope (SEM) images of cross section
of welded specimen, a- Base metal, b-Stir zone
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Fig.11 a-The effect of rotational speed on the tensile strength of welded

specimens at feed rate of 12 mm/min, b-The effect of feed rate on the
tensile strength of welded specimensat rotational speed of 1000 rpm
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Table 2. The results of uniaxial tensile test of friction stir welded
specimens
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Fig.10 Representation of high-angle boundaries (Mismatch more than
15 degrees indicated with black color) and low-angle boundaries
(Mismatch between 2-15 degrees indicated with green color), a- The
left side of stir zone, b- the center of stir zone
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Table 3. The average of hardness in the weld metal of friction stir
welded specimens
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Fig.13 a- The effect of rotational speed on the hardness of welded
specimens at feed rate of 12 mm/min, b- The effect of feed rate on the
hardness of welded specimens at rotational speed of 2000 rpm
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Fig.12 a- The welded specimen with rotational speed of 800 RPM and
feed rate of 12 mm/min, b- The fracture of weld metal in uniaxial
tensile test of friction stir welded specimen
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