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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
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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
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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 specimens at rotational speed of 1000 rpm
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Table 2. The results of uniaxial tensile test of friction stir welded
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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 1000 rpm

Sariey S 53 atiged (s G99 Sy 13l (W13 Y

1000 Jl,55 ey 50 bdiges ot 5§98 Sy 56 (o sl2mm/min
rpm

a5 sl oals ools Hlis ai s (o yiadie 20 512 8 (g9 iy slacis pus
B8 5l (oo sy (i3l b aiBs )5 490 1000 ol Jlyg0 g yuw 5o
3O B a8l el 4l ioli8l bediges it iy jtendee 20
Al Slog, oge g b o3l al S, eams lid Jloges 2 5m
o] b dediges ol jo g o)Ll T a4 Wb &S lass aib oo hex
isr B e Gl el IF Vg5 s olezi) Skl (s Stz
Jol> Lo )3 g o Saodly IS 5uosd ol 0l a0l B L aslin (o
5 Wlog, 5 sk Sl ael sz a5 same 5l 4 e SISkasl ||
5o bails o3l ol 2SS i - Jlo alal) Geb 9 99300 Shez 4>l
Seber (P Gl cge 4>l cnl

S 5 domg -4
A ad el Sl ¢ )isr 025 oin & Mgk (rl 3
S jelaite oty b aisley sadee 0.7 culis L IF oo¥ss
5 S bl ) Gorte S g (Shgs S Slayully

75

Goyiay Sy 3 90d cswlin (i o AHIL S Jloged 4y azgi
59,95 1200 b 800 3l Sly90 cuspus rol38l b aids 5 yiendin 12 0l
Sy 0 uizmed Cewl adl Gl adigad a8 alSoiul 4z ds
ohlazel 5 BB ol s w.AL o a4y adds o 90 800 lje0
wile sz ady) s plaw 5 0y wsee (sl sl bl Jlasl elis
aglio )3 ol 85 plSrial Gl 05 Sl (o 55 wses re 3579
ryad 12 JS5 53 amsoe &5 oz b 5l Sl A g 09 d e by S L
oy Sy 5 4853 50 533 800 )y aep b ond (5 S052 diges
ools lid i (yge3] 5 e o3 5l e oz diged g aiBs jo yienls 12
iy 5 D9 0abline (lgr oo 1L S Jlogad (0 itres Cal ol
20 58 5l )l (s5ptey ce s 5 akBS )3 90 1000 plyy g ol e
IR Sorim S Gl L bbdiges (285 plSodal @iBs 5 el
gz Gl e Cpl Sl atly (28l s g (Rl (oS
256 g, aslol b Jg aily eole Jlslg, Sent Judo & Wl oo 5 0350
S ol 2l 2ol g 005 ade JLSlon) e 2 Sher wsee

Ll 00 e

VL (i 1 (6 Sbgr (gl yolyly pib gy -5-3
Ol 5 diga i (53, 2 )9z slaytall sl (g pobite @
50 e 655 e 4l 9y p RS L bediged (5 sannlia
loimle)] 5 sl oad plowl g Sn inle)] cdiges 2 o abais
OSle diged 12 0 9> (5 e 4l 59y 2 oud bl (s S
ol o 5 i 3 aly s Sy ged o g 3 sl 455
ety 3 o s gm0 (sl 45 aly it ol 5l ol by oS
0 B ein S)ge Ldiged (S 595 2 Rl Sopte S g S0
83 e (L 1y igai o b e s 3 pir 3,5
5 s Sae 2 lp) oy Sy g (Gigd Sy S oy sl
loosls Sl oslitul b eisr (35 0 4l (S (oSl S 0929
IS j0 a5 (gl0ges p0 sl oad oy 13 S o olologes 3 Jgu
G986 0 Al 40 Bt o 0950 el oals ooy ylas k13
BB aids o j0 1200 5 1000 800 Jljse slocs ps o aiges
C s )0 45 39 co (aTTin 00 o S 10500 gy b Bl oo oumlive
1200 15 800 51 1,50 e oo sl b ctisdo s yiarkio 12 ol (g5 i
ol @Bl o158 bdigad gsew i ds o 590

2 Biged (s il egd 13 JSG Jlasad 0 uizes

() (=3]))

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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