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Abstract

For microstructural analysis of a friction stir welded (FSWed) joint of advanced high-strength steels, dual phase (DP) and
complex phase (CP) steels, are studied. FSWed joints are successfully fabricated in the following four cases: (i) DP/DP; (ii)
CP/CP; (iii) DP/CP, where the advancing side is DP and the retreating side is CP; (iv) CP/DP, where the advancing side is
CP and the retreating side is DP. The stir zone (SZ) of (i) the DP/DP joint mainly consists of lath martensite, while the stir
zone of (ii) the CP/CP joint consists not only of lath martensite but also of bainite. In the case of (iii) DP/CP and (iv) CP/DP,
they exhibit a similar microstructure including acicular-shaped phases in the joints; however, cross-sections of the joints
show differences in material mixing in each case. In (iv) the CP/DP joint, temperature towards the CP steel is sufficient to
cause softening, thus leading to better mixing than that in (iii) DP/CP. The phases of the SZ in each of the four cases are
formed by phase transformation during the FSWed process; however, the transformed phase volume fraction of CP steel is
lower than that of DP steel, indicating that dynamic recrystallization occurs mainly in CP steel. The hardness values of the
SZ are significantly higher than those of the base materials, especially, the SZ of (iii) the DP/CP joint has the highest value

due to highest fraction of lath martensite.
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Table 1 Chemical compositions of DP 1200 and CP 1200
steel alloys used in the present study (in wt.%)

C Si Mn Cr Mo Cu Nb Ti v Fe

DP 012 142 207 002 0004 0009 002 0.004 0005 Bal

Cp 012 0.12 27 064 005 002 001 0018 0004 Bal

Table 2 Process parameters for FSW experiments

Parameters

Tool rotational speed (rpm) 1500
Plunge speed (mm/min) 50

Depth of penetration (mm) 1.1

Tool geometry

Type WC made convex-scrolled schoulder
Pin diameter and height (mm) 0.9
Shoulder diameter 10
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Fig. 2 Cross-sectional macrograph of the welded samples
of (a) DP/DP and (b) CP/CP steel alloys. (c)
Transition region (red-dotted rectangle) of each
weld. See text for details
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Fig. 3 Microstructural features of the base material of
DP steel measured in region 1 in Fig. 2(a): (a)
band contrast (BC) map (where M: martensite
and F: ferrite), (b) misorientation angle
distribution (the dotted line represents Mackenzie
random distribution) and (c) {110} pole figure
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Fig. 4 Microstructural features of the FSWed DP steel
measured in region 2 in Fig. 2(a): (a) BC map
(where LM: lath martensite, B: bainite and AF:
acicular ferrite), (b) misorientation angle
distribution  (the dotted line represents
Mackenzie random distribution) and (c) {110}
pole figure
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Fig. 5 Microstructural features of the base material of
CP steel measured in region 4 in Fig. 2(b): (a) BC
map (where B: bainite, M: martensite and F:
ferrite, twin boundaries are depicted as red lines),
(b) misorientation angle distribution (the dotted
line represents Mackenzie random distribution)
and (c) {110} pole figure
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Fig. 7 Cross-sectional macrograph of the welded samples
of (a) AS CP/RS DP and (b) AS DP/RS CP steel
alloys. See text for details
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Fig. 9 Profiles of hardness for the welded samples of (a)
DP/DP, (b) CP/CP, (c) AS CP/RS DP and (d) AS
DP/RS CP steel alloys. Inner sets show the cross-
sectional macrographs of each welded sample,
respectively.
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