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Effects of Crystal Orientation Relationship between Bainite-lath and Austenite on Deformation Behaviors in a Bainitic Steel

Kiyomichi NAKAL, Tomohiro MEGUMI, Sengo KOBAYASHI, Masahiko HAMADA and Yuichi KoM1zo

Synopsis

: Size of bainite lath is sub-micron, corresponding to that of ultra-fine grained steel. Bainite has Kurdjumov—Sachs (K-S) crystal orientation

relationship with austenite, in spite of the ultra-fine grained steel having no crystal orientation relationship. Parallelism of slip systems be-

tween variants was examined using stereographic analysis. The stereographic analysis clarified that the fraction of parallelism of slip systems

in variants of bainite is greater than that of grains in uitra-fine grained steel without crystal orientation relationship. It could be suggested that

24 variants of bainite laths formed at random (intragranular bainite) are preferable to develop mechanical properties, for example, elongation

and/or toughness.
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Table 1. Chemical composition (wt%).

C T ALK = AT FA b EOHES RO U

C si Mn P Sol.Al Ti s 0 N
0.19 <001 144 0002 0.001 0.018 <0.001 0.007  0.003
T
10.0 6.0
18.74
53.70
Thickness = 1.0
Fig. 1. Tensile test specimen. The unit of both length and

Temperature (K)

thickness is mm.

300 s
1673

723

Time

Fig. 2. Heat treatment.

Fig. 3.

FA b

Schematic illustration of deformed bainite laths.
Almost of shear strain might be relaxed with defor-
mation of neighboring bainite lath, which is in-
duced by slip system with large Schmid factor. Re-
mained strain is relaxed by activation of slip sys-
tems with small Schmid factors. Fine solid lines in-
dicate initial shape of bainite laths and thick lines
indicate deformed shape. The symbol L is disloca-
tion. The region between dotted lines is sheared by
activation of slip system with large Schmid factor.
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Fig. 4. The interface between bainite laths deformed with
shear stress, enclosed with dotted line. Relatively
high density of dislocations at the interface exist.
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Fig. 5. Thompson tetrahedron in a fcc lattice with crystal-
lographic axes, a, b and c.
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Fig. 6. Stereographic projections for crystallographic direc-
tions in 6 variants with habit plane of (1 11),.
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Fig. 7. Distribution of misorientation angle between direc-

tions normal to slip planes in B1-variants with Kur-
djumov—Sachs orientation relationship.
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Fig. 8. Slip systems enclosed with<>are in a variant.
Slip systems enclosed withC—Jare in another vari-
ant. In this case, both slip planes and slip directions
are parallel with each other within 20°, which are
enclosed with dotted line.
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directions in Bl-variants with Kurdjumov—Sachs
orientation relationship.
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Fig. 11. Distribution of misorientation angle between slip
directions in B1- and B2-variants of bainite lath
with Kurdjumov—Sachs orientation relationship.
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Fig. 12. (a) Bright-field transmission electron micrograph
taken from a block of bainite laths and (b) diffrac-
tion pattern taken from (a). The diffraction pattern
indicates that the block consists of 2 laths having
{112} twinned relation with each other.
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