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Early Stage of Deformation in a Bainitic Steel

Kiyomichi NAKA1, Tomohiro MEGUMI, Sengo KoBAYASHI, Masahiko HAMADA and Yuichi KoMIzo

Synopsis : Tensile deformation behavior at an early stage in a bainitic steel has been examined by detecting formation of surface relief, and analyzed

stereographically. The variants of bainite could be identified by both morphology and crystallography. The surface relief was detected in a

bainite-variant at an early stage of deformation. It could be analyzed that the variant with surface relief has many slip systems of larger

Schmid factors compared with those that other variants have, resulting in the early stage of deformation of bainite being largely dependent on

Schmid factor.
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Table 1 Chemical composition (wt%).

C Si Mn P

Ti S (0] N

0.19 <0.01 1.44 0.002

0.018 <0.001 0.007 0.003
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Fig. 1. Tensile test specimen. The unit of either length or
thickness is mm.
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Fig. 2. Heat treatment.
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Fig. 3. (a) Interference optical micrograph showing sur-
face reliefs only along B1. (b) Optical micrograph
taken from almost same area in (a). Vickers inden-
tations enclosed with white circles in both (a) and
(b) are identical.

Fig. 4. Schematic illustration of variants of bainite formed
in the specimen, whose surface is (111),.
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Fig. 5. The (111), standard stereographic projection. The
B1, B2 and B3 in the figure correspond to the di-
rections normal to habit planes of Bl, B2 and B3
in Fig. 4. The rigid and dotted large circles are di-
rections parallel to the habit planes of B1, B2 and
B3. The explanation for the dotted large circle is in
text and Fig. 6.
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Fig. 6. Schematic illustration for describing the stereo-
graphic projection in Fig. 5.
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Fig. 7. Stereographic projection showing traces—B1, —B2
and -B3. The large circle ABCD is parallel to the
specimen surface in Fig. 3(b).
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Fig. 8. Stereographic projection rotated 22° around the
line AC in Fig. 7. Traces—B1, —B2 and —-B3 moved
to the periphery of the stereographic projection.
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Fig. 9. Two variants in Bl. (a) Variant of Bl-a having
Kurdjumov—Sachs orientation relationship of
101y, /7(111),, [111], //[101]Vand[121] /1211,
(b) _ Variant "of BI- -b  having (101), I1(111),,
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Fig. 10. Two variants in B2. (a) Variant of B2-a having
Kurdjumov—Sachs _ orientation relationship of
(110)a//(111)y [lll]a//[ll()]}, and [112],//
[112],. (b) Variant of B2-b having (110),//(111),,
[111] //[110], and [112],,//[112],.
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Table 2. Slip systems with Schmid factors of more than
0.30 in (a) Bl-a and (b) B1-b bainite laths, re-
spectively. Twelve slip systems, in which both slip
plane and slip direction are inclined at angles
more than 20° to the specimen surface, are under-
lined.

(a) Slip system Schmid factor
(12)g /11T ]q 0.50
(T12)g /[T11]4 0.49
(112), /1114 0.46
(T12) /|T1T], 0.45
(O11)g /11T, 0.43
(01T )g /[ T11]q 0.43
(101)g /[ T11], 0.42
(101)g /[11T ], 0.42
(10T)g /[111]q 0.41
(10T ) /[T1T], 0.39
(01T )q /[111]4 0.39
(O11)g /{11114 0.38
(b) Slip system Schmid factor
(A12), /11111, 0.49
(101), /(117 |4 0.42
011)y /111 ], 0.41
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Table 3. Slip systems with Schmid factors of more than
0.30 in (a) B2-a and (b) B2-b bainite laths, re-
spectively. Six slip systems, in which both slip
plane and slip direction are inclined at angles
more than 20° to the specimen surface, are under-

lined.
(a) Slip system Schmid factor
(121)g /1114 0.49
(011)g /[T T1], 0.48
(121, /[T T1], 0.45
(OT1)g /1114 0.45
(110)g /[ T11], 0.41
(121 /[T11], 0.39
(112)4 /[T T1], 0.39
(1T0), /1114 0.38
(12D 7 [11 1] 0.32
(21D /| T11], 0.31
(T12) /[111], 0.31
(1T0), /{TT1], 0.30
(b) Slip system Schmid factor
(110), /{11 1], 0.41
(101), /11111, 0.40
(112),/[111], 0.39
(121),/(111], 0.39
211), /(11114 0.32
211)4 /[111], 0.32
211), /[111]4 0.31

Table 4. Slip systems with Schmid factors of more than
0.30 in (a) B3-a and (b) B3-b bainite laths, re-
spectively. Slip system, in which both slip plane
and slip direction are inclined at angles more than
20° to the specimen surface, does not exist.

(a) Slip system Schmid factor
Q1) /[T, 0.37
(110)g /[11T], 0.34
(101), /[11T], 0.33
(1T2), /[ T11], 0.32
01T), /[T11], 0.31

(b) Slip system Schmid factor
(121), /[111), 0.39
(110), /[111], 0.35
(011), /1111], 0.33
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