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Tab.1 Chemical compositions of the experimental steel

Element Al Si Mn Fe C
Content(wt. %) 2.32 2.30 25.41 67. 36 2.60
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Fig. 1 Characterization of the as received sample:(a) SEM image with speckles,

(b) EBSD inverse pole figure map
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Fig. 2 (a) Homemade MMTS testing machine, (b) Distribution of sampling points,
0:0%; 1:3%;3 2:6%; 3:9% 5 4:12%; 5:15%
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Fig. 3 Axial full strain field (E,.) and equivalent plastic full strain field (E,) for different strain intervals:
1:0%~3%;3 2:0%~6%; 3:0%~9%; 4:0%~12%; 5:0%~15%. The grain boundaries are represented
by fine to thick lines: 10°~30°, 30°~50°, and 50° or more. Red stands for tensile strain,

and red is deeper where strain is larger. Blue means no strain.
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Fig.4 (a) Changing curve of full strain and variance, (b) inhomogeneity of strain field
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Fig.5 Strain field distribution under small strain: f1:0%~2%; 2:2%~4%; £3:4% ~6%.
The grain boundaries are represented by fine to thick lines: 10°~30°, 30°~50°, and 50° or more.
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Fig. 6 (a)Image of SEM micrograph overlapped with calculated slip bands and SF for the deformed sample,
(b)the E, strain field distribution of 2% ~4%. The grain boundaries are represented by fine to thick lines:
10°~30°, 30°~50°, and 50° or more.
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Fig. 7 GOA and KAM distribution maps for different strain intervals: 1:0%~3%; 2:0%~6%;
3:0%~9%;3 4:0%~12%3 5:0%~15%. The grain boundaries are represented by fine to thick lines:
10°~30°, 30°~50", and 50° or more.
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Fig.8 (a) Selection of strain regions, 1~4: strain concentration in different regions of the grain. 1. small grain with

high angle grain boundary; 2: sub-grain boundary in small grain; 3: concentration area in large grain; 4. high angle

grain boundary area in large grain. (b) Strain and orientation variation curve, selecting the two ends of the

numbered line section in (a), to obtain the strain difference and the orientation difference.
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Fig. 9 (a) Average orientation variation curves for different grains. 1~8: representing grains of different
sizes: black numbers (1~4) for small-size grains, and red numbers (5~8) for large-size grains; the grain

diameter and SF value are in the parentheses. (b) The average KAM variation curves for different grains.
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Study of non-uniform deformation in twin-induced plasticity steel

CHEN Yue, LI Chao, ZHONG Zheng-ye

(Key Laboratory of Advanced Technologies of Materials, Ministry of Education, Southwest Jiaotong University, Chengdu 610031,
Sichuan, China)

Abstract: In-situ electron backscatter diffraction (EBSD) and digital image correlation (DIC) methods
are used to study the inhomogeneous deformation during tensile loading of a twinning-induced
plasticity (TWIP) steel. The results show that the tensile strain is inhomogeneous, and the strain
concentration occurs at the high-angle grain boundaries and in the interior of large grains. The
activation of the slip bands does not completely follow the Schmid law, and the slip bands interact
with the grain boundaries significantly. The inhomogeneous deformation results in the increase of
grain orientation gradient. The studies show that during the tensile loading process, the TWIP steel
exhibits an obviously inhomogeneous deformation phenomenon and the degree of inhomogeneity
decreases with deformation increasing, but the decreasing rate goes down gradually. The degree of
inhomogeneity tends to be stable when the strain is larger than 12%. The inhomogeneity degree value
is relatively large, making the inhomogeneous deformation still obvious when the strain is large
(15%). Slip bands are prone to concentrate at high-angle grain boundaries, and they tend to penetrate
the low-angle grain boundaries. The different deformation amounts at various regions of grains make
the lattice to rotate towards different directions or towards one direction with different rotation
angles, thereby forming a large disorientation which increases with the strain increasing. The
inhomogeneous deformation is mainly influenced by the value of Schmid Factor (SF), the slipping
length of slip bands in a grain, the interaction among slip bands., and the grain boundary blocking
strength on slip bands.

Keywords: TWIP steel; in-situ EBSD; Digital image correlation (DIC); non-uniformity



