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Estimation of Microscopic Deformation Behavior by Digital Image
Correlation Method Considering Multiple Slip Systems in Polycrystalline
Materials
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Abstract

Even when a macroscopically uniform deformation is applied to a polycrystalline material, the generated
microscopic strain distribution will not be uniform due to factors such as the non-uniform grain orientation
distribution and grain boundaries. Despite the strong need to accurately measure strain distributions, suitable
method is limited. This study proposes an experimental method for estimating strain distributions in
polycrystalline materials considering multiple slip systems. Firstly, a polycrystalline material SUS316L was
tensiled under microscope observation. Secondly, in-plane strain distribution was determined by Digital Image
Correlation (DIC) method combining Newton-Raphson method and moving least square method, and
quantitatively and qualitatively adequate strain distribution was obtained. Thirdly, shearing strain in each slip
systems in each measuring point was estimated by considering {111}<110> slip system in face centered cubic
and normal strain calculated by DIC method. Finally, six components of strain distribution were calculated by
considering the shearing strain in each slip systems. A method to estimate detailed strain distribution was
proposed.
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Fig.2 Flow of strain calculation by Newton-Raphson

method and moving least square method.
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Fig.3 Plane strain and normal strain in depth direction.

Table1 Coordinates of distinguishing crystal boundary
triple junctions (unit : pixel).

(a) before deformation

(b) after deformation

Fig.4 Selected points for evaluation of normal strain.

Table2 Normal strain calculated by observing the

distance of triple junctions (unit : %).

100 % (d ¢ ~dac)dc 2.77
100 x (dp 5 ~dpg)/dp 2.79

N 100 X (dp 1 ~drs)/d 0.90
average 2.15

100 x (dy 7~dar)ldar -1.01

100 x (dy 6 ~ds)/dsc 121

o 100 * (dc 11 ~der)ldcr 182
average -134
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Fig.5 Histogram of normal strain.
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Fig.8 Out-of-plane shearing strain.
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