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MEEEL (EX) Quantitative stereology of martensite microstructure by 3D

visualization for improving material reliability
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3D visualization demonstrates that martensite packet is zigzagged and has a specific
habit plane, and block is zigzagged. All packets observed reach to a prior austenite
boundary.

Preliminarily, quantification of 3D image was attempted using a parameter such as genus,
Euler characteristic, Gauss curvature and mean curvature, which suggested that those
topological or differential geometrical parameters seems to be useful to characterize
microstructures in metals.
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Fig.1 Three dimensional image of packet in
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the prior austenite grain. (a) observed from

top. (b) observed from bottom.
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Fig.2 The standard triangle in the prior
al (a) : with normal directions of packet
boundaries corresponded to the Fig.4.




%x;=(body+void)-tunnel=1-g

(1)The Euler characteristic ()-node, edge, face, cellin e, )
7(X) = Z[k=0 to dimX] (-1)* - b_k(X) : The Euler Poincare formula
3D gz=n-e+fc  (nnode, e edge, £ face, cicell)

ex. Cubeld), n=8, =18, £=16, c=5 in triangulate 3D, resulting in 3z=1
Cube with a void (), n = 16, e= 32 , f=24 c=6, giving y5= 2

(2) The Euler characteristic (7)-The Integrated Gaussian curvature(K,,.; )
%5-Kuy/dn  The Gauss-Bonnet Theorem
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Fig.4 Topological analysis
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Fig.3 The 3D image of a block surrounded TE/\ K,>0 K<0
with green broken lines in (a) on (b) top view Kz<0 HE)
from normal direction of specimen surface, . )
Gaussian curvature Mean curvature

H=(K,+K,)2

(c)side view from arrow direction in (b), and R
(d) green colored subblock in (c). The black
ribbon corresponds to block boundary and
other colored ribbons correspond to sub-block

boundaries. The sub-blocks encircled with

colored ribbons and the white regions of the
sub-blocks contain the laths with V4 and V1 Fig.5 Differential geometrical analysis.

variants, respectively.




Fig.6 Mean curvature (H)-Gaussian
(K) plot

pearlite microstructure in a eutectoid

curvature of as-patented

steel.
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