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ABSTRACT

The five selected models of polycrystalline microstructure proposed by Williams (1979), built from
polyhedra of various shape and size as well as a model of homogenous microstructure (a set of
truncated octahedra of the same size) have been compared in this work. All the elements of the
models containing approximately 18000 polyhedra have been entirely determined in 3-D space. On
the basis of 8000 random plane section of the model microstructures (7000000 plane sections of
polyhedra) the "statistical" and "geometrical" distributions of parameters characterizing grain size and
shape in 2-D space were evaluated. The studies indicated that "statistical" and "geometrical"
distributions that describe both size and shape of grains in 3-D and 2-D space contain significantly
different information concerning the model polycrystalline structures. It was shown that "geometrical"
distribution of grain plane section area is more suitable for grain size evaluation of inhomogeneous
granular structures than "statistical" one. It was stated-out that neither the distribution of number of
sides of polygons obtained on plane sections of the model structures nor the distribution of polygons
form factor are clearly related to the shape of polyhedra forming the model structures.
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INTRODUCTION

The goal of the research programme presented in the paper (Cwajna, 1993) is to work out a data base
for 3-D granular microstructure analysis derived from 2-D data obtained for the investigated material
with an automatic image analyser. One of the elements of this data base are 3-D and 2-D
characteristics of model polycrystalline structures containing polyhedra of various shape and size,
proposed by Williams (1979). The models are the subject of the investigation in this work.

It has been assumed that the results obtained for Williams' models will make it possible to evaluate
also the accuracy of measures of average grain size as well as of grain size inhomogeneity, presented
in our previous works (Cwajna et al 1987, Malifiski et al 1988, 1991 a, b).

TOPOLOGICAL AND GEOMETRICAL CHARACTERISTIC OF WILLIAMS' MODEL POLY-
CRYSTALLINE STRUCTURES

Taking into account the results of the survey of literature data on grain size and shape of
polycrystalline materials done in the work (Maliniski et. al, 1988) as well as Aboav's (1991)
suggestions relating to probable grains shape in granular microstructures, the following Williams'
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Fig. 1. Set of truncated octahedra of the same size and Williams' model polycrystalline structures.
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models have been selected for the study (Fig. 1):

* 6 connected network of cubes, cuboctahedra and small thombicuboctahedra with packing ratio 3:1:1
(model W12),

* 4 connected network of cubes, truncated octahedra and great rhombicuboctahedra with packing ratio
3:1:1 (model W13),

* 4 connected network of truncated tetrahedra, truncated cubes and great rhombicuboctahedra with
packing ratio 2:1:1 (model W16),

° 5 connected network of truncated tetrahedra, truncated octahedra and cuboctahedra with packing
ratio 2:1:1 (model W17),

° 4 connected network of octagonal prism and great rthombicuboctahedra with packing ratio 3:1
(model W18).

Topological parameters of the models are collected in Table 1. Models W16 and W18 have the same

topological characteristic as truncated octahedron has although they are composed of polyhedra of

various shape (Fig. 2).

Table 1. Topological characteristic of the model polycrystalline structures

Model structures

Topological parameter
TO W12 W13 W16 w17 W18

Number of faces 14.00 11.60 11.60 | 14.00 11.00 | 14.00
Number of edges 36.00 21.60 28.80 [ 36.00 24.00 | 36.00
Number of corners 24.00 12.00 19.20 | 24.00 15.00 | 24.00
Average value of edges per face 5.143 3.724 4.966 | 5.143 4364 | 5.143
Number of edges meeting at a corner 3.0 mv, 3.6 3.0 3.0 mv. 32| 3.0

m.v. m.v. m.v. m.v, m.v, m.v.

Dihedral angle 1200 | 120.0 | 1200 | 1200 | 1125 | 120.0

m.v. m.v. m.v. m.v. m.v. m.v.

Corner angle 110.0 | 83,3) | 1075 | 1100 | 975 | 110.0

Notes: m.v. - mean value.

The data obtained for all the models, particularly for the models W12 and W13, show that "statistical"
and "geometrical" distributions give quite different quantitative description of grain shape in the
inhomogeneous granular structures. The most common polyhedra are those with small number of
faces, but the largest volume fraction occupy the polyhedra with great number of faces.

The models have visibly different distributions of polyhedra volume (Fig. 3). It is worth to be noticed
that they are the rather specific models of inhomogeneous granular structures with only 2 or 3 grain
size classes,

COMPARISON OF 3-D AND 2-D PARAMETERS DESCRIBING GRAIN SIZE AND SHAPE OF
MODEL STRUCTURES

With an application of computer simulation technique presented in detail in (Malinski, 1985), and
based on Miles and Davy ( 1976) concept of random sectioning of polyhedra, for the model structures
built from approximately 18000 polyhedra, the "statistical" and "geometrical” distributions of grain
size and shape in 2-D space were determined. The number of random sections of the models was
8000, what made the number of grain plane section ~7000000. The distributions that describe grain
size of models in 2-D space are shown in Fig. 4. Kolmogorov-Smirnov's test of goodness of fit
testifies that all the distributions are significantly different.
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Fig. 2. Distributions of number of polyhedra faces in the Williams' model polycrystalline structures
[mean value; equivalent coefficient of variation [%]].

Statistical distribution Geometrical distribution
/|
/l/
/
/!
0.8
/i 0.8 [ ml |
0.7
i =07 ||
& oo I/ ] §06
g 05 — os{{ V] w18
2 041 |l il
3 0.3 ] Wi7 §0.4 W17
el 7] Wis 5 031 /N[ ][]]]]
02
0’] ! wi3 > ?)2] q w13
ML ] ], LN L]
2 6 10 14 18 22 26 30334 38 42 2 6 10 14 18 22 26 3(; 34 38 42
Grain volume Vig) [mm’] Grain volume V(g [mm’]

Fig. 3. Distribution of true grain volume ("statistical") and volume-weighted grain volume
("geometrical") of model structures (data for polyhedra edge length = Imm).
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Fig. 4. "Geometrical" grain size distribution of model structures in 2-D space.
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Fig. 5. Comparison of "statistical" and "geometrical" measures of average grain size and size
inhomogeneity in 3-D and 2-D space of Williams' model polycrystalline structures (data for
polyhedra edge length = Imm). M, - measures of grain size inhomogeneity obtained by testing
the goodness of fit of the given Williams' model and the distribution determined for homo-
genous granular structure built of truncated octahedra of the same size (Malinski et al., 1991a).
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Fig. 6. Area fraction of polygons of various shape ~ Fig. 7. Area fraction of polygons of various shape
on the plane section of model structures. factor {=TtA/4P’ (A-area, P-perimeter) on
plane section of model structures.

A detailed analysis of the distributions commonly used as a grain shape characteristic in 3-D (Fig. 2)
and 2-D space (Fig. 6 and 7) shows that there is not distinct relationship between the shape of
polyhedra forming the granular structure and the distribution of number of sides of polygons obtained
on plane section of this structure as well as the distribution of polygons form factor £. Hence, the
problem of quantitative evaluation of grains shape is still insoluble.
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