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- Many phenomena in physical and biological science are_governed by
the manner in which space is Subdivided'intO-discrete elements, Vgrains"

in the microstructure of solid bodies or cells in the structure of

biologlcal prganisms. The topological properties of these divisions‘may

"be complex, and few relevant descriptive theorems are known which

accurately treat the geometrical properties of real microstructures.

However, since the physical processes which generate microstructure are

'oftendknown, the geometry of microstructure can be SCudied through:direct

computer simulation.

‘iThe specific problemswe.are investigating is solid state micro-
structure transformations in metals whichhproceed through nucleation and
growth of new metal grains from the matrix of the old. $he-nuc1eation-b
siteS'can.be random or. semi random,bi,e.,_preferred nucleation sites
such as houndaries of the previous structure. Nucleation t1mes may vary.

Once a site is nucleated it is allowed to grow unt11 it impinges on other

growing cells° The boundary between cells (microstructure)~is defined

'by this impingement.

Nucleation can be a function of time, space, and phase. .Growth can
be a function of time, distance, direction, and phase.f It should be

obviOus that very complex three dimensional microstructures can be

¢
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obtained by varying nuéléationvand growth parametérsg'voﬁr present ': ' o,

'éémputer simulétion is capable of efficiently creating two dimensional

a7

ﬁigh réSolution-(miilion bit) pictures of these cdmplex three diﬁensional
structgres. TﬁiS'preSentétion is‘concerned wifh daté struc;ure techniques
that:enéble picturéléonstruction in reasonable compuging time. B

Our pictufes»coﬁsist'of large bit arréYs, e.g., 1024 bité’by 1024.
_Bits, On bits (1's) represent boundaries. A picture in this fdrm can
be analyzed.for varidus parametérg, i.e,,’aréa,vnumber of.sides,.shape
._factofs,ﬁeté.v Civan.a table_describing ail.validlnucleatioﬁ'sites (x,
y, 2z time, phase, growth fUpction) we’caﬁ éhooée a z plane for our two
iAimensional picture. Periodic boundary conditions are assumed in all
three diréctioﬁs, |

A'siméle brute fbrce soiutionvto this problemvis'now presehfed.
‘Divide.thg sélécted z plane into 220 subregidns (1024X1024). For a. ‘
:;giveﬁ subregibn;'éeterﬁine what cell impingés fifst; ﬁetefmine at what.
timevimpingeméntvfinisﬁeé (ti). Next, detérminé all other ti.- If anyv‘-.
 ¢§5

i #'1,.occﬁrs before t{ then impingement occurs in-thiS'sﬁbregion;
Clearly, if"comﬁuting time were not important this ﬁethod could'be‘

‘repeated for all subregions and a valid picture would be cdnstrudted;
Now we ansider methods for impfoving~the brute force algorithm
_-described above, Consider a z plane consisting of 1024x1024 subregions. o

Next consider a biﬁéry tree where the zero node represents the entire z

T

region. Let the nodes at level 1 represent the two subregions defined
by bisecting the total region in the x direction. Let the nodes at
level z represent subregions of level 1 subregidns.défihed by bisecting

in the y direction. Continue construction of this ;fee until nodes
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represent'subregions~of'the4desired resolution (for»this example the -

tree hés'ZC‘= log2(1024)2 levels).

Next consider an arbitfaryfnode (subfegion)ﬂof this tree. tz and

, tF can be calculated for this subregion. All other ti, i # 1, may be

1
calculatéd."All ti, i# 1, that occurs before ti may impinge in this

region, all‘ofhers do not. Thereforé ali Subfegions of the Subregidn
presently beiﬁg examined need only coﬂsider the cells that are candidates
for impingémént. Furthermore, if“no impingement.oécuféﬂfof the presént
subregioﬁ, then abviously no impingementxoccurs in subregions of the
p;esent sﬁbregion.‘ Thus nodes_beiow'thisvnode do not need_to be exaﬁined.

By usiﬁg_;his technique the binary tree may‘bejsearchedrleft_té
right. and top to bottom.  The‘number of_coﬁparisons is fedﬁced at lower
levelé by the screening done é£ pareﬁt ﬁodes.‘ A f@r?hef'reductibn
occurs bgcausé the majprity df 1qwer levelvnodes are'not‘searched.v When
a lowest level nodé»posses“ihpingemenf‘thevapproﬁriété lbcatio# in é
Biﬁafy array iS'SQt to one. The number of:coﬁparisonsvis redﬁced by '
many orders‘of'magnitﬁde and thus make'high feso1ution'éiétu¥es réaSon— '
ably computable. | .. |

Tﬁé géﬁerality and efficiéncy of this.procedure enables'compiex'
thteerdiménsional structures to be examined. In‘metallurgy, migrﬁ_
structures influence mechanical ﬁroperties of metais. Explbripg the
varibus nucleation and growth paramétefs that influeﬁée microstructﬁres

promises to yield important fﬁndamenﬁal theories.
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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