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Summary

The finite element analysis program should be prepared to deal with many of newly arising

engineering problems. The sequential structured programming technique does not make a fi-

nite element method so flexible. So far, the object oriented programming technique was stud-

ied as an alternative programming paradigm. However, most of the research were in the state

of the evaluation of the possibility and the applicability of the object oriented method for a fi-

nite element program.

In this study, a practical object oriented finite element analysis program, OOFE_JAVA was

developed and the result of the analysis on a rectangular clamped plate was shown. The ob-

jects which compose the OOFE_JAVA were applied to several engineering problem without

any modification and it was concluded that the object oriented technique was appropriate for

the development of a complex and large engineering system. And a virtual machine which

Java language is using can be loaded on any kinds of computer which has java interpreter re-
gardless of the platform on which the OOFE_JAVA was developed.
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Class Function
1/0 input of data and output of result
Matrix calculation of matrix
Node topological data and boundary condi-

tion of nodes

Material material property

Load applied load

LoadCombination | load combination applied to one node

Element element in Finite Element Method
Solver solver of simultaneous linear equations
Conversion converting result to user’s requirement
FEM FEM procedure
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public class ReadData{ public class Matrix{
ReadData( /*
short typeOfProblem,  //type of the FE Problem **  Tields
short typeOfElement,  //type of the Element *x x/
Load[] loads, //loads applied int row, column ; //number of row and column of
LoadCombination[] loadCombinations, /load combinations used double[] value ¢ /Data of the Matrix
Material[ ] materials, //materials used ”
Node[ ] nodes, //nodes of the problem domain /” Constructors
Element[ ] elements) //elements of the FE problem " y

}
Fig.1.Data used in FEA procedure(read
data class) this.row=row;

this.column=column;

Matrix(){}
Matrix(int row, int column){

value=new double[row = column];

ReadData YA & %38td o] Fo] At} Fig. 19| )
19 ReadData A= Javad A #AZste= ¢ 4

**  Methods
/&Y EH2E o] &3d 27 Fd& 41 vjg » */
7§6‘H ;\(_]_ 30.]}_\_] 0“ Eq_a} Z}-E% %]1 ;q %f&q publ?c durlble geLValge(lnL 1, mt P{} //ge‘L the .value O'f(l,])
. public void printMatrix(){} Jprint this Matrix
ReadData = Ea Flg‘ 1 0“ k] 9’} 71':.}01 Ag }\(_)] }‘] public void Plus(Matrix a, Matrix b){} /Malrix Plus
= blic void Minus(Malrix a, Matrix b){} /Matrix Minus
df ¢lojEe R8s AA 3718 olzlz Hlo pu .
] aq = ‘- = ‘1 © ‘%} o= v ]- = } public void DetProduct(Malrix a, Matrix b){} /Dot Product of Malrix

-"7_*1"_"/] 8]"11 0] IIH Eg"\% ?_]. Z]‘r‘__" ReadDataoﬂ —,)—1'\—-3H public void Transpose(Matrix a){} //Transpose of Matrix

g gomz g ¢xo] i}l ReadData
g = 3T A7 AF T Aol 27t Fig. 2. Matrix calculation(matrix class)
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public abstract class Element{

/ur

**  Fields

*K ﬁ/

int noOfElement ;

int noOfMaterial;

int[] connectivity ;

ShapeFunction shapeFunction;

Matrix localK ;

Matrix localR;

/**

**  Constructor

%% ll/
Element(){ shapeFunction=new ShapeFunction(noOfDOF);

calcLocalK (localK, shapeFunction);
calcLocalR (localR, shapeFunction);

)

Fig. 4. Finite element in FEA procedure(ele-
ment class)
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[ Material [Node Data | | Elemugt Data |
[ Solver Read Date |
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Fig. 7. Static FEM class hierarchy

[ FEM

Table 2. Comparison of the Analysis Result

2 X 2quadratic Exact by
h OOFEA
2/ element by Reddy Reddy E
50 4.587 4.579 4.583
100 4.580 4.572 4.577
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Table 3. Specification of computers

Sun/Solaris | Axil/Solaris | Intel/Windows95
CPU SuperSparc/ | UltraSparc/ Pentium/
60MHz 167Mhz 166MHz
CPU Memory| 64 Mbyte 35 Mbyte 32 Mbyte
350 4
s PC
300 —»— Sun/Solaris /
Axil/Solaris
250 = /

V%

o~
f=4
=1

Elapsed time(s)
@
=

0 50 100 150 200 250 300 350
Number of element

Fig. 8. The comparison .of the performance of
OOFE-JAVA
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class CrankNicolson{
/**
**  Fields
*k */
Matrix K, TO;
Solver T;
/**
**  Constructor
%%k t/
CrankNicolson( ) {
matrix K=new Matrix(noOfNodes, noOfNodes);
matrix TO=new Matrix(noOfNodes, 1);
getInitialValues(T0);
calcMatrix(K);
T=new Solver(T, T0, noOfNodes) ;

)

Fig. 9. Crank Nicolson class using matrix class
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edge-based data structure

Next Vertex ] Previous Vertex
Previous Linked Vertex
X coordinate

Y coordinate

Fig. 11. Data structure record organization of

vertex

Vertex extend D2Node{
/**
** Fields

TS */

//Geometric coordinate of x and y is inherited

Vertex next, previous;

Vertex previousLink;

Vo
**  Constructor
*% */

Vertex(){
assignPreviousVertex();

assignNextVertex():
assignPreviousEdge();
assignCoordinate(x, ¥);

}

Fig. 12. 2-Dimensional node used in winged-
edge data structure extending D2Node
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