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Development of a Truss Structure Analysis Model based on Cellular Automata and Object-oriented
Simulation Environment
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ABSTRACT

The aim of this study is to develop a simulation model for analyzing 2D truss structure using Generic Agricultural System Simulator
(GASS). Although the truss is simple structure, numerical methods based on matrix analysis are cumbersome and complicated. This study
suggests simple and convenient methods to remove calculating steps for whole stiffness matrices. The simulation environment based
on independency of object-oriented components on GASS consists of component development and component deploy stages. A component
for a truss structure is implemented based on equilibrium equations at nodes. The simulator can analyze truss structures through deploying
components with attributes and links. The examples using GASS show intuitive graphical results of the movements of truss nodes.
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Fig. 2 Class diagram of main class and component interface
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01: | @0verride

02: | public void process(List<TreeNode> neighborhoods) {

x1, 2) + Math.pow(y2 - y1, 2));

03: if (getString("fixed") != null) { return; }
04: sumB[@] = getDouble("fx");

05: sumB[1] = getDouble("fy");

06: for (int i =0; 1 <2; i++) {

07: for (int j = 0; j <2; j++) {

08: uv[i][]] = e;

09: }

10: }

11: for (TreeNode n : neighborhoods) {

12: IGASSComponent nm = n.getModel();

13: double x2 = nm.getDouble("x");

14: double y2 = nm.getDouble("y");

15: double x1 = getDouble("x");

16: double y1 = getDouble("y");

17: double A = getDouble("A_" + nm.getId());
18: double E = 10000.;

19: double u = nm.getDouble("u");

20: double v = nm.getDouble("v");

21: double L = Math.sqrt(Math.pow(x2 -

22: double cos = (x2 - x1) / L;

23: double sin = (y2 - y1) / L;

24 sumB[@] += (E*A*cos*u/L + E*A*sin*v/L) * cos;
25: sumB[1] += (E*A*cos*u/L + E*A*sin*v/L) * sin;
26: uv[@][@] += E*A*cos/L*cos;

27: uv[@][1] += E*A*sin/L*cos;

28: uv[1][@] += E*A*cos/L*sin;

29: uv[1][1] += E*A*sin/L*sin;

30: }

31: |}

Fig. 3 A main program code for node component
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Fig, 5 Problem set for 5-truss structure

Table 1 Properties of nodes and edges for 5—truss structure

Node ID x (cm) y (cm) ElementID | E(GPa) | A(em?)
1 0 0 1 200 40
2 150 350 2 200 40
3 0 500 3 200 30
4 500 500 4 200 30
5 70 20
A5 ARFskaL Sl (Bhatti, 2005).
A3 20] AH8ohe 152 150kNORE FAIE Eolslgls ),
IS Aot AR 29k AR 30049 M= 22 (05390,

-0.9531), (0.2647, -0.2647)%2 AAF=|SIch
2 FHtollA 7R GASS 3ol EAIE siidsl ] fisled, Fig. 6
3 o] FAE sioirt. AlEdlolAd 2%l GASSEnvironment
QIAEI Aof| 1E5]7) H?ﬂ AEUE A *MOM Ao,
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oA EvA HHO| £AQ F, T ofF, T FA] o

-1, 3}: {'1) -1, -1,

2 &adjacencyMatrix[i]1[]] < 4) {

o1: public void problem5Truss(GASSEnvironment app) {
02: int nodeCount = 4;
03: IGASSComponent[] nodes = new IGASSComponent[nodeCount];
04: for (int i = 0; i < nodeCount; i++) {
05: nodes[i] = new GASSTrussComponent(i+l);
06: }
07: nodes[@].setDouble("x", 0);
08: nodes[@].setDouble("y", 0);
09: nodes[@].setString(" flxed "fixed");
10: nodes[1].setDouble("x", 15@)
11: nodes[1].setDouble("y", 350);
12: nodes[1].setDouble("fy", -150);
13: nodes[1].setString("plot_item", "v");
(..0)
22: app.setNode(nodes);
23:
24: int[][] adjacencyMatrix = new int[][]{
25: { 1,0, 2, '1}5 {'1) -1, 4, 1}) {'1) -1,
26: b
27: for (int i = 0; i <adjacencyMatrix.length; i++) {
28: for (int j = 0; j <adjacencyMatrix[i].length; j++) {
29: if (adjacencyMatrix[i][j] >= 0 &adjacencyMatrix[i][j] < 2) {
30: nodes[i].setDouble("A_"+nodes[j].getId(), 40)
31: nodes[j].setDouble("A_"+nodes[i].getId(), 40);
32: nodes[i].setDouble("E_"+nodes[]j].getId(), 200);
33: nodes[j].setDouble("E_"+nodes[i].getId(), 200);
34: } else if (adjacencyMatrix[i][]j] »>=
(...)
39: }
(..0)
44: }
45: }
46: app.setAdjacencyMatrix(adjacencyMatrix);
47: }

.1}

Fig. 6 A main program to set up attributes of truss
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Table 2. Displacements comparison of ANSYS and this study

Node ANSYS® GASSTrussComponent
Ux Uy u v
1 0.0000 0.0000 0.00000 0.00000
2 3.0836 -3.5033 3.08364 -3.50328
3 0.74604 -6.5759 0.74604 -6.57587
4 1.5916 -7.2363 1.59155 -7.23630
5 2.3127 -6.9923 2.31273 -6.99228
6 -0.49736E-01 -3.7330 -0.04973 -3.73301
7 3.1334 0.0000 3.13337 0.00000
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Fig. 9 Flow chart of program FEM and truss component using GASS
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