Application of MATLAB environment to solution of boundary and initial
boundary value problems

Partial Differential Equation Toolbox (PDETOOL)

PDETOOL is a GUI application that computes Finiterkent Method approximation of solutions to partial
differential equations (including eigen problemsPD spatial domains and time.

Selected problems:
|. Plane strain state, static analysis
Il. Modal analysis (eigen vibrations)

Modeling process:
1. Type commangdetoolin MATLAB Command Window without arguments to $tdre application.
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Fig. 1. GUI of PDE Toolbox

2. Select the analyzed problem (Structural Mectsamitane Strain) toggling down the list wisteneric
Scalaroption set as the default PDE type.

3. Specify your problem parameters by clicking RfizE icon in the main toolbar or sel€eeDE—PDE
Specificationn the main menu and select either

l. Elliptic problem or

Il. Eigen modes

and enter E — Young modulus, nu — Poisson ratiq K§x components of body forces, rho — density.

4. Geometry definition

Set the limits of the coordinate systé@ptions—~Axes Limity and turn on the gridjptions—
Grid). In order to define the geometry of the analydechain, use main toolbar icons @raw—... from
the main menu).

Created geometrical figures are automatically nar@ed can modify a figure and its name clicking
twice within the objectSnap to gridfunction may be turned on/off @ptionsmenu in order to align objects
to the grid.

Defined objects are summed up by default (e.g. Rlddhotes union of two figures). The default
formula can be easily modified at tBet formuldine. In order to delete an object, select it kyragle click
(its boundary is marked black then) and pi2sketekey.

5. Boundary condition types:
- Dirichlet b.c. (respective edges are marked wethcolor),
- Neumann b.c. (blue color)
- mixed (black color).



Homogeneous Dirichlet b.c. are set for each edgdefgult. To modify it, use the respective icomirthe
main toolbar or sele@oundary-Specify Boundary Conditiorisom the main menu. One can just click
twice the respective edge and the same dialog lhoxid pop out. Select multiple edges wihiftkey
pressed. Subsequently specify carefully respebioeadary conditions.
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Fig. 2. Non-zero Dirichlet b.c. definition

6. Mesh generation
Use one of two icons from the main toolbar in ordecreate either a coarse or fine mesh. The samée
done using main menigsh- Initialize Mesh/Refine Megh

7. Solving the problem
Click the =’ button or selecBolve—~ Solve PDHErom the main menu. Solution plots will be preseht

Il. Upper and lower bounds of the eigen values thatcabe found can be specified in the main menu
(Solve— Parameterk

8. Postprocessing (visualization)
Select the respective icon in the main toolbaretedPlot— Parameterdrom the main menu in order to
select solution maps, contour plot, deformed mEghmesh optiongColormap hsus recommended.

Il. Mode shapes for selected range of eigen valuebeatotted usingigenvaluesption.

All the data can be exported to the MATLAB Workspat a matrix form. In particular, optiomMesh—
Exportenables saving the information about the topolggynode coordinates, e— edges, t — triangles),
optionPDE— Exportsaves the equation coefficients, optRwlve—~> Exportsaves the solution values.

l. After exporting the necessary information (topoleggquation coefficients and solution values)
one can compute components of the strain and d&eser and the Mises equivalent stress using
intrinsic MATLAB procedure pdesmech, e.g.:

sx=pdesmech(p,t,c,u,'tensor’,'sxx’")
mises=pdesmech(p,t,c,u,'tensor’,'von Mises'jegdmn’,'pn’,'nu’,0.3)

The prepared model data can be saved as an Mafilenadified using MATLAB Editor. After running
such a file, GUI is opened automatically.



