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Example 1: Torsion of a shift with an elliptical x-section
Stress function-formulation & Warping function formulation:

See the handout
The following pages explain how Matlab Toolbox can solve the torsion problem for a solid elliptical section.

I- Stress function formulation (Complete ellipse)

Start->Matlab, and type pdetool after the prompt in the command window. This will take you to PDE Toolbox.
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1- Click the Draw button->ellipse/circle or click on the ellipse icon 
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2- Double click on the drawn ellipse and enter 0, 0, 1 and 0.5 for x-Center, y-Center, A-semiaxes and B-semiaxes, respectively.

3- Boundary->Boundary Mode or Click the ∂Ω button.


4- Click on each of the four contour segments and select the "Dirichlet" as the type of BC. (It is the default value). Enter 1 and 0 for h and r respectively. This means we are assuming u = 0 on the boundary. 
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5- Click PDE button and select elliptic for the type of PDE we are solving and enter 1, 0, -2 for c, a and f. This implies that we are solving 
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6- Click Δ button (or Click Mesh-> Initialize Mesh 
[image: image6.png]SRRy
LAV
<

AVAV}A"AVA""?

SRAAHIOAA]
LA

VAV





7- Select Solve PDE from the Solve menu or click = button
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8- To get secondary solutions as well as different types of plots, click Plot -> Parameters
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9- As an example, to plot the shear stress τzy= -∂u/∂x, click Plot -> Parameters, select user entry from the pull-down menu under property, then type ux in the adjacent box under user entry and click the Plot button. Do the same thing to get the solution for τzx (τzx= ∂u/∂y).

[image: image9.png]PDE Toolbo;

Fle O Optins Draw Boundary PDE Mesh Sobve Pt Window Help

Untitled]

O 3Elole 2 ol = | | S [lommesn % e o
Set formia =
Calor: u
1 T T T T
08 1 o0
Plot Selection
sl [ et Property. User entry o sty | 00
user riry terpoted shed
041 I [ contour m g -0.06
absarac)
ool [ D abs(grau proporonal .
[ || Diostormedmesn b 5
[t (30 ity cortious
R 0.1
arimaton Grtons
02 I Somsy o Cortaur it lvels: R 012
[ Show mesh Colome:
04y 1 -0.14
oer 1 0,16
oer T 0,18
4 | I | .
L El 05 0 05 15
Info: Specity it property and pot ype. et

MATLAB





[image: image10.png]PDE Toolbox - [Untitled]
File Cf Options Draw Boundery PDE Mesh Solve Plot Mindow Hep

| Ol @ m ] a2 = | S [lommcseam T ¥ o
Set formia =
Calor: u
1 T T T T
o8l 1 o0
Plot Selection
sl [ et Property. User entry o sty | 00
obor wl inerpalted shadt
045 [ cortour ki 0.06
[ araws i) proportional
021 N Hoetormedmesh “grec) 1 008
[ Heigt (3.0 ity u cortious
o R 0.1
arimaton Gptions.
02 I Somsy o Cortour it lvels: T 012
[ Show mesh Calormap:
041 1 -0.14
0B 1 -0.18
o8 ] 0.18
4 I . | .
L El 05 0 05 15
Infe: Specity plot prapert and it type. et

MATLAB





10- To get a contour plot for any of the solution components , say ux, select the contour option. You will get the following. You can try other plot types.
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11- Click Save As (File menu) and save the file. (say torsion_elp).

12-  To have more access to the solution data such as the maximum shear stress, you need to export the geometry & boundary conditions, PDE coefficients, mesh and solution by clicking Export under each one of the respective buttons (You will get the following screens for each operation).
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13- To get the solution for the gradients (∂u/∂x , ∂u/∂y), go to Matlab command window and type 
>>[ux , uy]=pdegrad(p,t,u);
Important: Change the directory at the top of the command window to the one that contains your saved file before you execute the above line.
14- The maximum value of ux (ux= -τzy) and the maximum value of uy (uy= τzx). Use max and min Matlab commands. Let us assign the variable name tau_zx_max to (τzx )max. Similarly, let us assign the variable name tau_zy_max to (τzy )max. Then you should type

>> tau_zx_max=max(uy)

>> tau_zy_max=max(ux)

Try typing min(ux) and min(uy). You will get 

tau_zx_max = 0.7164, tau_zx_min =  -0.7164, tau_zy_max = 0.4000 and tau_zy_min =  -0.4054.
 The exact values are:
|(τzx )|max = 0.8 

|(τzy )|max = 0.4 

15- To find the location of he location of (τzx)max, use the command find: 
>> find (uy= =tau_zx_max) 
You will get 4 as the number of the triangle at which (τzx)max occurs. Similarly, you get 19 as the number of the triangle at which (τzx)min occurs.

16- To locate these triangles, go back to Matlab PDE Toolbox window and select Show Triangle Labels from the Mesh menu. The triangles are at the extreme points of the minor axis as expected. 
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17- To improve the FEM solution for |(τzx )|max, let us refine the mesh by selecting Refine Mesh from the Mesh menu or by clicking the double triangle button once.
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18- To get the refined solution, repeat steps 8 to 17. 
Max(ux) = 0.4028, min(ux) =  -0.4021, Max(uy) = 0.7631 and min(ux) =  -0.7613.

19- Refine the mesh once more to get the following results:
Max(ux) = 0.4017, min(ux) =  -0.4008, Max(uy) = 0.7822 and min(ux) =  -0.7814.

II- Warping function formulation (1/4 ellipse)

Using the warping formulation and utilizing the symmetry of the problem (1/4 ellipse)
(τzx)max =ux -Gθ y = -0.3001-0.48 = -0.8001 (Gθ = 1 and y ≈ 0.48 at the center of triangle # 3 
(τzx) max = uy + Gθ x = -0.5934 +0.98=0.4064 (x ≈ 0.98 at the center of triangle # 56 
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III- Warping function formulation (1/4 ellipse)

We get for the coarse mesh:

uxmax = 0.4069
uxmin  = 0.7477
For the first finer mesh:

uxmax = 0.4063
uxmin = 0.7761
For the second finer mesh

uxmax = 0.4039
uxmin = 0.7885
Example 2: Extension of an elastic pate with an elliptical hole (plane stress).
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