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Lorem ipsum dolor. Sit amet arcu eu nec ut risus fringilla nunc. Nibh 
vel sed pellentesque arcu in integer ligula semper. Aptent sed venenatis. 
Nec porttitor nonummy imperdiet in proin.

Nulla nibh donec pede eu curabitur laoreet mi nisl vestibulum metus 
velit. Ante ultricies praesentium accumsan ut metus. Aenean neque 
fusce porttitor eu amet. Ridiculus ultrices condimentum. Enim mollis 
l e o .

Elit faucibus arcu eget purus enim. Enim volutpat aliquam felis justo 
a. Fusce aliquet elit. Sit ut turpis. Quam consequat nunc turpis nam 
mauris id erat consequat. Quisque nemo lorem leo eu potenti. Diam 
sed montes. Libero aliquet arcu. Nihil justo pellentesque. Urna 
suspendisse aenean. Sed tellus nec elit litora tincidunt et ipsum nullam
ac quis orci eleifend nonummy laoreet. Proin deserunt vel suspendisse 
sagittis tempus integer felis enim nunc amet scelerisque. Et vestibulum 
ac dictum risus quis nunc suscipit neque sollicitudin purus gravida. Id 
velit egestas ante ipsum magna. Habitasse penatibus ut morbi ipsum 
proin. Tellus sed gravida turpis lacus mollis vel dapibus erat curabitur 
sem at. Blandit sagittis nisl lobortis a pretium. Nec sociis interdum non
lorem senectus. Eget vestibulum mollis libero in mi. Aliquam ligula 
turpis. Quam etiam vel eu vitae diam. Sit maecenas pulvinar consequat
aliquam sociosqu. Netus aliquam odio fringilla mattis ut. Facilisis sed 
vehicula. Dui suspendisse donec ut nam nisl.
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PRESENTATION

In the field of Mechanical Engineering and Product Design, it is very important to optimize the models and
 materials, which means a reduction in the production cost.

To achieve this optimization from the structural point of view, traditionally there have been theoretical
 methods that have allowed a simulation of reality. One of the most significant methods is the Finite
 Element Method. For a practical use of this particular method, computers with enough computational
 power are required to solve the problems. One of the software packages that can perform this type of
 analysis is ANSYS. The set of exercises that are presented in this publication allow students gradually
 learn how to use this program. No previous experience is required.

The proposed exercises range from simple linear models to more complex solid models. They also use
 different types of structural elements and materials, so that the student is able to investigate their
 behaviour and find out which is the most appropriate solution for every application.

Based on different practical applications, the exercises of this publication pretend to be a very useful
 learning tool, both for students and for researchers who are working in mechanical applications of the
 Finite Element Method. The exercises are accompanied with lots of explanations and figures of the menus
 and dialog boxes. Each particular exercise provides detailed information for student to improve in the use
 of the software. Students will be able to think about how the program works and how to use ANSYS to
 solve any problem.

Some exercises consider some simplifying assumptions in order to approach the model to the real
 situation, and sometimes that depends on the limitations of the program and of the method.

To sum up, the aim of this electronic publication is to offer students one of the most useful tools in the field
 of Structural Engineering.
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Introduction

 

BAR ELEMENTS

Circular post
Three pinned bars

Planar truss
Space frame truss

 

BEAM ELEMENTS

Cantilever beam
Beam simply supported

Fink truss
Container

 

PIPE ELEMENTS

Swing
Chair

 

PLANE ELEMENTS

Plate with a hole
Custom sections
Plastic bracket

Tensile test specimen
Wrench

 

SHELL ELEMENTS

Triangular support bracket
Tin

Pressure tank
 

SOLID ELEMENTS

Snap fit
Shaft support

Pulley
Wall hanger
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INTRODUCTION TO NUMERICAL METHODS

Direct Deformation Method










Finite Element Method
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Circular post

Three pinned bars

Planar truss

Space frame truss

CIRCULAR POST

PROBLEM

Figure 1 represents a circular post constructed with two different bars. Bar 1 is of aluminium and bar 2 is of
 steel. The post is fixed at both ends.

Figure 1. Circular post.

Tables 1 and 2 show the mechanical properties of the materials and the geometric characteristics,
 respectively.

Table 1. Material properties.

Aluminium Steel

Ealuminium 69 GPa Esteel 210 GPa

Sy aluminium 275 MPa Sy steel 275 MPa

νaluminium 0.33 νsteel 0.3

Table 2. Geometric characteristics.

Geometric characteristics

Element 1 2

Material Aluminium Steel

Area 200 cm2 250 cm2

Length 100 cm 150 cm

The post supports a load of 1000 kN. Calculate:

1. The maximum deflection and where it occurs.
2. External reactions.
3. The stress for each bar.

GEOMETRY OF THE MODEL

First of all, a name is defined for the problem, that is "Circular post" (Figure 2):

Utility Menu > File > Change Title

Figure 2. Name for the problem.

Next, it is defined the type of analysis for this particular problem, that is structural (Figure 3):

Main Menu > Preferences

Figure 3. Structural analysis.

Now, it is very important to decide which element type is the best for each particular problem. That
 depends on many aspects, such as the geometry of the model and the results that are intended to obtain.

For this particular problem, it is used the LINK element, that is suitable for bars supporting axial loads
 (Figure 4):

Main Menu > Preprocessor > Element Type > Add/Edit/Delete > Add > LINK

Figure 4. Element type LINK.

It is necessary to define the cross section for the bars. This will be done by means of the "Real Constants"
 option (Figure 5):

Main Menu > Preprocessor > Real Constants > Add/Edit/Delete

Figure 5."Real Constants" for the LINK element.

Figures 6 and 7 show the definition of the cross sectional areas for the upper bar and the lower bar,
 respectively.

Figure 6. Cross section for the upper bar.

Figure 7. Cross section for the lower bar.

After the definition of the areas, Figure 8 is the window that appears when the real constants have been
 defined.

Figure 8. Defined Real Constants Sets.

From the data of Table 1, the modulus of elasticity (EX) and the Poisson's ratio (PRXY) are required for
 each material. We define the aluminium, as material 1 (Figure 9):

Main Menu > Preprocessor > Material Props > Material Models

Figure 9. Aluminium properties (material 1).

In the same way, the steel properties are defined as material 2 (Figure 10):

Figure 10. Steel properties (material 2).

The bars are modelled as two connected straight lines, so three nodes have to be created (Figure 11):

Main Menu > Preprocessor > Modeling > Create > Nodes > In Active CS

Figure 11. Creating nodes.

Table 3 shows the coordinates for the three nodes:

Table 3. Coordinates for the nodes.

NODE X (m) Y (m)

1 0 2.5

2 0 1.5

3 0 0

Figure 12 is the graphic screen with the three nodes.

Figure 12. Graphic screen with the nodes.

In order to differentiate the two materials, it is necessary to assign attributes to each bar. First, the
 attributes to bar 1 (Figure 13):

Main Menu > Preprocessor > Modeling > Create > Elements > Elem Attributes

Figure 13. Element attributes for bar 1.

Now the bar 1 is created from node 1 to node 2 (Figure 14):

Main Menu > Preprocessor > Modeling > Create > Elements > Auto Numbered > Thru Nodes

Figure 14. Creating bar 1.

The same process has to be repeated in order to assign attributes to bar 2 with the steel properties (Figure
 15).

Figure 15. Element attributes for bar 2.

And now, bar 2 is created from node 2 to node 3 (Figure 16).

Figure 16. Creating bar 2.

Figure 17 shows the graphic screen with the straight lines that define the model.

Figure 17. Defined model.

LOADS AND BOUNDARY CONDITIONS

Now that the geometry of the model has been defined, the next step is to apply the loads and the
 restrictions to the model (Figure 18):

Main Menu > Preprocessor > Loads > Define Loads > Apply > Structural > Displacement > On Nodes

Both ends are fixed, so they have to be constrained with "ALL DOF" option (All Degrees of Freedom).

Figure 18. Fixed ends.

Figure 19 shows the graphic screen with the constrained model.

Figure 19. Constrained model.

Then, the force is applied at node 2 (Figure 20):

Main Menu > Preprocessor > Loads > Define Loads > Apply > Structural > Force/Moment > On Nodes

Figure 20. Applying the force.

Figure 21 shows the model with the applied force.

Figure 21. Applied force.

SOLUTION

When loads and boundary conditions have been defined to the model, then it has to be solved:

Main Menu > Solution > Solve > Current LS

If everything is defined in the correct way, it will appear the message "Solution is done!" (Figure 22):

Figure 22. Solve the problem.

RESULTS

Finally, the results are analyzed. For this purpose, the "General Postprocessor" from the Main Menu is
 used. First of all, the deformation of the model with the option "Def + undef edge" (Figure 23):

Main Menu > General Postproc > Plot Results > Deformed Shape

Figure 23. Deformation "Def + undef edge".

Figure 24 shows the graphic screen that represents the deformation with the maximum value (DMX), that
 is 0.205 mm.

Figure 24. Maximum deformation.

The results can be seen with an option that represents the model with the real sections (Figure 25):

Utility Menu > Plot Controls > Style > Size and Shape

Figure 25. "Size and Shape" option.

After applying the "Size and Shape" option, the results for this particular model are represented in Figure
 26.

Figure 26. Scaled model.

Now, the value for the external reactions (Figure 27):

Main Menu > General Postproc > List Results > Reaction Solu

Figure 27. External reactions.

And Figure 28 shows the list for the external reactions.

Figure 28. List of the external reactions.

Then, to obtain the value for the stresses, it is used the option "Define Table":

Main Menu > General Postproc > Element Table > Define Table

And a new label is created in order to represent the stress for the LINK element.

Figure 29 shows the window in which a label is defined in ETABLE. This label is AXIALSTR. Next, we
 select "By sequence num" and "LS" and type 1 (ANSYS HELP).

Figure 29. "Element Table".

This "Element Table Data" is showed in Figure 30.

Figure 30. "Element Table Data".
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Finally, to represent the distribution of stresses in the model, it is used the option "Plot Elem Table" (Figure
 31):

Main Menu > General Postproc > Element Table > Plot Elem Table

Figure 31. "Plot Element Table".

And the distribution of stresses in the circular post is showed in Figure 32.

Figure 32. Stress distribution in the model.

The results indicate that the aluminium bar supports 28.7 MPa. This is the maximum value, what means
 that the post is safe since the elastic limit for the material is 275 MPa.
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