[image: image1.jpg]WESTERN SYDNEY
UNIVERSITY

W





School of Computing, Engineering and Mathematics 

300487 Mechatronic Design

Prac 2 Workbook   

FEA in Plane Elasticity

[image: image2.png]SN NS
AT AN A AT
P g

£y
SSOLRAOE
B
oaAvaYs





Name: __________________                 Student ID: ___________________                  
Mark: ____________ ______                 Date: ________________________ 

Prac Problem on FEA
Note: 

You must solve the following prac problems using SolidWorks Simulation and finish the blank workbook individually. At the end of Prac 2, upload your workbook filled to the vUWS site.  
Problem description:
· A hollow plate as shown in Figure 1: 
· Made of Alloy Steel
· Length of 200 mm, width of 100 mm and thickness of 10 mm

· The central hole with a diameter of 40 mm  

· Loading conditions:

· A load of 100,000 N, P, is applied along the both end surfaces of the plate for uniaixal tension
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Figure 1: 2-/3-D FEA of a hollow plate (Unit: mm)

In this problem, the maximum stress needs to be determined including its value, direction and location.

Simplification of FE models considering symmetry

Correctly identify symmetry conditions of a problem will allow only a portion of the structure to be analysed in an FE analysis. 
[image: image4.png]line of symmetry

wood side _ stone side





Figure 2: Symmetry versus Non-symmetry

In an engineering problem of structural analysis, determine it whether or not symmetrical: 

· Structural symmetry: Is its geometry is symmetrical or not with symmetry lines?
· Boundary condition symmetry: Are the applied loadings and supports are symmetrically applied or not?
· Material symmetry: Are the materials applied in the structure are symmetrical or not?
Only if all these three criteria are satisfied we can treat this problem as a symmetrical problem.

A symmetry line in two-dimensional deformation can be recognized by remembering the “mirror” displacement pattern. In the related FEA, only a half of the structure on one side of the symmetric line needs to be simulated. Along the symmetrical boundary line, this displacement component perpendicular to the line should be set to zero, which represents the symmetrical condition.
For example, consider a rectangular plate subjected to uniaxial tension, the plate can be model as a full model, a ½ model and a ¼ model considering the symmetry of this problem, respectively. 
For the full model, we must constrain one end of the plate and apply the load in the other end with the same magnitude. You cannot double it (Why?).  

For the ½ model, we still constrain one end and apply the load in the other end but with a half magnitude (Why?). Along the symmetry line, the y displacements should be set zero and the z rotations are zero.

It is turn out only ¼ model needs to be modelled if we apply the symmetry boundary conditions. Along the symmetry line AC, the x displacements should be set as zero and 

the z rotations should be zero too. Similarly, along the symmetry line CD, the y displacements should be set as zero and the z rotations are zero.
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(a) Full model                        
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(b) ½ model
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(c) ¼ model

Figure 3: 3 finite element model of a plate subjected to uniaxial tension

SolidWorks Simulation

When you finish your FEA in SolidWorks Simulation, you will get a new folder of Results shown in the management tree. Right click to define what you want, i.e., displacement, stress and stress, etc. and then click OK to get the results. 
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1. 2-D FEA of a plate with a central circular hole
Practices: 

1. You need to conduct two -dimensional (2-D) finite element analyses of this plate through applying symmetrical boundary conditions and compare the obtained results of maximum stresses from the two models:
· Full model

· ½ model

2. No mesh refinement required but you may use the similar mesh density on these two models. 

3. Verification of the stresses around the hole with the analytical solution, which is listed in the Appendix.
FEA solution (Fill in the blanks accordingly) 
FE model

FEA package: ___________________________

Element type: ___________________________ 

Material properties: ___________________________________
Boundary conditions for each model: 

Full model (You can use the screen shots to copy the image of the models here to give a better show): 

· Size of the model: ________________________________________________

· Loading conditions: ________________________________________________

· Support conditions: ________________________________________________

½ model: 

· Size of the model: ________________________________________________

· Loading conditions: ________________________________________________
· Support conditions: ________________________________________________

FEA results
Note: 

You should adjust the mesh density by increasing the number of elements used to check whether or not the results are sensitive to it. 

· Note that the maximum stress is not von Mises stress
· You can plot figures to show the location where the maximum stress happens 
	Models
	Maximum stresses

	
	Magnitudes

(Unit:      )
	Directions
	Locations

(Unit:      )

	Full model
	
	
	

	½ model
	
	
	

	Analytical 
	
	
	


2. 3-D FEA of a plate with a central circular hole
Practices: 

4. You need to conduct three-dimensional (3-D) finite element analyses of this plate through applying symmetrical boundary conditions and compare the obtained results of maximum stresses from the two models:
· Full model

· ½ model

5. No mesh refinement required but you may use the similar mesh density on these two models. 

6. Verification of the stresses around the hole with the analytical solution, which is listed in the Appendix.

FEA solution (Fill in the blanks accordingly) 

FE model

FEA package: ___________________________

Element type: ___________________________ 

Material properties: ___________________________________

Boundary conditions for each model: 

Full model (You can use the screen shots to copy the image of the models here to give a better show): 

· Size of the model: ________________________________________________

· Loading conditions: ________________________________________________

· Support conditions: ________________________________________________

½ model: 

· Size of the model: ________________________________________________

· Loading conditions: ________________________________________________
· Support conditions: ________________________________________________

FEA results
Note: 

You should adjust the mesh density by increasing the number of elements used to check whether or not the results are sensitive to it. 

· Note that the maximum stress is not von Mises stress
· You can plot figures to show the location where the maximum stress happens 
	Models
	Maximum stresses

	
	Magnitudes

(Unit:      )
	Directions
	Locations

(Unit:      )

	Full model
	
	
	

	½ model
	
	
	

	Analytical 
	
	
	


2. Results and Discussion
Give a short discussion based on the result comparison on 2-D FEA , 3-D FEA and Analytical Solution shown in the Appendix: 

(Hints: Are they the same? Why are they different?)

Appendix: Analytic solutions of stress concentration around a hole in a large plate 
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A large plate with a central circular hole subjected to prescribed loads
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Local polar coordinate system in the central hole

Normalized stresses 
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along the free boundary of a circular hole in a large plate subjected to uniform tensile stress in the x direction.
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	Analytic Solutions
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When ( = 0(, (( = (x. 

Note that the stress concentration factor is 3.0 in such a case. 
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