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ME 531-Final Exam                                                                        Due May 15, 2022
                                                                                                              Name__________________

Word or pdf would be fine. Word file is preferred.  Please include your files.  

1. Elasto-plastic Contact:  

Please read the paper by Merwin and Johnson and Jiang -Sehitoglu papers  and solve the problem to obtain for pure rolling (Q/P=0) and obtain the results given in Figure  3  in JS’s paper. Use the material constants given in the JS paper. When you write the equations please utilize the constitutive equations for combined isotropic-kinematic hardening.The original Smith and Liu paper provides the solution for the elasticity case. There is a  typo in the Smith and Liu paper. The expression in equation 4 (page 2 of the paper) has a term listed as (K2)^(.5) in the denominator. This term should be (K2/K1)^(.5) to make the expression correct. First, confirm that your elastic solution is right by obtaining the result shown below before starting the plasticity problem.  
Q/P=0, z/a=0.5

[image: Macintosh HD:Users:huseyinsehitoglu:Desktop:Screen shot 2012-11-06 at 1.53.29 PM.png]

2. Disregistry Determination:
Based on the class presentation, please obtain core width values of partial dislocations for two cases, 60 degrees mixed and screw, and determine Peierls-Nabarro (PN) stress for {111}<112> slip system in pure Cu. You should follow the methodology given below to determine disregistry functions and then run PN calculations.

The disregistry function that describes the dissociated dislocation (leading and trailing Shockley partials) on {111} plane is given as,

[image: f left parenthesis x subscript 1 right parenthesis equals b subscript P plus b subscript P over pi open parentheses tan to the power of negative 1 end exponent open parentheses fraction numerator x subscript 1 plus bevelled d over 2 over denominator xi subscript T P end subscript end fraction close parentheses plus tan to the power of negative 1 end exponent open parentheses fraction numerator x subscript 1 minus bevelled d over 2 over denominator xi subscript L P end subscript end fraction close parentheses close parentheses]			(1)

Where,   is the magnitude of the Burgers vector of the partial dislocation, d is the stacking fault,   and   are dislocation core-width parameters of partial dislocations,  is the lattice constant (Å for Cu). You can plot disregistry functions by running disregistry.py script. This script plots the disregistry functions and saves them as an image file (disregistry.png) and saves the plotted data as a text file (disregistry.txt). Please note that in order to run different cases, you need to give the file path for pristine crystal (pristine_60 and pristine_screw for 60 degrees and screw, respectively) and dislocated crystal file (dislocation_60 and dislocation_screw). Script will prompt you to give these paths in the terminal. After obtaining data for disregistry function you should find stacking fault width and core widths by fitting the Eqn 1 to the data you have obtained. You can use any tool for fitting (MATLAB, Python etc.). Note that core structure geometry for 60 degrees mixed and screw dislocations are different. Namely, mixed dislocation dissociates into two non-symmetric partials while screw is dissociating into two symmetric partials. Consequently, while fitting the disregistry function for the screw case, you might use one core width parameter  instead of two different core width parameters,  and .

For the FCC system, two critical energy barriers decisively dictate the GSFE curve, namely the unstable stacking fault energy barrier [image: gamma subscript u s end subscript] and the stable stacking fault energy barrier [image: gamma subscript i s f end subscript]. Obtain these values using LAMMPS as shown in class and compare them with the values given in table 1 for Cu. The complete GSFE curve is given by the equation,

[image: gamma open parentheses u close parentheses equals open curly brackets table row cell fraction numerator text γ end text subscript text us end text end subscript over denominator 2 end fraction open parentheses 1 minus cos open parentheses fraction numerator 2 pi u over denominator b subscript P end fraction close parentheses close parentheses text   for  end text 0 less or equal than u less or equal than fraction numerator b subscript P over denominator 2 end fraction text  or   end text fraction numerator 3 b subscript P over denominator 2 end fraction less or equal than u less or equal than 2 b subscript P end cell row cell text γ end text subscript text isf end text end subscript plus open parentheses fraction numerator text γ end text subscript text us end text end subscript minus text γ end text subscript text isf end text end subscript over denominator 2 end fraction close parentheses open parentheses 1 minus cos open parentheses fraction numerator 2 pi u over denominator b subscript P end fraction close parentheses close parentheses text   for  end text fraction numerator b subscript P over denominator 2 end fraction less or equal than u less or equal than fraction numerator 3 b subscript P over denominator 2 end fraction end cell end table close]			(2)

The final critical step is to determine the CRSS (PN stress) by using the equation below,
	[image: tau subscript C R S S end subscript superscript blank equals max open parentheses 1 over b subscript F fraction numerator d E subscript P N end subscript superscript blank left parenthesis u right parenthesis over denominator d u end fraction close parentheses]	(3)
where  ,  defined in equation (2) and  by equation (1),
magnitude   is the magnitude of the interplanar spacing along  perpendicular to the dislocation line. 


Table 1: Isotropic shear modulus G and Poisson’s ratio   and intrinsic ; unstable  fault energies for Cu
	Material
	G (GPa)
	

	

	
 

	Cu
	45 
	0.35 
	41
	232




3. Dislocation Character Effect:
Following a similar procedure shown in class, investigate effect of dislocation character on Peierls Stress in Cu. First, create a pristine crystal using the LAMMPS script (pristine_crystal.in). Then, insert a screw dislocation to the crystal using the Python script (insert_dislocation.py). Next, for a 60-degree mixed dislocation we follow a similar procedure. Create the pristine crystal using the LAMMPS script (mixed_crystal.in). Then, insert a 60-degree mixed dislocation to the crystal using the Python script (insert_mixed.py). Then, we run equilibration and loading simulations (T=10 K and ) for both scenarios to calculate the friction stresses. However, note that to calculate the correct Peierls Stress we need to resolve the differential stress tensor on the full dislocation using Schmid’s law. The differential stress tensor is defined as: .  Where  is the stress tensor at the onset of slip and  is the stress tensor after equilibration. The resolved shear stress is calculated as . Following this procedure, compare the Peierls Stresses and plot the stress-strain curves for both scenarios. Comment on your results. 

Hint: You may use the dislocation analysis tool (DXA) in OVITO to determine the Burgers vectors of the dislocations. However, note that DXA gives the Burgers vectors in global coordinates.

ps: Note that resolved and applied stresses are not the same for 60-degree mixed dislocation.



4. WARP3D- Cohesive Elements:
Test_44 is a model of a C(T) specimen, with crack growth via cohesive elements. Using the input files given in the attachment conduct a simulation of the crack growth using cohesive elements using WARP 3D.Use the output  files you need to visualize the crack opening up. Also, print the status of the cohesive elements as the code tells you when they completely fail. Use the folder attached.
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