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Abstract: A nonintuitive kinematic behavior of a crank-slider mechanism that comprises a metal ball bearing oscillating between metal plates is studied with particle tracking algorithms. This slider mechanism shows imperfect, sinusoidal, linear acceleration undesirable in cranks and pistons that drive manufacturing processes: e.g. Surface Mechanical Attrition Treatment (SMAT) by Shot-Peening (SP). Devising an algorithm or procedure with set input parameters to describe impact events between the ball and plates has yet to be defined for single ball impacts. SP is well known to enhance metallurgical properties, but this benefit is difficult to describe with some number of ball bearings. Therefore, high-speed footage of a crank-slider system was examined with the Python trackpy module to extract the kinematics of the plates at either end of the slider and of the single, oscillating ball. After parsing and filtering the extracted data, kinematic analyses in Python codes revealed discontinuities in the ball bearing’s linear velocity just before impacting either plate if the crank center of rotation and slider line of action were horizontally aligned. Eulerian loop equations for crank-slider motion of a configuration similar to that recorded verified the kinematic dataset built for the plates. The ball kinematic dataset revealed cyclic, non-sinusoidal behaviors that allowed the maximum impact velocity to increase with increasing input motor speed. A mathematical model to represent the time-dependent kinematics of the ball according to physical parameters is presented and validated by the data set collected from the high-speed footage.

Christian worldview integration: God made the world very good to extend His glory through the work of Adam and Eve, who was a helper fit for him, by giving mankind dominion over God’s creation. However, the decision of Adam and Eve to sin against God broke perfect communion with God. I so resist to choose God each day of my own life being born a sinful being into a sinful world. To restore the fellowship between God and man, Jesus Christ chose to bear the sin of the world and resurrect Himself back into fellowship with the Father. Because Jesus chose to lay down his life and perfectly upheld God’s law, He has the right to love me and save me (for reasons I cannot fathom); therefore, I endeavor to grow into Christ’s image by abiding in His Scripture while on this side of heaven. The sinful world neither understands sin nor the ultimate judgment for sin when Jesus returns. I am commanded to witness to this sinful world and help people understand their sin against and need for God. God granted me with gifts and skills such that my current vocation as a Liberty University School of Engineering graduate student allows me to share my testimony and demonstrate Godly morals and ethics with fellow Christians that we may encourage each other in the faith. Beyond Liberty University, being a graduate student also gives me grounds to speak with people who may speak ignorantly and poorly of the Christian faith and of Liberty University and its constituent faculty, staff, and students. God created the universe out of nothing and installed certain laws of physics. My course work and research as a graduate student allows me to observe and explore more aspects of God’s creation previously undiscovered by man. Where literature exists, I may push the discussion forward to more accurately model God’s universe. Current literature well measures the benefits and costs of Surface Mechanical Attrition Treatment (SMAT) processing metallic work components. However, what lacks in existing literature is a comprehensive model that mathematically maps the domain of parameters of the physical equipment—size, weight, position, velocity, etcetera—to the produced benefits and costs. SMAT processing increases surface hardness which subsequently enhances the compressive strength and fatigue life of the component.
