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Introduction
The members of the engineering team undertaking the Robot Drill Arm Capstone Project are committed to delivering an innovative and reliable solution for Northrop Grumman. This document serves as an proposal document to guide our research efforts throughout the project and more specifically, the analytical memo. 
Over the course of this memo, each member of the team will describe their own specific deliverable involving the calculations of some specific element of the team design in order to further the overall progress of the project. Each proposal will discuss the general outline of how the calculations and work will be handled, as well as how the calculations will tie in to the overall design of the project. 
Team Member Proposals:
Isaiah Padilla:
The focus of my individual analysis assignment will be upon determining the moment acting upon the drill arm’s base as result of the drilling process movements. This will be accomplished by working with Daniel Cooke to generate a finite element analysis (FEA) in order to meet both my calculation needs and his. The process of creating the FEA involves breaking down the drill arm into discrete elements, or finite elements, which are interconnected to represent its geometry and material properties. These elements are subjected to various loads, boundary conditions, and constraints that mimic real-world operating conditions. Through the application of mathematical equations and iterative computations, this FEA will calculate the response of each element, including stress, strain, and deformation, with the culmination of these results allowing me to then determine the moment about the drill arm’s base. 
Brandon Knutson:
I will be using the lessons provided by my Non-linear systems and Dynamic systems classes to help better understand and control the robots' motions. This is to ensure better performance by reducing movement pathways and manipulating velocity profiles to prevent sudden jerks and damage to the robot. In addition to this I will also be teaching myself about the use of Arduino and G-code because I am not experienced with either and both are required to provide movement to the robot. I will also be educating myself about CAD and FEA to better help the development of our designs. Furthermore, I will complete my advance training to assist in the construction of parts and learn skills about time management and communication to improve team efficiency.

Mica Nellis:
To further benchmark and analyze the bearings within our team’s robotic drilling arm I plan to firstly include the slew bearings as well as pillow block bearings and flange bearings. Finding which bearings will likely be perfect for the team’s drilling arm. While including these bearings within the overall benchmarking process I plan on finding the best mode of power transfer for each of these bearings as well as appropriate values associated with power transfer. In order to find sufficiently and accurately calculate and research this information using knowledge from the machine design two course, materials science, and even mechanics of materials. Using machine design two can help with find the overall power transfer value as well as the variables associated with power transfer. Along with that using materials science and mechanics of materials can allow for the right choice of material given new information discovered by our team, meaning that galling can occur within aluminum forcing components to fuse together under friction and pressure. Pillow block bearings have already been created within CAD, and with the new addition of the slew bearings another CAD model will be created for these bearings as well. By calculating these different components, as well as choosing size and materials for these different bearings our team will have a far greater understanding of how the project will move forward throughout the entire course.

Daniel Cooke:
I will be working with Isaias Padilla to complete a Finite Element Analysis (FEA) on the teams new design. A simple FEA conducted within SolidWorks allows one to determine what internal stresses and strains are acting on the model and sub-assemblies during the drilling process. While the drilling process is underway, a reaction force from the aluminum to the arm will occur. It is essential to determine the deformation of the drill arm in order meet the required tolerance assigned by the Northrop Grumman engineers. The tolerance for drilling is .003 inches, therefore it was determined by the team that the end effector can displace is .001 inches. Given this maximum displacement, the FEA will allow us to determine what material needs to be used, as well as the dimensions of each individual part. SolidWorks also offers advanceed simulations that analyze buckling, fatigue, and thermal properties. If possible, I would like to learn more about two of these options that might give more insight to the design of our project.
Russel Stringham:
For this analysis, I will work with Mason Goodman on the electrical components of the robotic arm. I will perform analysis on routing the wires throughout the final design, ensuring that there will be enough spacing for when the arm is fully extended. In addition, from previous experience I will create a full wire diagram that will map out where each wire starts from and ends up. The diagram will allow for simpler assembly for next semester. The analysis will go into wire sizing, voltage, and amperage throughout the model. Also, I will be looking into internal and external wiring base on whether the arm will be hollow or not. Overall, this will give the team a better understanding of what wires are needed for purchase when it comes time to build.
Mason Goodman:
The focus of my individual analysis is to create a schematic breakdown of the required electrical components for the robotic arm to function properly. Northrop Grumman’s expectation was for the robotic arm to run off shop power, therefore electrically there are converter from DC to AC power supply expectations, as well as consideration not yet considered regarding component power. Through colleague and instructor help, the expectation at the end of this analysis is a clear path identified moving forward electrically for the spring semester manufacturing stage. As well as a cost breakdown of the required components that will power the robotic arm design. 
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