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[bookmark: _Toc166053666]ABSTRACT


Students at Central Washington University were faced with a challenge to engineer an RC Baja Car with a focus between drivetrain and chassis or suspension and steering for a competition. The different foci were split between two team members and the engineering for this report is focused on steering and suspension.

The suspension and steering components underwent the process of developing calculations for all individual parts for design. The design process included using CAD software to provide a 3D model for each individual part. To save time, 3D modeling software helped find fitment issues before the RC Car was manufactured and assembled. Succeeding the design process was the manufacturing of all the designed parts. The parts were manufactured using 3D printers, CNC machinery, vertical milling machines, band saws, and various hand tools. Once all parts of the were created, the car was assembled by combining all parts of the car to make a final assembly. The RC Baja Car was tested to ensure that it met all predetermined requirements which were created to guarantee it was ready for the competition.

The steering components rotated 10 degrees and the deviation was less than 5cm at 10 mph for 2 meters. Additionally, for the suspension, it was able to maintain a force greater than 20 pounds. These parameters verify that the suspension and steering solidify all requirements.
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1. INTRODUCTION
[bookmark: _Toc166053668]a. Description

There is a Baja race that requires an engineered RC car and the main parts that will need to be engineered are the suspension, steering, drivetrain, and chassis. The design of the project will be split up between drivetrain/chassis and suspension/steering. The main scope of the suspension and steering is to maneuver around and absorb obstacles under required conditions and other challenges. The vehicle will have independent suspension for all four wheels to allow enhanced handling, cornering, stability, and steering. The steering component for the RC Car will be designed to have front and opposite-direction rear steering. The purpose of the opposite-direction rear steering is to allow sharp cornering around potential obstacles. 

[bookmark: _Toc166053669]b. Motivation 

The project is motivated by a need for a device that can compete in an RC Baja Car competition. The specific motivation for the design of this project is the suspension and steering. These components that will play a monumental role in the success of the car is motivated by the desire to create a system that will allow the car to maintain superb handling compared to a full-size competitive vehicle.

[bookmark: _Toc166053670]c. Function Statement
  
The steering allowed the vehicle to maneuver.  The suspension absorbs shock from rough terrain and provides stability.

[bookmark: _Toc166053671]d. Requirements

The design requirements are created to ensure the RC Baja Car will withstand all trials for testing and RC Baja challenges. 

1. The suspension must be able to deflect an eighth of an inch.
2. The suspension must be able to absorb bumpy terrain at 10 mph.
3. The suspension must allow the ride height to be at least half an inch off the ground.
4. The suspension must be able to handle a speed of 10 mph with a 1.5 safety factor for the speed.
5. The suspension must be able to absorb 20 pounds of force.
6. There must be independent suspensions for all four wheels.
7. The car will be able to withstand a drop test from a height of 2.5 feet.
8. The front steering must be able to rotate at least 10 degrees left and right.
9. The steering components must be able to absorb 10 pounds of force.
10. The steering components must be able to maintain durability at 10 mph with a 1.5 safety factor for the speed.
11. The steering components must be able to stay in a straight at 10 mph with a 1.5 safety factor for the speed.
12. The steering must be able to function at 10 mph, with a 1.5 safety factor for the speed, on rough and bumpy terrain.

[bookmark: _Toc166053672]e. Engineering Merit

Engineering methods that will be used throughout the design process of the project will include but not limited to; Statics when analyzing the structural ability of a variety of parts, Dynamics when analyzing the device in motion, Mechanics of Materials in order to achieve a lightweight rigid design to ensure optimal material selection. Additional analysis will be done to find maximum energy efficiency. 

[bookmark: _Toc166053673]f. Scope of Effort

The scope regarding drivetrain and chassis will include an all-wheel drive system, two secondary gear boxes, four cv axles, two main driveshafts, one main gear box, along with frame and supporting structural components. 

The scope regarding suspension and steering will include independent suspension four all four corners of the vehicle, all suspension related structural components (control arms), front and rear steering components including structural supporting members and steering knuckles. 

[bookmark: _Toc166053674]g. Success Criteria

The RC Baja car fulfills all requirements from section 1d and completes all three challenges within the ASME BAJA contest rules.

[bookmark: _Toc166053675]h. Stakeholders

The stakeholders within this project include Professor Pringle, Professor Choi, and Chris Berkshire. Professors Pringle and Choi assisted in vehicle design and analysis. Chris Berkshire assisted in machining and manufacturing processes. Additionally, the assistance of Boe Hartman, helped complete the entirety of the project for its final design.



[bookmark: _Toc166053676]2. DESIGN & ANALYSIS
[bookmark: _Toc166053677]a. Approach: Proposed Solution
The purpose of this project is to design an RC Car that will be able to compete in an RC competition. The main assigned project is broken up into two parts which consists of the steering and suspension or the drivetrain and chassis. The focus of this study is to design and analyze the steering and suspension components. The purpose of the suspension and steering is to allow the car to change direction and absorb any possible rough road conditions. The process of selecting designs was created by figuring out the best components for both steering and suspension. It was agreed upon by both team members that independent suspension would be the best option for the RC Car because each individual tire will be able to move freely, instead of a rigid-axle suspension that would have restrictions because the two wheels would be connected together. Additionally, the type of suspension used caused a bit more complications because of the multitudes of options to choose from. However, after a decision matrix a push-rod system was shown to be the best solution which is shown in Appendix F.

[bookmark: _Toc166053678]b. Design Description
The current designs included a push-rod suspension system for the front and rear of the car and a steering system that will be in the front and rear. The push-rod system allows more stability to help the car take corners at a high speed with a frame that will support all components of the suspension. The steering design is beneficial because it allows the car to take sharp turns. 

[bookmark: _Toc166053679]c. Benchmark
The benchmark chosen for this project is the 1/10 R/C ARTA Garaiya (TB-03) car. The ARTA Garaiya is the chosen benchmark because of the similar push-rod system that helps the car have more high-speed stability and less body roll. This benchmark is the designed goal to meet and surpass once the entirety of the car is finished and ready for the competitions. Additionally, the ARTA Garaiya is affordable to the general public and it will be important to design a car that has about the same price range.

[bookmark: _Toc166053680]d. Performance Predictions
The RC Car will be able to pass all tests that were required for it and be ready for the three challenges for the Baja competition. It is believed that the car will compete the best in the drag race and the slalom race. The drag race is believed to be best in the drag race because the push rod suspension set up will allow more stability, which can help prevent the car moving from side to side at the maximum speeds of the car. The steering will be tested and do great in the slalom race because of the front and rear steering. The front steering will provide an adequate steering angle that will allow the car to turn in any direction. The rear steering will have a fractional steering angle that will allow the car to take sharper turns. Overall, the car should do well in the Baja race based on the designed components that will help the car absorb the rough terrain and the additional steering components will allow the car to finish the race with the car in good condition. Additionally, the addition of the conducted analyses will support the performance of the car.
[bookmark: _Toc166053681]e. Description of Analysis
The majority of the analysis that was conducted on the steering and suspension was the usage of FBD’s, static calculations, and mechanic calculations to determine the maximum the stresses for each component within the steering and suspension systems. Analyzation allowed for the possibility to pick materials that will make sure the car will not fail under certain loads and conditions that the car will undergo. Ultimately, the engineering methods used include but are not limited to mechanics of materials, statics, dynamics, and physics. These methods will guide all analyses to produce the desired success.

[bookmark: _Toc166053682]f. Scope of Testing and Evaluation
The best methods for testing the suspension are through a series of test that focuses on each area. Specifically, the testing for the suspension was a drop test that to find the possible failures and to ensure that all parts of the car were safe after the impact with the ground. Additionally, a thorough over look of each component of the suspension was analyzed to ensure there were no cracks or bending in the materials. The steering component was analyzed by ensuring that each wheel turned to the minimum degree and each angle was measured to the maximum value that the front and rear wheel angle could turn. The second test was seeing if the RC Car, as a whole, would be able to turn a half circle without any failures.

[bookmark: _Toc166053683]g. Analysis
[bookmark: _Toc166053684]i. Analysis 1 – Spring Rate Analysis
The purpose for the analysis one is to ensure that the suspension will survive drop a drop that is at least 2.5 feet high, which passes the requirement that is stated in Section 1d. In Appendix A01, the calculations show the spring rate at an assumed relaxed length of two inches for the spring and a compressed length of one inch. The spring constant was provided to find the force for each spring which was shown to ensure that it would support the car. The drawing for the related analysis is in Appendix B05.

[bookmark: _Toc166053685]ii. Analysis 2 – Turn Angle Analysis
The purpose of the turn angle analysis was to find the minimum turn angle required to ensure the car was able to turn one-hundred and eighty degrees with a turn radius of 18 inches. The analysis proved that the turn angle will pass the minimum of ten degrees for the turn angle. Additionally, Appendix A02 provides the trigonometry that was required to find the turn angle.

[bookmark: _Toc166053686]iii. Analysis 3 – Upper Control Arm Diameter Analysis
The analysis for the upper control arm determined the required size for the diameter of the rod. The calculation was determined by choosing a desired deflection value and length for the rod. The chosen length was a longer than needed value so if there is a need for a smaller rod the strength of the material will be higher. As found in Appendix A03, the diameter used will be significantly higher than the value that was calculated to ensure that the rod will not deflect more than the designed amount. This analysis satisfies the requirement that the rod will not deflect more than an eighth of an inch.

[bookmark: _Toc166053687]iv. Analysis 4 – Lower Control Arm Deflection Analysis
The background for this analysis was initially finding an aluminum alloy that would do the best in bending. After determining the information for the best material, a desired length and width was found to be used for the calculation. Following the calculation, it was found that the deflection value with the desired values is less than the requirements which means it will pass the test. A reference for the information is in Appendix A04.

[bookmark: _Toc166053688]v. Analysis 5 – Suspension Frame Analysis
In the back of the report, in Appendix A05, there's a study about the suspension frame. It looks at how the parts in the suspension need to bend just a little bit (like one-eighth of an inch) and still hold up a 20-pound weight. The study used a special math formula for bending, imagining the suspension having support on both ends and a force of 20 pounds in the middle. The result shows that the upper plate can bend a bit and carry the 20-pound weight. This states that the part is good to go – it can do its job well. So, the report in Appendix A05 is like a detailed check that makes sure the top plate in the suspension can do what it's supposed to do without any problems.

[bookmark: _Toc166053689]vi. Analysis 6 – Drop Impact Analysis
In Appendix A06, the drop impact analysis illustrates the force exerted on the car when subjected to a 2.5-foot drop. This critical analysis serves as a foundational element for the upcoming drop test, affirming the capability of the prospective suspension components to withstand the anticipated loads. The showcased analysis not only highlights the significance of the impending test but also establishes a clear correlation between the chosen suspension components and their ability to withstand the expected forces. The findings elucidated in the analysis provide valuable insights into the structural integrity of the car, ensuring that the selected suspension components align seamlessly with the requirements of the anticipated drop test. This comprehensive examination, delineated in Appendix A06, underscores the meticulous consideration given to the impending test and the assurance that the chosen suspension components are well-suited to endure the prescribed conditions. The results encapsulated in the analysis reinforce the confidence in the selected suspension components, validating their appropriateness for the forthcoming drop test and the challenges it entails.

[bookmark: _Toc166053690]vii. Analysis 7 – Upper Control Arm to Steering Knuckle Mount Analysis
The analysis conducted aimed to determine the minimum wall thickness necessary to ensure the structural integrity of a component within the suspension, capable of withstanding a minimum force of 20 pounds, as outlined in Appendix A07. The specified requirement, articulated in Section 1d, mandates that suspension components must possess the ability to support at least 20 pounds of force. Employing a shear equation in the analysis ensured that the component would function effectively. The resultant calculation successfully met the designated design parameter, yielding a thickness value that is highly attainable. Consequently, the selected thickness value exceeds the calculated one, aligning with the project's safety margins and reliability standards. This outcome ensures that the suspension component not only meets the specified force requirement but also provides an added margin of safety in its design.

[bookmark: _Toc166053691]viii. Analysis 8 – Dowel Pin Analysis
In the examination presented in Appendix A08, the objective was to verify the capacity of the dowel pin to endure the applied force. Given its integration into the suspension system, a meticulous calculation was performed to ascertain its ability to withstand a force of 20 pounds. The stipulated criterion for conducting this analysis is outlined in Section 1d. The computed force demonstrated a substantial margin below the maximum breaking strength of the dowel pin, indicating the resilience of the component. Consequently, the analysis affirms that the dowel pin is well-equipped to withstand the specified force without succumbing to failure.

[bookmark: _Toc166053692]ix. Analysis 9 – Shear Stress for Rocking Arm Hole Analysis
In Appendix A09, the shearing stress analysis centers on determining the necessary length between the outer diameter of the hole and the exterior of the rocker arm. The analysis effectively fulfills the stipulated requirement, ensuring that the suspension components possess the capability to withstand a load of 20 pounds. This critical evaluation is instrumental in guaranteeing the structural integrity and performance of the system. The outcomes of the analysis ascertain that the specified dimensions are optimal for the intended purpose, substantiating the design's robustness. This rigorous examination, detailed in the aforementioned appendix, contributes to the overall reliability and functionality of the suspension system. The analysis results stand as a testament to the meticulous engineering considerations undertaken to meet the performance criteria. The documented findings in Appendix A09 underscore the commitment to precision and compliance with specified load-bearing requirements.

[bookmark: _Toc166053693]x. Analysis 10 – Push Rod Minimum Length Analysis
The focus of this requirement lies in the suspension components' capability to sustain a force of 20 pounds. The relevant analysis, as detailed in Appendix A10, elucidates the conducted calculations. Euler's formula was employed for this analysis, considering the assumed long column. In this equation, the variable to be determined was the length. The calculated value amounted to approximately 4.8 inches; however, a decision was made to use a length of 5 inches. This adjustment was implemented to afford the car an increased ride height, thereby meeting an additional stipulation outlined in Section 1d.

[bookmark: _Toc166053694]xi. Analysis 11 – Tie Rod Buckling Analysis
In addressing the specified requirement, the analysis pertaining to the car's ability to withstand a minimum force of 10 pounds is detailed in Appendix A11. This requirement is explicitly outlined in Section 1d of the documentation. It is imperative to note that the particular component under consideration, mentioned in the requirement, is intended for purchase. Ensuring the efficacy of this purchased part is crucial for the overall design of the car.

The conducted analysis primarily centers around the determination of the part's buckling load. The selection of the appropriate buckling equation was contingent upon the consideration of both the slenderness ratio and the column constant. The outcome of this buckling load analysis provides crucial insights into the maximum load capacity of the tie rod, offering valuable information about its structural integrity and the potential point of failure.

As a significant design parameter, the applied force is estimated to be 16 pounds, while the maximum force required for the tie rod is identified as 3773.39 pounds. This data strongly indicates that the tie rod is well within the specified design parameters, demonstrating a substantial margin of safety. Such results alleviate concerns regarding the tie rod's structural performance, assuring its capability to withstand forces in excess of the designated requirements. Further details of the analysis can be found in Appendix A11.  

[bookmark: _Toc166053695]xii. Analysis 12 – Impact Analysis
In accordance with Requirement – Section 1d, the RC Car's suspension components are mandated to endure a 20-pound force without failure. The detailed analysis, documented in Appendix A12, scrutinizes the system's compliance. Utilizing Newton's Second Law of Motion and factoring in the estimated weight of the car at 30 mph, the analysis aimed to assess the car's ability to withstand this specified impact force. Results indicate that the suspension components generate an impact force of approximately 16 pounds, slightly below the 20-pound requirement but within an acceptable margin. This analysis, aligning seamlessly with design parameters, instills confidence in the RC Car's capability to robustly support the specified force at 30 mph, underscoring the vehicle's engineering integrity and surpassing performance requirements.

[bookmark: _Toc166053696]h. Device: Parts, Shapes, and Conformation
The components of the suspension and steering were chosen based on professionally created RC Baja Cars and full size vehicles. The combination of the components helped make critical decisions of how to create the suspension and steering components to fit the chosen scope. Once a general idea was chosen, it was essential to create analysis to determine whether or not the initial design would work.

After the analyses confirmed the parts would work the part would then be considered to be used for the final design of the RC Baja Car. During the development of the analyses, safety factors were used to ensure that the pieces can pass important test. Additionally, depending on the severity of the parts success determined how high the safety factor was going to be. The analyses were conducted by the use of engineering methods that produced an analysis to ensure that the design was applicable. In the analysis there was a safety factor included to ensure that the cars components will not fail. Additionally, tolerances were accounted for to avoid tight fittings or loose fittings that were too large. The tolerances also allow for any adjustments that can be made for the parts. 

[bookmark: _Toc166053697]i. Device Assembly
The overall assembly of the part consisted of the drivetrain, chassis, steering, and suspension components. These engineered components created the RC Car which was needed to compete in the RC Baja challenges. Each part was also created to around the possible obstacles that the car would face to prevent any harm to the car during it challenges.

[bookmark: _Toc166053698]j. Technical Risk Analysis
The design intent for the RC Car was to make sure that it is as light as possible but also making sure that the car was able to be sturdy enough to make sure the car would survive the challenges it faced. Because of this design intent, a decision matrix was used to determine the risk that were to be taken based off of a team decision on which parts were more to less important when it came to risk. 

[bookmark: _Toc166053699]k. Failure Mode Analysis
During the car’s challenges, the possible failures the car faced involved the loads for the certain materials it had. The main loads that were of most concern was the vertical load from a drop test and an impact load that the car would face when it could potentially run into a wall. It was important to make sure that materials did not exceed the maximum stresses. The best way to ensure that the materials would pass is using static equilibrium equations to establish the forces that materials would have and additionally using the mechanics of the materials to determine the maximum loads the material can absorb before failure. 


[bookmark: _Toc166053700]l. Operation Limits and Safety
To ensure that the vehicle remains safe it was important to make sure that the car didn’t exceed the limits it can take. Majority of the possible failures were mechanical and the main concern was exceeding the stresses that the car took during its tests and challenges. Limitations that were important to consider involved not allowing the front steering being able to turn more than 75 degrees, making sure that the suspension did not compress to its full capacity, and making sure that the supporting parts can withstand the required forces. All safety factors are required to ensure that the car will maintain its integrity.



[bookmark: _Toc166053701]3. METHODS & CONSTRUCTION
[bookmark: _Toc166053702]a. Methods
 
The RC Baja Car required a design for its suspension and chassis that would be able to compete in multitudes of challenges. In order to develop the necessary components for the suspension and chassis, each individual part was analyzed. The analysis portion involved finding the stresses, deflection, and maximum forces the parts could withstand. Along with the analysis, the designs were also created based on the provided results within the input of each analysis with an output of the design parameters that each part is required to have. The designs were then modeled using computer-aided design to provide a 3D model of what the object will look like within a real-life scenario. Additionally, all parts were manufactured with supplies provided by CWU such as a 3D-printer, machining tools, plastic casting, and a hydraulic press. 

[bookmark: _Toc166053703]i. Process Decisions

For the entirety of the project, multiple decisions needed to be made to ensure that the car is designed and manufactured properly. To assist in the decision-making process, decision matrices were used to help determine which solution was best. A very important decision that needed to be made was which materials should be used for the suspension and steering components. Decision Matrix 2 in Appendix F provides information regarding the best material to use for the components of the car. PLA+ was deemed to be the best possible option because it is lightweight, durable, and cost efficient. Additionally, the manufacturability is beneficial because it allows for 3D printing the material. However, it is true that it may take quite a bit of time to print the material, but the manufacturing process is not hands-on meaning that other tasks can be worked on as the components print. Additionally, if a more durable material is needed the decision matrix showed that aluminum would be the second-best option. The benefit of using the aluminum is that it is still light weight, and it is quite easy to manufacture the desired parts out of aluminum. The use of the decision matrix was crucial because it helped determine which materials to use in the analyses which are illustrated in Appendix A.
Two other decision matrices were used to help with manufacturing process. The first manufacturing decision matrix is Decision Matrix 3 shown in Appendix F which helped determined the best manufacturing process to use. The three options that were used included 3D printing, vertical mills, or using CNC machinery. The scores were very close for all but 3D printing was deemed to be the best choice because of the desired outcome it could produce and the ease of manufacturing. CNC machinery came second but because of the complexities of creating the code for the machine to run properly, it is decided to use manual machinery to prevent complications with codes. Decision Matrix 4 in Appendix F helped guide the decision of outsourcing parts or doing them in-house. The outcome came to be outsourcing to SendCutSend which can be a good idea when it comes to complex parts because it will save some time and the finished product can come out a lot better than doing it in-house. However, the main concern is making sure that the part will be created and shipped in a timely manner by SendCutSend, so parts that can be made in-house will be conducted by using manual machines and complex parts that can be time consuming will be sent to SendCutSend.
As development progressed during the winter quarter it was determined that SendCutSend was not going to be necessary for any manufacturing processes. This decision will be beneficial because outsourcing can be expensive depending on the complexities of the desired part that was going to be made. In the case of the part that was going to be outsourced, the part sent was certainly quite complicated. The new process that will be used is for the steering knuckles and rear knuckles. The knuckles will be 3D printed with a minimal amount of infill just to ensure that the geometry is sound. Once there is a finalized 3D print of the knuckles, a mold will be created around it so that a material can be poured into it. The material that will be poured in the mold is a thermoset plastic, which will be plenty strong enough to withstand the forces that will act on it. Additionally, because the mold will be reusable, if there are any faults with the final product a new knuckle can simply and quickly be made. This manufacturing process will entirely be very beneficial and allow for ease of manufacturing, while reducing the stress of messing up the predetermined aluminum part. 
As time passed during the winter quarter the manufacturing processes remained the same for each individual part. During the decision to stick with the new manufacturing process, a decision matrix was made to ensure that there was reason behind the decision. Decision matrix 5 in Appendix F provides a new decision on whether the knuckles should be manufactured in house or outsourced. The main criteria for the decision matrix included the cost, manufacturability, and the time that it would take to produce the part. After, delegating a score for each criterion based on the manufacturing process in the decision matrix it was seen that the plastic casting would be the best method. The time constraints also created the less opportunities to explore different methods that could potentially be better. However, if the parts do not hold up to their standard new methods of manufacturing and design will be implemented to ensure that the car will be a top tier competitor within the challenges it will face. 
                                                                                                                                                                                                                                                               

[bookmark: _Toc166053704]b. Construction

[bookmark: _Toc166053705]i. Description

The RC Car will be built by individual components. The will be three sub-assemblies to create the suspension and steering systems that will allow the car to steer and be supported. The sub assemblies will allow an ease of assembling the entirety of the car which is essential when time will be a factor during Winter quarters manufacturing process. Additionally, the front and rear suspension are mirrored images which will make the assembling process quite easy. The only difference will be the front because of the steering components that will be attached to it.

[bookmark: _Toc166053706]ii. Drawing Tree, Drawing ID’s

The drawing tree which is shown in Appendix B01 provides information on the different sub assemblies and each component within the sub assembly. The construction of the components will starts with the combination of the front and rear control arm assemblies as they are the most important parts that will hold up the car, secondly would be the shock system which provides the car the ability to absorb potential shock, lastly would be the steering sub assembly which allows the car to turn in any desired direction. Additionally, the construction order was chosen by the easiest way to the assemble the car to prevent any possible complications and the manufacturing process will follow the given order as well. 

[bookmark: _Toc166053707]iii. Parts
Fall: 
The majority of the parts for the car will be 3D printed out of PLA+ material because of its strong durability and ease of manufacturing. The main parts that will 3D printed are the mounts that attach to the upper and lower control arms with the addition of the push rod components. The best part of the 3D printing process is that it allows for more time to be used towards other parts of the project because it does not require constant hands-on manufacturing techniques. Fortunately, because the parts are quite small in size multiple parts can be printed as back ups with minimal amount of time.
Other parts of the car such as the Upper Control Arm and Lower Control Arm, Push Rod, and Rocker Arm will be created out of 6061 Aluminum. These parts will be machined in the CWU machine shop by using a band saw to cut eighth inch thick aluminum rods to the required designed length. The rocker arm will need a bit more manufacturing technique by using both a vertical mill and a drill press.
Lastly, will be the components that will be bought online to such as shocks, fasteners, and pivoting components. These parts will not be modified due to the fact that they were bought based on the designs that were previously created. Additionally, because of the roles that the parts play if the parts do not work, other items may have to be purchased in order for the assembled pieces to work together.
 
Winter:
	Leading into the winter quarter, the plan for the parts has remained the same. The majority of the parts will be 3D printed using PLA+. So far it has remained true that 3D printing allowed more time to work on other components that needed attention. As parts print, redesigns were possible during the printing process or other methods of manufacturing in the machine shop were able to be simultaneous.
	Redesigns during the winter quarter was very important as it provided the opportunity to make parts stronger and more applicable to the final design intent of the RC Car. Additionally, there were more parts added to the car which were not previously thought of during the winter quarter, however, majority of the parts that needed to be created were small simple adjustments from another part such as JCH-20-006 and JCH-20-017. There were also a few components in the car that were determined not to be applicable to the car as the functionality did not seem proper. Therefore, the parts were removed from the parts list and replaced with more functional parts that would provide more purpose. 

[bookmark: _Toc166053708]iv. Manufacturing Issues
Fall: The majority of the parts that will be used for the suspension and steering components will be 3D printed. 3D printing is a great tool, but there is a concern with the amount of time that some of the components may take a while when printing with 100% infill. However, it is essential to print with 100% infill because it will provide the maximum amount of strength to the material. To avoid issues with time, the pieces that will be 3D printed will printed as early as possible to prevent any complex issues that could potentially be faced. Additionally with the parts that will be machined, the biggest concern would be ensuring that the machine lab will be open during desired times so that the parts can be manufactured in a timely manner. Additionally, the machined parts are not very complicated to make so there is minimal concern with the outcome of the parts. Lastly, comes the parts that will be outsourced to a manufacturing company who can develop complicated parts that are involved with the steering and suspension components. The biggest concern is the time that it would take for the manufacturer to develop the piece and shipping the part. The manufacturing and shipping time will be quite unknown so the best way to prevent any possible issues is trying to send the parts off that need to be professionally manufactured ahead of time. 
Winter:
	The main issues during the fall quarter was realizing that the 3D printers does not provide the exact dimensions that were designed. During the assembly phase of some parts, a press fit is required. To ensure that the parts would fit together properly test prints were created to test fits to ensure that the parts will fit together properly without falling back out. The process took a lot of time and adjustments. Luckily, resources were not a problem as there is an abundant amount of filament and materials for all the parts that needed to be manufactured. However, as the quarter went by, the 3D printing capabilities became limited as some printers started to break and a scheduling system was implemented. This change needed some time to get adjusted to because time management became more important because there was uncertainty if others would use the printer when it was needed for personal manufacturing. 


[bookmark: _Toc166053709]v. Discussion of Assembly

	The nice part about the RC Car is that the front and back of the car are almost exact replicates. The decision to design the car this way makes it easy to produce the same parts and not have to do different adjustments for the front and rear. The assembly of the car starts with a sub-assembly. Initially the assembly will start with Boe’s upper and lower differential covers. After those two pieces are mounted together the suspension components can be added together. Firstly, the control arms (JCH-20-001) will be connected to the control arm mounts (JCH-20-004) that lead to the upper and lower differential covers, and the mount that connects the knuckle (JCH-20-006). Additionally, the bottom mount (JCH-20-017) that connects to the knuckle has a slight variation but the assembly process is the same. Both mounts that connects to the knuckles have a ball joint that are pressed into it which connects to a threaded insert inside the knuckles (JCH-20-012), (JCH-20-016). Once all of the parts are assembled all four mounts are connects to the differential covers and fixed with a dowel pin. This will satisfy the suspension components for the front and rear assemblies. 
	Once the front and rear sub-assemblies are completed, the will connect to Boe’s chassis with a few screws. Lastly would come the steering components to tie everything together. The steering assembly would start with the servo, which will have an arm extending up and a steering link that will connect to the left steering swivel (JCH-20-014). The left steering swivel will be mounted to the chassis with a screw. There will also be a steering link (JCH-20-011) attached to the left swivel mount. There is also a steering link that will attach to the steering knuckle in the front assembly. On the right side, there is a right swivel piece (JCH-20-014) and the swivel has a steering link as well that will connect to the right steering knuckle. This will complete the assembly for the steering and suspension components. Additionally, all parts can be seen in Appendix B01.
	Following the assembly, all parts were able to mesh properly but there were only a couple issues of interference. The way the issue was mitigated was by bending or heating material to provide the desired fit without ruining the part itself. However, at the end of assembly, the steering and suspension was fully functionable and was ready to be tested in the Spring. 

[bookmark: _Toc166053710]4. TESTING
  

[bookmark: _Toc166053711]a. Introduction
The primary purpose behind the RC car is to enable its competitive participation in a BAJA competition. However, prior to its entry into the competition, it is of utmost importance that the car undergoes a series of rigorous tests to ascertain its capacity to withstand potential challenges it may encounter. These tests will be primarily focused on evaluating the durability and resilience of the car's steering and suspension components in demanding conditions. Such conditions include navigating treacherous gravel roads, enduring possible jumps, maintaining high speeds without encountering any issues, and ensuring that the car can execute precise turns of a specified degree without any complications. It is essential that all these tests are executed successfully, without any instance of failure.

[bookmark: _Toc166053712]b. Method/Approach
The car's first trial involves a drop test, where it will be released from a specific height of 2.5 feet. Following this initial drop, a thorough inspection will be conducted to check if any parts of the car have broken or developed cracks. Once this examination is complete, the car will be subjected to two more drop tests, ensuring its ability to handle the demanding conditions of the Baja competition.

The drop test serves as a validation of Requirement 7, a critical element outlined in Section 1D of the testing criteria. To execute the drop test, they will employ a meter stick to precisely measure the drop height, and the car will be released by hand. Additionally, a phone will be used to record the entire drop test process, capturing all relevant details.

The second examination for the car focuses on its steering capabilities, specifically its capacity to execute a 180-degree turn within a 3-foot turning diameter, a requirement derived from Analysis 2 in Appendix A02. To facilitate this test, two pieces of tape and a meter stick are employed to mark the turn's designated location. The procedure entails placing the car at its starting point and maneuvering it to a position 3 feet away. Success in this test is defined by the car's ability to complete the turn within a 3-foot radius or less.

The third examination will evaluate the car's ability to maintain a straight line at its maximum speed, a crucial test to ensure the car's stability in drag race competitions. This test mainly focuses on inspecting the suspension components to ensure the car's support during the short sprint and checking the steering mechanism's capability to maintain a straight trajectory throughout the entire test. The test's length spans 21 feet, and to accurately mark the boundaries, two cameras will be deployed – one positioned on a stand behind the car at its starting point and another set up alongside the car to monitor the full span of the test. In addition, the use of two pieces of tape is essential to define the beginning and end of the straight-line test, and a meter stick will be used to confirm the precise distance covered.

A fourth test was conducted to determine the force on a bolt. The bolt was supporting the push rod which was connected to the rest of the suspension system. The bolt is a very important feature within the suspension system because a lot of forces travel back and forth when the car experiences uneven surfaces. The test was conducted on the Instron machine which helped determine the maximum force that the bolt can handle. When conducting the test there was difficulty trying to set up the three-point system because the supporting ends were not able to fasten for the short distance that was needed. Additionally, the piece that was supplying the load was large which made it hard to ensure that it would fit between the two supports on the end. With the limited amount of time a new system was not able to be made available for the test. However, the test was conducted by ensuring that the ends would not collapse and that the load supplier did not interfere with the supports. Luckily, there were no issues with the testing but it would be important to set up a better apparatus. 

[bookmark: _Toc166053713]c. Test Process
The testing processes will require smooth and flat surfaces and bumpy terrain to test parts of the car that align with the requirements that are located in Section 1d. The smooth flat surface will be needed to test the requirements for measure the turning angle, measuring the ride height, implementation of the drop test, and pushing down on the car to measure the deflection of the suspension system. The rough terrain is only necessary to ensure that the car stays together while going over bumps and taking jumps. The testing on the terrain is vital to ensure that it will be a top competitor in the competition. Time would not be an issue for the testing processes because it could be done at any time without the need of open buildings or equipment that is provided at CWU. 
 

[bookmark: _Toc166053714]d. Deliverables
The results of the tests will be written down as the tests are performed and later typed out in an excel sheet to help analyze the data in further detail. Additionally, pictures and videos will be taken to assist in the illustration of the tests. The photos and videos will additionally show failures in the parts of the car which will help with talking points from the testing phases. With an accumulation of photos, videos, and conducted data for all the requirements it will be possible to break down all of the information in a document to note if the requirements for the steering and suspension passed or failed. 

The first test that was conducted involved a turn angle test which was based on an analysis. The analysis involved a turn radius test to ensure that the car was able to turn 180 degrees with a diameter of 3 feet. The calculation consisted of taking dividing the wheelbase by the turn radius. Once the value was acquired, the tangent inverse was taken to provide a value. The analysis came to a conclusion of 29.1 degrees, however the chosen required value was 30 degrees. The test was completed by using a protractor printout, straightedge, and something to elevate the RC Car. The car was then tested, and each tire came out with a result of 34 degrees for the turn angle for each tire. One of the main issues that the car was experiencing involved the tire twitching when the wheel was turned fully to the left or right for a long period of time. The issue resulted in taking time to try and get the angle before the tire started to twitch. Another issue that was identified involved realizing that the tie rods that connected to the steering knuckle started to loosen after the third trial. The tie rods were an important part to securely fasten to ensure that the turning angle results were accurate. 
  



[bookmark: _Toc166053715]5. BUDGET

[bookmark: _Toc166053716]a. Parts

The parts that are being designed during the fall quarter will need to be manufactured using additive or subtractive manufacturing processes. Additionally, the parts that will not be manufactured such as the shocks for the suspension will be purchased because of the complexity for the design. The shocks may be the most expensive part for the RC Car as well because of their function and the specific shocks used are not common which drives up the cost. However, fasteners and bolts will be relatively cheap because of the mass production conducted for those parts. The parts list for reference is located in Appendix C. Additionally, the mounts that are connected to the control arms and suspension components will be 3D printed which saves funds and allows for the opportunity to print multiple parts as backups without having a large impact on cost. 

[bookmark: _Toc166053717]b. Outsourcing

The suspension frame will most likely be the only product that will be outsourced to SendCutSend because it is one of the most complicated parts to manufacture. It is estimated to be about $40 between the part creation and the shipping for the part. 

[bookmark: _Toc166053718]c. Labor

The labor that will be conducted includes the majority of the suspension and steering parts for the RC Car. The control arms will mostly be made out of aluminum rods and the connection pieces will be made out of 3D printed ABS plastic. There also some complex parts that may require the use of a CNC machine or manual end mills to achieve the desired design intent.

[bookmark: _Toc166053719]d. Estimated Total Project Cost

The majority of costs will be the stock material for the manufacturing process and the additional sub cost will involve the fasteners which are not too expensive. The materials allow the opportunity to create the control arms, mounts, steering components, suspension components  and the suspension frame. The labor that will be conducted is also priced by the number of hours that will be spent manufacturing. However, the manufacturing hours will not be charged towards to project because the work will be conducted by the team. Outsourced parts will also be a factor, although, it will not be too expensive because very few parts will be outsourced. A reference to the budget is located in Appendix D which lays out the price for each component for the budget. 
 
[bookmark: _Toc166053720]e. Funding Source

The funding source will be between Boe Hartman and Jarvis Hudnall.

[bookmark: _Toc166053721]f. Winter Updates

5a: During the winter quarter, the cost decreased by about $90 which was very beneficial for saving money and finding effective methods that would help the development of the project. The cost changes came from deciding not to outsource, and manufacture all parts in house. This process allowed for the opportunity for trying to find new manufacturing methods that would provide a product the same strong material. Additionally, the new cost-effective method allows for ease of making multiple parts as it is a cast into a mold that could be used continuously. 

5b: Fortunately, there were no issues with outsourcing in the first place, it was mainly decided that the new cost-effective ways would be more beneficial for the project. Manufacturing in house also provided the possibility to grow skillsets instead of relying on other manufactures to produce the work. Additionally, for the future, outsourcing will not be an issue unless there is a change of heart regarding manufacturing processes. 

5c: The estimated time was not properly analyzed during the fall quarter as there was uncertainty of how long some manufacturing costs would take. After analyzing how much time manufacturing processes take, the time it would take to produce parts were adjusted in Appendix D. However, with the adjustments it is very important to note that the work done as a student is completely free during the development of this project. To ensure that the estimate is not extremely inaccurate again, a significant amount of time was added to meet a true estimate after spending time manufacturing. 

[bookmark: _Toc166053722]g. Spring Updates

5a: 
5c: 
5d: 

[bookmark: _Toc166053723]6. SCHEDULE

[bookmark: _Toc166053724]a. Design
Fall: The fall quarter primarily concentrated on introducing the project, outlining the design phase for the RC Car, and delineating various processes for its construction. To ensure the project adhered to its timeline, a Gantt chart was employed, providing a visual representation of tasks and their respective durations. The Gantt chart is available for reference in Appendix E. The Gantt chart provided the opportunity to put all the required tasks with the addition of estimated times to see how much time certain tasks may take. The estimated times for all the tasks were implemented at the very beginning of the quarter, and the estimates were very rough for each assignment. For most of the tasks the amount of time needed to complete certain tasks was significantly less than the estimated time. This is true for most of the Introduction information which is in Section 1. Section 1 required a minimal amount of time compared to the estimate. The Gantt chart also provides a small idea of what the Winter and Spring quarters may look like. The Winter quarter focuses on the manufacturing processes and the construction of the RC Car, so an estimated amount of time was applied for future reference. Additionally, the Spring quarter will focus on the testing of the car’s performance and the complete documentation of the project and the estimated time for those tasks are also located in the Gantt chart in Appendix E.
When it came to the analyses that were conducted for the suspension and steering components, there came multiple instances where there was more time needed to satisfy the desired analysis. Because of the underestimation of time needed, certain analyses were not able to be completed until information was determined to satisfy the desired analyses. Unfortunately, the time that was needed to conduct certain analysis ended up causing a fall back with the predetermined schedule. However, more time was allocated towards the goal of completing analyses that were not yet accomplished along with other tasks that needed additional time for completion. 
Section 3 also highlights the processes of how the car will be manufactured and the specific processes that will be used in order to complete the cars construction. Additionally, Section 3 also communicates how certain decisions were made for the cars materials and manufacturing processes to increase efficiency in the cars building phase.

Winter: During the winter quarter there were a few items that needed redesign for proper fitments such as hole tolerances and functionality. The design adjustments were also very quick and simple as they did not have a lot of issues. The redesigns for the parts also did not cause any setbacks and they also greatly increased the functionality of the RC Car. 

[bookmark: _Toc166053725]b. Construction
Fall:  The fall quarter provided the time to create 3D modeled parts, sub-assemblies, and a full assembly of the RC Car. The designs provided a foundation of what needed to be manufactured or bought to complete the construction of the car. Additionally, the Gantt chart in Appendix E shows some estimated time that it may take to complete the manufacturing time for certain parts and the time it will take to create sub-assemblies. The estimated time will provide an idea of how much time is needed for each part to be built and how long it will take to construct the manufactured parts. 

Winter: The winter quarter focuses on the part and device construction for the RC Baja Car. When going into the Winter quarter there was big emphasis on being ahead of them and communicating with the team when certain parts of the car should be done and when their car should be finished. These conversations helped provide a guideline to schedule when desired parts should be manufactured or bought. The communication was very beneficial because it helped avoid scheduling issues and there were not any instances where part construction was behind for the development of the car. Additionally, Appendix E provides information on the part completion along with the time frames of when the car needed to be fully assembled. The majority of the parts for the suspension and steering were 3D printed. This provided the opportunity to print the parts and work on other important items regarding the RC Baja Car. The main issues that needed to be addressed was allocating additional time for parts that failed on the 3D printer. However, besides minor issues printing the estimated time for each part was very close for the manufacturing processes. 


[bookmark: _Toc166053726]c. Testing
Fall: To ensure the car will be able to survive the challenges it will face during its competition; certain tests will be required to test the cars suspension and steering functionalities. During the Fall quarter, it was determined that the car will undergo a drop test to if the suspension relates to the analyses that were conducted for it. Additionally, there will be a steering radius test to determine whether the car meets the requirement that it was provided for the steering components. However, these tests will be conducted during the Spring quarter and the results will be documented for an analyzation of how the car performed and how it may perform in the challenges that it will face. Additionally, the device evaluations are in the Gantt chart which is Appendix E and shows the estimated amount of time each test may take. 

Spring: The Spring quarter mainly focused on testing majority of the components of the car. The parts that were tested included the steering and push rod system to ensure that it would be able to survive in the RC Baja Car competition. Section 6 in the Gantt Chart located in Appendix E represents all the tests that were conducted. The testing process was quite simple in the beginning and all the testing materials were readily available to complete the test. However, because the RC Baja Car competition was in the middle of the testing phases, complications arose. During the Baja challenge, the car broke in certain areas that were not yet tested. The breaking in the parts led to a delay in the testing process of the suspension system. After reconstructing the parts that broke, the car was reassembled to test the rest of the car parts. Additionally, the estimated time for the testing was very close which helped with time management to ensure there was time for other areas that needed attention for the car.




[bookmark: _Toc166053727]7. PROJECT MANAGEMENT

The main risk for this project is the entire design and manufacturing of the suspension and steering components that will aid to the entirety of the RC Baja Car. However, there are additional important risks that need to be identified which include, use of resources, staying on schedule, and maintain the budget for the suspension and steering components. The risks that will require additional attention is ensuring that the suspension and steering will be able to perform based on its design intent to ensure that it will stack up against the competitors within the competition. If the risk is not taken into account, the desired success for the car will not be met to the expectations from the team members. However, with the use of proper scheduling, technical expertise, and resources it will guide the project to a path of success. 

[bookmark: _Toc166053728]a. Human Resources

The principle engineer for this project is responsible for the entirety of the design, modeling, manufacturing, and testing that is involved with the project. The mechanical engineering competencies are shown within the resume which is located in Appendix H. Additionally, the assistance of Boe Hartman and mentors guided the complete success of this project to meet the desired scope with reasonable outcomes. The help from other sources helped prevent unseen risk the principle engineer did not recognize with the initial design process, however, it was essential to consider the risk from the mentors as it was possible they were not fully competent in understanding the vast complexities when it came to the design of the car if background information was not provided. 

[bookmark: _Toc166053729]b. Physical Resources

The physical resources that were used for the suspension and steering components consisted of a 3D printer, vertical mill, band saw, drill press, hand tools, and a hydraulic press. The 3D printer was the most essential tool that was used because it helped provide an initial idea of what the components would look like for a prototype. Additionally, the 3D printer reduced cost by a large margin based on the fact that one spool of filament can make multiple parts. The only downside of the 3D printer is that it would take some time to print with 100% infill in ensure that the part will have the desired amount of strength. But the use of time management skills helped provided any complications with deadlines when it came to manufacturing 3D printed parts. The use of the vertical mill, band saw, drill press and hydraulic press were used sparsely when aluminum pieces needed to be altered to fit the design intent. However, it was also important to determine the risk with these tools because the machine shop at CWU was only open for a set number of hours each day which could have promoted problems. Although, to ensure that the resources could be used efficiently it was vital to go into the shop each week, when needed to, to work on specific parts that required the given resources. This approach allowed the capability of ensuring everything will be done in time without the stress of the shop being possibly closed when nearing part deadlines for submission.

[bookmark: _Toc166053730]c. Soft Resources

The soft resources that were required for the success for this project included Omni Calculator, Machine Element in Mechanical Design by Robert L. Mott, and SolidWorks. The use of Omni Calculator provided an ease of access to solve complex calculations. Additionally, the book by Robert L. Mott provided multitudes of equations that assisted the design analysis processes to ensure that the car would pass the requirements listed in Section 1d. The benefit of both the book and Omni Calculator is that there was no associated risk that were involved because access was available whenever necessary unless if internet shut out which was never the case. However, the most important part was making sure that the information that was used was relevant to the design of the car. When it came to making 3D designs for the car SolidWorks was a vital tool that needed to be used constantly. SolidWorks was a software that helped create 3D modeled parts for all the components that were needed for the suspension and steering for the car. The parts were also made into detailed drawings which provided all the necessary information that was required for manufacturing purposes. The main issue for using the SolidWorks software was the tendency to crash when the program was run intensely, whether it was an assembly being made or a large drawing with a lot of information that needed to be fulfilled for GD&T. The best way to work around the issue was saving the information as often as possible, but it was inevitable to fully avoid the system from crashing. The best practice was saving files often and keeping files organized. 

[bookmark: _Toc166053731]d. Financial Resources

Boe Hartman and Jarvis C Hudnall II provided the financial resources for all suspension and steering components for this project. The parts list created specifically for the suspension and chassis is made to be within budget to prevent any possible situation where spending would be over the budget. However, if expenses for parts went over budget extended resources will be obtained by Nancy Hartman and Jarvis C Hudnall.

[bookmark: _Toc166053732]8. DISCUSSION

[bookmark: _Toc166053733]a. Design
The main issue during the design of the process was the suspension components due to the complexities associated with a push rod system. The primary challenge with the suspension was determining the best way to mount the push rod system and ensuring that it did not interfere with the control arms, CV axles, or the steering arms. Initially, it was quite complicated to figure out how to ensure that the push rod would be functional and serve its purpose. The main intent of using the push rod system was to implement a unique and functional suspension design for the intended purpose and challenges. Additionally, the push rod system allowed for a lightweight design, providing the car with a lower center of gravity, which can benefit overall cornering and handling. However, the complication arose in trying to figure out the pivoting option that would allow the rod for the system to transfer forces into the spring, aligning with the body of the car.

After taking time to brainstorm and conduct thorough research, the best solution for the pivoting mechanism, a rocker arm, was deemed to be the best choice to transfer the forces properly, as seen in Appendix B09. Secondly, came the pieces that connected to the rod for the push rod system and the connections that would be used to ensure that the pieces could rotate properly (refer to Appendix B011). The initial idea was to use a pin through it, allowing the rod to move in the vertical direction. However, as a precaution, it was decided that a pivot ball should be used in the mount that connects to the rod and the steering knuckle to allow more freedom of movement. The pivot ball would also be more successful in the long run if the rod needed to be angled as it led up to the rocker arm, and adjustability can be crucial to prevent an entire redesign.

The control arm mounts, which were attached to Boe Hartman’s differential cover, were also quite complicated. The initial idea was to have a singular aluminum plate (refer to Appendix B06) and an aluminum rod on top (refer to Appendix B05) to solidify the control arms' design. The analyses for each also determined that the design would work. However, after some considerations, it was found that a better solution would be using two eighth-inch thick rods on the bottom and two on the top. Luckily, the analyses proved that the design would work and reduced weight. Additionally, with this design, it allowed for a reduction in cost compared to the predetermined budget and provided more room in the area for the suspension components. However, after obtaining all the information for the decision on which control arms and push rod suspension components would be used, it changed the decision on which mounts would be used. The mounts for the control arms were initially in the shape of a T (refer to Appendix B08), but because the control arms will now be angled, the mounts required a specific angle to attach to the center of the steering knuckle. Once the angle was determined, an additional mount needed to be found that would attach to the steering knuckle (refer to Appendix B09). The change for the mount that connected to the steering knuckle was an easy fix, as the adjustment was very minimal.

Subsequently, the redesigns for certain components allowed for potential better success for the car’s outcome in the challenges that it will face. A true test that would be seen is through the manufacturing process, making sure that all the parts fit based on the design intent. 
[bookmark: _Toc166053734]b. Construction
	The majority of the parts that are to be manufactured maintain the same manufacturing process. However, some parts have had very minor changes. For example, when part JCH-20-001 (Control Arms) were being manufactured the band saw was having complications which were getting quite tiresome. Because part JCH-20-013 (Pushing Rod) was the same material, it was decided to use a hand saw instead to avoid dealing with the complications of the band saw. Additionally, the parts that were planned to be 3D printed maintained the same process. However, the minor difference with some of the parts including JCH-20-004 will be 3D printed using a resin printed instead of using PLA+. The reasoning behind this is because the 3D prints using the PLA+ had complications because of how small the part is. The biggest change to the manufacturing processes includes the steering knuckles and rear knuckles for the car. Initially, the parts were supposed to be outsourced to SendCutSend because of how complex the part is. After having a few conversations about different options that can potentially be cheaper and less time consuming. It has been decided to do a plastic casting for the knuckles. The benefits of the new manufacturing process is that if the part fails or there is a small defect in the part, the mold for the knuckles will always be available to create duplicates if needed. Additionally, the material for the plastic casting is very strong and should be able to withstand the forces it will experience. The current hold back to pursuing this manufacturing process is to find the material properties to conduct analyses that will ensure the part will work for its intended purpose.
	
The main risks that came about within the manufacturing processes mainly involved the 3D printer. The printer failed time and time again, and the assumed reason was because the part was to small for it to create the complex geometry or the settings for the printer. Luckily, the prints that had problems were test prints, which allowed for the possibility to adjust methods to ensure that the parts will be manufactured properly before it is assembled to the final car. 

Luckily majority of the larger 3D prints printed very well and there were no defects to the parts. Parts JCH-20-001 and JCH-20-013 came out well too and the only additional change that is needed for them would be deburring the edges to make sure they are smooth. The main unsuccessful parts that have been manufactured are the small 3D printed parts. The reasonings could potentially either be the fact that they are too small or the printing settings for the printer. However, the best solution is either using a resin printer or using supportive material for the small part which can produce a better product. 

	During the construction phase of the RC Car majority of the part construction pieces came out quite well and did not have any issues. However, the main issue with trying to assemble parts were the tolerances. The 3D printer typically printer a lot of the holes smaller than the designed parameters. To ensure that the sizes were correct, a higher tolerance range was provided for both clearance and interference fits. As a final note, the construction of the RC Car went smoothly after a few adjustments were made, and the car was able to be put together with ease. 
	

[bookmark: _Toc166053735]c. Testing
	The first test that was conducted on the RC Car was the steering components. The test included determining the maximum steering angle for both left and right direction. The materials that were used included a printout protractor, a straightedge, data sheet, and the RC Car with its controller. Initially there were issues trying to measure angle because the paper was moving. To mitigate this issue, the car was elevated so that the car rotates a little easier and without moving the paper. The change allowed for the test to be successful as all the data was collected properly. However, it was very important to look directly over the car to ensure that the angle of the tire aligned with the protractor. The straightedge played an important factor to help identify the exact angle of the tire, which helped provide more accurate results. As a result, the first test regarding the steering was a success as all risks and issues were solved before taking proper data for a final analysis. 

	The second test was for the push rod system. There is one bolt in the system that experiences a lot of forces, and it was crucial to ensure that the bolt could withstand the them. The main components that were needed included the Instron machine and a vice that would be able to support the bolt. When trying to conduct the test it was then realized that there was not a vice to support the bolt properly. The bolt needed a 3-point load system where the ends were supported, and the force would be supplied in the middle of the bolt. The vice that was used had premade holes to secure the supports on the end. However, there were no holes that were close enough so that the bolt could be supported properly. The best method that was used involved having the supports rest without being bolted on and keeping a close eye on them as the load was supplied. This was not the best approach, but with the allotted time it was the best decision that could be made. When keeping close observations on the supports, they did not shift while the load was supplied, and they did not bow together. This ensured that the test was proper and not skewed due to improper testing procedures. 



[bookmark: _Toc166053736]9. CONCLUSION


[bookmark: _Toc166053737]a. Design
The RC Baja project is centered around the creation of a functional remote-controlled car designed for the ASME competition, with a focus on effective steering and suspension. Essential analyses, such as the drop test, impact resistance, and maneuverability, were conducted using mechanics of materials to inform the design of steering and suspension components. These analyses considered material properties, design considerations, and structural stability. The RC Baja successfully aligns with competition criteria, demonstrating engineering excellence in structural aspects. Precise testing affirms that the designed components can meet the competition's demanding standards, establishing a reliable foundation for success. The project ensures access to manufacturing resources, whether through in-house production or external outsourcing. In terms of design readiness, the team has thoroughly reviewed competition requirements, documented design parameters, and developed comprehensive plans for manufacturing. The design is well-defined, with sourced parts specified and budgeted for acquisition. This detailed plan, the RC Baja project is ready for implementation, setting the stage for a successful Senior Project. The team is enthusiastic about showcasing their thoughtful design and bringing it to life, confident in their readiness to excel in the competition. In summary, the RC Baja project serves as a testament to thorough engineering, showcasing structural excellence through rigorous analyses, a determined commitment to surpassing competition standards, and comprehensive preparation for implementation. 

[bookmark: _Toc166053738]b. Construction
	The purpose of this quarter was to manufacture all of the designed parts modeled during the Fall quarter. This was made possible through manufacturing processes such as 3D printing, CNC machines, manual vertical mills, and various hand tools. These manufacturing processes were the methods that helped develop the final product for the steering and suspension components to ensure that the car would be a top contender for the upcoming competition during the Spring quarter. The only parts that required additional modifications during manufacturing included the 3D-printed parts. There were continuous difficulties in getting the parts within tolerance to ensure a clearance or interference fit on the hole locations. Additionally, some parts needed to be upsized because the designed parameter was too small for functionality. Despite the continuous reprints, the manufacturing process for the car was very successful because there were minimal issues, which made the construction phase a smooth journey. The winter quarter also provided essential steps to start testing the car to make improvements before the car has to face difficult challenges.
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[bookmark: _Toc166053757]Appendix B02 –– Drawing Index 
Table B02. Drawing Index
	Drawing Assignment Num.
	Drawing #(s)
	Date submitted

	Subassembly Drawing
	JCH-10-001
	12/06/23

	RC Car Full Assembly
	JCH-10-002
	12/06/23

	Upload: DWG 1
	JCH-20-001
	10/11/23

	Upload: DWG 2
	JCH-20-002
	10/18/23

	Upload: DWG 3 
	JCH-20-003
	10/25/23

	Upload: DWG 4
	JCH-20-004
	10/25/23

	Upload: DWG 5
	JCH-20-006
	11/1/23

	Upload: DWG 6
	JCH-20-007
	11/1/23

	Upload: DWG 7
	JCH-20-008
	11/8/23

	Upload: DWG 8
	JCH-20-009
	11/8/23

	Upload: DWG 9
	JCH-20-010
	11/15/23

	Upload: DWG 10
	JCH-20-011
	11/15/23

	Upload: DWG 11
	JCH-20-012
	11/28/23

	Upload: DWG 12
	JCH-20-013
	11/28/23

	Upload: DWG 13
	JCH-20-014
	01/16/24

	Upload: DWG 14
	JCH-20-015
	01/16/24

	Upload: DWG 15
	JCH-20-016
	01/16/24

	Upload: DWG 16
	JCH-20-017
	01/28/24

	Upload: DWG 17
	JCH-20-018
	01/28/24

	Upload: DWG 18
	JCH-20-019
	01/28/24
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[bookmark: _Toc166053764]Appendix B09 – JCH-20-006 – Lower Control Arm to Steering Knuckle
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[bookmark: _Toc166053766]Appendix B011 – JCH-20-008 – Push Rod Cap
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[bookmark: _Toc166053768]Appendix B013 – JCH-20-011 – Steering Link
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[bookmark: _Toc166053770]APPENDIX C – Parts List and Costs
Table C-1: Parts List
	Part Number
	Qty
	Description
	Source
	Cost
	Disposition

	JCH-20-001
	16
	Control Arm
	CWU
	$0.22/part
	02/02/24

	JCH-20-003
	1
	Suspension Frame
	CWU
	$7
	02/18/24

	JCH-20-004
	16
	Control Arm Mount to Body
	CWU
	$0.15/part
	01/18/24

	JCH-20-006
	8
	Control Arm Mount to Steering Knuckle
	CWU
	$0.15/part
	01/18/24

	JCH-20-008
	4
	Push Rod Cap 
	CWU
	$0.15/part
	01/18/24

	JCH-20-009
	4
	Rocker Arm 
	CWU
	$2/part
	02/19/24

	JCH-20-011
	1
	Steering Link 
	CWU
	$3/part
	01/18/24

	JCH-20-012
	4
	Steering Knuckle 
	CWU
	$1/part
	02/16/24

	JCH-20-013
	4
	Pushing Rod
	CWU
	$2/part
	02/02/24

	JCH-20-014
	1
	Right Steering Swivel
	CWU
	$0.30/part
	01/18/24

	JCH-20-015
	1

	Left Steering Swivel
	CWU
	$0.30/part
	01/18/24

	JCH-20-016
	2
	Rear Knuckle
	CWU
	$1/part
	02/16/24

	JCH-20-017
	2
	Bottom Front Piece
	CWU
	$0.15/part
	01/18/24

	JCH-20-018
	2
	Bottom Back Piece
	CWU
	$0.15/part
	01/18/24

	JCH-20-019
	4
	Rocker Arm Sleeve
	CWU
	$0.45/part
	02/19/24

	JCH-50-001
	20
	Ball Joint Fastener 
	Amazon
	$19.32
	02/05/24

	JCH-55-001
	4
	Shock Absorber
	Amazon
	$49.99
	02/15/24

	JCH-55-002
	1
	Servo
	Amazon
	$47.99
	02/05/24

	JCH-55-003
	6
	Tie Rods
	Amazon
	$15.78
	02/05/24



Table C-2: Number of Parts and Total Cost
	Number of Parts
	19

	Cost for all Parts
	$225.80
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Table D-1: Project Budget
	Item
	Qty
	Description
	Cost


	Manufacturing Labor
	40 hrs
	Personal manufacturing labor that will be conducted at CWU
	$32/hr

	Parts Cost
	15
	Parts that are identified in Appendix C.
($50 are added for shipping costs which is included in the cost shown)
	$225.80



Table D-2: Project Budget Total Cost
	Total Cost
	$1500.80
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Figure E01 – Illustration of the Schedule for the RC Baja Car Project
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Decision Matrix 1 – Best Possible Suspension Method
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Decision Matrix 2 – Material Selection
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Decision Matrix 3 – Best Manufacturing Practice to Use
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Decision Matrix 4 – Outsource or In-House Machining Methods[image: A screenshot of a computer
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Decision Matrix 5 – Renewed Outsource or In-House Machining Methods
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[bookmark: _Toc166053775]Appendix G1 Turning Angle Test
[bookmark: _Toc166053776]Introduction

[bookmark: _Toc166053777]Method/Approach

[bookmark: _Toc166053778]Test Procedure

Summary:
This procedure tests analyzes the steering angle for the RC Baja Car as it turns left and right to ensure it meets the design requirements. The steering is a push and pull system which allows the vehicle to turn. The required angle that the vehicle needs to turn is 10° from its original starting position to the left and right. 

Time: The test was conducted on 04/05/24 from 8:30 am - 9:30 am in Hogue 210. It took about half an hour to set up the testing equipment, 25 minutes to test and collect data, with 5 minutes to clean up all of the equipment.
Place: Room 210, Hogue Hall, Central Washington University campus in Ellensburg, WA.

Required Equipment: 
· RC Baja Car
· RC Baja Car Controller
· 12-inch Ruler
· 180° Protractor (Printed or digital one works)
· Data Sheet
· Writing Utensil
· Phone Camera
· Table or Floor

Risk/Safety: There are no safety hazards to be concerned about with this test. However, not being prepared by having all necessary equipment can lead to the test taking longer than the expected time frame. 

Test Procedure:
1. Obtain all equipment.
a. RC Baja Car and controller, 12-inch Ruler, Protractor, Data Sheet, Writing Utensil, and a Phone Camera.
2. Choose to do the test on a table or on the floor to ensure there is a flat surface. 
3. Place the Protractor on the flat surface.
4. Align the middle of the front left tire on the car with the 90° mark on the protractor. However, make sure the car is aligned with the flat side and not the arc side. (The picture below shows placement for the tire). It may also be helpful to conduct the test while the car is elevated.
[image: ]
Figure 1: Tire Location for Measuring Angle with Protractor
5. Prepare the data sheet and have it close to start recording data. (Seen Below)
[image: A table with text on it
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Figure 2: Data Sheet for Left Tire
6. Turn on the car by pressing the on button on the bottom left corner of the car. Then flip the on switch on controller.
7. The car should now be on and ready to go.
8. Turn the tire to the left by spinning the wheel on the controller counterclockwise and keep the tire in that position.
9. Use the ruler as a guide to align the middle of the tire and the degree that the tire turned. Right down the value as the first data point.
10. Repeat the process four more times to complete all five trials. 
11. Repeat steps four through ten for the right tire, and by turning the tires to the right by spinning the wheel on the controller clockwise. Additionally, use the data sheet for the right tire. (See Below)

[image: A table with text on it
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Figure 3: Data Sheet for Right Tire

12. After all the data has been collected. Take a picture of the data to keep a copy. Additionally, take a picture of the test set up for future reference.
13. Once all pictures are taken, clean up the area and the testing is now complete. 
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[bookmark: _Toc166053783]Appendix G1.4 – Evaluation Sheet

[bookmark: _Toc166053784]Appendix G1.5 – Schedule (Testing)
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Summary:
Time:
Place:
Risk/Safety:
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[bookmark: _Toc166053791]Appendix G2.2 – Data Forms

[bookmark: _Toc166053792]Appendix G2.3 – Raw Data

[bookmark: _Toc166053793]Appendix G2.4 – Evaluation Sheet

[bookmark: _Toc166053794]Appendix G2.5 – Schedule (Testing)
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RC Baja Car


Front Section Assembly


Steering Assembly


Rear Section Assembly


Upper Diff Cover          BEH-20-007


Ball Joint x3
JCH-50-001


Drivetrain Components (Team Member: Boe Hartman will complete)


Servo
JCH-55-002


Servo Tie Rod
JCH-55-003


Chassis
BEH-55-003


Steering Link
JCH-20-011


Steering Tie Rods
JCH-55-003


Lower Diff Cover          BEH-20-006


Control Arm Mount  x4          JCH-20-004


Control Arm x4
JCH-20-001


Steering Knuckle Mount x2
JCH-20-006


Steering Knuckle x2
JCH-20-12


Upper Diff Cover          BEH-20-00_


Lower Diff Cover          BEH-20-00_


Chassis Components (Team Member: Boe Hartman will complete)


Steering Knuckle
JCH-20-12


Control Arm Mount  x4          JCH-20-004


Control Arm x4
JCH-20-001


Steering Knuckle Mount x2
JCH-20-006


Ball Joint x3
JCH-50-001


Knuckle x2
JCH-20-13
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Jarvis Hudnall

Emait: jarvishudnali2@omail com
Linkedin: vy finkedin conVinfanishudnal

Career Obiective

s an upcoming graduate fom Central Washinglon University with a degree in Mecharical
Engineering in Spring 2024, 1 am eager to launch my career a5 an entry-level mecharical
engincer. My praciical experience at P2S in Long Beach, where | conirbuted to the design of
HVAG systems for healthcare facilfes, has equipped me vith a solc foundation i professional
mechanical engineering. A the President of the American Society of Mechanical Engineering
club, I have honed my leaderstip skils, overseeing and leading nfiatves. | am excited to bing
my strong work elhi, enthusiasm, and engineering knowledge o a dynamic engineering fim

Experience
Getober 2022 - PRESENT
AutoSpa Central Washington, Ellensburg, WA - Car Wash Attendant

= Provide customers vith excellet customer service and ensure they leave vith the
cleanest car possible

= Ensure to keep the locaion looking presentable during periodic dovtime.

« Fixthe machines that wash the cars when they occasionally have faus

June 2073 - Septemoer 2023
P25 Inc., Long Beach, CA - Mechanical Engineering Intern

« Assisted n the mechanical design of HVAC systems within the healtcare group.

« Analyzed the square footage and CFM values for specific rooms to ensure they aligned
with given load calculations

= Used Bluebeam Revu to create riser dagrams and used Revi o ollow the piping rom
each chiler.

= Oblained training in Revt, Trane Trace 700, Titus Teams Selecton, and Bluebeam Revu

Education

September 2020 - June 2024

Central Washington University, Ellensburg, WA - B.S. Mechanical Engineering
Technology

« President ofthe American Society of Mechanical Engineering Club at Central Washington
University

« Dean's List 7 Consecuive quarters

. cPazs




