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ABSTRACT

Students of Central Washington University’s Mechanical Engineering technology program were
tasked with designing, manufacturing, and testing a remote-controlled scale vehicle for the
American Society of Mechanical Engineers (ASME) Radio-Controlled (RC) Baja Car Contest
sanctioned by Remotely Operated Auto Racers (ROAR). A team of three students was assembled
and responsibility over the sections of the RC vehicle were divided amongst the three students.
This report focuses on the design, manufacture, testing, and evaluation of the suspension and
transmission systems of the RC vehicle.

A suspension tower component and transmission housing assembly were conceived to satisfy the
RC suspension and transmission systems. Engineering analyses were conducted on various
aspects of the then to-be-manufactured parts to achieve optimal dimensions. The parts were 3D-
modeled using SolidWorks software, and were manufactured using 3D printing methods and
machining methods. The various parts were then tested and evaluated to ensure they satisfied
their basic requirements and met the criteria of the ASME Contest.

The suspension towers and transmission covers conceived in this project are easily
manufactured, interchangeable, require less than three tools to disassemble, and are able to be
assembled and disassembled in less than five minutes. The transmission covers and suspension
towers successfully completed a one-hour continuous operation test without any disassembly or
reduction in function. The covers also successfully withstood the required exterior forces
specified in the report. Both components resisted a drop from two feet, along with the entire RC
vehicle.
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1. INTRODUCTION

a. Description

The Central Washington University RC Baja Team #3 comprising of Naoki Masuda, Ryder
Satak, and Jeffrey Harn are tasked to produce a remote-controlled vehicle for the ASME Radio-
Controlled Baja Car Contest sanctioned by Remotely Operated Auto Racers (ROAR) and hosted
by Central Washington University.

The RC Baja Team #3, also known as NRJ RC, will use the knowledge and skills
obtained so far from their ongoing Mechanical Engineering Technology degrees at Central
Washington University to design, manufacture, and assemble the necessary parts of a functional
RC Baja vehicle. NRJ RC is permitted to use any literature or knowledge applicable to vehicle
design and are restricted to use any direct involvement of professional engineers, automotive
engineers, or related professionals.

b. Motivation

Entirely store purchased radio remote control vehicles are prohibited in the ASME Radio-
Controlled Baja Car Contest. In order to participate, attending teams must design and
manufacture portions of their vehicles. Therefore, as a team, NRJ RC is motivated to design,
manufacture, and assemble a vehicle to enter into the competition.

The entire remote-controlled vehicle does not need to be designed and manufactured as
per the competition rules. According to said rules, only the differential needs to be designed and
manufactured by the student teams. For this project, NRJ RC will design and manufacture the
following vehicle components:

e Chassis (N)
e A-arms (N)
e Asset/Electronic Layout (N)
e Differential (R)
e Gear-up/Transmission (R)
e Differential Housing (R)
e Transmission Housing )
e Suspension Towers )
e Body/Fuselage @)

This report will focus on the last three components of the list: the transmission housing, the
suspension towers, and the optional body/fuselage. These three components will be designed and
manufactured by team member Jeffrey Harn.

c. Function Statement

Please see the below function statements for the transmission housing, the suspension towers,
and the optional body:

Transmission Housing
Function: to completely enclose the transmission body and gear assembly and protect the
aforementioned from dust, debris, and harmful impact.



Suspension Towers
Function: to act as a secure base for the suspension arms (shocks and springs) to actuate
against when undergoing forces and serve as a mounting point for a body/fuselage.

Optional Body/Fuselage
Function: to mount to the suspension towers of the vehicle and serve as rollover
protection, protect vehicle components, and stylize the vehicle.

d. Requirements

Please see the below requirement statements for the transmission housing, the suspension towers,
and the optional body:

Transmission Housing

- Must be able to prevent all amounts of dust, water, and mud from entering the
transmission housing interior.

- Must fit within a 3 x 3 x 3 in cubic area.

- Must not self-disassemble or be damaged crucially in any fashion after one hour of
straight operation.

- Must require no greater than two tools to assemble and disassemble.

- Must be assembled and disassembled in no longer than ten minutes.

Suspension Towers
- Must withstand a direct impact from a two-foot drop while secured to the chassis.
- Must withstand a maximum 10 [Ibs] of force from suspension arm actuation.
- Must vertically hold up to 5 [Ibs] when inverted.
- Must secure body/fuselage and resist up to 5 [lIbs] of force.
- Must be disassembled using no greater than three tools.
- Must connect to the chassis via four mounting points.
- Must not self-disassemble or be damaged crucially in any fashion after one hour of
straight operation.

Optional Body/Fuselage
- Must mount to the suspension towers via four mounting locations.
- Must require only one tool to disassemble.
- Must not self-disassemble or be damaged crucially in any fashion after one hour of
straight operation.
- Must withstand an impact of 5 [Ibs] of force in any direction.
- Must stimulate at least 100 visual dendrites.

e. Engineering Merit

This project requires engineering tactics and procedures as it proposes a problem to student
teams and requires them to solve it within defined guidelines and regulations. Although a
remote-controlled Baja vehicle can be aimlessly assembled and still perform well, detailed and
effortful planning, design, calculation, meaningful manufacture, and design will ensure the
produced RC vehicle will perform as intended.



f. Scope of Effort

Please also see Section 1.b. The scope of this particular proposal focuses on the efforts,
planning, design, and manufacturing of the transmission housing, the suspension towers, and the
optional body/fuselage of the remote control vehicle to be entered into the ASME competition.
Team member Jeffrey Harn of RC Baja Team #3, otherwise known as NRJ RC, will the efforts
and work that go into the design, manufacture, assembly, testing, and other operation of the
above mentioned three vehicle components.

g. Success Criteria

The success of this project as a whole depends on the overall ability of the remote controlled
Baja vehicle to pass official inspection of competition requirements and regulations for the
ASME Radio-Controlled Baja Car Contest on competition day. Also, the success of this project
as a whole depends on the actual physical performance of the vehicle on competition day, more
specifically, the successful completion of all competition events. Lastly, the success of this
project is weighed in part by the manufactured RC to meet the specified requirements.
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2. DESIGN & ANALYSIS

a. Approach: Proposed Solution

This design was one of the three proposed senior projects for Central Washington University for
the Fall 2020 to Spring 2021 school year. Selection of this design was motivated by prior
experience with, and an interest in the operation of RC vehicles, specifically aircraft.

NRJ RC Baja intends to combine personally designed and manufactured components
along with professionally designed purchased parts. NRJ hopes to create parts that are
lightweight, inexpensive, and strong. Therefore, NRJ originally decided to create their parts from
wood and reinforce them with fiber glass and resin.

b. Design Description

The initial design of the suspension towers was sketched out. These sketches and designs are
subject to change throughout the quarter but served to be a foundation for more ideas and
revisions to grow off of. Please see the scanned image of the sketches in APPENDIX B-18.

c. Benchmark

The benchmark that NRJ RC Baja tends to use as inspiration for the design of the Baja vehicle
are those vehicles and parts designed by Traxxas RC. Traxxas produces high quality parts and
full assemblies. NRJ has a tangible example from Traxxas that is owned by Ryder Satak, and
NRJ intends to practice operating RC’s with said example, utilize the vehicle for design
inspiration, and use legal parts off of the vehicle to use on the project vehicle.

d. Performance Predictions

By the nature of this project, NRJ RC Baja’s remote-controlled Baja vehicle will by no means be

anywhere near the quality, precision, or functionality of a fully professional remote-controlled

Baja vehicle. However, NRJ’s project RC will certainly be functional, durable, and operational.
NRJ RC Baja predicts that the project RC will survive an impact from two feet high,

reach speeds up to 20 [mph], have the agility to maneuver as needed on the various tracks of the

ASME competition, and finish a day of use intact.

e. Description of Analysis

Many analyses will be conducted in order to determine component and part requirements in
terms of aspects such as size, material, position, shape, etc. These analyses are done on green
calculation sheets and utilize the skills and knowledge obtained from the MET program at
Central Washington University up to this point. Please see Section 2.g. for detailed information
on each individual analysis.

f. Scope of Testing and Evaluation

The three component assemblies being designed in this report will be evaluated and tested by
Jeffrey Harn. These include the suspension tower, the transmission covering, and the RC body.
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Testing will be conducted at Central Washington University using the various instruments and
machines made available to students. Careful documentation will be kept over the progress and
results of the testing, and design alterations will be made if needed upon the review of the testing
results.

g. Analysis

i. Analysis 1 — Motor Power

This analysis addresses the issue of the motor’s minimal power requirement. An estimated total
RC vehicle mass of 6 [kg] was used, and a coefficient of rolling friction of a bicycle tire on
rough pavement was used*. This analysis was performed utilizing the principle of rolling friction
to calculate how much force is required to move an RC vehicle beyond the restrictions of rolling
friction. Then, the power required to overcome this force and maintain a velocity of 40 [mph]
was calculated.

The amount of power required to move a 6 [kg] RC vehicle with rubber tires on rough
pavement at 40 [mph] is 16 [W]. Therefore, an electric motor capable of producing at least 16
[W] of power will be required for this project. Please see APPENDIX A-1 for the green sheet used
in this analysis.

ii. Analysis 2 — Part A: Maximum Forces in Suspension Arm Section

This analysis was revised from its original state. The below information reflects the historical
values of the analysis but does not reflect the current values. Please see the last paragraph in this
section to learn about the changes made to this analysis.

This is a multi-part analysis that aims to estimate the required cross-sectional area and
dimension of the arm portion of the suspension tower. Part A looks into a section of the
suspension tower and evaluates the forces acting on it based off a defined load and load angle.

An estimated maximum external load of 10 [Ibs] was given. This is the load that the
suspension strut will deliver to the suspension tower arm. An arm length of one inch is assumed,
and the suspension tower arm is sectioned such that the resulting member is straight with no
curvature. Thus, the arm can be evaluated just as a simple beam undergoing load. The force from
the suspension arm is assumed to act at an angle of 30 degrees from the vertical. The suspension
arm is 45 degrees from the horizontal. Thus, the force acting on the arm section has an angle of
attack of 15 degrees.

Free body, shear, and moment diagrams were constructed and the results are as follows.
The maximum direct shear force is calculated to be 9.6 [Ibs], the maximum normal compressive
force is calculated to be 2.6 [Ibs], and the maximum moment across the one inch section is 9.6
[Ib-in]. Please refer to APPENDIX A-2 for the green sheet calculations.

A formal revision of this analysis was conducted on 23 May 2021 using red graphite. The
material in question was changed from balsa wood to PLA plastic.

iii. Analysis 3 — Part B: Maximum Forces in Suspension Arm Section

This analysis was revised from its original state. The below information reflects the historical
values of the analysis but does not reflect the current values. Please see the last paragraph in this
section to learn about the changes made to this analysis.

12



Analysis three looks to continue the evaluations conducted in Analysis 2. Analysis three
examines the bending stress present in the section of the suspension tower arm and compares it
to the ultimate compressive strength of the material chosen, balsa wood.

From Analysis 2 it was discovered that a 10 [Ib] force from the suspension strut would
cause a maximum moment of 9.6 [Ib-in]. This moment will cause bending stress in the section of
the suspension arm. A dimension parameter is needed to be found for the cross-sectional
dimensions of the suspension arm section. To do this, the ultimate compressive and tensile
strengths of plywood were found on MatWeb?. Picking the lower of the two, the compressive
strength, this value was inputted into the flexure formula to solve for ¢, assuming that the value
of c equals the value of the dimension of a square cross section.

Dimensions of 0.351 [in] by 0.351 [in] are found to be the minimum dimension to avoid
failure. These dimensions were rounded up to standard dimension sizes of 0.5 [in] by 0.5 [in].
This increase in dimensions provides a safety factor of roughly 1.6. Please refer to APPENDIX A-
3 for the green sheet calculations.

A formal revision of this analysis was conducted on 23 May 2021 using red graphite. The
material in question was changed from balsa wood to MakerBot PLA plastic. The ultimate stress
used in the calculations was changed from 1840 [psi] to 5710 [psi]. The calculated dimension
was corrected from 0.315 [in] to 0.216 [in], with 7 [mm] being chosen for the design dimension.
This dimension yielded a safety factor of two.

iv. Analysis 4 — Part C: Maximum Forces in Suspension Arm Section

This analysis was revised from its original state. The below information reflects the historical
values of the analysis but does not reflect the current values. Please see the last paragraph in this
section to learn about the changes made to this analysis.

Analysis four continues the work done in Analysis 3. This analysis moves on from
bending stress to evaluate the transverse shear stress that will be present in the beam due to
bending caused by the forces coming from the suspension strut.

The 9.6 [Ib] shear force found in Analysis 2 will be used to calculate the transverse shear
stress present in the suspension tower arm section. The purpose of this analysis is to yield a
dimension parameter and verify that the parameter found in Analysis 3 will be enough to
withstand the transverse shear stress. Using MatWeb? as a reference, the ultimate shear strength
is found and is equated to the transverse shear equation for a rectangle. The equation is
rearranged to solve for area.

With a shear force of 9.6 [Ibs], and using the cross sectional area based on the dimensions
found in Analysis 3, it is discovered that 3.6 [psi] of transverse shear stress will be present in the
beam. This is much lower than the ultimate shear strength of the selected plywood. This verifies
the dimensions found in Analysis 3. For speculative purposes, the minimum area was calculated
based on the ultimate shear stress and it was found to be 0.03 [in”2]. The cross-sectional area
found in Analysis 3 of 0.25 [in”2] provides a safety factor of roughly 3 when compared to the
minimum area. Please refer to APPENDIX A-4 for the green sheet calculations.

A formal revision of this analysis was conducted on 23 May 2021 using red graphite. The
material in question was changed from balsa wood to MakerBot PLA plastic. The trial-run
dimension was changed from 0.25 [in] to 0.275 [in] based off the results from Analysis 3. The
estimated shear strength of the material was corrected from 435 [psi] to 2855 [psi] and the
maximum shear in the material was corrected to 190.41 [psi]. The design dimension was
corrected from 0.5 [in] to 0.275 [in]. This dimension yielded a safety factor of 13.5.
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v. Analysis 5 — Bending Stress in Suspension Tower Main Section

This analysis was revised from its original state. The below information reflects the historical
values of the analysis but does not reflect the current values. Please see the last paragraph in this
section to learn about the changes made to this analysis.

Analysis five looks to satisfy the requirement that the suspension tower must withstand a
horizontal 10 [Ib] force acting on the top of the suspension tower. This requirement ensures the
suspension tower will not succumb to yielding when the RC may collide with an object.

This analysis yields a dimension parameter for the thickness of the main rectangular
section of the suspension towers, not including the arm sections. ABS Polymer is used as the
material and material properties are found utilizing MatWeb?. The flexural yielding stress is used
and is equated with the flexure formula to isolate and solve for the height of the cross-section of
the suspension tower rectangular section.

Due to the 10 [Ib] force, a moment of 15 [Ib-in] is created considering the height of the
section is 1.5 [in]. Using a flexural yield strength of 10700 [psi], the strength is equated to the
flexure formula and the minimum height of the cross section is found to be 0.04585 [in].
Rounding up to a standard value of 1/16 [in] of a section thickness, this provides a safety factor
of 1.36, approximately. Please refer to APPENDIX A-5 for the green sheet calculations.

A formal revision of this analysis was conducted on 23 May 2021 using red graphite. The
material in question was changed from ABS plastic to MakerBot PLA plastic. The material
property used in the analysis was switched from a flexural yield of 10700 [psi] to a tensile yield
of 5710 [psi]. A force vector was applied to the diagram. The new calculated minimum
dimension is 0.08 [mm], with the old being 0.05 [in]. This resulted in a design dimension of 7
[mm]. This dimension yielded a safety factor of 9.5.

vi. Analysis 6 — Shear Stress

Analysis six sees to calculate the required fasteners size in order to successfully secure the
suspension towers to the chassis. This will ensure that the suspension towers remain stable and
present on the chassis when undergoing loading.

This analysis returns a fastener diameter. The fastener material is chosen to be SAE grade
1 steel. The material properties for this material are refenced from Table 19-1 in Mott®. To
conduct the analysis, a shear force of 10 [Ib] is assumed and acts on one fastener. The equation
for direct shear is used and the diameter in the area component is isolated and solved for.

SAE grade 1 fastener steel has a yield strength of 36 [ksi]. Equating this to the shear
formula, a diameter of 0.018 [in] is found. Rounding up to the next standard size, a fastener
diameter of 1/4 [in] is used. This is a very generous increase in diameter and offers a safety
factor of roughly 14! Please refer to APPENDIX A-6 for the green sheet calculations.

vii. Analysis 7 — Suspension Tower Stress Concentration

This analysis was revised from its original state. The below information reflects the historical
values of the analysis but does not reflect the current values. Please see the last paragraph in this
section to learn about the changes made to this analysis.

Analysis seven focuses in on the area in which the suspension strut attaches to the
suspension tower. Since the geometry of this area consists of a hole with material surrounding it,
and considering it will undergo some portion of axial loading when in use, it is identified as an
area of stress concentration. A section width w of this area that will effectively withstand the
stress under use needs to be known to be sure it will not fail when being used.
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The material of the suspension tower is chosen to be ABS molded plastic. Material
properties are referenced from MatWeb? in order to complete this analysis. A force of 10 [lb]
acting on the hole from the screw is assumed. A graph for a stress concentration that best
represents the situation is referenced from Appendix A18-4 on page 832 in Mott®. The nominal
stress and maximum stresses are calculated, then compared to the yield stress.

The ABS plastic material on MatWeb? has a tensile strength yield of an average of 45
[MPa], or roughly 6527 [psi]. A reasonable trial-and-error “w” value of 0.5 [in] is chosen to be
tested. Using a thickness of 0.5 [in], the nominal stress is calculated to be 52.37 [psi]. Applying
the K factor of 5.0 found from the table, a maximum stress of 262 [psi] is calculated. Since this
is much less than the yield strength value, a w value of 0.5 [in] is safe and will be used. Please
refer to APPENDIX A-7 for the green sheet calculations.

A formal revision of this analysis was conducted on 23 May 2021 using red graphite. The
material in question was changed from ABS plastic to MakerBot PLA plastic. The tensile yield
of the material was updated from 45 [MPa] to 39.3 [MPa] and the given thickness was updated to
be 7 [mm]. Nominal stress in the analysis was corrected to be 231 [psi], giving a maximum stress
of 1158.89 [psi]. A design dimension of 7 [mm] was verified versus the old of 0.5 [in].

viii. Analysis 8 — Suspension Tower Stress Concentration 2

This analysis was revised from its original state. The below information reflects the historical
values of the analysis but does not reflect the current values. Please see the last paragraph in this
section to learn about the changes made to this analysis.

Analysis eight focuses in on the area in which the camber link attaches to the suspension
tower. Since the geometry of this area consists of a hole with material all around it, and will
undergo some portion of axial loading when in use, it is considered an area of stress
concentration. A section width w of this area that will effectively withstand the stress under use
needs to be known to be sure it will not fail when operated.

The material of the suspension tower is chosen to be ABS molded plastic. Material
properties are referenced from MatWeb? in order to complete this analysis. A force of 10 [lb]
acting on the hole from the pin is assumed. A graph for a stress concentration that best represents
the situation is referenced from Appendix A18-4 on page 832 in Mott®. The nominal stress and
maximum stresses are calculated, then compared to the yield stress.

The ABS plastic material on MatWeb? has a tensile strength yield of an average of 45
[MPa], or roughly 6527 [psi]. A reasonable trial-and-error “w” value of 0.25 [in] is chosen to be
tested. Using a thickness of 0.25 [in], the nominal stress is calculated to be 303.28 [psi].
Applying the K; factor of 2.6 found from the table, a maximum stress of 788.54 [psi] is
calculated. Since this is much less than the yield strength value, a w value of 0.25 [in] is safe and
will be used. Please refer to APPENDIX A-8 for the green sheet calculations.

A formal revision of this analysis was conducted on 23 May 2021 using red graphite. The
material in question was changed from ABS plastic to MakerBot PLA plastic. The tensile yield
strength of the material was updated from 45 [MPa] to 5710 [psi].

ix. Analysis 9 — Suspension Tower Stress Concentration 2

This analysis was revised from its original state. The below information reflects the historical
values of the analysis but does not reflect the current values. Please see the last paragraph in this
section to learn about the changes made to this analysis.
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Analysis nine focuses again on the area in which the suspension strut attaches to the
suspension tower. This time, however, the material surrounding the pin hole is analyzed. The pin
hole is required to withstand a 10 [Ib] force without failing. The material around the pin hole will
be under direct shear force due to forces acting on the suspension strut.

This analysis yields a dimension parameter for the radius of the boss section that contains
the pin hole. ABS polymer is used as the material and material properties were found utilizing
the databases on MatWeb?. Unfortunately, no data on the shear strength of ABS could be found
so the tensile yield strength was used as this was the next best option. The shear area of the
material is defined, a free body diagram is drawn for the section that contains the area, and the
shear force is found. The direct shear equation is used and equated to the tensile yield strength of
the material. A section width of 0.50 [in] is assumed. With this equation, the length, |, of the area
is found by isolating the area in the equation.

From the free body diagram, it is found that due to a 10 [Ib] force from the pin, one area
plane of the section is subjected to a 5 [Ib] shear force. Using a tensile yield strength of 45 [MPa]
or 6526.69 [psi], a length, I, of 0.1 [mm] is enough to withstand the shear force acting on the
section. Please refer to APPENDIX A-9 for the green sheet calculations.

A formal revision of this analysis was conducted on 23 May 2021 using red graphite. The
material in question was changed from ABS plastic to MakerBot PLA plastic. The shear yield
strength of the material was updated from 45 [MPa] to 5710 [psi]. The thickness dimension was
updated from 0.5 [in] to 0.275 [in].

x. Analysis 10 — Suspension Tower Stress Concentration 2

This analysis was revised from its original state. The below information reflects the historical
values of the analysis but does not reflect the current values. Please see the last paragraph in this
section to learn about the changes made to this analysis.

Very similar to Analysis 9, analysis ten focuses on the area in which the camber link
attaches to on the suspension tower. The pin hole is required to withstand a 10 [Ib] force without
failing. The material around the pin hole will be under direct shear force due to forces acting on
the suspension strut.

This analysis yields a dimension parameter for the radius of the boss section that contains
the pin hole. ABS polymer is used as the material and material properties were found utilizing
the databases on MatWeb?. Unfortunately, no data on the shear strength of ABS could be found
so the tensile yield strength was used as this was the next best option. The shear area of the
material is defined, a free body diagram is drawn for the section that contains the area, and the
shear force is found. The direct shear equation is used and equated to the tensile yield strength of
the material. A section width of 0.25 [in] is assumed. With this equation, the length, |, of the area
is found by isolating the area in the equation.

From the free body diagram, it is found that due to a 10 [Ib] force from the pin, one area
plane of the section is subjected to a 5 [Ib] shear force. Using a tensile yield strength of 45 [MPa]
or 6526.69 [psi], a length, |, of 0.1 [mm] is enough to withstand the shear force acting on the
section. Please refer to APPENDIX A-10 for the green sheet calculations.

A formal revision of this analysis was conducted on 23 May 2021 using red graphite. The
material in question was changed from ABS plastic to MakerBot PLA plastic. The shear yield
strength of the material was updated from 45 [MPa] to 5710 [psi].
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xi. Analysis 11 — Car Body Drag Coefficients

Analysis eleven was conducted in order to assist in the decision of the RC car body design. This
analysis takes the frontal profiles of three possible body designs and evaluates their aerodynamic
properties. The first body, Body 1, examples medium car coverage and medium weight. Body 2
examples maximum coverage and maximum weight. Finally, Body 3 examples minimum
coverage and minimum weight.

This analysis solves for the drag coefficients for each car body frontal profile. The
dimensions of the car body and the properties of air at an assumed 70 degrees Fahrenheit and an
atmospheric pressure of 1 [atm] are known. The air speed assumed to flow over the car bodies is
20 [mph]. The typical drag force for a full-size passenger vehicle was referenced from The
Fundamentals of Thermal Fluid Sciences® to be approximately 70 [Ib]. Knowing that the scale of
the RC is 1:10, the force can therefore be scaled down by ten to achieve an approximate drag
force of 7 [Ib]. This assumption is necessary to make as access to a wind tunnel is not possible
for this project.

The frontal areas of the car bodies were estimated using basic geometry to be 26.5 [in?],
43.57 [in?], and 13 [in?] for car bodies 1, 2, and 3, respectively. The areas were converted into
units of square feet. The drag coefficients were calculated using the equation found in The
Fundamentals of Thermal Fluid Sciences®. Drag coefficients of 38.0, 23.1, and 77.5 for bodies 1,
2, and 3, respectively, were calculated. These values are used in the decision-making process for
car body design as seen in APPENDIX F-2. Please refer to APPENDIX A-11 for the green sheet
calculations.

xii. Analysis 12 — Shear Stress 2

Analysis twelve sees to calculate the required fastener size in order to successfully secure the
two pieces of the transmission cover. This will ensure that the transmission cover pieces
maintain a tight seal to prevent debris from entering the gear inside, and to ensure the gears stay
aligned.

This analysis returns a fastener diameter. The fastener material is chosen to be metric
steel fastener grade 4.6. The material properties for this material are refenced from Table 19-3 in
Mott®. To conduct the analysis, a shear force of 10 [Ib] is assumed and acts on one fastener. The
equation for direct shear is used and the diameter in the area component is isolated and solved
for.

Metric steel fastener grade 4.6 has a listed yield strength of 240 [MPa]. Equating this to
the shear formula, a diameter of 0.118 [nm] is found. Rounding up to the next standard size, a
fastener diameter of 1.6 [mm] is used. This is a very generous increase in diameter and offers a
safety factor of roughly 13560! Please refer to APPENDIX A-12 for the green sheet calculations.

h. Device: Parts, Shapes, and Conformation

The RC components designed in this report were designed with a central theme in mind. This
theme is such that the RC components are spartan and rudimentary. To explain, these parts are
created using the simplest possible design that meets all the basic requirements and completes
the task effectively and efficiently. Excluding the body, minimal fancy aesthetic characteristics
were added to any of the component designs, rather, the designs emulate the basic requirements
themselves.

Safety factors above the value of one are all used. Most safety factors of the component
parts in this report range from safety factors of 1.3-15. The safety factors of these components
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did not drive the design of the components, rather, they are results of the designs, particularly,
they are results of the analyses. The design parameters obtained from the analyses produce safety
factors of a value of one, for the analyses solved for minimum dimensions using failure values.
The safety factors are then obtained when these minimum values are rounded upwards to
common/standard dimensional values.

The tolerances associated with the designs found in this proposal are assigned such that
the various RC parts will mesh together properly. Tolerances are determined with additive
manufacturing in mind.

i. Device Assembly

The overall assembly of this project is a fully-operational, remote-controlled, 1/10 scale
automobile specified for Baja style competition. The final assembly will successfully perform in
two racing events as specified by the ASME Radio-Controlled Baja Car Contest. These two
racing events are the Slalom-and-Sprint event and the Baja event.

The RC vehicle assembly will be successful in both of these events as the assembly will
feature adequate control from the electrical components, adequate handling from the suspension,
wheel, and steering components, adequate durability from the chassis components, and adequate
power transmission from the gearing components.

j. Technical Risk Analysis

This RC Baja vehicle project design optimizes minimal weight and simplicity. Therefore, a
multitude of mechanical risks arise. Below are descriptions of the technical risks present in this
project.

The RC being designed in this project is optimized for its weight. This means the RC is
being designed to the lightest weight allowable while maintaining minimum strength
requirements. This is completed by using balsa wood as a chassis material and designing printed
PLA plastic with relatively low safety factors. The technical risk of component failure arises
here. Dimensional parameters were calculated by assuming the forces that are to act on the RC
during use. It is possible that said forces are underestimated which will lead to component failure
when in use.

The electrical components being used for this project are both simple components, and
non-specialized components—in other words, not made specifically for RC Baja vehicles. The
focus of this project lies in the mechanical design of the RC, not the electrical component and
circuit design. The NRJ RC Baja team has no professional experience in electrical RC
component design. Therefore, the following technical risks arise. First off, the RC vehicle will be
limited to simple features and will lack many advanced electronic and radio features that may be
found in other commercial RC. Thus, this RC has the risk of being outperformed by RC’s with
more advanced circuitry. Also, there is the risk of electrical component incompatibility as
various brands and styles of electrical components will be used.

One last technical risk may be defined as follows. The evaluation of the success of the
RC vehicle at the end of this project consists of two races. The RC vehicle is not capable of
autonomously completing said races. Consequently, a human operator is need. This allows the
technical risk of operator error to arise as the RC success will depend largely on the success of its
pilot during the testing.
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k. Failure Mode Analysis

There are many failure modes addressed in this portion of the project. All said failure modes fall
under one category. This failure mode category is structural integrity. The suspension assembly,
transmission body assembly, and body are all non-electronic and serve the purpose of
transmitting or manipulating force in one way or another. Thus, the only failure mode that is
considered relates to the forces experienced by the components designed in this project.

The suspension tower, transmission cover, and the vehicle body will all undergo static,
dynamic, and shock loading. The suspension tower will experience bending, tension, and
compression from the suspension struts, and shear from the fasteners. The transmission cover
will be subject to shear from its fasteners and have to resist compression from outside forces.
The body likewise must resist shear from its fasteners and compression from outside forces.
Considering the components are to be manufactured using polymers, the failure modes that will
occur in this project are ductile failures from the various stresses and fatigue from use.

|. Operation Limits and Safety

The majority of the operational limits of this project are dependent on the technical specifications
and various limits of each commercially purchased electronic component. To explain, the motor,
steering servo, speed controller, and receiver must all operate on the same voltage and ampage
rating of the power source used. Also, the ASME Radio-Controlled Baja Car Contest rules
establish regulations for the RC Baja vehicles that limit the allowed RC components in order to
maintain a fair competition. Furthermore, there are other, broader operation limits of the RC
vehicle when considering the vehicle’s operation environment and overall ability. To explain, the
environment in which the RC is being driven must include obstacles that are scaled to itself as a
1/10 scale RC Baja vehicle will have no success over obstacles that a full-size Baja vehicle can
conquer.

There are two main areas of safety concern for this project: electrical shock and possible
harm from moving components. Being an electrically driven system, circuitry and electrical
components will be present and “live” while holding and operating this device. Thus, the risk of
electrical shock is ever present. The other safety risk is the risk of bodily injuring from moving
components on the device. Namely, the transmission gearing, powered axels, and wheels pose a
threat to hands and fingers if not handled carefully.
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3. METHODS & CONSTRUCTION

a. Methods

The NRJ RC Baja project was initiated to meet the requirements of the Mechanical Engineering
Technology program at Central Washington University. The NRJ team brainstormed and
networked between its members to produce solutions to the problem defined by the ASME
Radio-Controlled Baja Car Contest, namely, the need for a competition-ready RC vehicle. This
project requires the team to design and manufacture multiple RC components and assemble them
in conjunction with other purchased RC vehicle parts. The NRJ RC team equally distributed
roles on these various components.

Each team member defined their problem, employed a solution, conducted analyses for
design parameters, designed functioning solutions, and manufactured said solutions. Following
the milestones in the CWU MET 489 Senior Project class series, the team will manufacture and
continue to analyze their components in winter quarter and test their components in spring
quarter. The manufacturing of RC components will occur within the constraints of CWU’s
resources and tooling using training received from CWU classes and existing experience. Testing
will be conducted by the team and, in part, utilize testing instruments from CWU.

i. Process Decisions

Two main decisions were made during the design portion of this project. These two decisions are
the decision over material type and vehicle body style. At the beginning of this quarter, it was
informally decided among the NRJ RC team that most of the manufactured parts were going to
be of balsa wood. Balsa wood was chosen for its light weight and inexpensiveness. However,
after an analysis over the suspension tower’s required dimensions and a discussion with project
mentors Charles Pringle and Dr. Jeunghwan Choi, it was decided to reconsider the material
choice for the team-manufactured components. Printable ABS and printable PLA polymers were
then considered as viable material options. Printable PLA plastic polymer was proposed in
replace to balsa wood for all parts other than the vehicle chassis. A decision matrix was
constructed later to formalize and review the decisions. To view this decision matrix, please visit
APPENDIX F-1.

After another discussion with mentoring professors on the project over the availability of
materials in winter quarter, the material decision for the majority of parts was formally altered.
MakerBot Tough Filament PLA polymer material was chosen. PLA plastic was currently
available to print at CWU and was compatible with the 3D printing machine. After a following
team discussion, it was decided that PLA will be a better choice in material considering its
greater elasticity over ABS.

Throughout the manufacturing process during winter quarter, some modifications had to
be made to the parts in order for them to be completely compatible with both the other team
members’ parts, and the parts purchased or donated. Some examples of the modifications that
occurred are filing material, drilling originally unplanned holes, drilling larger holes, modifying
purchased parts, and overall improvising the designs “off the drawing board.” All modifications
and revisions may be viewed in APPENDIX B.

The other main project decision regards the vehicle body style. It was decided early by
the NRJ RC Baja team that a polymer vehicle “fuselage” would be beneficial to include as the
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body will add vehicle aesthetic and protect the internal components from outside forces and
debris. Having decided on the use of a body, the decision had to be made for what style of
vehicle body is going to be used. Three options were generated and are as follows: Body 1 offers
medium coverage with medium weight, Body 2 offers maximum coverage with maximum
weight, and Body 3 offers minimum coverage with minimum weight. A decision matrix was
employed that considers weight, aesthetic, and drag coefficients for each style. Body 1 was
chosen. To view this decision matrix, please visit APPENDIX F-2. Unfortunately, manufacturing
of the vehicle body did not occur during this project.

b. Construction

i. Description

This RC vehicle will consist of three main subgroups of assemblies, of which are the assemblies
under the jurisdiction of the three members of the team, Ryder Satak, Naoki Masuda, and Jeffrey
Harn. Combining the team members’ assemblies together will create the full RC Baja vehicle
assembly.

Most of the RC vehicle will consist of purchased and obtained parts, sourced from
Traxxas and Castle Motors, purchased online and from local hobby retailers. The purchasing of
specific RC vehicle parts is required as a number of components comprising the RC vehicle
extend beyond the scope and ability of the team members in terms of manufacturing. The larger,
more design-oriented parts of this RC are designed by the team and will be manufactured in full
by the team using CWU facilities. Each team member will be responsible for the manufacturing
of their individual assemblies and parts with assistance of the other team members.

ii. Drawing Tree, Drawing ID’s

A drawing tree of the various team members’ assemblies, subassemblies, and parts may be found
in APPENDIX B-1. This tree lays out all of the manufactured and purchased parts, and details the
many sub-assemblies that comprise the RC vehicle.

iii. Parts

A parts list including part numbers, quantity, part description, source description, cost, and
disposition may be found in APPENDIX C-1. The parts containing the part number prefix “20-"
will be fully designed and manufactured by the team using the facilities at the CWU engineering
labs. These parts, excluding part number “20-001” will be 3D printed and machined to tolerance.
Parts to utilize fasteners will be tapped to the specified threading to match the fasteners.

Parts with a part number of “55-" will be obtained commercially and will require no
modification. Rather, the team member-designed parts will be designed with the compatibility of
purchased components in mind and thus will cooperate together.

Parts with a part number of “50-“ are fasteners and will be obtained commercially