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ABSTRACT
Students designed and manufactured an RC Baja truck to compete as a team in the annual
ASME RC Baja Competition in various events and obstacles. A chassis and suspension system
were required to house and secure each of the RC components to successfully compete and
function as intended. The team designed a 1/10th scale model RC truck through various analysis
calculations and model mockup drawings to optimally perform and compete in a competition
amongst other teams of designers. The American Society of Mechanical Engineers (ASME)
competition will include the straight-line dash, slalom, and Baja course time trial. This project
will dive into the specifics of the design process that went into the Chassis and Suspension
portion of the overall manufacturing of the RC Baja truck. The design that was used is a unique
half-plate design that incorporates long travel rear trailing arms that allow for a large range of
motion to optimize traction at the driving wheels over rough terrain and jumps. 3D printing was
used to create the trailing arms, front bumper, and front suspension components whereas the
chassis plate, shock towers, and control arms were waterjet cut from aluminum. Tests included
a drop test that produced displacement in the shocks 0.25 inches greater than previously
predicted, an impact test ranging between 5, 10, and 15mph intervals, and finally a chassis
deflection test that applied force to the suspended chassis to test the deflection experienced in
the center of the baseplate.
Keywords: RC Truck, Suspension, Design, Manufacturing
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1. INTRODUCTION

a. Description
Students must create a remote-controlled vehicle of their own design to compete in the ASME
RC Baja competition. In a combination of engineering, robotics, and machining, an RC Baja car
will be constructed to meet specific criteria and requirements. In this competition, the vehicle is
expected to survive a drop test, impact test, and compete in the dash, slalom, and Baja races.

b. Motivation
The motivation for choosing the RC Baja project stems from a deep interest in the automotive
industry as well as an interest in automotive design. This project fits very closely within this
realm of engineering interest and will give a proper idea of what it would be like to work on a
smaller scale automotive project. After reviewing past RC Baja submissions, there are
improvements that can be made to further optimize a custom-made RC car. Some
improvements that will be explored will include long travel rear suspension with integrated
cantilevers to create a smooth and extended ride capability.

c. Function Statement
The chassis will securely mount each component of the Baja RC while also providing a secure
and rigid body to compete in the ASME RC Baja competition.

d. Requirements
The requirements for this vehicle are:
• Baja Car must be able to reach a minimum top speed of 20mph and chassis must remain
rigid and secure.
• The combination of chassis and suspension must be no greater than 20” in Length, 14”
in Width, and 8” in Height
• Front bumper must be able to withstand an impact of 15mph without failure
• The chassis must weigh no more than 6lbs
• Struts and springs must be able to support a static load of 10lb
• Suspension must allow enough dampening to withstand collision of chassis at a 1.5-foot
drop
• The Chassis must not deflect more than 0.1in while loaded at 30lb

e. Engineering Merit
Some previous resources acquired here at CWU that will benefit and assist in the
encompassing design of the RC Baja vehicle are Strength of Materials to determine optimal
materials in construction of parts, Dynamics to be able to predict the behavior of forces acting
on both the suspension system and the chassis, Mechanical Design to optimally produce the
correct dimensions and specifications for components, and Applied Mechanics of Materials to
understand forces acting on the chassis to better design against material failure and ruptures .

f. Scope of Effort
This portion of the RC Baja construction will consist of the chassis and suspension systems that
will support and contain each component of the RC Car.
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g. Success Criteria
The RC Baja vehicle will meet all requirements listed above and will complete each of the three
ASME RC Baja challenges, including the slalom, dash, and Baja race event.

2. DESIGN & ANALYSIS
a. Approach: Proposed Solution
This chassis and suspension design were highly motivated and inspired by real Baja trophy
trucks due to their unique design. They use an independent long-travel rear suspension system
to grant them the greatest possible wheel travel. This idea will be incorporated into the RC Baja
design and will strive to achieve the capabilities similar to a real trophy truck.

b. Design Description
As previously noted, the primary suspension design will utilize a long-travel setup to allow the
greatest ground clearance, high shock absorption, and an overall lighter design. The rear
suspension will consist of the driveshaft, differential, axel rod, and shocks attached to lower link
arms connecting it all together. The chassis will be just big enough to house the primary RC
components. The battery and motor will be placed near the centermost area of the chassis to
provide the greatest center of mass possible. The front of the chassis will connect the lower
control arms and steering rods to the wheels.

c. Benchmark
The benchmark RC truck that has the most influence on this design is the Axial 1/10 Yeti Electric
Trophy Truck 4x4 RTR. Built by Score, Model Number: AX90050

d. Performance Predictions
Thanks to its heavy-duty suspension system, it will be able to withstand the 1.5 foot drop test
without breakage and bottoming out of the chassis. Based on early stages of design, the impact
test will solely derive from the tires being able to withstand the 10 mph collision. The chassis
and suspension system will be able to withstand top speeds of over 20 mph without deviation
and plastic deformation.

e. Description of Analysis
As described in Appendix A, Section A-1: Base Plate Thickness, Figure A-1 uses fundamental
strength of materials to illustrate the maximum shear and moment the given material of 6061
T-6 Aluminum will experience under 10 pounds of force acting at its center. This information
allowed for a minimum thickness of material to withstand buckling to be known. To account for
a factor of safety, the thickness of the base plate was determined to be 0.25 inches thick to
both account for the safety factor as well as find the closest standard thickness of machined
aluminum plate. Also in Appendix A, Section A-3: Impact Test, Figure A.3 uses kinematic
equations to determine the forces acting on what will be the front bumper with given speed
and weight variables. This calculation determines the material as well as the strength required
for the front bumper to be both efficient and effective in alleviating the forces acting on the
front tires and body.
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f. Scope of Testing and Evaluation
The RC Baja truck will undergo multiple testing as defined by the ASME Baja Guidelines. These
tests will include the Drop Test from 1.5 feet, Impact Test at 10 mph, and the Baja competition.
The performance portion of the competition includes the dash, slalom, and Baja race. The Drop
and Impact Tests will be a matter of pass or fail while the performance tests will have a ranking
system in respect to the rest of the competing teams.

g. Analysis
Each analysis of components listed below can be found in Appendix A. Multiple methods of
analysis were used to determine necessary parameters as it pertains to the requirements
provided in the ASME Baja Guidelines. Using these analyses, part drawings and assemblies were
drawn in direct correlation found in Appendix B.
i. Analysis 1 Base Plate Thickness
In Appendix A, Section A-1: Base Plate Thickness. Figure A.1 analyzes a V&M diagram to
determine the maximum moment acting on the center of the baseplate. As referenced in
Section 1d, the baseplate must not deflect more that 0.1in and be able to support a static 10lb
of load. With an assumed force of 10lb acting at the center of the plate, a maximum moment of
100.6 in-lb of force was calculated. Using this value along with the σmax equaling 35ksi, a “c” was
calculated. With a safety factor of 3, the c value was 0.116in, and most closely resembled the
standardized 0.250in aluminum plate thickness.
Drawing Referenced: Appendix B, CMF-20-001
ii. Analysis 2 Drop Test
In Appendix A, Section A-2: Drop Test. Figure A.2 depicts the impact velocity and acceleration at
9.80ft/s and 32.00ft/s2 respectively. This causes an overall force of 44.42N of force acting at the
center of the body continued in Figure A.3. This will yield approximately 11.06N of force acting
on each load location on the chassis base plate. Assuming the base plate being a rough
rectangle, the moment of inertia from the center of the plate will cause a deflection of
approximately 0.0718in. This satisfies the requirement stated in Section 1d where the chassis
must not deflect more than 0.1in. Further calculations will use this calculation to address the
material necessary for the lower control arms used in the front suspension system.
Drawing Referenced: Appendix B, CMF-20-001
iii. Analysis 3 Impact Test
In Appendix A, Section A-3: Impact Test. Figure A.4 analyzes the forces acting on an attached
bumper when the RC truck collides with a wall at 20mph. Using a safety factor of 2.2, the total
force calculated at the moment of impact was 250lbf. This will be a crucial test moving forward
in the performance portion of the RC Baja project.
Drawing Referenced: Appendix B, CMF-20-003
iv. Analysis 4 Minimum Screw Diameter
In Appendix A, Section A-4: Minimum Screw Diameter. Figure A.5 calculates the energy of the
RC from a 1.5ft drop and how thick the diameter of the screws is required to be to prevent
8

material failure. Using 6061 T-6 Aluminum and a calculated energy of 15ft-lb from a 1.5ft drop,
the minimum diameter allowable was 0.114in. The closest standard screw diameter is 0.125in
and will be used.
Drawing Referenced: Appendix B, CMF-20-001
v. Analysis 5 Maximum Wheel Angular Velocity
In Appendix A, Section A-5: Maximum Wheel Angular Velocity. Figure A.6 depicts the speed of
rotation of each wheel at the goal speed of 20mph. Assuming maximum velocity of 20mph and
a wheel diameter of 4in, the calculated angular velocity of the wheels was 176 rad/s.
vi. Analysis 6 K Value of Projected Spring
In Appendix A, Section A-6: Spring K Value. Figure A.7 calculates the theoretical k value of a
spring that will be able to withstand the weight of the RC car at each spring and be able to
compress up to 2in of travel. The projected k value was estimated to be 20929N/m or
119.5lbf/in.
Drawing Referenced: Appendix B, CMF-55-001
vii. Analysis 7 Thickness of Shock Tower
In Appendix A, Section A-7: Shock Tower Thickness. Figure A.8 confirms that the thickness of
the shock tower will be sufficient at .25 inches. This is important as it will be machined from the
same aluminum sheet as the baseplate. The minimum required thickness with a safety factor of
3 so the shock tower doesn’t fail due to stress is 0.143in, which is within the range of 0.25in.
Drawing Referenced: Appendix B, CMF-20-004
viii. Analysis 8 Minimum Control Arm Pin Diameter
In Appendix A, Section A-8: Control Arm Pin Diameter. Figure A.9 calculates the necessary pin
diameter that connects the control arm to the base plate so that it doesn’t fail in shear. Using a
safety factor of 2, the minimum diameter was calculated to be 1.37mm but, with an added
factor of safety along with rounded numbers, the final minimum diameter determined was
1.5mm.
Drawing Referenced: Appendix B, CMF-20-002
ix. Analysis 9 Distance from Shock Tower to Control Arm
In Appendix A, Section A-9: Distance from Shock Tower to Control Arm. Figure A.10 depicts a
simple Pythagorean and Law of Sines calculation to determine the distance from the base of
the shock tower to the point of connection on the control arm that the shock will be mounted
at 38.1mm in length. It further calculates the resting angles from the top and bottom mounts to
be 63.4° and 26.6° respectively.
Drawing Referenced: Appendix B, CMF-20-004
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x. Analysis 10 Shock Tower Camber Hole Shear Stress Analysis
In Appendix A, Section A-10: Shock Tower Camber Hole Shear Stress. Figure A.11 finds the shear
stress acting at the top camber mount holes and confirms that 6061 T-6 Aluminum at a
minimum of 0.1mm will sufficiently hold the load acting at the connection hole.
Drawing Referenced: Appendix B, CMF-20-004
xi. Analysis 11 Maximum Stress of Front Bumper at Impact
In Appendix A, Section A-11: Maximum Stress of Front Bumper at Impact. Figure A.12 illustrates
the maximum stress acting at the base of the front bumper at an impact force of 115lbf to be
13,742 psi. Using a safety factor of 2.2, the redesigned thickness at the base of the bumper
needed to be 0.474in to prevent failure.
Drawing Referenced: Appendix B, CMF-20-003
xii. Analysis 12 Critical Load of the Baseplate Before Buckling
In Appendix A, Section A-12: Critical Load of the Baseplate Before Buckling. Figure A.13
calculates the critical load at which the 6061 T-6 Aluminum baseplate with a thickness of 0.25in
would buckle. This value was found to be 14kN of axial force. It is unlikely that the baseplate
will experience this level of force and therefore should not buckle.
Drawing Referenced: Appendix B, CMF-20-001

h. Device: Parts, Shapes, and Conformation
This design was primarily inspired by actual trophy tuck suspension systems but also other
senior projects of previous years. This project utilized simple shapes and design structures to
provide functionality rather than overcomplicating and yielding possible miscalculations. This
method was used specifically in the Front Shock Tower where the factor of safety was
calculated using a factor of 3. This is due to the constant variable loading from the suspension
system. In order to incorporate this into the design, a higher safety factor was utilized so that
failure is unlikely to occur during the testing portion of the project. The chassis baseplate
however, used a safety factor of 2 due to being a much bigger part that will much better
distribute a load throughout the entirety of the vehicle, and thus requiring a lower safety factor
in its analysis.

i. Device Assembly
The RC Baja truck will consist of 3 main assemblies, outlined in Appendix B. These will be the
overall frame, front suspension system, and the rear suspension system. The long travel rear
suspension setup will allow a greater wheel travel and impact durability. Each of the
components, along with the drivetrain components, will be securely housed by the chassis.

j. Technical Risk Analysis
This RC truck will be optimized to be as light as possible within the given competition and
material constraints. 6061 aluminum is light weight but not as strong as a heavier material such
as steel. This could potentially cause the material to fail during the competition portion of this
project. The theoretical analysis calculations are performed under assumptions of how the
ASME competition is likely to happen. Therefore, many of these calculations are estimated.
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Much of this project will be utilizing tools and machinery that is foreign to the team’s expertise
so operating these machines may cause setbacks in the overall build schedule and will be
accounted for.

k. Failure Mode Analysis
Multiple failure load analyses were drawn for each component of the vehicle. The maximum
bending stress was most usefully used in the analysis of the shocks as well as the chassis plate
as seen in Appendix A. The maximum shear stress theory was used to analyze the connection
point between the mounting components and link pins. The maximum normal stress theory
was used to take an analysis on the front shock tower.

l. Operation Limits and Safety
The car should not be subjected to large amounts of water or otherwise fully submerge in
water. The Baja truck is capable of being exposed to water but may be damaged from
overexposure due to lack of waterproofing. The RC truck should not drop or jump from heights
of over 2 feet. The battery must be properly stored in dry and cool environments as well as
being charged according to instructions provided by the manufacture to prevent battery cell
decay and injury to operator.
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3. METHODS & CONSTRUCTION
a. Methods
The overall project of designing the RC Baja truck was conceived, analyzed, and designed at
Central Washington University by Caden Foster and Pablo Ruelas. Various analytical methods,
such as strength of materials, mechanical design, and statics, were used to design and optimize
the components constructed for the RC truck. This vehicle must adhere to rules and
requirements put in place by the Radio-Controlled Baja Car Contest and Remotely Operated
Auto Racers (ROAR).
i. Process Decisions
The RC Baja truck incorporates both purchased outsource parts and manufactured parts. Some
purchased parts would include the front and rear shocks, hardware, and tires. The majority of
the project included designing and fabricating components of the vehicle, including the chassis
base plate, control arms, and shock towers. Different materials and methods of manufacturing
were considered as it pertained to each individual part.
The chassis plate had previously been designed to be 3D printed using ABS filament but was
later found out that the available printers present at Central Washington University Mechanical
Engineering and Technology department were not able to exceed a maximum of 300 mm. This
required that the original design needed to be altered or that a different material was needed.
The original design was made to fit within the space available by the 3D printer, but the
designed dimensions that would be required to make this work, along with the material being
ABS, it would not be as rigid and durable in comparison to the current design using aluminum.
The decision to change the baseplate material to 6061 T-6 Aluminum was reached due to its
light weight and much greater yield strength. This decision can also be found in greater detail in
Appendix F, Figure F-2.
Manufacturing the baseplate from 6061 T-6 Aluminum was initially done using a CNC plasma
cutter. This decision came from the original analysis of the chassis baseplate from Appendix A,
Section A-1: Base Plate Thickness. The analysis identified that the closest standardized thickness
for 6061 T-6 was a quarter inch. Using this information, a CNC plasma cutter will provide
efficient cutting to minimize waste as well as its level of precision and accuracy to ensure the
dimension of the baseplate are at the desired lengths. Using the CNC plasma cutter will also
allow for multiple parts to be produced from a single program and plate of aluminum. The
baseplate, control arms, and shock towers will be included in this operation to save both time
and optimally utilize the space of the material to reduce waste. After beginning the cutting
process of the material, it was observed that the Plasma CNC table that was provided by the
school didn’t provide as precise and efficient cutting as previously predicted. The cuts were
overshot by over an eighth of an inch in some locations and was unable to cut the control arms
even after multiple attempts. Ultimately, the decision was made to change the cutting process
from a Plasma cutter to a waterjet provided by Pacific Aerospace and Electronics. This process
will provide the proper cuts to be made and at the precise dimensions due to this machinery
having access to a more state of the art program that will account for the thickness of the water
stream. This will prevent overcutting of the aluminum and even provide less blowout than
before.
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Another manufacturing technique that was used in the construction of the RC truck was the 3D
printer provided by Central Washington University. This process will be used for the front
bumper that will be mounted to the front of the baseplate. Due to the relatively complex shape
the front bumper takes, it would require excessive means of machining to produce the part to
specifications. Additionally, this part will only be required to undergo an impact test a handful
of times and shouldn’t be under constant loading. With that in mind, the part should be easily
replaceable and only require minimal effort to reproduce. The best process to manufacture this
given these variables is to 3D print the bumper with ABS so that it would be light weight,
require less setup, and be much more cost effective per material pricing.

b. Construction
i. Description
This proposal document comprises of the chassis and suspension portion of the overall RC Baja
truck. As such, it will document ten components and three sub-assemblies pertaining to the
chassis and suspension system. Some parts, such as the struts, pins, and hardware, will be
outsourced and purchased by distributors. Five parts will be manufactured using the CNC
plasma cutter, the CWU machine shop, and 3D printing, all located on the Central Washington
University campus. The first part constructed will need to be the chassis base plate due to the
entirety of the vehicle components and assemblies being attached to it. The base plate will be
manufactured, along with the control arms and front/rear shock towers, utilizing SolidWorks
drawing files converted into DXF files for the CNC plasma to cut out each component. The next
step is to upload the SolidWorks file for the front bumper into the 3D printer provided by the
CWU MET department and print the part using ABS filament. The first sub-assembly will be
constructed and will include the baseplate, battery holster, and front bumper. The second subassembly will be installed utilizing the front and rear shock towers, control arms, struts, and
supporting pins to keep the arms in place. This will be the encompassing suspension system
which, paired with the chassis sub-assembly will create the full suspension and chassis subassembly. The final assembly will incorporate the suspension and chassis sub-assembly along
with the steering and drivetrain sub assembly produced by Pablo Ruelas to complete the RC
Baja truck.
ii. Drawing Tree, Drawing ID’s
As shown in Appendix B, Section B-1, the chassis sub-assembly will be constructed first. Due to
each other sub-assembly being directly connected to the chassis, this must be first to further
develop the RC truck. As described previously, the chassis sub-assembly will consist of the
baseplate, battery holster, and front bumper. The second sub assembly will consist of the front
and rear shock towers, control arms, struts, and supporting pins. The first parts that must be
installed in this sub-assembly will be the front and rear shock towers so that the suspension
struts will be able to be properly installed. The final sub-assembly will be encompassing the
previous two sub-assemblies into the full
iii. Parts
There will be three primary process groupings for the components of the chassis and
suspension systems. The primary grouping categorized for utilizing a CNC plasma cutter for a
multitude of the components. This will be a very efficient process due to using a 0.25in sheet of
13

6061 T-6 Aluminum for four components of the chassis. These components can be found in
Appendix B, which will include the Baseplate (CMF-20-001), Front Shock Tower (CMF-20-004),
Rear Shock Towers (CMF-20-006), and the Control Arms (CMF-20-005). The CNC plasma cutter
will provide a precise and efficient means of producing multiple parts out of the same sheet of
aluminum. This will also cut down manufacturing time as well as material waste by a
considerable margin in comparison to hand cutting these components. The second grouping of
components is manufacturing by means of 3D printing from ABS. Two parts will be produced by
the 3D printer provided by the CWU MET department. These parts can also be found in
Appendix B and are the Front Bumper (CMF-20-003) and the Turnbuckle Mount (CMF-20-007).
The final grouping of components will be the part that were purchased online and that would
be too difficult to manufacture in the given time and resource constraint. These parts include
the front and rear shocks as well as the trailing arms that connect the chassis to the rear axle.
iv. Manufacturing Issues
There are likely to be a few risks and issues when it comes to manufacturing these components
come winter quarter. The biggest issue that is likely to come about is the availability of the
machines and resources as well as the operational know-how to properly operate the machines
in a timely manner. There will likely be a few other groups that will require the CNC plasma
cutter to manufacture components of their respective projects. Not including the daily
operation that other students and faculty may be using the machine for. Due to neither Caden
nor Pablo assistance of the proper faculty and/or operators to cut out the components of this
project. To tackle this issue, the project group will request a scheduled meeting with faculty to
cut the components required so that they can be done in a timely manner. The same issue can
be correlated with the ABS 3D printer due to a large number of parts needing to be printed by
many project groups and the large printing time that goes with each part produced. The same
tactic of scheduling a time to produce the part with faculty will be required and exercised to
reduce the manufacturing time of the components.
v. Discussion of Assembly
The main sub assembly that will be constructed for the chassis and suspension portion of this
project is the completed chassis assembly, denoted as Assembly-Chassis, Suspension (CMF-10001) and can be seen in Appendix B, Fig. B.3. As seen in the drawing, each of the main chassis
components will be mounted to the baseplate using either mounting bolts or free swinging pins
(used in the control arms). Clearance holes were drilled in the baseplate at each of the
necessary locations to properly mount each of the components. The final top assembly can be
seen in both the Drawing Tree in Appendix B, Fig. B.1 Baja-Assembly (CMF-10-002) as well as
the drawing in Fig. B.2. This depicts the overall assembly encompassing both the
chassis/suspension as well as the drivetrain components provided by Pablo’s portion of the Baja
Project. Based on the current projected cost of the overall project, the total expenditure of the
project is currently under the estimated cost, and thus will cheaper than predicted. Once the
parts were successfully cut using the waterjet CNC machine, the manufacturability of the
project became much more precise and feasible.
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4. TESTING
a. Introduction
This proposal will go over the chassis and suspension components that will be tested to ensure
they meet their respective design requirements. The components that will be tested in this
portion of the RC Baja Project will be the baseplate, front bumper, and shock towers. The
baseplate will undergo a drop test that will test its overall integrity as well as being introduced
to a center loading test to determine how it holds to an applied load about the center of the
chassis. The front bumper will experience an impact test of a minimum 20mph into a solid and
rigid wall. This will determine the structural integrity of the front bumper design and its
effectiveness in protecting the overall chassis. The shock towers will be subjected to force
loadings, as described in Appendix A, A-7 and A-10, along with a mounting feasibility test.

b. Method/Approach
The main forms of testing that will take place in determining the success criteria of the
components and RC Baja truck as a whole include force testing components, endurance and
environmental testing, and drop/impact testing the completed vehicle. After a considerable
portion of the RC Baja chassis was constructed, the team noticed that the weight of the truck
would be considerably heavier than the original predictions and assumptions. Due to this the
team decided to add a speed test to compare the predicted speed vs the actual speed of what
the truck is capable of driving at with the heavier weight of the chassis.
Testing the components of the vehicle can be done utilizing the CWU materials lab. By
using simple static testing methods, the components can be individually tested to determine
their structural integrity. This can be accomplished by isolating each component in either a
fixed or pinned jig and applying a specified weight/force in a particular direction to find the
effect it has on the member. Caden and Pablo will be able to determine if the components
meet the requirements using proper measuring equipment including calipers and force gages,
to test whether the baseplate will deflect over 0.1in under a 10lb center loading as stated in
Section 1d.
Endurance and environmental testing will be performed to determine if the vehicle can
maintain sustainable operation without failure. The RC Baja truck will be tested on CWU
campus outside of Hogue on the pavement to test its driving tendencies on smooth and
unchanging surfaces and later dirt/gravel to find how well it drives in variable friction
conditions. This will be done in 15–20-minute intervals to give the vehicle time to warm up and
fully experience a drive test. After which the vehicle will be inspected about each of its
components and determine if repairs or redesigns are required.
The drop and impact tests were done with both Caden and Pablo present so that there
can be an operator and recorder that will video record the vehicle during these tests and
acquire slow motion footage to best see the interaction of the components during these tests.
The drop test will be conducted similarly using a slow-motion video to capture the suspension
system acting in full motion. The drop will be from a 1.5-foot drop using a tape measure to drop
from the correct height.

15

The final test will be the speed test in which Caden and Pablo will measure the top
speed of the RC Baja as well as the time it takes for the truck to drive 10 meters. This will be
done on CWU campus in the Fluke Lab of Hogue. Tape will be placed at two ends of a 10-meter
runway and a phone will be used to measure the elapsed time for the truck to reach 10 meters
from a standstill. This will measure the average acceleration of the RC Baja truck. Lastly, the
average velocity of the truck will be measured using the 10-meter runway and stopwatch but
with the truck traveling at a constant speed from the starting position. This test will provide an
idea as to the projected vs actual speed of the truck given the extra weight that was originally
unforeseen in the design steps of the project.
The impact test was conducted by driving the vehicle into a rigid wall at different
intervals of speed such as 5, 10, and 15mph while recording the interaction. Additionally, the
overall weight of the RC was measured to get a total mass for further calculations. This will be
utilized by using a speed app on a phone, and then securing the phone onto the RC. The speed
reading was then divided by the assumed impact duration of 0.1 seconds to find the
acceleration of the impact. The force calculated multiplied by the known mass of the RC finds
the total force acting on the bumper and furthermore the rest of the chassis. If further data is
required, a G-meter may be used in determining the precise force at impact between the
bumper and wall upon impact. Due to the battery reading defective upon the time of testing,
the RC was unable to drive at the intended 15mph.

c. Test Process
As discussed previously, the majority of the tests performed will be done within the CWU
campus, and primarily within the Hogue Laboratories.
The force testing will be done in the Hogue materials lab utilizing proper vices and
clamps to hold parts in a fixed or pinned state to perform simulated force tests. These tests will
utilize weights and/or machines to simulate force loadings on each member that is required for
testing and will use calipers and force gages to determine the deflection and forces applied to
pass or fail the requirements.
The environmental testing can be done anywhere that has smooth concrete pathways
and dirt/gravel. The likely setting will be outside Hogue due to the ASME Baja Event being
located there so that the environment and surface conditions are familiar to the operator.
These tests will be observed and determined visually by inspection if parts and components
were successful.
The drop and impact tests can also be done on or off of CWU campus due to its
simplicity. All that will be required is a rigid wall/structure, tape measure for the vertical drop
test, and a possible G-meter if the visual components of the impact test do not suffice in
determining the test outcomes.
The deflection test will be performed in the machine shop of Hogue. The required tools
and equipment include two large table angles that will act as pillars to suspend the baseplate.
Also, various metal weights ranging around six pounds will be used to apply a static force on the
chassis. Finally, a table micrometer will be used to measure the deflection of the baseplate
relative to the surface of the table as it is suspended.
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d. Deliverables
Data yielded by these tests will be compiled and analyzed in a corresponding excel spreadsheet.
The raw data will then be formatted to illustrate the name of the test, the purpose and design
requirements that pertain to the test, why the test was performed, the results tabulated, and
finally a discussion in regards to the results and what they mean moving forward. Photos and
possible videos will be attached and labeled in Appendix G to better illustrated the findings of
these tests.
For the Drop Test, Chassis was predicted to return to its resting position after the drop.
However, after installing the springs, this was changed to be within 0.5” of the original resting
position. The results were that the suspension was able to protect the chassis and its
components from damage but was unable to prevent bottoming of the chassis or have the
front end of the suspension return within .5” of its resting position. This is due to being unable
to obtain stronger springs for the purchased set of shocks. This manufacturer did not make a
heavy-duty variation and the front end of the chassis housed the heaviest of the components
and lacked an even weight distribution.
For the Impact Test, the bumper was predicted to withstand a collision at 15mph with the
designed cross-sectional area. The bumper was also predicted to dampen the impact so that no
other components were damaged. The 5 and 10mph tests were successful in preventing
damage to the bumper and the components mounted to the chassis but failed during the
15mph trial. After reviewing the analysis of the cross-sectional area of the bumper and the
force calculation of the impact, it was found that the area of the bumper was slightly under
designed while also shearing along the layers of the 3D printed lines. To correct the shearing,
the part was reprinted vertically to and helped to prevent the delamination of the printed
layers but was still too under designed to withstand the 15mph trial.
The Deflection Test predicted that the chassis would be able to withstand a deflection less than
0.1” after 30lbs was applied to the center of the baseplate. The test as successful and yielded
0.07” deflection at the end of the 30lbs trial. This shows that the thickness of the baseplate was
most likely over designed and could likely maintain structural integrity with a thinner baseplate
and thus weigh less for the R/C overall.
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5. BUDGET
a. Parts
The majority of the parts and components required in the chassis and suspension systems will
be manufactured at CWU by Caden and Pablo. Some parts had to be purchased both locally at
Gerrol’s and via internet distributors such as Amazon due to lack of experience, time, and
overall complexity of some parts. These parts will ensure the overall functionality of this project
will be as close and similar in comparison to an actual RC Baja truck and produce a successful
vehicle. The parts that will be purchased can be seen in Appendix C-1. Thanks to the donation
of a 24x24” .25” thick plate of 6061 T-6 aluminum by Pacific Aerospace and Electronics, the cost
of the baseplate was foregone. One source of cost that wasn’t originally accounted for was the
amount of 3D printing that was necessary for the overall manufacturing of the RC Baja truck.
The printing alone has cost $39 more than previously expected and can be seen in Appendix D1. This, however, will not put the team budget over due to the donation of the aluminum sheet
reducing the project cost by the previously estimated cost of $67, thus reducing the total cost
of the project by $28.

b. Outsourcing
Based on current projections, there will not need to be any outsourcing of labor or
manufacturing outside of using the ABS 3D printer provided by CWU. The current cost of labor
to print parts is $0.50 per hour of print time. This is a low and fair price to distribute the parts
necessary to complete the RC Baja truck and should not exceed a cost of $20 overall. The
facilities at CWU such as the machine shop and wood shop will also provide resources and tools
to complete the project as intended with no additional costs outside tuition fees. As of the
Winter Quarter, and previously stated above, the cost of 3D printing parts was underestimated
and turned out to be in the upward range of $40 after all parts have been printed. This was
evened out thanks to the donation of other parts in the project that ended up reducing the
overall price of the RC Baja total cost.

c. Labor
Not including the theoretical labor costs allotted to Caden Foster for their hours of work at
$28/hour, the only labor costs that will be considered is the $20 of expected cost to print the
front bumper (CMF-20-003) and turnbuckle (CMF-20-007) using the CWU ABS 3D printers. Each
other part will be manufactured by Caden and Pablo utilizing the expertise provided by
Professor Pringle, Dr. Choi, and other CWU faculty and staff as well as the resources provided
through the CWU machine shop and wood shop.
After concluding the Testing portion of the project, many additional hours went into the
upkeep and reconstruction of the R/C. An estimated 20 additional hours went into part
redesigns in SolidWorks and 3D printing of new parts or parts that ended up breaking after
testing. One example of this being the rear axel and differential box needing to be replaced and
installed after the top speed test. The friction in the drivetrain caused the rear axel to overheat
and completely shear in two while the differential box overheated, and the PLA plastic melted
and welded onto the spur gear. Mistakes such as these were planned to be prevented by using
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better heat absorbing materials such as carbon fiber filament as well as stronger axel material
like steel rather than aluminum. These fixes caused for more time in the shop to fix but
ultimately allowed for the previous problems to be avoided in the future.

d. Estimated Total Project Cost
The overall estimated cost of this project, including labor costs allotted to Caden Foster, will be
just over $10,500. The cost of parts and outsourced labor however has been estimated to $250.
This will include the cost of 3D printing, parts purchased, and taxes applied to the purchases.
There will be an emergency fund of $100 over budget if unexpected occurrences happen that
would place the overall cost over budget. This is unexpected to happen, but the contingency
plan is in place regardless. The project cost can be further looked at and analyzed in Appendix
D-1. Reflecting back to the previous point of the donation of the 6061 T-6 aluminum, this
reduced the total projected cost of the RC Baja project by an estimated $67. This was
counteracted by the increased cost to 3D print components of the Baja truck by $39. Overall,
the total cost of the RC Baja project was reduced by an estimated $28.

e. Funding Source
Funding will be provided by each member of the RC Baja Project and evenly split between
Caden and Pablo. This funding will be out of pocket and tallied at the end of the year for the
final cost of the project.
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6. Schedule
a. Design
An overview of the project schedule can be found in Appendix E, Figure E.1 where it depicts a
Gantt chart that precisely lays out each task performed, the predicted vs. actual time required
to accomplish each task, and the generalized timeline in which each task was completed. The
Gantt chart is further divided into three primary milestones, those being the proposal and
design of the project in the Fall Quarter, the construction of the vehicle in the Winter Quarter,
and finally the testing phase and final competition set in the Spring Quarter. Under each of
those had smaller subsections. The Design portion of the Gantt chart, which was done during
the Fall Quarter, included the Proposal, Analysis, and Documentation. A key factor of this
portion moving forward in this project were the 12 RADD style analyses which each illustrated
important design requirements and proving that the designed parameters were supported
through various means of engineering merit and calculations as seen in Appendix A. Also in this
section are the part and component drawings that adhere to ASNI Y14.5 standards. As of
December 6, 2021, 132 of the projected total 243 hours have been accounted for and logged.
For the portion of the project that has been completed, the overall actual hours spent on the
project is currently under time budget. There have been a few tasks that were not completed in
the time allotted due to poor time management but have since been completed and caught up.
This was done by taking some extra time throughout the week to sit down and complete the
necessary entries of the proposal. Proceeding forward, more time will be scheduled in the week
to ensure the project doesn’t fall behind again.

b. Construction
Some of the important tasks that will take place in the Winter Quarter of this project include
part acquisition and manufacturing of the parts and components, and finally the assembly of
the vehicle. To further see this in detail, please see again in Appendix E, Figure E.1.
A few major parts that were constructed included chassis components cut from a sheet of T-6
6061 aluminum, 3D components, and the part purchased such as the shocks. Looking
specifically at the aluminum components, there were a few problems that impacted the
expected construction time. Parts that included the baseplate (CMF 20-001), front shock tower
(CMF 20-004), rear shock towers (CMF 20-006), and control arms (CMF 20-005) were originally
planned to have been cut from the CNC plasma cutter. The plasma cutter displayed large
amounts of blowout and was unable to successfully cut the control arms. This consumed the
sheet of aluminum that was donated for the project. The aluminum components were later
outsourced to be cut using a waterjet by Pacific Aerospace and Electronics. The parts were
successfully cut to specifications and within tolerance. This process required the parts to be
machined at the company’s discrepancy and timeframe as well as needing to travel to
Wenatchee, WA to pick up the finished parts. This ultimately set back the schedule for these
components by over two weeks. Other setbacks in the construction projected time included
printing parts in the Samuelson building. Other RC groups and individuals at CWU had parts
printing on their machines and caused the printing time for a few parts to take longer than
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projected. This set back the printing of the rear travel arms by over a week past the projected
time.

c. Testing
The greatest problem that impacted the testing portion of this project was the stability and
reliability of the drivetrain. The gearbox displayed large amounts of friction ranging between
the motor output shaft to the input spur of the differential shaft. This caused the RC to drive
very poorly and sputtered when given power. The RC was originally unable to move under its
own power and maintain speed. To address this, a new gear box was created to house bearings
for the shafts and make room for spacers that would keep the driveshaft perpendicular to the
gearbox and differential box. This provided enough friction relief to allow the RC to move at
constant speeds and maintain a top speed of at least 15mph. Further complications included a
defective battery that, once depleted, was unable to be recharged. This was discovered during
the Impact Test when the RC was unable to move at the expected minimum 15mph and no
longer had enough power to translate torque to the motor. After exploring possible options to
revive the battery, it was deemed that the battery was defective and unable to be recharged. A
new battery was purchased and installed which fixed the lack of power. These fixes allowed for
the Impact Test to be conducted at the necessary speed trials of 5, 10, and 15mph.
These issues caused the physical testing of the impact test to be set back a week due to
the necessary repairs to the gearbox and new battery being purchased. This can be seen in
Section 6c, found in Appendix E, Figure E.1.
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7. Project Management
The ASME RC Baja Project came with its own risks in the form of time management and
budgeted cost to complete this project. Each analysis, component part drawing, and proposal
entry was to be completed and due in a specified time constriction in order to receive full credit
and maintain a timely schedule. This was a challenge for the team to keep up to date and
submit a full proposal by the end of the quarter. Other risks included the manufacturing and
construction portion of the project where parts had to be produced and purchased to complete
the assembly of the RC Baja truck. If any of these components don’t properly fit as expected,
new parts will have to be remanufactured and repurchased, causing a time risk factor of
completing the vehicle in time. This will be tackled by starting early in the parts acquisition
stages of the winter quarter and will be fit tested as soon as possible to ensure it will assemble
as intended and within the time constraints provided. In doing so, this project will be successful
in producing a finished RC Baja truck by the deadline and have a functioning vehicle for the
testing phase.

a. Human Resources
The principal engineer for this portion of the project will be Caden Foster and will provide
expertise in the chassis and suspension systems of the ASME RC Baja Project. They will utilize
SolidWorks experience and analytical methods to prove the dimensions of the parts and
components to be sufficient. The resume for Caden Foster can be found in Appendix H-1. Pablo
Ruelas will act as the supporting engineer for this project to provide design input and compare
drawings to their own from the steering and drivetrain portion of this project to ensure that the
overall design is sound. The risk of the components not meshing well or fitting properly will
result in redesign and delay of the overall completer design.

b. Physical Resources
The primary physical resources required to complete this project include the CNC plasma cutter
in the CWU Machine Shop along with the ABS 3D printers provided by the CWU MET
department. The risks involved with these resources include the time it takes to operate the
machines along with the expertise to operate them properly and efficiently. This aside from the
fact that multiple groups and faculty will be requiring the operation of these machines which
will cause possible long lead times and waiting to find the time to operate them for the use of
this project. To address this, this group will attempt to utilize the machines as soon as possible
so that if a mistake or redesign is necessary, there will be plenty of time to reuse the
machinery.

c. Soft Resources
There are two primary soft resources that are frequently utilized throughout this project,
SolidWorks and Microsoft Office. Each component part drawing is done through SolidWorks
and is required to design, adjust, and properly illustrate the design constraints of each part.
Microsoft Office is comprised of Word and Excel which document the overall proposal report
along with supporting data sheets such as the Gantt Chart illustrated in Appendix E. The risk
involved using these soft resources comes with potential software crashes that could leave files
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unavailable to open or deleted completely. To address this, these files will be saved to multiple
locations to ensure such an occurrence cannot happen and if it does, precautions were taken.

d. Financial Resources
The project sponsors for the ASME RC Baja Project are Caden Foster and Pablo Ruelas and they
will be solely responsible for the means of funds to procure the necessary components and
parts to complete the vehicle assembly. An emergency fund of an additional $100 was set in
place but this risk will be mitigated by checking design parameters and specifications to prevent
repurchasing of parts, prevent breakage where possible, and properly budgeting the project as
the future quarters go by.
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8. DISCUSSION
a. Design
The initial design of the RC Baja didn’t originally include a long travel rear suspension system
but after reviewing projects from previous years and sing a few designed that incorporated this
feature, it was decided to take on the challenge of making this work for this team’s RC truck.
This suspension system is going to be unique in comparison to other vehicles being constructed
this year by the rest of the class and will be able to endure much greater suspension travel. The
chassis and many of its components were decided to be made from quarter inch thick 6061 T-6
Aluminum due to it being both light weight and plenty rigid and yielding a high material
strength to endure the challenge trials in the RC Baja event. Some difficulties that came with
this is the fact that the parts made from aluminum must be designed with the quarter inch
plate thickness in mind. The idea behind the construction of the parts such as the baseplate,
control arms, and shock towers is that they will be CNC plasma cut from the sheet of 6061 T-6
and be easily and precisely cut to specifications. With the fact that they are made from the
aluminum, they will be much stronger than if they were to be printed from ABS and can be
designed to be much thinner to compensate for its structural strength. There were a few
miscommunications between Caden and Pablo in terms of the way in which the motor and
drivetrain would be installed into this baseplate and therefore redesign was required for the
length of the travel arms and motors that would be able to be used for this project. Tackling
this going forward, more weekly communication and updates will be implemented to make
sure this doesn’t become a recurrence.

b. Construction
The construction phase began by printing out the Front Bumper and Turnbuckle, as seen in
Appendix B, Figures B.6 and B.10 respectively. These were completed first due to the simplicity
of the build requirements and that they would have the highest chance of error or misprinting.
To combat this, they were done first to ensure that the parts were printed properly and ready
for construction of the overall assembly moving forward. Thanks to this process, these parts
were manufactured quickly with ample time to make revisions or reprint later in the
construction process. The next set of parts that were manufactured were the Baseplate, Front
and Rear Shock Towers, and Control Arms. These parts can all be found in Appendix B. A 2x2
foot sheet of .25” thick 6061 T6 Aluminum was donated by Pacific Aerospace and Electronics
(PA&E) for the construction of the RC Baja team of Caden Foster and Pablo Ruelas. Each of the
previously mentioned parts were planned to be manufactured with this sheet of aluminum
using the CNC plasma cutter. This process was originally chosen due to the superior capability
to nest each of the parts efficiently to save raw material for potential future use in redesign or
backup construction. This process is also cost and time efficient due to the CNC plasma cutter
being on campus and readily available with the guidance and assistance of CWU faculty and
experts. The greatest risk that comes with this manufacturing process is properly calibrating the
intensity of the CNC plasma cutter so that it properly cuts through the material sufficiently
while also not overheating the material and causing blowout and melting of the material. This
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risk was mitigated by using a test portion of the material to calibrate the plasma cutter and
reduce to risk of undercutting or blowout from the backside of the material.
Even after these mitigation strategies, the plasma cutter proved to be inconsistent and unable
to cut the material to the proper specifications. Some parts, such as Arm-Control, Front (CMF20-005), were unable to be fully cut from the sheet of aluminum. On top of this, the plasma
cutter also overcut the material and caused an angled blowout in the material that overall left
the parts unusable. To correct this, the manufacturing method for machining out the metal
components of the chassis was changed to a water jet CNC machine. This operation was
outsourced and completed by PA&E. After retrieving the components, it was observed that
each part was cut within the 1mm tolerance and thus able to proceed in the construction
process. The final step of the construction process involved filing down the pin locations of each
control arm to allow space for full pivot range of motion as well as each of the hole locations
that are required to mount the chassis and drivetrain components to the baseplate.

c. Testing
The testing portion of this project included a multitude of tests that displayed the capabilities of
the chassis and suspension portion of the RC Baja. The first test conducted was a drop test from
a height of 1.5 feet. This test determined the effectiveness of the springs mounted in the shocks
and furthermore the stability and fortitude of the suspension components. The requirements
for the test were that the chassis would not violently bottom as well as remain intact and have
no breakages upon impact with the ground from the drop. Overall, the drop test was successful
in that no components broke on impact but was unsuccessful in preventing bottoming in the
front of the chassis. This was due to a few factors. The main reason being that springs in the
purchased shocks didn’t have a strong enough k value to prevent the front end of the chassis
from bottoming from the force of impact. After the initial test, new springs were attempted to
be located that would sufficiently hold the weight and force of impact, but no such springs were
available for the model of shocks the team had purchased. The team decided it was out of the
project budget to purchase a new set of shock/spring assemblies as the team was already
dipping into the emergency fund of the available budget. This was deemed sufficient for driving
purposes for further testing thanks to the springs being able to hold the vehicle’s weight in a
static and light load. The second reason for the suspected failure was the need for a majority of
the vehicle’s weight proportionally distributed to the front of the chassis and the front shocks
had to support the bulk of the components’ weight. The second test conducted was the impact
test, in which the RC was driven into a wall at varying speeds to determine the effectiveness of
the designed bumper alongside the chassis’ capability to brace a front-end collision without any
components failing on impact. The varying speeds tested were 5mph, 10mph, and finally
15mph at a constant speed at impact. The results of the test concluded that the bumper was
able to brace the impact and maintain its structural integrity up to 10mph but failed at 15mph.
The bumper was reprinted in multiple ways to test its capability; those being out of ABS, PLA,
and PLA in a vertical print pattern. After multiple attempts, it was concluded that PLA printed in
the vertical orientation yielded the strongest results for structural fortitude so that it did not
break at the tested maximum of 15mph.
After reviewing the required tests in the initial writeup of this project from previous quarters, it
was determined to add one additional test that would be measuring the effectiveness of the
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chassis plate. This test was done by setting the chassis plate on to supported blocks at each end
and applying in increasing load at the center until reaching 30lbs or until the chassis deflected
over 0.1 inches overall. Testing these values provided a better comparison of the predicted
chassis deflection compared to the actual physical deflection experienced with all of the
components mounted and assembled. The chassis was able to deliver on its expected 30lb load
and the test was successfully conducted.
A few changes had to be addressed in the testing process during the testing of the chassis due
to unexpected problems. One example of this being to set the starting distance of the impact
test out 15 feet rather than the initial 10 feet so that the RC had time to build to the necessary
15mph. Another problem the team ran into was a defective battery that made the drive speed
of the RC unable to reach the full 15mph for testing. To yield results, the initial test was
conducted at the maximum potential speed capable at the time which ended up being roughly
12mph at the time and was later retested to ensure consistency. The results of the 12mph test
did however conclude the initial bumper was unable to maintain structural integrity past
10mph which led to the new printing orientation of the bumper. This problem occurred most
likely due to the horizontal printing orientation leading to delamination with the force acting in
direct shear of the printed layers. This was fixed thanks to the printed layers being
perpendicular to the shear force when printed in the vertical direction.
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9. CONCLUSION
The RC Baja project will incorporate producing a vehicle with a unique chassis, suspension
system, and furthermore a functioning drivetrain and steering system. This RC vehicle will be
able to perform and compete at the ASME RC Baja event in the spring quarter. This portion of
the project will ensure the chassis will securely mount each component of the Baja RC while
also providing a secure and rigid body. Also, it will have a fully functioning long travel
suspension system that will support the chassis and its components, while providing the vehicle
with a smooth drive. Each component that was designed has been fully analyzed and assured
that it will be structurally sound come test day. The chassis base plate was the most critical
component for the entirety of the RC Baja truck to function as designed so multiple analyses
were conducted using statics, strength of materials, and mechanical design. This, for example,
simulates and makes sure the baseplate will not buckle, yield due to a drop test and varying
loads, and confirm the proper material to prove these tests to be sufficient. These analyses can
be seen and reviewed in Appendix A. Each part has been designed and purchased within the
projected budget. Each component will be able to be purchased and produced utilizing
machinery and tools provided by CWU. The RC Baja vehicle is ready for the manufacturing and
construction phase in the coming quarter.
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APPENDIX A - Analysis
Appendix A-1 – Base Plate Thickness
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Appendix A-2 – Drop Test

Figure A.2: Force of drop impact
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Drop Test Continued

Figure A.3: Force of drop impact
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Appendix A-3 – Impact Test

Figure A.4: Force of impact acting on Bumper
33

Appendix A-4 – Minimum Screw Diameter

Figure A.5: Minimum Screw Diameter Before Material Failure
34

Appendix A-5 – Maximum Wheel Angular Velocity

Figure A.6: Maximum Angular Velocity at the Wheel
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Appendix A-6 – K Value of Spring Required

Figure A.7: K Value Required for a Spring Compressed 2in.
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Appendix A-7 – Thickness of Shock Tower

Figure A.8: Minimum thickness of shock tower so it doesn’t buckle/fail due to stress of load.
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Appendix A-8 – Minimum Control Arm Pin Diameter

Figure A.9: Minimum allowable pin diameter used in control arms to prevent shear failure.
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Appendix A-9 – Distance and Angle from Shock Tower to the
Control Arm

Figure A.10: Finding the necessary geometry from the shock tower to the point of connection
on the control arm for the shock to be mounted.
39

Appendix A-10 – Shear Stress at Shock Tower Camber Hole

Figure A.11: Minimum length between camber link hole and shock tower end to withstand the
shear force acting at the connection. 0.1mm was determined to be thick enough.
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Appendix A-11 – Front Bumper Redesign to Account for
Maximum Stress at Impact

Figure A.12: Analysis determining the new thickness of the base of the front bumper to
withstand the impact force of 115lbf to be 0.474in thick.
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Appendix A-12 – Critical Load of Baseplate Before Buckling

Figure A.13: Analysis determines the critical load that will cause the baseplate to fail due to
buckling.
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APPENDIX B - Drawings
Appendix B – Drawing Tree

Figure B.1 Drawing Tree
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Appendix B – Top Assembly Drawing

Figure B.2: Top-down assembly of the entire RC Baja vehicle depicting Chassis/Suspension
systems mated with the Steering/Drivetrain components
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Appendix B – Chassis and Suspension Sub-Assembly

Figure B.3 Chassis/Suspension Sub-Assembly
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Appendix B – Chassis Base Plate

Figure B.4: Chassis Base Plate Drawing
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Appendix B – Control Arm Pin

Figure B.5: Control Arm Pin Drawing
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Appendix B – Front Bumper

Figure B.6: Front Bumper Drawing
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Appendix B – Front Suspension Tower

Figure B.7: Front Suspension Tower
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Appendix B – Control Arm

Figure B.8 Front Control Arm Drawing
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Appendix B – Rear Shock Tower

Figure B.9 Rear Shock Tower Drawing
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Appendix B – Turnbuckle

Figure B.10 Front Turnbuckle Drawing
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Appendix B – Turnbuckle Pin

Figure B.11 Turnbuckle Pin Drawing
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Appendix B – Front Suspension Strut

Figure B.12 Front Suspension Strut Drawing
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Appendix B – Control Arm Mounting Bolt

Figure B.13 Control Arm Mounting Bolt Drawing

55

APPENDIX C – Parts List and Costs
Table C1. Parts List

Part Number
CMF-20-001
CMF-20-002
CMF-20-003
CMF-20-004
CMF-20-005
CMF-20-006
CMF-20-007
CMF-20-008
CMF-55-001
CMF-55-002

Qty
1
2
1
1
2
2
1
2
2
20

Part Description
Baseplate
Control Arm Pin
Front Bumper
F. Shock Tower
Control Arm
R. Shock Tower
Turnbuckle
Turnbuckle Pins
Struts
Mounting Bolts

Source
Mfg
Mfg
Mfg
Mfg
Mfg
Mfg
Mfg
Mfg
Amazon
Amazon

Cost
--------TBD
TBD

Disposition
CMF
CMF
CMF
CMF
CMF
CMF
CMF
CMF
TBD
TBD

APPENDIX D – Budget
Table D1. Project Budget.

Item

Qty

Description

Cost

1
2
3
4
5
6
7

2
1
4
1
330
1
1

$0
$8.75
$0.76
$11.99
$28.00/hr
$150.00
$35 fee

8
9
10

1
1
1

24x24 in .25 in 6061 T-6 plate
50 pc M3 bolt set
32 mm long 2mm Dia. Dowel Pin
100 pc Retaining clips
Labor
Parts Purchased
Tools required to manufacture
parts
3D Printed Parts
Springs
Shipping

Cost with
Quantity
$0
$8.75
$3.04
$11.99
$9,240.00
$150.00
$35

$50
$70
0

$50
$70
0

Sub Total
Tax
Total

$9,576.78
$766.14
$10,342.92
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APPENDIX E - Schedule

Figure E1. Project Gantt Chart.
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APPENDIX F – Expertise and Resources
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APPENDIX G – Testing Report
Appendix G1 Drop Test
Introduction
•

Summary/overview:
o This procedure will document the test of dropping the R/C from a height of 1.5
feet and reviewing the results. The test will overlook an R/C that was designed
and manufactured in previous quarters of the Mechanical Engineering and Tech.
senior capstone project. The information below will include any necessary test
information and procedures that must be taken to perform a successful test.

Figure G-1.1 Drop Test Setup

Method/Approach
•

•
•

Time:
o The test was conducted on 4/8/2022 between 8 and 10am in the Hogue Fluke
Lab. 30 minutes was allotted to gathering materials and equipment, 30 minutes
performing the trials of the drop test, 30 minutes reviewing video footage and
tabulating results, and 30 minutes to clean the area and remove equipment from
the Fluke Lab
Place:
o Hogue Hall Fluke Lab, Central Washington University, Ellensburg WA.
Equipment:
o Cardboard
o Tape
o Sharpy/Felt Pen
o Ruler
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•

o
o
o
o
o
Risk:
o

Video/Phone Camera
R/C Vehicle
Data Table
Notepad
Safety Glasses
Safety glasses must be used at all times to protect from potential flying objects.
Gather all equipment before conducting the test to ensure everything is present
and ready for evaluation and data recording. Ensure the R/C is fully constructed,
and fasteners securely tightened to prevent unnecessary failure during testing.

Test Procedure
•

Complete Test Procedure:
1. Gather Equipment
a. Video/phone camera
b. R/C vehicle, cardboard backdrop, ruler, tape, data table, Sharpie
2. Begin setup in Hogue Fluke Lab
3. Place the incremental cardboard backdrop on a wall and securely taped so that it is
touching the floor at the “0 inches” mark as seen in Figure G-1.1
4. Use the ruler to find 1.5 feet from the floor and mark the position with a piece of
tape
5. Have the R/C partner hold and position the camera at floor level 1 foot in front of
where the R/C will be dropped
6. Construct a Data Table through excel or by notebook and have it ready for data
entry
a. Create a Front and Rear row each with a minimum of two trials
b. Record the initial resting position of the front and rear of the baseplate
relative to the ground

Figure G-1.2 Blank Drop Test Data Table

7. Hold the R/C level at the 1.5 foot mark
8. Indicate to the partner to begin recording in a Slow-Motion video
9. After 1 second drop the R/C
10. Inspect that there has been no damage or breakage in the chassis or its components
11. Record in the data table the values of the resting positions in the front and rear of
the baseplate using the ruler measuring from the ground
12. Repeat steps 7-11 one to two more times to find an average value of the tested
results
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13. Begin cleaning the station and return all borrowed equipment back to the storage
location in Hogue Hall
14. The Drop Test is complete
•

Discussion:
o The testing was successfully conducted with little to no problems after following
the written test procedure. It was found to be difficult to record the chassis with
the cardboard backdrop to be visible. To correct this, the video was taken at
ground level and the camera was placed at a slight angle in front of the R/C so
that the suspension was clearly visible, and the backdrop could be utilized as a
measurement reference when reviewing the video.

Deliverables
•

The Drop Test was an aptitude test for the springs’ ability to prevent the chassis from
bottoming while also being able to return the chassis to its resting position. The test was
successful in that no components broke on impact but was unsuccessful in preventing
bottoming in the front of the chassis as well as not returning to its resting position after
being dropped from 1.5 feet. Neither the front nor rear ends of the baseplate returned
to its initial position, but the front was able to return within 0.5” of the initial position.
The most likely reason for this happening was that the springs in the purchased shocks
didn’t have a strong enough k value to prevent the front end of the chassis from
bottoming from the force of impact. Alongside most of the electrical components being
mounted to the front, which caused even more load onto the front shocks.

Appendix G1 – Procedure Checklist
1.
2.
3.
4.

R/C Baja vehicle has been manufactured and constructed
Test Procedure is on hand and has been read
Materials and equipment from the equipment list have been gathered
Blank Data Sheets have been created

Appendix G2 – Data Forms

Figure G-1.2 Blank Drop Test Data Table
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Appendix G3 – Raw Data

Figure G-1.3 Drop Test Data Table Complete

Appendix G4 – Evaluation Sheet

Figure G-1.4 Drop Test Spreadsheet

Appendix G5 – Schedule (Testing)

Figure G-1.5 Drop Test Depicted on Gantt Chart

Appendix G2 Impact Test
Introduction
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•

Summary/overview:
o This procedure will document the test of driving the R/C into a solid wall at
varying speeds of 5, 10, and 15 mph and reviewing the results. The test will
overlook an R/C that was designed and manufactured in previous quarters of the
Mechanical Engineering and Tech. senior capstone project. The information
below will include any necessary test information and procedures that must be
taken to perform a successful test.

Figure G-2.1 Impact Test Setup

Method/Approach
•

•
•

•

Time:
o The test was conducted on 4/26/2022 between 8 and 10am outside Hogue Fluke
Lab. 30 minutes was allotted to gathering materials and equipment, 30 minutes
performing the trials of the impact test, 30 minutes reviewing video footage and
tabulating results, and 30 minutes to clean the area and remove equipment from
outside the Fluke Lab
Place:
o Outside Hogue Hall Fluke Lab, Central Washington University, Ellensburg WA.
Equipment:
o Tape measure
o Cellphone with a Speed App
o Video/Phone Camera
o R/C Vehicle
o Data Table
o Notepad
o Safety Glasses
Risk:
o Safety glasses must be used at all times to protect from potential flying objects.
Gather all equipment before conducting the test to ensure everything is present
and ready for evaluation and data recording. Ensure the R/C is fully constructed,
and fasteners securely tightened to prevent unnecessary failure during testing.
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Test Procedure
•

Complete Test Procedure:
1. Gather Equipment
a. Video/phone camera
b. R/C vehicle, tape measure, pen, data table
2. Begin setup outside Hogue Fluke Lab
3. Use the scale provided by Hogue Hall to record the mass of the R/C prior to testing

Figure G-2.3 R/C Mass Prior to Testing

4. Place the incremental tape measure next to the concrete wall and pull out 15 feet of
tape as seen in Figure G-2.1
5. Mark the 15-foot position with a piece of tape

Figure G-2.1 Impact Test Setup

64

6. Securely mount a phone with a speed app or other means of measuring relative
velocity to the top of the R/C
7. Have the R/C partner hold and position the camera next to the wall that will be hit
roughly 6 feet away from where the R/C will be hitting
8. Construct a Data Table through excel or by notebook and have it ready for data
entry
a. Create columns for Velocity, Acceleration, Force, and Bumper Breakage
b. Create a separate section of the data sheet to record the mass of the R/C

Figure G-2.3 Blank Impact Test Data Table

9. Place the R/C on the 15-foot mark
10. Indicate to the partner to begin recording in a Slow-Motion video
11. After 1 second begin driving the R/C so that it reaches 5mph until it hits the wall
12. Inspect that there has been no damage or breakage in the bumper, chassis, or its
components
13. Record in the data table the values of the speed of the R/C at impact as well as if the
bumper experienced any breakage
14. Repeat steps 9-13 with the R/C traveling at 10 and 15mph
15. Begin cleaning the station and return all borrowed equipment back to the storage
location in Hogue Hall
16. The Impact Test is complete
•

Discussion:
o The testing was successfully conducted with a few problems after following the
written test procedure. It was difficult to maintain a consistent and accurate
speed based on the trial currently being tested. To address this, the operator
took multiple drives with the R/C to better gauge what each trial speed should
look and feel like, and the test was continued. The bumper was destroyed after
the 10mph test and delaminated along the printed layers. To fix this issue, the
bumper was reprinted and oriented vertically so that the layer lines would be
perpendicular to the force and was later able to pass the 10mph test.

Deliverables
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•

The Impact Test was an aptitude test for the bumper’s ability to prevent damage to the
chassis and suspension system during an impact. This determined the effectiveness of
the designed bumper alongside the chassis’ capability to brace a front-end collision
without any components failing on impact. The results of the test concluded that the
bumper was able to brace the impact and maintain its structural integrity up to 10mph
but failed at 15mph. The Bumper was unable to withstand the force of impact beyond
10mph and sheared with the force being parallel to the printed layer lines. To improve
upon this factor, the bumper was printed vertically and allowed for the impact speed to
go beyond 10mph but was still unable to survive the 15mph trial. It was later found that
the initial analysis calculation was incorrect in its approach and ultimately caused the
bumper to be under designed.

Appendix G1 – Procedure Checklist
1.
2.
3.
4.

R/C Baja vehicle has been manufactured and constructed
Test Procedure is on hand and has been read
Materials and equipment from the equipment list have been gathered
Blank Data Sheets have been created

Appendix G2 – Data Forms

Figure G-2.3 Blank Impact Test Data Table

Appendix G3 – Raw Data

Figure G-2.4 Impact Test Data Table Complete

Appendix G4 – Evaluation Sheet
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Figure G-2.5 Impact Test Spreadsheet

Appendix G5 – Schedule (Testing)

Figure G-2.6 Impact Test Depicted on Gantt Chart

Appendix G3 Deflection Test
Introduction
•

Summary/overview:
o This procedure will document the test of applying weight to the center of the
R/C baseplate and measuring the deflection it yields while suspended by each
side. The test will overlook an R/C that was designed and manufactured in
previous quarters of the Mechanical Engineering and Tech. senior capstone
project. The information below will include any necessary test information and
procedures that must be taken to perform a successful test.
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Figure G-3.1 Deflection Test Setup

Method/Approach
•

•
•

•

Time:
o The test was conducted on 5/10/2022 between 8 and 10am in the Hogue
Machine Shop. 30 minutes was allotted to gathering materials and equipment,
30 minutes performing the trials of the impact test, 30 minutes reviewing video
footage and tabulating results, and 30 minutes to clean the area and remove
equipment from outside the Fluke Lab
Place:
o Hogue Hall Machine Shop, Central Washington University, Ellensburg WA.
Equipment:
o Table Micrometer
o 2 90° Table Blocks
o Machine blocks (6lb weights)
o R/C Vehicle
o Data Table
o Notepad
o Safety Glasses
Risk:
o Safety glasses must be used at all times to protect from potential flying objects.
Gather all equipment before conducting the test to ensure everything is present
and ready for evaluation and data recording. Ensure the R/C is fully constructed,
and fasteners securely tightened to prevent unnecessary failure during testing.

Test Procedure
•

Complete Test Procedure:
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1) Gather Equipment
a. Video/phone camera
b. R/C vehicle, tape measure, pen, data table
2) Begin setup in the Hogue Machine Shop
3) Gather 5 machined weight blocks and bring them to the testing station
4) Disassemble the R/C of its rear travel arms and place each end on the 90° Table
Blocks
5) Construct a Data Table through excel or by notebook and have it ready for data
entry
a. Create columns for Velocity, Acceleration, Force, and Bumper Breakage
b. Create a separate section of the data sheet to record the mass of the R/C

Figure G-3.2 Blank Impact Test Data Table

6) Measure the distance from the table surface to the center of the chassis plate with
the table micrometer
7) Begin applying blocks to the center of the chassis until reaching the desired 30lb of
added weight

Figure G-3.3 Suspended Chassis with added Weights

8) Once again measure the distance from the table surface to the center of the chassis
plate with the table micrometer
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9) Record the values in the constructed data table
10) Repeat steps 6-9 two more times to average the results
11) Begin cleaning the station and return all borrowed equipment back to the storage
location in Hogue Hall
12) The Impact Test is complete
•

Discussion:
o The testing was successfully conducted with little to no problems after following
the written test procedure. The test procedure was edited to remove the rear
travel arms due to interfering with the contact of the baseplate to the support
structures. After removing them and placing the chassis back, it was able to
make full contact and testing proceed.

Deliverables
•

The Impact Test was an aptitude test for the chassis’ ability to withstand deflection from
a direct force acting at its center. The calculated predictions required that the baseplate
deflect no more that 0.1 inches when applied a 30lb force to its center. The results of
the test concluded that the chassis was able to maintain its structural integrity and not
deflect more than a tested 0.068 inches. Due to the deflection being substantially lower
than the requirement, a redesign could be in effect to lower the thickness of the
baseplate and ultimately lower the weight of the R/C to have it potentially yield a higher
top speed and performance cornering and accelerating.

Appendix G1 – Procedure Checklist
5.
6.
7.
8.

R/C Baja vehicle has been manufactured and constructed
Test Procedure is on hand and has been read
Materials and equipment from the equipment list have been gathered
Blank Data Sheets have been created

Appendix G2 – Data Forms

Figure G-3.2 Blank Deflection Test Data Table
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Appendix G3 – Raw Data

Figure G-3.4 Deflection Test Data Table Complete

Appendix G4 – Evaluation Sheet

Figure G-2.5 Deflection Test Spreadsheet

Appendix G5 – Schedule (Testing)

Figure G-2.6 Impact Test Depicted on Gantt Chart
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APPENDIX H – Resume
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