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ABSTRACT
The RC Baja competition is a contest where undergraduate mechanical engineering students
design, build, and compete against one another. The objective of this competition is to create the
most efficient RC car possible. A gear train analysis was done and showed an 8:1 gear ratio
would be the most efficient ratio due to the chosen motor having a higher torque output. Also, a
stress analysis was done and showed that 2011 T3 aluminum passed the stress and weight
criteria. These analyses ensured the RC Baja car was efficient. Most of the parts for the
drivetrain and steering subassemblies were machined in the machine shop at CWU while some
were 3D printed also at CWU. Once the RC car was designed and built, the efficiency of the RC
Baja car is determined by doing numerous tests such as a speed test, drop test, cornering test, and
a collision test. The speed test showed expected performance by averaging 20.5 MPH through
the three trials over the span of 50 feet. The drop test from 1.5 feet was videoed to determine the
deflection of the tie rods. The tie rods showed minimal deflection that was almost too small to
measure at 0.01 in average over three trials. The cornering test was done three times to show an
average of 5 degrees of yaw through a 60 corner over the span of three trials. This report will
cover the designing, manufacturing, and testing of the RC Baja car that will be competed.
Keywords: RC Baja, Drivetrain, Steering, Mechanical Design
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1. INTRODUCTION
a. Description
The RC Baja car can be used in multiple aspects such as personal, or recreational for races. At
the end of the year, the RC car that is built will compete in the three RC Baja challenges. This
proposal will be documenting the designing and constructing the drivetrain system that is
connected to the chassis as well as the steering for the RC Baja car. This car, when completed,
will move forward, backward, and will turn while in motion.

b. Motivation
This project was motivated by a need for a device that would compete in all the RC Baja
challenges. Another motivation is to use the engineering fundamentals that are taught in MET at
CWU. This will also help using engineering in real life applications by utilizing the whole
engineering process.

c. Function Statement
The RC Baja car will take the energy stored in the battery and turn the motor causing the rear
two wheels to move. The RC Baja car will also be able to turn while moving.

d. Requirements
The minimum requirements according to ASME Baja Car rules include:
• The motor must be on the approved ROAR motors list
• A 7.2 V 6-Cell RC Battery or 7.4 V 2-cell or 2s LiPo battery must power the RC Baja car
The personal requirements for the RC Baja car:
• The RC Baja car must reach speeds of at least 20 MPH.
• The RC Baja car must turn a 60-degree corner at least 2 MPH without yawing 10 degrees
• The RC Baja car drive train must weigh less than 2 lbs.
• The RC Baja car steering must weigh less than 1.5 lbs.
• The RC Baja car steering must have a minimum deflection of 0.5 in when loaded with 5
lbs.
• The RC Baja car battery must provide maximum power to motor for 3 minutes
• The RC Baja car steering must have a minimum deflection of 0.125 in when dropped
from 1.5 ft.
• The RC Baja car tie rod must have a minimum deflection of 0.125 in when axially loaded
with 5 lbs.

e. Engineering Merit
Stress, strain and bending analysis must be done on the driveshaft while the car is in motion. A
gear analysis must be done on the differential. Finally, the steering mechanism will all have
stress, strain, and deflection analysis done to determine the forces affecting the axles while the
car is in motion.
9

f. Scope of Effort
This portion of the project will only cover the RC Baja drivetrain and steering systems. The
chassis and suspension systems will be developed by Matthew Hart.

g. Success Criteria
The RC Baja car meets all requirements listed above and completes all three competitions in the
RC Baja challenge.
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2. DESIGN & ANALYSIS
a. Approach: Proposed Solution
The RC Baja drivetrain design is based on the chosen motor. Once the motor is chosen, the
actual power of the motor is calculated along with the torque the motor produces. Using this
torque, the driveshaft length and diameter is then chosen. The transmission and differential are
then constructed by determining appropriate gear ratios and an overall train value to give the RC
Baja the most top end speed. The minimum requirement for this speed was 20 MPH. The rear
axle diameter will then be determined to withstand all necessary forces and stress of the
competition. After analyzing the drivetrain, the steering is then accounted.
For the steering, the tie rods are analyzed to determine the diameter to survive the challenges of
the RC Baja challenge. Finally, the steer shaft connections are then analyzed to account for all
stresses to ensure the steering system will not fail.
The decision matrix to determine the overall layout of the car is shown in appendix F-1.

b. Design Description
The current design has the motor set in the middle of the chassis to ensure the entire drivetrain
sub-assembly will fit and can give the RC car the greatest power possible. The differential is
geared to ensure the greatest top end speed as opposed to bottom end speed because the motor
has a high torque generating a greater bottom end. The steering components sit at the front of the
car centered on the chassis to ensure equal turning of both wheels to ensure the greatest traction
possible.

c. Benchmark
The model that will be used for reference is the FS Racing 53632 Brushless RC Car Vehicles
1/10 4WD EP&BL BAJA RTR Random Color. The item number for this RC car is FS-53632 on
usa.banggood.com.

d. Performance Predictions
The RC Baja car will reach a maximum speed of 25 MPH. The RC Baja car will also take a 60degree corner at 6 MPH while yawing at only 5 degrees in either direction.

e. Description of Analysis
The analyses that are done throughout the RC Baja project include deflection and summation of
forces for the rear axle and steering arms. The actual power and the torque of the motor are
calculated for as they are very important when designing the drivetrain system as it can make the
system the most efficient possible. The gearing will also be analyzed when accounting for the
differential and to ensure that the most power is put into the wheels.

f. Scope of Testing and Evaluation
The performance of the RC Baja will be the scope of testing. The speed, acceleration, cornering,
and drop test will be evaluated when the testing commences as these will determine if the car is
successful.
11

g. Analysis
i. Analysis 1
See Appendix A-1 for the full analysis. The actual power and amperage of the motor was found
in Analysis 1. Analysis 1 was needed to assist in the overall design and layout of the drivetrain
system. To get these values, the equation Pactual= ηmotor x Pmotor to get the actual power of the
motor. The Ohm’s equation I= P/V will be used to calculate the current that flows through the
system at full power. Knowing the value of the actual power will be used when designing the
driveshaft with regard to torque and the amperage will be a value that can be used when
developing the necessary electronics. This analysis will not be shown physically in the final
product but they will be used to dictate the design of certain aspects of the RC Baja car. It will be
documented in the engineering notebook for this project for future reference. This analysis fulfils
the requirement for moving the RC Baja vehicle forward and backward.

ii. Analysis 2
See Appendix A-2 for the full analysis. The torque of the motor was calculated in Analysis 2.
Analysis 2 is needed to determine the dimensions of the driveshaft to ensure the most efficient
design. To get the torque, the actual power is divided by the RPM of the motor. A safety factor
of four is then applied to ensure a safe by effective design. This value will be documented in an
engineering notebook and the driveshaft part drawing. This analysis fulfils the requirement of
moving the RC Baja vehicle forwards and backwards.

iii. Analysis 3
See Appendix A-3 for full analysis. The minimum diameter of the driveshaft was found in
Analysis 3. Analysis 3 was used to determine the most efficient design, to help achieve the top
speed of 20 MPH, and achieve the weight of 2lbs or less for the entire drivetrain system. To get
the minimum diameter, shear torque analysis was used by taking the shear strength of the chosen
material which is 2011-T3 Aluminum and setting it equal to the torque multiplied by c which is
the radius. This product is then divided by J which is pi/2 (c)^4. After the equation is solved for
and c is found, it is multiplied by 2 to get the minimum diameter. A safety factor of 4 is then
applied to get the final diameter of the driveshaft. This value is documented in Drawing
MDM_20-002 as it is the diameter of the driveshaft.

iv. Analysis 4
See Appendix A-4 for full analysis. The individual gear ratios for the driveshaft and transmission
were found in Analysis 4. The manufacturer of the motor recommends a gear ratio of 8:1 for best
performance. Analysis 4 was used to determine the most efficient design and to achieve a top
speed of 20 MPH. To get the gear ratios, the top speed of 20 MPH is converted into in/min. The
ideal RPM is then calculated. The current train value is then calculated by dividing the maximum
RPM of the motor by the ideal RPM. The differential miter gears are given as a 3:1 ratio.
Knowing this, the transmission gear ratio is found which is VR1 The VR1 value is 2.66 and VR2
is 3 which equates to a 7.98:1 overall ratio. The sizes of the differential gears are 15 tooth and 45
tooth while the transmission pinion gear is 12 tooth and the spur gear is 32 tooth. The
transmission gears (the 2.66 ratio) are shown in drawings MDM_55-001 and MDM_55-002 and
the differential gears are shown in drawings MDM_55-005 and MDM_55-006.
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v. Analysis 5
See Appendix A-5 for the full analysis. The minimum diameter for the rear axle was solved for
in Analysis 5. Analysis 5 was used to determine the most efficient design, to achieve a max
speed of 20 MPH, and to make the drivetrain system less than 2 pounds. To get the minimum
diameter, shear torque analysis was used by taking the shear strength of the chosen material
which is 2011-T3 Aluminum and setting it equal to the torque multiplied by c which is the
radius. This product is then divided by J which is pi/2 (c)^4. After the equation is solved for and
c is found, it is multiplied by 2 to get the minimum diameter. A safety factor of 3 is then applied
and then rounded to the nearest practical dimension. The made the rear axle diameter 0.5”. This
value will be documented as the diameter of the axle located in Drawing MDM_20-003.

vi. Analysis 6
See Appendix A-6 for the full analysis. The deflection of the rear axle after the RC car is
dropped from 1.5 ft is what is covered in Analysis 6. Analysis 6 was used to ensure that the RC
car would take a 60-degree corner without yawing more than 10 degrees and to ensure the most
efficient design. The axle is analyzed in half assuming that it is a fixed cantilever beam using the
deflection equation -PL3/3EI and conservation of energy to determine the P to use in the previous
deflection equation. It is assumed the fixed end is caused by the differential case placed at the
center of the axle. First, PE=KE was used to determine the velocity of the rc car from 1.5 feet.
The acceleration is then found using the equation Vf2 = Vo2 + 2a(s) where Vo is zero. The
equation is rearranged to solve for acceleration. F = ma is then used to determine the force of the
impact of the car. After this is found, the deflection was found using the previously stated
deflection equation. This analysis will be used in drawing MDM_20-003 to confirm that the
design of the rear axle is efficient.

vii. Analysis 7
See Appendix A-7 for the full analysis. The minimum diameter for the tie rods was solved for in
Analysis 7 utilizing the 1.5ft drop test. Analysis 7 was used to determine the most efficient
design, and to make the steering system less than 1.5 pounds. To get the minimum diameter, σ =
P/A was used by taking the yield strength of the chosen material which is 303 Annealed Cold
Finish Stainless Steel and setting it equal to the force of 4.99 pounds that was found in Analysis
6 and divided by A which is the unknown. Once A is found, then it set equal to area of a circle
which is (π/4) D2. Using the previously stated equation, the smallest diameter is found. A safety
factor of 5 is then applied and then rounded to the nearest practical dimension. This made the tie
rod diameter 0.25”. This value will be documented as the diameter of the tie rod located in
Drawing MDM_20-004.

viii. Analysis 8
See Appendix A-8 for the full analysis. The length of the tie rods was solved for in Analysis 8.
Analysis 8 was used to determine the most efficient design, and to make the drivetrain system
less than 2 pounds. The length of the tie rod was found by taking half of the width of the chassis
which is 4.5 inches and the length of the A arm which is 4 inches. The A-Arm is assumed to sit
at a 30-degree angle and will therefore have to use trigonometry to solve for the additional
length. The half of the chassis width is used as the adjacent side and rearranging cos (30) = 4.5/h,
the equation h = 4.5 in/cos (30) is found. This gives the value of 5.2 inches which is then added
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to the known length of the A-Arm which is 4 inches. This gives a total length 9.2 inches. This
value will be documented as the length of the tie rod located in Drawing MDM_20-004.

ix. Analysis 9
See Appendix A-9 for the full analysis. The buckling of the tie rod after the RC car endures a
side load is what is covered in Analysis 9. Analysis 9 was used to ensure that the tie rods would
be able to endure all possible loads during the operation of the RC car. It also is used to ensure
the weight of the steering system is under 1.5 lbs. Using column analysis, the smallest radius of
gyration, the slenderness ratio, and the column constant is found. After finding these three
values, it is determined to use Euler’s formula to solve for Pcr. Using the equation π2EA/(SR)2,
the value for Pcr is found to be 627lbs. A stress check is then determined to see if Pcr is less than
σy. It is found that the stress for this load is less than the yield of the 303 annealed stainless steel.
This analysis will be used in drawing MDM_20-004 to confirm that the design of the tie rod is
efficient.

x. Analysis 10
See Appendix A-10 for the full analysis. Analysis 10 was used to determine if a 0.125” 2011 T-3
cold drawn aluminum steering pin would be able to support a load of 15 lbs. This analysis was
used to determine the most efficient design as it will be strong and light weight and to ensure the
weight of the steering system is less than 1.5 pounds. This analysis utilizes double shear analysis.
The equation for σavg = F/2πr2 with F being assumed to be 15 lbs. and r is 0.0625”. Using the
previous values and equation, the σavg is found to be 611 psi which is drastically less than the
max shear stress of 32000 psi for the material. This value will be documented as the radius of the
pin located in Drawing MDM_20-005.

xi. Analysis 11
See Appendix A-11 for the full analysis. The buckling of the top control arm after the RC car
endures a side load is what is covered in Analysis 11. Analysis 11 was used to ensure that the
control arm would be able to endure all possible loads during the operation of the RC car. It also
is used to ensure the weight of the steering system is under 1.5 lbs. Using column analysis, the
smallest radius of gyration, the slenderness ratio, and the column constant is found. After finding
these three values, it is determined to use Euler’s formula to solve for Pcr. Using the equation
π2EA/(SR)2, the value for Pcr is found to be 228lbs. A stress check is then determined to see if Pcr
is less than σy. It is found that the stress for this load is less than the yield of the 2011 T-3
Aluminum. This analysis will be used in drawing MDM_20-006 to confirm that the design of the
control arm is efficient.

xii. Analysis 12
See Appendix A-12 for the full analysis. Analysis 12 was used to determine the minimum
diameter of the kingpin for the steering that would be able to support a load of 15 lbs. The
material for this kingpin is 2011 T-3 aluminum. This analysis was used to determine the most
efficient design as it will be strong and light weight and to ensure the weight of the steering
system is less than 1.5 pounds. It will also ensure that the RC car will turn left and right. This
analysis utilizes double shear analysis. The equation for σavg = F/2πr2 with F being assumed to be
15 lbs. and σ = 32000 psi which is the maximum shear stress of 2011 T-3 aluminum. Using the
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previous values and equation, the minimum diameter is found to be 0.018 inches. Applying a
safety factor of 5, the new diameter is 0.09 inches. Rounding to the next nearest practical
number, the value for this diameter becomes 0.25 inches. This value will be documented as the
diameter of the kingpin located in Drawing MDM_20-007.

xiii. Analysis 13
See Appendix A-13 for the full analysis. Analysis 13 was used to determine the top speed of the
RC Baja car. This analysis was used to support the top speed test conducted during spring
quarter. It was also used to ensure the design parameter of a top speed of 20 MPH is met. This
analysis utilizes the RPM of the motor, the train value ratio of the drivetrain, and the diameter of
the wheels. Taking the RPM and dividing it by the gear ratio, the RPM at the rear wheels is
found. This equation computes a value of 3,145 RPM. Using the previous value, the rear wheel
RPM is then converted into rad/s. This value comes to 329.34 rad/s. This value is then multiplied
by 2 inches which is the radius of the rear wheels. This product is the linear speed of the RC car.
This calculates to 658.64 in/s. Through some conversions, a linear speed in MPH is found. This
value is 37.43 MPH for a top speed of the RC Baja car. This value will be documented as the
calculated top speed value located in Appendix G1.

xiv. Analysis 14
See Appendix A-14 for the full analysis. Analysis 14 was used to determine the rear yawing
angle of the RC Baja car. This analysis was used to support the cornering test conducted during
spring quarter. It was also used to ensure the design parameter of the rear yawing angle of 10degrees or less is met. This analysis utilizes the cornering stiffness of the rear tires, velocity of
the RC Baja car, radius of the turn being done, and the weight of the rear of the RC car. Taking
the equation β= (αrear/µrear)(V2/gR) where αrear is the weight of the rear, µrear is the cornering
stiffness ratio, V is for the velocity, g is gravity, and R is the radius of the turn. Using this
equation, this calculates to approximately 60-degrees. This value will be documented as the
calculated yawing angle located in Appendix G2.

xv. Analysis 15
See Appendix A-15 for the full analysis. Analysis 15 was used to determine the deflection of the
tie rods on the RC Baja car. This analysis was used to support the collision and drop tests
conducted during spring quarter. It was also used to ensure the design parameter of the tie rods
deflection of 0.125 inches or less when loaded with 5 pounds is met. This analysis utilizes the
force of 5 pounds, length of the tie rods, modulus of elasticity of the material, and the moment of
inertia for the cross-sectional geometry of the tie rods. Taking the equation v= PL3/3EI where P
is the force, L is the length, E is for the modulus of elasticity, and I is the moment of inertia.
Using this equation, the deflection calculates to 0.317 inches. This value will be documented as
the calculated deflection value located in Appendix G3 and G4.

h. Device: Parts, Shapes, and Conformation
The driveshaft dimensions were developed based off the torque the motor produces. A safety
factor of three was applied to the driveshaft to ensure it wouldn’t fail during operation. After this
value was found, the size was then chosen. This process is shown in analysis 3 in appendix A-3.
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The design of the train value for the RC car was based from the max rpm the motor produces.
From the given differential ratio of 3:1, the transmission ger ratio was found and rounded to the
next practical ratio. These two new ratios are then multiplied to get the new train value. This
process is shown in analysis 4 in appendix A-4.

i. Device Assembly
The engineering problem is addressed by the assembly of the device by taking the power from
the ROAR approved, brushless motor and transferring it to the rear wheels in order for the device
to move forward and backwards. This is achieved by having the correct gear ratio from the motor
to the rear wheels. The steering servo and turn buckles will also turn the front wheels via hubs
while the car is motion. The servo is bolted to servo mount which bolts to the chassis. The turn
buckles connect from the servo to the hubs for the car to turn. The engineering problem for the
ASME RC Baja competition is creating the most efficient RC car possible to compete in the
three accompanying challenges within the competition. The overall assembly will have a good
power to weight ratio giving it the best chance at success in winning the competition. It also
utilizes a strong but light weight chassis to be nimble for flexing through corners which will
benefit in the handling of the RC car.

j. Technical Risk Analysis
There are many technical risks associated with the RC Baja project. The biggest one is
maximizing the power to weight ratio for the entire car. This is important because the top speed
of the car needs to be at least 20 MPH while maintaining structural integrity while performing
the collision tests and the drop test. Additional technical risks are the controlling the steering
servo with the remote control and soldering the electronics properly so they will not catch fire.

k. Failure Mode Analysis
The failure mode for the driveshaft was addressed by determining the maximum torque the
motor provided to do torsional shear analysis and find a diameter. Too much torque and too little
of a diameter would break it but too little torque and overengineered, the driveshaft would not be
fully optimized for maximum performance. This is done using torsional shear analysis. The
failure mode for the rear axle is addressed in the deflection calculations and the torsional shear
analysis. If they aren’t strong enough, then they will break during operation. If they are over
designed, then there would be a lack of rear grip and a lot of front grip which can scrub speed
and slow the car down.

l. Operation Limits and Safety
An important safety limit is the drop test. This test shall not be performed multiple times due to
the weakening of the components with every drop. This test shall not be done more than two
times to ensure the integrity of the components. A drag race test will also be done to ensure the
quality of the drivetrain components. This test will be done at most 5 times to ensure the best
performance on race day. There will also be a collision test where the RC car is driven at full
speed into a wall. This test will also be done to ensure the integrity of the parts of the steering
and drivetrain. If any faults happen in any of the test listed, then they will be redesigned and/or
remade and attached to the car to get full functionality again.
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3. METHODS & CONSTRUCTION
a. Methods
The RC Baja’s drivetrain and steering systems was conceived, analyzed, and designed at CWU.
However, to manufacture the parts for these systems, not all parts will be made at CWU. There
will be bought in parts that will be manufactured such as the gears for both the “differential” and
the transmission. There will also be parts that will be manufactured from stock material at CWU
within the Hogue Hall machine lab. A couple of parts will be 3D printed using the 3D printers in
Samuelson in the MEC center. These parts were originally going to be machined by the chief
engineer but were changed to being 3D printed due to a few reasons. The first being the cost of
the project. The cost of 3D printing these parts in PLA plastic would be cheaper than machining
them out of 2011-T3 aluminum. The second is time, it would take too long to manufacture by
hand and would be a quicker process to 3D print them. Finally, the third reason is overall
strength. The principal engineer realized that one part would be over engineered if machined out
of aluminum. This part is the Steering Servo Mount therefore it doesn’t need to much strength
but enough to hold the Steering Servo in place during the operation of the RC car. The decision
matrix that leads to that decision is below. Another one of these parts was the stub axle carriers.
Due to the concern of time and money, these parts were 3D printed using resin plastic. Resin
plastic was chosen due to it being the strongest plastic offered for 3D printing at the CWU MEC
in Samuelson Hall. Using the resin plastic compared ti the PLA/ABS plastic will ensure it will
not shear during the drop test.
i. Process Decisions
The Transmission Pinion Gear was analyzed in a decision matrix shown in Appendix F-1. The
methods of outsourcing, machined, and casting were all compared on the basis of cost,
manufacturability, and prediction precision. After the completion of the decision matrix, it was
determined that outsourcing the transmission pinion gear would be the best option due to the
precision that comes with outsourcing as it can give the RC car the best transfer of power
between the motor and the driveshaft.
In appendix F-2, a decision matrix was used to determine the best method for producing the tie
rods for the RC Baja car. The methods of outsourcing, machined, and casting were all compared
on the basis of cost, manufacturability, and prediction precision. After the completion of the
decision matrix, it was determined that machining the tie rods would be the best option due to the
low cost and the precision that comes with the machining of parts.
In appendix F-3, a decision matrix was used to determine the best material for the RC Baja car
driveshaft. 2011 T-3 Aluminum, 303 Annealed Stainless Steel, and ABS plastic were all
compared on the basis of cost, weight, machinability, and strength. After the completion of the
decision matrix, it was determined 2011 T-3 Aluminum would be the best option due to the low
cost and weight as well as the high machinability rating for the material.
In appendix F-4, a decision matrix was used to determine the best material for the RC Baja
Steering Servo Mount. 2011 T-3 Aluminum, PLA plastic, and ABS plastic were all compared
based on cost, weight, machinability, and strength. After the completion of the decision matrix, it
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was determined PLA plastic would be the best option due to the low cost and weight as well as
the high machinability and strength rating for the material.

b. Construction
i. Description
The device will be built in sections. These sections are the steering, drivetrain, chassis, and
suspension sections. For specifically the drivetrain and steering sections, 14 parts will be
purchased without modification. A total of 10 parts designed and manufactured from purchased
stock material that will be modified to the appropriate lengths. These parts will be machined
utilizing machines in the machine shop such as the CNC machine, horizontal band saw, vertical
band saw, and drill press. Some parts will be 3D printed utilizing the MEC 3D printers. The
sequence of manufacturing will be all drivetrain parts will be completed first and then all of the
steering components will come after the completion of the drivetrain.
ii. Drawing Tree, Drawing ID’s
The full drawing tree is in Appendix B-1. The order of assembly for the drivetrain and steering
goes from left to right for the bottom sub-assemblies. The order of assembly for these subassemblies goes from bottom to top. This order was chosen as they are the most logical order for
this project. The transmission sub-assembly will be assembled first due to it being one of the
most vital systems of the RC car. It also has the most moving parts and needs to have the most
amount of space. The differential sub-assembly will be next assembled and builds from the
transmission sub-assembly. This is why it is assembled second. The servo sub-assembly is the
third sub-assembly as it needs to be done before the spindle sub-assembly. This is why it is
chosen third. Finally, the spindle sub-assembly is the last to be constructed as it builds off of the
servo sub-assembly.
iii. Parts
The four different categories of parts for the drivetrain and steering sub-assemblies are purchased
items, purchased items with modification, machined, and 3D printed. Purchased parts will
include all MDM_55 drawings. These parts are ordered as soon as possible to ensure ample time
to receive parts to commence construction. Some of these parts include the gears for both the
transmission and the differential (MDM_55-001, MDM_55-002, MDM_55-005, MDM_55-006),
the tie rod ends for the steering (MDM_55-003), and the steering servo and servo arm
(MDM_55-008, MDM_55-009). Purchased items with modification include some of the
MDM_20 drawings. These parts are the first ones that are machined due to their simplicity.
Doing all these as soon as possible gave ample time for machined parts to be complete. The rear
axle was cut first, followed by the driveshaft, and both tie rods and control arms. The machined
parts will be a fair amount of the MDM_20 drawings that aren’t covered under purchased with
modification. These were done last due to their complexity. The first one of these parts machined
was the steering yokes followed by the driveshaft supports, rear axle supports, motor mount, and
servo arm extension. These parts will all be made of 2011-T3 aluminum. The 3D printed parts
will consist of the remaining MDM_20 parts. These are submitted to the MEC in Samuelson Hall
at CWU when the purchased parts are ordered. All parts that are 3D printed are submitted all at
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the same time. Some of these parts are the Steering Servo Mount (MDM_20-010), the front stub
axle (MDM_20-012), and the CV Axle Carriers (MDM_20-005).
iv. Manufacturing Issues
Potential risks or issues associated with the manufacturing of the parts for the RC Baja include
processes taking longer than anticipated, availability of the machine labs and 3D printers, slow
shipping of stock material, and the availability of the principal engineer to complete the
machining of parts. The parts affected by these issues are all MDM_20 drawings. These issues
will be combated by doing the necessary manufacturing early to ensure the schedule is
maintained. The issue of the availability of the 3D printers will be combated by getting the parts
into the queue to give enough time for completion. This issue of the principal engineer’s
availability will be combated by setting aside a total of 4 hours a week for manufacturing to
ensure the completion of the manufacturing of all MDM_20 drawings. For MDM_55 drawing,
slow shipping is the main issue regarding these parts. This will be combated by ordering early to
ensure the parts arrive on time and to make sure the schedule is intact.
v. Discussion of Assembly
The assembly of the drivetrain and steering components is simple. The drivetrain sub-assembly
is built first starting with the “transmission” components. Some of these components include the
motor mount (MDM_20-001), RC motor (MDM_55-009), driveshaft (MDM_20-002), driveshaft
support (MDM_20-008), and the transmission gears (MDM_55-001 and MDM_55-002). The RC
motor must mate with the motor mount which mount to the chassis. The Transmission Pinion
Gear mates to the motor and the Transmission spur gear must mate to the Pinion Gear. The Spur
Gear mates to the driveshaft while it mates concentrically to the Driveshaft Supports. The
“differential” components are then added. These components include the miter differential gears
(MDM_55-005 and MDM_55-006), rear axle (MDM_20-003), rear axle supports (MDM_20009), and wheels (MDM_55-004). The Driver Miter Gear is mated to the Driveshaft while the
Driven Miter Gear mates to the Rear Axle and to the Driver Miter Gear. The axle is mated
concentrically to the Rear Axle Supports. Then the tires are mated to the rear axle. These
components must work together to take the power from the motor and bring it to the rear wheels
to move the car forwards and backwards. This sub assembly is mated multiple times to the
chassis plate to ensure efficient operation.
For the steering sub-assembly, the parts are split into two groups: the servo and spindle
components. For the servo components, these consist of the Steering Servo Mount (MDM_20010), Steering Servo (MDM_55-007), Steering Servo Arm (55_008) Tie Rod End (MDM_55003), Tie Rod (MDM_20-004), Tie Rod End (MDM_55-003), Front Stub Axle (MDM_20-012),
Steering Yoke (MDM_20-011), Steering Pin (MDM_20-005), Steering Kingpin (MDM_20006), Wheels (MDM_55-004), Steering Pin (MDM_20-005), Tie Rod End (MDM_55-003), Top
Control Arm (MDM_20-007), and Tie Rod End (MDM_55-003). The Steering Servo Mount
mates to the chassis while the Steering Servo mates into the Steering Servo Mount. The Steering
Servo Arm is mated to the Steering Servo and to the Tie Rod End. The Tie Rod is mated
concentrically to the Tie Rod Ends on both ends. The Tie Rod End is mated to the Front Stub
Axle and the Front Stub Axle is mated concentrically to the top hole on the Steering Yoke. The
Steering Pin is mated concentrically to the bottom side hole of the Steering Yoke. The Steering
Kingpin is mated concentrically with the top hole of the steering yoke and the Wheel mates
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concentrically with the stub on the Front Stub Axle. The Steering Pin is mated concentrically
with the top side hole of the steering yoke and a Tie Rod End is mated to the pin. The Top
Control Arm is mated concentrically with the Tie Rod at both ends. The Tie Rod End is the
mated Concentrically with the hole on the Shock Tower. These components must work together
to steer the RC Baja Car left and right while moving forward and backwards.
When these sub-assemblies are complete, they will mate to the chassis plate to be a part of the
overall assembly. The RC Baja car should operate via a remote control that controls the RC
Motor and Steering Servo. This will move the RC car forward and backwards and left to right.
This gives the RC Baja Car basic function. Compared to the benchmark car, it should be
stronger, lighter, and cheaper.

20

4. TESTING
a. Introduction
The RC Baja car will be tested to ensure the efficiency of the design. The tests done to test the
efficiency of the design will be a drop test, a maximum speed test, a cornering test, and a
collision test.

b. Method/Approach
The team discussed the testing for spring quarter and have decided the tests that were thought of
during fall quarter are still applicable and will commence as planned during spring quarter. No
additional testing will take place during spring.
The drop test will be dropping the car from a specific height within Hogue Hall. The maximum
speed test will be done in a drag race style test outside on the apron of Hogue Hall. A cornering
test will be done in Hogue Hall to replicate the racecourse. The collision test will be done by
running into a wall in Hogue.
For the top speed test, it proceeded successfully. The distance the car had for the test was
adequate to get the top speed and the three trials provided an accurate representation. Also, the
asphalt of the apron provided adequate traction, so the tires had minimal slip and contributed to
the accuracy of the test. The test was initially redone due to the speed being possibly dampened
by a low battery. Once the battery was replaced, the top speed was about the same as the first
test.
The cornering test was also completed successfully. The Fluke Lab in Hogue Hall at CWU
provided the perfect testing ground to determine the yawing angle of the rear end. The run up
was the perfect distance to get an accurate yawing angle around a 60-degree corner. All of these
engineering decisions for the testing environment ensured the most accurate data for the yawing
of the rear end and ensured the confidence in the design.
Finally, the collision test was completed successfully. The wall on the backside of the apron
provided a wide and open area to ensure the filming could catch the deflection of the tie rods.
The filming of the trials provided an accurate means of gathering the data for the collision test.
These decisions ensured the collision test was conducted without any issues.

c. Test Process
The drop test will dropped be a drop from 1.5 feet to the floor in Hogue. This test videoed to
determine the deflection of the tie rod. It will be done 3 times to determine an average deflection.
The maximum speed test will be done by measuring the speed of the RC Baja car over a distance
of 25 feet. This speed will be measured by using a recording of the test and taking the equation
distance divided by time to get feet per second. From this value, it will be converted to MPH.
This test will be done three times to ensure accuracy of the data.
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The cornering speed will be done by placing 3 pieces of painters’ down and replicating a 60degree corner. The yawing will be done by videoing the cornering of the car to determine if the
yawing is less than 10-degrees. There will be three trials for this test.
The collision test will be done by giving the RC Baja car a 50-foot run up and then have it
collide from the side into a wall. This test will be done three times to get an average deflection. It
will be videoed to measure the deflection.

d. Deliverables
The deliverables for the drop test will be a table that will list the three deflection values and the
average of them. This average will then be taken and compared to the design requirement. This
test was videoed to determine the deflection of the tie rod. The requirement was that the tie rod
won't deflect 0.125 inches when loaded with 5 lbs. of force. A calculation was done to ensure
this goal could be met which is shown in Appendix A-15. The deflection was estimated to be
0.317 in. After the test was conducted, the three trials were averaged and found that the
deflection of the tie rods from the drop was 0.04167 inches. This shows the deflection design
requirement was met. The test was originally to be done outside of Hogue Hall on the sidewalk.
However, it was changed to Hogue 106 to ensure all broken components could be recovered.
The collision test will have a table that will list the three deflection values and the average of
them. It was videoed to accurately measure the deflection. These values will then be averaged
and then compared to the design requirement. The design requirement for this test was the tie
rods cannot deflect more than 0.125 inches This test was conducted outside of Hogue Hall at
CWU on the sidewalk to ensure proper traction of the wheels. The theoretical deflection is the
same as the drop test shown in Appendix A-15. The theoretical deflection is 0.317 inches. After
the three trials, the average deflection of the tie rods was 0.03125 inches. This shows the test was
a success as the design requirement was met.
The cornering speed will be documented in a table with the three yawing values for both left and
right directions and the average for each to ensure the design requirement of yawing less than 10
degrees around a 60-degree corner is met. The yawing was analyzed by videoing the cornering of
the car to determine if the yawing is less than 10-degrees. This test took place in the Hogue Hall
Fluke lab (Hogue 106) at CWU. Before the test was conducted, an analysis was done to
determine the theoretical yawing angle. This analysis is shown in Appendix A-14. This resulted
in a theoretical yawing angle of around 60-degrees. After the test was done, the three trials were
averaged for both left and right turns to get the yawing angle. For left turns, the average was 3.25
degrees and for right, it was 2 degrees. This test showed that the yawing angle requirement was
met.
The maximum speed test will be documented in a table showing the three trials to get an average
top speed. The supporting calculations showed the theoretical maximum speed for the RC Baja
and then it can be compared to the gathered data and the design requirement. The design
requirement for the top speed test was 20 MPH. However, after the top speed calculation was
done, the top speed was calculated to be 37.43 MPH. This calculation is shown in Appendix A13. So, in theory, the RC Baja car should meet the set design requirement. After the top speed
test was conducted, the average top speed was 6.6 MPH. The test was originally to be done in
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Hogue 106 (Fluke Lab) but was decided to be done on the apron outside the front of Hogue Hall
at CWU. The change of location was done to ensure proper grip to get top speed as Hogue 106
lacked the grip to give accurate testing results.
All of this raw data will be submitted within the test report.
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5. BUDGET
a. Parts
Appendix C shows a complete list of parts listing components from the drivetrain and steering
systems. The drivetrain system will consist of purchased parts, stock material parts that will be
altered to meet the requirements of the drawings, and 3D printed parts. The stock metals will be
purchased by onlinemetals.com located in Seattle, WA. The stock is purchased locally to ensure
the timely arrival of those parts while the purchased parts for the drivetrain and steering will
have to be purchased nonlocally but are purchased ASAP to ensure a timely arrival. The steering
system is the same as drivetrain system as the types of components are the same. So far, no
mistakes have taken place that have incurred additional unexpected costs. As of right now,
$2,697.57 has been spent on the RC Baja drivetrain and steering components. This is 31.36% of
the estimated budget for the project. Shipping has totaled $125.37 which is lower than the
anticipated $150. For total parts, the estimated cost was $400 but the actual cost of parts is
almost doubled at $738.31. The overall budget is still on track as they estimated labor is
overestimated as of now. This makes up for the greater than anticipated costs for the parts of the
drivetrain and steering systems. The labor cost was diminished by purchasing parts that were
originally planned to be machined. This is the biggest reason the labor cost has been so far under
estimation.

b. Outsourcing
The only outsourcing done on the entire project is the 3D printing of certain components for the
RC Baja Car. The entire car will be assembled by Mathew and Matthew. No issues occurred with
the outsourcing of parts for winter quarter. All parts were ordered from the MEC ASAP to
ensure ample time to print and prepare them to put on the RC Baja car.

c. Labor
For this project, outsourcing of labor is accounted for in Appendix D and is shown in the cost of
the 3D printed parts. All other labor done on the drivetrain and steering systems will be done by
Mathew. This is shown as the $8,050 cost in Appendix D. This was found by taking an hourly
wage of $23 dollars and estimating a total time of labor as 350 hours. Matthew also 3D printed
certain components, but he will also do a vast majority of the labor for his components.
For testing, there was no additional costs due to errors/mistakes. All parts for the drivetrain and
steering sub-assemblies survived the four tests that were conducted. This helped prevent
additional costs due to errors/mistakes. The methods employed to prevent other additional costs
were to use materials provided by the school (painters’ tape, tape measure, camera, etc.) and
reserving certain labs to ensure test can commence as planned.

d. Estimated Total Project Cost
The total cost of the drivetrain and steering systems is categorized into four separate categories.
These categories are purchased parts, stock material, shipping, and personal labor. Accounting
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for all these categories, the total budget of the drivetrain and steering systems comes to $8,600.
The estimated total project cost for the chassis and suspension components is $8,350.

e. Funding Source
The funding of this project will be supported by Mathew Morgan and Matthew Hart. The costs
will be divided by their responsible components of the car. Mathew is responsible for the
drivetrain and steering and Matthew is responsible for the chassis and suspension.
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6. Schedule
a. Design
Appendix E-1 has the full schedule for Fall quarter. For fall quarter, all 12 analyses will be
completed including the drive train value for the RC car, the minimum diameter of the
driveshaft, the deflection and buckling of the axle, the steering arm diameter, and the length of
the steering arms. In the report, the introduction, analysis, documentation, and scheduling have
progressed with the budget, parts list, discussion, conclusion, and project management sections
still need to progress. All required drawings have been scheduled and completed including all
parts, sub-assemblies, and major assemblies. So far, the project is on schedule and the design
phase should be completed by the end of fall quarter. All time estimates for tasks have either
been spot on or slightly over scheduled.

b. Construction
Referencing Appendix E-1 and E-2, the construction of the RC Baja drivetrain and steering
utilizes the documentation section of the proposal to identify what to outsource and buy or what
needs to be hand created. Using the methods discussed in section 3, certain parts in the drivetrain
and steering sub-assemblies will be manufactured at CWU. These parts that are machined or 3D
printed are shown in Appendix E-3. The three methods discussed are the 3D printed, purchased
with modification, and certain parts will be purchased from outside vendors. These parts are ones
that are too time consuming to manufacturer in house and are cheaper in the long run. All
manufactured parts will be completed by the end of week 5 to ensure ample time to assemble the
RC Baja car and troubleshoot any issues that may arise. This will ensure the rolling device
deadline is met during week 10. The project stayed on schedule and underbudget as of now.
Some tasks took quicker than anticipated while most tasks took the estimated time that was
planned for during the creation of this project. The budget and schedule were maintained by
setting aside 4 hours per week to machine necessary parts and another 2 hours were used to build
onto the engineering report. Once the manufacturing of the parts was complete, the device was
assembled into the sub-assemblies shown in Appendix E-3. These sub-assemblies were then
mated together to get the working device.

c. Testing
Referencing Appendix E-1, the testing of the RC Baja car commenced during spring quarter. The
tests conducted were determined during fall quarter using the analyses and designs done during
that time. The principal engineers stuck with these specific tests as it was determined they were
the best to show the efficiency of the RC Baja sub-assemblies. These tests include a top speed
test, cornering test, drop test, and collision test. All tests were slated to be completed by Week 5
of the quarter. The top speed test was redone due to some possible issues with having a depleted
battery. After the retest, the original top speed test was used as it was nearly identical to the first.
Despite this, testing was completed on time ensuring the integrity of the schedule and budget.
This was achieved by setting aside 2 hours a week to ensure the proper setting up and conduction
of the tests. Also, throughout this quarter, the report was updated to include the testing process in
the discussion, budget, testing, and appendix sections. The appendix included a testing report for
4 tests that were conducted. These reports are due during week 8 of spring quarter. To ensure the
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test reports were completed before the deadline, 3 hours per week were set aside to ensure
completion during week 7. This gives a couple of days to get feedback and make the necessary
corrections.
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7. Project Management
Section 7 will cover the Project Management side of the project covering the associated risks that
can occur during the duration of the project. Examples of risk that can occur during this project is
going over budget or not being on schedule as well as delays in shipping of the outsourced parts
and the time availability of the machine lab located in Hogue Hall at CWU. The risks that will be
closely monitored are the going over budget or schedule, and the delayed shipping of outsourced
parts. These can affect the project by getting behind schedule and not meeting the deadlines
associated with the project. To control and respond to these risks, the outsourcing of parts will be
limited to ensure the budget will not be exceeded and the schedule will stay on track. If any parts
are outsourced, they will be ordered ASAP to ensure they are here on time for Winter quarter to
be assembled. This project will succeed due to the availability of appropriate expertise and
resources available.

a. Human Resources
The principal engineer will provide the final design of the RC Baja drivetrain and steering
system. The principal engineers resume is shown in Appendix H. Some mentors that will assist
on this project include Mark Morgan, Mason Morgan, Matthew Hart, Professor Pringle, Bill
Hedlund, and Dr. Choi. The associated risks when using these mentors will be time and access as
they all are very busy and cannot always be available to assist. This will be combated by asking
during class time and during office hours to ensure all questions will be answered in a time
efficient manner.

b. Physical Resources
The physical resources used for both systems will be in the machining lab in Hogue Hall at
CWU. These physical resources include the drill press, lathe, CNC machine, and a die set. The
risks that are associated with these resources are the time these are available and when they are
accessible. This will limit the time that these parts can be manufactured as they will be relegated
to outside of class time. This could also lead to the project falling behind schedule the balancing
of homework with the using of these resources will also be a risk. The response to these risks
will be to set aside 1 to 2 hours a day outside of class to ensure the timely completion of the
machining and assembling of these systems. The Hogue Hall Fluke lab, and Hogue Hall apron
will also be used during the duration of testing. The risks associated with these resources are the
time availability of them as all of Hogue Hall uses them for other classes. The response to this
risk is to utilize class time to reserve these spaces and conduct the proposed tests during the
reserved time as to not interfere with others.

c. Soft Resources
The soft resources that will be used on the RC Baja drivetrain and steering systems will be
Solidworks, Microsoft Word, and Canvas. The risk using these resources is software crashes.
This risk can affect the team by deadlines not being met or falling behind schedule. To combat
this risk, the files of the parts and documents will be saved frequently to ensure that no progress
will be lost. Deadlines will be submitted early to ensure work will be turned in by deadlines and
alternate methods can be discussed if necessary.
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d. Financial Resources
The team members are providing monetary support for the RC Baja car project. To ensure the
project is underbudget, the use of outsourcing parts for the systems of the car are being
minimized. If the budget is exceeded, outsourcing will be minimized to save some money. The
request for an extra budget will then be made.
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8. DISCUSSION
a. Design
For fall quarter, the RC Baja design was designed using drawings that were supported by
analyses. The analyses for the drivetrain started with a power calculation, which eventually lead
to a torsional shear analysis for the driveshaft and train value analysis to give the gear ratios for
the transmission and differential. The train value analysis was redone a couple of times due to
the limitations of the miter gears needed for the differential. The ratios are set in 0.5 increments
(2, 2.5, 3, etc.) which limited the selection. Once the ratio of 3:1 was chosen for the miter gears,
the transmission ratio was then calculated for. This value came to 2.66 with rounding. The new
train value came to 7.98:1 which is close. The analysis of the rear axle then followed with
torsional shear analysis and beam deflection analysis. These were used to determine the diameter
of the rear axle and how much it would deflect when the RC car would be dropped from 1.5 ft.
Once this was found, the drivetrain analyses were complete and the steering was now being
analyzed. The tie rods were analyzed by using σ = P/A to solve for the minimum diameter, a
length calculation using trigonometry, and a column bucking analysis to ensure the tie rods
would survive a side impact of 15 lbs. The use of a steering yoke and stub axle is implemented
for turning the RC car. Finding these parts that would match was impossible. This was mitigated
by manufacturing the steering yoke in house and 3D printing the stub axle design. For the
steering yoke, a pin that connects it to the A-Arm was designed using double shear analysis. A
kingpin was also needed to hold all of the steering components together. The diameter of this
was found by also using pin double shear analysis. Finally, the design of an upper control arm
was determined using column buckling analysis.
From these analyses, drawings were created to bring the analyzed parts to life. Some of the
drawings created were of the motor mount, driveshaft, rear axle, both transmission and
differential gears, driveshaft supports, the motor, servo mount, servo, and tie rod ends.
Some other issues that came up during the quarter included designing the rear axle to account for
the suspension. Originally, the design of a straight axle was used with no account of the A-Arm.
This would be unsuccessful due to the rear A-Arms having no purpose. This was resolved by
putting U-Joints at the end of the axle and making rear axle extensions that run along the A-Arm
and connect up at the end of it.

b. Construction
For winter quarter, the RC Baja design is brought to life by manufacturing all designed parts
from fall quarter and assembling these parts into a working RC Baja car. The parts that are
manufactured are split up into three manufacturing methods. These methods include machined,
purchased with modification, and 3D printing.
For the 3D printed parts, the MEC 3D printers will be used to create these parts which will save
the principal engineer time to focus on the more intricate parts of the drivetrain and steering
assemblies. These parts include the Steering Servo Mount (MDM_20-009), the Front Stub Axle
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(MDM_20-011), and the CV Axle Carrier (MDM_20-005). There was a risk of a long
manufacturing time of the 3D printed parts due to the MEC being bombarded with orders. To
mitigate this, the 3D printed parts were handed in early to ensure the schedule of the project was
maintained.
For the purchased with modification category, these parts are cut straight from stock material and
put onto the RC Baja car. These parts include the Driveshaft (MDM_20-002), Rear Axle
(MDM_20-003), Tie Rods (MDM_20-004), and Top Control Arms (MDM_20-006). These parts
are created using the machines in the Hogue Hall machine lab. The machines used in this
category are the horizontal band saw.
For the machined category, these parts are made from stock material but need additional
modifications to them. These types of parts include the Driveshaft and Axle Supports
(MDM_20-008 and MDM_20-009), Motor Mount (MDM_20-001), and the Steering Yokes
(MDM_20-010). These parts are also made in the CWU machine shop. Machines used in the
creation of these parts include the horizontal band saw, lathe, drill press, mill, and CNC machine.
When using the machine shop, the risk is that occurred was too many people were using the
machines which almost lead to the schedule of the project being slightly delayed. To mitigate
this, 4 hours a week was set aside outside of class to ensure the machines were available to
machine the necessary parts for the project.
All other parts of the steering and drivetrain assemblies for the RC Baja car are purchased parts.
These parts include the Transmission Pinion Gear (MDM_55-001), Transmission Spur Gear
(MDM_55-002), Tie Rod Ends (MDM_55-003), Driveshaft Support Bearings (MDM_55-011),
Rear Axle Support Bearings (MDM_55-012), Motor (MDM_55-009), and Tires (MDM_55004). They are bought online from shops such as onlinemetals.com, Amazon, Grainger, and
AMainHobbies.com. Some parts ordered said they would take weeks to ship. To ensure the
schedule was maintained, the parts were ordered as early as possible so the RC car could be
assembled on schedule.
Once all parts are created, they are assembled to create a functional RC car. The order of
assembly for the drivetrain and steering assemblies will start with the drivetrain. The drivetrain
sub-assembly starts with the “transmission” components. Some of these components include the
Motor Mount (MDM_20-001), RC Motor (MDM_55-009), Driveshaft (MDM_20-002),
Driveshaft Support (MDM_20-007), Driveshaft Support Bearing (MDM_55-011), and the
Transmission Gears (MDM_55-001 and MDM_55-002).
The “differential” components are then added. These components include the Miter Differential
Gears (MDM_55-005 and MDM_55-006), rear axle (MDM_20-003), rear axle supports
(MDM_20-008), and wheels (MDM_55-004). This sub assembly is mated multiple times to the
chassis plate for consistent efficiency for the RC Baja Drivetrain Systems.
For the steering sub-assembly, the parts are all considered one system. The parts for the steering
system consist of the Steering Servo Mount (MDM_20-009), Steering Servo (MDM_55-007),
Steering Servo Arm (55_008) Tie Rod End (MDM_55-003), Tie Rod (MDM_20-004), Tie Rod
End (MDM_55-003), Front Stub Axle (MDM_20-011), Steering Yoke (MDM_20-010), Steering
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Pin (MDM_55-017), Steering Kingpin (MDM_20-006), Wheels (MDM_55-004), Steering Pin
(MDM_55-018), Tie Rod End (MDM_55-003), Top Control Arm (MDM_20-006), and Tie Rod
End (MDM_55-003). These components must work together to steer the RC Baja Car left and
right while moving forward and backwards. When these sub-assemblies are complete, they will
mate to the chassis plate to be efficient during the operation of the RC Baja car.
The last system that will be added to the RC Baja car is the electronics. This system will consist
of a battery, transmitter, and receiver. The transmitter and battery will be mounted to the chassis
plate and will contribute to the remote control of the car. These parts will be purchased by an RC
retailer and assembled onto the RC Baja chassis plate by the principal engineer.
To ensure a timely schedule of manufacturing and assembly, the manufacturing was planned to
be complete by week 5 to allow ample time to assemble the RC car and troubleshoot any issues
that may arise during the quarter. This plan was successful, and the deadline of a working device
was met.

c. Testing
For spring quarter, the testing of the RC Baja was conducted. The first test that was conducted
was the top speed test. This test consisted of placing 3 strips of painters’ tape 12.5 feet apart from
one another and running the car at full speed and taking the distance over time to find an accurate
top speed. One initial modification made to this test was that the location changed. Due to the
slippery floors in the Hogue Hall Fluke lab, the car could not gain enough traction to complete
the test. To combat this, the test location was moved to the apron outside Hogue Hall. The
asphalt surface provided better traction for the RC Baja car. Another modification to the initial
test was the placement of the camera to record the test. It originally was to be placed in the center
of the 25 feet to capture the start and finish spots. However, upon the setting up of the test, the
light was too bright to see these marks in that position. This was fixed by moving it to the end of
distance to the side and adjusting the position and setting of the camera to get the start and finish
points. Once these issues were resolved, the test was conducted successfully. The actual test
result was lower than the calculated and success criteria values possibly due to an unaccountedfor lack of efficiency in the drivetrain sub-assembly. After some careful examination during the
TDR01 presentation, the test will be redone as it seemed to visually move quicker than it did
during the actual test.
The second test conducted was the cornering test. This test consisted of placing 2 strips of
painters’ tape 25 feet apart from one another, marking a 60-degree angle to the right and
measuring 10 feet from the 2nd piece of tape, and laying a 3rd and final piece of tape down. The
same process is done but to make a left-handed corner. The slippery floors in the Hogue Hall
Fluke lab would emulate the slalom competition at the RC Baja event. A modification to the
initial test was the placement of the camera to record the test. It originally was to be placed
behind the corner to accurately capture the yawing of the rear end. However, upon the setting up
of the test, the distance was too far away from the area of interest to get an accurate yawing
angle. This was fixed by moving it to the apex of the corner and adjusting the position and
setting of the camera to get the corner just below the line of sight. Once this issue was resolved,
the test was conducted successfully. The actual test result was lower than the calculated and
success criteria values possibly due to the actual cornering stiffness value being different than the
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estimated one used in the calculation, the center of gravity not being centered, and the front-end
being wider than the rear causing more front-end stability.
The third test conducted was the collision test. This test consisted of taking a tape measure and
measuring 20 feet away from a wall and running the car into the wall from those 20 feet. The
wall on the backside of the Hogue Hall apron provided an open wall while also having an open
area near the impact area to accurately record the trials. A modification to the initial test was the
placement of the camera to record the test. It originally was to be placed above the point of
impact to accurately capture the deflection of the tie rods. However, upon the setting up of the
test, the camera could not work on top of the apron due the tripod being too big. This was fixed
by moving it to the left side of the point of impact and adjusting the position and setting of the
camera to get the impact just below the line of sight. Once this issue was resolved, the test was
conducted successfully. The actual test result was lower than the calculated and success criteria
values possibly due to the bumper taking a brunt of the force and the impact force was less than
5 pounds.
The fourth and final test conducted was the drop test. This test consisted of going up to a clear
wall, taking a tape measure and measuring 1.5 feet off of the ground and marking this
measurement with a piece of tape. The Hogue Hall Fluke Lab (Hogue 106) provided an open
wall while also having an open area near the impact area to accurately record the trials. No
modifications to the initial test were done as the placement of the camera to record the test was in
prime position and the area was perfect for conducting the test successfully. The actual test result
was lower than the calculated and success criteria values possibly due to the RC car bottoming
out and absorbing most of the force resulting in a force on the tie rods being less than 5 pounds.

33

9. CONCLUSION
The design of the drivetrain components consists of a spur gear transmission, straight driveshaft,
miter gear transmission, straight rear axle with CV axles and CV axle carriers. For the steering
components, a servo with a servo arm, servo arm extension, tie rods with tie rod ends, stub axle
carriers, steering yoke, and upper control arms with tie rod ends are used.
Engineering merit used in this project included Mechanical Design and Mechanics of Materials.
Important analyses from these merits are the train value analysis, torsion shear analyses, column
bucking analyses, and pin double shear analysis. These all helped determine the diameters of the
components such as the kingpin, steering pin, driveshaft, and rear axle. The train value analysis
was used to determine the most efficient way to get energy from the motor to the wheels by
finding a differential and transmission gear ratio.
For the RC Baja project, the RC Baja car will take the energy stored in the battery and turn the
motor causing the rear two wheels to move. The RC Baja car will also be able to turn while
moving. This design covers the 20 MPH requirement due to a train value analysis being done to
efficiently get energy to the rear wheels. This design also covers the requirement of the tie rods
having a minimum deflection of 0.125 in when axially loaded with 5 lbs. when the column
buckling analysis was done on both the top control arms and the tie rods.
Once these analyses and design requirements/decisions were determined, the project is ready to
be manufactured. The manufacturing and assembly of the RC Baja car commenced at the
beginning of winter quarter. This manufacturing and assembly phase was completed successfully
with the schedule and budget not being exceeded. Once the work device was completed, the
testing of the RC Baja car was done during spring quarter.
The tests done for the testing phase were a top speed test, cornering test, collision test, and drop
test. These tests would determine if certain requirements that were set during fall quarter were
met. These requirements were the car having a top speed of 20 MPH, a yawing angle of less than
10-degrees when going around a 60-degree corner, and a deflection of less than 0.125 inches
when loaded with 5 pounds.
For the top speed test, the predicted top speed is shown in analysis 13 which determined it would
be around 37 MPH. In theory, this test should easily beat the design requirement of a top speed
of 20 MPH. However, during the conduction of the test, the average top speed achieved over the
span of 3 trials was 6.6 MPH thus not meeting the requirement. This has been determined to be
caused by improper mating of gears, not accounting for the weight of the car, and the motor not
being 100% efficient.
For the cornering test, the predicted yawing angle is shown in analysis 14 which determined it
would be around 60-degrees. The design requirement called for less than 10 degrees of yaw.
However, during the conduction of the test, the average yawing angle achieved over the span of
3 trials was 2 degrees to the right and 3.25 degrees for the left. This shows the test was
successful in meeting the yawing angle requirement.
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For the collision and drop tests, the predicted deflection is shown in analysis 15 which
determined it would be around 0.317 inches. These tests use the same design requirement of
0.125 inches of deflection when loaded with 5 pounds, so they are grouped together. During the
conduction of the test, the average deflection achieved over the span of 3 trials was 0.04167 for
the drop test and 0.03125 inches for the collision test. This shows that both tests were successful
in meeting the design requirement.
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APPENDIX A - Analysis
Appendix A-1 – Actual Power and Amperage Calculations

Figure 1: Actual Power and Amperage Calculations
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Appendix A-2 – Torque on Driveshaft

Figure 2: Torque on Driveshaft Calculation
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Appendix A-3 – Minimum Diameter of Driveshaft

Figure 3: Minimum Diameter of Driveshaft Calculation
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Appendix A-4 – Gear Ratio Analysis

Figure 4: Gear Ratio Analysis
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Appendix A-5 – Minimum Diameter of Rear Axle

Figure 5: Minimum Diameter of Rear Axle Calculation
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Appendix A-6 – Deflection of Rear Axle

Figure 6: Deflection of Rear Axle Calculation
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Appendix A-7 – Tie Rod Minimum Diameter

Figure 7: Tie Rod Minimum Diameter Calculation
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Appendix A-8 – Tie Rod Length

Figure 8: Tie Rod Length Calculation
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Appendix A-9 – Tie Rod Buckling

Figure 9: Tie Rod Buckling Analysis
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Appendix A-10 – Steering Pin Shear

Figure 10: Steering Pin Shear
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Appendix A-11 – Control Arm Buckling

Figure 11: Control Arm Buckling Analysis
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Appendix A-12 – King Pin Minimum Diameter

Figure 12: Kingpin Minimum Diameter Analysis
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Appendix A-13 – Top Speed Calculation

Figure 13: Top Speed Analysis
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Appendix A-14 – Yawing Angle Calculation

Figure 14: Yawing Angle Calculation
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Appendix A-15 – Tie Rod Deflection Calculation

Figure 15: Tie Rod Deflection Calculation
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APPENDIX B - Drawings
Appendix B-1 – Drawing Tree

Figure 1: Drawing Tree
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Appendix B-2 – Assembly, Car- RC

Figure 2: RC Car Assembly
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Appendix B-3 – Assembly-Sub, Drivetrain

Figure 3: Drivetrain Sub-Assembly
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Appendix B-4 – Assembly-Sub, Steering

Figure 4: Steering Sub-Assembly
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Appendix B-5 – Mount, Motor

Figure 5: Motor Mount Drawing
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Appendix B-6 – Shaft-Drive

Figure 6: Driveshaft Drawing
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Appendix B-7 – Axle-Rear

Figure 7: Rear Axle Drawing
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Appendix B-8 – Rod-Tie

Figure 8: Tie Rod Drawing
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Appendix B-9 – Carrier, Axle-CV

Figure 9: CV Axle Carrier Drawing
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Appendix B-10 – Arm-Control, Top

Figure 10: Top Control Arm Drawing
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Appendix B-11 – Support-Driveshaft

Figure 11: Driveshaft Support Drawing
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Appendix B-12 – Support, Axle-Rear

Figure 12: Rear Axle Support Drawing
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Appendix B-13 – Mount-Servo

Figure 13: Servo Mount Drawing
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Appendix B-14 – Yoke-Steering

Figure 14: Steering Yoke Drawing
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Appendix B-15 – Stub-Axle, Front

Figure 15: Front Stub Axle Drawing
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Appendix B-16 – Extension, Arm-Servo

Figure 16: Servo Arm Extension Drawing

68

Appendix B-17 – Screw, Mount-Motor

Figure 17: Motor Mount Screw Drawing
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Appendix B-18 – Gear-Pinion, Transmission

Figure 18: Transmission Pinion Gear Drawing
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Appendix B-19 – Gear-Spur, Transmission

Figure 19: Transmission Spur Gear Drawing
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Appendix B-20 – End-Rod, Tie

Figure 20: Tie Rod End Drawing
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Appendix B-21 – Tires

Figure 21: Tires Drawing
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Appendix B-22 – Gear-Miter-Driver, Differential

Figure 22: Differential Driver Miter Gear Drawing
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Appendix B-23 – Gear-Miter-Driven, Differential

Figure 23: Differential Driven Miter Gear Drawing

75

Appendix B-24 – Servo-Steering

Figure 24: Steering Servo Drawing
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Appendix B-25 – Arm-Servo, Steering

Figure 25: Steering Servo Arm Drawing
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Appendix B-26 – Motor-RC

Figure 26: RC Motor Drawing
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Appendix B-27 – Axle-CV, Rear

Figure 27: Rear CV Axle Drawing
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Appendix B-28 – Bearing, Support-Driveshaft

Figure 28: Driveshaft Support Bearing Drawing
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Appendix B-29 – Bearing, Support-Axle-Rear

Figure 29: Rear Axle Support Bearing Drawing
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Appendix B-30 – Collar, Axle-Rear

Figure 30: Rear Axle Collar Drawing
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Appendix B-31 – Collar, Shaft-Drive

Figure 31: Drive Shaft Collar Drawing
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Appendix B-32 – Kingpin, Steering

Figure 32: Steering Kingpin Drawing
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Appendix B-33 – Pin, Steering-Bottom

Figure 33: Bottom Steering Pin Drawing
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Appendix B-34 – Assembly-Sub, A-Arm-Plate-Chassis

Figure 34: Chassis Plate A-Arm Sub-Assembly Drawing
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Appendix B-35 – Assembly-Sub, Shock-Tower-Shock

Figure 35: Shock Tower Shock Sub-Assembly Drawing

87

Appendix B-36: Plate-Chassis

Figure 36: Chassis Plate Drawing
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Appendix B-37: Pin-A-arm

Figure 37: A-Arm Pin Drawing
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Appendix B-38: Tower-Shock

Figure 38: Shock Tower Drawing
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Appendix B-39: A-Arm-Suspension

Figure 39: Suspension A-Arm Drawing
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Appendix B-40: Bumper-Front

Figure 40: Front Bumper Drawing
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Appendix B-41: Shock-Suspension

Figure 41: Suspension Shocks Drawing
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Appendix B-42: Bolt-Mounting

Figure 42: Mounting Bolt Drawing
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Appendix B-43: Nut-Hex-2b-unc-8x32

Figure 43: Hex Nut 2B UNC 8x32 Drawing
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APPENDIX C – Parts List and Costs
Table C1. Mathew Morgan’s parts List and costs

Part Number

Qty Part Description

Source

Cost

Disposition

MDM_20-001
MDM_20-002
MDM_20-003
MDM_20-004

1
1
1
2

Motor Mount
Driveshaft
Rear Axle
Tie Rods

Onlinemetals.com
Onlinemetals.com
Onlinemetals.com
Onlinemetals.com

Completed
Completed
Completed
Completed

MDM_20-005

4

Steering Pin

Onlinemetals.com

MDM_20-006
MDM_20-007
MDM_20-008

2
4
2

CV Axle Carrier
Top Control Arm
Driveshaft Support

CWU MEC
Onlinemetals.com
Onlinemetals.com

MDM_20-009

2

Rear Axle Support

Onlinemetals.com

MDM_20-010
MDM_20-011
MDM_20-012
MDM_20-013

1
2
2
1

Servo Mount
Steering Yoke
Front Stub Axle
Servo Arm Extension

CWU
Onlinemetals.com
CWU
Onlinemetals.com

MDM_50-001
MDM_55-001

6
1

McMaster Carr
Axialracing.com

MDM_55-002

1

us.misumi-ec.com

$39.93

Received

MDM_55-003
MDM_55-004
MDM_55-005

12
4
1

McMaster Carr
Hand me downs
us.misumi-ec.com

$60.36
Free
$17.60

Received
Received
Received

MDM_55-006

1

us.misumi-ec.com

$36.27

Received

MDM_55-007
MDM_55-008

1
1

Motor Mount Screw
Transmission Pinion
Gear
Transmission Spur
Gear
Tie Rod Ends
Tires
Differential Driver
Miter Gear
Differential Driven
Miter Gear
Steering Servo
Steering Servo Arm

$12.16
$4.45
$9.05
A part of
driveshaft
cost
A part of
driveshaft
cost
$5
$2.00
A part of
Steering
Yoke cost
A part of
Steering
Yoke cost
$4.00
$38.59
$4.00
A part of
Steering
Yoke Cost
$8.33
$6.99

Amazon.com
Amazon.com

Received
Received

MDM_55-009
MDM_55-010

1
2

RC Motor
CV Rear Axle

AMainHobbies.com
Banggood.com

$26.65
Came
with servo
$104.99
$21.05

Completed

Completed
Completed
Completed

Completed

Completed
Completed
Completed
Shipped

Received
Received

Received
Received
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MDM_55-011

2

MDM_55-012

2

MDM_55-013
MDM_55-014
MDM_55-015
MDM_55-016

4
4
2
2

MDM_55-017
Parts
Shipping
Total=

8

Driveshaft Support
Bearing
Rear Axle Support
Bearing
Rear Axle Collar
Drive Shaft Collar
Steering Kingpin
CV Axle Carrier
Bearing
Bottom Steering Pins

McMaster Carr

$29.12

Shipped

McMaster Carr

$32.04

Shipped

Grainger.com
Grainger.com
McMaster Carr
McMaster Carr

$24.28
$22.48
$28.44
$34.76

Received
Received
Received
Received

McMaster Carr

$40.40
$612.94
$125.37
$738.31

Received
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Table C2. Matthew Hart’s parts list and costs

Part
Number

Qty Part Description

Source

Cost

Disposition

20-001

1

6061 Aluminum
Chassis

Onlinemetals.com

$20

Completed

20-002

4

6061 Aluminum
pin

Onlinemetals.com

$20

Completed

20-003

2

ABS Plastic
Shock mount

CWU

50C/hr

Completed

20-004

4

ABS plastic Aarm

CWU

50C/hr

Completed

55-001

20

¼ in screws

Home Depot

20C/screw Completed
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APPENDIX D – Budget
Table D1. Project Budget.

Item
Purchased Parts

Qty
10

Stock Material

4

Shipping
Engineering Labor

8
350

Description
Any part that is purchased and
no modifications are done
Stock material that will be
machined into the necessary
parts
The shipping of purchased parts
All labor done to design and
manufacture the RC Baja car
Total Budget =

Cost
$300
$100

$150
$8,050
$8,600
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APPENDIX E - Schedule

E 1: Section 1 and 2 Gantt Chart Progression for RC Baja Project as of 6/2/2022

E 2: Section 3 Gantt Chart Progression for RC Baja Project as of 3/12/2022
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E 3: Section 4 and 5 Gantt Chart Progression for RC Baja Project as of 2/1/2022

E 4: Section 6 and 7 Gantt Chart Progression for RC Baja Project as of 6/2/2022
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APPENDIX F – Expertise and Resources
Appendix F-1 – Layout Decision Matrix

F 1: Layout Decision Matrix
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Appendix F-2 – Transmission Pinion Gear Method Decision Matrix

F 2: Transmission Pinion Gear Method Decision Matrix
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Appendix F-3 – Tie Rod Method Decision Matrix

F 3: Tie Rod Method Decision Matrix
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Appendix F-4 – Driveshaft Material Decision Matrix

F 4: Driveshaft Material Decision Matrix
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Appendix F-5 – Steering Servo Mount Decision Matrix

F 5: Steering Servo Mount Decision Matrix
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APPENDIX G – Testing Report
Appendix G1: Top Speed Test
Introduction
The top speed test was conducted on the apron outside of Hogue Hall at CWU. The distance of
25 feet was measured and marked with tape. The design requirement this test follows is the top
speed of 20 MPH. A top speed calculation was done (shown in Appendix A-13) that determined
the top speed should be about 37.4 MPH. The time is recorded was put into a data table where
the speed in ft/s is calculated and recorded. A camera records the trials and provides an accurate
time measurement. In the Gantt chart, the top speed test is listed as section 6a and was completed
on time during week two. The Gantt chart is shown in Appendix E.
Method/Approach
The resources used to complete test was the principal engineer, a tape measure, painters’ tape, a
DSLR camera with tripod, the RC Baja car, RC Baja car remote, laptop with video editing
software, and a USB cable. This test will consist of laying three strips of painters’ tape at
measured distances and setting up the DSLR camera with a tripod so the start and finish marks
can be seen. The RC car will then be recorded on three trials to determine the top speed. Video
editing software will be used to get the time the RC car took. These values will then help
determine the top speed of the RC car. As previously stated, the initial data was captured using
the DSLR camera and then analyzed using the video editing software on the laptop. There as a
limited space to complete this test as it was done outside on the apron of Hogue Hall at CWU.
The data was both accurate and precise as the time varied within 0.15 seconds of one another and
it was analyzed frame by frame to ensure the accuracy of the data. Once the data is analyzed, it
will be presented in a table that shows the time (seconds), speed (ft/s), and speed (MPH).
Test Procedure

G 1: Top Speed Test Sketch
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The procedure of this test documents the process of recording the RC Baja car to get its top
speed. The drivetrain system used to deliver power from the motor to the rear wheels was
designed by one of the principal engineers. The RC Baja car is estimated to average 20 MPH
over three trials. The following is the test information and procedure
Time: The test was conducted 4/7/2022 from 8:30 am to 10:00 am in Hogue 106. There was 20
minutes to collect equipment and setting up prior to test. After the test was completed, there was
an additional 20 minutes to record and organize data, shut down and return equipment.
Place: Outside Apron, Hogue Hall, Central Washington University campus in Ellensburg, WA
Required equipment includes:
• RC Baja car
• RC Baja Car Remote
• Fully charged RC Baja Battery
• Painter’s Tape
• 25 ft Tape Measure
• Camera for recording
• Tripod for camera to sit on
• Writing utensil
• Data sheet
• Laptop with video player
• Type C USB cable
Risk: Test equipment must be gathered ahead of the test. Risks to successful completion of this
test are the camera running out of battery and the RC Baja car running out of battery. Safety
glasses were required during the test to ensure the safety of the observers.
The test procedure is as follows:
1. Collect equipment:
a. RC Baja car, RC Baja car remote, fully charged RC Baja car battery, and tape
measure from Hogue 107.
b. Painter’s tape, DSLR camera, Tripod for camera, writing utensil, laptop, and data
sheet from Hogue 118.
2. Go to the Hogue apron (Outside of Hogue 106).
3. Place all equipment on the ground (except painter’s tape and tape measure).
4. Tear off a 3-inch piece of painter’s tape and place it on the ground at your feet. It must be
parallel to the asphalt slab lines.
5. Measure out 12.5 feet perpendicular from the first tape strip using the tape measure.
a. Once this spot is found, take another 3-inch strip of painter’s tape, and place it at
the measured spot (parallel to the first strip).
b. Repeat step 5 from the second piece of tape to find the location of the third and
final strip of tape.
6. Take the DSLR camera for recording and put it on the tripod to be able to record the
experiment.
7. Take the tripod and line it up behind the third tape strip.
8. Move the tripod to the right while still being lined up with the third tape strip.
a. Move to the right 4 feet
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b. Angle the camera to ensure the RC car and finish mark are visible to ensure the
speed can be calculated by the video
9. Once the camera is set up in the correct location, turn the camera on and start recording.
10. Take the fully charged RC Baja car battery and plug it into the appropriate positive and
negative locations.

G 2: Battery Plugin to ESC

a. Red is positive and black is negative.
b. Once it’s plugged in, secure it to the Velcro strip on the right side of the chassis
plate.
11. Turn the ESC switch on to power the RC Baja car.

G 3: ESC with on and off switch

a. The switch to turn on the ESC is located next to the ESC
12. Turn on the RC Baja car remote.
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G 4: On/Off switch for RC Baja car remote

a. The button is on the side of the remote.
13. Place the RC Baja car just behind the first tape strip.
a. Align the front bumper running parallel to the tape strip.
14. When ready, drive the RC Baja car at full throttle.
a. Pull the trigger all the way back to achieve full acceleration.
b. Drive full throttle until the car reaches the third tape strip.
c. To decelerate, let go of the trigger. The ESC is set up to automatically brake when
moving with no trigger input.
15. Repeat steps 13 and 14 for two more trials to ensure accuracy of results.
16. Once the three trials have been completed, turn the camera off and pick up all equipment.
17. In Hogue 118, put laptop on the desk and open the file explorer and video editor apps.
a. Plug USB-C into camera and into the laptop.
b. Transfer the video file onto the laptop.
c. Open the video in the video editor app.
18. For the large video, find the amount of time the car takes to go 25 feet for each trial.
19. Take the distance covered which is 25 feet and divide it by the time it took. This gives a
speed of ft/sec.
a. To convert to MPH, divide the ft/s value by 1.467.
20. Take these values and record them on the data collection sheet.
21. Average the speeds between the three trials by adding them up and dividing by three.
22. Record this value onto the data collection sheet next to the cell that says “average”.
23. Pick up equipment and return it to their original location (see step 1)
Deliverables
For the top speed test, the calculation done to determine the top speed of the RC Baja car utilized
the RPM of the motor, train value of the drivetrain system, and the tire diameter for the RC Baja
car. The full calculation is shown in appendix A-13. Through this calculation, the maximum top
speed was determined to be about 37 MPH. However, to account for some loss in efficiencies in
the drivetrain system, the success criteria speed is 20 MPH. After the test was conducted, the
average top speed over the span of 3 trials is 6.6 MPH. This could be caused due to the motor
being less efficient than initially thought and not accounting for the weight of the RC Baja car
which could slow it down.

Appendix G1.1 – Procedure Checklist
•

Ensure battery for RC Baja car is charged prior to testing
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•
•
•
•

Ensure remote batteries allow it to be powered on
Get camera from MEC in Samuelson Hall
Ensure the machine shop has painters’ tape
Ensure the weather is dry for test to prevent shorting of electronics

Appendix G1.2 – Data Forms
Table G1: Top Speed Blank Data Table

Time (seconds)

Speed (ft/s)

Speed
(MPH)

Trial 1
Trial 2
Trial 3
Average Speed:

Appendix G1.3 – Raw Data
Table G2: Top Speed Populated Data Table

Time (seconds)
Trial 1 0.63
Trial 2 0.74
Trial 3 0.80
Average Speed: 6.66 MPH

Speed (ft/s)
11.1
9.46
8.75

Speed (MPH)
7.57
6.46
5.96
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Appendix G1.4 – Evaluation Sheet

G 5: Top Speed Test Calculation Sheet

The top speed test data was gathered through analysis of taking the time through the videos taken
for each trial. The time it took to go the last 7 feet was found first. Knowing this time, the
distance divided by time equation was used to get a speed of ft/s. Then this speed was divided by
1.467 to get the speed into MPH.
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Appendix G1.5 – Schedule (Testing)

G 6: Schedule showing completion of top speed test

The testing overall took 0.5 hours to complete. The calculations took about half of the time being
15 minutes with the other 15 minutes setting up and conducting the test.

Appendix G2: Cornering Test
Introduction
The cornering test was conducted in the Fluke lab located inside Hogue Hall at CWU. The
distance of 25 feet was measured and marked with tape and then a 60-degree corner is then
marked out that is 10 feet long. The design requirement this test follows is the yawing of the RC
car cannot exceed 10 degrees. A yawing calculation was done (shown in Appendix A-14) that
determined the yawing should be about 60 degrees. The angle that is observed was put into a
data table where the three trials of both left and right are recorded. A camera records the trials
and provides an accurate angle of yawing. In the Gantt chart, the cornering test is listed as
section 6b and was completed on time during week four. The Gantt chart is shown in Appendix
E.
Method/Approach
The resources used to complete test was the principal engineer, a tape measure, painters’ tape, a
phone with a camera, the RC Baja car, RC Baja car remote, laptop with video editing software,
and a USB cable. This test will consist of laying two strips of painters’ tape at measured
distances and setting up the phone camera pointing down so the apex of the 60-degree corner is
directly below the phone and the entire corner can be seen. The RC car will then be recorded on
three trials going left and right to determine the yawing of the rear end. Video editing software
will be used to accurately determine the yawing. As previously stated, the initial data was
captured using the phone camera and then analyzed using the video editing software on the
laptop. There was a limited space to complete this test as it was done inside the Fluke lab in
Hogue Hall at CWU. The data was both accurate and precise as the yawing varied within a few
degrees of one another and it was analyzed frame by frame to ensure the accuracy of the data.
Once the data is analyzed, it will be presented in a table that shows the yawing of the rear end for
both a left and right turn with an average of these values listed at the bottom of the table.
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Test Procedure

G 7: Cornering Test Sketch

The procedure of this test documents the process of recording the RC Baja car to get its rear
yawing angle. The drivetrain system used to deliver power from the motor to the rear wheels and
the steering system will turn the vehicle around the 60-degree corner. Both of these systems were
designed by one of the principal engineers. The RC Baja car is estimated to average about 60degrees of yawing over three trials. The following is the test information and procedure
Time: The test was conducted 4/20/2022 from 8:30 am to 10:00 am in Hogue 106. There was 20
minutes to collect equipment and setting up prior to test. After the test was completed, there was
an additional 20 minutes to record and organize data, shut down and return equipment.
Place: Room 106, Hogue Hall, Central Washington University campus in Ellensburg, WA
Required equipment includes:
• RC Baja car
• RC Baja Car Remote
• Fully charged RC Baja Battery
• Painter’s Tape
• 25 ft Tape Measure
• Phone camera for recording
• Stand for camera to sit on
• Writing utensil
• Data sheet
• Laptop with video player
• Type C USB cable
Risk: Test equipment must be gathered ahead of the test. Risks to successful completion of this
test are the camera running out of battery and the RC Baja car running out of battery. Safety
glasses were required during the test to ensure the safety of the observers.
The test procedure is as follows:
1. Collect equipment:
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c. RC Baja car, RC Baja car remote, fully charged RC Baja car battery, and tape
measure from Hogue 107.
d. Painter’s tape, phone for recording, stand for phone to record, writing utensil, laptop,
and data sheet from Hogue 118.
2. Go to Hogue 106 (Next to the Hogue Hall machine shop).
3. Place all equipment on the ground (except painter’s tape and tape measure).
4. Tear off a 3-inch piece of painter’s tape and place it on the ground at your feet. It must be
parallel to the concrete slab lines.
5. Measure out 25 feet perpendicular from the first tape strip using the tape measure.
a. Once this spot is found, take another 3-inch strip of painter’s tape, and place it at
the measured spot (parallel to the first strip).
6. Take a protractor and mark out 60 degrees pointed right
a. Take the tape measure and measure out 10 feet ensuring the tape measure is
following the 60-degree mark
b. Once this is found, take another 3-inch piece of painter’s tape and place it on the
ground parallel to the tape measure and in line with the previous piece of tape
7. Take the camera for recording and put it in the stand to be able to record the experiment.
8. Take the tripod and line it up on the apex of the corner.
a. Angle the camera to ensure the RC car and corner are visible to ensure the angle
of yaw can be determined by the video
9. Once the camera is set up in the correct location, turn the camera on and start recording.
10. Take the fully charged RC Baja car battery and plug it into the appropriate positive and
negative locations.

G 8: Battery Plugin to ESC

a. Red is positive and black is negative.
b. Once it’s plugged in, secure it to the Velcro strip on the right side of the chassis
plate.
11. Turn the ESC switch on to power the RC Baja car.
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G 9: ESC with on and off switch

a. The switch to turn on the ESC is located next to the ESC
12. Turn on the RC Baja car remote.

G 10: On/Off switch for RC Baja car remote

a. The button is on the side of the remote.
13. Place the RC Baja car just behind the first tape strip.
a. Align the front bumper running parallel to the tape strip.
14. When ready, drive the RC Baja car at full throttle.
a. Pull the trigger all the way back to achieve full acceleration.
b. Drive full throttle until the car reaches the 2nd tape strip. Turn the car to the right
to go around the 60-degree corner
c. To decelerate, let go of the trigger. The ESC is set up to automatically brake when
moving with no trigger input.
15. Repeat steps 13 and 14 for two more trials to ensure accuracy of results.
16. Repeat steps 5 through 15 except make a left corner instead of a right.
17. Once the test has been completed, turn the camera off and pick up all equipment.
18. In Hogue 118, put laptop on the desk and open the file explorer and video editor apps.
a. Plug USB-C into camera and into the laptop.
b. Transfer the video file onto the laptop.
c. Open the video in the video editor app.
19. For the large video, find the angle of yaw the car has through each trial for both
directions.
20. Take these values and record them on the data collection sheet.
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21. Average the angles between the three trials of each direction by adding them up and
dividing by three.
22. Record this value onto the data collection sheet next to the cell that says “average” in the
appropriate column.
23. Pick up equipment and return it to their original location (see step 1)
Deliverables
For the cornering test, the calculation done to determine the angle of yawing for the RC Baja car
which utilized the velocity of the RC car, train rear weight of the RC car, the cornering stiffness
in the rear for the RC Baja car, and the radius of the turn. The full calculation is shown in
appendix A-14. Through this calculation, the angle of yaw was determined to be about 60degrees. However, the success criteria speed is 10-degrees. After the test was conducted, the
average in both directions over the span of 3 trials are 3.25-degrees going left and 2-degrees
going right. This drastic difference between theoretical and practical values could be caused due
to the actual cornering stiffness differing from the estimated, the center of gravity is more
towards the rear of the car, and the front wheels being wider than the rear wheels which could
give more stability and traction.

Appendix G2.1 – Procedure Checklist
•
•
•
•
•
•

Reserve Hogue 106 so the test can be completed during the slotted time
Weigh the car to get the rear end weight
Ensure remote batteries allow it to be powered on
Ensure phone is fully charged so the test can be captured and analyzed
Ensure the machine shop has painters’ tape
Make sure all needed materials are accessible

Appendix G2.2 – Data Forms
Table G3: Cornering Test Unpopulated Data Table

Left Turning Yaw (Degrees)

Right Turning Yaw (Degrees)

Trial 1
Trial 2
Trial 3
Average

Appendix G2.3 – Raw Data
Table G4: Cornering Test Populated Data Table

Left Turning Yaw (Degrees)
Trial 1
2
Trial 2
3.5
Trial 3
1
Average 3.25

Right Turning Yaw (Degrees)
1.5
2.5
2
2
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Appendix G2.4 – Evaluation Sheet

G 11: Cornering Test Video Screenshot

The cornering test data was gathered through analysis of the videos taken for each trial. The
camera was placed above the apex of the corner to get accurate yawing angle data.

Appendix G2.5 – Schedule (Testing)

G 12: Schedule showing completion of cornering test

The testing overall took 1 hours to complete. The calculations took about ¾ of the time being 45
minutes with the other 15 minutes setting up, conducting the test, and analyzing data.

Appendix G3: Drop Test
Introduction
The drop test was conducted in the Fluke lab located inside Hogue Hall at CWU. The distance of
1.5 feet was measured vertically and marked with tape along the wall. The design requirement
this test follows is the tie rods cannot deflect more than 0.125 in when loaded with 5 lbs. A
deflection calculation was done (shown in Appendix A-15) that determined the deflection should
be about 0.317 in. The deflection that is observed was put into a data table where the three trials
are recorded. A camera records the trials and provides an accurate deflection. In the Gantt chart,
the drop test is listed as section 6c and was completed on time during week five. The Gantt chart
is shown in Appendix E.
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Method/Approach
The resources used to complete test was the principal engineer, a tape measure, painters’ tape, a
phone with a camera, the RC Baja car, RC Baja car remote, laptop with video editing software,
and a USB cable. This test will consist of laying one strip of painters’ tape at a measured
distance and setting up the phone camera in front of the test area and pointing the lens towards
the test at ground level so the deflection of the tie rods can be seen. The RC car will then be
recorded for three trials being dropped at 1.5 feet. Video editing software will be used to
accurately determine the deflection. As previously stated, the initial data was captured using the
phone camera and then analyzed using the video editing software on the laptop. There was a
limited space to complete this test as it was done inside the Fluke lab in Hogue Hall at CWU.
The data was both accurate and precise as the deflection varied within a few hundredths of an
inch of one another and it was analyzed frame by frame to ensure the accuracy of the data. Once
the data is analyzed, it will be presented in a table that shows the deflection of the tie rods with
an average of these values listed at the bottom of the table.
Test Procedure

G 13: Drop Test Sketch

The procedure of this test documents the process of recording the RC Baja car to get the
deflection of the tie rods. The car will be raised to 1.5 feet above the ground and dropped while
being recorded to get the deflection of the tie rods. The steering sub-assembly was designed by
one of the principal engineers. The RC Baja car is estimated to average about 0.317 inches of
deflection over three trials. The following is the test information and procedure.
Time: The test was conducted 5/4/2022 from 8:30 am to 10:00 am in Hogue 106. There was 20
minutes to collect equipment and setting up prior to test. After the test was completed, there was
an additional 20 minutes to record and organize data, shut down and return equipment.
Place: Room 106, Hogue Hall, Central Washington University campus in Ellensburg, WA
Required equipment includes:
• RC Baja car
• RC Baja Car Remote
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•
•
•
•
•
•
•
•
•

Fully charged RC Baja Battery
Painter’s Tape
25 ft Tape Measure
Phone camera for recording
Stand for camera to sit on
Writing utensil
Data sheet
Laptop with video player
Type C USB cable

Risk: Test equipment must be gathered ahead of the test. Risks to successful completion of this
test are the availability of the Fluke lab and possible delamination of the PLA plastic steering
knuckles used in the steering sub-assembly. Safety glasses were required during the test to
ensure the safety of the observers.
The test procedure is as follows:
1. Collect equipment:
a. RC Baja car, RC Baja car remote, fully charged RC Baja car battery, and tape
measure from Hogue 107.
b. Painter’s tape, phone for recording, stand for phone to record, writing utensil,
laptop, and data sheet from Hogue 118.
2. Go to Hogue 106 (Next to the Hogue Hall machine shop).
3. Place all equipment on the ground (except painter’s tape and tape measure).
4. Tear off a 3-inch piece of painter’s tape and walk to a clear wall.
5. Measure out 1.5 feet perpendicular from the floor using the tape measure.
a. Once this spot is found, place the piece of tape onto the wall parallel to the wall.
6. Take the camera for recording and put it in the stand to be able to record the experiment.
7. Take the tripod and line it up centered at the front of the testing area.
a. Place the camera at ground level. Angle the camera to ensure the RC car is visible
once it hits the ground to ensure the deflection can be determined by the video
8. Once the camera is set up in the correct location, turn the camera on and start recording.
9. Raise the RC Baja car just above the tape strip.
a. Align the wheels to run parallel to the tape strip.
10. When ready, drop the RC Baja car.
11. Repeat steps 13 and 14 for two more trials to ensure accuracy of results.
12. Once the test has been completed, turn the camera off and pick up all equipment.
13. In Hogue 118, put laptop on the desk and open the file explorer and video editor apps.
a. Plug USB-C into camera and into the laptop.
b. Transfer the video file onto the laptop.
c. Open the video in the video editor app.
14. For the large video, find the deflection of tie rods for each trial.
15. Take these values and record them on the data collection sheet.
16. Average the deflection values between the three trials by adding them up and dividing by
three.
17. Record this value onto the data collection sheet next to the average cell
18. Pick up equipment and return it to their original location (see step 1)
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Deliverables
For the drop test, the calculation done to determine the deflection of the tie rods utilized the
assumption of a basic cantilever beam, the applied force, length of tie rod, the modulus of
elasticity of the chosen material, and the moment of inertia for the shape of the tie rods. The full
calculation is shown in appendix A-15. Through this calculation, the deflection was determined
to be 0.317 in. Despite this calculation, the success criteria speed is 0.125 inches of deflection.
After the test was conducted, the average deflection over the span of 3 trials is 0.04167 inches.
This could be caused due to the suspension absorbing most of the force from the drop, and the
servo side of the tie rods are not perfectly static.

Appendix G3.1 – Procedure Checklist
•
•
•
•
•

Reserve Hogue 106 so the test can be completed during the slotted time
Ensure phone is fully charged so the test can be captured and analyzed
Ensure the machine shop has painters’ tape
Make sure all needed materials are accessible
Find a clean wall to mark up at 1.5 feet

Appendix G3.2 – Data Forms
Table G5: Drop Test Unpopulated Data Table

Deflection of Tie Rods (in)
Trial 1
Trial 2
Trial 3
Average

Appendix G3.3 – Raw Data
Table G6: Drop Test Populated Data Table

Deflection of Tie Rods (in)
Trial 1
0.03125
Trial 2
0.0625
Trial 3
0.03125
Average 0.04167
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Appendix G3.4 – Evaluation Sheet

G 14: Drop Test Video Screenshot

The drop test data was gathered through analysis of the videos taken for each trial. The camera
was placed in front of the test area as shown in G 14 to get an accurate deflection of the tie rods.

Appendix G3.5 – Schedule (Testing)

G 15: Schedule showing completion of drop test

The testing overall took 1 hours to complete. The calculations took about quarter of the time
being 15 minutes with the other 45 minutes setting up, conducting the test, and analyzing data.

Appendix G4: Collision Test
Introduction
The collision was conducted outside of Hogue Hall at CWU on the sidewalk. The distance of 20
feet was measured from the wall on the backside of the Hogue Hall apron and marked with tape
parallel with the concrete slabs. The design requirement this test follows is the tie rods cannot
deflect more than 0.125 in when loaded with 5 lbs. A deflection calculation was done (shown in
Appendix A-15) that determined the deflection should be about 0.317 in. The deflection that is
observed was put into a data table where the three trials are recorded. A camera records the trials
and provides an accurate deflection. In the Gantt chart, the drop test is listed as section 6d and
was completed on time during week five. The Gantt chart is shown in Appendix E.
Method/Approach
The resources used to complete test was the principal engineer, a tape measure, painters’ tape, a
phone with a camera, the RC Baja car, RC Baja car remote, laptop with video editing software,
and a USB cable. This test will consist of laying one strip of painters’ tape at a measured 20 feet

121

from the Hogue Hall apron wall and setting up the phone camera at the base of the wall to the
left side and pointing the lens down towards the ground so the deflection of the tie rods can be
seen. The RC car will then be recorded for three trials being driven into the wall from 20 feet
away. Video editing software will be used to accurately determine the deflection. As previously
stated, the initial data was captured using the phone camera and then analyzed using the video
editing software on the laptop. There was a limited space to complete this test as it was done
outside of Hogue Hall at CWU. The data was both accurate and precise as the deflection varied
within a few hundredths of an inch of one another and it was analyzed frame by frame to ensure
the accuracy of the data. Once the data is analyzed, it will be presented in a table that shows the
deflection of the tie rods with an average of these values listed at the bottom of the table.
Test Procedure

G 16: Collision Test Sketch

The procedure of this test documents the process of recording the RC Baja car to get the
deflection of the tie rods. The car will be raised to 1.5 feet above the ground and dropped while
being recorded to get the deflection of the tie rods. The steering sub-assembly was designed by
one of the principal engineers. The RC Baja car is estimated to average about 0.317 inches of
deflection over three trials. The following is the test information and procedure.
Time: The test was conducted 5/4/2022 from 8:30 am to 10:00 am in Hogue 106. There was 20
minutes to collect equipment and setting up prior to test. After the test was completed, there was
an additional 20 minutes to record and organize data, shut down and return equipment.
Place: Room 106, Hogue Hall, Central Washington University campus in Ellensburg, WA
Required equipment includes:
• RC Baja car
• RC Baja Car Remote
• Fully charged RC Baja Battery
• Painter’s Tape
• 25 ft Tape Measure
• Phone camera for recording
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•
•
•
•
•

Stand for camera to sit on
Writing utensil
Data sheet
Laptop with video player
Type C USB cable

Risk: Test equipment must be gathered ahead of the test. Risks to successful completion of this
test are the availability of the Fluke lab and possible delamination of the PLA plastic steering
knuckles used in the steering sub-assembly. Safety glasses were required during the test to
ensure the safety of the observers.
The test procedure is as follows:
1. Collect equipment:
a. RC Baja car, RC Baja car remote, fully charged RC Baja car battery, and tape
measure from Hogue 107.
b. Painter’s tape, phone for recording, stand for phone to record, writing utensil,
laptop, and data sheet from Hogue 118.
2. Go outside of Hogue 106 (Next to the Hogue Hall machine shop) to the Hogue Hall
apron

G 17: Hogue Hall Apron Wall

a. Go to the wall on the lower back side of the apron
3. Place all equipment on the ground (except painter’s tape and tape measure).
4. Tear off a 3-inch piece of painter’s tape and walk to the wall.
5. Measure out 20 feet perpendicular from the wall using the tape measure.
a. Once this spot is found, place the piece of tape onto the ground parallel to the
wall.
6. Take the camera for recording and put it in the stand to be able to record the experiment.
7. Take the tripod and line it up at the wall to the left of the testing area.
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a. Angle the camera to ensure the RC car is visible once it hits the wall to ensure the
deflection can be determined by the video
8. Once the camera is set up in the correct location, turn the camera on and start recording.
9. Take the fully charged RC Baja car battery and plug it into the appropriate positive and
negative locations.

G 18: Battery Plugin to ESC

a. Red is positive and black is negative.
b. Once it’s plugged in, secure it to the Velcro strip on the right side of the chassis
plate.
10. Turn the ESC switch on to power the RC Baja car.

G 19: ESC with on and off switch

a. The switch to turn on the ESC is located next to the ESC
11. Turn on the RC Baja car remote.
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G 20: On/Off switch for RC Baja car remote

a. The button is on the side of the remote.
12. Place the RC Baja car just behind the tape strip.
a. Align the front bumper running parallel to the tape strip.
13. When ready, drive the RC Baja car at full throttle.
a. Pull the trigger all the way back to achieve full acceleration.
b. Drive full throttle until the car reaches the wall.
c. Once it hits the wall, take your finger off the trigger to stop accelerating.
14. Repeat steps 12 and 13 for two more trials to ensure accuracy of results.
15. Once the test has been completed, turn the camera off and pick up all equipment.
16. In Hogue 118, put laptop on the desk and open the file explorer and video editor apps.
a. Plug USB-C into camera and into the laptop.
b. Transfer the video file onto the laptop.
c. Open the video in the video editor app.
17. For the large video, find the deflection of tie rods for each trial.
18. Take these values and record them on the data collection sheet.
19. Average the deflection values between the three trials by adding them up and dividing by
three.
20. Record this value onto the data collection sheet next to the average cell
21. Pick up equipment and return it to their original location (see step 1)
Deliverables
For the collision test, the calculation done to determine the deflection of the tie rods utilized the
assumption of a basic cantilever beam, the applied force, length of tie rod, the modulus of
elasticity of the chosen material, and the moment of inertia for the shape of the tie rods. The full
calculation is shown in appendix A-15. Through this calculation, the deflection was determined
to be 0.317 in. Despite this calculation, the success criteria speed is 0.125 inches of deflection.
After the test was conducted, the average deflection over the span of 3 trials is 0.03125 inches.
This could be caused due to the front bumper created by one of the principal engineers absorbed
most of the force from the drop, and the servo side of the tie rods are not perfectly static.

Appendix G4.1 – Procedure Checklist
•
•
•
•

Ensure the sidewalk within the testing area is free of debris
Ensure remote batteries allow it to be powered on
Ensure phone is fully charged so the test can be captured and analyzed
Ensure the machine shop has painters’ tape
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•

Make sure all needed materials are accessible

Appendix G4.2 – Data Forms
Table G7: Collision Test Unpopulated Data Table

Deflection of Tie Rods (in)
Trial 1
Trial 2
Trial 3
Average

Appendix G4.3 – Raw Data
Table G8: Collision Test Populated Data Table

Trial 1
Trial 2
Trial 3
Average

Deflection of Tie Rods (in)
0.0156
0.0625
0.0156
0.03125

Appendix G4.4 – Evaluation Sheet

G 21: Collision Test Video Screenshot

The collision test data was gathered through analysis of the videos taken for each trial. The
camera was placed in above and behind the test area as shown in G 21 to get an accurate
deflection of the tie rods.

Appendix G4.5 – Schedule (Testing)

G 22: Schedule showing completion of Collision Test
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The testing overall took 1 hours to complete. The calculations took about a quarter of the time
being 15 minutes with the other 45 minutes setting up, conducting the test, and analyzing data.
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APPENDIX H – Resume

H 1: Principal Engineer Resume
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