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Abstract 
 
 
 
 
The American Society of Mechanical Engineers (ASME) annually hosts an RC Baja challenge, 
testing a RC car in three events: slalom, acceleration and Baja. Although ASME will not be 
holding an event this year, CWU will be holding an event with three RC Baja car teams from 
CWU as well as other teams from local colleges.  The RC car that is tested in these events is 
designed and manufactured typically in teams of two. The RC car that each team submits 
must be able to complete these events to score points. One part of great importance for the 
RC car is the drivetrain. The drivetrain of the RC car will need to operate continuously 
through each event and without interfering with the remaining components of the RC car, 
namely the suspension and steering designed by Hunter Jacobson. The RC car for this year 
features a 540 DC electric motor cradled in a 3D printed mount. A gear reduction of 5.14:1 
is accomplished with a 14 tooth pinion and 72 tooth gear. The gear is on a shaft with a 
timing belt sheave. This belt then drives the rear axle. The design of the drivetrain 
incorporates a simple and effective design that can be repaired easily if necessary and 
fulfils the design specifications outlined by ASME. The design of the RC cars drivetrain has 
been tested to verify the requirement that it will reach a top speed of 25 mph.  
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1: INTRODUCTION 
 
Description:  

Every year Central Washington University or ASME puts on a design build competition 
for RC Baja cars to compete against different teams in the school or region and race their cars 
through different courses. For this competition there is a need to design a functioning drivetrain, 
chassis, steering, and suspension for an RC car to compete against other RC cars in an array of 
racing competitions including Acceleration, Slalom, and Baja.  

Work on the project will be divided between the two partners, Nick Paulay and Hunter 
Jacobson. Nick will be working on the Drivetrain/Chassis and Hunter will be working on the 
Suspension/Steering. The drivetrain is going to be the main focus of the engineering work in this 
proposal with the majority of the analysis focused on its design. From past projects, the problems 
that groups have generally faced have been with reliability and functionality of the drivetrain 
components. To combat any problems with the drivetrain, it will be designed to be as simple as 
possible with parts being interchangeable on the fly if needed. The chassis will be made to 
support the weight of the drivetrain, suspension, and steering while also being as lightweight as 
possible.  
 
Motivation:  

The desire to design the best overall car for a racing competition was the real motivation 
behind doing this project for our senior project. Being able to compete against other teams with 
our design and seeing how it compares and performs is a large part of why there was a drive to 
pick this project.    
 
Function Statement:  

Devices are needed to make our RC car drive by applying power from the motor to the 
wheels as well as a chassis to hold the cars components together during 3 different races 
(Acceleration, Slalom, and Baja) and figuring out the best overall design to manage each style of 
race, all while competing against other race teams. 
 
Requirements: 

• The car must be conceived, designed, and fabricated by students without any direct 
involvement from professional engineers, automotive engineers, or related professionals. 

• One propulsion motor per vehicle: Any motor which conforms to current-vintage ROAR 
brushed or brushless specifications and manufacture is legal. 

• One battery per vehicle: any 7.2 volt battery-pack intended for RC use. 
• Baja TIME-LIMIT, equivalent to running the full course at 1.0 MPH.  
• Car must weigh under 5 pounds. 
• Must be able to sustain 25 mph at full speed.   
• Keep cost below $500 for Drivetrain.  
• Drivetrain height restriction of 3 inches off of chassis base.  
• Battery will sustain power for 10 minute to motor at full power without dropping RPM’s 
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• Motor will maintain a temperature below 150o F at max load.  
• Construction, mounting, and deconstruction of the entire drivetrain will take less than 10 

minutes to keep design as simple and as resistant to failure as possible.  
• The motor mount will be able to tension the belt with all the gears mounted  

Engineering Merit 
  The engineering merit for this project comes from the calculations in the analysis section 
of Appendix A for the design of the drivetrain based off of the requirements set forth in section 
1d. The scope of the analysis will be laid out step by step in the analysis description section 2c. 
The design of the drivetrain will include velocity ratios, spur and timing pulley design, torque, 
bending stress, contact stress, torsional stress, and other analysis based off of “Mott’s: Machine 
Elements in Mechanical Design” and “Marks Standard Handbook for Mechanical Engineers”. 
The RADD metric will be used to ensure proper documentation for the listed requirements. 
 
Scope of this effort:  
 Focus is mainly going to be on making the drivetrain. An in depth look based off of the 
motor RPM and the desired speed reveals we will be needing a double reduction drivetrain, 
utilizing spur gears for the first reduction and a timing belt for the second reduction.  
  
Success of the project:  
 Success of the project relies on the completion of a sound drivetrain without any 
slippage, breakdowns or major problems while completing each course. It also relies on the 
reliability of the design and production of parts, as well as the correct design calculations to 
make those produced parts. If the project can meet its requirements in section 1d as well as reach 
its calculated speed based off of the analysis provided in Appendix A, then the project will have 
a shot of meeting its benchmark of getting first place in the competition 

 
 
 

DESIGN & ANALYSIS 
 

Approach: Proposed Solution 
 
The approach to this engineering problem includes designing all the components for a 

functioning drivetrain. The components needed for a complete and functioning design include a 
spur gear reduction, a timing belt reduction, the appropriately sized shafts, bearings, mounts, 
axles, wheels, and additional hardware. Upon completion of the design and proposal, the parts 
will be purchased or manufactured from raw material and constructed. Upon completion of the 
construction, the testing phase will commence as stated in the schedule in Appendix E.  
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RADD Metric:  
 

The engineering merit of a project such as this one needs supporting documentation to 
prove the requirements listed can be accomplished. For instance, the requirement that this car 
needs to be able to travel 25mph at max speed is supported by documentation in the analysis 
section of Appendix A. In this requirement, the analysis uses a few equations to design the 
drivetrain. Since we have an input and an output RPM, there is going to need to be a gear 
reduction. A gear reduction uses an equation called a velocity ratio to help determine gear sizing. 

• 𝑉𝑉𝑉𝑉 = 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑅𝑅𝑅𝑅𝑅𝑅
𝑜𝑜𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑅𝑅𝑅𝑅𝑅𝑅

   
Due to having such a large ratio, a double reduction drive was needed. A second equation was 
then needed to find the Final Drive Ratio (FDR), also known as Train Value (TV).3 

• 𝐹𝐹𝐹𝐹𝑉𝑉 = 𝑉𝑉𝑉𝑉1 × 𝑉𝑉𝑉𝑉2 
Using this analysis to suit the requirement, the design description (Section 2b) for the drivetrain 
then shows sketches and descriptions of the drivetrain which helps support the analysis. The final 
drawings of the design can then be found in Appendix B. The requirements, analysis, design and 
drawings makes up the RADD metric that is used to properly display the engineering merit of 
this project.  
 
Design Approaches:  
 

Initial design concept: The design of this drivetrain is based off of using an electric motor 
powered by a 7.2V battery to drive a chain connected to a differential via sprockets on motor and 
differential to power both wheels. Decision to go with chain is to reduce slippage on initial 
acceleration compared to a belt drive.  

The motor turning will result in a torque on the chain which will cause the chain to move 
which will turn the gears in the differential which will in turn rotate the axels turning the wheels. 
We will be reusing a DC electric motor from a previous RC project.  

 
Updated approach: The motor is mounted in a bracket with two set screws on the shaft 

face. The first spur gear is mounted on the motor shaft attached via press fit. This will mesh with 
the double mounted spur gear/timing belt pulley. The double mounted pulleys are idling on a 
shaft that is mounted on the motor mount block with two ball bearings. The timing belt pulley 
will then drive a timing belt to the rear axle timing belt pulley on the rear axle which will then 
drive the rear axle. It is proposed to not use a differential in this case to reduce the margin of 
error for parts to fail in the system as well as have full power to both wheels at all times which 
will benefit us in the acceleration and Baja races, however it will make the slalom race more 
difficult than it would be if we had a differential due to the outside wheel on a turn not turning 
more than the inside wheel would.  
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Design Description 
 
 
 
 
 

Initial Drivetrain Sketch:   

 
Initial Design Description: 
Initially the design was a simple chain drive directly to the rear axle from the motor but 

after looking at the motor specifications and the cars desired speed, it was realized that the car 
would need more than a single reduction drive train. After doing more analysis on the design, it 
was determined that it would need to be a double reduction drivetrain utilizing spur gears and a 

timing belt to power the rear axle at the right speed to be successful in the competition.  
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Below is the updated sketch of the drivetrain design: 
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 Updated Design Description: The motor is mounted in a bracket with two set screws on 
the shaft face. The gear coming off of the motor shaft attached via press fit mesh with the double 
mounted spur gear/timing belt pulley. The double mounted pulleys are idling on a shaft that is 



 
 

11 

mounted to two ball bearing in the motor mount block. The timing belt pulley will then drive a 
timing belt which will power the rear axle.  
 
 
Benchmark: 
 Overall, the goal of this project and competition is to design the best car in every aspect 
compared to the other cars being designed for the competition. We can compare the cars abilities 
in other ways outside of just the competition results.  

• Weight  
• Speed  
• Cost 

Alongside the competition, these three classes can also be weighed into the conversation to 
decide best overall design. If the best car was the lightest, fastest and cost the least, then 
hypothetically it would be the best of the competition. These factors can be set as a personal 
benchmark for the project alongside the competition results.    

  
Performance Predictions:  
  
 The drivetrain of this vehicle will be able to make the car go at least 25mph based off of 
the standard gears specified in the analysis that were picked based off of the velocity ratios for 
each reduction.  
 In order for this requirement to work, standard gear sizes will need to be used. In 
previous calculations, the two velocity ratios were made equal. Due to the equal velocity ratios 
the standard gear sizes were closer together in size. This caused a smaller center distance than 
would be allowed if an idler shaft was going to be used. The updated sizes to make that idler 
shaft work with its bearings will be a pinion with 14 teeth and a gear with 72 teeth. 
 
 The car should be in the Top 2 in the competition for the Baja race due to the large 
130cm size of the tire climbing over 2x4 wood logs and other obstacles it may face. It also 
shouldn’t have any wheel spin due to not having a differential and a direct drive to both rear 
tires. Both of these factor will allow greater traction and give a reason to believe the car will 
place in the Top 2 of the competition in the Baja event.  
 
Analysis Description: 
This list of analysis descriptions takes you step by step for the calculations in Appendix A. 
 

1. Analysis 1 shows the calculation for finding the axle rotational speed based off of a 
desired top speed and the tire diameter size. First the speed is converted from miles/hour 
to inches/minute. We use the equation: 
 

 𝑉𝑉𝑉𝑉ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑉𝑉 𝑆𝑆𝑆𝑆𝑉𝑉𝑉𝑉𝑆𝑆 = 𝐶𝐶𝑖𝑖𝐶𝐶𝑖𝑖𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉𝐶𝐶𝑉𝑉𝐶𝐶𝑖𝑖𝑉𝑉 𝑥𝑥 𝑉𝑉𝑅𝑅𝑅𝑅  
 

The speed being inches/minute, circumference being in Inches and RPM in 
rotations/minute. With these units the calculation will work out. We have vehicle speed 
and tire circumference so we can then solve for RPM which turns out to be 
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approximately 1643 RPM. Moving forward with the drivetrain design, this value will be 
known as the desired output RPM. 

 
2. The next analysis is the beginning of the actual drivetrain design. There is now an input 

RPM which was given from the Mabuchi Motor Specification sheet located in Appendix 
F, as well as our desired output speed. The final drive ratio equation is then used to 
determine the ratio between the two RPM’s. 

 𝐹𝐹𝐹𝐹𝑉𝑉 = 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑅𝑅𝑅𝑅𝑅𝑅
𝑜𝑜𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑅𝑅𝑅𝑅𝑅𝑅

 
 
The FDR turned out to be about 12.2:1. Mott’s “Table 8-7” on page 287 shows that for 
20o involute full depth tooth form, the maximum ratio between mating spur gear teeth to 
ensure no interference is 6.31:1. Obviously the 12.2:1 is larger than the 6.31:1 so a 
double reduction is necessary.  
 
C-C Distance:  𝐶𝐶 − 𝐶𝐶 = 𝑁𝑁𝑝𝑝+𝑁𝑁𝑔𝑔

2𝑅𝑅𝑑𝑑
 

 
Accounting for the center to center distance first to ensure room for the idler shaft 
parallel to the motor, a C-C of 1.34 inches is found. The first set of spur gears will have a 
velocity ratio of 5.14:1. The pinion will have 14 teeth and the gear will have 72 teeth. The 
second reduction velocity ratio can be found from the equation: 
 

𝐹𝐹𝐹𝐹𝑉𝑉 = 𝑉𝑉𝑉𝑉1 ∗ 𝑉𝑉𝑉𝑉2 
 
VR2 ends up becoming 2.37:1 after plugging in the known values.  
 

3. Continuing with the gear design on sheet 3, the VR2 was 2.37:1. With this knowledge, we 
can use small gear sizes to conserve space and weight. The difference in number of teeth 
will be smaller than the first reduction due to the smaller velocity ratio. Say Pulley1 had 
14 teeth. Multiply that by the VR and the result is about 33.2 teeth. The next standard 
gear size is 36 teeth for a 0.200 in pitch belt pulley.  
 
Now that we have the Timing Belt pulley sizes we can determine the C-C distance 
between the pulleys along with the appropriate belt length/size to buy. Equation 7-8: 
 

D2<C-C<(3(D2+D1)) 
 

From this we can say that the C-C Distance of the pulleys is between 2.27 and 10.17 
inches. To conserve space the distance will be about 4”. We can then find the pitch length 
or length of the belt using Equation 7-3:  
 

𝐿𝐿 = 2𝐶𝐶 + 1.57(𝐹𝐹2 + 𝐹𝐹1) +
(𝐹𝐹2 + 𝐹𝐹1)2

4𝐶𝐶
 

 
From this equation we were able to size a Gates XL-0.200 timing belt at 14 inches long 
with 70 teeth from their belt guide.  
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4. Analysis page 4 shows a summary of every gear and belt that will need to be bought with 
its corresponding specs off of the McMaster Carr and Gates website. The gears are the 
most important part of the drivetrain and will likely be bought. The shafts will likely be 
machined. 

 
5. The next analysis sheet shows the horsepower and pitch line speed calculation. 

Horsepower of the motor can be calculated off of the given info from the motor spec 
sheet in Appendix F. The equation for Horsepower is: 

 

𝐻𝐻𝑅𝑅 =
𝐶𝐶𝑛𝑛𝑛𝑛
746

 
 
This equation gave us a horsepower of about 0.06 HP, this was then verified using 
engineering toolbox due to it seeming lower than expected.  
 
The next calculation was finding the pitch line speed. This is used to assist in finding the 
transmitted load. Using equation 9-1 from Motts: 
 

𝑉𝑉𝑖𝑖 =
𝑆𝑆𝑖𝑖 ∗ 𝐹𝐹𝑖𝑖 ∗  𝐶𝐶𝑖𝑖

12
 

 
 This gave a pitch line speed of approximately 2,298 ft/min. This will be used in the next 

analysis for finding the transmit loads on the teeth. 
 

6. This next analysis sheet shows the forces on the teeth of the gears. We found the forces 
that G1 would put on G2. The tangential, radial and normal force are to be found using the 
tangential force equation and basic geometry.  
 

Tangential Force: 

𝑊𝑊𝑖𝑖 =
𝑅𝑅𝑃𝑃𝐶𝐶
𝑉𝑉𝑖𝑖

 

 
The figure in Analysis 6 shows the way the radial, normal and tangential forces interact 
on the tooth and how to solve for each one based off of the tangential force found of 
0.86lbf. Using cosine we were able to find the normal force of 0.91 lbf and tangent to find 
the radial force on the teeth of 0.314 lbf. From these values we will be able to find the 
bending stress in the teeth as well as the contact stress and the shear stress in the set 
screw pin to make sure that they won’t fail. 

 
7. Analysis 7 shows the process of finding the Bending stress in the teeth on the second spur 

gear transmitted from the pinion. We can use bending stress equation from Mott: 
 

𝑆𝑆𝑖𝑖 =
𝑊𝑊𝑖𝑖 ∗ 𝑅𝑅𝑑𝑑
𝐹𝐹 ∗ 𝐽𝐽

𝐾𝐾𝑜𝑜𝐾𝐾𝑠𝑠𝐾𝐾𝑚𝑚𝐾𝐾𝑏𝑏𝐾𝐾𝑣𝑣 
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From this equation and all the givens found from the tables and graphs in the book, the 
bending stress is about 612 psi. This is less than the bending stress of the material.  
 

8. Analysis 8 shows the calculation for finding the contact stress of the gear. Using the 
equation: 
 

𝑆𝑆𝑐𝑐 =  𝐶𝐶𝑖𝑖�(
𝑊𝑊𝑖𝑖𝐾𝐾𝑜𝑜𝐾𝐾𝑠𝑠𝐾𝐾𝑚𝑚𝐾𝐾𝑣𝑣

𝐹𝐹𝐹𝐹𝑖𝑖𝑛𝑛
) 

 
 

We have the tangential force from the previous calculation as well as F; the gear width, 
pitch diameter, and everything else was taken from the textbook charts and tables in the 
section where the equation was found. The contact stress ended up being about 23,300 psi 
which is within spec for the material we are using. The contact stress is concerned with 
the design life and pitting which is not a big concern due to the design life being so short.  

 
9. The 9th analysis sheet is concerned with the shear stress in the set screw for the driven 

spur gear. The equation for shear stress was used: 
 
 

𝜏𝜏 =
𝐹𝐹
𝐴𝐴

 
 
 
If we use the normal force of 0.91 lbf and the cross sectional area of 0.044 in2 then we 
will get a shear stress in the screw of 20.8 psi which is nowhere near the yield strength of 
steel at 36 ksi.  

 
10. The following greensheet shows the calculation for determining the deflection force 

required to tension the belt to the required tension which was also found in this analysis. 
Using the tensioning guide located in Appendix F from the SDP/SI website, the 
deflection force was first found using the equation shown:  

 

𝐹𝐹𝑉𝑉𝐶𝐶𝑖𝑖𝑉𝑉𝑖𝑖𝐷𝐷𝑖𝑖𝐷𝐷𝐶𝐶 𝐶𝐶𝐷𝐷𝐶𝐶𝑖𝑖𝑉𝑉 = �
𝑇𝑇𝑠𝑠𝑖𝑖 + �𝑖𝑖

𝐿𝐿
� 𝑌𝑌

16
� 

 
From this equation, the force of 4.326 lb. was found. This is the force required to be able 
to tension the belt using a force tensioning tool. The next calculation was then to discover 
the belt deflection distance to ensure a properly tensioned belt. The force found before is 
approximately equal to the tension the belt needs to be at. A general rule of thumb is to 
have the belt deflection distance be 1/64th of the distance span. With our distance span of 
4” from Analysis 3, this gives us a deflection distance of about 0.0625”.  
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11. The next sheet shows the torque applied to the rear and the max torsional stress that the 
shaft receives. Using a torque equation: 
 

𝑇𝑇 = 𝑅𝑅𝑊𝑊𝑉𝑉 ∗
5252
𝑉𝑉𝑅𝑅𝑅𝑅

 
  

The torque on the rear shaft will be 0.19 ft-lb of force on the shaft. This torque can then 
be applied to the torsional stress equation: 

 

𝜏𝜏𝑚𝑚𝑚𝑚𝑚𝑚 =
𝑇𝑇𝑖𝑖
𝐽𝐽

 

Using the torque calculated, radius of the shaft, and polar moment of inertia of a circular 
shape, the max torsional stress of 31.7 psi was calculated.  

 
12. The last analysis on the drive train was finding the max angle that the driveshaft will 

move off of horizontal when sitting on the ground. The max angle is 10o which is based 
off of it being lifted off the ground. With the set-up we have, the driveshaft will be at an 
approximate angle of 9.8o which is rather close to the 10o max angle. Once the car is on 
the ground and under the load it should move close to 0o.  
 

Update: Post Construction/Winter Quarter  
 
13. After assembly had been completed, more analysis was necessary when the rear axle 36 

tooth pulley would not fit in its space. The only one that was able to fit was the 14 tooth 
gear that was on the idler shaft. After looking at alternative possibilities, the suspension 
that had been machined could not be altered enough to make it possible for a different 
pulley to be placed in the space so a second pulley was purchased of the same size as the 
first pulley. This makes the second “reduction” no longer a reduction and instead was just 
1:1. For the analysis, a new final drive ratio was needed to be determined as well as the 
projected output velocity at full speed. A new belt length was also necessary to calculate.  
 
The new final drive ratio came out to 5.12:1. The max theoretical velocity of the car is 
now 59 mph, unfortunately this is unrealistic because the motor can’t possibly give that 
much torque to the rear wheels. Expecting it to be able to go around 25mph still in the 
shorter distances.  
 

14. The updated belt pulleys required an updated belt size as well so using the belt length 
equation a 12inch XL 3/8 wide belt was purchased.  

 
15. The last analysis done was a torsional stress calculation in the shafts going out to the 

wheels. The shafts themselves were purchased and are adjustable but for simplicity the 
smallest diameter of the shaft was found and an analysis of the average length was done 
using the torsional deformation equation found in the Mott Machine design textbook. The 
torsional deformation came out to 0.14 degrees which is perfectly fine for this 
application.  

  



 
 

16 

 
Scope of testing and evaluation: 
 The scope of testing this project is focused around the ease of assembly and disassembly 
of the drivetrain. There will be minimum time between races that we will have to fix issues with 
the drivetrain if a part breaks so that is our first focus. With that in mind, the design of the 
drivetrain was really taken into account with tensioning the belt and taking the parts out of the 
motor bracket, and the rear axle. It was decided that beyond this that 3 main tests would be taken 
into consideration. The first test is that the drivetrain will be able to make the car get up to a 
speed of 25 mph. The real determining factor is the acceleration of this test for the acceleration 
event. If it takes an extended amount of time to reach that speed then the acceleration event will 
be a bust. The second test is make sure that the motor won’t overheat after continuous use. We 
will be looking into the motor’s temperature after 10 minutes of use and that it maintains an 
outside temperature of 150o F. The third test we will perform is that the entire drivetrain can be 
assembled and disassembled in less than 10 minutes to keep the design simple.  
 
Analysis: 

I. The initial approach to understanding the problem was to do some research on remote 
controlled car drivetrains and how they operate. The first step to the analysis was to 
determine what set-up was going to be used. We were given the drive source which is a 
small DC electric motor. 

 
II. The next step was determining how many and what type of reductions were going to be 

used to drive the wheels. The set-up we went with was the spur gear initial reduction and 
the timing belt secondary reduction. The hard decision here was whether or not to use a 
differential or not. The design would have a greater element of risk with the drive due to 
the complexity of the differential. It was decided to go without to keep the drive simple 
which was important to the design from the beginning. From here we set out doing 
calculation on the drivetrain which are shown in the analysis description section above.  
 

III. Tolerances: One of the main design parameters that needed to be considered was the 
space available for the drivetrain to sit. The drivetrain was designed right of center, so the 
majority of the weight is going to be on the right side of the chassis. Although a small 
amount of weight this shouldn’t change the design at all.   
 

Technical Risk Analysis 
 The main risks associated with this project is time and money. This projects competition 
is actually a few weeks before the senior projects are due so this project needs to be done earlier 
than the other senior projects. With that said there are only a few parts like the motor mount and 
shafts and pins that are going to be made while the rest of the gears are going to be bought or 
donated. The budget is going to be tight on this as shown in the budget section below.  
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METHODS & CONSTRUCTION 
 
 
Construction 
 The construction of the drivetrain for this project is going to be of two assemblies 
connected by a timing belt. The first assembly has the motor/idler shaft mount with the 540 DC 
electric motor and spur gear reduction and the first pulley in the second timing belt reduction 
mounted on its idler shaft. The second assembly has the rear axle shaft with the second timing 
belt pulley and the rear axle shaft driving the wheels. The construction of the drivetrain has to 
wait until the chassis and suspension has been assembled because it mounts onto the chassis and 
thru the suspension. Upon completion of construction, adjustments are going to be needed for 
belt tension, motor set-up including soldering wire to motor leads and setting up the controls and 
receiver which are being borrowed from Professor Beardsley of the M.E.T department.  
 
Description 

Assemblies will have a mix of produced and purchased parts. The engineer will produce 
the mounts for the motor, bearings, driveshaft, and shafts to rotate about. The driveshaft, gears 
and bearings will be designed to mesh without interference and modeled in Solidworks to show 
the mechanics work before buying and constructing. The contest rules permit the use of 
purchased components shown in the Appendix resources section. Full rules and regulations for 
the competition as far as building is in the resources section. The list of the assembly of each part 
is detailed below: 

 
A) Assembly 1- Motor/Idler Shaft mount with mounted spur gear reduction  

1) Mabuchi 540 DC Electric Motor 
2) Pinion Spur Gear 32P 12 teeth  
3) Gear spur 32P 72 Teeth  
4) Timing Belt Pulley 14 tooth  
5) Idler shaft 1/4in steel 4in Length  
6) 2, ¼ in idler shaft bearing  
7) 2, bearing holders 
8) Motor and idler shaft mount 
9) Hardware  

B) Assembly 2- Timing belt reduction/rear axle shaft 
1) XL-0.200 Gates Timing belt 14inch 70 tooth  
2) Timing Belt pulley 14 tooth  
3) 3inch 1/4” Rear axle shaft  
4) 2, ¼” inch mounted bearings  
5) Hardware 
6) Shafts out to Wheels  
7) 4, 5.1” OD Wheels   
 
 

Resources 
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 Purchased components will be resourced online through the least expensive websites for 
each part while other parts will be made in Hogue Hall using the machine shop and 3D printing 
lab. The mounts and supports will be 3D printed and the shafts will be machined using an engine 
lathe. The time spent doing this is donated through the school so there is no labor cost. The 3D 
printer will require a payment for the material to print the parts but the use of the machine is free. 
 
Drawing Tree 
 The drawing tree is located in Appendix B with the other drawings. It contains the visual 
aid of all the assemblies and components to each assembly. The drawing tree is organized 
starting with the complete assembly and working its way down each assembly and breaking it 
into components.  
 
Part List  
 A list of the parts used will be in the parts table in Appendix C detailing the part number, 
part description, estimated cost and actual cost. Overall there is 15 parts excluding hardware.  
 
Manufacturing Issues 
 The major manufacturing issue is time. The entire car must be built and tested by the end 
of the winter quarter.  The ASME competition is sometime right after we get back from break. 
Another issue is with 3D printing the bracket for the motor and idler shaft. The center distance 
between the two shafts that rotate the gears need to be almost perfect because the gears need to 
mesh and not interfere with each other. The drivetrain didn’t have many manufacturing issues 
but the suspension components were sent out to get water-jet cut to save time.   
 

TESTING 
 
 
Introduction 
 Testing methods must be in response to requirements listed in the Requirements section. 
A minimum of 3 tests will be conducted on the requirements. The first requirements is that the 
motor at full throttle for 10 minutes won’t reach a temperature above 150o F. This test must be 
done to ensure the motor won’t start to melt the 3D printed motor mount. The second 
requirement tested is maintaining the speed calculated by the analysis in Appendix A. Both of 
these requirements are relevant to the success of the project and therefor will be tested to produce 
satisfactory results. The last test will be the construction and deconstruction of the drivetrain 
which will need to take less than 10 minutes to accomplish. If this can be accomplished then it 
has been determined that the design is simple enough and repairs could possibly be made if 
necessary.  
 
Method/Approach/Procedure 
 These requirements will be put to different tests to find if they are satisfactory or not. The 
first test that we will do is that the motor at full throttle for 10 minutes won’t reach a temperature 
above 150o F. This is to determine the motor won’t have any issues mating with the 3D printer 
material and that it won’t overheat. This test can be approached in two different ways. The first 
is using a laser temperature thermometer to check the temperature after 10 minutes of full power. 
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The second method is hooking up a temperature sensor to the electric motor to determine its 
temperature using a fluke multi meter. Both way will work to determine the temperature and 
both may be used. To test the second requirement that is maintaining the speed calculated by the 
analysis in Appendix A, we have two options. For the second test we have two ways for 
calculating the speed of the car after assembly.  

1. Using a speed gun to measure speed in MPH over multiple trials to get an average top 
speed.  

2. Setting a distance the car must travel once full speed has been hit and clocking the time it 
takes for the car to travel that distance over multiple trials to determine its top speed.   

The next requirement to test is that the cars drivetrain can be assembled and disassembled in less 
than 10 minutes. To test this the entire drivetrain described in this proposal must be mounted on 
the car and disassembled. Then it must be reassembled and driven to determine it was put back 
together properly. 
 
Deliverables 

Appendix G shows the testing data for all of the procedures. These tables will be filled 
out as the testing progresses. Once they are filled out, the information will be analyzed and 
included in the final testing report which will be added to appendix H. 
 

 
Budget/Schedule/Project Management  

Budget  
 The original budget for this car was to keep the components of the drivetrain under $500. 
Once realizing the actual costs of some of these parts such as the motor and gears. The estimated 
cost for the parts is going to be around $240 which is detailed in appendix C. Once the 
construction phase has begun the actual costs of parts and materials will come in. Labor costs are 
going to be disregarded for work performed by the engineer/machinist on the project and will be 
referred to as “school work” for costs. Funding for this project will be coming from personal 
funds or donations by the CWU MET program such as reused or repurposed parts. Once 
construction begins, parts that may be repurposed from past projects will be determined.  
 
The budget originally listed was within $50 of all the parts purchased. Currently extra parts were 
bought after some parts were found to not fit right so returns will be sent out during the transition 
to testing and a refund will be awarded so the actual cost around $220 will be more accurate. Full 
budget came out of personal funds and the resources provided by Professor Beardsley in his part 
bins.  
 
Schedule  
 The schedule is outlined in Appendix E. It is organized by task and date and the dates are 
in week long increments. The proposal makes up fall quarter of this year while the second 
quarter consists of construction and tweaking/adjusting the fit of the cars parts together. The 
third quarter has the ASME RC Baja competition, SOURCE presentations and the final report 
due. Week to week tasks are outlined in the excel schedule in Appendix E for each quarter. 
Tasks are broken up into hours taken to achieve and are estimated hours. The total amount of 
hours to complete this project is estimated to be around 66 hours. Once the winter quarter has 
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commenced the actual hours will be estimated to determine an error percentage in the initial 
estimate.  
 
The schedule took an overhaul after fall quarter and many new features have been added 
including new tasks for winter and spring quarter, a completion percentage column and updated 
hours to the tenths of an hour. Winter quarter before had a big block as the schedule and that was 
fixed into its actual timeline for each task. After revising the Gannt chart with all the new tasks, 
an extra 20 hours of work had been added bringing the total up to 84.8 hours of work in total. 
Spring quarter hasn’t been clarified as far as what’s going to happen with the RC Baja 
competition and project presentations including SOURCE so the schedule was estimated until 
further information on those events becomes available. Looking into spring quarter, historically 
the Baja competition takes place a few weeks after school starts up; generally sometime in April. 
Central Washington University’s SOURCE presentations will be taking place Wednesday, May 
16, 8:00-5:30 pm and Thursday, May 17, 2018, 8:00 am- 5:30 pm on the Ellensburg campus in 
the Student Union and Recreation Center (CWU Website). Generally students in the MET 
department present their senior projects to the school during this time.  
 
 
Project Management 
Human Resources: Nick Paulay will act as project manager, engineer and machinist. His 
responsibilities on this project include analyzing drivetrains in other applications and applying a 
modified design to the project. This includes designing the various components through 
engineering calculations, ordering the materials and parts and actually machining them. The 
machining will be done in the machine shop in Hogue Hall. This machine shop has the engine 
lathe necessary to turn the shafts for the drivetrain. The design work will be performed using 
SolidWorks and engineering paper as well as online resources to check work. Solidworks will 
model the parts in the assembly to show that it works in theory. This project will be financed by 
the student engineer and a budget of $500 was set. It looks as though this was about double the 
amount needed however.  
 

 
 

DISCUSSION 
 Moving forward with this project from the beginning there was constant changes being 
made. Initially the design was a simple chain drive directly to the rear axle from the motor but 
after looking at the motor specifications and the cars desired speed, it was realized that the car 
would need more than a single reduction drive train. After doing more analysis on the design, it 
was determined that it would need to be a double reduction drivetrain utilizing spur gears and a 
timing belt to power the rear axle at the right speed to be successful in the ASME competition.  
 
From there the design was set about making it easy to tension the belt drive while not messing 
with the gears and it was decided that if the motor and spur gears were mounted on a block, then 
the belt could be tensioned with the block using tensioning set screws to hold the block down 
while the tension was checked. The light duty aspect of the recommended belt by Professor 
Beardsley makes it easy to hand tension. Other problems stemmed from this design however 
when the initial spur gear reduction calculations were done. The idler shaft that was going to be 
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rotating on bearings parallel to the motors was clashing with the motor. The center distance 
between the two shafts was way too small. To fix this issue to allow the bearings and shaft to fit 
nicely next to the motor, a larger spur gear was made. This then solved the problem but not 
entirely. The height requirement was getting dangerously close to the limit set and continuous 
monitoring of the set-up upon construction phase will be the real determining factor if that 
requirement can be met in the end. For now there hasn’t been any other issues to discuss, until 
winter quarter.  
 
 

CONCLUSION 
Every year Central Washington University or ASME puts on a design build competition 

for RC Baja cars to compete against different teams in the school or region and race their cars 
through different courses.  This year partners Nick Paulay and Hunter Jacobson will be entering 
their RC car into the competition. For this competition there was a need to design a functioning 
drivetrain, chassis, steering, and suspension for an RC car to compete against other RC cars in an 
array of racing competitions including Acceleration, Slalom, and Baja. Work on the project was 
divided between the two partners. Nick will be working on the Drivetrain/Chassis and Hunter 
will be working on the Suspension/Steering. The drivetrain was the main focus of the 
engineering work in the proposal with the majority of the analysis focused on its design. From 
past projects, the problems that groups have generally faced have been with reliability and 
functionality of the drivetrain components. To combat any problems with the drivetrain, it was 
designed to be as simple as possible with parts being interchangeable on the fly if needed.  

This drivetrain project is of great importance and interest to Nick to prove his engineering 
skills and to show the fundamentals of the courses he has taken while at Central to complete his 
degree. The drivetrain for the car has been appropriately modeled and shown to operate in the 
design software. The requirements and engineering merit were both reasonable accomplishments 
to achieve for this project and the project should function based off the design submitted.  
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APPENDIX A – Analyses 
Analysis 1: Calculating rear axle RPM at 25MPH (Full Speed) 
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APPENDIX B –Assembly drawings, Sub-assembly drawings, Part drawings, Drawing Tree 

 
 
 
 
 

 
 

Final 
Assembly 

Assembly 1

DC 540 
Motor 

Idler Shaft 
1/4" 5" Long 

XL Timing 
Pulley 14T Bearing Bearing Bearing 

Holder 

Necessary 
Hardware 

Motor/Idler 
Shaft Mount 

Pinon 12 T 
32P

Spur 72T 32P

Assembly 2

XL Timing 
Pulley 14T 

Rear Axle 
Shaft 

Mounted 
Bearing 

Mounted 
Bearing 

Necessary 
Hardware 

Gates Timing 
Belt 



 
40 

 
 

Drawing 1: Assembly 1  
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Drawing B2: Mabuchi RS-540SH-6527 Motor/Idler Shaft Mount with Vent Holes for Cooling  
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Drawing 3: Bearing Holder 
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Drawing 4: Ball Bearing   
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Drawing 5: Pinion Gear  
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Drawing 6: Spur Gear 
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Drawing 7: Timing Pulley 
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Drawing 8: Idler Shaft 
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Drawing 9: Assembly 2 
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Drawing 10: Timing Pulley Rear Axle  
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Drawing 11: Rear axle Bearings 
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Drawing 11: Rear axle shaft  
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Drawing 12: XL Timing Belt 12”  
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APPENDIX C – Parts List and Costs 
 

 

 
 
 
 

APPENDIX D – Budget 
 

The budget has been described in the budget section as well as shown in Appendix C in the parts 
list and cost. 
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APPENDIX E – Schedule/Gannt Chart  
 



 
55 

 
 

 



 
56 

 
 

APPENDIX F – Expertise and Resources 
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APPENDIX G – Evaluation sheet (Testing) 
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APPENDIX H – Testing Report 
 

Introduction:  
Testing methods must be in response to requirements listed in the Requirements section. 

A minimum of 3 tests will be conducted on the requirements. The first requirements is that the 
motor at full throttle under load for 10 minutes won’t reach a temperature above 150o F. This test 
must be done to ensure the motor won’t start to melt the 3D printed motor mount. The second 
requirement tested is maintaining the speed calculated by the analysis in Appendix A. Both of 
these requirements are relevant to the success of the project and therefor will be tested to produce 
satisfactory results. The last test will be the construction and deconstruction of the drivetrain 
which will need to take less than 10 minutes to accomplish. If this can be accomplished then it 
has been determined that the design is simple enough and repairs could possibly be made if 
necessary. The design of the car should be able to fulfill the test requirements set forth. The 
requirements set forth were stated based off of the calculations done and should be able to be 
completed and pass unless a design change has to happen. These tests will be completed 
according to the schedule in the Gantt chart which is attached in the bottom of the testing report.  
 
Testing Methods: 

These tests will be done throughout the course of the spring quarter with assistance from 
Professor Beardsley in acquiring the necessary equipment to complete the tests. Testing will be 
done throughout the quarter and will be done with multiple trials to ensure that the test results are 
not skewed by outlying data. Each test will be a simple Pass/Fail with comments for each trial 
completed.  
 
Testing Procedure: 

These requirements will be put to different tests to find if they are satisfactory or not. The 
first test that we will do is that the motor at full throttle for 10 minutes won’t reach a temperature 
above 150o F. This is to determine the motor won’t have any issues mating with the 3D printer 
material and that it won’t overheat. This test can be approached in two different ways. The first 
is using a laser temperature thermometer to check the temperature after 10 minutes of full power. 
The second method is hooking up a temperature sensor to the electric motor to determine its 
temperature using a fluke multi meter. Both way will work to determine the temperature and 
both may be used.  

To test the second requirement; maintaining the speed calculated by the analysis in Appendix 
A, we have two options. 

3. Using a speed gun to measure speed in MPH over multiple trials to get an average top 
speed.  

4. Setting a distance the car must travel once full speed has been hit and clocking the time it 
takes for the car to travel that distance over multiple trials to determine its top speed.   

 
Either test procedure is acceptable; the 2nd being more likely as it requires only a stopwatch 

and tape to mark a set distance. A long flat and straight path is needed to be able to get up to the 
max velocity. Results will be recorded in the testing results  

The next requirement to test is that the cars drivetrain can be disassembled and reassembled 
in less than 10 minutes. To test this the entire drivetrain described in this proposal must be 
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mounted on the car, then the timer is started and the drive system is disassembled and 
reassembled inside the 10 minute time frame. After the test is completed the car will be driven to 
ensure that it was indeed put back together correctly.  
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