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I. Abstract 
This project explores the creation of a new form of electric transportation based on the 
need for last mile transportation. In order to accomplish this a 2400 W motor was used in 
conjunction to an ESC to control the speed of the vehicle. This allows the user to control 
the speed at which they are traveling while maintaining an easy to use from of 
transportation. The theoretical max speed of the board is 45.8 mph while the startup 
torque was measured to be 2.0136 Newton Meters of force. 
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II. The Big Idea 
The idea for this project came through online research and the need for a new form of 

electric transportation. The end goal of this project is to build and design a new electric 
vehicle that is fun to ride, practical, and cost efficient. The problem with most of the 
electric vehicles on the market today is the price. Electric skateboards such as the 
monolith are priced upwards of $1200, limiting the availability to consumers.i Similarly, 
electric skateboards all have the same basic design on attaching a motor to an already 
existing skateboard design. For this project, a new board design will be created in order 
to revolutionize a new form of electric transport as well as create a low cost, accessible, 
fun way to get around for all consumers. The basic design of this electric vehicle a three-
wheel design with two wheels in the front and one wheel in the back which is powered by 
a motor. Without the use of a handle users must lean to turn. A pivoting axel in the front 
allows the board to decrease the turning radius creating a more practical ride. This design 
provides ease of motion, using body weight distribution to turn, much like how 
snowboarders or skateboarders turn. This project will allow the development of skills 
such as welding, project management, CAD design tools, the ability to test different specs 
of the project, and experience in the lab, allowing for the development of skills for future 
projects. As an end goal, this project will provide a fun way to get around campus and 
will shed new light into the world of electronic transportation.  
III. Introduction 

Recently, as renewable energy has become popularized due to global warming, there 
has been a push for electric vehicles and last mile transportation, opening up a whole new 
market for transportation. According to the American Public Transportation Association, 
2014 marked the highest number of public transportation usage in the last 57 years.ii 
Commuters have shifted from taking cars and taxis to forms of public transportation such 
as trains, buses, and car sharing applications. However, this new focus on public 
transportation leaves commuters with one big problem: getting from the train station or 
bus station to their final destination. Since these form of public transportation do not take 
commuters to their destination, commuters are left with the dilemma of finding a cheap 
convenient way to travel the last mile. Manual forms of transportation, such as bikes, 
skateboards, and scooters, while effective, require physical exertion, which may be 
inconvenient for people commuting to work or social events. People have now turned 
towards electric vehicles to solve this problem of last mile transportation.  

With this new market in place, companies have been rushing to create and design the 
next big electric vehicle. So far, most of the designs on the market look the same. 
Boosted Boards, one of the first electric long boards, is one of the primary examples of 
this new board design as shown in Figure 1. Their goal is to provide last mile 
transportation to commuters across the globe.iii With many people today shifting to more 
eco-friendly forms of transportation such trains and buses, there has become a need for 
last mile transportation going from the train station or bus stop to their final destination.  
Boosted Boards, along with many other top electric vehicles, while effective, have 
provided very little innovation to the industry. As shown in Figure 1, the Boosted Board 
is essentially a skateboard with two motors, one attached to the each rear wheel. While 
the design is minimalistic and user friendly, one of the biggest drawbacks to the boosted 



boards design, as well as other current designs, is the lack of lack of accommodation for 
different types of terrain. Small skateboard wheels, such as those used in current designs 
could easily get caught on small rocks or cracks in the road. Thus, current designs only 
allow users to ride on paved or leveled surfaces.  

This project would allow the creation of a new type of last mile electric vehicle that 
would be more accessible to the average consumer and would still provide the same 
amount of joy that a rider would get from current models available on the market. By 
increasing the size of the wheels, the design for this project would allow users to go off 
road and experience the freedom of riding on different terrains, something that is not 
offered on many current forms of electric transportation. For those companies that do 
offer off road transportation, the design is often clunky and hard to carry around. The 
design for this project would blend the best of both of these designs by staying true to the 
compact form of electric transport that makes companies like boosted boards so attractive 
to consumers, while allowing the freedom to go over rough terrains without having to 
worry about the board getting caught. As of now the estimated price of this project would 
be around $400, which is much more accessible to consumers then the high price of 
boosted boards and other electric vehicles on the market today. The other component of 
this design is the compactness and accessibility that is a staple of last mile vehicles. The 
dimensions of this project are going to be around 45 inches long, 8 inches wide, and will 
weigh around 12 pounds. This project should result in a cost effective, fun, electric 
vehicle for the average consumer. 

 
Figure 1: Boosted Boards Designiv 

IV. Design 
Currently, the design of this project entails three wheels, connected by a metal frame 
that is attached to a skateboard deck as shown in Figure 2. An electric motor is 
attached to the back wheel through a belt and pulley system. One pulley is attached to 
the motor while the other is attached to the wheel. A belt then connects these two 
pulleys. When the motor turns, it causes the belt to turn, which in turn spins the 



wheel, causing the board to move. After testing a prototype of the design with a 
pinion gear system, it was clear that the startup torque combined with the constant 
wear of the two gears would cause the system to wear down faster over time then it 
would take for a belt to wear down. Similarly, the turning radius was tested on the 
prototype and turned out to be much larger then expected. When scaled up to the real 
model, the turning radius would be too large to be practical for the everyday 
consumer. Thus, the overall design needs to be changed to incorporate a three wheel 
design. The two wheels in front will be attached to a pivoting axle, which when the 
user leans on the board will pivot decreasing the turning radius significantly. The 
prototype featured a small electric motor powered by a 9-volt battery. Although it is 
not a perfect representation of what the final product will be, it still provides a good 
idea of how the final result will work as shown in Figures 3 & 4.  
 Electronically, the circuit shown in Figure 5 will control the board. As of now, 
two batteries will be connected to the electronic speed controller. The purpose of the 
electronic speed controller is to control the voltage that is being sent to the motor to 
allow for an easy acceleration. This is important so that the rider does not fall off due 
to a jerk forward by the motor, allowing for a more comfortable ride. Similarly, the 
electronic speed controller is connected to a receiver for the hand held remote control. 
The controller sends a signal to the receiver allowing the users to control the speed of 
the board wirelessly. Having a wireless controller is beneficial because there is no 
chance of wires getting caught in the wheels, which creates a safer ride. If wires were 
used, then the wires could get tangled in the wheels resulting in either the controller 
breaking, or the user falling off the board due to a sudden stop. Either way, a wireless 
controller will allow for a safer ride as well as a more pleasant experience. The only 
downside to a wireless controller is that you have to charge it and if it is lost then the 
board will not be able to be used. A replacement controller could be bought, but 
would be inconvenient to the user. 



 
Figure 2: CAD Drawing of Board Design 

 
Figure 3 & 4: Pictures of Working Prototype 



 
Figure 5: Circuit Diagram of motor, ESC, and Receiver 

V. Theory  
One of the most overarching theories that allows this project to work is mechanical 
advantage through the motor and the belt. Mechanical advantage is when a machine takes 
a small input force and increases the magnitude of that input force creating a large output 
force.v For the purpose of this project, mechanical advantage is used through a small 
electric motor and a gear and chain system. The gear system used in this project will be 
driven by the electric motor, which turns the drive gear. As the drive gear turns, the chain 
moves with the drive gear, which in turn causes the gear attached to the wheel to move. 
This drive train is what allows the whole system to move as the motor provides enough 
power to move the user standing on top of the board. This project will use a drive gear 
that has 16 teeth attached by a chain to the ring gear which has 55 teeth, giving the 
system a 3.44 gear ration. Tension must be applied to the gear in order to create more 
friction, which helps the gear not slip while helping to transfer all of the energy from the 
motor into the drive train.  In order to calculate the mechanical advantage for this project, 
the equation MA= (Driven pulley wheel diameter/ driver pulley wheel diameter) will be 
used.vi In this case the diameter of the Driven pulley is 4.5 inches and the diameter of the 
driver pulley is 1.5 inches giving the system a mechanical advantage of 3.  
 Another key component to this project is the electronic speed controller (ESC). 
The ESC allows for the motor to start and stop gradually as to not throw the rider off of 
the board. In addition, it gives the user precise control over the speed of the board by 
using the throttle on the radio controller. When the user pulls on the throttle, a signal is 
sent from the transmitter on the controller to the receiver on the ESC. This signal contains 
the positioning of the throttle in regards to the limits set when programming the ESC. 



During the programming, the neutral position, the full throttle position, and the break 
position are all set so that the user may fully maximize all of the features of the ESC.  

When the user pulls down on the throttle, the transmitter sends a modulated radio 
frequency that the receiver is tuned into. When both the transmitter and the receiver are 
tuned into the same channel they are able to communicate using specific channels 
designed for this type of communication.vii In this case the transmitter and receiver were 
both set to channel two so that they could communicate the position of the throttle. If the 
throttle is between the neutral position and the full throttle position the transmitter sends 
the positioning to the speed controller telling it to vary the frequency of the current being 
sent to the motor. To do this, the ESC receives the signal from the transmitter and uses 
that signal to vary the switching rate of field effect transistors. By varying the frequency 
of the field effect transistors, this limits the current going to the motor depending on the 
throttle level.viii When the throttle initially pulled, current is sent in a frequency to the 
motor, supplying it with full current for limited amounts of time.ix When the throttle is 
pulled down further, the frequency of the current being sent increases, allowing for the 
motor to turn faster. Finally, when at full throttle, the frequency is the smallest is that the 
most current can be sent to the motor allowing it to turn as fast as it can. Furthermore the 
ESC used for this project has a battery eliminating circuit, which is used to take the 
voltage from the battery for the motor and converts it to a lower voltage to allow it to 
power the receiver without frying the circuitry. This is helpful because it allows for the 
whole circuit to only have one battery, which helps simplify the circuit and makes it 
easier for the rider to use because they only have to worry about charging one battery.  
 Lastly, one of the most underlying pieces to this project is the use of centripetal 
force while turning. In order to make sure that the board does not tip while turning, it is 
important to know the turning radius of the board and find out that max speed at which a 
turn can be made. When measured the turning radius of the board is 7.62 meters. To 
calculate the max speed at which a turn can be made, the equation 𝑣 = 𝜇𝑟𝑔 where 𝜇 is 
the coefficient of friction, r is the turning radius, and g is the free fall acceleration.x Using 
this calculation to determine the speed on pavement, the material of a typical street, the 
maximum speed when making a turn was found to be 7.33 meters/second. Using the 
equation, the coefficient of friction was 0.72, the turning radius was measured to be 7.62 
meters and the free fall acceleration was found to be 9.8 m/s2. This calculation allows the 
user to know at what speeds it is safe to make a turn and that they should slow down if 
they want to make a turn.  
VI. Results 

The goal of this project is to build and design a new electric vehicle that is fun to ride, 
practical, and cost efficient. Over the course of this project, measurements were taken in 
order to insure that the board would work. For instance, it was important to measure the 
rpm of the motor in order to calculate the max theoretical speed. To do this a photogate 
was used in conjunction with an oscilloscope in order to determine the rpm of the motor. 
Every time the motor passed through the photogate, the oscilloscope would map out the 
frequency on its display. The frequency displayed on the oscilloscope was in rotations per 
second so the frequency needed to be multiplied by 60 in order to change it to rotations 
per minute. Similarly, the motor passed through the photogate twice making the 
frequency appear twice as fast. In order to account for this, the frequency was divided by 
two in order to more accurately calculate the rotations. As shown in figure 6, the 



frequency recorded by the oscilloscope was 147.1 Hz. When divided by two, this 
frequency becomes 73.55 Hz. To find the rotations per minute this value is multiplied by 
60 which gives a final rpm of 4413 rotations per minute. This rpm can then be used to 
find the max theoretical speed of the board using the gear differential of 3.44 and the tire 
diameter of 12 in. When plugged into an online calculator the max theoretical speed of 
the motor is 45.8 mph. While this does not account for the friction when the rider is 
standing on the board, it does show that the board is able to get up to a high enough speed 
to move someone.  

Another calculation that was necessary for this project was the startup torque. While 
it is important that the board can go fast, this means nothing if the motor is not powerful 
enough to move the user at the start. In order to calculate the torque, a force sensor was 
used to calculate how much force the motor exerts when it first starts. A string was tied 
around the back wheel of the board and to the force sensor. When the motor was turned 
on the string would pull on the force sensor giving a measurement in Newtons. The lever 
arm distance is multiplied by the force to calculate the startup torque. As shown in Figure 
7, the force calculated by the force sensor was 12.585 N. 12.585 is then multiplied by .16 
meters, the lever arm distance, giving the board a startup torque of 2.0136 Newton 
Meters of torque. Both of these measurements prove that the board is functional and can 
handle the load of a user.  

 
Figure 6: RPM Measurement 

 



 
Figure 7: Force Measurement for Torque 

 
VII. Conclusion 

As previously stated, the goal of this project was to build and design a new electric 
vehicle that is fun to ride, practical, and cost efficient. After the completion of the board, 
it is important to note what worked well and what did not work well in order to give a full 
overview of the project. First off, the electronics of the board worked amazingly. All of 
the electronics were able to run reliably together without any hassle. Although it took 
awhile to get the electronics set up, once they were working, they did not experience any 
more problems. The signal sent from the transmitter to the receiver was reliable and 
allows for the user to customize their speed to whatever level they want depending on the 
positioning of the throttle. This aspect of the project is probably the most important as it 
allows for a safe ride as well as consumer satisfaction in knowing that they can customize 
their own ride.  



Another thing that worked out well is the frame. The frame is made out of 1 in x 1 in 
x 1/16 steel tubing that provide a sturdy yet lightweight frame for the vehicle. In total the 
frame is 3 feet long by 7 inches wide. This provides for enough length for the user to 
comfortably stand in the middle while give enough width for almost any sized person to 
stand on the board. The steel for the frame was welded together in order to provide a 
sturdy base with cross beams adding more stabilization and weight distribution to the 
board.  

One thing that was troublesome with this design was mounting the motor. They way 
the motor is set up is in two parts, the first being the axle which is connected to the back 
half of the motor. When the axle turns the back of the motor turns as well making it hard 
to strap down. Instead the front half of the motor is stationary which allows the cables to 
run out of the motor without interfering with the rotation of the axle. Screws in the top of 
the motor allow for the motor to be secured to a mount and welded onto the frame. 
However, this process took much longer then expected and it was hard to perfectly align 
the motor with the gear on the wheel. Once welded to the frame, the mount for the motor 
worked, as it was able to handle the high torque from the motor. 

The results from this project proved the concept formed at the beginning of this 
project. The initial goal was to build and design a new electric vehicle that is fun to ride, 
practical, and cost efficient. After calculating the max speed and torque, it was clear that 
this project was a success. The high speed and torque of the motor proved to be powerful 
enough to move users and allow for an ease of transportation.  

Overall, this project allowed for a new form of electric transportation to be created. 
Last mile transportation has become a huge aspect of our everyday lives and this project 
allows for people to easily take public forms of transportation while carrying this vehicle 
and then when needed use it to go the last mile of transportation to get to the final 
destination. While there are many other forms of electric transportation, this project is 
cost efficient, only totaling around $500, when compared to other forms of transportation 
out there. Its user friendly design allows for almost anyone to be able to ride it safely and 
comfortably. And the design makes it fun to ride, giving the user a great experience while 
traveling the last mile. In conclusion, this project was worth all the time and effort that 
was put in because it accomplishes the goals that were addressed at the beginning of this 
project and more.  

 
VIII. The Next Step 

At this stage in the project, the frame has been completed and the electronics have 
been mounted to the board. While the board runs well there are still some improvements 
that could be made for future alterations. For the next step of this process, turning could 
be imporved to provide a smaller turning radius. Part of being a practicle vehicle in 
todays market is the ability to be used in almost any environment. While the board does 
have a decent turn radius, it would be more useful to minimize the turning radius to make 
it suitable for almost every environment.  

Similarly, another area that could be improved is the battery life. As of now the 
batteries only last 10 minutes before they need to be recharged. One area that could help 
this be more efficient in helping save battery life is regenerative breaking. This would 
allow the batteries to hold a charge for longer as well as helping provide a safe way of 
travel. As of now, there is a break on the radio controller, but the breaks are rough and 



could potentially throw someone off the board. By putting in regenerative breaking, 
stopping would be safer and efficient. Another improvement that could be made with the 
batteries is a more accessible way to charge the batteries. As of now, the best way to 
charge the batteries is to take them out of the circuit and manual charge them one at a 
time. While this works it would be more efficient to have a way to charge the batteries 
through a port on the side of the casing allowing easy access and less user hassle. After 
creating the prototype, it was apparent that in order to test the motor successfully, there 
needed to be friction. However, it is important that the wheel does not roll away. In order 
to solve this problem, a stand was created in order that a wheel may be placed in between 
two pillars. A platform will be created that attaches to the stand via springs so that the 
wheel may roll against in with constant friction as shown in Figure 8. This will allow 
accurate measurements for rpm and will help give a sense of the functionality of the 
design and will allow for easier testing for things such as rpm and torque. By using the 
friction rig with the board design, tests can be done to give a more realistic idea of 
measurements that more closely resemble how the board would work with someone 
riding it.  
  

 
Figure 8: Friction Simulation 
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X. Appendix A : Cost of Materials  
Part Description What Needed For Cost Where I’ll Buy  

Electric Motor  Power the vehicle $150.00 Enertion Boards 
Electronic Speed 
Controller 

Control the amount 
of amps going to the 
motor  

$100.00 Amazon 

2 Batteries Power the motor 
and ESC 

$46.00 Hobby King 

Radio Controller + 
Receiver 

User friendly way to 
control the board 

$23.00 Hobby King 

Belt and pulleys Allows the motor to 
turn the wheel 

$30.00 Hobby King 

Metal Framing Structural support $16 Alan Steel 
Wheels Allows the board to 

move 
$80 South Bay Trikke 

Mountain Board 
Skate Truck 

Allows for the board 
to turn  

$40 Mountain Board 
Skate 

 
XI. Appendix B: Pictures  
 



 
Figure 9: Picture of The Board at the Menlo Maker Fair. 



 
Figure 10: Explaining How the Board Works at the Maker Fair. 



 
Figure 11: Going Over Frame Design With Dr. Dann 
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