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ABSTRACT 
This project explores creating an electric motorbike powered by a 36V, 1000W DC 
motor. The frame for the bike was welded from individual 1” square steel pipes. The 
motor is powered by a circuit system consisting of a 36V universal controller, three 12V 
batteries wired in series, a throttle, and a key ignition system. The motorbike spins at a 
maximum of 857 RPM at the back wheel. 
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MOTIVATION AND HISTORY 
The goal of this project was to create an electric two-wheel motorbike where the rider lies 
flat. The idea for the design of the bike was drawn from the flat lying “light bikes” from 
the movie Tron Legacy [1]. The frame will be created out of 1” x 1” steel bars with ⅛” 
thick walls and powered by a 1000 Watt DC brushless motor. The bike will be able to 
travel up to 15 mph, complete with a key ignition and speed throttle. A braking system 
will be installed when the bike has been completed. 
 
From this project, the crafts of welding, cutting steel at angles with a bandsaw, analysis 
of structural integrity in frames, and the efficient use of microcontrollers in battery/motor 
circuits will be learned. Along with these technical skills, efficiently managing a large-
scale project and creating timelines to meet specific goals will also be learned. 
 
This project is interesting to explore because it is a combination of both mechanical and 
electrical engineering skills. The skill of welding along with learning more about 
complex electrical circuits will be developed. In the end, how the two areas of 
engineering intersect will be explored when the bike is assembled. 
 
Being more conscious of the currently pressing global warming issue has been a priority 
of this generation. Although a hot topic in political debates, scientific evidence has been 
put forth that global warming is a man-made phenomenon, dating all the way back to the 
Industrial Revolution. Because of “unclean” technological methods prevalent in our 
society, the Earth is becoming polluted. Early designs and iterations of much of the 
existing technology have only further contributed to the greenhouse gases that fill the 
atmosphere. According to the U.S. Energy Information Administration, the consumption 
of fossil fuels has been rising exponentially in the last century. This past decade, these 
three sources of energy - petroleum, coal, and natural gas - accounted for 87% of the 
U.S.’s primary energy use [2]. 
 

 
 

Figure 1. Graph of the history of energy consumption in the U.S. from 1775-2009 with British thermal units 
in the quadrillions on the y-axis and time on the x-axis. 
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Alternative sources of energy are necessary to try to alleviate the detrimental effects these 
fossil fuels have had on our atmosphere through pollution. Society has already 
revolutionized many energy sources, converting from traditional oil-based energies to 
solar, wind, and even water driven power. Technological advancements have now 
included electric cars, which have risen in popularity with companies such as Tesla, 
BMW, Mercedes-Benz, Volkswagen, Chevrolet and Nissan. But, electric cars tend to 
seem unnecessarily overpriced, for a product that essentially performs the same functions 
as a gas-driven car. However, a more portable and convenient mode of transportation 
aside from a car has yet to be widely used. 
 
Patents for electric-powered bicycles have been around since the late 1800s - one of the 
earliest designs was made by Ogden Bolton, who envisioned a prototype with a battery 
pack strapped to a common bicycle frame [3]. 

 
Figure 2. Designs of Ogden Bolton’s prototype of an electric bike. The battery is located in the center of 

the bike under the seat, and the motor is attached on the hub of the back wheel. 
 
Bolton’s early designs are surprisingly modern for a 19th century prototype. He uses a 
PMDC (permanent magnet direct current) radial flux outrunner. In essence, Bolton uses a 
motor with metal that is constantly magnetized (rather than an electromagnet that can be 
turned on or off), with an outrunner where the outer shell spins around the coiled core, 
and with the magnets located along the edge of the motor. He also makes the outer shell 
of the hub the motor, implementing a direct drive motor, rather than a geared one. This 
type of motor is a simpler design, spinning the wheel directly as the motor is powered, 
and it allows the motor to run at very high watt levels. However, a drawback of this 
approach is that the motor is unable to take advantage of gear ratios; therefore, to pull 
heavy loads, the direct drive motor must be heavy duty. On the other hand, a geared 
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motor, while slightly more complex, can use the gears to increase torque and eliminate 
the need for an extremely large and clunky motor. 
 
While the idea of an electric bike was fashioned over a century ago, this vehicle has yet 
to become popular. Modern day transportation methods still consist of gas-powered 
diesel engines that are fuel-inefficient and expend a nonrenewable resource. The options 
for cheap electric transportation or other clean-energy methods are limited to “uncool” 
pickings, such as the Pi electric bike pictured below, or electric scooters and mopeds [4]. 
 

 
 

Figure 3. Example of an “uncool” electric bike called the Pi Bike. 
 

Furthermore, many options such as the Pi Bike must be powered by pedaling in order to 
generate movement. This defeats the purpose of easy transportation, as the rider must 
exert a significant amount of physical energy in order to move - no better than riding a 
common bicycle or walking. This project focuses on making a clean, electric-powered 
motorbike that is stylish and exciting to ride, along with eliminating the need from 
strenuous exertion.  
 
DESIGN 
The frame for the motorbike was designed by looking at chopper motorcycle frame 
designs and then lengthening them so that the rider could lie flat on the bike. In Autodesk 
Inventor, a to-scale CAD drawing of the frame that could be welded out of steel square 
pipes was designed. After completing the design, steel square pipes from Alan Steel Co. 
in Redwood City were cut and purchased. A bandsaw will be used to make angled cuts in 
the pipes to allow for a more direct joint weld. 
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Figure 4. CAD drawing of frame design. Note: there appears to be floating bats in the front of the bike. 
However, not pictured in the design is the steering mechanism that will attach the floating bars to the rest 

of the body. 
 
The electric bike has an EMDC radial flux outrunner. Electromagnets are used in order to 
maximize efficiency through the on-off switching of the electromagnetic fields in the 
brushless design. Rather than having a direct drive hub, a geared motor will be used for 
the bike mostly to minimize the bike’s weight. Although a geared hub is slightly more 
complex, it allows for more torque and a lighter system, as the bike would not require as 
heavy or powerful of a motor. 
 
Constructing the frame to the specifications of the CAD drawing proved to be difficult. 
First, the angled pipes at the front of the bike used to connect the steering neck to the rest 
of the frame required angled cuts in two dimensions. An ordinary band saw would not be 
able to make this doubly angled cut; therefore, the pipes were cut manually with a cutting 
blade on the angle grinder. Second, when the wheels were purchased second-hand, the 
sprocket that was pressure fit into the back wheel did not have the same teeth as the 
counter sprocket already welded onto our motor. So, a ½” steel plate was fashioned into 
an adapter for the sprocket, using bolts and nuts to securely attach the adapter to the 
wheel and a matching sprocket to the adapter. Finally, the wheels purchased were 
designed for a single-sided swingarm mount, and the axle that came with them were too 
short to fit across the width of the bike’s frame. To narrow the gap where the back wheel 
was to be mounted, spare tubing was welded onto the existing frame. In addition, ¼” 
steel plates were welded onto the side of the frame with 13/16” holes drilled into them to 
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hold the axle in place. Metal spacers with a 13/16” ID and a 1¼” OD were used to keep 
the sprocket pressure fitted onto the back wheel and to prevent the wheel from sliding 
back and forth on the axle itself. 
The original plan was to take a steering mechanism from an existing bicycle in the lab. 
However, because the material was completely made out of aluminum, it proved to be 
extremely difficult to work with and had the structural integrity for a light street bicycle, 
not a heavy duty electric motorcycle. Instead, two pipes whose inner diameter matched 
the other’s outer diameter were fashioned into a steering neck, which was welded onto 
the rest of the existing frame.  A standard T-bar served as the handlebars of the bike, and 
the 1” x 1” square tubing that the bike’s frame comprised of was used as forks to attach 
our front wheel onto. Although the front wheel is slightly smaller in diameter and in 
thickness as the back wheel, it was mounted in the same way. Quarter-inch steel plates 
with holes drilled in them were welded onto each of the forks on the steering mechanism. 
The axle, 1” in diameter, fit through the plates and was screwed in with an M24 x 1.5 
steel hex nut on the threaded side of the axle. Spacers were also used to secure the front 
wheel, preventing it from sliding side to side along the axle. 
 
 
THEORY 
 
Motor Controller 
All electric motors require a controller whose function varies based on the action it is 
performing. In this project, the controller will connect the ignition switch, battery, motor, 
and throttle in order to handle the starting/stopping of the bike, regulating the amperage 
in the circuit to accelerate or decelerate the bike. To control the speed of the bike, the 
motor controller uses an intricate network of field effect transistors (FETs) to switch the 
battery connection to the motor on and off around 20,000 times per second [5]. The 
motor has induction coils that store energy. Because it stores and releases some of the 
energy, the motor’s voltage over time graph will not be sharp changes between the 
maximum voltage and 0. Instead, the voltages fluctuate around the mean and are 
essentially averaged out (in a mathematical sense, integrated). Using Faraday’s Law, the 
following proof can be derived. 
 
 ε = dI/dt 
 I = ∫ ε dt 
 
The motor may be continually powered, however, because the motor’s inductance allows 
it’s current to constantly flow. Therefore, in the 36-Volt powered motor, the controller’s 
extremely fast switching would yield a voltage of 18 Volts, which would power the 
motor at half-speed. 
 
Brushless DC Motor 
The electric bike will use a 36V, 1000W electric motor, drawing 1.34 British horsepower. 
The motor is brushless; therefore, it is powered through electromagnets rather than a 
direct connection of “brushes” or wires. A brushless motor proves to be more efficient 
than its brush counterpart, as it is frictionless. Electromagnetic coils within the motor 
induce an electric field when current runs through it. Instead of having brushes that 
complete the circuit when certain materials are in direct contact, the brushless motor 
simply turns on or off the electromagnetic fields using a reed switch. This field interacts 



 

7 

with a magnet inside the motor and exerts an electromagnetic force on the magnet, 
propelling or attracting it. This, in turn, causes the motor to spin. 
 
Electric Circuit 
Because the electric motor powering the bike runs off of 36V, three 12V batteries must 
be connected in series so that their voltages add up to the correct amount that will power 
the motor. However, feeding the motor the maximum voltage will make it travel at 
maximum speed, which is suboptimal because the bike must be able to travel at varying 
speeds. This is where Ohm’s law becomes relevant - because the speed of the motor is 
directly proportional to both voltage and amperage, the motor can be fed maximum 
voltage while its speed is controlled through the amperage. To control the amperage fed 
to the motor, a throttle connected to a controller is utilized - when the throttle is twisted 
fully, the motor is fed full amperage, but when it is not, a series of transistors in the 
controller are activated to induce a resistance within the circuit and thus limit the 
amperage. 
 
Throttle 
A throttle consists of variable resistors as well as three pins, ground (usually black), 
voltage in (usually red), and the output (usually green). Variable resistors or 
potentiometers control the flow of current through circuits by adjusting the amount of 
resistance. These resistors are made of a strip of metal, like graphite, with a fixed 
terminal and a wiper that moves when the throttle is twisted [6]. Revving the throttle 
moves the wiper along the graphite away from the terminal, increasing the resistance in 
the circuit as the electricity has to flow through much resistive material. In the throttle 
mechanism, the pins and variable resistor are positioned similar to the diagram below. 

 
 

Figure 5. Diagram of throttle mechanism. 
 

When the circuit is completed and the throttle is not turned, 5 Volts are sent through the 
red pin and flow to ground. However, when the throttle is twisted, the variable resistor is 
adjusted and current flows directly to the output pin, instead of to ground since there is 
less impedance to the green pin. The throttle was tested using an oscilloscope at zero, 
half, and full throttle to see if the throttle was producing a maximum output (ie. running 
current through the motor almost all the time). As evident in Figure 6, when the throttle 
was connected to the circuit but not used, the oscilloscope read a flat-line since the motor 
was never powered. In Figure 7, the throttle was turned halfway, sending a current 
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through the circuit approximately half of the time. Figure 8 displays the oscilloscope 
reading at full throttle, demonstrating that the throttle yields almost a maximum output 
from the motor. A full connection to the battery was never achieved through the 
controller. Although at this reading only 3.3 Volts is being sent through the circuit, it is 
the maximum output, as putting 5 Volts directly into the controller was already tested and 
still yielded the same reading. 
 

 
 

Figure 6. Oscilloscope reading at zero throttle. (Motor is not powered) 
 

 
 

Figure 7. Oscilloscope reading at half throttle. (Motor is powered at the peaks and off at the troughs) 
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Figure 8. Oscilloscope reading at full throttle. (Motor is powered at the peaks and off at the troughs) 
 
 
Gear Train 
Because the electric motor operates at a relatively high speed but low torque and for the 
purposes of this project relatively low speed but high torque is necessary, a gear train 
must be built to amplify the output torque. A gear train works by meshing a smaller gear 
with a larger gear to create a mechanical advantage.  
 
To explain the gear ratio calculations, first it must be defined that the linear velocity at 
the mesh point of two gears is the same for both gears (this is because, given congruent 
pitch distances, the same number of teeth are pass through the mesh point in the same 
amount of time for both gears). Because linear velocity is equal to ��, where � is the 
radius of the gear and � is the angular velocity of the gear, it must be true that ������   =
  �������� where “in” signifies that the aforementioned variables apply to the input gear 
(in this case, the smaller gear attached to the motor) and  “out” refers to characteristics of 
the output gear (in this case, the larger gear connected to the axle of the bike). The above 
equation may be modified to �������

= ���
����

. Now, because power is equal to � ∗ � where � 
is the torque of the gear and � is the angular velocity of the gear, and in this hypothetical 
scenario it is assumed that there are no frictional losses, it may be stated that ��� ∗ ��� =
���� ∗ ����. Rearranging this yields �������

= ���
����

. Substituting in the previous 

relationship between angular velocity and gear radius yields the relationship �������
= ����

���
. 

Thus, it is determined that the output torque of a gear within a gear train depends directly 
on the relationship between its radius and the input gear’s radius. A higher gear radius 
ratio (�������

) yields a greater torque and lower angular velocity. Thus, for the electric 
motorbike, since high torque to pull more weight and lower angular velocity to keep the 
speed under 15 mph (due to Whitaker Lab speed restrictions), a gear train with a very 
high gear radius ratio must be used. This means that a large gear must be connected to the 
axle of the bike and must be meshed with the small gear of the motor. 
 
Structural Integrity 
Because a human will be riding the electric bike, safety concerns are eminent. In 
designing the bike, the structural integrity of the frame must be analyzed and confirmed 
to be sound. The design of the bike frame is such that the weight load of the rider is 
distributed evenly over the length of the frame. Some force is exerted on the front 
cantilever beams, some goes to the support beams of the mid-frame and some is 
distributed to the back wheel. Because of this, it may be determined that the bike 
structure is sound. Even if all the weight was unevenly placed onto one set of support 
bars, the structure would still be sound because the maximum weight that is expected to 
be place on the bike is 200 lbs. and will not exceed the 60,000 psi limit on mild steel. 
Because the smallest area force can be applied to the bar is over one square inch through 
a seven inch length, a 200 lb load will not come close to exceeding the 60,000 psi limit 
on steel. The concerns for structural will stem from the strength of the welds which will 

undergo a maximum shear force of �|| =
��
��
= ��

�∗�
= 90��  ∗  9.81�/�2  ∗  1.14�  ∗  ���(15)

0.0254�  ∗  0.00635
=

1,615,304  ���/�2 = 2297  ���.Because this is a fairly small value and this is the 
largest possible pressure exerted anywhere in the frame (coming from the long 45 in. 
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bar), the welds will be strong enough on the bike to successfully hold any weight. 
However, a case where the bike encounters a bump and thus an impulse force must also 
be accounted for. With a mass of 200 lbs., or 91 kg, an expected change in upward 
velocity of 20 m/s and a conservative estimate for the change in time of 0.25 seconds, 
using the equation for the force encountered through an impulse force, � = ���

��
=

91  ��  ∗  20  �/�
0.25  �

= 7280  �.Over one square inch of a vertical bar, that is 742 psi. Thus, even a 
conservative estimate for the impulse force for when the bike encounters a bump will not 
be detrimental. Overall, there are few concerns about the structural integrity of the bike. 
 
 
RESULTS 
 
The first measurement recorded for the bike was RPM. To measure RPM, a pen was 
attached to the back wheel using duct tape, and a photogate was set up on the side so that 
the pen would break the photogate once every revolution, as seen on Figure 9. The motor 
was increased to full throttle, and an oscilloscope was used to record the frequency by 
aligning the cursors to match the breaks in the graph. 
 

 
Figure 9: The set-up for measuring RPM. Includes photogate, oscilloscope, power supply, and pen. Wood 
was used temporarily to elevate our bike and to keep the weight distribution balanced until our front wheel 

was mounted. 
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Spec Table 
 

Maximum RPM 857 

Startup Torque  

Running Torque  

Power Out  

Power In  

Efficiency  

 

 
 

Figure 10. Oscilloscope reading showing rpm of back wheel at full throttle. 14.29 Hz * 60 sec/min = 857 
RPM. 

 
When measured at the back wheel at full throttle, the motorbike spun at 857 RPM. This 
figure is not achievable under normal riding circumstances, as the frictional force along 
augmented by the weight of the rider will resist a large wheel speed. To calculate the 
theoretical top speed of the bike, assuming no friction and weight of the rider, the 
diameter of the wheel may be used to see how far it can go in one minute. The back 
wheel’s circumference is 2 feet * π. Therefore, with an RPM of 857, the bike should be 
able to travel 857 * 2 * π feet per minute = 5,384 feet/minute. To find the theoretical 
speed in miles per hour, the unit conversion 5384 feet/minute * 1 mile/5280 feet * 60 
minutes/1 hour is used to get 61.2 miles/hour. 
 
For a reference of comparison, a 20-inch car wheel must spin at 1000 RPM to travel at 60 
mph. Because the mass of a car is much larger than the motorbike detailed in this paper, 
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and thus there will be a greater frictional force, this comparison shows the magnitude of 
speed at which the bike is capable of achieving. With 85.7% of the RPM of a car, but 
~5% of the mass, in theory it is capable of reaching extremely high top speeds. 
 

 
 

Figure 11. Side view of the bike. 
 
 

CONCLUSION 
The culmination of the work this semester has resulted in a nearly finished electric 
motorbike which spins at 857 RPM at the back wheel. Progress was slower than 
expected, as the front wheel has yet to be mounted. 
 
Throughout the process of building the bike, many unexpected challenges were 
encountered. For example, the countersprocket on the motor purchased was not the same 
size as the chain and sprocket for the back wheel. This required an installation of a new 
420 countersprocket on the motor. Another unexpected challenge came when mounting 
the sprocket onto the bearing of the back wheel. Because the holes on each did not align, 
and the sprocket is aluminum and thus could not be welded, an adapter made from a ½” 
steel plate had to be manually cut with a bandsaw and installed. Another obstacle faced 
was that after buying used tires, wheels, and matching axles, the measurements for these 
parts turned out to be metric. Therefore, drill bits and hex nuts had to be specially 
ordered, and a drill press had to be used on all of the spacers and plates to redrill all of the 
holes to the right dimensions. Additionally, because the parts were purchased used, the 
threading on the axles and some of the screws were damaged and worn out. So, they had 
to be taken to Carillo Machining to be rethreaded with a die. 
 
THE NEXT STEP 
The entire frame, including excess piping and steel plates for mounting purposes, has 
been successfully welded. The motor, batteries, and controller have also been installed 
onto the frame, with the motor connected to a sprocket on the mounted back wheel. 
Moving forward, small modifications and improvements can be made to the bike. 
Attaching a kickstand is necessary for the bike to be able to balance while not being 
ridden. According to calculations, the bike has a theoretical speed of 61 miles per hour. 
Therefore, brakes must be installed to safely ride the electric bike. However, disc braking 
is pretty expensive and standard caliper braking isn’t big enough to fit our large, 
motorcycle tires. Finally, because the design of the bike was inspired by TRON: Legacy 
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and requires a flat-lying rider, the design is somewhat compact, with the rider’s legs 
dangerously straddling the back wheel. An enclosure for the wheel should be made to 
prevent any injuries from accidentally touching the back wheel. 
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Appendix A: Parts List 

Part Description What Needed For Cost Where You’ll Buy It 

1” x 1” square steel 

tubing (0.12” walls) 

(292 in.) 

To build the frame of the bike ~ $70 Alan Steel and 

Supply Company 

½” sheet metal To build an adapter to fit the 

sprocket onto the wheel 

$15 Alan Steel and 

Supply Company 

¼” sheet metal To mount the back wheel onto 

the frame 

$15 Alan Steel and 

Supply Company 

1¼” tubing (¾” ID, 1’ 

long) 

To make spacers to keep the 

sprocket on the back wheel 

and to keep the wheel from 

moving along the axle. 

$5 Alan Steel and 

Supply Company 
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12-Volt lead acid 

batteries (3) 

To power the 36-Volt electric 

motor 

~$40 Monster Scooter 

Parts 

36-Volt, 1000 Watt 

Brushless DC Motor 

To power the bike with ~1.3 

British horsepower 

~$180 Monster Scooter 

Parts 

Motorcycle Chain To connect the electric motor 

to the wheel 

$20 Fremont Cycle 

Salvage 

Motor Controller (2) To control the motor’s 

functions: starting/stopping, 

accelerating/decelerating, etc. 

~$100 Monster Scooter 

Parts 

Throttle Communicates directly with 

the controller to manually 

accelerate and decelerate 

N/A Whitaker Lab 

Key Ignition Switch To connect to the power locks 

pins in the controller and 

function as the on/off switch 

N/A Whitaker Lab 

Tires So the bike may move N/A Cycle Salvage 

Wheels To connect the axles to the 

tires 

$330 Cycle Salvage 

Sprocket To drive the back wheel $14 Fremont Cycle 

Salvage 
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Appendix B: Menlo Maker Faire 
 

 
 

Displaying the project at the Menlo Maker Faire. 


