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Abstract 

This paper describes the design and development of an electric motorized bicycle. The bicycle 

frame was constructed from mild steel tubing and was welded together using MIG welding 

techniques. The bicycle uses a direct drive system using a 36V, 1000W electric motor that is 

operated using a motor controller and a throttle system. The acceleration of the bicycle with a 

165lb individual is 0.34 m/s2 at maximum battery capacity while the maximum recorded velocity 

is 8.25 m/s (18.45mph). The motor rated at 2607.94 J of work, and the efficiency of the 

motorbike hovered around 55.38%. 

Motivation and History 

Motivation 

The motivation behind undertaking this project was to design an electric motorbike that could 

outcompete a standard bicycle in terms of long range, cost efficiency, and practicality in an 

urban setting. For the regular train commuter, the distance one can travel upon arrival at their 

destination is relatively small. The electric bicycle requires less physical labor to travel between 

two locations than a standard bicycle; this combined with the fact that any bicycle can avoid 

traffic on streets better than cars do via a designated bicycle lane presents the notion that the 

electric bicycle is one of the most efficient vehicles for urban use. 

History of the Bicycle 

It is fabled that the bicycle was invented to combat a sociohistorical problem – a global climate 

disaster following a volcanic eruption in 1815 brought famine and crop failures. People had 

resorted to eating their horses, which led to the loss of an important means of transportation. The 

bicycle was invented in order to fill the void that eating horses spawned. Today, the bicycle 

succeeds because we face similar problems. Depletion of fossil fuels, high exhaust emissions 

from cars, and a lack of space in large cities will increase the demand for cycling. Bicycles 

symbolize both the past and the future, and electric bicycles, or “e-bikes” will compromise for 

the physical labor and slow speeds on regular bicycles. [1] 

One of the earliest bicycles is the Penny Farthing, produced in 1878 by James Starley and his 

ordinaries. A picture of the bicycle can be seen below. 
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Figure 1 – Penny Farthing Bicycle [2] 

The bicycle has a large front wheel because gears had not been invented yet. The large wheel 

was incorporated because it equated to a further distance traveled. Because the amount of 

distance traveled in a single revolution of the wheel was proportional to the circumference of the 

wheel. [3] 

The Penny Farthing, however, was dangerous, impractical, and even sexist as it was unridable 

for the female population as a result of social fashion norms in the late 1800s. The concept of 

adding cranks that were connected to the rear wheels using chains was already existent, yet they 

were less popular as riding a non-lethal bicycle was below a sportsman’s dignity. In 1885, James 

Starley’s nephew John Kemp Starley developed the Rover, the first modern bicycle in which the 

wheels were nearly the same size. The bicycle’s design can be seen below. 

 

Figure 2 – Rover Bicycle [4] 

The bicycle continued to evolve over time. Solid rubber tires would be replaced by the 

pneumatic style the modern bicycle uses today in 1888 and the diamond frame used by most 

modern bicycles would be invented a few years later. [5] 

Introduction of the Hub Motor 

Electric bicycles would enter the bicycle scene soon, as one of the earliest e-bikes was patented 

in 1895 by Ogden Bolton. It used a direct-drive hub motor that was a permanent-magnet DC 

outrunner motor, a motor variant that emphasizes torque over RPM. The motor is visualized 

below. [6] 
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Figure 3 – Original E-bike Hub Motor [7]. This motor uses six rotor windings and a magnetic 

stator. 

The common hub motor today operates exactly like a brushless DC motor. Commutators and 

brushes are replaced with electromagnetic coils and an electronic circuit. The circuit powers the 

coils which create a magnetic field to spin magnets that rotate around the wheel axis. This causes 

the bike wheels to turn and movement to occur. The advantage of brushless motors is that 

friction is reduced due to little to no contact between the stator and rotor. [8] 

The Modern Day Electric Bicycle 

Today, electric bicycles are divided into classes for legal reasons. Class 1 bicycles are pedal 

assisted and are also known as Pedelecs. The use of sensors that added power only were needed 

was the vision of Japanese engineer Takada Yutky, who patented the idea in the 1990’s. The 

electric motor assists the rider as long as he/she is pedaling, and the amount of assistance is 

linked to how much the rider is pedaling. These bicycles use either torque sensors or cadence 

sensors in order to operate the motor. Torque sensors react to how hard the rider pedals and 

assists depending on the information plus a chosen level of assistance while a cadence sensor 

reacts to whether or not the rider is actually pedaling and adjusts solely based on a selected 

assistance level. [9] Class 3 bicycles use the same mechanisms; however, they reach higher 

speeds than Class 1 bicycles. As a polar opposite, a Class 4 bicycle is a literal moped. 

Class 2 bicycles use a throttle element in order to activate the electric drive system, meaning that 

one doesn’t need to pedal in order to operate the bicycle. This paper describes the development 

of a Class 2 bicycle.  

In the state of California, the maximum speed limit for an electric bicycle is 28 mph for a Class 3 

bicycle. For Class 2 and Class 1 bicycles, speeds cannot exceed 20 mph. [10] 

Theory of Operation 

Motor Controllers and Throttle Systems 

Essentially, motor controllers function by switching the battery connection to the motor on and 

off rapidly using a technique called pulse width modulation. They’re also responsible for 

manipulating the voltage between all electronics connected to it. 
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Figure 4 – Pulse Width Modulation Duty Cycles [11] 

Pulse Width Modulation can be illustrated by Figure X. The motor is being fed impulses of 

power. The motor is usually connected to the positive end of the battery and the other negative 

end via a switch, which is usually a MOSFET transistor. In a basic motor controller, the switch 

opens and closes at 20kHz (20,000 times per second). Motors are inducers and the voltage of an 

inductor is proportional of the negative derivation of current to time (-dI/dt); current is 

proportional to the integral of voltage (I ∝-∫V * dt). Depending on the PWM signal, the motor 

is on for a specific amount of time in comparison to its frequency at the maximum voltage. The 

motor averages the PWM signal as it integrates it, running the motor at a speed equivalent to a 

lower voltage input [12]. 

An electric throttle is used in order to change the duty cycle. A vehicle’s electronic control unit 

uses information from the throttle position sensor (TPS), accelerator pedal position sensor 

(APPS), and other sensors to determine an impulse output. The throttle position sensor translates 

user input into throttle plate movement, which utilize potentiometers as voltage dividers. The 

voltage divider uses a resistive element and a wiper arm to “divide” an input voltage, decreasing 

it as the throttle is cranked further. 
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Figure 5 – Voltage Divider Element Inside a Throttle [13] 

The image above illustrates this concept. As the throttle is cranked towards Vref, the amount of 

resistance between the power source and the Vout, or the motor, decreases. This increases the 

output voltage sent to an electronic control unit, and sends an appropriate signal to the motor via 

the controller, which moves the physical throttle plate. The motor pulses at a specific PWM in 

order to simulate the throttle’s voltage. 

In order to detect error, a throttle position sensor varies output voltage from zero to the reference 

voltage (Vref). The output voltage is sent to the ECU in order to confirm the position of the 

throttle plate. If error is present, a new output voltage is sent to the motor in order to correct 

itself. [14] 

Electric Motors 

The electric motor used in the project is a four magnet, DC brush motor that runs on 36V, runs 

1000W, and runs at 3000 RPM. [15] 
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Figure 6 – Labeled Brushed DC Motor [16] 

Brush motors are made up of four basic components: a stator, a rotor, brushes, and a 

commutator. The stator holds permanent magnets, north and south, and generates a magnetic 

field around the rotor. The rotor, or armature, consists of one or more windings of wire. When 

the windings are energized they produce a magnetic field. The magnetic poles of the rotor will be 

attracted to the opposite poles generated by the stator, causing the motor to turn.  

A controller switches the direction of the magnetic field in the rotor so that alike poles never run 

past each other. Brushed DC motors do not require an electronic controller to switch the current, 

rather it uses a mechanical commutation of the windings. A copper sleeve resides on the axle of 

the rotor. As the motor turns, brushes slide over the commutator, inducing a current within the 

winding and turning it on when the windings align with opposite poles. [17] 

Electric Batteries 

In this project, the battery acts as the power source for the motor controller, motor, and the other 

electronic components. More specifically, the 12V sealed acid-lead battery has six single cells in 

series producing a maximum voltage output of 12.6V. Each battery cell consists of two lead 

plates, a positive plate covered with lead dioxide, and a negative plate made of sponge lead with 

an insulator in between. The plates are submerged in an electrolyte consisting of water and 

sulfuric acid. This can be visualized in the figure below. [18]  
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Figure 7 – Sealed Lead Acid Battery Diagram [19] 

A chemical reaction in the negative electrode between sulfuric acid and the lead plates produces 

electrons that flow around the circuit and power the load when a battery is connected to a load. 

This coats the two plates with lead sulfate (PbSO4) in a process known as sulfation and drains the 

battery voltage from its fully charged state. This reaction is summarized in the equations below. 

H2SO4 => H+ + HSO4
- 

Positive Electrode: PbO2 + HSO4
- + 3H+ + 2e-  PbSO4 + 2H2O 

Negative Electrode: Pb + HSO4 
-
  PbSO4 + H+ + 2e- 

Overall Reaction: PbO2 + Pb + 2 H2SO4  2 PbSO4 + 2H2O 

Figure 8 – Sealed Lead-Acid Battery Equation. 

When the equation is read left to right, the battery is discharging. When it is read right to left, it 

is recharging. 

 

Sealed lead-acid batteries are capable of being recharged from 10.5V back to 12.6 V when 

connected to a converter or charger. During the recharging process, electricity flows through the 

water portion of the electrolyte and water, and H2O converts into hydrogen and oxygen. The 

intermediate chemicals react with the lead sulfate on the plates and convert into lead and lead 

oxide in order to maintain equilibrium in the chemical system. [20] 

Batteries eventually die however, and this is due to the normal expansion and contraction of the 

battery that occurs during regular usage, leading to the positive electrode material shedding. In 

all cases, lead sulfate (sulfation) accumulates on the plates, remains there, and the battery loses 

permanent capacity, which is why batteries need to be replaced. Electrolytes are also lost during 

the discharge process, which contributes to ineffectiveness after usage. [21] 

MIG Welding 

In order to create the bike frame, the steel rods were arc welded together in a process known as 

Metal Inert Gas (MIG) Welding. MIG welding is a form of arc welding in which a continuous 

wire electrode is fed through a welding gun and into a welding pool. A power supply generates 

an electric arc between an electrode and the target metal. The arc refers to the electric current 

flowing between electrodes through an ionized column of gas that is able to produce heat intense 

enough to melt the metal. The heat is produced through a cathode and an anode, in which ions 
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bounce off each other at an accelerated rate. Finally, the electrode is a prepared rod or wire that 

not only conducts the current but also melts and supplies filler metal to the joint. 

Temperatures reach around 6500oF at the tip, which causes the metal at the joint to melt and 

intermix with a filler metal, fusing the two metals together. The fused bond produces a weldment 

with a similar strength to the metal of the parts. [22] 

For welders, shielding gases such as argon and CO2 are used to prevent the atmosphere from 

contaminating the welding arc and molten base metal. Welding fumes are complex mixtures of 

particles and ionized gases that form due to the plasma generated within the electrode. 

Hydraulic Braking Systems + Pascal’s Principle 

The bike described in the paper uses hydraulic brakes as its primary stopping mechanism. 

Hydraulic brakes on bikes consist of a closed system of hoses and reservoirs containing 

hydraulic fluids in order to press a brake rotor on a wheel. When the lever is pulled, a plunger 

pushes the fluids towards a caliper body at the wheel which presses the disk brakes onto the 

rotor, stopping the bike. [23] 

Hydraulic brakes function due to the physics surrounding fluids. Liquids are virtually 

incompressible, and the amount of fluid in a closed system remains constant. These properties 

allow for the multiplication of a force according to Pascal’s Principle. [24] 

 

Figure 9 – Pascal’s Principle Diagram [25] 

Pressure must remain constant through the system. When a moderate force (F1) is applied, the 

pressure is equivalent to that Force divided by the Area (P1 = F1/A1). The amount of work 
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exerted is equivalent to the force multiplied by the distance the force travels, and it remains 

constant on the other side of the brakes. This equates to a larger force over a smaller distance. 

And because pressure also remains constant within the system, the force of the large piston, or 

the brake rotor, is equivalent to the force exerted over the area ratio between the large rotor and 

the hydraulic brake hose, which is large. 

Gear Systems 

There are two main types of gear systems: derailleur gears and hub gears. Derailleur gears are a 

transmission system consisting of a chin, multiple sprockets, and a mechanism to shift the chain 

from one sprocket to another. Moving the level on the handlebar changes tension in the derailleur 

cable, and moves the derailleur to one side or the other moving the chain from one sprocket to 

another. 

Hub gears have an outer casing which rotate at different speeds depending on which gear is 

chosen. Gears within the hub move and turn the main gear.  

Gear ratios are also important in bicycle speeds and acceleration. Smaller gear ratios, or the ratio 

of the chainring and sprocket produce larger accelerations but larger gear ratios are used in order 

to maintain constant velocities. [26] 

The bicycle described in the paper’s gear ratio and maximum velocity (pre-weight at full output) 

can be seen in the equations and calculations below. 

𝐺𝑒𝑎𝑟 𝑅𝑎𝑡𝑖𝑜 =  
#𝑇𝑒𝑒𝑡ℎ 𝐹𝑟𝑜𝑛𝑡 𝐺𝑒𝑎𝑟

#𝑇𝑒𝑒𝑡ℎ 𝑅𝑒𝑎𝑟 𝐺𝑒𝑎𝑟
=

11

28
= .393 

Figure 10 – Gear Ratio Equation. A small gear ratio is used in order to accelerate towards lower 

speeds quickly as a method of maintaining speed. 

 

𝐺𝑒𝑎𝑟 𝑅𝑎𝑡𝑖𝑜 ∗ 𝑅𝑃𝑀 ∗ 𝑇𝑖𝑟𝑒 𝐶𝑖𝑟𝑐𝑢𝑚𝑓𝑟𝑒𝑛𝑐𝑒 ∗
1 𝑓𝑡

12 𝑖𝑛
∗  

1 𝑚𝑖

5280 𝑓𝑡
∗

60 𝑚𝑖𝑛

1 ℎ𝑟
= 𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑉𝑚𝑎𝑥  

. 393 ∗ 3000 𝑅𝑃𝑀 ∗ 26 𝑖𝑛 ∗  𝜋 ∗
1 𝑓𝑡

12 𝑖𝑛
∗  

1 𝑚𝑖

5280 𝑓𝑡
∗

60 𝑚𝑖𝑛

1 ℎ𝑟
= 91.20 𝑚𝑝ℎ  

Figure 11 – Theoretical Maximum Velocity. Despite having a maximum velocity of ~91 mph, 

the experimental bicycle will most likely be much slower due to factors such as not being at full 

throttle for a majority of the time, friction between the tires and the ground, and added weight to 

the bicycle. This equation necessarily calculates the number of times the back gear turns the 

bicycle in an hour, and the amount of distance it covers. 

Because power is conserved within the gear system, the smaller gear ratio allows the bicycle to 

have more torque and more force applied towards climbing. The torque advantage can be seen in 

the equation below. 
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𝑃1 = 𝑃2 

𝑇1 ∗  𝑤1 = 𝑇2 ∗  𝑤2 

T1 = .393 T2 

T2 = 2.54 T1 

Figure 12 – Torque Ratio Advantage equation, in which w = angular speed and T = torque. T1 

represents the torque of the front gear, or the input torque, while T2 represents the output torque. 

The angular speed ratio is equivalent to the gear ratio, meaning that the force exerted on the 

bicycle gear system is 2.54 times of torque being applied to the system. 

Design 

Bicycle Design 

  

Figure 13 – Bicycle CAD Drawing. The general shape of the bicycle as well as the dimensions 

are illustrated and annotated here. 

As seen above, the bicycle frame turns out to be 30 inches in length (going by the bottom 

tubing). This design decision was made after averaging the distance of the wheelbase, or the 

center to center of both wheels) for a standard bicycle to approximate anywhere between 43.3 – 

46 in for the average male. [27] Researched data was measured for the 5’8” male, however 5’9” 

is the average for males in the United States meaning that the bicycle essentially remains 

consistent as a standard commercial product. [28] 
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The height of the bicycle to the ground, 34.46 in, was measured to be the same height as the seat 

on a standard bicycle. On the crosscut of the lower frame, there are two 0.675-inch-thick wood 

slabs. The 6-inch * 7.25-inch slab holds the motor while the 3-inch * 12-inch acts as a footrest. 

In terms of material, the bike frame is fully constructed out of mild steel. While the steering tube 

has a 1.25-inch OD and the handlebars have a 0.875-inch OD, the rest of the frame is made of 1-

inch OD, 16-gauge steel, which has a thickness of approximately 0.065 inches. The density of 

mild steel is approximately 7.86 g/cm3, and the experimental weight per inch of tubing was 0.613 

lbs/foot. Because the bicycle uses an approximate 25.1875 feet of tubing total, the bike frame is 

estimated to weigh ~15.44 lbs. For reference, a market e-bike frame may weigh in at around ~10 

kg, or ~22 lbs, making the bike actually lighter than its competition. [29] After adding in wheels 

and battery weight, the electric bicycle weighs in at 28.64 kg, or a whopping 63.01 lbs. 

Two different methods were used to mount the front and rear wheels. The front wheel allows for 

the use of a threaded axle, which allows a rod to be inserted into a bike between two parts of the 

fork. On the other hand, a “lock-and-key” mechanism was developed for the rear wheel. Slits in 

the frame allowed the 10mm axle of the rear wheel to slide towards the center of the frame, and a 

16mm-OD, 10m-ID steel spacer fit into a larger hole in the frame, which kept the rear wheel 

from detaching from the bicycle. 

Finally, a battery box houses the batteries on top of the bicycle. The box is able to accommodate 

three 12V batteries as the motor controller, which is duct taped right under the battery box, 

requires 36V to operate. 

 

Figure 14 – Rear Wheel Lock Mechanism. The spacer goes into the rear wheel axle has a large 

enough diameter to not fall through the slit the rear wheel axle enters through. 

Bike Geometry 

Bike geometry is important in how a bicycle performs. The standard diamond frame bicycle is 

shown below as well as a few of the different measurements. 
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Figure 15 – Bicycle Geometry Diagram [30] 

The head tube angle, fork rake, and fork trail are the three most important measurements in 

determining the difficulty in steering the bicycle. For the head tube, a steeper angle equates to 

faster steering while a bike with a slacker head angle has slower steering and more effort 

required to steer. For touring bikes, road bikes, and Cross Country bikes this angle ranges from 

71o-72o, 73o-74o, and 72o-73o respectively. The electric bicycle described in this paper has a head 

tube angle of 73o in order to mimic a road bike’s steering ability. 

The fork rake is the offset of the fork dropout from the straight line of the steering axis. A large 

fork rake makes steering faster while decreasing the rake makes steering slower. Fork rakes 

range anywhere from 40-52mm, however the bicycle in this paper doesn’t have a fork rake, 

which makes steering relatively slow and requiring more force. Finally, the fork trail can be 

visualized below. Having more trail equates to slower steering, while having less trail equates to 

faster steering; the bicycle in the paper has a wide trail, meaning that it’s steered more with the 

hips and (leaning). [31] 
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Figure 16 – Fork Trail [32] 

Method of Operation 

The bicycle runs on a direct-drive system, meaning that the motor and the sprocket (rear bear) 

are connected using a #415 chain and the system causes the bicycle to move. Although the 

bicycle lacks functional pedals or pedals at all, it is still subjected to legal classifications under a 

Class 2 classification. 

Chain Length 

The bicycle uses a #415 chain; the dimensions of the chain can be summarized using the visual 

below. 

 

Figure 17 – Chain dimensions and measurement chart. The pitch and width are important in 

determining how many links are needed for the motor system. [33] 
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Calculations were used in addition to an experimental setup in order to calculate the number of 

chain links required between the motor and the sprocket. The equations and calculations used 

can be seen below. 

𝐿 = 2𝐶 + (
𝐹

4
+

𝑅

4
+ 1), 

𝐿

𝑃
= #𝐿𝑖𝑛𝑘𝑠 

𝐿 = 2(16.5 𝑖𝑛) + (
10

4
+

28

4
+ 1), 

43.5 𝑖𝑛

0.5 𝑖𝑛/𝐿𝑖𝑛𝑘
= 87 𝐿𝑖𝑛𝑘𝑠 

Figure 18 – Chain Length Calculations. [34] Where L = Length of Chain, C = Chain Stay Length 

or Center to Center between gears, F = Number of Teeth on Front Gear, and R = Number of 

Teeth on Rear Gear. P = Link Pitch, or length per link. 

In the experimental setup, a bike wheel was mounted and the motor was placed at the exact 

distance it would be on the actual bicycle. A #415 chain was tightly wrapped around the gears, 

and the number of chains was counted to be 85. Two extra chains are added in order to add slack 

to the system. A set-up of the mount can be seen below. 

 

Figure 19 – Wheel Testing System. The motor being mounted 0.5 inches above the wheel’s 

center is reflected here. The 5.5 in * 5 in block represents the mount for the motor. Finally, the 2-

inch gap between the wheel and the motor mount is reflected in the testing system. 
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Circuit Design 

 

Figure 20 – Motor Controller Circuit Diagram. In this circuit diagram, the motor controller draws 

power from the three 12 V batteries in series (totalling 36 V) and distributes electricity across the 

motor, the throttle, and the “power-locks.” The power locks function as an ignition, or key 

mechanic, therefore adding a switch creates a functional on/off switch. 

The circuit diagram shown above is very simple, as the bicycle only operates under electricity in 

order to move. Alternative breaking mechanics such as using a hub motor as a front wheel adds 

additional weight that isn’t as efficient as using two lighter sets of hydraulic breaks. 

Results  

Acceleration and Velocity with Passenger 

The most important facet of the electric bicycle is how fast it actually goes under a load. In order 

to measure the average acceleration, the bicycle was taken out to a track in order to time 100m 

sprints. The equation below demonstrates how the average acceleration was solved for. 

∆𝑆 =  𝑣𝑖∆𝑡 +
1

2
𝑎𝑡2 

100𝑚 =
1

2
𝑎𝑡2, as bicycle starts from rest 

𝑎 =
200𝑚

𝑡2
 

Figure 21 – Acceleration Calculations. 
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The average velocity can be used in order to calculate the final velocity of a 100m sprint. The 

equation to find this can be seen below. 

∆𝑉 = 𝑎 ∗ 𝑡 

Figure 22 – Velocity Equation. 

The results of testing are visualized in the graph below, as the battery capacity caused the bike to 

slow down dramatically at different levels. After each trial, a potentiometer was used in order to 

measure the percentage of battery capacity left in the cells. 

 

Figure 23 – Acceleration as a Function of Battery Capacity 

Some basic specs of the electric bicycle can be seen in the table below 

Acceleration at 100% Load (m/s2) 0.034 m/s2 

Maximum Recorded Velocity (m/s) 8.25 m/s 

Maximum Recorded Velocity (mph) 18.45 m/s 

 

Figure 24 – Basic Motor Specs 

Energy of the Motor + Efficiency 

In order to find the Work the motor performs, the amount of energy that is lost due to drag needs 

to be found in addition to the amount of friction the track produces. The energy of the bicycle 

system is summarized below. The equation is manipulated in order to find the energy of the 

motor, and in order to account for the fact that the bicycle starts from resting position. 
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𝐸𝑓𝑖𝑛𝑎𝑙 = 𝐸𝑖𝑛𝑖𝑡𝑖𝑎𝑙 + 𝐸𝑚𝑜𝑡𝑜𝑟 − 𝐸𝑑𝑟𝑎𝑔 − 𝐸𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 

𝐸𝑚𝑜𝑡𝑜𝑟 = 𝐸𝑑𝑟𝑎𝑔 − 𝐸𝑓𝑖𝑛𝑎𝑙 + 𝐸𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 

Figure 25 – Energy Conservation Equation.  

Efinal is equivalent to the final kinetic energy of the system, which is calculated by using the 

equation KE = ½mv2 (J). The work done by the friction of the system is calculated using the 

equation W = Fk * d, in which Fk = µkN. µk is equivalent to the coefficient of kinetic friction, 

which for a running track is approximately 0.375 [35], N is equivalent to the normal force, or 

mass * gravity in this scenario, Fk is the force due to friction, and d is equivalent to distance. 

Drag is a resistant force that occurs because when a solid body moves through a gas or liquid, the 

fluid resists the motion. There are three classifications of factors that affect drag – those 

associated with the object itself, those associated with the motion of the air, and those of the air 

itself. Increasing the cross-sectional area exposed to the air increases the form drag of the 

system, changing the velocity and direction of the air determine a headwind or tailwind, and 

shifting the mass of the air going across the cross-sectional area affects the wave drag. 

Quantifying the work performed by drag can be visualized below. [36] 

𝐸𝑑𝑟𝑎𝑔 = 𝜂𝜌𝐴 ∗ [𝑣0
2𝑡1 +

1

2
𝑎𝑡1

2𝑣0 +
1

2
𝑎(𝑣0𝑡1 +

1

2
𝑎𝑡1

2)2 

𝜂 = 𝑑𝑟𝑎𝑔 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 = 1 𝑓𝑜𝑟 𝑐𝑖𝑐𝑦𝑐𝑙𝑖𝑠𝑡 𝑖𝑛 𝑎𝑖𝑟 

𝜌 = 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑓𝑙𝑢𝑖𝑑 = 1.2
𝑘𝑔

𝑚3 at sea level 

A = Cross Sectional Area 

𝐸𝑑𝑟𝑎𝑔 = 4810.94 J 

Figure 26 – Drag of System at 100% Battery Capacity. [37] 

With the energy lost for drag and friction accounted for, the work of the motor looks like the 

following: 

𝐸𝑚𝑜𝑡𝑜𝑟 = 𝐸𝑑𝑟𝑎𝑔 − 𝐸𝑓𝑖𝑛𝑎𝑙 + 𝐸𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 

𝐸𝑚𝑜𝑡𝑜𝑟 = 4810.94 𝐽 − 3524.80 + 1321.80 𝐽 

𝐸𝑚𝑜𝑡𝑜𝑟 = 2607.94 𝐽 

Figure 27 – Energy Conservation Numbers. [38] 

In order to find the efficiency of the motor, the Power Input needs to be divided by the Power 

Output. The Power Output is the power of the rider/bicycle system as a whole, and Pout = F * v, 

in which F is equivalent to force, or mass * acceleration, and v = average velocity of the system. 

On the other hand, the electrical Power Input of the system can be solved using Pin = I * V, in 

which I is the current (A) and V is the voltage (V). The efficiency results are listed below at 

100% battery capacity. 
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Average Pin (W) 252 W 

Average Pout (W) 139.57 W 

Average Efficiency (%) 55.38% 

 

Figure 28 – Efficiency Results at 100% Load 

Conclusion 

The bicycle described in this project was constructed and welded out of mild steel. It was 

designed to be used in urban environments such as busy cities in order to travel longer distances 

than standard bicycles in shorter times and with less physical labor, and it was built to potentially 

replace cars in downtown traffic jams. 

The bicycle clocks in at an average acceleration of 0.34 at 100% load and a recorded top speed 

of 18.45mph; it must be considered that the bicycle is legally allowed to cruise at speeds of only 

20mph. The amount of work the motor performed was 2607.94 J, while the average efficiency of 

the system was 55.38%. 

Testing was limited in some aspects. First, timing was dependent on a human timer, therefore 

errors between deciding when to start and stop timing contributed to a spread in the results. In 

addition, starting up the bike takes a bit of time, so it is unclear when one can say the bike begins 

moving. 

The most successful aspect of this project was the ability to ride the bicycle down the hallway at 

least once without crashing because the physical bicycle has a lot of unintended design flaws 

which will be addressed in the following section. 

Next Steps 

As of today, the first iteration of electric bicycle is completed, however it can definitely be 

improved. For starters, it still lacks the hydraulic brakes it needs. In terms of the steering 

mechanism and range of motion, both can be improved through the use of a threaded bearing, 

which uses ball bearings with a rod through them that allows for smoother steering than plain 

steel tubing. [39] 

Addressing the elephant in the room, the bicycle simply needs to be rebuilt. The connector tubes 

at the side are slanted which make the bike more difficult to ride. The front wheel is off-line with 

the rear wheel, and the front wheel is tilted so that the wheel is always rubbing the fork. The 

back wheel is also slightly angled, which requires the motor to be tilted as well. These problems 

can be addressed and corrected with a second iteration of the bicycle, as more welding and tube-

cutting experience allows for a more accurate weld. 

Finally, spacing and materials can be tinkered with. the motor controller and batteries can be 

mounted elsewhere on the bicycle in order to clear up more space for the rider. The bike seat 

should be lower in order to accommodate for shorter riders, and the frame should be more 

narrow as the bike feels too wide to straddle at times. In terms of materials, lighter and sturdy 

materials such as aluminum or even bamboo can be used to construct a bike frame. 

 



Babiera 19 

 

Acknowledgements 

I would first like to thank Dr. Dann for his support of this project. Although in the early stages of 

the project there was a bit of tension about the amount of time I spent in the conference room 

working, Dr. Dann has been supportive of my project and has helped make sure I didn’t set my 

bike on fire due to the current restrictions of alligator clips. Dr. Dann even told me that I could 

use the angle grinder to notch tubes, and it’s been a godsend ever since. 

I would also like to thank Mr. Ward for teaching me how to operate the MIG welder and being 

patient with my work in the tool shop. I’ve probably ruined the fine hacksaw and I managed to 

detach the chuck from the drill press, but Mr. Ward was still relatively okay with my work in the 

tool shop. 

Finally, a shoutout to anybody in the tool shop at any point in which I was using the angle 

grinder. While the amount of sparks may seem like a fire hazard, everyone was mostly okay with 

me cutting around their wooden projects. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Babiera 20 

 

Bibliography 

[1] DW, Opinion: The future belongs to bicycles (December, 2017), 

http://www.dw.com/en/opinion-the-future-belongs-to-bicycles/a-39212601 

[2] [3] CrazyGuyOnABike, The Penny Farthing: 1878 - James Starley and his ordinaries 

(August, 2006), https://www.crazyguyonabike.com/doc/page/?page_id=40618. 

[4] [5] CrazyGuyOnABike, The Rover: 1885 – The modern bicycle born in England          

(August, 2006), https://www.crazyguyonabike.com/doc/page/?page_id=40618. 

[6] [7] ElectricBike, Electric Bike History, patents from the 1800’s (November, 2013), 

https://www.electricbike.com/e-bike-patents-from-the-1800s/. 

[8] ElectricBikeAssociation, History of Electric Bikes, 

https://electricbikeassociation.org/about/history/ 

[9] ElectricBikeBlog, What is a Pedelec Bike? (May, 2017), 

http://electricbikeblog.com/pedelec-bike/ 

 

[10] EBR, What Are Electric Bike Classes and Why Do They Matter? (2015), 

https://electricbikereview.com/guides/electric-bike-classes/ 

[11] ekwb, What is PWM and how does it work? (July, 2016),  

https://www.ekwb.com/blog/what-is-pwm-and-how-does-it-work/ 

 

[12] 4QD, What is PWM, https://www.4qd.co.uk/docs/what-is-pwm/ 

[13] [14] Jalopnik, How Electric Throttle Control Works (May, 2013), 

https://jalopnik.com/how-electronic-throttle-control-works-499966101 

 

[15] ElectricScooterParts, 36 Volt Motors, https://electricscooterparts.com/motors36volt.html 

[16] [17] MicroChip, Brushed DC Motor Basics, 

http://www.microchip.com/stellent/groups/SiteComm_sg/documents/DeviceDoc/en543041.pdf 

[18] [19] [20] [21] Progressive Dynamics, Inc., Battery Basics, 

https://www.progressivedyn.com/service/battery-basics/ 

[22] Robots, Arc Welding 101, https://www.robots.com/articles/viewing/arc-welding-101 

[23] Mikes Bikes, Disc Brake Basics,  

https://mikesbikes.com/how-to/disc-brake-basics-pg158.html 

 

[24] [25] Hyperphysics Georgia State University, Pascal’s Principle, 

http://hyperphysics.phy-astr.gsu.edu/hbase/pasc.html 

 

[26] Slideshare, The Physics of Bicycles, https://www.slideshare.net/AlexanderMills/the-physics-

of-bicycles 

http://www.dw.com/en/opinion-the-future-belongs-to-bicycles/a-39212601
https://www.crazyguyonabike.com/doc/page/?page_id=40618
https://www.crazyguyonabike.com/doc/page/?page_id=40618
https://www.electricbike.com/e-bike-patents-from-the-1800s/
https://electricbikeassociation.org/about/history/
http://electricbikeblog.com/pedelec-bike/
https://electricbikereview.com/guides/electric-bike-classes/
https://www.ekwb.com/blog/what-is-pwm-and-how-does-it-work/
https://www.4qd.co.uk/docs/what-is-pwm/
https://jalopnik.com/how-electronic-throttle-control-works-499966101
https://electricscooterparts.com/motors36volt.html
http://www.microchip.com/stellent/groups/SiteComm_sg/documents/DeviceDoc/en543041.pdf
https://www.progressivedyn.com/service/battery-basics/
https://www.robots.com/articles/viewing/arc-welding-101
https://mikesbikes.com/how-to/disc-brake-basics-pg158.html
http://hyperphysics.phy-astr.gsu.edu/hbase/pasc.html
https://www.slideshare.net/AlexanderMills/the-physics-of-bicycles
https://www.slideshare.net/AlexanderMills/the-physics-of-bicycles


Babiera 21 

 

[27] https://www.singletracks.com/blog/uncategorized/mtb-frame-geometry-part-1-how-it-fits/ 

 

[28] abcNews, Why Have Americans Stopped Growing Taller? (July, 2017), 

https://abcnews.go.com/Technology/story?id=98438&page=1 

 

[29] EM3ev, EEB Full Suspension E-Bike Frame, https://em3ev.com/shop/eeb-full-suspension-

ebike-frame/ 

 

[30] [31] [32] CyclingAbout, Understanding Bicycle Frame Geometry (October 4, 2013). 

https://www.cyclingabout.com/understanding-bicycle-frame-geometry/ 

[33] ElectricScooterParts, Chain, https://www.electricscooterparts.com/chain.html 

[34] ParkTool, Chain Length Sizing (August, 2015),  

https://www.parktool.com/blog/repair-help/chain-length-sizing#article-section-6 

 

[35] GallagherCorp, Urethane Coefficient of Friction, https://gallaghercorp.com/design-

guide/polyurethane-coefficient-friction/ 

[36] NASA, Factors That Affect Drag, https://www.grc.nasa.gov/www/k-

12/airplane/factord.html 

[37] [38] PhysicsCentral, E-Bike Physics (October, 2013) 

http://physicsbuzz.physicscentral.com/2013/10/e-bike-physics.html 

[39] ParkTool, Headset Standards (August, 2015), https://www.parktool.com/blog/repair-

help/headset-standards 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.singletracks.com/blog/uncategorized/mtb-frame-geometry-part-1-how-it-fits/
https://abcnews.go.com/Technology/story?id=98438&page=1
https://em3ev.com/shop/eeb-full-suspension-ebike-frame/
https://em3ev.com/shop/eeb-full-suspension-ebike-frame/
https://www.cyclingabout.com/understanding-bicycle-frame-geometry/
https://www.electricscooterparts.com/chain.html
https://www.parktool.com/blog/repair-help/chain-length-sizing#article-section-6
https://gallaghercorp.com/design-guide/polyurethane-coefficient-friction/
https://gallaghercorp.com/design-guide/polyurethane-coefficient-friction/
https://www.grc.nasa.gov/www/k-12/airplane/factord.html
https://www.grc.nasa.gov/www/k-12/airplane/factord.html
http://physicsbuzz.physicscentral.com/2013/10/e-bike-physics.html
https://www.parktool.com/blog/repair-help/headset-standards
https://www.parktool.com/blog/repair-help/headset-standards


Babiera 22 

 

Appendices 

Appendix A – Parts List 

Part Use Source Cost 

Steel Tubing Frame Material Alan’s Steel and 

Supply 

$78.00 ($5.05/lb) 

26” Front Wheel 

(Thru-Axle) 

Front Wheel Whitaker Lab Available in Lab 

26” Rear Wheel 

(Bolted) 

Rear Wheel Whitaker Lab Available in Lab 

#415 Chain (85 

Links) 

Bike Chain Electric Scooter Parts $15.30 ($0.18/Link) 

36V 1000W 

3000RPM Motor 

Motor Electric Scooter Parts $129.95 

UB1270 12V 7 Ah 

Battery (x3) 

Batteries Electric Scooter Parts $74.85 (@ $24.95 

Each) 

Schwinn No Pressure 

Bicycle Seat 

Bicycle Seat Amazon $16.99 

50mm 18-8 Stainless 

Steel Unthreaded 

Spacers (x2) 

Rear Wheel Spacer McMaster-Carr $20.82 (@ $10.42 

Each) 

36V 1000W Motor 

Controller 

Motor Controller Amazon $29.99 

0.625-inch thick 

Plywood 

Footrest + Motor 

Mount 

Whitaker Lab Available in Lab 

Clarks M2 Hydraulic 

Disc Brake + Rotor 

Hydraulic Brakes Chain Reaction 

Cycles 

$28.49 

Full Length Twist 

Throttle 

Electric Throttle Electric Scooter Parts $19.95 

 

Appendix B: Working Data Table 

 

This excel sheet was used to record data points and automatically perform calculations. 


