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[bookmark: _Toc467539377][bookmark: _Toc467865118][bookmark: _Toc467865572][bookmark: _Toc467874670]2. Project Description 
[bookmark: _Toc467539378][bookmark: _Toc467865119][bookmark: _Toc467865573][bookmark: _Toc467874671]2.1 Project Background
In large metropolitan cities, such as New York, many people use bicycles as an alternative form of transportation. This is because traveling by car in a densely-populated area is time consuming and inefficient. Traveling long distances is especially straining to cyclist's bodies over time. Many are also trying to get from point A to point B as quickly as possible. For these reasons, cyclists often turn to electrically operated bicycles.
An electrically operated bicycle allows the user to achieve speeds of up to 20 miles per hour, while maintaining control and the luxury of pedaling when they find it convenient. The bike usually consists of a custom bicycle frame and an electric motor, in the form of a hub motor, mid-drive motor or belt drive connected to the rear wheel, although some designs also include a front wheel design. 
Electric bicycles most commonly use lithium ion batteries. The problem with this system is that it uses a lot of power so the battery has to be constantly charged every day for use. This is one of the costs associated with electrical bike travel. 

[bookmark: _Toc467539379][bookmark: _Toc467865120][bookmark: _Toc467865574][bookmark: _Toc467874672]2.2 Objectives
[bookmark: _Toc467539380][bookmark: _Toc467865121][bookmark: _Toc467865575][bookmark: _Toc467874673]2.2.1 Motivation 
The motivation for this project is to demonstrate our knowledge and apply what we have learned at the University of Central Florida.
2.2.2 Design A
To design an electric bicycle that integrates solar panels to charge the main battery powering the bicycle motor. 
To design two different power systems:
· A main power system comprised of solar cell conversion, a 48V+ lithium ion battery that powers the bicycle’s motor, and homeport charging option
· A secondary power system, low voltage, used to power electronics on the bicycles handle bars

2.2.3 Design B
To design an electric bicycle that integrates solar panels to charge a secondary battery powering electronics mounted onto the bicycle.
To design two different power systems:
· A main power system a 48V+ lithium ion battery that powers the bicycle’s motor, and homeport charging option
· A secondary power system, low voltage, supported by solar cells conversion to charge the battery used to power electronics on the bicycles handle bars
[bookmark: _Toc467539381][bookmark: _Toc467865122][bookmark: _Toc467865576][bookmark: _Toc467874674]2.3 Requirements Specifications	Comment by Austin Martratt: We should add more
* “The system” refers to the bike and all accessories and/or attachments
· The system shall be no taller than 3.333 ft.
· The system shall be no longer than 6 ft.  
· The system shall not weigh more than 125 lbs.
· The system shall contain a bike, battery, solar panels, motor, and sensor control
· The solar panels shall not exceed 8 cubic feet
· The power system will have overcharge protection
· The power system shall have current leakage protection
· The power system shall be capable of delivering at least 24 volts DC
· The secondary battery shall be capable of charge via solar panels and/or wall plug
· The power supply shall be capable of powering multiple sensors and accessories
· The power supply shall be capable of powering the DC motor
· The bicycle shall be able to reach speeds of 20 miles per hour via electrical operation	Comment by Austin Martratt: 12?
· The battery shall have a full charge time of at least 12 hours
· The system shall be capable of variable speed operation
· The total cost of the system shall not exceed $1000
· The microprocessor shall be capable of pulse width modulation
· The motor shall be driven by use of pulse width modulation
· The bike must be blue (sponsor requirement).















[bookmark: _Toc467539382][bookmark: _Toc467865123][bookmark: _Toc467865577][bookmark: _Toc467874675]3. Research related to Project Definition 
[bookmark: _Toc467539383][bookmark: _Toc467865124][bookmark: _Toc467865578][bookmark: _Toc467874676]3.1 Existing Projects and Products
[bookmark: _Toc467539384][bookmark: _Toc467865125][bookmark: _Toc467865579][bookmark: _Toc467874677]3.1.1 Solar Cell Design
As with many of today's technology, innovation plays a key role. Expanding on designs that have been laid out before is a basis of all modern engineering. There are existing technologies that incorporate solar power and electric bicycles, but with very different designs and approaches of integration.
[image: ]
Figure 1
Figure 1 shows an electric bicycle design that incorporates photovoltaic cells on the tires themselves. This allows the battery that is driving the motor to be charged while the bike is left in the sun, and discharged when the bike is in use, not actually driven by the solar cells themselves. A bicycle like the one shown can go up to speeds of 19 miles per hour, driven by a 500-watt motor. 

[image: ]
Figure 2
Another popular design is shown in figure 2. This integration has the solar panels arched over the back tire, facing in opposite directions. With this design, it takes roughly 6 hours to charge its main battery while in direct sunlight.
[bookmark: _Toc467539385][bookmark: _Toc467865126][bookmark: _Toc467865580][bookmark: _Toc467874678]3.1.2 Accessories 
[image: ]
Figure 3
Figure 3 shows a speedometer for a bicycle which uses magnets on the spokes to accurately read the speed. This is similar to our objective to provide the user with accessories such as a speedometer, reading the bicyclists current speed, timer which records the amount of time the user has been riding, and potentially feedback for current weather conditions. 
[bookmark: _Toc467539386][bookmark: _Toc467865127][bookmark: _Toc467865581][bookmark: _Toc467874679]3.1.3 Throttle Design
There are many existing designs for throttles, each one with its own application. These designs have advantages and disadvantages when it comes to certain applications. This section will cover common designs for throttles used to control motor speed.
Potentiometer Controlled Throttle	Comment by Austin Martratt: Make a better diagram
[image: ]
Figure 4
This throttle control design is one of the simplest and most well-known. As shown in figure 4, it involves an external user controlled potentiometer. A potentiometer is an adjustable resistor, having contacts that moves across a resistive element. The user controls the resistance given off by the potentiometer, and that is fed back to the DC controller. The DC controller then regulates the amount of voltage to send to the motor depending on the input from the user controlled potentiometer. The advantage of this design is that it is relatively simple and low cost. In turn, you sacrifice the longevity of the design, as the average life cycle is very low, as most only last a couple of thousand rotations before the material wears out. Potentiometer based throttles are also limited in the power they can handle, as they can only dissipate a few watts of power at most and to handle more power they become bulky and expensive.
Hall Effect Sensor Throttle
[image: hall effect sensor principals]
Figure 5
The hall effect sensor throttle works similarly to a potentiometer except rather than turning a manual dial, you move a magnet closer to a hall sensor. A hall sensor is a transducer that varies its output voltage in response to a magnetic field. It is a common sensor known as a magnetic sensor because it converts magnetic or magnetically encoded information into electrical signals for processing by electronic circuits. Magnetic sensors, such as the hall effect sensor used for throttling, make it ideal for applications where the use causes wear and tear. This is because the hall effect sensor is non-contact wear free operation with low maintenance and a robust design. The sealed hall effect devices are immune to outside disturbances, such as vibration, dust, and water.
	Figure 4 above shows the general nature of a hall effect, generating voltage by use of a magnetic field. The DC supply provides the constant current flow. When the magnetic field is moved closer to the sensor, it allows current to flow through, resulting in the Hall voltage, , the voltage output directly proportional to the strength of the magnetic field passing through the semiconductor material. This nature of the hall effect is used for throttles, including many electric bicycle motor control. The throttle is equipped with a hall sensor and magnet. When the user turns the throttle, usually a hand twist or thumb push throttle, the magnet is brought closer to the sensor, increasing voltage flow to a main control board that dictates the main power going to the motor. 



[bookmark: _Toc467539387][bookmark: _Toc467865128][bookmark: _Toc467865582][bookmark: _Toc467874680]3.2 Relevant Technologies
[bookmark: _Toc467539388][bookmark: _Toc467865129][bookmark: _Toc467865583][bookmark: _Toc467874681]3.2.1   Photovoltaic Cells

[image: ]
Figure 4
Our design integrates photovoltaic cells, or solar panels to harness the energy from the sun and convert it into power we can use to charge the battery on the bicycle. Solar panels are a series of many photovoltaic cells that absorb photos of light and release electrons from the semiconductor material. These electrons flow through the wire from the cells and into our load.
[bookmark: _Toc467539389][bookmark: _Toc467865130][bookmark: _Toc467865584][bookmark: _Toc467874682]3.2.2   Bicycle Motor

There are different types of motors used for electric bikes. These include Hub motors, mid drive, and friction drive.
Hub motors are electric motors that are housed inside the hub of either the front real wheel. They are the most common motor found in electric bikes.
Mid drive motors are powered through the drivetrain of the bike which enables the motor to help with long and steep climbs. These are less commonly used because of the strain it puts on internal components within the drivetrain.
Friction drive motors use a roller that sits on the bike wheel and uses friction to transfer the power from the roller wheel to the bike wheel. These motors do not perform well in wet weather and off road tires.
[bookmark: _Toc467539390][bookmark: _Toc467865131][bookmark: _Toc467865585][bookmark: _Toc467874683]3.2.3   Throttle Control

The throttle for an electric bike controls the speed at which the motor drives the bicycle tire, resulting in the speed at which the user travels. There are three types of electric bike throttles: thumb throttles, half twitch throttles and full twist throttles. The throttle is controlled by the user using their hands and limits the amount of power being sent to the motor.
[bookmark: _Toc467539391][bookmark: _Toc467865132][bookmark: _Toc467865586][bookmark: _Toc467874684]3.2.4   Bicycle Battery

The most commonly used battery for an electric bicycle is a lithium ion battery because they are rechargeable and have a higher current capacity than others. Depending on the motor driving the bicycle, this battery can have a different voltage rating commonly from 24 volts and higher. Because it takes a lot of power to drive a weighted bicycle, these batteries must have a power rating to drive the motors. 
A smaller rechargeable battery may be used to power low power electronics mounted onto the bicycle.	Comment by Jared Faulkner: Need to elaborate more on the smaller battery

[bookmark: _Toc467539392][bookmark: _Toc467865133][bookmark: _Toc467865587][bookmark: _Toc467874685]3.2.5 Pulse Width Modulation Control	Comment by Austin Martratt: Jared add to this section?
This section will provide a brief overview of pulse width modulation(PWM), common applications, and integration into the hybrid bike design.
[image: Image result for pulse width modulation]
Figure 	Comment by Austin Martratt: update
Pulse width modulation is a method for generating an analog signal using a digital source. A PWM signal has two defining characteristics: duty cycle and frequency. The duty cycle represents the amount of time the signal is in an “ON” state or “HIGH” level and is given as a percentage of the total time it takes to complete one cycle. For example, 500Hz, would be 500 cycles per second, the rate at which is switches between “ON” and “OFF” states. It is important to note that these “ON” and “OFF” states are representative of voltage levels. “ON” being characterized by a certain voltage level in which the signal is seen as “HIGH.” “OFF” being characterized by a voltage that is lower than the preset “ON” voltage. 
By using a digital PWM, at a certain frequency and with a certain duty cycle, we can create constant voltage analog signals used to power a wide array of devices. For example, a certain PWM signal has a amplitude of 5V and a positive duty cycle of 10%, the analog signal will be of 0.5V since the load will see the average of the PWM digital signal as a constant analog. This relationship between the digital input and the analog output that the load sees can be visualized in Figure X below.
[image: ]
Figure X PWM Digital/Analog Comparison	Comment by Jared Faulkner: Update
As observed above, when the duty cycle of the PWM signal reaches near 100%, the amplitude of the analog output is close to the full 100% voltage of the PWM signal amplitude. On the contrary, as the positive width of the signal becomes smaller, closer to a 0% duty cycle, the analog output voltage gets closer to 0V. This variation in duty cycle can be controlled using digital control through the means of programming or through analog inputs like throttles or potentiometers.
The main use of PWM is to control DC motors, a direct application of what we are doing here, but is also used to control valves, pumps, hydraulics, and many other mechanical parts which require controlled analog voltage. In this project, a PWM will be used to control the motor speed output. This will be done by changing the duty cycle from near 0% up to near 100%. The throttle will be used to control the duty cycle change. 
[bookmark: _Toc467539393][bookmark: _Toc467865134][bookmark: _Toc467865588][bookmark: _Toc467874686]3.2.6 Voltage Regulator
Every electronic circuit is designed to operate at a certain voltage, or voltage range. A voltage regulator provides this constant DC source while holding the voltage constant, regardless of varying input voltage and load current pull. A voltage regulator takes an input voltage and creates a regulated output voltage. This automatic regulation of output voltage level is handles by various feedback techniques that can improve performance, reliability, and efficiency. There are two main types of voltage regulators, linear and switching.  
3.2.6.1 Linear Voltage Regulator
[image: ]
Figure 	Comment by Austin Martratt: Add figure number later

Figure shows the basic architecture for a linear voltage regulator. A linear voltage regulator uses a voltage-controlled current source to force a fixed voltage to appear at the output of the regulator. From above, the sense/control circuitry must quickly monitor the output voltage, constantly adjusting the current source in order to hold a fixed output voltage at some pre-determined value. Linear voltage regulators have a limit to the amount of current they can source while still maintaining the desired voltage regulation. This design limit is defined by the current source, controlled by using a feedback loop, integrating some type of compensation to assure loop stability.	Comment by Austin Martratt: update

Feedback Control Loop 
[image: ]
Figure	Comment by Austin Martratt: update

Figure shows a diagram for a typical linear voltage regulator. Many linear voltage regulators use a power transistor to act as a voltage divider network, in combination with resistors. The output from the voltage divider is used as feedback, sourcing the power transistor in order to maintain a constant output voltage. Another common characteristic of linear voltage regulators, and sometimes a disadvantage, is the amount of time it requires to “correct” the output. Since it is using a feedback controlled system, the output voltage will constantly try to change when the current pull from the load varies. This is often referred to as the transient response, measuring the speed at which the regulator can output the required steady voltage after a change in load characteristics.	Comment by Austin Martratt: update

	Because the process of regulating voltage requires power manipulation, there are times where the energy lost due to heat can be very high, demanding good heatsinks and airflow within the design for efficient heat dissipation. The total power converted to heat is equal to the voltage drop between the input and output voltages multiplied by the current supplied to the load. 
Linear Voltage Regulator Types
Types of linear voltage regulators include, low dropout(LDO), Standard, and Quasi-LDO. We will briefly cover those that directly impact this project.




Standard
[image: ]
Figure 	Comment by Austin Martratt: update

A Standard voltage regulator makes use of a NPN Darlington pair configuration as shown in figure shown above. An important characteristic of a Standard voltage regulator is that there is a minimum voltage required to maintain output regulation. 	Comment by Austin Martratt: update
[image: ]
This is usually set to 2.5 to 3V by the manufacturer to guarantee specified performance. The voltage where the output from the regulator falls out of regulation is most commonly called the dropout voltage and will be somewhere between 1.5V and 2.2V for Standard regulators. 
Low-Dropout (LDO) Regulator
The Low-dropout (LDO) voltage regulators differ from other regulators because they are only made up of a single PNP transistor as shown in figure .	Comment by Austin Martratt: update

[image: ]
Figure 	Comment by Austin Martratt: update
The most important characteristic for an LDO voltage regulator is its ability maintain regulation at really low voltages, where the voltage required is just the voltage drop across the transistor and is usually around 0.7 to 0.8 at full current. LDO voltage regulators dominate the electronics markets which primarily operate on battery-power. This is because they maximize the available input voltage, resulting in much higher efficiency.
3.2.6.2 Switching Voltage Regulators
Linear voltage regulators provide solutions to low power applications where there is primarily a small budget and where the voltage difference between the input and output is low, but they aren’t the common choice is higher power applications. This is because linear regulators aren’t very efficient, with many regulators below 50% efficient, dissipating much of the power as heat. This is where switching voltage regulators are used, when applications require a wide range of input voltages and power efficiency needs to be 85% or above. 
Types of Switching Voltage Regulators
The types of switching voltage regulators we will cover include buck (step down) and boost (step up), although many more exist with varying applications and topologies.
Buck Converter
A buck converter (step-down converter) is a DC-to-DC power converter which steps down voltage (while stepping up current) from its input (supply) to its output (load). It is a class of switched-mode power supply (SMPS) typically containing at least two semiconductors (a diode and a transistor, although modern buck converters frequently replace the diode with a second transistor used for synchronous rectification) and at least one energy storage element, a capacitor, inductor, or the two in combination. To reduce voltage ripple, filters made of capacitors (sometimes in combination with inductors) are normally added to such a converter's output (load-side filter) and input (supply-side filter).
[image: ]
Figure : Basic Buck Converter (step down)	Comment by Austin Martratt: update
Switching converters (such as buck converters) provide much greater power efficiency as DC-to-DC converters than linear regulators, which are simpler circuits that lower voltages by dissipating power as heat, but do not step up output current. 
Buck converters can be remarkably efficient (often higher than 90%), making them useful for tasks such as converting a computer's main (bulk) supply voltage (often 12V) down to lower voltages needed by USB, DRAM, the CPU (1.8V or less), etc.
Boost Converter (step up)
A Boost converter is a switch mode DC to DC converter in which the output voltage is greater than the input voltage. It is also called as step up converter. The name step up converter comes from the fact that analogous to step up transformer the input voltage is stepped up to a level greater than the input voltage. By law of conservation of energy the input power has to be equal to output power (assuming no losses in the circuit).
The main working principle of boost converter is that the inductor in the input circuit resists sudden variations in input current. When switch is OFF the inductor stores energy in the form of magnetic energy and discharges it when switch is closed. The capacitor in the output circuit is assumed large enough that the time constant of RC circuit in the output stage is high. The large time constant compared to switching period ensures a constant output voltage Vo(t) = Vo(constant)
[bookmark: _Toc467865135][bookmark: _Toc467865589][bookmark: _Toc467874687]3.2.7 MOSFETs
Metal-oxide-semiconductor field-effect transistors (MOSFET) are the building blocks of modern VLSI circuits with the areas of applications that include: microprocessors, dynamic memories, switching, regulating, and many more. We will cover two kinds of MOSFETs, the N channel MOSFET and the P channel MOSFET. While both are closely related, they have very different functions and characteristics. 
[image: ]
Figure :	Comment by Austin Martratt: update
Figure shows the basic construction and configurations of the N-channel and P-channel MOSFETs.
The Metal Oxide Semiconductor Field Effect Transistor, or MOSFET for short, has an extremely high input gate resistance with the current flowing through the channel between the source and drain being controlled by the gate voltage. Because of this high input impedance and gain, MOSFETs can be easily damaged by static electricity if not carefully protected or handled.
MOSFET’s are ideal for use as electronic switches or as common-source amplifiers as their power consumption is very small. Typical applications for metal oxide semiconductor field effect transistors are in Microprocessors, Memories, Calculators and Logic CMOS Gates etc.
[image: ]
Figure : Switching characteristics	Comment by Austin Martratt: update

So for n-type enhancement type MOSFETs, a positive gate voltage turns “ON” the transistor and with zero gate voltage, the transistor will be “OFF”. For a p-channel enhancement type MOSFET, a negative gate voltage will turn “ON” the transistor and with zero gate voltage, the transistor will be “OFF”. The voltage point at which the MOSFET starts to pass current through the channel is determined by the threshold voltage VTH of the device.
[bookmark: _Toc467865136][bookmark: _Toc467865590][bookmark: _Toc467874688]3.2.8 MOSFET Drivers
In applications that require the use of a microcontroller, many will find that the output pins can only drive so much voltage or current. This low voltage/current combinations results in a scattering of logic, especially when dealing with transistor to transistor logic(TTL), where the high side voltage onto the base is more than what a microcontroller can source. Because of this, drivers are needed. Drivers are chips that “drive” the output of the microcontroller, or any output generally speaking, with the goal of producing a higher output, compatible to the needs of a user or application. For MOSFET drivers, the typical use is to drive a high enough voltage onto the gate, turning the MOSFET on or off. This is especially important when dealing with switching speeds that need to be very fast. Applications include: switch mode power supplies, motor controls, pulse transformer drivers, switching amplifiers, pulse generators and more. 
[image: ]
Figure 	Comment by Austin Martratt: update
Figure shows the general layout and use of a MOSFET driver used to drive the output from a microcontroller. This specific application is switching for some type of load from the MOSFET, although the general use is the same.	Comment by Austin Martratt: update




[bookmark: _Toc467539394][bookmark: _Toc467865137][bookmark: _Toc467865591][bookmark: _Toc467874689]3.3 Strategic Components and Part Selections
[bookmark: _Toc467865138][bookmark: _Toc467865592][bookmark: _Toc467874690]3.3.1 Motor
When selecting the motor for this project, we set out some parameters to help us choose. These parameters include power output, size, weight, orientation, and cost. We wanted to find a motor that had power behind it so we determined that we needed a motor that would output roughly 24-48V, 500-1000W. Ideally, we would like to have a motor that can be operational just off of 24V to help with reducing the amount of batteries powering the motor which leads to less weight on the bike. The size of the motor was the least important parameter since most motors were relatively small when compared to the bike. Weight of the motor was high priority parameter since the weight of the motor contributes greatly to the weight of the bike. Depending on orientation, the weight of the motor could through the bike off balance in normal operation if the motor was on the heavier side. Knowing this, we set the motor weight limit to no more than 30lb. The orientation of the motor was a tremendous consideration when researching motors. There are two different types of orientations that we had to choose from, the first being a side-mounted motor, which has the motor mounted to the side of the wheel for ease of removal, and the wheel mounted motor, which has the motor built into the wheel of the bike. We strived to find a motor that was wheel-mounted since there would be more stability in operation for a more enjoyable ride for the user. The cost played a subtle role in our decision since most motors were vastly varied in price like how side-mounted motors are typically cheaper than wheel-mounted motors and that motors that have a high-power output tend to be more expensive. So we put our budget range from $90 - $300 as a rough estimate. We also kept in mind of the budget given to us since we knew that the motor would most likely be the most expensive part of the project. Knowing all these parameters that were set, we came down to 3 different motor contenders that met most of the parameters that we set to strive for. 
Aosom 26” Rear Wheel 48V 1000W Electric Battery Powered Bicycle Motor
[image: /var/folders/pl/kwbq8mr10j17bbfthlz55b8r0000gn/T/com.apple.iChat/Messages/Transfers/IMG_7661.JPG]
				Figure # Aosom 26” Bicycle Motor
This motor is at the threshold for the power output that we wanted. The weight of this motor is roughly around 28.7 lb. which falls within the chosen weight range. This motor is a wheel mounted brushless hub motor that has a wheel radius of 26” which is the preferred choice in motor selection. The max speed is advertised as 28 mph, which would also meet our requirement specification of at least 20mph. The cost of the motor is $239.95 off Amazon which is below our $300 limit. Overall this is a perfect candidate for our project. This is motor we ended up selecting for this project since our sponsor wants the best quality that meets our parameters.
24V 350W MY1016Z3 Electrical Motorized E-Biker Bicycle Motor
[image: ]
This motor is a single phase permanent magnet DC Brush motor that has a sufficient voltage of 24V, a rate power consumption of 350W, and a rated current of 18.7A. As a result, the specifications for this motor rated the maximum speed to be between 15 and 18 miles per hour, falling within our requirement specification of at least 12 miles per hour. The rated load RPM for this motor is 3000 which is decent since its no load RPM is 3850 giving it a 78% efficiency rating. The weight of this motor was the lightest, weighing in at 11.02 lbs which easily fell within our weight parameter. This motor is a side-mounted motor which was not preferred but since it had light weight, we figured that stability within operation could still be achieved. Since it is a side-mounted, this motor will be directly connected to the chain of the rear wheel instead of having to replace the rear wheel, like how a wheel-mounted motor would require. The cost of this motor was the cheapest of our options with a price tag of $94.99. This price is on the lower spectrum for bicycle motors, making it perfect for budget conscience projects. 
[bookmark: _Toc467865139][bookmark: _Toc467865593][bookmark: _Toc467874691]3.3.2 Microcontroller
The role of the microcontroller is split into two major tasks. to measure the time the wheel takes to rotate one full rotation, through the use of a magnetic reed sensor, and convert that into a speed measured in the units miles per hour (MPH). This speed would then be output onto an LCD. In our choice for a microcontroller, we kept this task in mind of what processor would be the best choice for this project. Another though considered would be the language that the processor would understand, and that we would strive for a language that is familiar to our programmer. 
In addition, the MCU will be taking in throttle input that will be used to edit the produced a high frequency PWM signal for motor control. We would need a MCU with a high processing speed that is capable of producing such a signal. We also would want to find a microcontroller that is powerful enough to take on the task while keeping the cost within reason.
ATMEL ATmega328
[image: ]
The two microcontrollers we considered as candidates for this project are the Atmel ATmega328 and the Texas Instruments MSP430G2x53 series. The ATmega328 is a typical and popular choice in microcontroller for most projects since they are, for the most part, user friendly. The positives about the Arduino is that there’s not a heavy setup for the processor, code-wise, and that taking analog inputs is much easier to program than most other boards. The ATmega328 runs on a processing speed of 16MHz and has an operating voltage of 5V which is a low voltage that the solar panel can supply. The ATmega328 also has a more understandable logic when interfacing with an LCD screen for UI output. The cost of the ATmega328 doesn’t dig deep into our budget since most websites sell it for a low cost of just $16. The negative to the Arduino is that for the programmer, the language is not as familiar compared to the language taught on the MSP430, which will have to be an obstacle to overcome with more experience. On a side note, we considered getting a starter kit for the Arduino to have access to other sensors and take advantage of the included LCD that we would need. We decided against this since we felt that it would be a waste of finances to our sponsor. In the end, we chose the Arduino UNO as our microcontroller of choice.
MSP430G2553
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The other choice for a microcontroller is the MSP430G2553. This is a familiar microcontroller that we have used in the classes. The positives for this processor is that it has a familiar language that our programmer knows well, low costing (roughly $10), runs at 16MHz with 16 kB of flash, a 5V input. The negatives for this board are that it requires more coding to properly use an LCD, take in analog inputs, and for the initial setup than the Arduino, and also that the IDE for the MSP430G2553 is not supported for Mac or Linux environments. 
Below is a table comparing the specifications of each microcontroller.
	Feature
	ATmega328
	MSP430G2553

	Operating Voltage
	1.8 – 5.5V
	1.8 – 3.6V

	Temperature Range
	-40C to 85C
	-40C to 85C

	Max Clock Frequency
	20 MHz
	16 MHz

	Memory
	32 KB Flash, 1 KB EEPROM, 2 KB SRAM
	16 KB Flash, 0.5 SRAM

	Analog I/O
	Input Only
	Both

	Digital I/O
	Both
	Both

	GPIO Pin Count
	20
	24

	Bit count
	8-bit
	16-bit

	Low Power
	Yes
	Yes

	Power Consumption
	Active Mode: 200A@1MHz
Off Mode: 0.1A
	Active Mode: 330A@1MHz
Off Mode: 0.1A

	Unit Price
	$3.38
	


					Table X: MCU Comparison	Comment by Jared Faulkner: Update
Analyzing this table, are needs for this project are met with using the ATmega328. The main reason is that the MSP430 just has many features that are just extra and unnecessary for the design of the project. One instance is that the design will not be sending any analog outputs to any part of the board and therefore having both analog I/Os would be nice, it would not be utilized in this design. Another reason is that the ATmega328, by comparison, is a more powerful than its competitor with a 20 MHz processing speed. We also kept in mind that the design of power system that will be supplying the MCU will be a 12V battery, and keeping that in mind we would want a MCU that can be operated at higher supply voltages so that power waste is at a minimum. Overall each MCU could get the task completed, but ultimately chose the ATmega328 in our design. 
[bookmark: _Toc467865140][bookmark: _Toc467865594][bookmark: _Toc467874692]3.3.3 Magnetic Reed Sensor	
[image: /var/folders/pl/kwbq8mr10j17bbfthlz55b8r0000gn/T/com.apple.iChat/Messages/Transfers/IMG_7660.JPG]
A magnetic reed sensor will be used as a sensor to send a signal to the microcontroller for speed measurement. The way that the reed will work is that the positive terminal will be connected to the supply voltage of the microcontroller (this supply voltage can be output from the Vcc pin on the Arduino board or directly from the battery). The output terminal will be connected to the analog INPUT pin on the Arduino board. When the magnets connected that are connected to the axle of the wheel hover over the magnetic reed, the magnetic switch in the relay will close and allow the INPUT and Vcc to connect to read in a HI signal. This signal will be used by the Arduino to calculate the speed of the bike. The last terminal of the reed is the ground pin which be connected to ground. There will be 5 magnets on the magnet hover disk that will close the reed. This means that the reed will close 5 times within 1 full wheel rotation.
The magnetic reed that we will be using for the bike will be the one provided with the Aosom 26”Rear Wheel 1000W Electric Battery Powered Bicycle Motor. Using this reed compared to others would save us money as time since this reed also has a metal loop attached for easy installation on the wheel axle. 
[bookmark: _Toc467865141][bookmark: _Toc467865595][bookmark: _Toc467874693]3.3.4 Throttle
[image: /var/folders/pl/kwbq8mr10j17bbfthlz55b8r0000gn/T/com.apple.iChat/Messages/Transfers/IMG_7659.JPG]
The throttle that we will be using in this design will be the one provided with the 
[bookmark: _Toc467865142][bookmark: _Toc467865596][bookmark: _Toc467874694]3.3.5 MOSFETs
This section will cover the various MOSFETs we considered for our application.
3.3.5.1 Pulse Width Modulation Control
In order to drive the motor from the pulse width modulation produced by the microcontroller, we needed high power MOSFETs that could source a lot of current. 
2N7000
The 2N7000 MOSFET is one of the most popular N-Channel MOSFETs. This is because it is low cost and meets a wide variety of low-power applications. The manufacturer’s ratings have this MOSFET as 60V, 200mA. The MOSFET can source 200mA continuously and 500mA pulsed. 
HY1707
IRFP4468
[bookmark: _Toc467539395][bookmark: _Toc467865143][bookmark: _Toc467865597][bookmark: _Toc467874695]3.4 Possible Designs and Related Diagrams 	Comment by Austin Martratt: Block Diagrams can be edited as needed, I have the file
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A possible design for the Hybrid Bike makes use of two separate power systems. One high capacity battery to power the bike motor and one to power the bicycle display and accessories. The solar panels mounted onto the bike will be used to charge the smaller capacity battery. The throttle for the motor will be designed using a magnet which is moved closer or farther from the sensor to increase or decrease speed, respectively. This is commonly called a hall effect sensor and is used in a lot of throttle designs for various applications. 
The motor in this bike is powered by a high voltage Pulse Width Modulator (PWM) in order to run. This calls for the design of a PWM that can output high voltage amplitudes. One design that we have considered is having the microcontroller generate a PWM that can have a duty cycle that can be controlled through additional input. This signal will then be amplified through the amplifying circuit that would connect to the motor inputs. The generation of the PWM in the Arduino will be fully programmable which would lead to less error in the signal. For the amplifying circuit, we would use a series of operational amplifiers that are rated for supplies voltages higher than +50V, since the negative rail will be adjusted to 0V or GND since there is no negative values in the signal that needs to be generated. These outputs will then be connected accordingly to the corresponding motor terminals.
The other design considered would be designing an analog PWM that would be attuned to high voltage amplification. This would implement the use of a 555 Timer to create a pulse
[image: ]

[bookmark: _Toc467539396][bookmark: _Toc467865144][bookmark: _Toc467865598][bookmark: _Toc467874696]3.5 Parts Selection Overview	Comment by Robert Dumont: Put in stuff about cost and surface mount creating smaller board less cost

[bookmark: _Toc467539397][bookmark: _Toc467865145][bookmark: _Toc467865599][bookmark: _Toc467874697]4. Related Standards and Realistic Design Constraints 
This section discusses standards which are applicable to our Hybrid Bike design, as well as realistic design constraints of the project.
[bookmark: _Toc467539398][bookmark: _Toc467865146][bookmark: _Toc467865600][bookmark: _Toc467874698]4.1 Related Standards 
Standards are one of the most important parts of any design. There are many different standards relating to our Solar Bike design. These standards will be gathered from IEEE Standards Association. There are many other organizations which provide standards, which includes the NSSN: A National Resource for Global Standards. The American National Standards Institute (ANSI), “a private non-profit organization whose mission is to enhance U.S. global competitiveness and the American quality of life by promoting, facilitating, and safeguarding the integrity of the voluntary standardization and conformity assessment system,” administers the NSSN [1]. Certain standards provide a set of requirements which aid in the compatibility of one system to another. An example of this is the micro USB charger. The micro USB charger can be used in charging a variety of different phone types as well as many other electronics. The use of this standard for the mirco USB enables a single cord to charge or power a wide range of different devices. 
[bookmark: _Toc467539399][bookmark: _Toc467865147][bookmark: _Toc467865601][bookmark: _Toc467874699]4.1.1 Battery Standard 
IEEE Std 1013™-2007 is a standard which explains the “IEEE recommended practice for sizing lead-acid batteries for stand-alone photovoltaic (PV) systems” [2]. In use of this standard, knowledge of the different types of lead-acid batteries as well as which to choose for safety and efficiency will be acquired. It is first stated that there are two different types of lead-acid batteries, vented and valve-regulated, both of which sizing will be explained. The term stand-alone photovoltaic (PV) system is referring to a solar power device such as a solar panel which by itself produces an output voltage and current. The standard explains that the use of a battery in this system is required for the case where the system load exceeds the output of the solar panel, or PV array. As well as for this reason, the battery will serve a role in our design for the times when the user is riding the bike at night or on a shaded day when the solar panel is not producing enough power to turn on the accessories. 
The battery being used when the panel is not outputting power is named in the Autonomy clause in the standard. This clause describes it as “the length of time that the stand-alone PV system’s load should be supported solely its fully charged battery, [which] is established by the system design requirements” [2]. There are several different factors included in this section which are to be considered. These factors include: system application, system availability, solar irradiance variability, predictability of load, recharge capability, and accessibility of site. 
As well as the length of time that the system will be running solely from battery power, it is also required to know the load that the battery will have to support during that period. The load that the battery will have to support is essentially referring to the dc load current that will be drawn from the battery for the amount of time determined in the previous consideration. The maximum daily load is used to compare to different battery sizes in order to ensure that the battery can sustain these loads. Starting current, that is when the system is first turned on, as well as its running current should be considered. Parasitic currents losses resulting from inverters or charge controllers should also be considered. As well as the current, the minimum and maximum voltage required for proper operation of the system should be considered. 
The results of the load calculations gathered will assist in determination of battery capacity and functional-hour rate. “Battery manufacturers rate lead-acid cells for maximum depth of discharge (MDOD), maximum daily depth of discharge (MDDOD), and end-of-life (EOL) capacity” [2]. The greatest of these three capacities will satisfy the adjustments required for the group. Another factor to keep in mind is the temperature at which the system will be operating. The “cell capacity ratings are generally standardized at 25 °C”, which means that for temperatures other than the standardized, the capacity will vary. An increase in temperature results in an increase in capacity and a decrease results in a smaller capacity.
Therefore, the steps designed in this standard allow for the efficient and safe sizing of a lead-acid battery in a stand-alone PV system. A summary of the steps include first understanding how often and how long the battery will be used solely for powering the load. Next is to understand how much current that is to be supplied by the battery over a certain period of time, which determines battery capacity and discharge rate. After, the number of series connected cells is to be determined, which is set by the system’s voltage limits. Once all of these factors have been taken into account it is then that the battery should be chosen.
[bookmark: _Toc467539400][bookmark: _Toc467865148][bookmark: _Toc467865602][bookmark: _Toc467874700]4.1.2 Design impact of Battery Standard
The battery is the basis to the Hybrid Bike design in each of the subsystems. Without the battery attached to the motor, the motor would not run. If the solar system lacks a battery, the system would only function during well-lit days. For these reasons it can be said that the battery is the base to each of the subsystems. With that being said, the need for a well matched battery in each of the subsystems is of great concern. Matching the batteries correctly results in greater efficiency of each of the systems. The battery standard introduced above is applied to the solar subsystem, but can also provide some insight on the determination of the battery needed for the motor. 
For the Hybrid Bike design, the valve-regulated lead-acid battery will be used. The vented lead-acid battery requires water levels to be replenished, which introduces an extra maintenance step that the consumer may not desire. The valve-regulated lead-acid battery does not need water levels to be replenished due to the fact that it is sealed and water is only released in extreme overcharge cases. The risk of water loss in the solar system battery should not be of concern due to the charge regulator that will protect against overcharging the battery. 
[bookmark: _Toc467539401][bookmark: _Toc467865149][bookmark: _Toc467865603][bookmark: _Toc467874701]4.1.3 Relevant Standard (Two)

[bookmark: _Toc467539402][bookmark: _Toc467865150][bookmark: _Toc467865604][bookmark: _Toc467874702]4.1.4 Design impact of relevant standard (Two) 

[bookmark: _Toc467539403][bookmark: _Toc467865151][bookmark: _Toc467865605][bookmark: _Toc467874703]4.2 Realistic Design Constraints 
Every system requires realistic design constraints in order to successfully implement the design. The content below will consider many different constraints that are associated with the design and production of the Hybrid Bike. Each constraint is first considered individually, then after all have been examined, the complete set of constraints are applied to the design. All constraints must be realistic in order for the complete set to be considered in the design. Each constraint must consider various other constraints in order to be valid and realistic.
[bookmark: _Toc467539404][bookmark: _Toc467865152][bookmark: _Toc467865606][bookmark: _Toc467874704]4.2.1 Economic and Time constraints 
Economic constraints will limit the parts selection which will be used in the design. Certain technologies or components which are desired in the design may not be able to be included due to a limited budget. The budget of the Hybrid Bike, which is provided by our sponsor, 4F Structural Concrete & Masonry, LLC, is $1,500. Considering the cost of the bike, the motor, and various batteries included in the design will reduce our budget left for components by a large fraction. The most advanced technology in component selection may not be obtainable due to economic constraints, in some cases less technologically advanced components must be selected. 
As well as economic constraints, there are time restrictions that should be kept in mind. Time constraints will create a template for when each part of the design should be completed. The research and testing of the design should be completed by December 6, 2016. After research and testing are completed the manufacturing of the Hybrid Bike will begin. The completed Hybrid Bike will be presented at the end of the spring 17’ semester, which will be in May of 2017. Completion of part selection and circuit design by December 6, 2016 will allow for ample time to manufacture and correct any flaws in the design process. It is important to realistically consider time constraints in the sense that if one method, which might create a better result, exceeds the time constraints, another method should be chosen to meet deadlines.
[bookmark: _Toc467539405][bookmark: _Toc467865153][bookmark: _Toc467865607][bookmark: _Toc467874705]4.2.2 Environmental, Social, and Political constraint 
There are countless different electric bike designs and manufacturers. Social and political constraints will include features which may not be available in other bikes of the same category. The solar design will eliminate the need of charging the battery connected to the accessories. Also, the design will give the user the option to remove the motor and replace it with a normal bicycle wheel, which is included, to use the bike solely with the accessories, reducing the weight of the bike. The differences in our design compared to others will satisfy social and political constraints to give the user an option different from the rest.
[bookmark: _Toc467539406][bookmark: _Toc467865154][bookmark: _Toc467865608][bookmark: _Toc467874706]4.2.3 Ethical, Health, and Safety constraints 
Riding a bicycle can be dangerous, incorporating a motor can make it even more unsafe. For that reason, it will be visually advised to the rider that a helmet should be worn at all times. In addition to rider error the design should be created so that the components do not interfere with the rider in any way. All electrical contact points are to be covered and insulated to prevent possible electrocution. Also, batteries and other components should be centered on the bike to avoid any unbalance to the rider. There should be ample room between the legs when pedaling to avoid legs coming in contact with the attached accessories. Another important factor to consider is the all electrical components are properly grounded. 
[bookmark: _Toc467539407][bookmark: _Toc467865155][bookmark: _Toc467865609][bookmark: _Toc467874707]4.2.4 Manufacturability and Sustainability constraints 
Manufacturability constraints restrict the components of a design to something that is able to be manufactured. In our case the manufacturing will be limited to services that are available to us. Sustainability constraints are especially important to our design because the Hybrid Bike is meant to be ridden outdoors, which exposes it to the elements. Manufacturability and sustainability constraints may either complement or oppose each other. In a case where manufacturing of a selected part improves the sustainability would be considered a positive correspondence. However, in many applications the opposite is true and the manufacturability and sustainability constraints oppose each other. This is the case for throttle control.
There are two types of throttle controls which will be assessed. The first type utilizes a potentiometer in order to vary the voltage applied to the motor. The second applies the properties of a Hall effect sensor in order to regulate the voltage supplied to the motor. When considering the two separate throttle designs, the sustainability and manufacturability of both should be considered. In consideration of the manufacturability constraints, the potentiometer throttle design would be the better choice. However, taking the sustainability constraints into consideration, the Hall effect sensor throttle should be selected. The potentiometer throttle requires physical connection between components, while in the Hall effect sensor throttle the sensor does not come in contact with any of the components. For this reason, the sustainability of the Hall effect sensor throttle is much greater than the potentiometer throttle, which has a much greater potential to wear down and become ineffective. The manufacturing of a Hall effect sensor throttle requires the ability to move a magnet closer or farther from the Hall effect sensor, at a pre-set distance, in order to achieve the desired effects. The issue with this is creating a device that will allow this action, and be convenient for the user. However, a potentiometer can easily be converted into a throttle control that is convenient for the user, which better fits into our manufacturability constraints. In this case, other factors will be considered in the selection of throttle type.
As mentioned previously, sustainability requirements are very important to our design due to the outdoor application of the Hybrid bike. As with any electric device designed to be used outdoors, ample consideration should be made on manufacturability and sustainability constraints.  Weather proof cases must be made for all uninsulated electrical components or covered well enough that moisture will not reach any of the connections. As well as moisture, dust and debris can also damage electrical equipment.

[bookmark: _Toc467539408][bookmark: _Toc467865156][bookmark: _Toc467865610][bookmark: _Toc467874708]5. Project Hardware Design Details
Hardware refers to the physical components that will be used to power and control the Hybrid Bike. This section will display information pertaining to each of the subsystems hardware design.
[bookmark: _Toc467539409][bookmark: _Toc467865157][bookmark: _Toc467865611][bookmark: _Toc467874709]5.1 Initial Design Architectures and Related Diagrams 

[bookmark: _Toc467539410][bookmark: _Toc467865158][bookmark: _Toc467865612][bookmark: _Toc467874710]5.2 First Subsystem - Bike Motor (Throttle Control) 
The first subsystem of the Hybrid Bike is related to the motor, battery and throttle control. The motor is a brushless hub motor, which is purchased from Aosom Direct. The initial thought was that the ground wire from the brushless hub motor will be directly connected to the negative terminal of the battery. The power wire will be connected to our designed throttle control, where it will then lead back to the positive terminal of the chosen battery. The throttle control will consist of a Hall effect sensor and a magnet which is moved closer or farther from the sensor to increase or decrease speed, respectively. However, this design has been reconsidered after the motor was received and testing was done that confirmed the motor was not a simple DC motor with a power and ground wire attached. The conclusions of motor testing are included below.
The first step of determining the hardware selection required for the motor controlling circuit is to run tests on the motor in order to determine what type of technology is needed to efficiently and effectively power the motor. The reason for this testing is that unfortunately the motor did not come with a datasheet and the manufacturer would not provide one upon request. As explained in section 3 of this report, there are many different types of motors and various powering methods used to drive these motors. The motor purchased, an Aosom 26” Rear Wheel 48V 1000W Electric Battery Powered Bicycle Motor, comes with a control board which provides connections to many different accessories. The accessories included that were used during testing include the throttle control and the brakes. There were other accessories included but were not necessary for testing. The control board also contains connections for other accessories, which can be purchased separately, but were not tested because they will not be used.
The testing performed included several main objectives. The first objective was to determine the supplied voltage which would allow the motor to spin. The testing began by using the Agilent E3630A Triple Output DC Power Supply, provided in the laboratory, to supply a DC voltage to the motor, which was equal to 24V. Keeping the throttle in the fully on position, the voltage was then incremented until the point at which the motor began to spin. Once the voltage reached 36V, the motor started to rotate, however it was not a steady rotation, instead it would pulse on and off. This proved that the motor, which is rated for 48V can be supplied as little as 36V, however would run inefficiently. The main goal of this test was to determine the minimum voltage that could be supplied to the motor, or in other words, the voltage the battery would be able to decrease to until the motor would turn off.
Next, the functionality of the brakes was tested. The motor was supplied a DC voltage equal to 48V and the throttle was opened fully. Once the motor began rotating at a constant speed, the brake was pulled, resulting in the motor no longer receiving power. The result of this testing produced knowledge that the function of the brakes was simply to cut off the voltage supplied to the motor, at there are no internal braking components.
Finally, the technology used to power the motor was tested. Again, the motor was supplied a DC voltage of 48V, but this time the throttle was turned on only slightly. Each of the three power wires going into the motor were connected to the Tektronix MSO 4034B Digital Mixed Signal Oscilloscope. The initial thought was that the motor was using three phase technology, due to the three power wires. The results on the oscilloscope portrayed a square wave signal with a low duty cycle for the case were the throttle was in a low position. As the throttle was opened further, the duty cycle of the waveform was then increased. When the throttle was in the fully on position, the waveform showed a duty cycle of nearly 100%. Figure X, below shows a result of one of the waveforms. 
[image: ]
Figure X: Voltage supplied to one terminal of the motor
When all waveforms are displayed, the results show that they all contain the same duty cycle and have a peak at 48V, however they are each 60-degrees out of phase. Conclusion of testing the technology used to power the motor provided insight that the motor contains three phases, with constant duty cycles, which are increased as the throttle is opened, and have a 60-degree phase margin. Further research provided knowledge that the technology which is being used is also used in three phase induction motors, which is done using pulse width modulation (PWM). With this information, the design of pulse width modulators can be used in order to create our own circuit which will power the motor.
There an PWM will be designed using a 555 Timer to generate a signal. This signal will then be connected to the gate terminal of a NPN MOSFET that will control the motor negative terminal going to ground. The positive lead of the motor will be connected to the battery via manual switch. The 555 timer will be controlled by using the throttle. The 555 timer will be supplied by a 6V input that will come from the secondary battery.
In the condition that the PWM cannot be designed up to specifications, then the provided controller that came with the wheel motor will be used to control the motor speed.
[bookmark: _Toc467539411][bookmark: _Toc467865159][bookmark: _Toc467865613][bookmark: _Toc467874711]5.2.1 Breadboard Test
To test on the breadboard, the previously shown schematic will be implemented using said components. This test will determine if the schematic will produce a Pulse Width Modulation waveform and to see if the motor will operate with the configuration. 

[bookmark: _Toc467539412][bookmark: _Toc467865160][bookmark: _Toc467865614][bookmark: _Toc467874712]5.2.2 Schematics	Comment by Jared Faulkner: Cnat really bread board test the motor but the motor will be tested in the schematic breadboard tests to ensure the board config works with the motor, properly

[bookmark: _Toc467539413][bookmark: _Toc467865161][bookmark: _Toc467865615][bookmark: _Toc467874713]5.3 Second Subsystem - Solar Power (Solar Panel to Accessories)
The second subsystem of the Hybrid Bike is the system which contains the solar panel and the bikes accessories. The solar panel will charge a battery which is separate from the battery used in the throttle control system. The only charging source associated with this subsystem is the solar panel. A 12V lead-acid battery will be chosen with reference to the battery standard discussed in section 4.1.1. Between the solar panel and battery is a charge controller/regulator which will prevent overcharging the battery and maintain a constant charge to the battery while the solar panel is exposed to sunlight. From the battery, power will then be supplied to the Arduino microcontroller, which is regulated by a voltage regulator/voltage step-down component. The microcontroller will be responsible for powering the LCD display which will display the speed of the bike as well as other included displays.
The battery is chosen considering the following requirements:	Comment by Robert Dumont [2]: Results of solar panel. Desired  at least 500mA charge

[bookmark: _Toc467539414][bookmark: _Toc467865162][bookmark: _Toc467865616][bookmark: _Toc467874714]5.3.1 Voltage Regulator: Battery to Microcontroller
The use of a 12V battery will require a step-down voltage regulator to provide a constant DC voltage, which is reduced down to the required input voltage of the Arduino microcontroller. The regulator will step-down the voltage to 5 volts, which is required by the ATmega328 chip contained in the Arduino. The reason for designing a voltage to meet requirements of the ATmega328 is that after testing of the Arduino, we will be transferring the chip onto our PCB design. Transferring only the chip to our PCB means that we will no longer need the required input voltage of the Arduino microcontroller itself, instead the need is only for the ATmega328, itself.
Linear Regulator:
The first consideration for a step-down voltage regulator is a linear regulator, the schematic of which is shown in Figure X, below. This schematic is followed by Figure X, which shows the linear regulator implemented on a breadboard. This is a simple, yet effective design which uses a TL084 Op-amp and a 2N5458 JFET, n-channel transistor. The section of the circuit contained between the two capacitors, C1 and C2, is essentially what is contained in the LM7805, however the resistance values have been altered in order to produce an output equal to 7 volts, versus the designed 5-volt output. A wide variety of different Op-amps and transistors can be substituted in this circuit, and tests will be done to find the best combination of these components if this linear regulator is chosen. 
[image: ]
Figure X: Linear voltage regulator schematic	Comment by Jared Faulkner: Define Fig #
[image: ]
Figure X: Linear voltage regulator breadboard test	Comment by Jared Faulkner: Define fig #
Testing was performed and the results are as follows: with an input voltage equal to 12 volts, the corresponding output voltage is equal to 7.2 volts. The input voltage for the Arduino Uno is limited to the range of 6V – 20V, however it is recommended to use a voltage between 7V – 12V. It is desired to stay as close to the minimum recommended input voltage as possible. Achieving an output voltage of 7V will allow for the least battery consumption while staying inside the recommended input voltage range.
Of course a battery will not always produce a steady 12 volts, instead it will output between 11.5 to 12.7 volts, depending on charge level. The voltage range considered may vary depending on battery type. However, it must be realized that the linear voltage regulator is just that, linear. This means that as the input increases or decreases, the output will increase or decrease, respectively. The design shown in Figure X has a linear slope which is equal to 0.606, that is, as the input is raised by 1 volt, the output increases by 0.606 volts. Although the output is not a constant voltage, the range at which it will vary is still in the input range of the Arduino Uno, which will work for our design. Results listed above will aid in the decision of which voltage regulator will be used.
The design specifications have been changed after this section on linear regulators was written. However, the knowledge gained through testing the 12V to 7V voltage regulator can still be applied to future testing and is therefore still relevant to the hardware section of this report. The required output voltage of the regulator is desired to be 5V.
Switching Regulator:
Further research has been conducted and the results confirmed that the linear voltage regulator, while a reliable regulator is not very efficient. Instead, we have chosen to use the LM 2576 switching regulator which, according to the datasheet produces 77% efficiency [B2]. The linear regulator previously discussed has an efficiency that is much greater, which is around 40%. Below is a comparison of the popular LM7805 linear regulator compared to the LM2576 switching regulator, when both are used as a 12V to 5V voltage regulator. The results are gathered from Texas Instruments datasheets provided for the LM7805 [B3] and LM2576 [B2].
Table X: LM2576 switching regulator vs. LM7805 linear regulator
	Feature
	LM2576
	LM7805

	Operating Voltage
	4 – 40 V
	 7.5 – 35 V

	Max. Output Current
	3.0 A 
	1.5 A

	Output Options
	Adjustable
	Fixed

	Operating Temp
	-40 – 125 °C
	0 – 125 °C

	Efficiency
	77%
	~ 41%

	Switching Frequency
	42 – 63 kHz
	N/A

	Unit Price
	$1.19
	$0.46


The comparison between the linear versus the switching regulator shows that although the cost is more than double for the switching regulator, the efficiency is almost twice what it is of the linear regulator. Due to relatively low costs of both technologies, the price difference is not very heavily considered. The range of operating voltage and temperature are much greater for the switching regulator than that of the linear regulator, which allows for greater possibilities. However, the efficiency is the greatest concern here due to the relatively small range of temperatures and voltages that will become of the Solar Bike. 
The fixed output voltage version of the general use circuit portrayed in the LM2576 datasheet is shown in Figure X, below. This circuit is the basis of the switching voltage regulator circuit that will be used in our design. The output voltage is set at a constant voltage of 5V with a 12V input. There is another version of this design which will allow for a variable output voltage, but for the needs of the Solar Bike design, it is unnecessary. One key factor of this design is that the maximum load current can be altered, by varying the inductance value of L1. The general circuit will produce an output of 5 volts with a maximum load current of 3 amperes. The specifications for the Arduino Uno require a maximum input current equal to 2 amps. Therefore, a maximum load current of three amps is unnecessary and can be reduced, with slight increases to the efficiency of the circuit. 
[image: ]
Figure X: Fixed output voltage version of LM2576 from datasheet
The circuit designed to serve as a voltage regulator between the battery and the ATmega328 will look the same as that shown in Figure X, however the values of L1 and Cout are changed to ___ and ____, respectively. Note that the initial testing of the ATmega328 will be done using the Arduino Uno, however the goal is to include the ATmega328 on our PCB, where the voltage regulator will be used to power the ATmega328.	Comment by Robert Dumont: Include values
Breadboard test:
[bookmark: _GoBack]An important factor considered during breadboard testing was the need for a single point ground. Grounding in locations other than a single point will allow for noise obtained between the separate grounds to be gathered and, since the internal components of the LM2576 contain several op-amps, become amplified. This amplification of disturbances to the circuit can result in undesired results, which is why single point grounding was emphasized. The base of capacitor Cin, Pin 3, D1, and Cout should all be brought to a single point ground.

Explanation of testing and results	Comment by Robert Dumont [2]: Fill in when parts come in

[bookmark: _Toc467539415][bookmark: _Toc467865163][bookmark: _Toc467865617][bookmark: _Toc467874715]5.3.2 Charge Regulator: Solar Panel to Battery
A lead-acid battery has charging requirements that must be controlled in order to charge efficiently and protect the battery. Overcharging can damage and reduce the life of the battery. Characteristics of the chosen battery will provide requirements of the charge regulator in order to maximize charging efficiency. Another consideration taken into account is that when a solar panel is turned off, the cells will discharge the battery. Therefore, the charge regulator will also incorporate discharge protection to avoid battery drainage from the solar panel.
A solar panel in itself is a reputable source of power, however the voltage provided is far from constant. This is due to various factors, which include, but are not limited to, cloud cover, position of the sun with respect to the panel, and temperature. This constant change in voltage can be very harmful to the battery, which creates the need for a charge regulating circuit connected between the solar panel and the battery that it will be charging. The desire is to create a voltage regulator that will also limit the amount of current passed to the battery to avoid damage to the battery. A device that will do just this is explained below.
The following information is gathered from the LM317’s datasheet [B1]. The LM317 is a monolithic integrated circuit that is most generally used as a positive adjustable voltage regulator. The circuit contained inside is design to supply an output voltage that is adjustable between 1.2 to 37 V, at a load current able to rise above 1.5 A. The design shown in Figure X, below is the recommended circuit design contained in the datasheet for a current limited 6V charger. This will be the basis for the charge design that will be implemented.
[image: ]
Figure X: Current limited charger design from LM317 datasheet [B1]
The battery that we will be charging is a 12V battery so it is obvious that the circuit above will have to be modified in order to meet the needs of our design. There is a reason that this circuit was chosen, however, instead of the 12V charger circuit also contained in the datasheet. The reason for this is the current limiting properties that the circuit provides. The goal is to charge the battery at about one tenth of the batteries amperage capacity. That is, the battery that we will be charging is rated for 5 Ah, which means a charge rate of 0.5A is desired. 
Resistors R1 and R2 main purpose is to vary the regulated output voltage, the values of which will be calculated to meet our needs. A variable resistor (or trim pot) will be used to determine the exact resistance needed through breadboard testing. The NPN transistor is responsible for sinking the excess current and the current outputted is controlled by resistor R3. The result of these changes to the circuit is shown in Figure X, below, and will serve as our solar charge regulator.
[image: ]
Figure X: Schematic of designed solar charge regulator
The circuit for our designed solar charge regulator is then transferred to a PCB board layout, generated in Eagle. The result of the layout, as shown from the PCB Fab Top View in Figure X, shows the product that will be received from our vender, OSH Park. The PCB is relatively small, which is desired in order to allow for easy placement on the bicycle itself. The PCB is a two-layer design with a length of just over an inch and a half and a width of just under an inch. Something that can be easily mounted and will remain out of the path of motion of the rider.
[image: ]
Figure X: PCB Fab Top View of solar charge regulator

[bookmark: _Toc467539416]The components of this charging regulator will need to be chosen with careful consideration. The reason being that we would want to choose components that can handle the power load to avoid heat buildup and have low failure rates to ensure reliability of the boards. Table X displays a list of components that we have chosen.
Table X: Selected parts for solar charge regulator sub-system
	Reference Designator
	Value
	Part Number
	Type	Comment by Jared Faulkner: A table needs ot be constructed for every schematic
	Comment by Robert Dumont: Aye Aye Captian

	C1 & C2
	1µF
	C-EU0603-RND
	Capacitor, Ceramic

	R1
	
470Ω
	
CR0.47kΩE12	Comment by Robert Dumont: Part number from resistors in lab
	Resistor, 
Carbon Composite

	R2
	
2kΩ
	
CR2kΩE12
	Resistor,
Carbon Composite

	R3
	1Ω
	CPF11R0000FKEE6
	Resistor, 
Metal Film

	J1
	-
	BC547
	Transistor, NPN Epitaxial Silicon

	J2
	
5kΩ
	
3386F-1-502LF
	Trimming Potentiometer, Cermet

	J3
	12V 5Ah
	UB1250
	Battery, Lead-Acid

	IC1
	1.2V - 37V 
	LM317-SOT223
	Voltage Regulator, Adjustable



[bookmark: _Toc467865164][bookmark: _Toc467865618][bookmark: _Toc467874716]5.4 Summary of Hardware Design

[bookmark: _Toc467539417]
[bookmark: _Toc467865165][bookmark: _Toc467865619][bookmark: _Toc467874717]6. Project Software Design Details
The software portion of the Hybrid Bike will be implemented on the ATMega328 microprocessor which will take in INPUTs and produce OUTPUTs that will be used within the code. The code will have three main tasks to carry out: producing a pulse width modulation signal to control the pulses going the motor, take in sensor input from the reed to calculate speed, and display the speed on to the LCD. 
[bookmark: _Toc467539418][bookmark: _Toc467865166][bookmark: _Toc467865620][bookmark: _Toc467874718]6.1 Software Functionality
The purpose of the software is broken down into two main tasks: reading/displaying information to the user and controlling the motor. This is done through three functions that are implemented into the ATmega328. The software environment that will be used to compile and transmit the code will be the Arduino Integrated Development Environment (IDE).
6.1.1 Sensor Input Calculation
The function of this task is to calculate the speed of the bike that is read from the magnetic reed sensor. The ATMega328 will take in the input read by the reed by using the “pinMode(reed, INPUT)” function. The reed will first need to be defined in the initial setup by connecting it to one of the analog input terminals and using #define. All constants like the circumference, the maximum reed count, and the timer setup will be defined. All timer interupts including TCCR1A, TCCR1B, TCNT1will be set to 0.
The next part will be the function that calculates the speed. This function will be under the timer interrupt function ISR(TIMER1_COMPA_vect) for continuous processing. This will need to be continuous since the speed will need to be continuously updated. The reed value will be read in as a digital HI or digital LO using the digitalRead(). The function will then determine if the digital reed signal is either HI or LO and perform certain tasks. If the digital reed value is HI, the mph will be calculated by using the timer time as the variable or if the counter is not zero and is a positive value, then the reed count will decrement. If the digital reed value is LO, the timer will just increment in value unless the timer value is greater than 2000, then the mph will be set to be zero. 
6.1.2 LCD Display
The function of this task is to display the values of speed that are calculated in the previously mentioned task. This will be a relatively simple function to create since it will be mainly formatting on to the LCD. The functions for formatting the LCD characters will be:
	Function
	Reason

	Serial.write(12)
	This function clears the LCD

	Serial.write(13)
	This function moves down to the next line of the LCD

	Serial.wirte(“String”)
	This function will print a desired string on the LCD 


				Table X: Serial.write functions	Comment by Jared Faulkner: Define Table#
The desired output on the LCD will be in a format similar to the below lines
	Odometer Speed = 12.3 MPH

	Battery: Charged



The first line will display the speed of the bike from the Sensor Input Calculation task. The phrase “Odometer Speed = “ will be used to identify that this is where the user should look for the speed of the bike with the unit of miles per hour (MPH) of the speed following. The second line will be used for extra possible features such as battery status to inform the user the level of the battery being either “Charged” or “Low”.
6.1.3 Pulse Width Modulation Motor Control
The last main task for the ATMega328 to execute is to generate a 3 Phase PWM that will control the motor. Referring back to the PWM section of the Hardware Design, a 3 phase PWM will be used to control each phase that operates the gates to the N Channel MOSFETs. This signal will need to operate at a frequency of at least 10kHz. This frequency can be modified by using the function setPwmFrequency(pin, divisor). This divisor is determined by modifying the base frequency of each PWM pin. These pins include, 3, 5, 6, 9, 10, and 11. The base frequencies differ on each pin. For pins 3, 9, 10, 11 have a base frequency of 31250 Hz while the base frequency for pins 5 and 6 is 62500 Hz. To set a desired frequency is to divide the base frequency of the pin by the desired frequency and this will give you the divisor. Unfortunately, the divisor can only be specific values. For pins 9, and 10 the available divisors are 1, 8, 64, 256, and 1024 yielding the frequencies 31250Hz, 3906.25Hz, 488Hz, 122.Hz, and 31Hz, respectively. The Table X below shows the frequency for each divisor with respect to the corresponding pin. 
	
	Divisor

	Pins
	1
	8
	32
	64
	128
	256
	1024

	9 & 10
	31250 Hz
	3906 Hz
	N/A
	488 Hz
	N/A
	122 Hz
	31 Hz

	5 & 6
	62500 Hz
	7812 Hz
	N/A
	976 Hz
	N/A
	244 Hz
	62 Hz

	3 & 11
	31250 Hz
	3906 Hz
	977 Hz
	488 Hz
	244 Hz
	122 Hz
	31 Hz


				Table X: setPwmFrequency Divisor Frequencies	Comment by Jared Faulkner: Need to define table number
**One thing to mention about setting the pin output frequency is that this alters the frequency of the ATMega328s timers. This will mess up functions such as delay(), millis(), and the Servo library. This will be kept in mind when calculating the speed of the bike.
Since the desired frequency for the motor is roughly 8 kHz, we plan to use pins 5 or 6 to send the PWM signal out since the frequency with the divisor 8 is the closest value to our desired frequency (7812 Hz). 
To generate the pulse width signal, a special, yet simple function will be used: AnalogWrite(). AnalogWrite sends a pulse to a desired pin. The value that goes into this function will be between 0 and 255; 0 being 0% of the duty cycle (always off) and 255 being 100% of the duty cycle (always on). This duty cycle can be modified depending on the value addressed in the function.
Another way of creating a PWM signal is to “manually” implement a PWM signal by repeatedly turning the pin Hi and Lo with delay in between each toggle. This delay can be made by using the “delayMicroseconds() function which will create a delay of how many microseconds the value in the function is, in other words, the value inside of the function is how many milliseconds the delay will delay for. These values that go into each delay function can determine the frequency and the positive pulse width of the pulse wave signal. The positive pulse width will be the duty cycle / frequency. The frequency can be calculated by adding both the Positive pulse width and the LO pulse width and taking the inverse of this number.
If this frequency is too low for the motor to run smoothly on without any jerks, then other alternatives to will be explored to generate a more consistent frequency and pulse. For example we would use the provided DC motor controller that came with the motor.
6.2 Coded Flow Chart
[image: ]
[bookmark: _Toc467539419][bookmark: _Toc467865167][bookmark: _Toc467865621][bookmark: _Toc467874719]6.3 Algorithm Description
The code will be implemented in three different sections that will carry out each of the three tasks. With each task, all constants and variables will be defined. All initial setups for INPUTs and OUTPUTs and any library and headers that will be used will be initialized in the start of the code. Each task will be will be broken down and have its procedure listed to show what the processor will be compiling in order.
6.3.1 Speed Calculation 
Purpose:  To continuously read and calculate the speed using ISR(TIMER1_COMPA_vect) function.
· START
· Read in the digital reed signal
· If there is a voltage coming from the reed sensor
· If the counter is equal to 0, the calculate the mph and reset the timer back to 0 and reset the counter back to max value Else if the counter is greater than 0, decrement the counter
· If the timer is greater than 2000, set the mph to 0
· Else increment the timer
· END
6.3.2 Display Function 
Purpose: To display the information to the user.
· START
· Clear what is on the display
· Print the Odometer phrase
· Print the speed that was calculated in the first function
· END
6.3.3 PWM Control Function
Purpose: To generate and transmit a throttle controlled PWM signal to the motor driver.
· START
· Read in the analog throttle voltage value and convert it into a digital and return the digital value
· Jump to the loop and enable the digital output pin to be HI and the create a delay using the delay microsecond function and have the value be the pulse width multiplied by the input of the throttle over the maximum throttle value
· Set the digital output of the PWM pin to be LO and use the delay microsecond function with the value of the value put in the first delay subtracted from the inverse of the frequency. This would achieve our LO duty cycle time
· The function will just need to repeat itself until an interrupt halts it. 
· END
[bookmark: _Toc467539420][bookmark: _Toc467865168][bookmark: _Toc467865622][bookmark: _Toc467874720]6.4 Coded BIT Testing
Some of the Programmable Built In Tests (PBIT) that will be included are battery level sensing, heartbeat, and program runtime error. Battery level sensing will determine if the battery has a sufficient voltage level for the motor to run off on. This will be implemented by having a test lead input at one of the input terminals of the microprocessor. The test lead will either produce a HI (Battery level is sufficient) or LO (Battery level is not sufficient for device operation) that the microprocessor will then either display a message of level of charge. The next will be a heartbeat of the processor to indicate if the processor is stalling at any given time. The last PBIT shall be a program runtime error indicator. This indicator will be fully code generated to give an error message if anywhere in the code does not compile correctly or if the algorithm is stopped for any given reason.
[bookmark: _Toc467539421]6.5 Additional Software Features
There are some additional features that we have thought to add to the project. Some of these features can be implemented by adding different functions and additions to the set code on the MCU.
6.5.1 Battery/Solar Voltage Monitoring
Battery sensing is a typical feature that most machines/vehicles offer. This notifies the user whenever the battery is at a level that is too low for the motor or any other circuitry or equipment on the system to run properly one. For voltage sensing on the solar panel, the user would need to know if the solar panel is producing a sufficient voltage to charge the battery that the MCU is being powered by. This would inform the user if any failures on the solar panel occur.
How we would implement voltage monitoring in this system would nearly be all software modification. There would be the need of a lead lines from the battery or solar panel to one of the analog inputs of the MCU by dividing the voltage with a resistor series to avoid overloading the MCU analog pin with too high of a voltage. This voltage will then be read into the MCU by using the analogRead() function, converting it to a percentage, and then multiply it by the 100% Vcc value. This value can either be directly sent and displayed on the LCD or used as a case variable to either show on the LCD “FULL” or “LOW BATTERY” on the LCD screen through the display function that is already implemented.

[bookmark: _Toc467865169][bookmark: _Toc467865623][bookmark: _Toc467874721]7. Project Prototype Construction and Testing 
The intent of prototyping is to create a real life model of the system to be tested upon for functionality. These tests would be conducted on the hardware as well as the software portion of this project.
[bookmark: _Toc467539422][bookmark: _Toc467865170][bookmark: _Toc467865624][bookmark: _Toc467874722]7.1 Integrated Schematics

[bookmark: _Toc467539423][bookmark: _Toc467865171][bookmark: _Toc467865625][bookmark: _Toc467874723]7.2 PCB Vendor and Assembly
Choosing a vendor to construct our design on to a PCB is a careful consideration. They must have a great, reliable reputation as well as above acceptable quality products that can be produced within a timely manner and at reasonable cost. Keeping this in mind, the PCB vendor that will take on designing our board will be OSH Park. We believe that they are a reputable choice because of our own experience with using them to create extracurricular PCB designs. With the outstanding production of these extracurricular boards, we knew that we could entrust OSH Park to design our boards for our project.
[bookmark: _Toc467539424]Assembly of the boards will require us to solder on the boards with the electrical components that we designed in the schematics. We will personally piece the components on the board since we have personal experience with soldering from extracurricular projects and on-the-job experience through internships. All PCBs will be connected using connector cables that we will design ourselves.
[bookmark: _Toc467865172][bookmark: _Toc467865626][bookmark: _Toc467874724]7.3 Hardware Testing
Hardware testing of the motorized subsystem will ensure the motor is working properly. All hardware testing will first be simulated in a circuit simulation software, such as Multisim™. Simulation will display any unseen errors in circuit design and allow for correction before physical testing of hardware, which avoids potential damage to hardware components. 
Hardware testing of the solar panel will be limited to outdoor testing and will be tested on various days to record characteristics of cloud cover and shadow castings. Results obtained from outdoor testing will be used indoors and modeled to the circuit using the DC power supply provided in the laboratory.
Motor Testing 
Objective: The objective of testing the hardware is to ensure that the hardware on the bike is working properly for safe use. This test will require that the user to use a Digital Multimeter with a 20V setting with the positive probe in the VOhmHZ terminal and the negative terminal is connected to the Common terminal.
Environment: A majority of hardware testing will be performed at UCF’s Senior Design Laboratory located in Engineering 1, Room 456. The laboratory equipment provided at each station of the lab includes:
· Tektronix MSO 4034B Digital Mixed Signal Oscilloscope, 350 MHz, 4 Channel
· Tektronix AFG 3022 Dual Channel Arbitrary Function Generator, 25 MHz
· Tektronix DMM 4050 6 ½ Digit Precision Multi-meter
· Agilent E3630A Triple Output DC Power Supply
Procedure: To test the hardware portion of the Hybrid Bike, procedural steps will be as followed:
1. Check to ensure that all connections are connected to the correct connector/terminal and are not free or loose. 
2. Use the multimeter to measure the battery with the positive lead on the positive terminal of the battery and the Common lead on the negative terminal of the battery. The meter should read a value of somewhere close to 24V. If the voltage is under 12V, the batteries will need to be charged.
3. Connect the oscilloscope probe to the positive terminal leading to the motor. Connect the corresponding ground to the RTN line of the battery or to the negative end of the motor. 
4. Steadily, increase the throttle until the motor starts to move. Keep the throttle at this point to achieve a steady and low speed. The oscilloscope wave forms should all be a Pulse Width Modulation and should all read a max voltage of near 24V and a duty cycle of near 5-10%. The width of each pulse should read somewhere around 6 to 13 microseconds. This is the low speed signal.
5. Increase the throttle close to full throttle to generate a high speed on the wheel. The oscilloscope should be reading a duty cycle in the range of 80-90% with a pulse width near 125 microseconds. This is the high speed signal.
Conclusion: If the readings on the oscilloscope match near the procedure, then the motor should work as intended. If any ready is off, then error may exist.  
[bookmark: _Toc467539425][bookmark: _Toc467865173][bookmark: _Toc467865627][bookmark: _Toc467874725]7.4 Software Testing
Testing the software is crucial to ensuring the system will perform and measure properly. The system will need to be able to power on correctly, be able to read in the sensor signal, and precisely give the delta time between each sensor signal. The processor will also need to be able to correctly display the calculated speed on the LCD display, and the MCU will need to correctly generate a PWM signal that matches the desired frequency. In addition, the PBITs will need to correctly display any errors that occur, if they were to, on the LCD display.
Objective: The objective of this test is to ensure that the software is completing and processing the coded task successfully. 
Environment: Most of the testing for the software portion of the prototyping will be at UCF’s Senior Design Laboratory. Personal computers (Mac or PC) running the Arduino IDE will be used to monitor and edit the program code of implemented on the microcontroller. 
Procedure: To test the software portion of the Hybrid Bike, procedural steps will be as followed:
1. Power on the processor and wait for display to show the correct display of characters. The first display shown should read “Hello”.
2. Check to see if the display turns off and sets up the MPH display on the first line and any additional features on the second line.
3. Keeping the bike stationary, the display should read “MPH = 0”
4. Line the sensor on the wheel with the one on the chassis and turn the wheel 5 complete turns and record the time.
5. Convert this time using mph = (284*circumference)/(delta time) and compare to the speed displayed on the LCD.
6. If these speeds match up, then the algorithm is properly measuring the delta time. In the case that these speeds do not match within a 5% tolerance, then the test may need to be ran again or further investigation within the code needs to be taken.
PWM Testing
1. Using a test PWM function, connect the oscilloscope to the desired output terminal where the PWM signal will be generated. 
2. Set the frequency of the PWM (within the code) to 8 kHz and set the positive duty cycle to 50%. 
3. Observe the waveform on the oscilloscope. This waveform should be a PWM with a HI 5V amplitude for roughly 62.5 microseconds and a LO 0V amplitude for 62.5 microseconds. 
4. Make sure to measure the frequency of the waveform to match closely to 8 kHz.
Conclusion: If any of these waveforms or displays do not generate what is expected, further troubleshooting within the code will be needed. Assuming all procedures are done correctly, operation of the bike should be acceptable.
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This section of the document will be to show how well the team can manage their time and budget on this project. The time and due dates for each milestone will be spread from the Initial Document to the Final Presentation time. The budget will be decided by our sponsor and will be listed to show each expense that makes up the Hybrid Bike.
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This section will break down the milestone completion of the project. It will show the start from the initial idea stage during Senior Design 1 in the Fall2016 semester down to the final project presentation at the end of Senior Design 2 in the Spring2016 semester.
	Number
	Task
	Start
	End
	Status

	Senior Design 1
	
	
	
	

	1
	Idea
	8/22/2016
	9/1/2016
	Completed

	2
	Project Selection & Role Assignments
	8/29/2016
	9/9/2016
	Completed

	3
	Project Report
	
	
	

	4
	Initial Document – Divide & Conquer
	9/5/2016
	9/9/2016
	Completed

	5
	Table of Contents
	9/12/2016
	10/3/2016
	Completed

	6
	First Draft
	9/19/2016
	10/10/2016
	Completed

	7
	Research, Documentation, and Design
	
	
	

	8
	Solar Panel 
	9/10/2016
	9/30/2016
	Researching

	9
	DC Motor
	9/10/2016
	9/30/2016
	Researching

	10
	Micro Controller
	9/10/2016
	9/30/2016
	Researching

	11
	PCB Design
	9/30/2016
	10/23/2016
	Researching

	12
	Power Supply
	10/1/2016
	10/23/2016
	Researching

	13
	Document Review Meeting (w/ Dr. Wei)
	11/16/2016
	11/16/2016
	Completed

	14
	Order Parts
	11/14/2016
	11/30/2016
	Completed

	15
	Final Document Due
	12/6/2016
	12/6/2016
	In Progress

	Senior Design 2
	
	
	
	

	16
	Assemble Prototype
	1/16/2017
	TBD
	

	17
	Testing and Redesign
	TBD
	TBD
	

	18
	Finalize Prototype
	TBD
	TBD
	

	19
	Peer Report
	TBD
	TBD
	

	20
	Final Documentation
	TBD
	TBD
	

	21
	Final Presentation
	TBD
	TBD
	


					Table #: Project Milestone	Comment by Jared Faulkner: Update
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[bookmark: _Toc467865176][bookmark: _Toc467865630][bookmark: _Toc467874728]8.2 Budget and Finance Discussion
Kevin Faulkner, president of 4F Structural Concrete & Masonry, LLC, will be sponsoring this project on behalf of the company. Researching, we considered we should have a lower cost than other models of electric bikes that had the price range from $1066.98 to $1252.95 into our budget. Compiling a list of necessary parts for this project, we calculated that the estimated cost of materials will reach $800. This budget was approved by our sponsor since it falls within the $1000 budget 4F Structural Concrete & Masonry, LLC will be financing.
 
	Subsystem
	Item
	Quantity
	Vendor
	Estimated Cost

	Bike Chassis
	26” Men’s Genesis V2100 Mountain Bike
	1
	Generic (Walmart)
	$119

	Processor/Solar Subsystem

	Solar Panel (12V)
	1
	Gates That Open, LLC
	$0.00

	
	ATmega328 MCU (Arduino UNO)
	1
	Atmel (Amazon)
	$16.06

	
	Subsystem#2 PCB (MCU Config and Solar Charge Regulator)
	2
	
	$15

	
	UPG UB1250 Lead Acid Battery (12V)
	1
	Beiter DC Power (Amazon)
	$14.98

	
	Miscellaneous (Resistors, chips, Capacitors, etc.)
	-
	
	$

	Motor Subsystem
	Alvey 24V-350W MY1016Z3 Electric Motor (Single Phase)
	1
	MonsterScooterParts
(Amazon)
	$94.99

	
	Aosom 48V-1000W DC Motor Conversion Kit (Three phase Induction Motor)
	1
	Aosom (Amazon)
	$239.95

	
	Lithium Ion Battery (24V – 11Ah)
	1
	BiXNET (Amazon)
	$266.95

	
	Subsystem #1 PCB (Motor MOSFET Config with driver)
	1
	
	$7.50

	
	Miscellaneous (Resistors, chips, Capacitors, etc.)
	-
	
	$

	Total Estimated Cost
	
	$774.43


 
Table #: Estimated Cost Table	Comment by Jared Faulkner: Update

The budget outlined above shows every component that has been ordered and plan to be used in our project design. Note that some components on here are on here for an original design and will ultimately not be used in the final prototype i.e. the Aosom 48V 1000W DC Motor Conversion Kit (Three phase Induction Motor) has been used as the original design but will most likely be replaced by the Alvey 24V-350W MY1016Z3 Electric Motor (Single Phase). This will also reduce the total cost of the project to significantly lower.
Budget is very important to our project since most other models can be out of price range for most consumers, and that 4F Structural Concrete & Masonry, LLC is entrusting us that this project can be created under budget. Keeping track of all of our expenses was key to our sponsor so that we can show them each and every component that went into this project, and to show that we spent their money responsibly and met their expense requirements. This also gives them the opportunity to interject whether a specific part or component is too expensive or too cheap.
[bookmark: _Toc467865177][bookmark: _Toc467865631][bookmark: _Toc467874729]8.3 Project Roles
For this project, three members with specific tasks assigned will be working on this project. Each will be responsible for their contribution to the project throughout the project completion as well as their respective sections in this document. Roles for each member are explained below:
Jared Faulkner (EE, CS):
· Software design and Code
· MCU PCB design
· LCD enclosure design
· Software/PWM prototyping and testing
· Document:
· Section 6: Project Software Design Details
· Section 7: Project Prototype Construction and Testing
· Section 8: Administrative Content
Austin Martratt (EE):
· 

Robert Dumont (EE):
· Hardware design and testing – Solar charge regulator and voltage regulator
· Document
· Section 4: Related Standards and Realistic Design Constraints
· Section 5: Project Hardware Design Details
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[B1] http://www.st.com/en/power-management/lm317.html
[B2] http://www.ti.com/lit/ds/symlink/lm2576.pdf 
[B3] http://www.ti.com/product/lm7805?qgpn=lm7805
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VD(MIN) = 2 VBE + VCE (Standard Regulator)
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Figure 13. Current limited 6 V charger
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